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The Japan Prize - 2005

The Jubilee Award - The British Biomedical Society - 2003

Member, Institute of Medicine of the U.S. National Academies - 2002

Innovator Award, DOD Army Breast Cancer Research Program - 2002

Member, European Molecular Biology Organization - 2001

Member, U.S. National Academy of Sciences - 1999

Jacobaeus International Prize - 1998

Gairdner Foundation International Award - 1997

Nobel Fellow, Karolinska Institute, Stockholm - 1995

Nobel Forum Lecture, Karolinska Institute, Stockholm - 1995

Abbott Award, International Society for Oncodevelopmental Biology and Medicine - 1995
Knight, Order of the White Rose of Finland - 1994

Fellow, American Academy of Arts and Sciences - 1993

Leila Gruber Cancer Research Award of the American Academy of Dermatology - 1993
The Walter Hubert Lecture, 33rd Annual Meeting, British Association for Cancer Research - 1992
Robert J. and Claire Pasarow Foundation Award - 1991

Honorary Doctor of Medicine, University of Lund - 1991

Outstanding Investigator Award, National Cancer Institute - 1986 - 1993

G.H.A. Clowes Award and Lecture - American Association for Cancer Research - 1990
Member, Societas Scientiarum Fennica (Finnish Academy of Sciences) - 1989

Harvey Society Lecture - 1988

Grant support

ACTIVE

5 R0O1 CA102153 (Ruoslahti) 09/01/03 — 08/31/07 8%
effort

NIH/NCI

Angiogenesis Inhibitors: A Mechanism Of Action

N01-CO-37117 (Ruoslahti) 09/30/03 — 09/29/06 5% effort
NCI-NASA Contract

Fundamental Technologies for Development of BioMolecular Sensors (Program)

Nanodevice for Exponentially Amplifying in Vivo Targeting

N01-CO-37007 09/30/03 — 09/29/06 5% effort
NCI Contract

Molecular imaging and therapy of solid tumors with a novel af33-directed nanoparticle targeted to
the neovasculature

Principal Investigator: Dr. Gregory Lanza (Washington Univ.)

Subcontract Pl: Ruoslahti

5 R01 CA098162 (Ruoslahti) 04/01/04 — 03/31/08 5% effort
NIH/NCI
Regulation of Apoptosis by Integrins

5 P01 CA102583 09/22/04 — 08/31/09 8% effort
NIH/NCI

Signaling Interactions in Cell Survival and Invasion

Program Director: Dr. Elena Pasquale (The Burnham Institute)

Project 3: Regulation Of Apoptosis By Integrins (Ruoslahti, PI)
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U01 HL 080718 04/01/05 — 03/30/2010 2% effort
NIH/NHLBI

Programs of Excellence in Nanotechnology

Nanotherapy for Vulnerable Plaques

Project Director: Dr. Jeff Smith (The Burnham Institute)

Project 1: Targeting Elements (Ruoslahti)

P01 CA104898 05/01/05 — 04/30/2010 5% effort
NIH/NCI

Targeting Vessels in Tumors

Program Director: Dr. Jan Schnitzer (Sidney Kimmel Cancer Center)

Project 3: Homing Peptides for the Vasculature in Prostate Cancer (Ruoslahti, PI)

1 R0O1 CA115410-01 (Ruoslahti) 08/01/05 — 05/31/2009 10% effort
NIH/NCI
Molecular Specialization of Tumor Lymphatics

1 U54 CA 119335-01 09/01/05 — 08/31/10 10% effort
(Project.1)

NIH/NCI 8% effort
(Project 2)

Centers of Cancer Nanotechnology Excellence

(P.l. Dr. Sadik Esener, UCSD)

Project Title: Center of Nanotechnology for Treatment, Understanding, and Monitoring of Cancer
Project 1: Nanoparticle routing in vivo: Interactions with cells and tissues

Project 2: Targeted in vivo silicon Microplatform for Nano devices (Pl: Sadik Sedner, UCSD)
Subcontract PI, Project 1: Ruoslahti

Subcontract Co-PI, Project 2: Ruoslahti

U54 CA 119349 09/01/05 — 08/31/10 2% effort
NIH/NCI

Centers of Cancer Nanotechnology Excellence (P.I. Dr. Robert Langer, MIT)

Project 2: Treatment of Cancer with siRNA delivered by nanoparticles (Pl: Sharp, Philip, MIT)
Subcontract Co-Pl: Ruoslahti

RFA-CA-05-026 09/01/05 — 8/31/10 5% effort
NIH/NCI

Detecting Cancer Early with Targeted Nano Probes for Vascular Signatures

Principal Investigator: Douglas Hanahan (UCSF)

Subcontract Co-Pl: Ruoslahti

BC051724 (Ruoslahti) 12/01/05 — 11/30/07 10% effort
DOD

Targeting Therapy-Resistant Tumor Vessels

1R01CA124427-01 12/1/06 — 11/30/11 10% effort
NIH

Engineering Multifunctional Nanoparticles

Publications
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41:565-570 (1963).

Tallberg, T., Ruoslahti, E., and Ehnholm, C. Immunological studies in human placental proteins
and the purification of human placental lactogen. Ann. Med. Exp. Fenn. 43:67-71 (1965).

Ruoslahti, E. Further polymorphism in Gc system. Evidence for the occurrence of subgroups.
Ann. Med. Exp. Fenn. 43:213-214 (1965).

Ruoslahti, E., and Tallberg, T. Studies on the purification of the human serum group specific
component. Ann. Med. Exp. Fenn. 44:1-5 (1966).

Ruoslahti, E., Tallberg, T., and Seppala, M. Origin of protein in amniotic fluid. Nature 212:841-842
(1966).

Tallberg, T., Kosunen, T.U., Ruoslahti, E., and Ehnholm, C. Detection of an organ specific protein
in the human thymus. Ann. Med. Exp. Fenn. 44:221-226 (1966).

Raunio, V., Ruoslahti, E., and Krause, U. Determination of the Gc groups by disc electrophoresis.
Acta Path. Microbiol. Scand. 67:424-428 (1966).

Seppala, M., Ruoslahti, E., and Tallberg, T. Genetical evidence for maternal origin of amniotic fluid
proteins. Ann. Med. Exp. Fenn. 44:6-7 (1966).

Seppala, M., Ruoslahti, E., and Makela, O. Inheritance and genetic linage of Gc and Tf groups.
Acta Genet. 17:47-54 (1967).

