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D. Results of Research under Prior NSF Support

Title: “Protein Interactions with Gradient Surfaces™
Award: INT-87-19079, International Cooperative Research, J.D. Andrade, PI

his international cooperative research award, which ended July 30, 1992, facilitated the
co]labrzn cmr::etwecn Drs. Hgfﬁang Lee and Jin Ho Lee at the Korean Research Insti tute of
Chemical Technology, and J.D. Andrade, V, Hlady, and Y.S. Lin at the University of Utah. Dr.
Andrade and Mr. Lin visited the Korean group in May and June, 1992 respc:.&.'[l\'el}', to complete the
Joint work. Drs. Hai Bang Lee and Jin Ho Lee will visit the University of Utah in Dct?ber. IQ‘)’.‘-‘Im
help complete the final report. Dr. Sang Il Jeon, of Kangrung University (Kangrung, S, Korea) has
also been a participant in the work.

The Utah group focused on the preparation of hydrophobic/hydrophilic gradient surfaces on
silica and glass, using silane chemistries in a diffusion gradient, and focused on the study of protein
interactions with these gradient surfaces. The Korea group focused on the preparation of gradients
by corona discharge techniques, their characierization, and their study with respect to cell adhesion
and invitro cell culture.

Bublications:

1.D. Andrade and H.B. Lee, “Using Gradient Surfaces for Biomalerials Education™,
Abst, 3rd annual fall Biomed. Engrg. Soc. MeeL, 1992,

Y.S. Lin, V. Hlady, and J. Janatova, “Adsorption of Complement Proteins on
Hydrophobicity Gradient Surfaces”, Biomaterials (1993) in press.

LH. Lee, J.W. Park, and H.B. Lee, “Cell Adhesion.. Plasma Treatment”, Biomalerials, 12
(1991) 443,

J.H. Lee, JW_ Park, and H.B. Lee, “...Hydroxyl...Gradient Surfaces...”, Polvmer (Korea)
14 (1990) 646,

J.H. Lee, et al., .. Gradient Surfaces...by Corona Discharge...”, J. Coll. Interface Sci.
151 (1992) 563.

J.H. Lee and J.D. Andrade, “Polymer Surfaces for Cell Adhesion™, J. of KOSMBE., 10
(1989) 43.

J.H. Lee, et al,, “Wenability Gradient Surfaces...”, Trans. Soc. for Biomaterials, 17

(1991) 133,
J.D. Andrade, et al., “Proteins at Interfaces™, Clin, Materials, 11(1992) 67.

J.D. Andrade and V, Hlady, “Vroman Effects...”, J. Biomat, Sci. Polvmer Ed_ 2 (1991)
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C-G. Golander, etal., “...Adsc wption Studies... Hydrophobicity Gradient”, Colloids and
Surfaces, 49 (1990) 289,
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Saliva is another easily obtained, non-invasjve sample which is available in greater volumes
than tears. Itis rich in glyeoprotein, glycosamino glycans, and enzymes, and has a very different
macromolecular profile than tears or urine. Again, there are problems with varia bility of the sample
based on differences in the nutritional and personal hygiene characteristics of the individual, and on
the method of collection.

A new device, the Saliva Sack, is now available which facilitates the collection of saliva
samples for chemical analysis. (BioQuant, Ann Arbor, Michigan.) The device collects a saliva
filtrate with a molecular weight cut-off of about 12,000 daltons.

Sahva_ is expected to be quite sensitive to environmental and occupational inputs. It is also
of interest as it appears 1o be the most concentrated source for the analysis of mercury and other
elemental constituents of dental fillings and dental prostheses (32),

Saliva has high concentrations of lysozyme, 1gA, and lactoferrin, as does tears, as well as
growth factors and factors important in wound healing. Many saliva proteins are proline-rich and
highly acidic, but there are also basic proteins (52, 53).

