Regulation of Sphingosine Kinase 1 Signalling by
Calcium- and Integrin-binding Proteins

Kate E. Jarman

Discipline of Biochemistry, School of Molecular and Biomedical Science

University of Adelaide

Presented for the degree of Doctor of Philosophy

June, 2010



Regulation of Sphingosine Kinase 1 Signalling by Kate Jarman
Calcium- and integrin-binding Proteins

Appendix 1

Translocation of Sphingosine Kinase 1 to the Plasma Membrane Is
Mediated by Calcium- and Integrin-binding Protein 1

Kate E. Jarman*®, Paul A. B. Moretti*, Julia R. Zebol*, and Stuart M. Pitson*’

From the *Centre for Cancer Biology, SA Pathology, Frome Road, Adelaide, South
Australia 5000 and *School of Molecular and Biomedical Science, University of Adelaide,
Adelaide, South Australia 5005, Australia

Journal of Biological Chemistry (2010) 285(1); 483-92

111



Regulation of sphingosine kinase 1 signalling by Kate Jarman

calcium and integrin binding proteins

Statement of Authorship

Translocation of Sphingosine Kinase 1 to the Plasma Membrane Is Mediated by Calcium-

and Integrin-binding Protein 1

Journal of Biological Chemistry (2010) 285(1); 483-92

Jarman, Kate E. (Candidate)

Designed and performed large majority of experiments, interpreted all data, wrote
manuscript.

I hereby certify that the statement of contribution is accurate

Moretti, Paul A. B.

Performed most of the molecular cloning to generate DNA constructs required for
experiments.

I hereby certify that the statement of contribution is accurate and I give permission for
inclusion of the paper in the thesis

Zebol, Julia R.

Performed the yeast-2 hybrid screen and generated some of the DNA constructs used in
experiments.

I hereby certify that the statement of contribution is accurate and I give permission for
inclusion of the paper in the thesis

112



Pitson, Stuart M.

Supervised work, helped design experiments, helped with data analysis, assisted in
preparation of the manuscript.

I hereby certify that the statement of contribution is accurate and I give permission for
inclusion of the paper in the thesis

113



Jarman, K.E., Moretti, P.A.B., Zebol, J.R. and Pitson, S.M. (2010) Translocation of
Sphingosine Kinase 1 to the Plasma Membrane Is Mediated by Calcium and Integrin
binding Protein 1.

Journal of Biological Chemistry, v. 285 (1), pp. 483-492, January 2010

NOTE: This publication is included in the print copy of the thesis
held in the University of Adelaide Library.

It is also available online to authorised users at:

http://dx.doi.org/10.1074/jbc.M109.068395



http://dx.doi.org/10.1074/jbc.M109.068395�

References

Allende, M.L., T.Sasaki, H.Kawai, A.Olivera, Y.Mi, G.van Echten-Deckert, R.Hajdu,
M.Rosenbach, C.A.Keohane, S.Mandala, S.Spiegel, and R.L.Proia. 2004. Mice deficient in
sphingosine kinase 1 are rendered lymphopenic by FTY720. J. Biol. Chem. 279:52487-
52492.

Ames, J.B., R.Ishima, T.Tanaka, J.I.Gordon, L.Stryer, and M.Ikura. 1997. Molecular
mechanics of calcium-myristoyl switches. Nature 389:198-202.

Ammit, A.J., A.T.Hastie, L.C.Edsall, R.K.Hoffman, Y.Amrani, V.P.Krymskaya, S.A.Kane,
S.P.Peters, R.B.Penn, S.Spiegel, and R.A.Panettieri, Jr. 2001. Sphingosine 1-phosphate
modulates human airway smooth muscle cell functions that promote inflammation and
airway remodeling in asthma. FASEB J. 15:1212-1214.

Auge, N., M.Nikolova-Karakashian, S.Carpentier, S.Parthasarathy, A.Negre-Salvayre,
R.Salvayre, A.H.Merrill, Jr., and T.Levade. 1999. Role of sphingosine 1-phosphate in the
mitogenesis induced by oxidized low density lipoprotein in smooth muscle cells via
activation of sphingomyelinase, ceramidase, and sphingosine kinase. J. Biol. Chem.
274:21533-21538.

Bar-Peled, M. and N.V.Raikhel. 1996. A method for isolation and purification of specific
antibodies to a protein fused to the GST. Anal. Biochem. 241:140-142.

Baran, Y., A.Salas, C.E.Senkal, U.Gunduz, J.Bielawski, L.M.Obeid, and B.Ogretmen. 2007.
Alterations of ceramide/sphingosine 1-phosphate rheostat involved in the regulation of

resistance to imatinib-induced apoptosis in K562 human chronic myeloid leukemia cells. J.
Biol. Chem. 282:10922-10934.

Barry, W.T., C.Boudignon-Proudhon, D.D.Shock, A.McFadden, J.M.Weiss, J.Sondek, and
L.V Parise. 2002. Molecular basis of CIB binding to the integrin alpha IIb cytoplasmic
domain. J. Biol. Chem. 277:28877-28883.

Baumruker, T., F.Bornancin, and A.Billich. 2005. The role of sphingosine and ceramide
kinases in inflammatory responses. Immunol. Lett. 96:175-185.

Baumruker, T. and E.E.Prieschl. 2002. Sphingolipids and the regulation of the immune
response. Semin. Immunol. 14:57-63.

Bayerl, M.G., R.D.Bruggeman, E.J.Conroy, J.A.Hengst, T.S.King, M.Jimenez, D.F.Claxton,
and J.K.Yun. 2008. Sphingosine kinase 1 protein and mRNA are overexpressed in non-

Hodgkin lymphomas and are attractive targets for novel pharmacological interventions.
Leuk. Lymphoma 49:948-954.

Beech, D.J., Y.M.Bahnasi, A.M.Dedman, and E.Al-Shawaf. 2009. TRPC channel lipid
specificity and mechanisms of lipid regulation. Cell Calcium 45:583-588.

124



Beer, D.G., S.L.Kardia, C.C.Huang, T.J.Giordano, A.M.Levin, D.E.Misek, L.Lin, G.Chen,
T.G.Gharib, D.G.Thomas, M.L.Lizyness, R.Kuick, S.Hayasaka, J.M.Taylor,
M.D.lannettoni, M.B.Orringer, and S.Hanash. 2002. Gene-expression profiles predict
survival of patients with lung adenocarcinoma. Nat. Med. 8:816-824.

Bernstein, H.G., M.Blazejczyk, T.Rudka, E.D.Gundelfinger, H.Dobrowolny, B.Bogerts,
M.R Kreutz, J.Kuznicki, and U.Wojda. 2005. The Alzheimer disease-related calcium-
binding protein Calmyrin is present in human forebrain with an altered distribution in
Alzheimer's as compared to normal ageing brains. Neuropathol. Appl. Neurobiol. 31:314-
324.

Berridge, M.J., P.Lipp, and M.D.Bootman. 2000. The versatility and universality of calcium
signalling. Nat. Rev. Mol. Cell Biol. 1:11-21.

Billich, A., F.Bornancin, P.Devay, D.Mechtcheriakova, N.Urtz, and T.Baumruker. 2003.
Phosphorylation of the immunomodulatory drug FTY720 by sphingosine kinases. J. Biol.
Chem. 278:47408-47415.

Blamey, C.J., C.Ceccarelli, U.P.Naik, and B.J.Bahnson. 2005. The crystal structure of
calcium- and integrin-binding protein 1: insights into redox regulated functions. Protein Sci.
14:1214-1221.

Blaveri, E., J.P.Simko, J.E.Korkola, J.L.Brewer, F.Baehner, K.Mehta, S.DeVries, T.Koppie,
S.Pejavar, P.Carroll, and F.M.Waldman. 2005. Bladder cancer outcome and subtype
classification by gene expression. Clin. Cancer Res. 11:4044-4055.

Blazejczyk, M., U.Wojda, A.Sobczak, C.Spilker, H.G.Bernstein, E.D.Gundelfinger,

M.R Kreutz, and J.Kuznicki. 2006. Ca**-independent binding and cellular expression
profiles question a significant role of calmyrin in transduction of Ca2+-signals to
Alzheimer's disease-related presenilin 2 in forebrain. Biochim. Biophys. Acta. 1762:66-72.

Bonhoure, E., A.Lauret, D.J.Barnes, C.Martin, B.Malavaud, T.Kohama, J.V.Melo, and
O.Cuvillier. 2008. Sphingosine kinase-1 is a downstream regulator of imatinib-induced
apoptosis in chronic myeloid leukemia cells. Leukemia 22:971-979.