Ruoslahti, E. Studies on the molecular basis of Gc polymorphism. Ann. Med. Exp. Fenn. 45:1-13
(1967).

Seppala, M., Ruoslahti, E., and Seppala, I.J.T. Transferrin system in paternity cases. An
immunological verification test for heterozygosity. Ann. Med. Exp. Fenn. 45:14-15 (1967).

Makela, O., Kostiainen, E., Koponen, T., and Ruoslahti, E. The timing and quality of IgA, 1gG and
IgM responses in rabbits immunized with a hapten. in Nobel Symposium 3. Gamma Globulins.
Structure and Control of Biosynthesis. J. Killander, ed., Algvist & Wiksell, Stockholm, pp. 505-516
(1967).

Ruoslahti, E., Ehnholm, C. and Makela, O. A weak blood group (By) in a Finnish family. Vox.
Sang. 13:511-515 (1967).

Ruoslahti, E., Seppala, I.J.T., Simons, K., and Seppala, M. I|dentity of transferrin Dgpj from the
Chinese and from the Finns. Nature 220:480-481 (1968).

Makela, O., Kostiainen, E., Koponen, T., and Ruoslahti, E. "Immunoglobulin classes in a specific
anti-hapten response” in Radiation and the Control of Immune Response. Int. Atomic Energy
Agency, Vienna, pp. 7-12 (1968).

Seppala, 1.J.T., Ruoslahti, E., Eriksson, A., and Makela, O. Regular inheritance of Gc groups in
169 families and 184 mother-child combinations. Human Heredity 19:71-73 (1969).

Makela, O., Ruoslahti, E., and Seppala, I.J.T. Differing affinities of IgM and IgG anti-hapten
antibodies in the same serum sample. Behring Inst. Mitt. 49:S 195 (1969).

Makela, O., Cross, A.M., and Ruoslahti, E. "Similarities between the cellular receptor antibody and
the secreted antibody" in Cellular Recognition. R.T. Smith and R.A. Good, (eds.), Appleton-
Century-Crofts, New York, pp. 287-294 (1969).
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specific antibodies. J. Immunol. 102:763-771 (1969).

Tillikainen, A., Ruoslahti, E., Seppala, M., Martensson, L., and van Loghem, E. Low frequency of
genetic factors Gm(s) and Di(a) in Finland. Human Heredity 19:180-184 (1969).

Seppala, M., and Ruoslahti, E. Serum concentration of human placental lactogenic hormone (HPL)
in pregnancy complications. Acta Obstet. Gynecol. Scand. 49:143-147 (1970).

Seppala, M., Ruoslahti, E., Soikkeli, S., and Tukiainen, P. Effect of cyclo-phosphamide on serum
immunoglobulin level in patients with tumors of the genital tract. Ann. Med. exp. Fenn. 48:131-134
(1970).

Makela, O., Ruoslahti, E., and Seppala, I.J.T. Affinity of IgM and IgG antibodies. Immunochemistry
7:917-932 (1970).

Ruoslahti, E., and Seppala, |I.J.T. Purification and some properties of rabbit serum group-specific
protein. Ann. Med. Exp. Fenn. 48:221-225 (1970).

Laico, M.T., Ruoslahti, E., Papermaster, D.S., and Dreyer, W.J. Isolation of the fundamental
polypeptide subunits of biological membranes. Proc. Natl. Acad. Sci. USA 67:120-127 (1970).

Ruoslahti, E., Simons, K., and Ehnholm, C. Immunological purification and chemical
characterization of the group specific proteins (Gc) of human serum. Eur. J. Immunol. 1:45-48
(1971).

Ruoslahti, E., and Seppala, M. Studies of carcino-fetal proteins: Physical and chemical properties
of human [I-fetoprotein. Int. J. Cancer 8:283-28 (1971).

Ruoslahti, E., Seppala, M., Pihko, H., and Vuopio, P. Studies of carcinofetal proteins. II.
Biochemical comparison of [I-fetoprotein from human fetuses and patients with hepatocellular
cancer. Int. J. Cancer 8:283-288 (1971).

Ruoslahti, E., and Seppala, M. Studies of carcino-fetal proteins. |l Development of a
radioimmunoassay for a-fetoprotein. Demonstration of a-fetoprotein in serum of healthy human
adults. Int. J. Cancer 8:374-383 (1971).

Ruoslahti, E., and Seppala, M. a-fetoprotein in normal human serum. Nature 235:161-162 (1972).

Seppala, M., and Ruoslahti, E. Radioimmunoassay of maternal serum a-fetoprotein during
pregnancy and delivery. Amer. J. Obstet. Gynec.112:208-212 (1972).

Seppala, M., and Ruoslahti, E. a-fetoprotein in normal and pregnancy sera. Lancet i:375-376
(1972).

Seppala, M., Aho, I., Widholm, O., and Ruoslahti, E. Alpha-fetoprotein in uterine hemorrhage
during pregnancy and delivery. Amer. J. Obstet. Gynec.113:323-328 (1972).

Seppala, M., and Ruoslahti, E. Alpha-fetoprotein in amniotic fluid: An index of gestational age.
Amer. J. Obstet. Gynec. 114:595-598 (1972).

Ruoslahti, E., and Seppala, M. "Properties and occurrence of alpha-fetoproteins in serum of
healthy adults and patients with hepatitis and cancer of the liver", in Proc. 2nd Conf. and Workshop
of Embryonic Antigens in Cancer. N.G. Anderson, J.G. Coggin, Jr., and J.W. Holleman, (eds.), Oak
Ridge Natl. Labs., Oak Ridge, Tennessee, pp. 345-350 (1972).

Ruoslahti, E., Seppala, M., Vuopio, P., Saksela, E., and Peltokallio, P. Radioimmunoassay of a-
fetoprotein in primary and secondary cancer of the liver. J. Natl. Cancer Inst. 49:623-630 (1972).
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Vaheri, A., Ruoslahti, E., and Nordling, S. Neuraminidase stimulates division and sugar uptake in
density-inhibited cell cultures. Nature New Biol. 238:211-212 (1972).

Ruoslahti, E., and Seppala, M. Normal and increased a-fetoprotein in neoplastic and non-
neoplastic liver disease. Lancet ii:278-279 (1972).

