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Van Wagenen, Richard ._A______

Principal Investigator (Last, first, middie):

Abstract of Research Plan
NAME, ADDRESS, AND TELEPHONE NUMBER OF APPLICANT ORGANIZATION
Protein Solutions, Inc.

P.O. Box 58093
Salt Lake City, UT 84158-0093 Phone: 801.583.9301

YEAR FIRM FOUNDED _ oo [ NO. OF EMPLOYEES (include all affiliates) 5 )

TITLE OF APPLICATICN

Home Immunoassay for Cyclosporin

KEY PERSONNEL ENGAGED ON PROJECT

NAME ORGANIZATION ROLE ON PROJECT
R. Van Wagenen, Ph.D. Protein Solutions, Inc. Principal In;.festigea_rgr
Jessica Smith, M.E. Protein Solutions, Inc. Research Engineer
D.J. Min, Ph.D. Protein Solutions, Inc. Research Scientist
J. D. Andrade, Ph.D. Protein Solutions, Inc. Advisor

ABSTRACT OF RESEARCH PLAN: State the application's broad, long-term objectives and specific aims, making reference 1o the healt
relatedness of the project. Describe concisely the research design and methods for achieving these goals and al'scv-ss the f
research for technological innovation. Avoid summaries of past accomplishments and the use of the first person. This abstracsime 0 s
as a succinct and accurate description of the proposed work when separated from the application. If the application is fundedhis descrotion ae
s, will become public information. Therefore, do not include proprietary or confidential nformation. DO NOT EXCEED 200 WORDS :

A complete panel for renal transplant monitoring should include the immunospuppresive
drugs Cyclosporine A, FK-506 (Tacrolimus), creatinine (an ongoing NIH Phase 1), and
urea (part of an anticipated Phase |l grant). The assay panel should require less that 100
microliters of blood, be inexpensive, easy to use, and fast (minutes). An increase in the
frequency of monitoring can minimize renal transplant failures via early detection of kidney
function loss (a manifestation of early rejection). Patient quality of life can be improved
and total medical costs can be reduced.

The narrow therapeutic range, toxicity, and variable pharmacokinetics of both
Cyclosporine A and Tacrolimus make frequent monitoring essential. Home assays must
be fast, frequent inexpensive, and functional; current methods do not meet these
requirements. The function of the transplanted organ must also be monitored. meaning
freq‘uent creatinine and urea assays for renal transplants. We are developing
luminescence enzyme assays for application to renal transplant monitoring in the home
utilizing a hand held luminometer. This proposal addresses the feasibility assessment o.f
an immunoassay for Cyclosporine A (FK-506 will be addressed in Phase II) utilizing a
quantitative, immunochromatography assay "viewed" in the luminometer using a
backlighting principle.

Provide key words (8 maximum) to identify the research or technology.
Cyclosporine A, Tacrolimus, immunosuppression, therapeutic drug monitoring, immunoassay

Provide a brief summary of the potential commercial applications of the research. S T
There are 50,000 individuals in the US with renal transplants. Assuming an ideal Cyclosporine A
monitoring frequency of once per week at $100 per assay the total cost is $260M per year. Inex :
weekly assays for Cyclosporine A and Tacrolimus at a cost of $20 per assay would result in a to{D ens.vF f
$52M - a potential cost savings of $208M to the healthcare system. This analysis does not-eveqa- cost of
the significant reduction in healthcare costs associated with extending the lifetime of Kidney tra;slg iz.fie

PHS 6246-1 (Rev. 1/98) Page 2




Principal Investigator (Last firsf. middial: ﬂwa'geﬂﬁmha rd_A'_

Budget Justification
Using continuation pages If necessary, descnbe the specific functions of the parsannel and consultants. Read the mstructio
accordingly.
Dr. Richard Van Wagenen will serve as Principal Investigator on this project. He has served as Pl on
other SBIR grants. He is VP for R & D at Protein Solutions and has played a key role in the development
of the CCD based multi-channe! analyzer for various metabolites. Rick has extensive background in
interfacial phenomena, optics and spectroscopy instrumentation. His background in luminescence and
device development will address the hardware and materials aspects of the biosensor development. He
will also play the major role in planning and coordination of the project. Dr. D.-J. Min, Research Scientist,
has had entensive experience in bioluminescent sensors for phenylalanine and lactate. He will assist
with the Phase | feasibility studies including simulation and modeling and the optimization of the
reactions. Jessica W. Smith, Research Engineer, has a Masters of Engineering in Bioengineering from
the University of Utah and will provide techincal support for the project. This will include assistance with
modeling and simulation and assistance with the prototype design and in house studies. She is currently
a graduate student in the Ph. D. program in Bioengineering. J.D. Andrade is President/CEO. He is not
an employee, but serves in a technical consulting function, Financial: Fringe benefits are 28% of salary
and indirect costs are 69% of total direct personnel costs. Consulting costs of $2,400 are requested for
Dr. John Holman, Jr., M.D., Associate Professor of Surgery and Director of Renal Transplantation at the
University of Utah. See Consultants Section for justification of his role. Supplies: Funds are requested
for general lab supplies and biochemicals such as proteins, enzymes, buffers, analytical supplies
inorganic chemicals, lab-ware, etc. Travel: Travel funds are requested for one trip to a conference
related to clinical chemistry or therapeutic drug monitoring on the east coast. Other: Funds are
requested for external clinical laboratory analyses of some samples to be conducted by Associated
Regional University Pathologists, Inc. (ARUP), a major clinical chemistry laboratory located near by
which serves the westem U.S. Funds are also requested for a partial annual membership fee for the
Center of Biopolymers at Interfaces (CB), a state university industry consortium at the University which
provides us with extensive access to research resources and interactions with professors and students.
See Resources Section below.

and justify costs

Resources

be performed by the app
€35 O ich party for theo
party’s poriion of the proposed project ) Indicate thel capaciies, paninent capabilities, relative p and axient of avall ty to
oject. Include laboratory, clinical, animal, computer, and offics facikties at the applicant small business concem and any other performancs
sfe listed on the FACE PAGE. Identify suppon services such as secretarial, machine shop, electronics shop, and the axtent tedich they will
be available lo the project. Use continualion page(s) if NECcessary '

Protein Solutins, Inc. (PSI) occupies 1,400 square feet of research, laboratory, and office space located in the
Research Park adjacent to the University of Utah. This space includes a chemistry lab, a biology lab, and optics
lab, a conference room and two offices. Space and the equipment noted below are adequate o do the wark with
the proposed addition of the equipment funding requested. Office equipment is standard and adequate to address
the administrative aspects of the project, i.e., computers, laser printer, copy and FAX machines, etc. The company
is & member of The Center for Bioploymers at Interfaces (CBI) a state-university consortium which is one of the
Centers for Excelience in the Utah State System of Higher Education. CBI membership provides a number of kay
benefits, i.e., (1) fee for service access o many analytical services at the University at very low rates, e.g., the
SEM/TEM facility and the Surface Analytical Facility (XPS, SIMS, elc.), (2) access to specialized lab equipment in
the departments of Bioengineering (optics lah) and Chemistry (analytical chemistry labs), and (3) access to faculty
members who can provide expertise on a consulting basis. The company has licensed technology from the
University of Utah in the area of bioluminescence for biosensor development.