Bonhoure, E., D.Pchejetski, N.Aouali, H.Morjani, T.Levade, T.Kohama, and O.Cuvillier.
2005. Overcoming MDR-associated chemoresistance in HL-60 acute myeloid leukemia
cells by targeting shingosine kinase-1. Leukemia 20(1):95-102

Braunewell, K.H. and E.D.Gundelfinger. 1999. Intracellular neuronal calcium sensor
proteins: a family of EF-hand calcium-binding proteins in search of a function. Cell Tissue
Res. 295:1-12.

Brinkmann, V., D.D.Pinschewer, L.Feng, and S.Chen. 2001. FTY720: altered lymphocyte
traffic results in allograft protection. Transplantation 72:764-769.

125



Buehrer, B.M. and R.M.Bell. 1992. Inhibition of sphingosine kinase in vitro and in platelets.
Implications for signal transduction pathways. J. Biol. Chem. 267:3154-3159.

Burgoyne, R.D. and J.L.Weiss. 2001. The neuronal calcium sensor family of Ca>” -binding
proteins. Biochem. J. 353:1-12.

Chin, D. and A.R.Means. 2000. Calmodulin: a prototypical calcium sensor. Trends Cell
Biol. 10:322-328.

Cuvillier, O., G.Pirianov, B.Kleuser, P.G.Vanek, O.A.Coso, S.Gutkind, and S.Spiegel.
1996. Suppression of ceramide-mediated programmed cell death by sphingosine-1-
phosphate. Nature 381:800-803.

Cyr, J.L., R.A.Dumont, and P.G.Gillespie. 2002. Myosin-1c¢ interacts with hair-cell
receptors through its calmodulin-binding IQ domains. J. Neurosci. 22:2487-2495.

Czech, C., G.Tremp, and L.Pradier. 2000. Presenilins and Alzheimer's disease: biological
functions and pathogenic mechanisms. Prog. Neurobiol. 60:363-384.

Deisseroth, K., E.K.Heist, and R.W.Tsien. 1998. Translocation of calmodulin to the nucleus
supports CREB phosphorylation in hippocampal neurons. Nature 392:198-202.

Delon, C., M.Manifava, E.Wood, D.Thompson, S.Krugmann, S.Pyne, and N.T.Ktistakis.
2004. Sphingosine kinase 1 is an intracellular effector of phosphatidic acid. J. Biol. Chem.
279:44763-44774.

Denofrio, J.C., W.Yuan, B.R.Temple, H.R.Gentry, and L.V.Parise. 2008. Characterization
of calcium- and integrin-binding protein 1 (CIB1) knockout platelets: potential
compensation by CIB family members. Thromb. Haemost. 100:847-856.

Dephoure, N., C.Zhou, J.Villen, S.A.Beausoleil, C.E.Bakalarski, S.J.Elledge, and S.P.Gygi.
2008. A quantitative atlas of mitotic phosphorylation. Proc. Natl. Acad. Sci. U. S. A
105:10762-10767.

Deutschman, D.H., J.S.Carstens, R.L.Klepper, W.S.Smith, M.T.Page, T.R.Young,
L.A.Gleason, N.Nakajima, and R.A.Sabbadini. 2003. Predicting obstructive coronary artery
disease with serum sphingosine-1-phosphate. Am. Heart J. 146:62-68.

El-Shewy, H.M., K.R.Johnson, M.H.Lee, A.A.Jaffa, L.M.Obeid, and L.M.Luttrell. 2006.
Insulin-like growth factors mediate heterotrimeric G protein-dependent ERK1/2 activation
by transactivating sphingosine 1-phosphate receptors. J. Biol. Chem. 281:31399-31407.

English, D., J.G.Garcia, and D.N.Brindley. 2001. Platelet-released phospholipids link
haemostasis and angiogenesis. Cardiovasc. Res. 49:588-599.

126



Eswaran, J., M.Soundararajan, and S.Knapp. 2009. Targeting group II PAKSs in cancer and
metastasis. Cancer Metastasis Rev. 28:209-217.

French, K.J., R.S.Schrecengost, B.D.Lee, Y.Zhuang, S.N.Smith, J.L.Eberly, J.K.Yun, and
C.D.Smith. 2003. "Discovery and evaluation of inhibitors of human sphingosine kinase.
Cancer Res. 63:5962-5969.

French, K.J., J.J.Upson, S.N.Keller, Y.Zhuang, J.K.Yun, and C.D.Smith. 2006. Antitumor
activity of sphingosine kinase inhibitors. J. Pharmacol. Exp. Ther. 318:596-603.

Frost, J.A., J.L.Swantek, S.Stippec, M.J.Yin, R.Gaynor, and M.H.Cobb. 2000. Stimulation
of NFkappa B activity by multiple signaling pathways requires PAK1. J. Biol. Chem.
275:19693-19699.

Garber, M.E., O.G.Troyanskaya, K.Schluens, S.Petersen, Z.Thaesler, M.Pacyna-
Gengelbach, R.M.van de, G.D.Rosen, C.M.Perou, R.I. Whyte, R.B.Altman, P.O.Brown,

D.Botstein, and I.Petersen. 2001. Diversity of gene expression in adenocarcinoma of the
lung. Proc. Natl. Acad. Sci. U. S. A 98:13784-13789.

Gentry, H.R., A.U.Singer, L.Betts, C.Yang, J.D.Ferrara, J.Sondek, and L.V.Parise. 2005.
Structural and biochemical characterization of CIB1 delineates a new family of EF-hand-
containing proteins. J. Biol. Chem. 280:8407-8415.

Gillies, L., S.C.Lee, J.S.Long, N.Ktistakis, N.J.Pyne, and S.Pyne. 2009. The sphingosine 1-
phosphate receptor 5 and sphingosine kinases 1 and 2 are localised in centrosomes: possible
role in regulating cell division. Cell Signal. 21:675-684.

Glover, D.M., LM.Hagan, and A.A.Tavares. 1998. Polo-like kinases: a team that plays
throughout mitosis. Genes Dev. 12:3777-3787.

Golias, C., E.Tsoutsi, A.Matziridis, P.Makridis, A.Batistatou, and K.Charalabopoulos. 2007.
Review. Leukocyte and endothelial cell adhesion molecules in inflammation focusing on
inflammatory heart disease. In Vivo 21:757-769.

Graeler, M., G.Shankar, and E.J.Goetzl. 2002. Cutting edge: suppression of T cell
chemotaxis by sphingosine 1-phosphate. J. Immunol. 169:4084-4087.

Graham, F.L. and A.J.van der Eb. 1973. Transformation of rat cells by DNA of human
adenovirus 5. Virology 54:536-539.

Haataja, L., V.Kaartinen, J.Groffen, and N.Heisterkamp. 2002. The small GTPase Rac3
interacts with the integrin-binding protein CIB and promotes integrin allbB3-mediated
adhesion and spreading. J. Biol. Chem. 277:8321-8328.

Hager, M., M.G.Bigotti, R.Meszaros, V.Carmignac, J.Holmberg, V.Allamand, M.Akerlund,
S.Kalamajski, A.Brancaccio, U.Mayer, and M.Durbeej. 2008. Cib2 binds integrin

127



alpha7BbetalD and is reduced in laminin o2 chain-deficient muscular dystrophy. J. Biol.
Chem. 283:24760-24769.

Hait, N.C., J.Allegood, M.Maceyka, G.M.Strub, K.B.Harikumar, S.K.Singh, C.Luo,
R.Marmorstein, T.Kordula, S.Milstien, and S.Spiegel. 2009. Regulation of histone
acetylation in the nucleus by sphingosine-1-phosphate. Science 325:1254-1257.

Hanada, K., K.Kumagai, S.Yasuda, Y.Miura, M.Kawano, M.Fukasawa, and M.Nishijima.
2003. Molecular machinery for non-vesicular trafficking of ceramide. Nature 426:803-809.

Hanson, D.A. and S.F.Ziegler. 2004. Fusion of green fluorescent protein to the C-terminus
of granulysin alters its intracellular localization in comparison to the native molecule. J.
Negat. Results Biomed. 3:2.

Hendrix, N.D., R.Wu, R.Kuick, D.R.Schwartz, E.R.Fearon, and K.R.Cho. 2006. Fibroblast
growth factor 9 has oncogenic activity and is a downstream target of Wnt signaling in
ovarian endometrioid adenocarcinomas. Cancer Res. 66:1354-1362.

Herr, D.R., H.Fyrst, M.B.Creason, V.H.Phan, J.D.Saba, and G.L.Harris. 2004.
Characterization of the Drosophila sphingosine kinases and requirement for Sk2 in normal
reproductive function. J. Biol. Chem. 279:12685-12694.