Summary: These four non-invasive, easily collected samples provide a unique opportunity
with which to improve and enhance the usefulness and reliability of elemental analysis for
education, screening, and diagnostic purposes. The Opportunity to correlate 40 plus elements
obtained in four very different samples from the same individual, to determine protein profiles of
three of those tissues, and to determine the elemental component of those various protein
constituents, enable the development of multi-variate correlations and possibly biochemical
mechanisms for trace element deficiencies or excesses. This information, coupled with the already
very extensive databases for blood and urine (93-95), will permit us to correlate and relate non-
invasive sample assay to the more common and more invasive blood-based analysis and diagnosis,

b. Elemental Analysis (10, 58, 59, 61-63,02, 93, 05)

Man’s agriculture, industry, and other activities have greatly influenced the availability and
potential uptake of trace metals by living organisms. So-called hard metals on the left side of the
Periodic Table tend to have single oxidation states and bind weakly to ligands. Na, K, Mg, and Ca
are homeostatically controlled. A number of the heavier metals can begin to substitute and compete
with the more physiologic ones, such as Barium competing for Potassium and blocking Potassium
channels. Biology tends 1o avoid the use of aluminum, yet aluminum is now widely released from
soils due to acid rain, and has otherwise become widely available through industrial use and
consumer products. Beryllium binds to phosphate-containing Systems; living systems have virtually
no protection against Beryllium. [t is highly toxic. Aluminum and Vanadium also interfere with
phosphate metabolism (10). Table 2 summarizes the classes and types of elements in biology and
medicine.

4 Elements make up 99% of all atoms in Humans: H O, C N

7 Elements make up another 0.9%%, Na, K, Ca, Mg, P, §, I
10 more elements are required and essential: Mn, Fe, Co, Ni, Cu, Zn,
Mo, B, Si, Se, especially
Iron and Zine.

7 more elements are pro| ably essential: V.Cr.F, 1, As, Br, 5n
7 or more elements are generally viewed as highly toxic.- Be, Cd, Hg, Pb, TI, As
9 or more additional elements are being studied and used | L1, F, P1, Au, Bi, Sb, Ba,
lI;ur therapeutic purposes -- as drugs or components of Se, Sn

rugs:

Table 2: Chemical Elements in Biology and Medicine (10)
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E. Project Description

1. Rationale

The maost widely used biological tissue for chemical and biochemical analysis is blood (1).
Although blood is a convemient, minimally invasive source, there is growing interest in MINIMIZINgG
the need for blood samples by utilizing truly non-invasive samples. Fortunately, man has a vanety
of completely non-invasive windows 10 his inner chemistry, including hair and nails, _urlge, tears,
saliva, sweat, and breast milk. Norn-invasive gas samples include urine and expired air (2) (Figure

1).

- Hair
Tears
Expired Air
Saliva
Teeth (dentin)
Milk
- ————— Sweal
< Transdermal Fluid
= = Nails
Urnne

Figure 1: Non-lnvasive samples useful for chemical and elemental analysis

Hair and nails have the advantage that by correlating the age of the sample with the
chemistry, one has, in principle, a chemical history of the subject. The disadvaniage 15 that hair and
nails respond only slowly to significant biochemical changes in the patient (3, 4). Urine, lears,
saliva and milk each have unique attributes and characteristics reflecting their particular organ and
glandular sources (Table 1). Expired air reflects volatile species in blood and In respiratory lissues
(2). With the exception of urine, these completely non-invasive samples are rarely used for
analylical, diagnostic, or even research purposes.

|’|—Iair!\'ails: Tohid Tissue. trace elements 10-100X higher concentration than in other
(34,1843, | tissues. Five days required for new hair (base of follicle) to reflect a
44) major change in element conc.). Thirty day lag before steady state. A
highly hetergenous tissue - susceptible o environmental influences. An
excretory organ? Available in large quanties.

Urine: Tiquid Tissue — available in large quantities, has hundreds ol peptides
(45-48) and growth factors. Especially useful for kidney function diagnosis.
ears: Liquid Tissue - some dilficulty in sampling, only small volumes

(49, 50, 51) | available; unique protein and peptide composition, practically no
elemental analysis work available

Saliva: Scmi-liquid sample -- large volumes available, but highly vanable

(52, 53) samples. Conlains unigue €nzymes and mucoproteins. Only very
preliminary studies will be performed

Others: We do not propose lo examine expired air of other volatiles, milk, sweal,

(2,47) semen, dentin, transdermal fluids, or other samples in this project.

