YAKUGAKU ZASSHI 124(11) 769—780 (2004) © 2004 The Pharmaceutical Society of Japan 769

—Reviews—

707 A — LBIEECH 5 DDS EBRATDBF

e

FE LY

Development of Novel DDS Technologies for Pharmacoproteomic-based
Drug Discovery and Development

Yasuo TSUTSUMIY

Department of Biopharmaceutics, Graduate School of Pharmaceutical Sciences, Osaka University,
1-6 Yamadaoka, Suita 565-0871, Japan

(Received July 1, 2004)

With the success of the Human Genome Project, the focus of life science research has shifted to the functional and
structural analyses of proteins, such as proteomics and structural genomics. These novel approaches to the analysis of
proteins, including newly identified ones, are expected to help in the identification and development of protein therapies
for various diseases. Thus pharmacoproteomic-based drug discovery currently has a very high profile. Nevertheless, the
use of bioactive proteins in the clinical setting is not straightforward because in vivo these proteins have low stability and
pleiotropic action. To promote pharmacoproteomic-based drug discovery and development, we have attempted to es-
tablish a system for creating functional mutant proteins (muteins) with the desired properties and to develop a site-
specific bioconjugation system for further improving their therapeutic potency. These innovative protein-drug systems

are discussed in this review.
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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’’, can readily be made, which consist of billions of
varieties of protein; 4) a selected phage from the library can be readily amplified by infection of a host bacterial cell. It is therefore possible to screen for, and then
isolate, high-affinity binders to target molecules from the phage library. Additionally, since isolated phage clones contain a gene sequence that codes for the desired

protein, this also allows information of their amino acid sequence to be obtained.
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Fig. 2. Mechanism of Anti-Tumor Effect of TNF-«
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The anti-tumor effect of TNF-« is known to result not only from its direct cytotoxicity against tumor cells but also from activation of anti-tumor effecter im-
mune cells in the blood, such as macrophages, cytotoxic lymphocytes, and neutrophils, and furthermore from specific damage to tumor blood vessels.
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Fig. 3. In vitro Bioactivity of Mono-PEGylated TNF-as

The specific activity of TNF-as was measured by a cytotoxicity assay us-
ing L-M cells in the presence of actinomycin D. Each data value represents
the mean+S.D. O: WINF-o, [: ran-PEG-TNF-« (randomly mono-
PEGylated wTNF-« with linear-type PEG5000, @: mTNF-a-Lys (-), A: sp-
PEG-mTNF-a (N-terminus specific mono-PEGylated mTNF-o-Lys (—) ).
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Bioconjugated proteins with water-soluble polymeric modifiers increase their molecular size and steric hindrance, resulting in augmented plasma half-lives and
stability. The medical implication of this is that PEGylation enables the therapeutic dose and frequency to be decreased.
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Fig. 5. Relationship between Remaining Activity and Modifi-
cation Rate
A) The activity of bioconjugated SOD is independent of the molecular
weight of polymeric modifier, but is proportional to the number of chemical
modifications to active sites. PAAm: polyacrylamide, PEG: polyethylene
glycol. B) The loss of activity of bioconjugated IL-6 is affected by both the
modification rate and the molecular weight of the polymeric modifier.
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Fig. 6. PEGylation of IL-6 Effectively and Selectively In-
creases Its Thrombopoietic Potency
Thrombopoietic potency of PEGylated IL-6 increases more than 500-
fold without compromising the incidence of undesirable side effects such as
pyrexia and the introduction of antibody production.
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Fig. 7. Tissue Distribution of Poly (VP-co-DMMAn); PVD
after i.v. Injection
125]]abelled PVD was injected into the tail vein of BALB/c¢ mice and tis-
sues were collected over different periods of time post-injection (from 5 mins
to 96 hrs) and the radioactivity measured by y-counter. Each point
represents the mean +S.D.