Himes, S.R., L.S.Coles, R.Reeves, and M.F.Shannon. 1996. High mobility group protein
I(Y) 1s required for function and for c-Rel binding to CD28 response elements within the
GM-CSF and IL-2 promoters. Immunity. 5:479-489.

Hoffman, R.M., M.X.Li, and B.D.Sykes. 2005. The binding of W7, an inhibitor of striated
muscle contraction, to cardiac troponin C. Biochemistry 44:15750-15759.

Hoffman, R.M. and B.D.Sykes. 2009. Structure of the inhibitor W7 bound to the regulatory
domain of cardiac troponin C. Biochemistry 48:5541-5552.

Hollenbach, A.D., C.J.McPherson, I.Lagutina, and G.Grosveld. 2002. The EF-hand
calcium-binding protein calmyrin inhibits the transcriptional and DNA-binding activity of
Pax3. Biochim. Biophys. Acta 1574:321-328.

Hwang, P.M. and H.J.Vogel. 2000. Structures of the platelet calcium- and integrin-binding
protein and the alphallb-integrin cytoplasmic domain suggest a mechanism for calcium-
regulated recognition; homology modelling and NMR studies. J. Mol. Recognit. 13:83-92.

Ibrahim, F.B., S.J.Pang, and A.J.Melendez. 2004. Anaphylatoxin signaling in human
neutrophils. A key role for sphingosine kinase. J. Biol. Chem. 279:44802-44811.

Igarashi, N., T.Okada, S.Hayashi, T.Fujita, S.Jahangeer, and S.Nakamura. 2003.
Sphingosine kinase 2 is a nuclear protein and inhibits DNA synthesis. J. Biol. Chem.
278:46832-46839.

128



Igarashi, Y., S.Hakomori, T.Toyokuni, B.Dean, S.Fujita, M.Sugimoto, T.Ogawa, K.el-
Ghendy, and E.Racker. 1989. Effect of chemically well-defined sphingosine and its N-
methyl derivatives on protein kinase C and src kinase activities. Biochemistry 28:6796-
6800.

Imai, H. and H.Nishiura. 2005. Phosphorylation of sphingoid long-chain bases in
Arabidopsis: functional characterization and expression of the first sphingoid long-chain
base Kinase gene in plants. Plant Cell Physiol. 46:375-380.

Imamura, T., J.Ohgane, S.Ito, T.Ogawa, N.Hattori, S.Tanaka, and K.Shiota. 2001. CpG
island of rat sphingosine kinase-1 gene: tissue-dependent DNA methylation status and
multiple alternative first exons. Genomics 76:117-125.

Inagaki, Y., P.Y.Li, A.Wada, S.Mitsutake, and Y.Igarashi. 2003. Identification of functional
nuclear export sequences in human sphingosine kinase 1. Biochem. Biophys. Res. Commun.
311:168-173.

Ito, A., T.Uehara, and Y.Nomura. 2000. Isolation of Ich-1S (caspase-2S)-binding protein
that partially inhibits caspase activity. FEBS Lett. 470:360-364.

Johnson, K.R., K.P.Becker, M.M.Facchinetti, Y.A.Hannun, and L.M.Obeid. 2002. PKC-
dependent activation of sphingosine kinase 1 and translocation to the plasma membrane.
Extracellular release of sphingosine-1-phosphate induced by phorbol 12-myristate 13-
acetate (PMA). J. Biol. Chem. 277:35257-35262.

Jolly, P.S., M.Bektas, A.Olivera, C.Gonzalez-Espinosa, R.L.Proia, J.Rivera, S.Milstien, and
S.Spiegel. 2004. Transactivation of sphingosine-1-phosphate receptors by FcepsilonRI

triggering is required for normal mast cell degranulation and chemotaxis. J. Exp. Med.
199:959-970.

Karnoub, A.E., A.B.Dash, A.P.Vo, A.Sullivan, M.W.Brooks, G.W.Bell, A.L.Richardson,
K.Polyak, R.Tubo, and R.A.Weinberg. 2007. Mesenchymal stem cells within tumour stroma
promote breast cancer metastasis. Nature 449:557-563.

Kauselmann, G., M.Weiler, P.Wulff, S.Jessberger, U.Konietzko, J.Scafidi, U.Staubli,
J.Bereiter-Hahn, K.Strebhardt, and D.Kuhl. 1999. The polo-like protein kinases Fnk and
Snk associate with a Ca**- and integrin-binding protein and are regulated dynamically with
synaptic plasticity. EMBO J. 18:5528-5539.

Kawabhara, A., T.Nishi, Y.Hisano, H.Fukui, A.Yamaguchi, and N.Mochizuki. 2009. The
sphingolipid transporter spns2 functions in migration of zebrafish myocardial precursors.
Science 323:524-527.

Kawamori, T., T.Kaneshiro, M.Okumura, S.Maalouf, A.Uflacker, J.Bielawski,
Y.A.Hannun, and L.M.Obeid. 2009. Role for sphingosine kinase 1 in colon carcinogenesis.
FASEB J. 23:405-414.

129



Kawamori, T., W.Osta, K.R.Johnson, B.J.Pettus, J.Bielawski, T.Tanaka, M.J.Wargovich,
B.S.Reddy, Y.A.Hannun, L.M.Obeid, and D.Zhou. 2006. Sphingosine kinase 1 is up-
regulated in colon carcinogenesis. FASEB J. 20:386-388.

Khan, W.A., S.W.Mascarella, A.H.Lewin, C.D.Wyrick, F.I.Carroll, and Y.A.Hannun. 1991.
Use of D-erythro-sphingosine as a pharmacological inhibitor of protein kinase C in human
platelets. Biochem. J. 278:387-392.

Kharel, Y., S.Lee, A.H.Snyder, S.L.Sheasley-O'neill, M.A.Morris, Y.Setiady, R.Zhu,

M.A Zigler, T.L.Burcin, K.Ley, K.S.Tung, V.H.Engelhard, T.L.Macdonald, and K.R.Lynch.
2005. Sphingosine kinase 2 is required for modulation of lymphocyte traffic by FTY720. J.
Biol. Chem.280:36865-72

Kimura, T., T.Watanabe, K.Sato, J.Kon, H.Tomura, K. Tamama, A.Kuwabara, T.Kanda,
I.Kobayashi, H.Ohta, M.Ui, and F.Okajima. 2000. Sphingosine 1-phosphate stimulates
proliferation and migration of human endothelial cells possibly through the lipid receptors,
Edg-1 and Edg-3. Biochem. J. 348:71-76.

Kobayashi, N., T.Nishi, T.Hirata, A.Kihara, T.Sano, Y.Igarashi, and A.Yamaguchi. 2006.
Sphingosine 1-phosphate is released from the cytosol of rat platelets in a carrier-mediated
manner. J. Lipid Res. 47:614-621.

Kohama, T., A.Olivera, L.Edsall, M.M.Nagiec, R.Dickson, and S.Spiegel. 1998. Molecular
cloning and functional characterization of murine sphingosine kinase. J. Biol. Chem.
273:23722-23728.

Kohno, M., M.Momoi, M.L.Oo, J.H.Paik, Y.M.Lee, K.Venkataraman, Y.Ai, A.P.Ristimaki,
H.Fyrst, H.Sano, D.Rosenberg, J.D.Saba, R.L.Proia, and T.Hla. 2006. Intracellular role for
sphingosine kinase 1 in intestinal adenoma cell proliferation. Mol. Cell Biol. 26:7211-7223.

Kreis, P. and J.V.Barnier. 2009. PAK signalling in neuronal physiology. Cell Signal.
21:384-393.

Lai, W.Q., H.H.Goh, Z.Bao, W.S.Wong, A.J.Melendez, and B.P.Leung. 2008. The role of
sphingosine kinase in a murine model of allergic asthma. J. Immunol. 180:4323-4329.

Le, S.E., D.Pchejetski, Y.Banno, N.Denis, P.Mayeux, W.Vainchenker, T.Levade, and
F.Moreau-Gachelin. 2005. Overexpression of sphingosine kinase 1 is an oncogenic event in
erythroleukemic progression. Blood 106:1808-1816.

Le, S.H., I.Galve-Roperh, C.Peterson, S.Milstien, and S.Spiegel. 2002. Sphingosine-1-
phosphate phosphohydrolase in regulation of sphingolipid metabolism and apoptosis. J. Cell
Biol. 158:1039-1049.

Leclercq, T.M., P.A .Moretti, M.A.Vadas, and S.M.Pitson. 2008. Eukaryotic elongation
factor 1A interacts with sphingosine kinase and directly enhances its catalytic activity. J.
Biol. Chem. 283:9606-9614.