Table 1: Properties of Major Non-Invasive Samples to be Used in this Project

The first row transition metals from Titanium to Zinc are utilized effectively and generally
well-handled by biological systems unless they are present in significant excess. Cobaltisa
component of Vitamin By, Iron is a major component of Heme and thus of many proteins. Zinc is
an essential component of hundreds of enzymes.

The so-called soft metals, toward the center and right of the periodic table, include Copper.
some of the noble metals, Cadmium, Mercury, Thalium, and Lead. “Biology has had little or no
previous knowledge” of these metals, and they can be highly toxic (10). Copper is a constituent of
many proteins and enzymes; there are over 100 copper-containing enzymes in biology. Thalium
and fead are particularly toxic since they tend to bind to enzymes in the same places and sites as
potassium and zinc. Cadmium tends to substitue for copper and zinc. Thalium, being very similar
1o potassium, blocks potassium channels. Trace elements are used in inorganic drugs. Although
trace elements can bind to proteins with extremely high binding constants, that binding is in most
cases still reversible and the metal is often removed, particularly in protein separation processes
involving high electric fields, strong surfactants, or other denaturants.

A one part per billion concentration of the metal is consistent with an association constant of
10-12 molar. This is well within the binding constant range for many if not most metalloproteins
(23-26). “Most trace elements exert their effects within the physi ological system via their
incorporation in enzymes or transport proteins (78) " In the majority of cases, the interaction 1s via
binding to enzymes. Because enzymes can turn over large quantities of substrate to product, a
particular trace element can have a very di sproportionate effect on enzyme biochemistry. “The
trace element is the ultimate regulatory factor for the system’s activity level. The absence of a trace
element in an enzyme can result in the total failure of a vital physiological system (78)." Specific
trace elements can serve as co-factors for various enzymes. A loxic trace metal may substitute for
an essential element in an enzyme, protein, or DNA; although it can substitute and bind strongly,
the fact that its orbitals and chemical environment are different generally lead to a change in the
protein which results in inactivation and therefore a biochemical defect or abnormality.

Trace metal absorption and regulation is generally in the Gl tract, and excess Lrace metal
concentrations are usually eliminated in the feces; there is some excretion through the urine. Trace
metals introduced by non-Gl routes, such as via aerosols or lung particulates, via the slow corrosion
or degradation of metal implants, via direct transdermal absorption such as from jewelry or other
direct skin contact (29), or by other routes can lead 10 an increase in circulating trace metal
concentrations which bypass the normal GI homecstatic regulation processes.

The analytical methods and correlations which we develop must cover the generally low
range required for an essential nutrient to the higher concentration needed for that nutrient to
become a toxin or poison (10, 27, 31). Fortunately, modern methods of elemental analysis permit
the detection and measurement of about 4/5 of the periodic table at parts per billion concentration,
thereby easily covering the needed range for practically all of the elements of interest (28, 37, 38,
54-57). Figure 3 (courtesy of Fisions Inst.) shows the detection limits for one of the most
inexpensive ICP-MS systems currently available.
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Figure 3: Detection limits for a common ICP-MS analysis system, which includes a full 7 orders of
magnitude linear dynamic range, handled by the instrument without operator intervention.
(Courtesy of Fisions Inst.)

The selection of an optimum and most cost-effective technique for the measurement of trace
elements in biological tissues is complex (37, 38, 41). We have carefully considered the methods
available, the costs of the equipment, the time and expense involved with sample preparation and
insertion, the through-put of the instrument, the ability to analyze 40 or more samples
simultaneously and quickly, the ability to use very small volumes, such as tear samples, the costs
and difficulty associated with operation and maintenance of the instrument, and a varnety of other
factors.

Instruments and methods are now readily available with which to detect ppb concentrations
of most of the elements of interest. We have focused on two major technigues, both utilizing an
inductively coupled plasma (ICP) as the means to break the sample down into its alomic and ionic
constituents (54-56). The only real problem with an ICP approach is that it generally requires a
liguid sample with a relatively low solids content. ICP methods have been used with all of the
biological samples we propose to study, and are the methods of choice for most blood, serum, and
ussue clemental analysis as well.