AT AEDBEIZED, Hilz B REIREREG O
ML S SITHEEL T 5,

6. BHYIC

AR THALZ3IEBEO [ToF4— AR
S5 DDS Ffigr 7 0P —] 13, TOrA—LRAE
OFERBUIMNT T, MHEMICHEEET 25D EMFHEL T
W%, —J} T, Gene shuffling® > A\ T &AM
FHIYAT LAV EEHWHEEE AN TEAE ORI
WHHNEZ > TWS, IS ERKENY 7 O0—F
WBRRICEEL Wi 7Y 2 JBESZF L1z A
TEAHEZEHELESETHHDOTH DN, Hak
75 R S F w B 7 3E R AR A PRIE MR 1 D Al
WZIEE > TR, MROZ ERBN5, KWL THE
N L7-DDS Mg oy —id 2 b IERARR A
HIEEEHE OWRKRCRIE, ZECmERELIcD
BEHFRETH D, BIfE Gene shuffling %5 & 77—
FHEIEREZME U= Biz s et A TEAE DA
W AT LOEEEZED TS,

FAh L2 ITEET 0TI 7 A EWmEH
NER L7054 —LARIEEEHEET 27201213 F
9, SHEEERIREAE & DOREZ BAK 28R
E®L, 2oL teTy— - UL REEG O
X - BEREZ D TOEREERE N X —T v
NMZFEAM PTRE/R AT iEem DR &, T DN AMEE & D
R 2 HRAICRHES B Z AL RS, DD
AT, T L= 2 A EMERITHZICARIEN
TEEAMES — AT EOHERE EHEZ THRILIG2 N1
FATHIT AT ADHEINT, LH5<ED
BRTTOTA—LRENAEE 2> T 5. 2D
R, 77— VREERMEERME U TS E
N7-HEREME N TERE 2 Al Al T 2 EHEN
THE(LHENE ) 13, WZRIRZARNE 27> TG A AR
ZRIML, ZOHHEMT 2RI KEMIT LS 2 &K
WO /0P —ERk0ES. LI EOWIERE
1%, BN < DRt N THEHE O ARG
EHERERME & OERSR 2 M U T, THERE (=AM
fif) >#EE ) ICBT AR OEBNEES 72D, %
KANCHREE AN TERNE 2 5 HNREILES [0
TA—LBIEFEOZDDNA A>T+ T 17 A
DOEEZHEM LGB EHHEINS.

BE EEHOTRE 16 4 0 A AR &
SEUTEELEOR, D& TP ZEBAEEE -



No. 11

779

RIRRFHEBERORERM E5E#E RO THRER
5710E, THIEOBTHY, LhSELSHLEH
LEFET. FEARRTRLEEFEFDODINETO
IR, E& U TRRRFE AR B, )
EEEAZITI U D & T 2 KK FEE AR A
SEOERICITM N ETEEE L. ZO0HEBHE0
UCEHH L BITEY. ®mBICRD E LD, A
FNI SRR BRI AT, RS BB R A
WA, ba—< 9o I ZREE = H R
BRI, THI A 781 T2 ARER O Z#E)
ZROE L. ZZIEfLERL EFET

REFERENCES AND NOTES

1) Present address: National Institute of Health

Osaka
Research Laboratories for Development of
Medicine, 7-6-8 Saito-Asagi, Ibaraki 567-
0085, Japan.

2) Yamamoto Y., Tsutsumi Y., Yoshioka Y.,
Nishibata T., Kobayashi K., Okamoto T.,
Mukai Y., Shimizu T., Nakagawa S., Nagata
S., Mayumi T., Nat. Biotechnol., 21, 546552
(2003) .

3) Tsutsumi Y., Onda M., Nagata S., Lee B.,
Kreitman R. J., Proc. Natl. Acad. Sci.
U.S.A., 97, 8548-8553 (2000).