Seppala, M., Bagshawe, K., and Ruoslahti, E. Radioimmunoassay of a-fetoprotein: A contribution
to the diagnosis of choriocarcinoma and hydatidiform mole. Int. J. Cancer 10:478-481 (1972).

Seppala, M., Aho, |., Tissari, A., and Ruoslahti, E. Radioimmunoassay of oxytocin in amniotic fluid,
fetal urine and meconium during late pregnancy and delivery. Amer. J. Obstet. Gynec. 114:788-
795 (1972).

Seppala, M., and Ruoslahti, E. Alpha-fetoprotein in abortion. Brit. Med. J. 4:769-771 (1972).

Seppala, M., Aho, |. and Ruoslahti, E. "Regulation of the fetus of amniotic fluid oxytocin
concentration during delivery and fetal distress." in Perinatal Medicine, Third European Congress of
Perinatal Medicine, Lausanne. H. Bossart, J.M. Cruz, A. Huber, L.-A. Prodhom, and J.Sistek,
(eds.), Hans Huber, Bern, pp. 316-318 (1972).

Seppala, M., and Ruoslahti, E. Alpha-fetoprotein in maternal serum: A new marker for detection of
fetal distress and intrauterine death. Amer. J. Obstet. Gynec. 115:48-52 (1973).

Ruoslahti, E., Seppala, M., Rasanen, J.A., Vupio, P., and Helske, T. Alpha-fetoprotein and
hepatitis B antigen in acute hepatitis and primary cancer of the liver. Scand. J. Gastroenterol.
8:197-202 (1973).

Pihko, H., Lindgren, J., and Ruoslahti, E. Rabbit a-fetoprotein: Immunochemical purification and
partial characterization. Immunochemistry 10:381-385 (1973).

Seppala, M., and Ruoslahti, E. a-fetoprotein in antenatal diagnosis. Lancet i:155 (1973).

Ruoslahti, E., Vaheri, A., Estola, T., and Sandelin, K. Antibodies against avian RNA tumor viruses.
Int. J. Cancer 11:595-603 (1973).

Suni, J., Vaheri, A., and Ruoslahti, E. Radioimmunoassay of avian RNA tumor virus group-specific
antigen. Intervirology 1:119-126 (1973).

Vaheri, A., Ruoslahti, E., Hovi, T., and Nordling, S. Stimulation of density-inhibited cell cultures by
insulin. J. Cell. Physiol. 81:355-363 (1973).

Seppala, M., and Ruoslahti, E. Alpha-fetoprotein: Physiology and pathology during pregnancy and
application to antenatal diagnosis. J. Perinat. Med. 1:104-113 (1973).

Pihko, H., and Ruoslahti, E. High level of alpha-fetoprotein in sera of adult mice. Int. J. Cancer
12:354-360 (1973).

Vaheri, A., and Ruoslahti, E. Expression of the major group-specific antigen (GS-A) of avian type-C
viruses in normal chicken cells and tissues. Int. J. Cancer 12:361-367 (1973).

Vaheri, A., Ruoslahti, E., Hovi, T., and Nordling, S. "Cell surface and initiation of proliferation." in
Biology of the Fibroblast. Sigrid Juselius Foundation Symposium, 1972, Turku, Finland, pp. 267-
272 (1973).

Ruoslahti, E., Vaheri, A., Kuusela, P., and Linder, E. Fibroblast surface antigen: A new serum
protein. Biochim. Biophys. Acta 322:352-358 (1973).
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for Detection of Cancer. The Folksam Symposium 1972, Bonniers, Stockholm pp. 45-48 (1973).

Seppala, M., and Ruoslahti, E. Alpha-fetoprotein in Rh-immunized pregnancies. Obstet. Gyn.
42:701-706 (1973).

Laurence, K.M., Turnbull, A.C., Harris, R., Jennison, R.F., Ruoslahti, E., and Seppala, M. Antenatal
diagnosis of spina bifida. Lancet ii:860 (1973).

Vaheri, A., Ruoslahti, E., Sarvas, M., and Nurminen, M. Mitogenic effect by lipopolysaccharide and
pokeweed lectin on density-inhibited chick embryo fibroblasts. J. Exp. Med. 138:1356-1364 (1973).

Vaheri, A., Ruoslahti, E., and Hovi, T. "Cell surface and growth control of chick embryo fibroblasts
in culture." in Control of Proliferation in Animal Cells. B. Clarkson and R. Baserga, (eds.), Cold
Spring Harbor Conferences on Cell Proliferation, Vol. 1, pp. 305-312 (1974).

Ruoslahti, E., Pihko, H., Vaheri, A., Seppala, M., Virolainen, M., and Konttinen, A. Alpha-
fetoprotein: "Structure and expressure in man and inbred mouse strains under normal conditions
and liver injury." in The Role of Immunological Factors in Viral and Oncogenic Processes. R.F.
Beers, R.C. Tilghman, and E.G. Basset, (eds.), The John Hopkins University Press, Baltimore, MD,
pp. 249-255 (1974).

Pihko, H., and Ruoslahti, E. "Alpha-fetoprotein production in normal and regenerating liver." in
Colloques de L'INSERM. R. Masseyeff, Ed., pp. 333-336 (1974).

Seppala, M., and Ruoslahti, E. "Alpha-fetoprotein and fetal development." in Colloques de
L'INSERM. R. Masseyeff, Ed., pp. 387-391 (1974).

Ruoslahti, E., Pihko, H., and Seppala, M. Alpha-fetoprotein: Immunochemical purification and
chemical properties. Expression in normal state and in malignant and non-malignant liver disease.
Transplantation_Reviews 20:38-60 (1974).

Ruoslahti, E., Salaspuro, M., Pihko, H., Andersson, L., and Seppala, M. Serum o-fetoprotein:
Diagnostic significance in liver disease. Brit. Med. J. 393:527-529 (1974).

Ruoslahti, E., and Vaheri, A. Novel human serum protein from fibroblast plasma membrane.
Nature 248:789-791 (1974).

Vaheri, A., and Ruoslahti, E. Disappearance of a major cell-type specific surface glycoprotein
antigen (SF) after transformation of fibroblasts by rous sarcoma virus. Int. J. Cancer 13:579-586
(1974).

Harris, R., Jennison, R.F., Barson, A.J., Laurence, K.M., Ruoslahti, E., and Seppala, M.
Comparison of amniotic fluid and maternal serum a-fetoprotein levels in the early antenatal
diagnosis of spina bifida and anencephaly. Lancet i:429-433 (1974).