There are 2 basic methods of detection of the elemental constituents of the sample: optical
emission spectroscopy (OES) and mass spectroscopy (MS). In optical emission, the excited state
atom and 1on atomic orbital optical emission lines are monitored in the range of roughly 200 to 800
nanometers. There are perhaps 50,000 major lines in this range representing some 80% or more of
the periodic table. There are some interferences and problems, although most of the elements of
interest can be detected in the part per million to part per billion range with this technique. Our
samples will of course have high sodium, chlonne, potassium, calcium, and the other major
biological elements which provide some inlerferences and background levels which can be a
problem in the analysis of specific elements.

The second major detection method i1s mass spectrometry (19, 28). Here a slightly different
region of the plasma torch is directly input into the mass spectromeler via a complex but highly
reliable differentially pumped vacuum system. Through a set of extraction optics, electrostatic
lenses, and final quadropole charge 10 mass ratio separation and analysis, mass spectrometer/ICP
systems are generally capable of near part per tnillion analysis and even below, although the costs
such of such systems tends to be above $250,000.

Modem optical emission systems are equipped with a wide array of photo multiplier tubes to
detect 20 to 40 or more specific optical emission lines simultaneously, or are equipped with a CID
chip allowing detection of a much larger number of lines and therefore larger number of elements,
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The highest resofution, highest sensitivity protein separation technigue for the analysi
highly complex mixtures which is in wide use iu.if} is .'I-dmaigsionai gel c?er:lmphoresm (%'5]5. C"lr‘hm
technique normally utilizes a long, thin rod isoelectric f ocusing gel in one dimension. The protein
bands in that gel then serve as samples for a second dimension gel slab utilizing poly-acrylamide
gradient gels, r_rsu[ung in separation in the second dimension on the basis of size. So-called Isodalt
and related 2-dimensional gel electrophoresis mechanisms generally lead to many hundreds of spots
or bands on these 2-dimensional gels (45, 47, 75). These are normally developed or detected with a
sensitive silver stain. This is the method of choice for the highly sensitive, high resolution analysis
of complex protein mixtures today. This technique is routine in our laboratories. We developed the
method for the analysis of the competitive adsorption characteristics of plasma proteins on high
surface area particles where the 2-D gel electrophoresis is used as an analytical method for the study
of complex solute depletion. We routinely monitor and analvze over 40 diff erent plasma proteins
and their competitive adsorption processes by this method (11, 79, 80). That's the good news. The
bad news is that this technique, in order to get the high separation efficiency, breaks the protein up
Into its constituent poly-amino acid chains, disrupts all disulfide bonding, and, because of the high
and low pH characteristics of the isoelectric focusing gel, the high field strengths involved in the
separations, and the fact that SDS surfactant is used, elements which are not covalently attached are
stripped from the proteins during the separation processes. i

There are much less traumatic and “softer” protein separations, such as via column liquid
chromatography (71, 73). However, such processes are generally tuned or designed to separate only
a very small number of specific proteins from a mixture. Although chromatography has been scaled
up for preparative purposes for the separation of specific proteins from complex mixtures such as
gsﬁ_zrmgc;ll\h: s[yﬁwlr.ns UUIIFTd are drc:]'[awfe] ¥ complicated in that they involve sophisticated buffer or

solvent elution profiles and o i y / 1 i
pesiczth procr:durespor ines&c; . ten require several or even many different chromatographic

- IOur group has studied protein adsorption and interactions at interfaces for many vears (81
82). We have correlated the adsorplive characteristics of proteins, their 3-dimensional structure
(83), their amino acid composition, and, in the case of complex multi-domain proteins, the
particular charactenistics of their major structural domains (84), We really do understand how
proteins bind and interact with solid supporis (85). We also know how to prevent pﬁ”}win
Interactions by the use of optimized surfaces which tend to exclude proteins from the surface region
by non-specific steric or entropic exclusion processes (86, 87). ; 5

Our work on protein adsorption from complex mixtures, coupled wit [ /
colleagues studying competitive protein :z.dxorplmi (the so-called Vrlrawman ;::}’: Eiztl)l lf:u?‘emf\-{c‘ﬁzran
appreciation and a partial understanding of the complex protein adsorption hierarchy amdg
exchunge.-dcm_rpnnr_l processes which occur (81-91). We can now prepare surfaces which can tune
for the adsorption of certain proleins semi-specifically and quantilatively using so-called ru;n—
specific interactions (88). We have developed a wide range of surfaces with a 1-dimensional
gradient in surface properties which are very powerful research tools with which 1o undcrslzmd and
lo control protein surface inleractions (88, 89, 9] )). That basic science surface modificatic =
technology is now ready for application in this project. -