130



Leclercq, T.M. and S.M.Pitson. 2006. Cellular signalling by sphingosine kinase and
sphingosine 1-phosphate. IUBMB Life 58:467-472.

Lee, M.J., S.Thangada, K.P.Claffey, N.Ancellin, C.H.Liu, M.Kluk, M.Volpi, R.I.Sha'afi,
and T.Hla. 1999. Vascular endothelial cell adherens junction assembly and morphogenesis
induced by sphingosine-1-phosphate. Cell 99:301-312.

Lee, M.J., S.Thangada, J.H.Paik, G.P.Sapkota, N.Ancellin, S.S.Chae, M.Wu, M.Morales-
Ruiz, W.C.Sessa, D.R.Alessi, and T.Hla. 2001. Akt-mediated phosphorylation of the G

protein-coupled receptor EDG-1 is required for endothelial cell chemotaxis. Mol. Cell
8:693-704.

Leisner, T.M., M.Liu, Z.M.Jaffer, J.Chernoff, and L.V.Parise. 2005. Essential role of CIB1
in regulating PAK1 activation and cell migration. J. Cell Biol. 170:465-476.

Li, J., HY.Guan, L.Y.Gong, L.B.Song, N.Zhang, J.Wu, J.Yuan, Y.J.Zheng, Z.S.Huang, and
M.Li. 2008. Clinical significance of sphingosine kinase-1 expression in human astrocytomas
progression and overall patient survival. Clin. Cancer Res. 14:6996-7003.

Li, M.X., R M.Hoffman, and B.D.Sykes. 2006. Interaction of cardiac troponin C with
calmodulin antagonist [corrected] W7 in the presence of three functional regions of cardiac
troponin 1. Biochemistry 45:9833-9840.

Li, Q.F., W.R.Huang, H.F.Duan, H.-Wang, C.T.Wu, and L.S.Wang. 2007. Sphingosine
kinase-1 mediates BCR/ABL-induced upregulation of Mcl-1 in chronic myeloid leukemia
cells. Oncogene 26:7904-7908.

Limaye, V., P.Xia, C.Hahn, M.Smith, M.A.Vadas, S.M.Pitson, and J.R.Gamble. 2009.
Chronic increases in sphingosine kinase-1 activity induce a pro-inflammatory, pro-
angiogenic phenotype in endothelial cells. Cell Mol. Biol. Lett. 14:424-441

Lin, D.A. and J.A.Boyce. 2006. Lysophospholipids as mediators of immunity. Adv.
Immunol. 89:141-167.

Liu, H., D.Chakravarty, M.Maceyka, S.Milstien, and S.Spiegel. 2002. Sphingosine kinases:
a novel family of lipid kinases. Prog. Nucleic Acid Res. Mol. Biol. 71:493-511.

Liu, H., M.Sugiura, V.E.Nava, L.C.Edsall, K.Kono, S.Poulton, S.Milstien, T.Kohama, and
S.Spiegel. 2000a. Molecular cloning and functional characterization of a novel mammalian
sphingosine kinase type 2 isoform. J. Biol. Chem. 275:19513-19520.

Liu, Y., R-Wada, T.Yamashita, Y.Mi, C.X.Deng, J.P.Hobson, H.M.Rosenfeldt, V.E.Nava,
S.S.Chae, M.J.Lee, C.H.Liu, T.Hla, S.Spiegel, and R.L.Proia. 2000b. Edg-1, the G protein-
coupled receptor for sphingosine-1-phosphate, is essential for vascular maturation. J. Clin.
Invest. 106:951-961.

131



Ma, Y., S.Pitson, T.Hercus, J.Murphy, A.Lopez, and J.Woodcock. 2005. Sphingosine
activates protein kinase A type II by a novel cAMP-independent mechanism. J. Biol. Chem.
280:26011-26017.

Maceyka, M., S.E.Alvarez, S.Milstien, and S.Spiegel. 2008. Filamin A links sphingosine
kinase 1 and sphingosine-1-phosphate receptor 1 at lamellipodia to orchestrate cell
migration. Mol. Cell Biol. 28:5687-5697.

Maceyka, M., S.G.Payne, S.Milstien, and S.Spiegel. 2002. Sphingosine kinase, sphingosine-
1-phosphate, and apoptosis. Biochim. Biophys. Acta 1585:193-201.

Maceyka, M., H.Sankala, N.C.Hait, S.H.Le, H.Liu, R.Toman, C.Collier, M.Zhang,
L.S.Satin, A.H.Merrill, Jr., S.Milstien, and S.Spiegel. 2005. SphK1 and SphK2, sphingosine
kinase isoenzymes with opposing functions in sphingolipid metabolism. J. Biol. Chem.
280:37118-37129.

MacKinnon, A.C., A.Buckley, E.R.Chilvers, A.G.Rossi, C.Haslett, and T.Sethi. 2002.
Sphingosine kinase: a point of convergence in the action of diverse neutrophil priming
agents. J. Immunol. 169:6394-6400.

Marte, B.M., P.Rodriguez-Viciana, S.Wennstrom, P.H.Warne, and J.Downward. 1997. R-
Ras can activate the phosphoinositide 3-kinase but not the MAP kinase arm of the Ras
effector pathways. Curr. Biol. 7:63-70.

Mastrandrea, L.D., S.M.Sessanna, and S.G.Laychock. 2005. Sphingosine kinase activity and
sphingosine-1 phosphate production in rat pancreatic islets and INS-1 cells: response to
cytokines. Diabetes 54:1429-1436.

Mathes, C., A.Fleig, and R.Penner. 1998. Calcium release-activated calcium current (Icrac)
is a direct target for sphingosine. J. Biol. Chem. 273:25020-25030.

Mattson, M.P., F.M.LaFerla, S.L..Chan, M.A.Leissring, P.N.Shepel, and J.D.Geiger. 2000.
Calcium signaling in the ER: its role in neuronal plasticity and neurodegenerative disorders.
Trends Neurosci. 23:222-229.

Melendez, A.J. 2008a. Allergy therapy: the therapeutic potential of targeting sphingosine
kinase signalling in mast cells. Eur. J. Immunol. 38:2969-2974.

Melendez, A.J. 2008b. Sphingosine kinase signalling in immune cells: potential as novel
therapeutic targets. Biochim. Biophys. Acta 1784:66-75.

Melendez, A.J., E.Carlos-Dias, M.Gosink, J.M.Allen, and L.Takacs. 2000. Human
sphingosine kinase: molecular cloning, functional characterization and tissue distribution.
Gene 251:19-26.

132



Melendez, A.J. and A.K.Khaw. 2002. Dichotomy of Ca2+ signals triggered by different
phospholipid pathways in antigen stimulation of human mast cells. J. Biol. Chem.
277:17255-17262.

Merrill, A.H., Jr. 2002. De novo sphingolipid biosynthesis: a necessary, but dangerous,
pathway. J. Biol. Chem. 277:25843-25846.

Meyer zu, H.D., H.Lass, [.Kuchar, R.Alemany, Y.Guo, M.Schmidt, and K.H.Jakobs. 1999.
Role of sphingosine kinase in Ca** signalling by epidermal growth factor receptor. FEBS
Lett. 461:217-222.

Meyer zu, H.D., H.Lass, [.Kuchar, M.Lipinski, R.Alemany, U.Rumenapp, and K.H.Jakobs.
2001. Stimulation of intracellular sphingosine-1-phosphate production by G-protein-coupled
sphingosine-1-phosphate receptors. Eur. J. Pharmacol. 414:145-154.

Meyer, T. and J.D.York. 1999. Calcium-myristoyl switches turn on new lights. Nat. Cell
Biol. 1:E93-E95.

Michaud, J., M.Kohno, R.L.Proia, and T.Hla. 2006. Normal acute and chronic inflammatory
responses in sphingosine kinase 1 knockout mice. FEBS Lett. 580:4607-4612.

Mitra, P., C.A.Oskeritzian, S.G.Payne, M.A.Beaven, S.Milstien, and S.Spiegel. 2006. Role
of ABCCI1 in export of sphingosine-1-phosphate from mast cells. Proc. Natl. Acad. Sci. U.
S. A 103:16394-16399.

Mizugishi, K., T.Yamashita, A.Olivera, G.F.Miller, S.Spiegel, and R.L.Proia. 2005.
Essential role for sphingosine kinases in neural and vascular development. Mol. Cell Biol.
25:11113-11121.

Morales-Ruiz, M., M.J.Lee, S.Zollner, J.P.Gratton, R.Scotland, I.Shiojima, K.Walsh, T.Hla,
and W.C.Sessa. 2001. Sphingosine 1-phosphate activates Akt, nitric oxide production, and

chemotaxis through a G; protein/phosphoinositide 3-kinase pathway in endothelial cells. J.
Biol. Chem. 276:19672-19677.