4) Kamada H., Tsutsumi Y., Sato-Kamada K.,
Yamamoto Y., Yoshioka Y., Okamoto T.,
Nakagawa S., Nagata S., Nat. Biotechnol.,
21, 399-404 (2003) .

5) Onda M., Nagata S., Tsutsumi Y., Vincent J.
J., Wang Q., Kreitman R. J., Lee B., Cancer
Res., 61, 5070-5077 (2001).

6) Smith G. P., Science, 228, 1315-1317 (1985).

7) Oettgen H. F., Carswell E. A., Kassel R. L.,
Fiore N., Williamson B., Hoffmann M. K.,
Haranaka K., Recent Results Cancer Res., 75,
207-212 (1980).

8) Aggarwal B. B., Kohr W. J., Hass P. E.,
Moffat B., Spencer S. A., Henzel W. J., Bring-
man T. S., Nedwin G. E., Goeddel D. V., J.
Biol. Chem., 260, 2345-2354 (1985).

9) Jones E. Y., Stuart D. 1., Nature, 338, 225-
228 (1989).

10) Old L. J., Science, 230, 630-632 (1985).

11) Sugarman B. J., Aggarwal B. B., Hass P. E.,
Figari I. S., Palladino Jr. M. A., Shepard H.

Sciences, Branch  Fundamental

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

M., Science, 230, 943-945 (1985).

Creaven P. J., Brenner D. E., Cowens J. W.,
Huben R. P., Wolf R. M., Takita H., Arbuck
S. G., Razack M. S., Proefrock A. D., Cancer
Chemother. Pharmacol., 23, 186-191 (1989) .
Chapman P. B., Lester T. J., Casper E. S.,
Gabrilove J. L., Wong G. Y., Kempin S. J.,
Gold P. J., Welt S., Warren R. S., Starnes H.
F., J. Clin. Oncol., 5, 1942-1951 (1987).
Kimura K., Taguchi T., Urushizaki I., Ohno
R., Abe O., Furue H., Hattori T., Ichihashi
H., Inoguchi K., Majima H., Cancer
Chemother. Pharmacol., 20, 223-229 (1987).
Spriggs D. R., Sherman M. L., Michie H., Ar-
thur K. A., Imamura K., Wilmore D., Frei E.
3rd, Kufe D. W., J. Natl. Cancer Inst., 80,
1039-1044 (1988).

Yoshida J., Wakabayashi T., Mizuno M.,
Sugita K., Yoshida T., Hori S., Mori T., Sato
T., Karashima A., Kurisu K., J. Neurosurg.,
77, 78-83 (1992).

Taguchi T., Gan To Kagaku Ryoho, 13, 3491—
3497 (1986) .

Eggermont A. M., Schraffordt Koops H.,
Lienard D., Kroon B. B., van Geel A. N.,
Hoekstra H. J., Lejeune F. J., J. Clin. Oncol.,
14, 2653-2665 (1996) .

Halme M., Maasilta P., Repo H., Leirisalo-
Repo M., Taskinen E., Mattson K., Cantell
K., J. Immunother. Emphasis Tumor Im-
munol., 15, 283-291 (1994) .

Anasetti C., Hansen J. A., Waldmann T. A.,
Appelbaum F. R., Davis J., Deeg H. J.,
Doney K., Martin P. J., Nash R., Storb R.,
Blood, 84, 1320-1327 (1994) .

Vaglini M., Belli F., Santinami M., Arienti F.,
Parmiani G., Persiani L., Santoro N., Grazia
Inglese M., D’Elia F., Cascinelli N., Ann.
Surg. Oncol., 2, 61-70 (1995).

Debs R. J., Fuchs H. J., Philip R., Brunette E.
N., Duzgunes N., Shellito J. E., Liggitt D.,
Patton J. R., Cancer Res., 50, 375-380
(1990) .

Okada N., Kaneda Y., Miyamoto H.,
Yamamoto Y., Mizuguchi H., Tsutsumi Y.,
Nakagawa S., Mayumi T., Jpn. J. Cancer
Res., 87, 831-836 (1996).