MAJOR EQUIPMENT: List the most imponant equipment itlems already available for this project, noting the location and pentinen: :_apa:-mlies
of each

Basic laboratory equipment at PS| includes analytical balances, stiers, hot plates, a fume hood, oven, pH meter,
water baths, HEPA filetersd laminar air work areas, steam autoclave.a reverse osmosis-filtered water system, light
microscopes, Tumer Designs luminometar, camera, vacuum system, a gel elactrophoresis system, -80 C freezer
UV-Visible spectrophatometer, and lap top computers, Charge coupled device (CCD) array cameras and
associated computers and controllers are also available for the recording and quantification of luminescence
expenments to supplement the luminometer. A Virtis Genisis 12 EL freeze dryer is available for lyophilization
studies of proteins, enzymes and reagents

PHS 6246-1 (Rev. 1/96) Page 4
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Van Wagenen, Richard A.

Principal Investigator (Last, first, midile)

Biographical Sketch
Provide the following infermation for the key personnel listed on Page 2, beginning with the Principal
Investigator. Photocopy this page or follow this format for each person.
NAME | POSITION TITLE
Richard A. Van Wagenen | VP for R & D and Research Scientist

EDUCATICN/TRAINING (Begin with baccaisureate or otter intial professions! sgucstion. include postdoctons! training. |

DEGREE YEAR | e
INSTITUTION AND LOGATION ¥ apoicanis) | ‘Gonpereip | FELD OF STUDY
University of Utah - Salt Lake City, Utah B.S. 1971 Mechanical Engineering

University of Utah - Salt Lake City, Utah Ph.D. 1976 Materials Science
University of British Columbia - Vancouver, B.C. Post Doc. 1976-1977 | Cell Surface Research

E /OR PROFE ERIENCE: g ith i i o logical ardar pravious smpd
RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present pcs'n.nn, ||s.[ in chranalogl d s emg
expatence, and henors. Inclyde present membership on any Federal Govemment public advisory commitiee. List, in chronslogicabrder, the
tiles, authers, and complete referances to those publications most pertinent to this applicationDO NOT EXCEED TWO PAGES.

Professional Experience

= Vice President of Research and Development, Protein Solutions, Inc., Salt Lake City, UT
1696 - present, Current employment.
RVW Consulting, Salt Lake City, UT 1885-1866. ) -
Director of Research and Development, OHMEDA Medical Systems, Salt Lake City, UT
1990-1994 )
Vice President Research and Development, Albion Instruments, Salt Lake Gity, UT
1987-1980 _
Director of Instrumentation, Biomaterials Intemational, Inc., Salt Lake City, UT 1981-1887.
« Research Assistant Professor, Depariment of Bioengineering, University of UT, Salt Lake
« City, UT 1978-1985, " :
» Post Doctoral Fellow, University of British Columbia, Vancouver, B.C, 1876-1977.

Honors

« Member of Pi Tau Sigma, National Honorary Mechanical Engineering fratemity.

» Winner of the NASA Innovation Award, 1881,
+ Recipient of the R & D Award for Innovative Design and Development of the R_ASCN. I
a laser based respiratory/anesthetic gas monitor utilizing Raman light scattering, 1983,

Representative Patents and Publications:

« J.D. Andrade, C.-Y. Wang, D.-J. Min, C. Eu., R. Van Wagenen, and R, Sc:h_eer, ”Tumf'ard Dallar
Devices for Measuring Metabolic Biochemistry” in Anri—Ma’cmbu‘a{: Anti-infactive Materials, S.P
Sawan and G. Manivannan, eds., Technomic Publishing, 1989, in press.

« D. Gregonis, R. Van Wagenen, D. Coleman, and J. Mitchell, "A Commercial Anesthetic
Respiratory Gas Monitor Utilizing Raman Spectroscopy”, J. SPIE 1336 247 (1880).

+ D. R. Westenskow, K.W. Smith, D.L. Coleman, D.E. Gregonis, and R.A. Van Wagenen, .
"Clinical Evaluation of a Raman Scattering Multipie Gas Analyzer for the Operating Room

Anasthesiology, 70 350 (1989).
i d D.L. Coleman
« R.A.Van Wagenen, D.R. Westenskow, R.E. Benner, D.E. Gregonis, ani I -
"Dedicated Monitoring of Anesthetic and Respiratory Gases by Raman Scattering”, J. Clinical
Monitoring, 2 215 (1986).

PHS 6246-2 (Rav. 1/28) (Form Pags 6) Page




Van Wagenen, Richard A.

Van Wagenen, Richard. A, Principal Investigator (Last, firs, micklie)!

Biographical Sketch

Provide the following Information fer the key personnel listed on Page 2, beginning with the Principal
Investigator. Photocopy this page or follow this format for each person,
MNAME | POSITION TITLE
Dong-Joon Min Fost Doctoral Staff Scientist

Principal Investigator (Last, st micie)

Biographical Sketch
Provide the following information for the key personnal listed on Page 2, beginning with the Principal
Investigatar. Photocopy this page or follow this format for each person.
NAME | POSITION TITLE
J. D. Andrade, Jr. | President/'CEQ and Technical Advisor

EDUCATIONTRAINING (Begin with baccalsursats or other inifial professional sdt

EDUCATIONTRAINING (Begin witn baccelaunsare or other initisl orofessional ecucation. Inchide postdociors! trgining.
T
DEGREE | YEAR

INSTITUTION AND LOCATION | Fhtie s Pl FIELD OF STUDY INSTITUTION AND LOCATION [ FIELD OF STUDY
W anplicatis) | COP = o) | iR
San Jose State University - San Jose, CA | B.S. 1965 | Materi i Chonnam National University, Korea B.E. 1987 Metallurgical Eng.
| | Wmaists Babaos Chennam National University, Korea | M.S. | 1989 Metallurgical Eng.
B [ i Fifi o 5 Materials Science
University of Denver - Denver, CO ‘ Fh.D 1963 M _ University of Utah, Salt Lake City, Utah M.S. 19885 Materials
' | Fh.D. 1 e ienc : = i : sl
| i g University of Utah, Salt Lake City, Utah Fh.D. Summer '99 | Materials Science
RESEARCH ANDIOR PROFESSIONAL EXPERIENCE: Concluding with present pasition, st In chronological order previous emproyment RESEARGH AND/OR PROFESSIONAL EXPERIENGE: Goncuding with present position, fist In chronological order previos empioyment

axpr and honars. da presant mambership on any Faderal Govemment public advisory committee_ List, in chronologicabrder, the
tities, authors, and complete referances io those publications most pertinent o this applicationDO NOT EXCEED TWO PAGES.

expearience, and honors, Include prasent membership on any Federal Govemment public advisory committe. List, in chronoiogicabroer, the
Witles, authors, and compiete: referances 1o those publications most perinent to this applicationDO NOT EXCEED TWO PAGES.