Murphy, H.S., M.Maroughi, G.O.Till, and P.A.Ward. 1994. Phorbol-stimulated influx of
extracellular calcium in rat pulmonary artery endothelial cells. Am. J. Physiol 267:1.145-
L151.

Nagiec, M.M., M.Skrzypek, E.E.Nagiec, R.L.Lester, and R.C.Dickson. 1998. The LCB4
(YOR171c) and LCB5 (YLR260w) genes of Saccharomyces encode sphingoid long chain
base kinases. J. Biol. Chem. 273:19437-19442.

Naik, M.U. and U.P.Naik. 2003a. Calcium-and integrin-binding protein regulates focal
adhesion kinase activity during platelet spreading on immobilized fibrinogen. Blood
102:3629-3636.

133



Naik, M.U., A.Nigam, P.Manrai, P.Millili, K.Czymmek, M.Sullivan, and U.P.Naik. 2009.
CIB1 deficiency results in impaired thrombosis: the potential role of CIBI in outside-in
signaling through integrin alpha IIb beta 3. J. Thromb. Haemost. 7:1906-1914.

Naik, U.P. and M.U.Naik. 2003b. Association of CIB with GPIIb/Illa during outside-in
signaling is required for platelet spreading on fibrinogen. Blood 102:1355-1362.

Naik, U.P., P.M.Patel, and L.V.Parise. 1997. Identification of a novel calcium-binding
protein that interacts with the integrin alphallb cytoplasmic domain. J. Biol. Chem.
272:4651-4654.

Nava, V.E., E.Lacana, S.Poulton, H.Liu, M.Sugiura, K.Kono, S.Milstien, T.Kohama, and
S.Spiegel. 2000. Functional characterization of human sphingosine kinase-1. FEBS Lett.
473:81-84.

Nishiuma, T., Y.Nishimura, T.Okada, E.Kuramoto, Y .Kotani, S.Jahangeer, and
S.Nakamura. 2008. Inhalation of sphingosine kinase inhibitor attenuates airway
inflammation in asthmatic mouse model. Am. J. Physiol Lung Cell Mol. Physiol 294:1.1085-
L1093.

Ogawa, C., A.Kihara, M.Gokoh, and Y.Igarashi. 2003. Identification and characterization of
a novel human sphingosine-1-phosphate phosphohydrolase, hSPP2. J. Biol. Chem.
278:1268-1272.

Ogretmen, B. and Y.A.Hannun. 2004. Biologically active sphingolipids in cancer
pathogenesis and treatment. Nat. Rev. Cancer. 4:604-616.

Ohmori, T., Y.Yatomi, M.Osada, and Y.Ozaki. 2005. The intracellular action of sphingosine
1-phosphate in GPVI-mediated Ca®" mobilization in platelets. Thromb. Res. 115:409-415.

Okajima, F. 2002. Plasma lipoproteins behave as carriers of extracellular sphingosine 1-
phosphate: is this an atherogenic mediator or an anti-atherogenic mediator? Biochim.
Biophys. Acta. 1582:132-137.

Olivera, A., T.Kohama, L.Edsall, V.Nava, O.Cuvillier, S.Poulton, and S.Spiegel. 1999.
Sphingosine kinase expression increases intracellular sphingosine-1-phosphate and
promotes cell growth and survival. J. Cell Biol. 147:545-558.

Olivera, A., T.Kohama, Z.Tu, S.Milstien, and S.Spiegel. 1998. Purification and
characterization of rat kidney sphingosine kinase. J Biol Chem. 273:12576-12583.

Olivera, A. and J.Rivera. 2005. Sphingolipids and the balancing of immune cell function:
lessons from the mast cell. J. Immunol. 174:1153-1158.

Olivera, A., H.M.Rosenfeldt, M.Bektas, F.Wang, I.Ishii, J.Chun, S.Milstien, and S.Spiegel.
2003. Sphingosine kinase type 1 induces G,/13-mediated stress fiber formation, yet

134



promotes growth and survival independent of G protein-coupled receptors. J. Biol. Chem.
278:46452-46460.

Olivera, A. and S.Spiegel. 1993. Sphingosine-1-phosphate as second messenger in cell
proliferation induced by PDGF and FCS mitogens. Nature 365:557-560.

Olivera, A. and S.Spiegel. 2001. Sphingosine kinase: a mediator of vital cellular functions.
Prostaglandins 64:123-134.

Osawa, M., M.B.Swindells, J.Tanikawa, T.Tanaka, T.Mase, T.Furuya, and M.Ikura. 1998.
Solution structure of calmodulin-W-7 complex: the basis of diversity in molecular
recognition. J. Mol. Biol. 276:165-176.

Osawa, M., K.I.Tong, C.Lilliechook, W.Wasco, J.D.Buxbaum, H.Y.Cheng, J.M.Penninger,
M.Ikura, and J.B.Ames. 2001. Calcium-regulated DNA binding and oligomerization of the
neuronal calcium-sensing protein, calsenilin/DREAM/KChIP3. J. Biol. Chem. 276:41005-
41013.

Osborne, N., K.Brand-Arzamendi, E.A.Ober, S.W.Jin, H.Verkade, N.G.Holtzman, D.Yelon,
and D.Y.Stainier. 2008. The spinster homolog, two of hearts, is required for sphingosine 1-
phosphate signaling in zebrafish. Curr. Biol. 18:1882-1888.

Padron, J.M. 2006. Sphingolipids in anticancer therapy. Curr. Med. Chem. 13:755-770.

Pappu, R., S.R.Schwab, I.Cornelissen, J.P.Pereira, J.B.Regard, Y.Xu, E.Camerer,
Y.W.Zheng, Y.Huang, J.G.Cyster, and S.R.Coughlin. 2007. Promotion of lymphocyte
egress into blood and lymph by distinct sources of sphingosine-1-phosphate. Science
316:295-298.

Paugh, S.W., B.S.Paugh, M.Rahmani, D.Kapitonov, J.A.Almenara, T.Kordula, S.Milstien,
J.K.Adams, R.E.Zipkin, S.Grant, and S.Spiegel. 2008. A selective sphingosine kinase 1
inhibitor integrates multiple molecular therapeutic targets in human leukemia. Blood
112:1382-1391.

Paugh, S.W., S.G.Payne, S.E.Barbour, S.Milstien, and S.Spiegel. 2003. The
immunosuppressant FTY 720 is phosphorylated by sphingosine kinase type 2. FEBS Lett.
554:189-193.

Pchejetski, D., M.Golzio, E.Bonhoure, C.Calvet, N.Doumerc, V.Garcia, C.Mazerolles,
P.Rischmann, J.Teissie, B.Malavaud, and O.Cuvillier. 2005. Sphingosine kinase-1 as a

chemotherapy sensor in prostate adenocarcinoma cell and mouse models. Cancer Res.
65:11667-11675.

Pebay, A., C.S.Bonder, and S.M.Pitson. 2007. Stem cell regulation by lysophospholipids.
Prostaglandins Other Lipid Mediat. 84:83-97.

135



Perou, C.M., T.Sorlie, M.B.Eisen, R.M.van de, S.S.Jeffrey, C.A.Rees, J.R.Pollack,
D.T.Ross, H.Johnsen, L.A.Akslen, O.Fluge, A.Pergamenschikov, C.Williams, S.X.Zhu,
P.E.Lonning, A.L.Borresen-Dale, P.O.Brown, and D.Botstein. 2000. Molecular portraits of
human breast tumours. Nature 406:747-752.

Pitman, M.R. and S.M.Pitson. 2010. Inhibitors of the sphingosine kinase pathway as
potential therapeutics. Curr. Cancer Drug Targets. 10:354-367.

Pitson, S.M., R.J.D'Andrea, L.Vandeleur, P.A .Moretti, P.Xia, J.R.Gamble, M.A.Vadas, and
B.W.Wattenberg. 2000a. Human sphingosine kinase: purification, molecular cloning and
characterization of the native and recombinant enzymes. Biochem J 350:429-441.

Pitson, S.M., R.J.D'Andrea, L.Vandeleur, P.A.Moretti, P.Xia, J.R.Gamble, M.A.Vadas, and
B.W.Wattenberg. 2000b. Human sphingosine kinase: purification, molecular cloning and
characterization of the native and recombinant enzymes. Biochem. J. 350(2):429-441.

Pitson, S.M., P.A.Moretti, J.R.Zebol, H.E.Lynn, P.Xia, M.A.Vadas, and B.W.Wattenberg.
2003. Activation of sphingosine kinase 1 by ERK1/2-mediated phosphorylation. EMBO J.
22:5491-5500.