Utoguchi N., Mizuguchi H., Saeki K., Ikeda
K., Tsutsumi Y., Nakagawa S., Mayumi T.,



780

Vol. 124 (2004)

25)

26)

27)

28)

29)

30)

31

32)

33)

34)

Cancer Lett., 89, 7-14 (1995).

Utoguchi N., Mizuguchi H., Dantakean A.,
Makimoto H., Wakai Y., Tsutsumi Y.,
Nakagawa S., Mayumi T., Br. J. Cancer, 73,
24-28 (1996) .

Kayton M. L., Libutti S. K., Curr. Opin. In-
vestig. Drugs, 2, 136-138 (2001).

Gaskill H. V. 3rd, J. Surg. Res., 44, 664—671
(1988).

Tsan M. F., White J. E., Santana T. A., Lee
C. Y., J. Appl. Physiol., 68, 1211-1219
(1990) .

Kamada H., Tsutsumi Y., Yamamoto Y., Ki-
hira T., Kaneda Y., Mu Y., Kodaira H.,
Tsunoda S. I., Nakagawa S., Mayumi T.,
Cancer Res., 60, 6416—6420 (2000) .

Kaneda Y., Yamamoto Y., Kamada H.,
Tsunoda S., Tsutsumi Y., Hirano T., Mayumi
T., Cancer Res., 58, 290-295 (1998).
Tsutsumi Y., Tsunoda S., Kamada H., Kihira
T., Kaneda Y., Ohsugi Y., Mayumi T.
Thromb. Haemost., 77, 168—-173 (1997).
Kihira T.,
Kanamori T., Nakagawa S., Mayumi T., Br.
J. Cancer, 71, 963-968 (1995) .

Tsutsumi Y., Tsunoda S., Kamada H., Kihira
T., Nakagawa S., Kaneda Y., Kanamori T.,
Mayumi T., Br. J. Cancer, 74, 1090-1095
(1996) .

Tsutsumi Y., Kihira T., Tsunoda S., Kamada
H., Nakagawa S., Kaneda Y., Kanamori T.,

Tsutsumi Y., Tsunoda S.,

35)

36)

37

38)

39)

40)

41)

Mayumi T., J. Pharmacol. Exp. Ther., 278,
1006-1011 (1996) .

Yamagishi J., Kawashima H., Matsuo N.,
Ohue M., Yamayoshi M., Fukui T., Kotani
H., Furuta R., Nakano K., Yamada M., Pro-
tein Eng., 3, 713-719 (1990).

Van Ostade X., Tavernier J., Prange T., Fiers
W., EMBO J., 10, 827-836 (1991).
Loetscher H., Stueber D., Banner D., Mackay
F., Lesslauer W., J. Biol. Chem., 268, 26350—
26357 (1993).

Jones C. A., McQuillan G. M., Kusek J. W.,
Eberhardt M. S., Herman W. H., Coresh J.,
Salive M., Jones C. P., Agodoa L. Y., Am. J.
Kidney Dis., 32, 992-999 (1998).

Progress and Priorities: Renal disease research
plan. Peport of the strategic planning con-
ferences-Renal research properties-sponsored
by National Institute of Diabetes and Digestive
and Kidney Disease, Council of American Kid-
ney Societies, (December 5-6, 1998 & Febru-
ary 4-5, 1999).

Chang C. C., Chen T. T., Cox B. W., Dawes
G. N., Stemmer W. P., Punnonen J., Patten
P. A., Nat. Biotechnol., 17, 793-797 (1999).
Hirao I., Ohtsuki T., Fujiwara T., Mitsui T.,
Yokogawa T., Okuni T., Nakayama H.,
Takio K., Yabuki T., Kigawa T., Kodama K.,
Nishikawa K., Yokoyama S., Nat. Bio-
technol., 20, 177-182 (2002).