Professional Experience
Research & Professional Experience

« Professor, Departments of Bicengineering and Materizls Science and Engineering, University of Utah
1978 - present. Current employment

+ Founder, President and CEO, Protein Solutions, Inc. Salt Lake City, UT 1988 - present

» Co-Director, Center for Integrated Science Education, University of Utah, 1881 - present.

» Chairman, Department of Bioengineering, University of Utah, 1978 - 1981 and 1988 - 1981,

+ Dean, College of Engineering, University of Utah, 1983 - 1987.

» Co-Char, Department of Bioengineering, University of Litah, 1988 - present.

* Research Assistant, Department of Chemistry, University of Vermont, 1989 to 1290,
» Research Assistant, Department of Materials Science, University of Utah, 1995 - present.

Honors

 Scholastic Achievement Awards, Chonnam National University, Korea, 1984 - 1987,

Recent Honors Publications

Surfaces in Biomaterials Foundation Award for Excellence in Surface Science, 1928,
Geovernor's Medal for Science and Technology, 1982.

Distinguished Alumnus Award, San Jose State University, 1887.

Distinguished Research Award, University of Utah, 1981.

Fellow, American Institute Medical and Biological Engineering (AIMBE).

« D.J. Min and C.N. Park, "Temperature Dependence of the Chemical Hysteresis in the

LaNis-H System", J, Korean Inst. Metals, 27 836 (1989).

J.D. Andrade, J. Tobler, M. Lisonbee, and D. Min, "Using Bioluminescence for Integrated

Science Education”, in Bioluminescence and Chemiluminescence: Status Report, A. A. Szalay

et al. eds., John Wiley, 69-73 (1893).

J.D. Andrade, M. Lisanbee, and D. Min, "Using Nove! Biological Phenomena to Enhance Integrated

Science Education: Bicluminescence" in Bioluminescence and Chemiluminescence: Fundamentals

and Applied Aspects, A.K. Campbell, et al., eds, John Wiley, 371-378 (1894).

D.J. Min, C.Y. Wang, and J.D. Andrade, "Air/Water Monolayer Studies of Bioluminescent Enzymes”,

Bioluminescence and Chemiluminescence: Fundameniais and Applied Aspects, A K. Campbell, et al.,

eds, John Wilay, 404-487 (1994),

D.J. Min and J.D. Andrade, "Preliminary Study of the Optimum Cenditions for a Lactate Sensor

Based on Bacterial Bioluminescence” in Bioluminescence and Chemiluminescence: Molecular

Reporting with Photons, W.J. Hastings, et al. eds., John Wiley, 275-278, (1996).

D.J. Min, L. Winterton, and J.D. Andrade, "Behavior of Model Proteins, Pretreated in Urea and'or

Dithiothreitol, at Air/Sclution Interfaces®, J. Colloid Interface Sci. 197, 43 (1998).

 J.D. Andrade, C.-Y. Wang, D.J. Min, C. Eu, R. Van Wagenen, and R. Scheer, "Toward Dollar Devices
for Measuring Metabolic Biochemistry”, in Anti-Microbial, Anti-Infective Materials, 5.F. Sawan and G.
Manivannan, eds., Technomic Publishing (1989) in press.

« D.J. Min, R.J. Stewart, and J.D. Andrade, "Developing a Biosensor for L-Phenyialanine Based on

Bacterial Bioluminescence”, in Biolumir and Chemilumi; ence. Perspectives for the 21%

Century , A Roda, et al, eds., John Wiley (1898) in press.

D.J. Min, J.D. Andrade, and R.J. Stewart, "Specific Inmobilization of in Wivo Biotinylated Bacterial

Luciferase and NAD(P)H:FMN Oxidoreductase” Anal. Biochem, submitted (1998).

-
.

Representative Publications:

+ J.D. Andrade, et &l., "Toward Dallar Devices for Measuring Metabolic Biochemistry”, in Anti-microbial,
Anti-infective Materials, S.P. Sawan and G. Manivannan, eds., Technomic Publishing (1889) in press.

¢ D.J. Min, J.D. Andrade, and R.J. Stewart, "Specific Immobilization of in viva Biotinylated-Bactsrial
Luciferase and NAD(P)H:FMN Oxidoreductasa”, Anal Biochem. (1999) submitted.

* D.J. Min, R.J. Stewart, and J.D. Andrade, “Developing a Biosensor for L-Phenylalanine Based on
Bacterial Bioluminescence” in Bloluminescence and Chemiluminescencs: Perspectives for the 217
Century”, A. Roda, et al., eds., Wiley (1999) in press.

* D.J. Min, L. Winterton, and J.D. Andrade, "Behavior of Mode! Proteins, Pretreated in Urea and/or
Dithicthreital, at Air/Solution Interfaces”, J. Colloid Interfage Sci. 197, 43 (1998).

* Q. Luo and J. D. Andrade, "Cooperative Adsorption of Proteins onto Hydroxyapatitie”, J.Collpid
Interfece Sci, 200, 104-113 (1998).