Lindgren, J., Vaheri, A., and Ruoslahti, E. Identification and isolation of a-fetoprotein in the
chicken. Differentiation 2:233-236 (1974).

Wartiovaara, J., Linder, E., Ruoslahti, E., and Vaheri, A. Distribution of fibroblast surface antigen.
Association with fibrillar structures of normal cells and loss upon viral transformation. J. Exp. Med.
140:1522-1533 (1974).

Sandelin, K., Estola, T., Ristimaki, S., Ruoslahti, E., and Vaheri, A. Radioimmunoassay of the
group-specific antigen in detection of avian leukosis virus infection. J. Gen. Virol. 25:415-420
(1974).

Vaheri, A., Ruoslahti, E., Hovi, T., Keski-Oja, J. Koistinen, U., Kuusela, P., Saksela, O., Linder, E.,
and Wartlovaara J. Membrane glycoprotelns in growth control and transformahon of ChICk
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Seppala, M., and Ruoslahti, E. "Radioimmunoassay of alpha-fetoprotein: Application to the study
of normal and pathological pregnancies." in Recent Progress in Obstetrics and Gynecology
Proceedings. VIl World Congr. Obst. and Gyn. Moscow, Persianinov, Chervakova, and Presl,
(eds.), Excerpta Medica, Amsterdam, pp. 449-462 (1974).

Ruoslahti, E., Pihko, H., Becker, M., and Makela, O. Rabbit a-fetoprotein: Normal levels and
breakage of tolerance with haptenated homologous a-fetoprotein. Eur. J. Immunol. 5:7-10 (1975).

Kuusela, P., Ruoslahti, E., and Vaheri, A. Polypeptides of a glycoprotein antigen (SF) present in
serum and surface of normal but not of transformed chicken fibroblasts. Biochim. Biophys. Acta.
379:295-303 (1975).

Ruoslahti, E., and Vaheri, A. Interaction of soluble fibroblast surface antigen with fibrinogen and
fibrin. Identity with cold insoluble globulin of human plasma. J. Exp. Med. 141:497-501 (1975).

Seppala, M., Pihko, H., and Ruoslahti, E. Carcinoembryonic antigen and o-fetoprotein in
malignant tumors of the female genital tract. Cancer 35:1337-1381 (1975).

Linder, E., Vaheri, A., Ruoslahti, E., and Wartiovaara, J. Distribution of fibroblast surface antigen in
the developing chick embryo. J. Exp. Med. 142:41-49 (1975).

Ruoslahti, E., and Wigzell, H. Breakage of tolerance to a-fetoprotein in monkeys. Nature 255:716-
717 (1975).

Vaheri, A., and Ruoslahti, E. Fibroblast surface antigen produced but not retained by virus-
transformed human cells. J. Exp. Med. 142:530-535 (1975).

Vaheri, A., and Ruoslahti, E. "Fibroblast surface antigen (SF) molecules and their loss from virus
transformed cells. A major alteration in cell surface." in Proteases in Biological Control. E. Reich,
E. Ritkin, and E. Shaw, (eds.), Cold Spring Harbor Monographs on Cell Proliferation, Vol. 2, p. 967
(1975).

Ruoslahti, E., and Pihko, H. Effect of chemical modification of the immunogenicity of homologous
o-fetoprotein. Ann. N.Y. Acad. Sci. 259:85-94. (1975).

Seppala, M., and Ruoslahti, E. "Role of a1-fetoprotein as a marker in fetal distress." in The

Mammalian Fetus - Comparative Biology and Methodology, E.S.E.Hafez, Ed., Charles C. Thomas,
Springfield, lll., pp. 236-247 (1976).

Ruoslahti, E. Antigen-antibody interaction, antibody affinity and dissociation of immune complexes.
Scand. J. Immunol., Suppl. 3, E. Ruoslahti, Ed., pp. 3-7 (1976).

Ruoslahti, E. Antigen-antibody precipitates and immunoadsorbents. Application to purification of a-
fetoprotein. Scand. J. Immunol., Suppl. 3, E. Ruoslahti, Ed., pp. 39-49 (1976).

Vuento, M., Engvall, E., and Ruoslahti, E. Purification of the carcinoembryonic antigen (CEA) with
immunoadsorbents. Scand. J. Immunol., Suppl. 3, E. Ruoslahti, Ed., pp. 83-86 (1976).

Vaheri, A., Ruoslahti, E., Westermark, B., and Ponten, J. A common cell-typespecific surface
antigen in cultured human glial cells and fibroblasts: Loss in malignant cells. J. Exp. Med. 143:64-
72 (1976).

Vaheri, A., Ruoslahti, E., Linder, E., Wartiovaara, J., Keski-Oja, Kuusela, P., and Saksela, O.
Fibroblast surface antigen (SF): Molecular properties, distribution in vitro and in vivo, and altered
expression in transformed cells. J. Supramolec. Struct. 4:63-70 (1976).

Keski-Oja, J., Vaheri, A., and Ruoslahti, E. Fibroblast surface antlgen (SF): The external
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(1976).

Vuento, M., Ruoslahti, E., Pihko, H., Svenberg, T., lhamaki, T., and Siaurala,M. Carcinoembryonic
antigen-like substance in gastric juice. Immunochemistry 13:313-316 (1976).

Ruoslahti, E., Engvall, E., Vuento, M., and Wigzell, H. Monkey antisera with increased specificity to
carcinoembryonic antigen (CEA). Int. J. Cancer 17:358-361 (1976).

Ruoslahti, E., Pihko, H., Jalanko, H., Lindgren, J., Engvall, E., and Seppala, M. "Alpha-fetoprotein:
Diagnostic use in human cancer and production of auto-antibodies in animals." in Scandia
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fibroblasts. J. Biol. Chem. 259:13742-13750 (1984).

Pierschbacher, M.D., and Ruoslahti, E. The cell attachment activity of fibronectin can be duplicated
by small synthetic fragments of the molecule. Nature 309:30-33 (1984).
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attachment-promoting activity. Proc. Natl. Acad. Sci. USA 81:5985-5988 (1984).

lll, C.R., Engvall, E., and Ruoslahti, E. Adhesion of platelets to laminin in the absence of activation.
J. Cell Biol. 99:2140-2145 (1984).

Suzuki, S., Pierschbacher, M.D., Hayman, E.G., Nguyen, K., Ohgren, Y., and Ruoslahti, E. Domain
structure of vitronectin: Alignment of active sites. J. Biol. Chem. 259:15307-15314 (1984).