Pitson, S.M., P.A.Moretti, J.R.Zebol, M.A.Vadas, R.J.D'Andrea, and B.W.Wattenberg.
2001. A point mutant of human sphingosine kinase 1 with increased catalytic activity. FEBS
Lett. 509:169-173.

Pitson, S.M., P.A.Moretti, J.R.Zebol, P.Xia, J.R.Gamble, M.A.Vadas, R.J.D'Andrea, and
B.W.Wattenberg. 2000c. Expression of a catalytically inactive sphingosine kinase mutant

blocks agonist-induced sphingosine kinase activation: A dominant-negative sphingosine
kinase. J. Biol. Chem. 275:33945-33950.

Pitson, S.M., P.A.Moretti, J.R.Zebol, R.Zareie, C.K.Derian, A.L.Darrow, J.Qi,
R.J.D'Andrea, C.J.Bagley, M.A.Vadas, and B.W.Wattenberg. 2002. The nucleotide-binding
site of human sphingosine kinase 1. J. Biol. Chem. 277:49545-49553.

Pitson, S.M., P.Xia, T.M.Leclercq, P.A.Moretti, J.R.Zebol, H.E.Lynn, B.W.Wattenberg, and
M.A.Vadas. 2005. Phosphorylation-dependent translocation of sphingosine kinase to the
plasma membrane drives its oncogenic signalling. J. Exp. Med. 201:49-54.

Prieschl, E.E., R.Csonga, V.Novotny, G.E.Kikuchi, and T.Baumruker. 1999. The balance
between sphingosine and sphingosine-1-phosphate is decisive for mast cell activation after
Fc epsilon receptor I triggering. J. Exp. Med. 190:1-8.

Pruschy, M., Y.Ju, L.Spitz, E.Carafoli, and D.S.Goldfarb. 1994. Facilitated nuclear transport
of calmodulin in tissue culture cells. J. Cell Biol. 127:1527-1536.

Pyeon, D., M.A.Newton, P.F.Lambert, J.A.den Boon, S.Sengupta, C.J.Marsit,
C.D.Woodworth, J.P.Connor, T.H.Haugen, E.M.Smith, K.T.Kelsey, L.P.Turek, and
P.Ahlquist. 2007. Fundamental differences in cell cycle deregulation in human

136



papillomavirus-positive and human papillomavirus-negative head/neck and cervical cancers.
Cancer Res. 67:4605-4619.

Randriamboavonjy, V., K.Badenhoop, H.Schmidt, G.Geisslinger, B.Fisslthaler, and
[.Fleming. 2009. The S1P; receptor expressed in human platelets is linked to the RhoA-Rho
kinase pathway and is down regulated in type 2 diabetes. Basic Res. Cardiol. 104:333-340.

Ricci, C., F.Onida, F.Servida, F.Radaelli, G.Saporiti, K.Todoerti, G.L.Deliliers, and
R.Ghidoni. 2009. In vitro anti-leukaemia activity of sphingosine kinase inhibitor. Br. J.
Haematol. 144:350-357.

Rius, R.A., L.C.Edsall, and S.Spiegel. 1997. Activation of sphingosine kinase in

pheochromocytoma PC12 neuronal cells in response to trophic factors. FEBS Lett. 417:173-
176.

Roberts, D.E., A.McNicol, and R.Bose. 2004a. Mechanism of collagen activation in human
platelets. J. Biol. Chem. 279:19421-19430.

Roberts, J.L., P.A .Moretti, A.L.Darrow, C.K.Derian, M.A.Vadas, and S.M.Pitson. 2004b.
An assay for sphingosine kinase activity using biotinylated sphingosine and streptavidin-
coated membranes. Anal. Biochem. 331:122-129.

Rosenfeldt, H.M., Y.Amrani, K.R.Watterson, K.S.Murthy, R.A.Panettieri, Jr., and
S.Spiegel. 2003. Sphingosine-1-phosphate stimulates contraction of human airway smooth
muscle cells. FASEB J. 17:1789-1799.

Rosenfeldt, H.M., J.P.Hobson, M.Maceyka, A.Olivera, V.E.Nava, S.Milstien, and
S.Spiegel. 2001. EDG-1 links the PDGF receptor to Src and focal adhesion kinase activation
leading to lamellipodia formation and cell migration. FASEB J. 15:2649-2659.

Ruckhaberle, E., A.Rody, K.Engels, R.Gaetje, M.G.von, S.Schiffmann, S.Grosch,
G.Geisslinger, U.Holtrich, T.Karn, and M.Kaufmann. 2008. Microarray analysis of altered
sphingolipid metabolism reveals prognostic significance of sphingosine kinase 1 in breast
cancer. Breast Cancer Res. Treat. 112:41-52.

Ruwisch, L., M.Schafer-Korting, and B.Kleuser. 2001. An improved high-performance
liquid chromatographic method for the determination of sphingosine-1-phosphate in
complex biological materials. Naunyn Schmiedebergs Arch. Pharmacol. 363:358-363.

Sabbadini, R.A. 2006. Targeting sphingosine-1-phosphate for cancer therapy. Br. J. Cancer
95:1131-1135.

Sanchez, T., T.Estrada-Hernandez, J.H.Paik, M.T.Wu, K.Venkataraman, V.Brinkmann,
K.Claffey, and T.Hla. 2003. Phosphorylation and action of the immunomodulator FTY 720

inhibits vascular endothelial cell growth factor-induced vascular permeability. J. Biol.
Chem. 278:47281-47290.

137



Sanchez-Carbayo, M., N.D.Socci, J.Lozano, F.Saint, and C.Cordon-Cardo. 2006. Defining
molecular profiles of poor outcome in patients with invasive bladder cancer using
oligonucleotide microarrays. J. Clin. Oncol. 24:778-789.

Sato, K., E.Malchinkhuu, Y.Horiuchi, C.Mogi, H. Tomura, M.Tosaka, Y.Y oshimoto,
A.Kuwabara, and F.Okajima. 2007. Critical role of ABCA1 transporter in sphingosine 1-
phosphate release from astrocytes. J. Neurochem.103:2610-2619

Schurmann, A., A.F.Mooney, L.C.Sanders, M.A.Sells, H.G.Wang, J.C.Reed, and
G.M.Bokoch. 2000. p21-activated kinase 1 phosphorylates the death agonist bad and
protects cells from apoptosis. Mol. Cell Biol. 20:453-461.

Seki, N., A.Hattori, A.Hayashi, S.Kozuma, M.Ohira, T.Hori, and T.Saito. 1999. Structure,
expression profile and chromosomal location of an isolog of DNA-PKcs interacting protein
(KIP) gene. Biochim. Biophys. Acta 1444:143-147.

Senin, LI., K.W.Koch, M.Akhtar, and P.P.Philippov. 2002. Ca2+-dependent control of
rhodopsin phosphorylation: recoverin and rhodopsin kinase. Adv. Exp. Med. Biol. 514:69-
99.

Shock, D.D., U.P.Naik, J.E.Brittain, S.K.Alahari, J.Sondek, and L.V .Parise. 1999. Calcium-
dependent properties of CIB binding to the integrin allb cytoplasmic domain and
translocation to the platelet cytoskeleton. Biochem. J. 342 Pt 3:729-735.

Shu, X., W.Wu, R.D.Mosteller, and D.Broek. 2002. Sphingosine kinase mediates vascular
endothelial growth factor-induced activation of ras and mitogen-activated protein kinases.
Mol. Cell Biol. 22:7758-7768.

Sobczak, A., M.Blazejczyk, G.Piszczek, G.Zhao, J.Kuznicki, and U.Wojda. 2005. Calcium-
binding calmyrin forms stable covalent dimers in vitro, but in vivo is found in monomeric
form. Acta Biochim. Pol. 52:469-476.

Sobue, S., S.Nemoto, M.Murakami, H.Ito, A.Kimura, S.Gao, A.Furuhata, A.Takagi,
T.Kojima, M.Nakamura, Y.Ito, M.Suzuki, Y.Banno, Y.Nozawa, and T.Murate. 2008.
Implications of sphingosine kinase 1 expression level for the cellular sphingolipid rheostat:

relevance as a marker for daunorubicin sensitivity of leukemia cells. Int. J. Hematol.
87:266-275.

Sorlie, T., C.M.Perou, R.Tibshirani, T.Aas, S.Geisler, H.Johnsen, T.Hastie, M.B.Eisen,
R.M.van de, S.S.Jeffrey, T.Thorsen, H.Quist, J.C.Matese, P.O.Brown, D.Botstein,
L.P.Eystein, and A.L.Borresen-Dale. 2001. Gene expression patterns of breast carcinomas
distinguish tumor subclasses with clinical implications. Proc. Natl. Acad. Sci. U. S. A
98:10869-10874.