+ C.-Y. Wang and J.D. Andrade, "Surfactants and Caenzyme A as Cooperative Enhancers of the Activity
of Firefly Luciferase®, in Bioluminescence and Chemiluminescence: Molecular Raporting with Photons
W.J. Hastings, et al., eds. Wiley (1987) 253-256. '
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Principal Investigator (Last, frst migdle) Van Wagenen, Richard A,

Biographical Sketch

Provide the following information for the key personnel listed on Page 2, beginning with the Principal
Investigator, Photocopy this page or follow this format for each person

NAME ; — |POSITION TITLE
Jessica W. Smith Research Engineer

EDUCATIONTRAINING (Begin witth baccaiaursats or ather initis/ professional education. inclvde posidocioral fraining J

INSTITUTION AND LOGATION rr:f:i:; a;.g_ e FIELD OF STUDY
University of Utah, Salt Lake City, Utah B.S. 1962 Civil Engineering
University of Utah, Salt Lake City, Utah Masters 1996 Bioengineering

CH ANDVOR PROFESSIONAL EXPERIENCE: Concluding with present position, list in che gical order previous employment
and honors. include present membership on any Federal Government public advisary com ee. List. in chronofogicabroer, the

titles. autnors, enc complete references 1o those publications most paninent 1o this applicationDO NOT EXCEED TWOD PAGES,

Research & Professional Experience

« Civil Engineer, Eckhoff, Watson, and Preator Engineering, Sait Lake City, Utah 1991-1885

* Research Engineer, Orthopedic Biomechanics Institute, Salt Lake City, Utah January, 1996 -
February 1997

+ Territory Business Manager, Bristo-Myers Squibb, Salt Lake City, Utah February 1997 -
June 1998,

» Research Engineer, Intermountain Health Care, Salt Lake City, Utah June 1998 - present

* Graduate Student, Ph.D. Program, Department of Bioengineering, University of Utah, Salt Lake City
Utah 1998 - present

Honors

» Professional Engineer License - State of Utah

Publications

* Smith, JW., Greenwald, AE., Swanson, S.C., Greenwald, R.M. and Johnson, 5.C., "Determination
of Patellofemoral Joint Reaction Forces During Low Impact Stepping Exercises”, submitted to
Medical Science Sports and Exercise, July, 1999,

* Greenwald, RM., Mecham, M.D., Smith, J.W_, Shulimson, A., Nelson, K. and Johnson, S.C,,
"Neuropsychological Effects of Repeated Head Impacts in Freestyle Aerial Ski Jumping”, Abstract
#MSSE-2052, presented at ACSM, Denver, CO. 1997,

* Smith, J.W., Motel, R.W., Johnson, S.C., Walker, J.A., Marler, T. and Subudhi, AW . “The Effect of
Concentric and Eccentric Isotonic Resistance Training Programs on Knee Angle Specific Hamstring
Quadricep Ratios”, Abstract #MSSE-1201, ACSM, Seattle, WA 1998

+  Smith, JW., Greenwald, A.E., and Greenwald, R.M., * Determination of Patelloformal Joint Reaction
Forces as a Function of Cadence During Step Exercises”, Abstract ¥MSSE-218, ACSM Denver, CO
1997.
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Principal Investigator (Last, first, midaile): Van Wagenen, Richard A

Biographical Sketch

awing Information for the key personnel listed on Page 2, beginning with the Principal
. Photocopy this page or follow this format for each person

NAME | FOSITION TITLE

John M. Holman, Jr., M.D., Ph.D.

Consultant & Assoc. Prof, of Surgery

EDUCATIONTRAINING (Segin with baccaisureste or ather initial professional education. I posiToctor -
INSTITUTION AND LOCATION || e I ety
Washington and Lee University, Lexington, VA B.S. | 1973 | Natural Sciences
U. Texas Southwestern Med. Sch., Dallas, TX | M.D. 1877 . Medicine
Albany Medical College, Albany, NY I Ph.D. 1986 | Physiology

RIENCE: Concluding with present pesition, list in chronolcgical ordar pr
on any Federal Government public advisary commiltes, Ust, in
liczfions most perinent to this appiicatonDO NOT EXCEED TWO PAGES.

Htas, ltr.h'::r: .ar.d &
EMPLOYMENT AND EXPERIENCE:

19771982, Univ. of Utah Sch. Medicine, Dept. of Surgery, Internship and Residency in General Surgery
1982-1984, All Medica! College, Dept. of Physiology, NIH Post-doctural Research Fellow
1533-1986, Albany Medica! College, Dept of Surgery, Renal Transplant Fellow
1986-1992, Univ. of Utah Sch. Medi istant Professor of Surgery

1992-present, Univ. of Utah Sch. Medicine, Associate Professor of Surgery

rd of Tenure

6-1997, University Hospital, Salt Lake City, Assistant Director of Renal Transplantation

7T-present, University Hospital, Salt Lake City, Director of Renal Transplantation

RELEVANT PUBLICATIONS

sen, A, Tumer, C.W,, Slaughte
Support as a Mediator of Psychological ¥
J. Behavioral Medicine 12:249-265, 1989

IR., and Holman, M., Jr.: Perceived Family
eli-Being in End-Stage Renal Disease

Christensen, A J,, Smith, T.W., Turner, C.W., and Holman, JM., Jr.: Type of Hemodialy-sis and
Prefersnce for Bel ral Involvement. Interactive Effects on Adherence in Ead-
Stage Renal Disease. Health Psychology 9:225-236, 1950,

Helman, J M., Jr,, and Todd, R : ‘Enhanced Survival of Heterotopic Rat Heart Allogra
with Portal Venous Drainage. Transplantation 4:229-230, 1590.

Christensen. AT, Turner, C.W., Smith, T.W., Holman, J.M,, and Gregory, M.C.: Health
Lacus of Control and Depression in End-Stage Rena! Disease. J. Consult Clin Psychol 59:
419-424, 1991,

Turner, M.C., and Holman, JM.: Late Reaction During Initial OKT-3 Treatment
Clinical Transplantation 7:1-4, 1993

Jr, Kohan, D.E., Nelson, EW., and Holman, JM., Jr.- The Effects of
i e Cvtokine Release Syndrome During Inductive QK T3
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RESEARCH PLAN
A. Specific Aims

Our long-term objective is to develop a point-of-care and home assay panel and measurement
device for renal transplant monitoring. The panel will measure the immuncsuppressive drugs
cyclosporine A (CsA) and FK-506 (tacrolimus). It will also measure creatinine and urea as
markers of kidney function. The measurements are gquantitative, using a luminescent detection
principle, requiring less than 100yl of blood derived using a micro-lancet from a fingertip. The
proposed panelidevice can be used during the inpatient period to facilitate faster clinical
decision-making and for long-term monitoring after transplantation. Such assays are also useful
as research tools with which to understand the pharmacokinetics and pharmacodynamics of
CsA and FK-506. The Specific Aims:

1. Model and simulate the proposed and existing assays for CsA and perform computer
experiments as a function of assay valume, analyte concentration, protein binding, antibody
specificity and binding constants, and related parameters. The goal of the modeling and
computer experiment exercises is to identify the key parameter values needed for a
successiul assay, thereby minimizing the number of laboratory experiments required

my willingrioss 1o serve 2s a Technica] Consultant on v
the development of s Cvelosperin
cnvironment.

ur
/ system foruse ma

2. Acquire, characterize, and qualify the chemicals and materials needed, including CsA; CsA
antibodies; gold, carbon, and dyed |atex particles (the contrast producing labels for the
immunoassay), electroluminescent (EL) paints and panels (to produce the uniform
backlighting through which the immunechromatographic line will be viewed), and related
reagents and materials.