Bourdon, M.A., Oldberg,A., Pierschbacher, M.D., and Ruoslahti, E. Molecular cloning and
sequencing analysis of a chondroitin sulfate proteoglycan cDNA. Proc. Natl. Acad. Sci. USA
82:1321-1325 (1985).

Pytela, R., Pierschbacher, M.D., and Ruoslahti, E. Identification and isolation of a 140 kilodalton
cell surface glycoprotein with properties of a fibronectin receptor. Cell 40:191-198 (1985).

Tsukazaki, K., Hayman, E.G., and Ruoslahti, E. Effects of ricin A chain conjugates of monoclonal
antibodies to human [-fetoprotein and placental alkaline phosphatase on antigen-producing tumor
cells in culture. Cancer Res. 45:1834-1838 (1985).

Krusius, T., Fukuda, M., Dell, A., and Ruoslahti, E. Structure of the carbohydrate units of human
amniotic fluid fibronectin. J. Biol. Chem. 260:4110-4116 (1985).

Ginsberg, M., Pierschbacher, M.D., Ruoslahti, E., Marguerie, G., and Plow, E. Inhibition of
fibronectin binding to platelets by proteolytic fragments and synthetic peptides which support
fibroblast adhesion. J. Biol. Chem. 260:3931-3936 (1985).

Pierschbacher, M.D., Hayman, E.G., and Ruoslahti, E. The cell attachment determinant in
fibronectin. J. Cell. Biochem. 28:115-126 (1985).

Hayman, E.G., Pierschbacher, M.D., and Ruoslahti, E. Detachment of cells from culture substrate
by soluble fibronectin peptides. J. Cell Biol. 100:1948-1952 (1985).

Pytela, R., Pierschbacher, M.D., and Ruoslahti, E. A 125/115 kd cell surface receptor specific for
vitronectin interacts with the Arg-Gly-Asp adhesion sequence derived from fibronectin. Proc. Natl.
Acad. Sci. USA 82:5766-5770 (1985).

Hayman, E.G., Pierschbacher, M.D., Suzuki, S., and Ruoslahti, E. Vitronectin - A major cell
attachment-promoting protein in fetal bovine serum. Exp. Cell Res. 160:245-258 (1985).

Suzuki, S., Oldberg, A., Hayman, E.G., Pierschbacher, M.D., and Ruoslahti, E. Complete amino
acid sequence of human vitronectin deduced from cDNA. Similarity of cell attachment sites in
vitronectin and fibronectin. EMBO J. 4:2519-2524 (1985).

Plow, E.F., Pierschbacher, M.D., Ruoslahti, E., Marguerie, G.A., and Ginsberg, M.H. The effect of
Arg-Gly-Asp containing peptides on fibrinogen and von Willebrand factor binding to platelets. Proc.
Natl. Acad. Sci. USA 82:8057-8061 (1985).

lll, C.R., and Ruoslahti, E. Association of thrombin-antithrombin 1ll complex with vitronectin in
serum. J. Biol. Chem. 260:15610-15615 (1985).

Ruoslahti, E., Hayman, E.G., and Pierschbacher, M.D. Extracellular matrices and cell adhesion.
Arteriosclerosis 5:581-594 (1985).

Oldberg, A. and Ruoslahti, E. Evolution of the fibronectin gene: Exon structure of cell attachment
domain. J. Biol. Chem. 261:2113-2116 (1986).

Ruoslahti, E., and Pierschbacher, M.D. Arg-Gly-Asp: A highly versatile cell recognition signal. Cell
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Pytela, R., Pierschbacher, M.D., Ginsberg, M.H., Plow, E.F., and Ruoslahti, E. Platelet membrane
glycoprotein llb/llla is a member of a family of Arg-Gly-Asp-specific adhesion receptors. Science
231:1559-1562 (1986).

Bourdon, M.A., Shiga, M., and Ruoslahti, E. Identification from cDNA of the precursor form of a
chondroitin sulfate proteoglycan core protein. J. Biol. Chem. 261:12534-12537 (1986).

Argraves, W.S., Pytela, R., Suzuki, S., Millan, J.L., Pierschbacher, M.D., and Ruoslahti, E. cDNA
sequences from the [Jsubunit of the fibronectin receptor predict a transmembrane domain and a
short cytoplasmic peptide. J. Biol. Chem. 261:12922-12924 (1986).

Krusius, T., and Ruoslahti, E. Primary structure of an extracellular matrix proteoglycan core protein
deduced from cloned cDNA. Proc. Natl. Acad. Sci. USA 83:7683-7687 (1986).

Suzuki, S., Argraves, W.S., Pytela, R., Arai, H., Krusius, T., Pierschbacher,M.D., and Ruoslahti, E.
cDNA and amino acid sequences of the cell adhesive protein receptor recognizing vitronectin
reveal a transmembrane domain and homologies with other adhesion protein receptors. Proc. Natl.
Acad. Sci. USA 83:8614-8618 (1986).

Engvall, E., Davis, G.D., Dickerson, K., Ruoslahti, E., Varon, S., and Manthorpe, M. Mapping of
domains in human laminin using monoclonal antibodies: Localization of the neurite-promoting site.
J. Cell Biol. 103:2457-2465 (1986).

Gebb, C., Hayman, E.G., Engvall, E., and Ruoslahti, E. Interaction of vitronectin with collagen. J.
Biol. Chem. 261:16698-16703 (1986).

Ruoslahti, E., Bourdon, M., and Krusius, T. "Molecular cloning of proteoglycan core proteins" in
Functions of the proteoglycans. CIBA Foundation Symposium 124:260-271 (1986).

Bourdon, M.A., Shiga, M., and Ruoslahti, E. Gene expression of the chondroitin sulfate
proteoglycan core protein PG19. Mol. Cell. Biol. 7:33-40 (1987).

Ruoslahti, E., Suzuki, S., Hayman, E.G., lll, C.R., and Pierschbacher, M.D. Purification and
characterization of vitronectin. Meth. Enzymol. 144:430-437 (1987).

Pytela, R., Pierschbacher, M.D., Argraves, W.S., Suzuki, S., and Ruoslahti, E. Arg-Gly-Asp
adhesion receptors. Meth. Enzymol. 144:475-489 (1987).

