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Abstract: New cysteine protease inhibitors in human tears and milk and their medical significance are
reviewed in this paper. As protective components against bacterial infection in the eyes, we detected four
kinds of anti-bacterial proteins in normal human tears including lysozyme and three kinds of cysteine
protease inhibitors. Using our reverse zymography of normal tears, three kinds of cysteine protease
inhibitors were found to be 78kDa, 20kDa and 15kDa and were determined to be lactoferrin, Von Ebner's
Gland (VEG) protein and cystatin S, respectively. All of them belong to the cystatin super family and VEG
protein and cystatin S are well known cysteine protease inhibitors. The C-terminus area 17mer peptide, Y
679_k69 5 of lactoferrin showed strong homology with a common active domain of the cystatin family and
the synthesized peptide showed inhibition of cysteine proteases. Not only were disease-specific changes
found in these inhibitor profiles, but also disease-specific new inhibitors in patients tears with certain
autoimmune diseases. A 35kDa inhibitor, which was detected specifically in tears with Behcet's disease, an
typical autoimmune disease, was determined to be a lacrimal acidic proline-rich protein based on the N-
terminus sequence analysis. A65kDa inhibitor of tears with Harada's autoimmune disease was determined to
be an Ig heavy chain V-III region. In addition, lactoferrin content in Harada's disease was very low. We
found two cathepsin inhibitors in bovine milk using reverse zymography, namely lactoferrin and ?-casein.
The L 133—Q151, in the human ?-casein molecule is the active inhibitory domain. They may play an
important role in antiseptic and anti-infectious functions.

Author Keywords: Autoimmune disease; Behcet's disease; Cystein protease inhibitor; Human tears;
Lactoferrin; Milk; Reverse zymography

Index Keywords: bacterial protein; beta casein; cystatin s; cysteine proteinase inhibitor; immunoglobulin G;
lactoferrin; lysozyme; proline; unclassified drug; von ebner gland protein; autoimmune disease; bacterial
infection; Behcet disease; carboxy terminal sequence; lacrimal duct; milk; protein domain; protein family;
protein synthesis; review; secretion; Vogt Koyanagi syndrome; zymography; Animals; Autoimmune
Diseases; Bacteria; Bacterial Infections; Caseins; Cattle; Cysteine Endopeptidases; Cysteine Proteinase
Inhibitors; Enzyme Tests; Humans; Lactoferrin; Milk; Molecular Weight; Tears; Bacteria (microorganisms);

Bovinae; Mammalia

Year: 2003

Source title: Journal of Medical Investigation
Volume: 50

Issue: 4-Mar



Page : 154-161

Cited by: 5

Link: Scorpus Link

Chemicals/CAS: immunoglobulin G, 97794-27-9; lactoferrin, 55599-62-7; lysozyme, 9001-63-2; proline,
147-85-3, 7005-20-1; Caseins; Cysteine Endopeptidases, EC 3.4.22.-; Cysteine Proteinase Inhibitors;

Lactoferrin

Manufacturers: Asahi, Japan

Correspondence Address: Katunuma, N.; Tokushima Bunri University, Institute for Health Sciences, 180
Nishihamabouji, Yamashiro-cho, Tokushima 770-8514, Japan

ISSN: 13431420

CODEN: JMIVF

PubMed ID: 13678384

Language of Original Document: English

Abbreviated Source Title: Journal of Medical Investigation

Document Type: Review

Source: Scopus
Authors with affiliations:

1.

Katunuma, N., Tokushima Bunri University, Institute for Health Sciences, Tokushima, Japan, Tokushima Bunri University,
Institute for Health Sciences, 180 Nishihamabouji, Yamashiro-cho, Tokushima 770-8514, Japan

Shiota, H., Dept. of Opthalmol./Vis. Neurosci., Univ. of Tokushima Sch. of Medicine, Tokushima, Japan

Le, Q.T., Tokushima Bunri University, Institute for Health Sciences, Tokushima, Japan, Biotechnology Center, Vietnam

National University, Hanoi, Viet Nam

References:

1.

Matsunaga, Y., Saibara, T., Kido, H., Katunuma, N., Participation of Cathepsin B in Processing of Antigen presentation to
MHC Class II (1993) FEBS-Lett, 324, pp. 325-330

Maekawa, Y., Himeno, K., Ishikawa, H., Hisaeda, H., Sakai, T., Dainichi, T., Asao, T., Katunuma, N., Switch of CD4+ Cell
Differentiation from Th2 to Thl by Treatment with Cathepsin B Inhibitor in Experimental Leishmaniasis (1998) The Journal
of Immunology, 161, pp. 2120-2127

Zhang, T., Mackawa, Y., Hanba, J., Dainichi, T., Nashed, B.F., Hisaeda, H., Sakai, T., Katunuma, N., Lysosomal cathepsin B
plays an important role in antigen processing, while cathepsin D is involved in degradation of the invariant chain in
ovalbumin-immunized mice (2000) Immunology, 100, pp. 13-20