Sorlie, T., R.Tibshirani, J.Parker, T.Hastie, J.S.Marron, A.Nobel, S.Deng, H.Johnsen,
R.Pesich, S.Geisler, J.Demeter, C.M.Perou, P.E.Lonning, P.O.Brown, A.L.Borresen-Dale,

138



and D.Botstein. 2003. Repeated observation of breast tumor subtypes in independent gene
expression data sets. Proc. Natl. Acad. Sci. U. S. A 100:8418-8423.

Spiegel, S., O.Cuvillier, L.C.Edsall, T.Kohama, R.Menzeleev, Z.Olah, A.Olivera,
G.Pirianov, D.M.Thomas, Z.Tu, J.R.Van Brocklyn, and F.Wang. 1998. Sphingosine-1-
phosphate in cell growth and cell death. Ann N 'Y Acad Sci 845:11-18.

Spiegel, S. and S.Milstien. 2002. Sphingosine 1-phosphate, a key cell signaling molecule. J.
Biol. Chem. 277:25851-25854.

Spiegel, S. and S.Milstien. 2003a. Exogenous and intracellularly generated sphingosine 1-
phosphate can regulate cellular processes by divergent pathways. Biochem. Soc. Trans.
31:1216-1219.

Spiegel, S. and S.Milstien. 2003b. Sphingosine-1-phosphate: an enigmatic signalling lipid.
Nat. Rev. Mol. Cell Biol. 4:397-407.

Stabler, S.M., L.L.Ostrowski, S.M.Janicki, and M.J.Monteiro. 1999. A myristoylated
calcium-binding protein that preferentially interacts with the Alzheimer's disease presenilin
2 protein. J. Cell Biol. 145:1277-1292.

Stahelin, R.V., J.JH.Hwang, J.H.Kim, Z.Y .Park, K.R.Johnson, L.M.Obeid, and W.Cho.
2005. The mechanism of membrane targeting of human sphingosine kinase 1. J. Biol. Chem.
280:43030-43038.

Stoftel, W., G.Heimann, and B.Hellenbroich. 1973a. Sphingosine kinase in blood platelets.
Hoppe Seylers Z. Physiol. Chem. 354:562-566.

Stoffel, W., B.Hellenbroich, and G.Heimann. 1973b. Properties and specificities of
sphingosine kinase from blood platelets. Hoppe Seylers Z. Physiol. Chem. 354:1311-1316.

Stossel, T.P., J.Condeelis, L.Cooley, J.H.Hartwig, A.Noegel, M.Schleicher, and
S.S.Shapiro. 2001. Filamins as integrators of cell mechanics and signalling. Nat. Rev. Mol.
Cell Biol. 2:138-145.

Stuart, E.T., C.Kioussi, and P.Gruss. 1994. Mammalian Pax genes. Annu. Rev. Genet.
28:219-236.

Sukocheva, O.A., L.Wang, N.Albanese, S.M.Pitson, M.A.Vadas, and P.Xia. 2003.
Sphingosine kinase transmits estrogen signaling in human breast cancer cells. Mol.
Endocrinol. 17:2002-2012.

Sutherland, C.M., P.A.Moretti, N.M.Hewitt, C.J.Bagley, M.A.Vadas, and S.M.Pitson. 2006.
The calmodulin-binding site of sphingosine kinase and its role in agonist-dependent

translocation of sphingosine kinase 1 to the plasma membrane. J. Biol. Chem. 281:11693-
11701.

139



Taha, T.A., K.M.Argraves, and L.M.Obeid. 2004. Sphingosine-1-phosphate receptors:
receptor specificity versus functional redundancy. Biochim. Biophys. Acta 1682:48-55.

Tahara E Jr, H.Tahara, M.Kanno, K.Naka, Y.Takeda, T.Matsuzaki, R.Yamazaki,
H.Ishihara, W.Yasui, J.C.Barrett, T.Ide, and E.Tahara. 2005. G1P3, an interferon inducible
gene 6-16, is expressed in gastric cancers and inhibits mitochondrial-mediated apoptosis in
gastric cancer cell line TMK-1 cell. Cancer Immunol. Immunother. 54:729-740.

Tahara, H., E.Hara, N.Tsuyama, K.Oda, and T.Ide. 1994. Preparation of a subtractive cDNA
library enriched in cDNAs which expressed at a high level in cultured senescent human
fibroblasts. Biochem. Biophys. Res. Commun. 199:1108-1112.

Takabe, K., S.W.Paugh, S.Milstien, and S.Spiegel. 2008. "Inside-out" signaling of
sphingosine-1-phosphate: therapeutic targets. Pharmacol. Rev. 60:181-195.

Tanaka, T. 1988. Calmodulin-dependent calcium signal transduction. Jpn. J. Pharmacol.
46:101-107.

Tang, N., T.Lin, J.Yang, J.K.Foskett, and E.M.Ostap. 2007. CIB1 and CaBP1 bind to the
myolc regulatory domain. J. Muscle Res. Cell Motil. 28:285-291.

Tang, Y., H.Zhou, A.Chen, R.N.Pittman, and J.Field. 2000. The Akt proto-oncogene links
Ras to Pak and cell survival signals. J. Biol. Chem. 275:9106-9109.

Thorogate, R. and K.Torok. 2007. Role of Ca2+ activation and bilobal structure of
calmodulin in nuclear and nucleolar localization. Biochem. J. 402:71-80.

Toman, R.E., S.G.Payne, K.R.Watterson, M.Maceyka, N.H.Lee, S.Milstien, J.W.Bigbee,
and S.Spiegel. 2004. Differential transactivation of sphingosine-1-phosphate receptors
modulates NGF-induced neurite extension. J. Cell Biol. 166:381-392.

Tsuboi, S. 2002. Calcium integrin-binding protein activates platelet integrin allbf3. J. Biol.
Chem. 277:1919-1923.

Tsuboi, S., S.Nonoyama, and H.D.Ochs. 2006. Wiskott-Aldrich syndrome protein is
involved in alphallb beta3-mediated cell adhesion. EMBO Rep. 7:506-511.

Utsumi, T., K.Nakano, T.Funakoshi, Y.Kayano, S.Nakao, N.Sakurai, H.Iwata, and
R.Ishisaka. 2004. Vertical-scanning mutagenesis of amino acids in a model N-
myristoylation motif reveals the major amino-terminal sequence requirements for protein N-
myristoylation. Eur. J. Biochem. 271:863-874.

Van, B., Jr., C.A.Jackson, D.K.Pearl, M.S.Kotur, P.J.Snyder, and T.W.Prior. 2005.
Sphingosine kinase-1 expression correlates with poor survival of patients with glioblastoma
multiforme: roles of sphingosine kinase isoforms in growth of glioblastoma cell lines. J.
Neuropathol. Exp. Neurol. 64:695-705.

140



Van, M.G. and J.C.Holthuis. 2000. Sphingolipid transport in eukaryotic cells. Biochim.
Biophys. Acta 1486:145-170.

Venkataraman, K., Y.M.Lee, J.Michaud, S.Thangada, Y.Ai, H.L.Bonkovsky, N.S.Parikh,
C.Habrukowich, and T.Hla. 2008. Vascular endothelium as a contributor of plasma
sphingosine 1-phosphate. Circ. Res. 102:669-676.

Vijay-Kumar, S. and V.D.Kumar. 1999. Crystal structure of recombinant bovine
neurocalcin. Nat. Struct. Biol. 6:80-88.

Wang, F., B.Van, Jr., J.P.Hobson, S.Movafagh, Z.Zukowska-Grojec, S.Milstien, and
S.Spiegel. 1999. Sphingosine 1-phosphate stimulates cell migration through a G(i)-coupled
cell surface receptor. Potential involvement in angiogenesis. J. Biol. Chem. 274:35343-
35350.

Wang, L., M.Miura, L.Bergeron, H.Zhu, and J.Yuan. 1994. Ich-1, an Ice/ced-3-related gene,
encodes both positive and negative regulators of programmed cell death. Cell 78:739-750.

Wattenberg, B.W., S.M.Pitson, and D.M.Raben. 2006. The sphingosine and diacylglycerol
kinase superfamily of signaling kinases: localization as a key to signaling function. J. Lipid
Res. 47:1128-1139.

Weljie, A.M., A.P.Yamniuk, H.Yoshino, Y.Izumi, and H.J.Vogel. 2003. Protein
conformational changes studied by diffusion NMR spectroscopy: application to helix-loop-
helix calcium binding proteins. Protein Sci. 12:228-236.