\ 8 surgeon spectalizing in transplantation the availability of cyclos
h_-'_-c made tan act in improving clinical outcomes as any advance
}19.\‘1‘\':1' it not an casy drug to use clinically, Dosages have to be continually adjustad to
maintain blood levels within tight ranges to avoid complications of underdosing
(rejection ) and overdosing (renal tox ). The current assay svstems require .—:ai'rr:s ]
travel to a centrul reference laboratory for blood draw or have their bjU{:\c\--'":_Iﬂé I
transported thy Both approache m considerat 1 patient or
Icw:c:‘.d:d maround time for the lab result. A potnt of care dete tion of Cyclosp
level wou Ailrm for prompt alteration in drug dosing ard provide the most optimal
oppartunity for good clinical outcomes, [ am very much in support of this pm-pcss'.l.

3. Become thoroughly familiar with existing and evolving immunoassays for CsA and with
HPLC assays (the "gold” standard); this will involve collaboration with and training by local
analytical laboratories. Refine and improve the mode! and simulation activities in Aim #1 to
reflect this experience

4. Develop a particle-contrast immunochromatographic assay (ICA) for CsA which will be
compatible with our existing biosensor panel and hand held luminometer and will have the
sensitivity needed for small blood samples (less than 100 microliter samples are necessary
to insure patient compliance with self-testing in the home).
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1g ratc of $100/hour for a total of 24 hours over the course
Plaasc find enclosed  copy of my NTII bioskete
{ luck in vour fforts to secure SBIR funding on this very important

5. Use the output from Aim 1 and Aim 4 to produce a prototype back-lighted luminescence
immunoassay for CsA. Perform preliminary calibrations and verify the prototype assay
against established methods for CsA analysis (Aim #3). Evaluate the assay in solution for
sensitivity, resolution, and dynamics using CsA standards. Determine if feasibility for a
home based, low blood volume assay has been established

Sincerely,

ﬂﬁw. s M\/wk_ ;\r)/

Phase Il Specific Aims (tentative):

Improve and enhance reagent deposition, lyophilization, storage, and stability;

Develop a uniform, electroluminescent (EL) light panel on which the ICA will be viewed
and the circuitry/power supply to pulse and cycle the EL display (this is needed so the EL does
not interfere with the bioluminescence output of the creatinine and urea channels. .

Determine  cross reactivity towards CsA metabolites; evaluation of potential
interferences in blood including the various drugs and therapeutics appropriate to transplant
patients;

Develop ICA Assay for FK-506 and/or other newer im munosuppressive agents;

Jobn Holman, Jr., M.D., Ph.D.
Associate Professor of Su ¢

School of Medicine
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Provide for data collection, processing, and presentation and for enhancement of
software/user interface to facilitate individual patient data storage, presentation, and
assessment.

Perform limited trial and validation with small patient/surgeon pool and compare with
existing assays.

B. Identification and Significance of the Research Opportunity

Transplantation is the major therapy for patients with end-stage organ failure (kidney, liver.
heart, lung, and pancreatic p-cell). Renal transplantation alone aceounts for more than B5% of
the total solid organ transplantation in the United States (1,2). More than 11,000 patients
receive renal transplantation annually in the US. There are more than 50,000 individuals with
functioning renal transplants in the US (3).

Transplant patients must take medications to suppress the host immune system. For renal
transplantation, the patients generally take a cocktail of medications, each blocking a different
immune pathway. There are a variety of immunosuppression drug protocols. The majority of the
protocals include a steroid and CsA (or FK-506) with or without azathioprine (or mycophenolate
mofeti). Newer drugs are now being evaluated

Each of these medications has a different therapeutic range and side effect profile Therapeutic
drug monitoring (TDM) is necessary to individually tailor the medication. Monitoring CsA and
FK-506 are mandatory due to their narrow therapeutic ranges, toxicity, and variable
pharmacokinetics (4,5). The therapeutic ranges have to be tightly controlled to reduce the risk of
either underdosage or toxicity. For renal transplant patients, the generally accepted whole blood
therapeutic ranges for CsA and FK-506 are 100-200 pg/l (about 0.1uM) and 3-8 pghl (about 1 1o
10 nM) during the maintenance phase, respectively (6,7,8). Slightly higher doses are
recommended during induction phase (first two to four months after transplantation). CsA and
FK-506 show a greater than 10-fold variation in whole blood concentration for renal transplant
patients on a fixed dose (5,9,10). The variable pharmacokinetics is due to individual patient
differences in distribution, absorption, and elimination rates

CsA is a natural hydrophobic cyclic undecapeptide (F.W.=1203) purified from the fungus
Tolypocladium inflatum. FK-506 is a hydrophobic macrolide lactone isolated from the fungus
Streptomyces tsukubaensis (F.W.=822). CsA and FK-506 dissolve in methanol, ethanol
polyethylene glycol, and polypropylene glycol, but dissolve poory in water and hexane, Both
CsA and FK-506 are immunophilin-binding drugs. Immunophilins are abundant protein-folding
enzymes (proline isomerases). The drugs bind to immunophilins to create an active
Immunophilin-drug complex. CsA binds to immunophilins called cyclophilins. FK-506 binds to
immunophilins called FK binding proteins (FKBP). These complexes inhibit calcineurin, a critical
enzyme in the cytokine transcription and T-cell activation pathways (11,12). The inhibition of
calcineurin results in the blocking of T-cell activation, thus inhibiting the initiation of the immune

response. Although CsA and FK-506 are structurally unrelated, the immunosuppression
mechanisms are similar.

Overall renal function must also be regularly monitored. The most useful index of renal function
is the clearance of creatinine in blood. Creatinine is a low molecular weight, cyclic nitrogenous
end product of metabolism with a normal circulating plasma level of roughly 0.1 mM. ®

During the in-patient post transplantation period clinical lab tests are performed on a daily basis.
An ideal test for either CsA or FK-506 should provide real time diagnostic information by having

(2

a short turn around time (<2hrs), thereby supporting clinical decision-making at minimum cost
(14), Current assays for CsA and FK-506 are time consuming and expensive. Average turn
around time for current assays is 6-8 hours. The charge for a CsA (and metabolites) assay by
HPLC is about $100 (52). Immunosuppressants are measured daily during the 30-day .
inpatient period; measuring CsA alone will cost $3,000. The following year 3 trmesmeekltfort e
first three months, 3 times/ month for the next nine months) will cost $6,300 for CsA monitoring.

