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A. Personal Statement

I have a broadly based background in biology and over thirty years of experience with cell culture and quantitative morphometric analysis techniques using a wide variety of light and electron microscopic procedures.  I am philosophically committed to following the data wherever it may lead, even when it involves shifting the direction and learning new techniques.  Given the newness of the field of exosome research, I believe that such flexibility will be critical to effectively evaluating the role of exosomes in SCI repair.  I have a proven track record of publishing high quality research, developing new technical strategies for addressing complex problems, and productive collaboration with other investigators both inside and outside my immediate research group.  I have been directly involved in the planning and development of a clinical trial of autologous Schwann cell transplantation in MS patients, as well as in performing preclinical studies to assess the safety and efficacy of three different cell therapy candidates for treatment of demyelinating lesions and stroke and of one function blocking antibody for treatment of neuropathic pain.  
B. Positions and Honors
	1987-1990 
	Postdoctoral Fellow, Dept. of Neurobiology Cell Biology and Neuroanatomy, University of Minnesota



	1990-1992 
	Postdoctoral Fellow, Dept. of Molecular and Cell Biology, University of California, Berkeley

 

	1992-1997 
	Postdoctoral Fellow, Dept. of Neurology, Yale University School of Medicine

 

	1997-Pes
	Associate Research Scientist, Dept. of Neurology, Yale University of School of Medicine 


C. Contribution to Science

Over the course of my career, my research focus has progressively shifted from cellular and subcellular mechanisms controlling axon growth and guidance to system responses to CNS trauma or disease.  At each stage I have adapted new techniques to addresses new scientific questions and reported findings that made a significant contribution to the field.  The key findings at different stages of my career are described below.
1) Understanding growth cone structure and function.  My graduate and early post graduate research focused on the structure and behavior of vertebrate neuronal growth cones.   I developed a technique for gentle dissociation of embryonic chick retina neurons which preserved the fine structure of neurite and growth cones for whole mount microscopy. The observations helped establish that the looping of microtubules within growth cones which had been observed in vitro was also an in vivo developmental phenomenon linked to cessation of growth Lankford and Klein, 1990()
.  This technique also showed that there were specialized structures connecting fillopodial tips with other cells.  Additional in vitro studies of retinal axon growth showed that a developmentally regulated dopamine receptor subtype regulated outgrowth of one type of retinal neurons by acting through cAMP second messengers Lankford et al., 1988


( ADDIN EN.CITE )
.  Further in vitro studies of embryonic chick DRG neurons showed that the stability of actin microflilaments and microtublules were strongly influenced by intracellular calcium levels and that only a very narrow range of calcium concentrations were compatible with neurite outgrowth Lankford and Letourneau, 1989()
 . Furthermore, each of the three major second messenger systems, calcium, cAMP and phosphodiesterase, could regulate growth cone motility and neurite outgrowth but prior exposure to one type of signal could influence subsequent growth responses Lankford and Letourneau, 1991


( ADDIN EN.CITE )
.  Taken together these finding helped explain how growth cones navigate to their targets, altering their structures in a way that both responded to the current environment and affected their responses to subsequent signals.  
Lankford, K.L., DeMello, F.G., and Klein, W.L. (1988). D1-type dopamine receptors inhibit growth cone motility in cultured retina neurons: evidence that neurotransmitters act as morphogenic growth regulators in the developing central nervous system. Proceedings of the National Academy of Sciences of the United States of America 85, 4567-4571.

Lankford, K.L., and Letourneau, P.C. (1989). Evidence that calcium may control neurite outgrowth by regulating the stability of actin filaments. The Journal of cell biology 109, 1229-1243.

Lankford, K.L., and Klein, W.L. (1990). Ultrastructure of individual neurons isolated from avian retina: occurrence of microtubule loops in dendrites. Brain research Developmental brain research 51, 217-224.

Lankford, K.L., and Letourneau, P.C. (1991). Roles of actin filaments and three second-messenger systems in short-term regulation of chick dorsal root ganglion neurite outgrowth. Cell motility and the cytoskeleton 20, 7-29.

2) Independent regulation of axon initiation, growth rate, and growth patterns.  After studying regulation of growth in embryonic neurons in a purely in vitro environment, I next applied culture techniques to investigating the in vivo phenomenon of conditioning lesion enhancement of subsequent neurite outgrowth.  I crushed peripheral nerves and cultured the DRG neurons from adult rats after nerves had been allowed to regenerate.  I observed that previously axotomized neurons initiated axons sooner and grew straighter with fewer branches than neurons that had not been axotomized, but that the total growth rates for all axonal branches of previously uninjured and conditioning lesioned neurons did not differ between previously crushed an uninjured neurons Lankford et al., 1998()
.   Furthermore, axon initiation from DRG neurons, but not growth rates or branching, was linked to a spike in intracellular calcium release and axon initiation could be inhibited by depleting intracellular calcium stores 
 ADDIN EN.CITE 
(Kocsis et al., 1994; Lankford et al., 1995)
.  Taken together, these results demonstrated that outgrowth, initiation and branching of neurons were independently regulated and that although they could be influenced their local environment, once stimulated, the morphological responses could persist in the absence of a continued signal.  
Kocsis, J.D., Rand, M.N., Lankford, K.L., and Waxman, S.G. (1994). Intracellular calcium mobilization and neurite outgrowth in mammalian neurons. Journal of neurobiology 25, 252-264.