White, C., J.Yang, M.J . Monteiro, and J.K.Foskett. 2006. CIB1, a ubiquitously expressed
Ca*"-binding protein ligand of the InsP3 receptor Ca*' release channel. J. Biol. Chem.
281:20825-20833.

Whitehouse, C., J.Chambers, K.Howe, M.Cobourne, P.Sharpe, and E.Solomon. 2002.
NBRI1 interacts with fasciculation and elongation protein zeta-1 (FEZ1) and calcium and
integrin binding protein (CIB) and shows developmentally restricted expression in the
neural tube. Eur. J. Biochem. 269:538-545.

Woodcock, J. 2006. Sphingosine and ceramide signalling in apoptosis. IUBMB Life 58:462-
466.

Wright, P.E. and H.J.Dyson. 2009. Linking folding and binding. Curr. Opin. Struct. Biol.
19:31-38.

Wu, X. and M.R.Lieber. 1997. Interaction between DNA-dependent protein kinase and a
novel protein, KIP. Mutat. Res. 385:13-20.

Xia, P., J.R.Gamble, K.A.Rye, L. Wang, C.S.Hii, P.Cockerill, Y.Khew-Goodall, A.G.Bert,
P.J.Barter, and M.A.Vadas. 1998. Tumor necrosis factor-o induces adhesion molecule

141



expression through the sphingosine kinase pathway. Proc. Natl. Acad. Sci. U. S. A.
95:14196-14201.

Xia, P., J.R.Gamble, L.Wang, S.M.Pitson, P.A.Moretti, B.W.Wattenberg, R.J.D'Andrea, and
M.A.Vadas. 2000. An oncogenic role of sphingosine kinase. Curr. Biol. 10:1527-1530.

Xia, P., M.A.Vadas, K.A.Rye, P.J.Barter, and J.R.Gamble. 1999a. High density lipoproteins
(HDL) interrupt the sphingosine kinase signaling pathway. A possible mechanism for
protection against atherosclerosis by HDL. J. Biol. Chem. 274:33143-33147.

Xia, P., L. Wang, J.R.Gamble, and M.A.Vadas. 1999b. Activation of sphingosine kinase by
tumor necrosis factor-alpha inhibits apoptosis in human endothelial cells. J. Biol. Chem.
274:34499-34505.

Xia, P., L.Wang, P.A.Moretti, N.Albanese, F.Chai, S.M.Pitson, R.J.D'Andrea, J.R.Gamble,
and M.A.Vadas. 2002. Sphingosine kinase interacts with TRAF2 and dissects tumor
necrosis factor-alpha signaling. J. Biol. Chem. 277:7996-8003.

Xu, S.Z., K.Muraki, F.Zeng, J.Li, P.Sukumar, S.Shah, A.M.Dedman, P.K.Flemming,
D.McHugh, J.Naylor, A.Cheong, A.N.Bateson, C.M.Munsch, K.E.Porter, and D.J.Beech.
2006. A sphingosine-1-phosphate-activated calcium channel controlling vascular smooth
muscle cell motility. Circ. Res. 98:1381-1389.

Yamniuk, A.P., K.L.Anderson, M.E.Fraser, and H.J.Vogel. 2009. Auxiliary Ca*’ binding
sites can influence the structure of CIB1. Protein Sci. 18:1128-1134.

Yamniuk, A.P., H.Ishida, and H.J.Vogel. 2006. The interaction between CIB1 and the allb
integrin cytoplasmic domain involves a novel C-terminal displacement mechanism. J. Biol.
Chem. 281:6455-64.

Yamniuk, A.P., L.T.Nguyen, T.T.Hoang, and H.J.Vogel. 2004. Metal ion binding properties
and conformational states of calcium- and integrin-binding protein. Biochemistry 43:2558-
2568.

Yamniuk, A.P. and H.J.Vogel. 2005. Calcium- and magnesium-dependent interactions
between calcium- and integrin-binding protein and the integrin alphallb cytoplasmic
domain. Protein Sci. 14:1429-1437.

Yamniuk, A.P. and H.J.Vogel. 2006. Insights into the Structure and Function of Calcium-
and Integrin-Binding Proteins. Calcium Binding Proteins 1:150-155.

Yang, L., Y.Yatomi, K.Satoh, Y.Igarashi, and Y.Ozaki. 1999. Sphingosine 1-phosphate
formation and intracellular Ca2+ mobilization in human platelets: evaluation with
sphingosine kinase inhibitors. J. Biochem. 126:84-89.

142



Yap, C.L., S.C.Hughan, S.L.Cranmer, W.S.Nesbitt, M.M.Rooney, S.Giuliano, S.Kulkarni,
S.M.Dopheide, Y.Yuan, H.H.Salem, and S.P.Jackson. 2000. Synergistic adhesive
interactions and signaling mechanisms operating between platelet glycoprotein Ib/IX and

integrin alpha IIbbeta 3. Studies in human platelets ans transfected Chinese hamster ovary
cells. J. Biol. Chem. 275:41377-41388.

Yatomi, Y. 2008. Plasma sphingosine 1-phosphate metabolism and analysis. Biochim.
Biophys. Acta 1780:606-611.

Yatomi, Y., Y.Ozaki, T.Ohmori, and Y.Igarashi. 2001. Sphingosine 1-phosphate: synthesis
and release. Prostaglandins 64:107-122.

Yatomi, Y., F.Ruan, S.Hakomori, and Y.Igarashi. 1995a. Sphingosine-1-phosphate: a
platelet-activating sphingolipid released from agonist-stimulated human platelets. Blood
86:193-202.

Yatomi, Y., F.Ruan, T.Megidish, T.Toyokuni, S.Hakomori, and Y.Igarashi. 1996. N,N-
dimethylsphingosine inhibition of sphingosine kinase and sphingosine 1-phosphate activity
in human platelets. Biochemistry 35:626-633.

Yatomi, Y., F.Ruan, J.Ohta, R.J.Welch, S.Hakomori, and Y.Igarashi. 1995b. Quantitative
measurement of sphingosine 1-phosphate in biological samples by acylation with
radioactive acetic anhydride. Anal. Biochem. 230:315-320.

Yatomi, Y., S.Yamamura, F.Ruan, and Y.Igarashi. 1997. Sphingosine 1-phosphate induces
platelet activation through an extracellular action and shares a platelet surface receptor with
lysophosphatidic acid. J. Biol. Chem. 272:5291-5297.

Young, K.W., J.M.Willets, M.J.Parkinson, P.Bartlett, S.Spiegel, S.R.Nahorski, and
R.A.Challiss. 2003. Ca2+/calmodulin-dependent translocation of sphingosine kinase: role in
plasma membrane relocation but not activation. Cell Calcium 33:119-128.

Yuan, W., T.M.Leisner, A.W.McFadden, S.Clark, S.Hiller, N.Maeda, D.A.O'Brien, and
L.V .Parise. 2006a. CIB1 is essential for mouse spermatogenesis. Mol. Cell Biol. 26:8507-
8514.

Yuan, W., T.M.Leisner, A.W.McFadden, Z.Wang, M.K.Larson, S.Clark, C.Boudignon-
Proudhon, S.C.Lam, and L.V.Parise. 2006b. CIB1 is an endogenous inhibitor of agonist-
induced integrin alphallbbeta3 activation. J. Cell Biol. 172:169-175.

Zayed, M.A., W.Yuan, T.M.Leisner, D.Chalothorn, A.W.McFadden, M.D.Schaller,
M.E.Hartnett, J.E.Faber, and L.V.Parise. 2007. CIB1 regulates endothelial cells and
ischemia-induced pathological and adaptive angiogenesis. Circ. Res. 101:1185-1193.

Zebol, J.R., N.M.Hewitt, P.A.Moretti, H.E.Lynn, J.A.Lake, P.Li, M.A.Vadas,
B.W.Wattenberg, and S.M.Pitson. 2009. The CCT/TRiC chaperonin is required for
maturation of sphingosine kinase 1. Int. J. Biochem. Cell Biol. 41:822-827.

143



Zhang, H., N.N.Desai, A.Olivera, T.Seki, G.Brooker, and S.Spiegel. 1991. Sphingosine-1-
phosphate, a novel lipid, involved in cellular proliferation. J. Cell Biol. 114:155-167.

Zhu, J., S.M.Stabler, J.B.Ames, 1.Baskakov, and M.J.Monteiro. 2004. Calcium binding
sequences in calmyrin regulates interaction with presenilin-2. Exp. Cell Res. 300:440-454.

144



	TITLE: Regulation of Sphingosine Kinase 1 Signalling by Calcium- and Integrin-binding Proteins
	Appendix 1
	Published paper

	References