The reduced frequency of monitoring is a compromise between the need for mcnllonn? atrg I:)I;e
inconvenience and cost of hospital or clinic visits. F»_‘.e;empn can occur !._ate after trapsp an Iar.
A patient with a transplant can be considered a patient with a chronic d|_seisde requlr;:} gs :gu
monitoring and management. If renal function and drug levels are monitored more y
(once a week), irreversible transplant damage can be minimized (3).

The availability of a home assay for CsA and FK-506, together with c:%i:;ea :::Y:r::l. will
ermi - itoring in the home environment.
permit long-term renal tran_splani moni gin tt porfpeent s rncion
i d minimize renal transplant failure:
improve convenience and life quality, an ze il o
i toring. CsA and FK-506 al
ndetected and untreated due to mfrequgnt moni )
urnr.‘nilmed on a daily basis when medications are changed due to drug interactions 9).

i 00
Assuming the ideal monitoring frequency of CsA and FK-506 is nnsc;,e ae\:eig rft:: ;tr: gfs'tnzszan
Americans with renal transplants, there is a neﬁd for2.6 mll_llor? te s: pue:;" N %
million at $100 per test). Inexpensive assays will lead to a significan ez e 50 par
the patients and to the health care system. If we assume _the proposed assay
test, there is a potential cost reduction of about $200 million per year.

i i nd FK-
In summary, we propose to develop quantitative point-of care Tmru:fa:s;anyé [oFr’ ;S;T{a; i
506. The proposed assay utilizes a particle ccrn?rasi ICA wmera-bas?ad B ek T
lighting) and recorded by a charge coupled device (CCD) :i:am
sensor will require |ess than 100 microliters of blood sample.

C. Background and Experience

Analytical Background
nd FK-506 in plasma and whole
(Table 1) (5.16.1?.13_.19‘}-!95'“-
iminated by the liver. These drulgs :ﬁfn gr:rfgwgtl: cl;ing
bound o red biood cells (>50%) due to the high concentration S &YEOEL Ll 6 hining
proteins within the erythrocytes. Cs.ﬂlfsﬂ bg‘grség:egt;":utaf:% of the drug binds to wdhllte blood
d on the cell surface. SA, ool <ular the high- and low-
Co (519, Ca s e iy boun o plasmelpopla® 1 P ) Wnoe
density lipoproteins (15). FK-506 primarily binds to alburm dependent partitioning effect,
lood i tFr: p ymended sample for CsA due toa temp.emtur&tempearature assays because
2$ Ogjnc:n:f;?or: tends to be increased in emhrmweshmtmr?\meratuge decreases below 37 C.
1L1'-|e affinity between CsA and cyclophilins increases as the ehoTe blood sample since most CsA
9,15 Hiyher signal to noise ratios can bé achieved using w;agmﬂ and whole blood (5},
its Ibm]] nd ED erylhgrocyies. FK-508 can be measuieC bp{:ﬁzds are also minimized Dy using
although whole blood is generally preferred. Hematocnt

whole blood samples.

e available for measuring Csha

thods ar :
Currently, several me nd various immunoassays

blood: HPLC, mass spectrometry. ai
and FK-506 are almost exclusively e



Table.1 Commercially available immunoassays for CsA and FK-506. Acronyms:
Radicimmunoassay (RIA), Fluorescence Polarization Immunoassay (FPIA), Enzyme-
Multiplied Immuno Technique (EMIT), Enzyme Linked Immunosorbent Assay (ELISA), and
Microparticle Enzyme Immunoassay (MEIA) (5,15,16,17,18,19)

Cyclosporine A (15,16,17,19) _
Method Vendor Web Signal :
site Detection |
 RIA 2 DiaSorin (Still Water, www Radioactivity of
MN) dias | labeled
orin. | antibody
com
FPIA Abbott Labs (Morth WWW Fluo rescence
Chicago, IL) .abb | polarization of
oft.c labeled
| - . om antibody |
EMIT (marker: Behring (Deerfield, IL) www NADH )
glucose-6- dad absorption
phosphate ebeh at
| dehydrogenase ring. 340nm/700nm
| com
| FK-506 (tacrolimus) (5,18)
| ELISA DiaSorin (Still Water, www Absorbance at
MM} .dias 450/630 nm
| orin.
l L com -
| EMIA Abbott Labs (North www | Fluorescence |
Chicago, IL) .abb
ott.c
om

All the assays listed in Table 1 were designed for centralized clinical laboratories and usually
require several pretreatment steps and expensive automated instruments for high throughput.
Pretreatment steps include cell lysis by surfactant or organic solvent, CsA (or FK-506)
solubilization ,and protein precipitation. RIA has short shelf life and needs careful handling due
fo its radioactivity. The rest of the assays all require relatively expensive instruments, These
commercial assays cannot be easily converted to point-of-care nor to home assays.

To detect molecules such as CsA and FK-506, immunoassay is generally chosen due to its
sensitivity and specificity. Today's immunoassays generally use fluorescent or
chemiluminescent labels and/or enzyme reactions, Spectrophotometric absorption,
fluorescence, and luminescence are the major detection methods used today

Immunoassays fall into two general categories: heterogeneous and homogeneous.
Homogeneous immunoassays require no separation steps (for antibody-bngnd and unbound .
components); whereas heterogeneous assays require one or more separation steps. The most
commonly used homogeneous immunoassay techniques include EMIT and FPIA (22). EMIT is
especially useful in detecting small molecules such as therapeutic drugs and ho_rmc»nes._ The
basic principle is that the enzymatic activity of the marker enzyme—analyte conjugates is
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modulated by the binding of the specific antibodies. The activity is decreased when antibodies
bind to the analyte-enzyme conjugates due to binding induced conformational change and/or
steric hindrance to the active site posed by antibody. Commonly used marker enzymes in EMIT
assays are glucose-6-phosphate dehydrogenase and malate dehydrogenase. An EMIT assay
for CsA using glucose-6-phesphate dehydrogenase is commercially available, using
spectrophotometric measurement of NADH absorption (Table1).

A wide range of dipstick type assays and kits for drug immunoassay have become available
since the early 1980s (24-34). The advances in monoclonal antibodies and the advent and of
new and more effective methods for antibody and enzyme immobilization have resulted in
increased assay specificity and sensitivity. The development of amplification methods, such as
enzyme reactions, dye-containing particles, etc., now permit direct visual detection, Although
instrumentless immunoassays had only micromolar sensitivities in the '80s, they have low
nanomelar sensitivities today (31,32).

Immunoassays now available for therapeutic drug monitoring incorporate a rich alphabet soup
of technologies which form the basis of a rich, confusing, and overlapping patent literature and a
highly competitive industry. Current assays range from qualitative direct visual threshold
measurements to quantitative, instrument systems involving absorbance, fluorescence, light
scattering/turbidity, and chemiluminescence, Our goal is not to reinvent the wheel, but rather to
develop a simple assay for immunosuppresive drugs to be used in parallel with our existing
bioluminescence assays for creatinine and urea.