Katunuma, N., Matsunaga, Y., Saibara, T., Mechanism and Regulation of Antigen Processing by Cathepsin B (1994) Advan
Enzyme Regul, 34, pp. 145-158

Nagaya, T., Murata, Y., Yamaguchi, S., Nomura, Y., Ohmori, S., Fujieda, M., Katunuma, N., Seo, H., Intracellular
Proteolytic Cleavage of 9-cis-Retinoic Acid Receptor ? by Cathepsin L-type Protease Is a Potential Mechanism for
Modulating Thyroid Hormone Action (1998) The Journal of Biological Chemistry, 273, pp. 33166-33173
Katunuma, N., Kominami, E., Structure, Properties, Mechanisms, and Assays of Cysteine Protease Inhibitors: Cystatins and
E-64 Derivatives (1995) Method in Enzymology, 251, pp. 382-397

Takahashi, M., Tezuka, T., Katunuma, N., Inhibition of growth and cysteine proteinase activity of Staphylococcus aureus V8
by phosphorylated cystatin ? in skin cornified envelop (1994) FEBS Letters, 355, pp. 275-278

Korant, B.D., Brzin, J., Turk, V., Cystatin, a protein inhibitor of cysteine proteases alters viral protein cleavages in infected


http://www.scopus.com/inward/record.url?eid=2-s2.0-0347510877&partnerID=40&md5=b61340294156d95627f7726e85c034d8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

human cells (1985) Biochem Biophys Res Commun, 127, pp. 1072-1076

Hof, W.V., Blankenvoorde, M.F.J., Veerman, Amerongen, A.V.N., The salivary lipocalin Von Ebner's Gland protein is a
cysteine proteinase inhibitor (1997) J Biol Chem, 272, pp. 1837-1841

Katunuma, N., Murata, E., Kakegawa, H., Matsui, A., Tsuzuki, H., Tsuge, H., Turk, D., Asao, T., Structure based
development of novel specific inhibitors for cathepsin L and cathepsin S in vitro and in vivo (1999) FEBS Lett, 458, pp. 6-10
Kopitar, G., Dolinar, M., Strukelj, B., Pungercar, J., Turk, V., Folding and activation of human procathepsin S from inclusion
bodies produced in Escherichia coli (1996) Eur J Biochem, 236, pp. 558-562

Bossard, M.J., Tomaszek, T.A., Thompson, S.K., Amegadzie, B.Y., Hanning, C.R., Jones, C., Kurdyla, J.T., Levy, M.A.,
Proteolytic activity of human osteoclast cathepsin K. Expression, purification, activation, and substrate identification (1996) J
Biol Chem, 271, pp. 12517-12524

Barrett, J.A., Kirschke, H., Cathepsin B, Cathepsin H, and cathepsin L (1981) Methods in Enzymology, 80, pp. 535-561
Majima, E., Ishida, M., Miki, S., Shimohara, Y., Tada, H., Specific labeling of the bovine mitochondrial phosphate carrier
with fluorescein 5-isothiocyanate (2001) J Biol Chem, 276, pp. 9792-9799

Fernandez, C.P., Castellanos, S., Rodriguez, P., Reverse staining of SDS-PAGE gels by imidazole-Zinc salt

Sensitive detection of unmodified protein (1992) Biotechniques, 12, pp. 564-573

Laemmli, K.U., Cleavage of structural protein during the assembly of the head of bacteriophage T4 (1920) Nature, 227, pp.
680-685

Isemura, S., Saitoh, E., Ito, E., Isemura, M., Sanada, K., Cystatin S: A cysteine proteinase inhibitor of human saliva (1984) J
Biochem, 96, pp. 1311-1314

Bhimani, R.S., Vendrov, Y., Furmanski, P., Influence of lactoferrin feeding and injection against systemic staphylococcal
infections in mice (1999) J Appl Microbiol, 86, pp. 135-144

Shimizu, N., Ikehara, Y., Tatematsu, M., Effect of lactoferrin in H. Pylori infection animal model (2002) Lactoferrin, pp.
209-251. , ELSEVIER, Amsterdam

Ohashi, A., Murata, E., Yamamoto, K., Majima, E., Sano, E., Le, Q.T., Katunuma, N., New functions of lactoferrin and ?-
casein in mammalian milk as cysteine protease inhibitors (2003) BBRC, 306, pp. 98-103

Le, Q.T., Sano, E., Ohashi, A., Murata, E., Shiota, H., Ishimaru, M., Yamamoto, K., Katunuma, N., Disease-specific cysteine
protease inhibitors in tears with autoimmune-diseases (2003) Archives of Ophthalmology, , in preparation

Turk, V., Brzin, J., Longer, M., Ritonja, A., Eropkin, M., Borchart, U., Machleidt, W., Protein inhibitors of cysteine
proteinases. III. Amino-acid sequence of cystatin from chicken egg white (1983) Hoppe Seylers Z Physiol Chem, 364, pp.
1487-1496