__ We are also well aware of the developments and advances i aration a
purification community using capillary, colm. gel, and :I::a‘:"c;f:?onu;:lg;;ﬂg]ie;ﬂdi.li—d"un )
clectrophoretic approaches (64-74). One of our on-campus advisors, Dr. Kanﬂ Caldwell, who als
directs the University Center for Biopolymers at Interfaces, has worked extensively in the ; i 5;'
protein chromatography, field flow fractionation, and protein separation .Wc have also :Jrrfaq; :
extensively on several biosensor and immunodiagnostic projects using cﬁpi]l:m; planar. a;:d = dial
geometries in which high resolution protein separations were required for site specific e
immunosensing and immuno diagnostic analysis (90). e







evaluating a number of media using a range of model proteins whose molecular weight, adsorptive
properties, domain structure and electrophoresis/chromatographic separations charactenstics are
well-known (12). Using this small array of proteins, we will optimize the separation gel
characteristics and parameters. The separated protein bands and patterns will be detected by
standard fluorometnic and silver staining procedures and semi-quantitated using 2-dimensional
optical detection with our existing CCD camera facility (12). Once the protein coordinates, i.e. the
map, is known, then in future runs that portion of the gel can be removed, solubilized and analyzed
by the ICP/OES/MS technique for overall elemental composition.

Multi-dimensional thin layer chromatography is not a new technique (65), but it is a set of
techniques which has not been widely applied to protein separation. We feel we are in a good
position to take what is already known about multi-dimensional protein separation in the liguid
chromatography mode (64, 70), coupled with our knowledge of protein adsorption, protein
structure, minimization of non-specific interactions, and surface derivitization and gradient
technologies, and develop a means to perform multi-dimensional thin layer chromatography of
complex protein mixtures with high resolution and high sensitivity

Our approach utilizes so-called soft interactions (71, 73), utilizing phases and separation
modes which completely minimize the denaturation or other structural and chemical alteration of
the proteins involved.

The pioneering paper by Gercken and Bares used size exclusion chromatography to
separate blood proteins, followed by ICP mass spectrometry, to measure lead, copper, zinc, and iron
levels in the various fractions (76). Theirs was a relatively low resolution size exclusion separation
but it shows the feasibility of determining ppb metal levels in separated plasma protein fractions.
We plan to do similar experiments in the early stages of our study, verifving the size exclusion
separation methodology and the ion exchange, and hydrophobic interaction separation through the
detection and measurement of model metal loproteins (23-26, 39). These studies would begin as
soon as the instrument is up and operational using the existing chromatographic and separation
facilities in the Center for Biopolymers at Interfaces. We will also perform a vanety of
conventional TLC and planar chromatography separations on model protein systems and utilize
those separations to develop the methodology for the hi gh sensitivity elemental analysis of various
chromatographic media. By the middle of year 2, we expect to have the multi dimensional planar,
separauion approach developed to the point where we can begin 1o establish the feasibility of
metalloprotein detection and quantitation.

The goal is a multi-dimensional map representing the separation of the proteins as a function
of size, cationic character, anionic character, and hydrophobic interaction potential.

Most proteins are expecied to have only one size or size range, exceplt for those which might
undergo monomer, dimer, or oligomer equilibna within the concentration range studied. Our initial
consideration of multi-modal protein separation will result in cationic retention, anionic relention,
and hydrophobic retention parameters for each protein. These parameters would then be plotted or
mapped as a function of molecular weight as determined by the size exclusion separation. A protein
can be retained by all three of the interaction mechanisms, either due to the interactions of different
regions or faces of varying characteristics of a single domain or through the interactions of separate
structural domains with different characteristics.