Dedhar, S. Ruoslahti, E., and Pierschbacher, M.D. A cell surface receptor for collagen type |
recognizes the Arg-Gly-Asp sequence. J. Cell Biol. 104:585-593 (1987).

Ginsberg, M.H., Loftus, J., Ryckwaert, J.-J., Pierschbacher, M.D., Pytela, R., Ruoslahti, E., and
Plow, E.F. Immunochemical and N-terminal sequence comparison of two cytoadhesions indicates
they contain similar or identical § subunits and distinct a subunits. J. Biol. Chem. 262:5437-5440
(1987).

Plow, E.F., Pierschbacher, M.D., Ruoslahti, E., Marguerie, G., and Ginsberg, M.H. Arginyl-Glycyl-
Aspartic acid sequences and fibrinogen binding to platelets. Blood 70:110-115 (1987).

Bourdon, M.A,, Krusius, T., Campbell, S., Schwartz, N.B., and Ruoslahti, E. Identification and
synthesis of a recognition signal for the attachment of glycosaminoglycans to proteins. Proc. Natl.
Acad. Sci. USA 84:3194-3198 (1987).

Krusius, T., Gehlsen, K., and Ruoslahti, E. A fibroblast chondroitin sulfate proteoglycan core
protein contains lectin-like and growth factor-like sequences. J. Biol. Chem. 262:13120-13125
(1987).
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Science 238:491-497 (1987).

Argraves, W.S., Suzuki, S., Arai, H., Thompson, K., Pierschbacher, M.D., and Ruoslahti, E. Amino
acid sequence of the human fibronectin receptor. J. Cell Biol. 105:1183-1190 (1987).

Cheresh, D., Pytela, R., Pierschbacher, M.D., Klier, F.G., Ruoslahti, E., and Reisfeld, R. An Arg-
Gly-Asp-directed receptor on the surface of human melanoma cells exists in a divalent cation-
dependent functional complex with the disialoganglioside GD2. J. Cell Biol. 105:1163-1173 (1987).

Dedhar, S., Argraves, W.S., Suzuki, S., Ruoslahti, E., and Pierschbacher, M.D. Human
osteosarcoma cells resistant to detachment by an Arg-Gly-Asp-containing peptide overproduce the
fibronectin receptor. J. Cell Biol. 105:1175-1182 (1987).

Suzuki, S., Argraves, W.S., Arai, H., Languino, L.R., Pierschbacher, M.D., and Ruoslahti, E. Amino
acid sequence of the vitronectin receptor o subunit and comparative expression of adhesion
receptor mMRNAs. J. Biol. Chem. 262:14080-14085 (1987).
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of primary and metastatic liver cancer with 131) monoclonal and polyclonal antibodies against o-
fetoprotein. J. Clin. Oncology 5:1827-1835 (1987).

Pierschbacher, M.D., and Ruoslahti, E. Influence of stereochemistry of the sequence Arg-Gly-Asp-
Xxx on binding specificity in cell adhesion. J. Biol. Chem. 262:17294-17298 (1987).

Ruoslahti, E. Fibronectin and its receptors. Ann. Rev. Biochem. 57:375-413 (1988).

Gehlsen, K.R., Argraves, W.S., Pierschbacher, M.D., and Ruoslahti, E. Inhibition of in vitro tumor
cell invasion by Arg-Gly-Asp-containing synthetic peptides. J. Cell Biol. 106:925-930 (1988).

Ruoslahti, E. Structure and biology of proteoglycans. Ann. Rev. Cell Biol. 4:229-255 (1988).

Gailit, J., and Ruoslahti, E. Regulation of the fibronectin receptor affinity by divalent cations. J. Biol.
Chem. 263:12927-12932 (1988).

Gehlsen, K.R., Dillner, L., Engvall, E., and Ruoslahti, E. The human laminin receptor is a member
of the integrin family of cell adhesion receptors. Science 241:1228-1229 (1988).

Dillner, L., Dickerson, K., Manthorpe, M., Ruoslahti, E., and Engvall, E. The neurite-promoting
domain of human laminin promotes attachment and induces characteristic morphology in non-
neuronal cells. Exp. Cell Res. 177:186-198 (1988).

Singer, I.I., Scott, S., Kawka, D.W., Kazazis, D.M., Gailit, J., and Ruoslahti, E. Cell surface
distribution of fibronectin and vitronectin receptors depends on substrate composition and
extracellular matrix accumulation. J. Cell Biol. 106:2171-2182 (1988).

Yamaguchi, Y., and Ruoslahti, E. Expression of human proteoglycan in Chinese hamster ovary
cells inhibits cell proliferation. Nature 336:244-246 (1988).

Pierschbacher, M.D., Dedhar, S., Ruoslahti, E., Argraves, S., and Suzuki, S. An adhesion variant
of the MG-63 osteosarcoma cell line displays an osteoblast-like phenotype. Ciba Found. Symp.
136:131-141 (1988).

Oldberg, A., Franzen, A., Heinegard, D., Pierschbacher, M.D., and Ruoslahti, E. Identification of a
bone sialoprotein receptor in osteosarcoma cells. J. Biol. Chem. 263:19433-19436 (1988).

Hautanen, A., Gailit, J., Mann, D.M., and Ruoslahti, E. Effects of modifications of the RGD

sequence and its context on recognition by the fibronectin receptor. J. Biol. Chem. 264:1437-1442
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Bourdon, M., and Ruoslahti, E. Tenascin mediates cell attachment through an RGD-dependent
receptor. J. Cell Biol. 108:1149-1155 (1989).

Stallcup, W., Pytela, R., and Ruoslahti, E. A neuroectoderm-associated ganglioside participates in
fibronectin receptor-mediated adhesion of germinal cells to fibronectin. Dev. Biol. 132:212-229
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Salonen, E-M., Vaheri, A., Pdllanen, J., Stephens, R., Andreasen, P., Mayer, M., Dano, K., Gailit,
J., and Ruoslahti, E. Interaction of plasminogen activator inhibitor (PAI-1) with vitronectin. J. Biol.
Chem. 264:6339-6343 (1989).

van Kuppevelt, T.H.M.S.M., Languino, L.R., Gailit, J.O., Suzuki, S., and Ruoslahti, E. An alternative
cytoplasmic domain of the integrin B3 subunit. Proc. Natl. Acad. Sci. USA 86:5415-5418 (1989).