Cyclosporine is a large molecule with at least several monocional antibodies available (36-38).
The cyclosporine monoclonals used in existing immunoassays cross react with some of the
drug's metabalites, leading to in increased measure of blood cyclosporine concentration (35,36)
This current problem with cyclosporine immunocassay will likely be alleviated as new monaclonal
antibodies become available. Some of these new monoclonals will specifically measure the
drug metabolites (36,37); other new menoclonals are likely to be even more specific for
cyclosporine and related drugs (38) and thereby alleviate metabolite interference in the assay.

In view of our interest in luminescence-based approaches, we examined the available chemi-
luminescent immunoassays, which generally use galactosidase as the marker enzyme. A
chemiluminescent assay would be compatible with our bicluminescent assays for other
analytes (41-46), permitting a complete diagnostic panel for kidney transplant patients. We also
built on our earlier experience with flourcimmunoassay (47-49), concluding that it, too, is not
compatible with our needs. The more we examined blo and chemiluminescence means to
directly assay cyclosporine, and the more we studied particle contrast and
immunochromatographic methods, the more we concluded that it would be simpler and far more
cost-effective to modify and enhance an established immunochromatographic approach (24-34)
for our multichanne! luminescence readout needs.

The more than three order of magnitude sensitivity improvement over the last 10 years in
immunochromatographic based assay methods (31, 32) makes such technology feasible today
for the measurement of cyclosporine and even for the measurement of the lower concentration
newer immunosuppresants, including FK-506 (40), Although a dipstick type immunosensor for
cyclosporine is not now available, the development of such a sensor is very feasible using .
today's technologies

We propose to use a particle enhanced immunochromatographic method for such a sensor
(Figure 1). The measurement will result in a line of bound antibody containing the contrast
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It is quite surprising that there are no simple and inexpensive means by which 1o measure the key
metabolites of living systems (43). The only significant exception is the glucose test sirip and its
companion glucometer which permits the quantitative measurement of glucose in a small drop of
blood using reflectance colorimetery or electrochemistry. It is the high incidence of diabetes in the
relatively affluent part of the world which has encouraged many companies to invest millions of
dollars in the development of simple, Inexpensive, high performance analytical instruments
focused almost exclusively on glucose

Our approach for the development of such a device is based on a relatively well-known method;
bloluminescence, The bioluminescence in fireflies is based on an enzyme catalyzed oxidation
reaction utilizing ATP as a highly specific co-reactant. The bioluminescence of marine bacteria is
closely coupled to an NADH-dependent enzyme reaction. The reactions are highly sensitive to
and quantitative for ATP or NADH over a five or more order of magnitude concentration range
(41). Since all of biochemistry depends on ATP or NADH, practically all metabolic analytes linked
to biochemical reactions can be monitored via bioluminescence

The reactions in each of our enzyme metabolile—specific sensing channels occur simultaneously
In @ homogeneous of parallel assay sensor. The advantage of a homogeneous assay is that
Involves fewar assay preparation steps. Homogeneous-type sensors based on bacterial or firefly
bioluminescence are of interest for several reasons including, minimal sample handling, ease of
use, reliability, and safety

The sensors are designed for discrete samples. The concentration is measured using a

simple disposable device. Both the device and the sample are then discarded. For medical and
clinical purposes, the sample of choice is generally blood, usually derive® from a simple lancet
based fingertip, earlobe, or heal prick. Modern micro-lancets are almost painless and can readily
generate a 100- microliter droplet, adequate for a multi-channel device or panel

The standard approach to measuring and quantifying bioluminescence generally requires a
photomultiplier tube (PMT) based luminometer which can accurately measure intensity. We are
developing a CCD camera based luminometer that can quantify the various channels of the M
Chip (50). While the sensitivity of the CCD s about 100-1000 times less than a PMT, all of the
molacules of metabolism exist in the micromolar to millimolar range which is sufficiently high to
be detected by the CCD. The goal is that the instrument will be superior to a PMT based
luminometer in that it will be capable of analyzing an inaxpensive, disposable multi-channel
biosensor card simultanecusly for a wide variety of metabolites

The sensor strip will ba insarted into the portable, handheld luminometer. The production
version of the instrument will likely be a little larger than a typical home glucometer. Although
the Initial price will likely be in the 3500 range, the final price may be as low as $100 by using
photon detection chips based on CMOS technology

Other multi-channel luminescence based sensors for quantitatively analyzing & spectrum of
therapeutic drugs and proteins is our second general goal. It would be highly desirable to
monitor the levels of therapeutic drugs that have namow ranges of effectiveness and toxicity, the
classic example being cyclosporin

.
Muilti-channel blosensors for a family of diagnostically related analytes (metabolites, proleins
drugs, eic.) could be mass produced for a few dollars each. Less than 100 microlitars {ul) of
blood would be required for operation (0.5 to 2.0 uL of blood plasma per channel) and this could
easlily be obtained via a painless micro-lancet stick on the finger tip, The patient would not need
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o interpret all of the data generated, but would merely download the test results to a remote
hospital or clinic dala base for storage, additional analyeis and review by their clinician. The
download could be accomplished with an integral modem or a wireless connection

Our luminescen! approach o analysis has three main components - (1) the biochemistry for
analyte specificity and transduction to light that is proportional to analyte concentration, (2) the
disposable biosensor which contains the reagents and receives the blood sample, and (3) the
analytical device which quantifies the luminescence, stores the result, Interfaces to the user and
downloads resulls to a remote patient data base via wireless or modem communications The
analytical approach |s based on a charge coupled device (CCD) sensor in combination with an
optical system that images the array of luminescent biosensor channels onto the CCD. The final
luminometer wil,l be batlery powered, inexpensive and handheld, CCD based luminometers do
exist for high volume clinical chemistry labs, but they are large and expensive

During the last four years we have developed both the ATP (44,51) and NADH (45 46)
biochemisties, Our approach has been based on the following considerations. First, the
biotechnology community knows how 10 express, produce, and purily proteins via simple
organism cultures and processes. Indeed, recombinant firefly and bacteral luciferases have
been known for some time now and both are commercially avalable with much more
consistency in purity and activity for a reasonable cost, Second, the biotechnology and protein
pharmaceutical Industries have learned how to formulate, passivate, store, and reconstitute
labile proteins and enzymes with considerable retention of activity (53-55). We have addressed
the instability of firefly and bacterial luciferase using our expenence, understanding, and control
of the denaturation of proteins at interfaces and in solution (56). Third, a reaction which
produces photons against a dark signal background has the advantage that no light source is
required, as is the case with fluorescence, UV-Vis, Raman, and IR speciroscopies. This lowers
cost and raises reliability, but more importantly the minimum detection threshold signal to noise
(S/N) is improved because there is no noise associated with a large optical background noise
Fourth, one does not require electrodes with their tendencies to become contaminated or to
participate in side reactions, as in the case of much of analytical electro-chemsitry

