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Serum proteomic patterns associated with atherosclerosis
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A. SPECIFIC AIMS

The overall goal of the research described in this NHLBI Innovative Research Grant proposal is to investigate whether or not the serum from patients with subclinical atherosclerosis of the coronary arteries contains different patterns of proteins than the serum from patients without atherosclerosis.  We plan to describe the serum proteome of patients with and without atherosclerosis using new, ultra-sensitive, high-throughput electrospray ionization time-of-flight mass spectrometry and to analyze the resulting spectra with state-of-the-art signal processing and discrimination algorithms.  The goal is to develop new mechanistic insight by identifying proteins that may play a role in atherogenesis, and to translate our results into a clinically useful serum test to identify patients with subclinical atherosclerosis.  Our proposal meets the requirements (10-page Research Plan, inclusion of human subjects, and use of existing data sets and biological specimen collections) and goals (provide preliminary results to demonstrate the feasibility of a novel approach, establish new collaborations) of the Innovative Research Grant Program (PA-03-015).

Specific Aim 1 – To detect serum proteomic patterns associated with subclinical atherosclerosis, and develop a discrimination rule using these patterns
Specific Aim 2 – To validate this proteomics discrimination rule and compare its performance with similar rules based on standard CHD risk factor analysis

Specific Aim 3 - To identify specific proteins associated with subclinical atherosclerosis for future study
B. BACKGROUND AND SIGNIFICANCE

B.1. The Goal: Prevention of coronary heart disease

Much of the reduction in mortality from coronary heart disease (CHD) noted during the last several decades in the United States has been attributed to improvements in the treatment of acute coronary heart disease events, and to secondary prevention, by treatment of risk factors, among persons with a history of symptomatic CHD1, 2.  Sudden death and disabling myocardial infarction, however, are often the first manifestations of CHD3, 4.  Better primary prevention of initial CHD events, therefore, should have a major impact on morbidity and mortality from CHD.
Two elements are generally required for primary prevention: 1) effective interventions, and 2) effective risk stratification.  Especially when the intervention is potentially harmful (e.g., aspirin) or costly (e.g., statins), targeting high-risk patients is imperative5, 6.  Serum proteomics may aid both in the development of effective interventions (by improved understanding of pathophysiology), and in risk stratification (by development of a serum test for atherosclerosis).

B.2. Why target subclinical atherosclerosis?

Development of atherosclerosis in the coronary arteries is a necessary step in the progression from health to CHD death and disability (Figure 1), and prevention of atherosclerosis will effectively prevent most clinical CHD.  Understanding atherosclerosis (independent of CHD events) is therefore an important research goal.
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Figure 1. Pathophysiologic states representing the progression of coronary heart disease [image: image1.jpg]BIE  peway octed St post
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Studying patients with subclinical atherosclerosis in particular, as opposed to patients with symptomatic, stable CHD, or with acute coronary syndromes affords advantages in terms of clarifying the pathologic mechanisms of CHD.  In contrast, the study of patients with acute coronary syndromes may identify indiscriminately a wide range of patient characteristics (or proteomic markers) associated with any stage in the progression of CHD (Figure 1), including atherogenesis, myocardial ischemia or necrosis, clotting and platelet aggregation, inflammation, endothelial function, and myocyte resistance to injury.  While these factors may be important determinants of CHD, such epidemiologic mixing of effects makes pathophysiologic inference about the mechanisms of the atherosclerotic process more difficult.  By comparing asymptomatic persons with and without atherosclerosis, we simplify and isolate a more homogeneous process (e.g., the dark triangle in Figure 1), and are more likely to disentangle the complexities of atherogenesis.

Identifying patients with subclinical atherosclerosis is relevant not only to researchers, but also to clinicians.  The presence and extent of atherosclerosis are strong predictors of CHD morbidity and mortality.  Whether measured directly by coronary angiography7, or indirectly by detection of coronary artery calcification8-14 or carotid intima-media thickness15, 16, atherosclerosis provides very useful prognostic information before the onset of symptomatic CHD.  Effective and clinically practical non-invasive tools for detecting subclinical atherosclerosis will help clinicians find patients at highest risk for CHD to target for aggressive primary prophylaxis, with the goal of preventing or delaying the onset of symptomatic CHD.
B.3. Limitations of current strategies for detecting atherosclerosis

Current strategies for detecting atherosclerosis are invasive, costly, and/or insensitive for detection of early disease.  Coronary angiography, the clinical gold standard for detection of atherosclerosis, requires insertion of a large bore catheter into a major artery, intracoronary catheterization, infusion of large volumes of potentially nephrotoxic contrast dye, and fluoroscopic radiation.  It is not appropriate for routine screening of asymptomatic persons.  Intravascular ultrasound provides additional information about atheromas that do not project into the lumen, but is equally invasive.  Stress testing (with electrocardiographic, echocardiographic, or nuclear imaging) also provides helpful prognostic information17, but is intended to detect obstructive, flow-limiting atherosclerotic lesions, and does not detect early, non-obstructive lesions that may nonetheless rupture and result in acute coronary syndromes18.  Measurement of coronary artery calcium by computed tomography and carotid intima-media thickness by ultrasound also provide measures of atherosclerosis and helpful prognostic information8-16.  These tests, however, are expensive, expose patients to radiation (in the case of coronary artery calcium), and cannot detect early, lipid-filled, non-calcified plaques in the coronary arteries.  