Superimposed on the separation axes, we will have a set of elemental composition axes
involving over 40 components, which is where the multi-variate analysis comes in.
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e. Summary and Limitations:

This is an enormous project. It is a feasibility studv. We expect that as various phases of
the project begin to prove feasible, grants will be written and funding hopefully obtained to expand
that particular phase of the project beyond the feasibility stage. Reviewers can argue that we should
take all of this one step at a time. If we do that and focus virtually all of our efforts on one part of
the praject, then we essentially lose the vision of the integrated whole. We know we cannot
accomplish the integrated whole in depth in a three year period with these limited resources, but we
also feel it is very important to maintain that broad multi-disciplinary approach and vision as we
move forward. We fully expect that the resources available to us for this project will exceed the
budget requested in this proposal. We expect several students supported by fellowships to work on
this project.

In summary, we propose lo:

= develop the methodologies and protocols with which 1o analyze lour readily

obtained, non-invasive tissues for at least 40 trace clements,

* develop means to separate the peplide and protein components of three of those
tssues using soft, relatively non-perturbing protein separation methods of
very high resolution and sensitivity,

* determine the elemental content of those various protein bands for the same 40

or so elements,

* assess the diagnostic potential and significance of multi-element, multi-protein

dalta, and finally

* assess the feasibility and cost effectiveness of this approach and make specific

recommendations for its continuance or elimination.




d. Multi-variate Analysis:

There are six components 1o the multi-variate analysis part of the project. Given that we
will have data on over 40 different elements from four different tissues from a vanety of subjects
and sources, we will begin with a correlation of elemental concentrations across the four tissue
types. We expect some crude correlation between urine, tears, and saliva and only a weak
correlation if any between hair and the other three tissues, in part because of the long ume delay
expressed by hair samples. We also propose to perform cross-element correlations among the 40 or
so elements. Based on the brief earlier discussion, some elements displace others in particular
binding sites, some elements may occupy unfilled sites (such as the binding of aluminum to the
transferrin fraction which does not contain bound iron) and certain groups of elements may reflect
common modes of input (such as iron, nickel, and chromium in an individual with a stainless steel

prostheses).

As the protein separation part of the project develops in year 2, we will then be in a position
to do cross tissue protein comelations. This has been done in a limited way using high resolution 2-
D gel electrophoresis and the 2-D maps available for plasma, urine, saliva, and semen, but there has
been little such effort for more soft separation processes such as we propose to utilize and develop.

With the development of the soft high resolution protein separation, followed by the
elemental analysis of the various protein bands or pattemns, we will then have the 40 plus elements
measured for each of the 100 or so proiein bands in the vanious tissue samples. We will therefore be
able to do multi-element, multi-protein correlation which can then be extended to a multi-element,

multi-protein, multi- tissue correlation.

Finally, with most of that methodology in place and having given a sufficient time to begin
to become thoroughly familiar with the extensive computer databases now in place in clinical
chemistry, clinical laboratory, and diagnostic medicine (16, 17, 93, 94), we will be in a position (o
at least preliminarnily initiate a multi-vanate analysis of trace elements, metalloproteins, and clinical
states.

Fortunately, multi-vanate analysis has developed very rapidly in the last decade, and there
are now a variety of relatively standard and easy to use software packages. Our local consultant is
Dr. Bonnie Tyler from Montana State University, a recent graduate from the University of
Washington who worked extensively with the Chemometncs group there, and utilized modern
multi-vanate analysis tools extensively in her thesis and subsequent work. Dr. Tyler will work with
us during the entire three years of the project so that we have the multi-variate analysis
methodologies up and going by the end of the first year, so that there will be little or no delay in
beginning to develop the correlations and analyses as the data are generated. As more and more
data are generated, the analyses will be regularly updated.

We will expenment with means of presenting the element/protein/tissue and
disease/diagnostic correlations using what Vogl, et al have called their Vector Diagrams and Cluster
Models (17). We have used a similar approach in utilizing a multi-variate radial plotting process,
which we have called the “tatraplot,” to cross correlate structural, chemical, and stability properties
of model proteins with their surface activity at air/water and solid/liquid interfaces (80, 85). This
“poor man's multi-variate analysis” is an extremely efTective way to show patterns and correlations
particularly to those with no appreciation of or background in the complexities of multi-variate
processes. We fully expect that at the conclusion of the study we will have an array of such patterns
which tie to certain disease states.

4. Time Plan

Table 3 is an approximate time plan for the various parts of the study over its 3-year

duration.