Background: Preliminary Studies

We have modeled the feasibility of chemiluminescence EMIT assays for CsA and FK-506 by
computer simulation. The response of the chemiluminescence immunoassays was simulated
using kinetic simulation software KINSIM (58). We showed that the normal therapeutic range of
both CsA (100-200 ugh) and the FK-506 (2-8 ug/l) can be resolved by the proposed assay using
@ 30 second integration time. The CsA assay starts to show saturation for CsA concentration
higher than 240 ug/l, The results suggest that the assays for CsA and FK-506 are feasible in the
physiologically relevant concentration range. The resolution and sensitivity of both assays can
be further improved by optimizing antibody, drug-fi-gal, and chemiluminescence substrate
concentrations

We have used KINSIM, GEPASI (61) and other simulation and theontical considerations (21) in
our modeling activities (57,60)

A quantitative model relating the specified luminous flux of a source to the signal output of thd
CCD camara was formulated. A valid model is desirable both to confirm that the prototype was
functioning as expected and also to develop a predictive method for determining signal levels in
future work Radioluminescent pholon emission standards were used 1o delermine sensitivity
and validate the model







(Fig. 2) and is instantly drawn by capillarit
" y to fully fill the zones. The lysed blood! "pseudo-
plasma” reconstitutes the Iyophilized and predeposi 2
F B s posited analytical reagent
chambers” (see caption to Fig. 2) 4 i

The strip also contains spacer regi i i ion i
i Iso ! gions to facilitate its insertion into the luminometer and
ahngment within the lurplmumetw. The far right end of the strip may also cantain an electrically
conductive strip to fac.ul'r:ale_pmper in_serluon and placement, functioning as a switch which
:S:f;i::?i:dth:o lﬂlnonjl_iter display to indicate that filling and insertion of the strip has been
frectly. The strip insertion housing of the luminomet ill
i o e & g inometer will be removeable for

We hs;_we expeﬁence with the immobilization of antibodies and several delicate enzymes

:?gl;iln\g;’lgyelu:fzrase (46-48). Although Iyophilization and storage stability is mainly al Phase
used sucrose and trehalose, Dextran 40, and polyethylena al (PE

M.W.=8,000) in our existing preparations. e P En

AIM 5 - Prototype backlighted Immunosensor for CsA:

These studies will use standard assays and methods of analysis, in i
characteristic (ROC) plots and the Clarke Error Grid .'anan'5,r:sisycc:rs".rréuﬂrlljlt:rJ :Eerzctgl \:raﬁjc;;a!mg
glucose analysis strips. CsA standards (0, 50, 100, 200, 350, and 500 pg/l) and FK-508
standards [p. 1.4, ?‘ 10, and 13 pg/l) prepared in blood will be used to reconstitute the
g?agents. Different integration windows and integration times will be tested. Interference from
T:J:c; cor}:_:ﬂ_trents will lbe studied. A calibray'nn curve using bloed standards will be established
o sjmill? br:ﬁ' ;_r reGISEIﬁl_Juon.rdynamlc range will be determflned. The biosensors will first be tested
el ‘rs of?:l]i" ollowed b_y_ more comprehensive testing in commercially available
The o réc Ifi :e . and hg;_)atms antigens. Internal standards will be used for calibration
i y, lineari !y and precision of the assays will be determined. Variations between
‘anlous sensors will also be determined. Our results will be referenced against standard assays
via the clinical chemistry services of ARUP, Inc. in Salt Lake City, UT. We will utilize co :
methods of evaluating analytical performance. ' r men

Summ:_lry -- We propose to develop point of care chemiluminescence immunoassays for
m“;']f:f’""g CsA and FK-506. The complete panel for renal transplant monitori ngincludes a CsA
anF -508, and a creatinine (index for renal function) channel. The proposed assays require '
minimal amount of sample (~50 ul). The assays are inexpensive, easy to use, and fast
(turnaround t|me~ minutes). The assays can also be used as research tools té: study the
pharmacokinetics and pha rmacadynamics of CsA and FK-506. ’

;he Proposed assays can be u_sed in the home environment to increase the frequency of
onitoring. Ren:_at transplant failures resulting from infrequent monitoring can be minimized: life
quality of the patients can be improved; total medical cost can be reduced '

E. Human Subjects: None
F. Vertebrate Animals: None

G. Consultants and Advisors

g:r :;lo?sunam is D," John Hofm_an Jr., Associate Professor of Surgery and Surgical Director m"

a nsm ransplantation at the University of Utah. We have budgeted for Dr. Holman's services
r. man will consult and advise in the design and conduct of the Phase | studies and will
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play & major role in the preparation of the Phase |l application. His biosketch and letter of
participation are enclosed

No additional consultants are proposed for this development project. We will, however, rely
considerably on the expertise of our Scientific Advisory Board members and Dr. Joe Andrade
the founder, President, and CEOQ of Protein Solutions, Inc. Joe has worked extensively with
proteins, enzymes, and antibodies for the past 25 years, focusing his efforts on elucidating their
behavior at surfaces and interfaces. Joe will be available to assist and consult in the areas of
interfacial biochemistry, bioluminescence, and biosensor expertise where reguired. In addition
to Dr. Andrade, our strong Scientific Advisor Board will continue to serve in an advisory and
consulting capacity with reimbursement from other sources. The board members are as

Tollows:

Dr. Woody Hastings — Professor of Biclogy at Harvard University. Dr Hasting is internationally
recagnized for his basic research on bicluminescence.

Dr. Viadimir Hiady - associate Professor of Bioengineering at the University of Utah. Dr. Hiady
is an expert on the study of proteins at surfaces using interfacial fluorescence spectroscopy in
canjunction with CCD detectors.

Dr. Henry Kopecek — Professer of pharmaceutics and Bioengineering at the University of Utah
Dr. Kopecek is an internationally recognized authority on hydrogels and related polymers for
drug delivery and biocompatibility.

Dr. Larry Kricka — Director of the General Chemistry Lab and Professor of Pathology and
Laboratory Medicine at the University of Pennsylvania. Dr. Kricka is internationally recognized
for his work on applying both bicluminescence and chemiluminescence to clinical chemistry

Dr. Russell Stewart — Assistant Professor of Bioengineering at the University of Utah. Dr.
Stewart is an expert on recombinant techniques for the synthesis and study of luciferases and

motor proteins.
H. Contractural Arrangements—MNone
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