Ruoslahti, E. Proteoglycans in cell regulation. Minireview. J. Biol. Chem. 264:13369-13372
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Argraves, W.S., Dickerson, K., Burgess, W.H., and Ruoslahti, E. Fibulin, a novel protein that
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Zimmermann, D.R., and Ruoslahti, E. Multiple domains of the large fibroblast proteoglycan,
versican. EMBO J. 8:2975-2981 (1989).

Freed, E., Gailit, J., van der Geer, P., Ruoslahti, E., and Hunter, T. A novel integrin § subunit is
associated with the vitronectin receptor o subunit (ay,) in @ human osteosarcoma cell line and is a

substrate for protein kinase C. EMBO J. 8:2955-2965 (1989).

Languino, L.R., Gehlsen, K.R., Wayner, E., Carter, W.G., Engvall, E., and Ruoslahti, E. Endothelial
cells use app4 integrin as a laminin receptor. J. Cell Biol. 109:2455-2462 (1989).

Gehlsen K.R., Dickerson, K., Argraves, W.S., Engvall, E., and Ruoslahti, E. Subunits of a laminin-
binding integrin and localization of its binding site on laminin. J. Biol. Chem. 264:19034-19038
(1989).

Kjellén, L., Pettersson, I., Lillhager, P., Steen, M-L., Pettersson, U., Lehtonen, P., Karlsson, T.,
Ruoslahti, E., and Hellman, L. Primary structure of a mouse mastocytoma proteoglycan core
protein. Biochem. J. 263:105-113 (1989).

Ruoslahti, E., and Giancotti, F.G. Integrins and tumor cell dissemination. Cancer Cells [Review]
1:119-125 (1989).

Ehrig, K., Leivo, I., Argraves, W.S., Ruoslahti, E., and Engvall, E. Merosin, a tissue-specific
basement membrane proteins, is a laminin-like protein. Proc. Natl. Acad. Sci. USA 87:3264-3268
(1990).

Kirchhofer, D., Languino, L.R., Ruoslahti, E., and Pierschbacher, M.D. [»[14 Integrins from
different cell types show different binding specificities. J. Biol. Chem. 265:615-618 (1990).

Border, W.A., Okuda, S., Languino, L.R., and Ruoslahti, E. Transforming growth factor-p regulates
production of proteoglycans by mesangial cells. Kidney Int. 37:689-695 (1990).

Mann, D.M., Yamaguchi, Y., Bourdon, M.A., and Ruoslahti, E. Analysis of glycosaminoglycan
substitution in decorin by site-directed mutagenesis. J. Biol. Chem. 265:5317-5323 (1990).

Giancotti, F.G., and Ruoslahti, E. Elevated levels of the o531 fibronectin receptor suppress the
transformed phenotype of Chinese hamster ovary cells. Cell 60:849-859 (1990).
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with an unexpected subunit composition (op1). J. Biol. Chem. 265:5934-5937 (1990).

Ruoslahti, E. Versatile mechanisms of cell adhesion. Harvey Society Lecture Series 84 1988-
1989, John Wiley & Sons, Inc., New York, p. 1-17 (1990).

Okuda, S., Languino, L.R., Ruoslahti, E., and Border, W.A. Elevated expression of transforming
growth factor-p and proteoglycan production in experimental glomerulonephritis. Possible role in
expansion of the mesangial extracellular matrix. J. Clin. Invest. 86:453-462 (1990).

Engvall, E., Earwicker, D., Haaparanta, T., Ruoslahti, E., and Sanes, J.R. Distribution and isolation
of four laminin variants; tissue restricted distribution of heterotrimers assembled from five different
subunits. Cell Reg. 1(10):731-740 (1990).

Kirchhofer, D., Gailit, J., Ruoslahti, E., Grzesiak, J., and Pierschbacher, M.D. Cation-dependent
modulation of gp llb/llla ligand specificity. J. Biol. Chem. 265:18525-18530 (1990).

Border, W.A., Okuda, S., Languino, L.R., Sporn, M., and Ruoslahti, E. Suppression of experimental
glomerulonephritis by antiserum against transforming growth factor 31. Nature 346:371-374 (1990).

Yamaguchi, Y., Mann, D.M., and Ruoslahti, E. Negative regulation of transforming growth factor-§
by the proteoglycan decorin. Nature 346:281-284 (1990).

Border, W.A., and Ruoslahti, E. Transforming growth factor-p1 induces extracellular matrix
formation in glomerulonephritis. Cell Diff. & Dev. 32:425-432 (1990).

Ruoslahti, E. Integrins [Review]. J. Clin. Invest. 87:1-5 (1991).

Border, W.A., Okuda, S., Nakamura, T., Languino, L.R., and Ruoslahti, E. Role of TGF-beta 1 in
experimental glomerulonephritis. Ciba Found Symp. 157: 178-189; discussion 189-193 (1991).

Giancotti, F.G. and Ruoslahti, E. A Single-chain integrin? New Biol. 3:525-526 (1991)

Gahmberg, C.G., Nortamo, P., Zimmermann, D., and Ruoslahti, E. The human leukocyte adhesion
ligand ICAM-2. Expression and characterization of the protein. Eur. J. Biochem. 195:177-182
(1991).

Haaparanta, T., Uitto, J., Ruoslahti, E., and Engvall, E. Molecular cloning of the cDNA encoding
human laminin A chain. Matrix 11:151-160 (1991).

Ruoslahti, E., and Yamaguchi, Y. Proteoglycans as modulators of growth factor activities. Cell
64:867-869 (1991).

Rende, M., Muir, D., Ruoslahti, E., Hagg, T., Varon, S. and Ruoslahti, E. Immunolocalization of
ciliary neuronotrophic factor in adult rat sciatic nerve. Glia 5:25-32 (1992).

Birkenmeier, T.M., McQuillan, J.J., Boedeker, E.D., Argraves W.S., Ruoslahti, E., and Dean, D.C.
The asp1 fibronectin receptor. Characterization of the a5 gene promoter. J. Biol. Chem.
266:20544-20549 (1991).

Okuda, S., Nakamura, T., Yamamoto, T., Ruoslahti, E., and Border, W.A. Dietary protein
restruction rapidly reduces transforming growth factor p1 expression in experimental
gloerulonephritis. Proc. Natl. Acad. Sci. USA 88:9765-9769 (1991).