TASKS

Year 1

Year 2

Year 3

Unne
Hair
Tears
Saliva

Elemental Analyses

Inst. Install.

Methodology Development
Tissue Analyses

Protein Analyses

Protein Separation

Intial Standard Separations
Size Exclusion Mode
Anionic/Cationic Mode
Hydrophobic Mode
Minimizing Interactions
Two Mode Separations
Four Mode Separations

Multivari /SCS

Cross-Tissue Element Correlations
Cross-Element Correlations
Cross-Tissue Protein Correlations
Element-Protein Correlations

Element + Disease
Cost Effectiveness

Element-Tissue-Protein | - = = = - - = — =

Table 3: Approximate Time Plan for the vanous parts of the study. Dotted lines indicate
preliminary or ongoing routine activities; solid lines indicate major effort and focus.

5. Significance and Cost Effectiveness

The cost effectiveness or cost benefit-risk ratios for public health and medical procedures
analysis is in a state of flux and disarray. There is certainly a growing tendency in Washington to
look to prevention and screening as a means (o decrease the overall costs of health care. The recent
federal approval of the Oregon plan will lead to increasing emphasis on the allocation of limited
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medical and public health resources in a manner so as (o optimize the health of the state population.
This plan places an emphasis and a premium on means to improve the overall health and well-being
of the entire state population through appropriate education, prevention and screening.

We anticipate a growing national interest in education, prevention, screening, and early
diagnosis. By the time this project is concluded, the actual cost of obtaining quantitative data on 40
or 50 elements will be greaily decreased, possibly to only several dollars for a complete profile.
ICP mass spectrometers are already being mounted in vans and used for environmental analysis
purposes by the EPA and the Department of Defense. Such analyses are already available by a
vanety of commercial laboratories. The problem is that not much is known about what to do with
that data, largely because the correlations with known medical problems are not fully established
and the correlations with other measures used for medical diagnosis do not exist.

This project will help determine the feasibility and cost effecti veness of such efforts by
taking what is known from the public health and environmental community with respect (o trace
elements, what is known from the protein biochemical and organic biochemistry community about
metalloproteins, and what is known in the medical informatics, clinical laboratory, and diagnostics
community about lab tests and diagnosis.

By the time we are ready to analyze the cost effectiveness of these approaches, we hope and
expect that the state of Oregon, the staie initiatives dealing with prevention and early diagnosis, and
hopefully a new Federal initiative to help resolve or at least greatly simplify the present health care
mess, will have developed methodologies and guidelines for cost effectiveness which will be
appropriate o this project.
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G. Biographical Sketches

Biosketches for J.D. Andrade, P.L, for Dr. Owen Ash, key advisor, and Dr. Bonnie Tyl_er,
consultant, are included in this section, together with letters of collaboration. -C us advisors

include:

separation, characterization, and analysis will also be available to provide advice and input. ARUP
is the major clinical chemistry laboratory in the Intermountain United States, with branch offices in
Chicago and Cleveland. It conducts over 1000 tests and assays (14).

Dr. James McClowsky, Professor of Medicinal Chemistry, is an expert in the area of
biological mass spectrometry. Dr. McClowsky recently edited, with A.L. Burlingam, the volume
lological Mass Spectrometry published by Elsevier, 1990. He is expert in all areas of mass
Spectrometry as applied to biological samples and systems.

Dr. Karin Caldwell directs the Center for Biopolymers at Interfaces at the University of Utah
and is Associate Professor of Bioengineering. Dr. Caldwell and Dr. Andrade, the P.I. on this
program, have shared laboratories over the years and have shared technical staff. post-docs, and
students. They have worked closely in the area of tear protein interactions with contact lenses. Dr.
Caldwell will advise in the general area of tear collection, tear analysis, and tear protein studies. Dr.
Caldwell is an expert in the area of separations of particles and macromolecules, and has a great
deal of experience in the area of protein chromatography and protein electrophoresis.

Dr. J. Janatova, Research Associate Professor of Bioengineering, is a protein chemist with
particular experience in the complement system and on the plasma protein albumin. Dr. Janatova
has worked closely with Drs. Caldwell and Andrade over the years, and will provide advice and
input in the general area of protein separation and analysis.