Lankford, K.L., Rand, M.N., Waxman, S.G., and Kocsis, J.D. (1995). Blocking Ca2+ mobilization with thapsigargin reduces neurite initiation in cultured adult rat DRG neurons. Brain research Developmental brain research 84, 151-163.

Lankford, K.L., Waxman, S.G., and Kocsis, J.D. (1998). Mechanisms of enhancement of neurite regeneration in vitro following a conditioning sciatic nerve lesion. The Journal of comparative neurology 391, 11-29.

3) Relative importance of donor age versus culture history of transplanted myelin forming cells.  Turning my quantitative morphometric skills to the analysis of the efficacy of cell based therapies for CNS lesions, I showed that age of donor cells was not a significant factor in remeyelination of spinal cord axons by transplanted Schwann cells (Lankford et al., 2002), but that increasing culture time did dramatically reduce remyelination efficiency of both autologous Schwann cells Lankford et al., 2002


( ADDIN EN.CITE )
 and xeongenic olfactory ensheathing cells Radtke et al., 2010


( ADDIN EN.CITE )
.  Understanding which parameters are most important for transplant successes is a critical piece of information for designing treatment protocols.
Lankford, K.L., Imaizumi, T., Honmou, O., and Kocsis, J.D. (2002). A quantitative morphometric analysis of rat spinal cord remyelination following transplantation of allogenic Schwann cells. The Journal of comparative neurology 443, 259-274.

Radtke, C., Lankford, K.L., Wewetzer, K., Imaizumi, T., Fodor, W.L., and Kocsis, J.D. (2010). Impaired spinal cord remyelination by long-term cultured adult porcine olfactory ensheathing cells correlates with altered in vitro phenotypic properties. Xenotransplantation 17, 71-80.

4)  Comparison between Schwann cell (SchC) and Olfactory Ensheathing Cell (OEC) remyelinating cell therapies.   Transplantation of olfactory ensheathing cells from alkaline  phosphatase  Akiyama et al., 2004()
 or GFP expressing Sasaki et al., 2006


( ADDIN EN.CITE )
 donors confirmed that the remyelination resulting from transplantation of either SchC or OECs was produced by the transplanted cells and not simply induction of endogenous repair.   However tracing of GFP labeled cells showed that transplanted OECs, unlike SchCs, could migrate extensively within the irradiated CNS 
 ADDIN EN.CITE 
(Lankford et al., 2008)
 Lankford et al., 2014


( ADDIN EN.CITE )
.  This was significant because the antigenic similarities between Schwann cells and Olfactory Ensheathing Cells had long made it unclear whether or not the therapeutic actions of transplanted OECs might be due to contaminating SchCs.   Although differences had been reported between cellular interactions of Schwann cells and OECs with astrocytes in vitro, this was the first clear demonstration that OECs responded differently to CNS tissue than Schwann cells.  Furthermore, we observed that migrating OECs changed their antigen expression and morphology to a “microglia like” phenotype, but that these “microglia like” OECs would migrate into a demyelinated CNS lesion and remyelinate axons with a peripheral-like phenotype. Thus OECs, unlike SchCs, were shown to exhibit two distinct and interchangeable phenotypes within a CNS environment.  
Akiyama, Y., Lankford, K., Radtke, C., Greer, C.A., and Kocsis, J.D. (2004). Remyelination of spinal cord axons by olfactory ensheathing cells and Schwann cells derived from a transgenic rat expressing alkaline phosphatase marker gene. Neuron glia biology 1, 47-55.

Sasaki, M., Black, J.A., Lankford, K.L., Tokuno, H.A., Waxman, S.G., and Kocsis, J.D. (2006). Molecular reconstruction of nodes of Ranvier after remyelination by transplanted olfactory ensheathing cells in the demyelinated spinal cord. The Journal of neuroscience : the official journal of the Society for Neuroscience 26, 1803-1812.

Lankford, K.L., Sasaki, M., Radtke, C., and Kocsis, J.D. (2008). Olfactory ensheathing cells exhibit unique migratory, phagocytic, and myelinating properties in the X-irradiated spinal cord not shared by Schwann cells. Glia 56, 1664-1678.

Lankford, K.L., Brown, R.J., Sasaki, M., and Kocsis, J.D. (2014). Olfactory ensheathing cells, but not Schwann cells, proliferate and migrate extensively within moderately X-irradiated juvenile rat brain. Glia 62, 52-63.

5) Lack of effects of anti-NGF antibodies on adult nerve regeneration.  Since elevated levels of NGF appear to play a critical role in persistent pain, function blocking antibodies to NGF are being explored as possible therapies for severe and persistent pain conditions.   However, the extensive role of NGF in sensory neuron survival and neurite outgrowth during development has raised the possibility that such antibodies might prevent nerve repair or even result in nerve degeneration.  In a carefully blinded study, I evaluated multiple parameters of nerve regeneration and myelination and found no indication of inhibited regeneration of crushed nerves or degeneration of contralateral intact nerve in anti-NGF treated animals Lankford et al., 2013


( ADDIN EN.CITE )
, indicating that impaired nerve repair capabilities or spontaneous nerve degeneration was not a likely risk factor for this type of therapy.  
Lankford, K.L., Arroyo, E.J., Liu, C.N., Somps, C.J., Zorbas, M.A., Shelton, D.L., Evans, M.G., Hurst, S.I., and Kocsis, J.D. (2013). Sciatic nerve regeneration is not inhibited by anti-NGF antibody treatment in the adult rat. Neuroscience 241, 157-169.
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