Bauer, J.S., Schreiner, C.L., Giancotti, F., Ruoslahti, E., and Juliano, R.L. Moatility of fibronectin
receptor deficient cells on fibronectin and vitronectin: Collaborative interactions among integrins. J.
Cell Biol. 116:477-487 (1992).
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Seftor, R.E.B., Seftor, E.A., Gehlsen, K.R., Stetler-Stevenson, W.G., Brown, P.D., Ruoslahti, E.,

and Hendrix, M.J.C. Role of the ayp3 integrin in human melanoma cell invasion. Proc. Natl. Acad.
Sci. USA 89:1557-1561 (1992).

Languino, L.R., and Ruoslahti, E. An alternative form of the integrin B1 subunit with a variant
cytoplasmic domain. J. Biol. Chem. 267:7116-7120 (1992).

Nakamura, T., Miller, D., Ruoslahti, E., and Border, W.A. Production of extracellular matrix by
glomerular epithelial cell is regulated by transforming growth factor-p1. Kidney Int.. 41:1213-1221
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LeBaron, R.G., Zimmermann, D.R., and Ruoslahti, E. Hyaluronate binding properties of versican.
J. Biol. Chem. 267:10003-10010 (1992).

Morla, A. and Ruoslahti, E. A fibronectin self-assembly site involved in fibronectin matrix
assembly: Reconstruction in a synthetic peptide. J. Cell Biol. 118:421-429 (1992).

Giancaotti, F.G., Stepp, M.A., Suzuki, S., Engvall, E., and Ruoslahti, E. Proteolytic processing of
endogenous and recombinant 4 integrin subunit. J. Cell Biol. 118:951-959 (1992).

Border, W.A. and Ruoslahti, E. Transforming growth factor-p in disease: The dark side of tissue
repair. J. Clin. Invest. 90:1-7 (1992).

Ruoslahti, E. Control of cell motility and tumour invasion by extracellular matrix interactions. Br. J.
Cancer 66:239-242 (1992).

Ruoslahti, E. The Walter Herbert Lecture. Control of cell motility and tumor invasion by extracellular
matrix interactions. Br. J Cancer 66:239-242 (1992).

Ruoslahti, E., Yamaguchi, Y., Hildebrand, A., and Border, W.A. Extracellular matrix-growth factor
interactions. Cold Spring Harb. Symp. Quant. Biol. 57:309-315 (1992).

Border, W.A., Noble, N.A., Yamamoto, T., Harper, J.R., Yamaguchi, Y., Pierschbacher, M.D., and
Ruoslahti, E. Natural inhibitor of transforming growth factor-3, protects against scarring in
experimental kidney disease. Nature 360:361-363 (1992).

Yamamoto, T., Nakamura, T., Noble, N.A., Ruoslahti, E., and Border, W.A. The expression of
transforming growth factor-p is elevated in human and experimental diabetic nephropathy. Proc.
Natl. Acad. Sci. USA 90:1814-1818 (1993).

Vogel, B.E., Lee, S.-J., Hildebrand, A., Craig, W., Pierschbacher, M., Wong-Staal, F., and
Ruoslahti, E. A novel integrin specificity exemplified by binding of the a5 integrin to the basic

domain of the HIV Tat protein and vitronectin. J. Cell Biol. 121:461-468 (1993).

Tomasini-Johansson, B.R., Ruoslahti, E., and Pierschbacher, M.D. A 30 kD sulfated extracellular
matrix protein immunologically crossreactive with vitronectin. Matrix 13:203-214 (1993).

Kagami, S., Border, W.A., Ruoslahti, E., and Noble, N.A. Coordinated expression of 31 integrins
and TGF-B-induced matrix proteins in glomerulonephritis. Lab. Invest. 69:68-76 (1993).

Zhang, Z., Morla, A.O., Vuori, K., Bauer, J.S., Juliano, R.L., and Ruoslahti, E. The ayp1 integrin
functions as a fibronectin receptor but does not support fibronectin matrix assembly and cell
migration on fibronectin. J. Cell Biol. 122:235-242 (1993).

Bltzow, R., Fukushima, D., Twardzik, D.R., and Ruoslahti, E. A 60-kDa protein mediates the
binding of transforming growth factor-LJ to cell surface and extracellular matrix proteoglycans. J.
Cell Biol. 122:721-727 (1993).
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phage display library. J. Biol. Chem. 268:20205-20210 (1993).

Fukushima, D., Butzow, R., Hildebrand, A., and Ruoslahti, E. Localization of TGF-B-binding site in
betaglycan: Comparison with small extracellular matrix proteoglycans. J. Biol. Chem. 268:22710-
22715 (1993).

Vuori, K. and Ruoslahti, E. Activation of protein kinase C precedes a5 integrin-mediated
spreading on fibronectin. J. Biol. Chem. 268:21459-21462 (1993).

Wolf, Y.G., Rasmussen, L.M., and Ruoslahti, E. Antibodies against transforming growth factor -1
suppress intimal hyperplasia in a rat model. J. Clin. Invest. 93:1172-1178 (1994).

Koivunen, E., Wang, B., and Ruoslahti, E. Isolation of a highly specific ligand for the o531 integrin
from a phage display library. J. Cell Biol. 124:373-380 (1994).

Dickinson, C.F., Veerapandian, B., Dai, X-p., Hamlin, R.C., Xuong, N-h., Ruoslahti, E., and Ely,
K.R. Crystal structure of the tenth type Il cell adhesion module of human fibronectin. J. Molec.
Biol. 236:1079-1092 (1994).

Ruoslahti, E. and Reed, J.C. Anchorage dependence, integrins and apoptosis. Cell 77:477-478
(1994).
Ruoslahti, E. Cell adhesion and tumor metastasis. Princess Takamatsu Symp. 24: 99-105 (1994).

Ruoslahti, E., Nobel, N.A., Kagami, S., and Border, W.A. Integrins. Kidney int Suppl. 44: S17-S22.
(1994).

Ruoslahti, E. Fibronectin and its a5p1 integrin receptor in malignancy. Invasion Matastasis 14:87-
97 (1994).

Thompson, K.A., Wang, B., Argraves, W.S., Giancotti, F.G., Schranck, D.P., and Ruoslahti, E.
BR140, a novel zinc-finger protein with homology to the TAF250 subunit of TFIID. Biochem.
Biophys. Res. Commun. 198:1143-1152 (1994).

Dickinson, C.D., Gay, D.G., Parello, J., Ruoslahti, E., and Ely, K.R. Crystals of the cell-binding
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