Analysis of serum proteomic patterns, on the other hand, may yield a diagnostic test that is less invasive than angiography, more sensitive than coronary calcium or carotid intima-media thickness measurements, cheaper than either, and practical for widespread screening of asymptomatic populations or retrospective analysis of banked serum.  

B.4. Serum proteomics, and the diagnosis of a physiologic state 

Overview

Analysis of DNA (the “genome”) allows characterization of inherited human traits that are relatively static across organ system and time.  Global analysis of mRNA (the “transcriptome”) provides information about which genes are actively being transcribed in a given tissue.  The current physiologic state of a cell, tissue, or organism, however, is best represented by a global analysis of prevalent proteins (the “proteome”), which directly govern structure and function in every cell and organism.  Analysis of the proteome, therefore, may be more likely to yield important biomarkers of deranged physiology than analysis of the genome or transcriptome.  In particular, proteomic analysis of proteins in serum (“serum proteomics”), which bathes every cell in the body, should provide a window into the global physiologic state of an organism19.  Serum proteome analysis provides an additional important advantage over transcriptome and tissue-based proteome analysis in that it requires no cellular biopsy tissue, merely a venipuncture.

Mass spectrometry proteomics

Global proteomic analysis has been limited in the past mostly to 2-dimensional polyacrylamide gel electrophoresis (2D PAGE), which, among other limitations, is relatively insensitive for detecting low abundance proteins20.  Within the last several years, mass spectrometry has been adapted to high-throughput global proteomic analysis21.  With existing technology (including matrix-assisted laser desorption-ionization (MALDI), surface-enhanced laser desorption-ionization (SELDI), and electrospray ionization (ESI) time-of-flight (TOF) mass spectrometry), each run through the mass spectrometer produces a “fingerprint” of the proteome in the form of a spectrum of protein abundance (on the “y” axis) at varying mass/charge ratio (on the “x” axis).  Analysis of this spectral fingerprint in serum from people with different clinical characteristics may yield rules for discriminating between physiologic states based on proteomic patterns.  How to clean and mine the spectral signal for discriminating features is an active area of investigation22-29, but this technique has already seen some success.  Using primarily the SELDI-TOF ProteinChip® technology provided by Ciphergen, Inc., and a variety of bioinformatics approaches to the discrimination problem, serum proteomic patterns show test characteristics on the order of 85-100% for sensitivity and specificity in identifying patients with prostate cancer30-33, ovarian cancer24, 34-36, breast cancer37, hepatocellular cancer38, lung cancer25-29, and head and neck cancer39 (see Appendix for a sample of these publications30, 34).  To date, applications to non-cancer physiologic states have been limited.  

Protein identification

When a spectral “peak”, presumably representing the abundance of a particular protein, is strongly associated with a clinical state, various methods are available for identifying or sequencing that protein.  First, with appropriate calibration, the mass spectrometer provides a measurement of mass/charge ratio.  When this is not adequate for identification of the protein, tandem mass spectrometry of fragments from that protein can be used to infer the amino acid sequence.  This can be done directly using ion trap tandem mass spectrometry40, or by first isolating and purifying the protein, then using standard proteolysis-tandem mass spectrometry41.  At least 3 reports describe success in identifying the proteins responsible for the spectral spikes identified by SELDI-TOF mass spectrometry as predictive of disease status29, 36, 42.

B.5. Rationale: Why serum proteomic patterns might reflect atherosclerosis

Although serum proteomics has been applied primarily to the diagnosis of cancer, there is no reason why it should not also be applied to other pathophysiologic states such as atherosclerosis.  Cardiovascular proteomics has thus far focused on tissue proteomic analysis, primarily using two-dimensional electrophoresis43 or Western array analysis44, and not on serum proteomics.  Knockout mouse models of atherosclerosis provide evidence that many gene products may play a role in the atherosclerotic process45, and microarray analysis of human atherosclerotic vascular tissue shows many differences in gene expression46, 47 and protein content44 when compared with normal human vascular tissue.  Because atherosclerosis is an intravascular process, with diseased cells in constant direct contact with blood, we might expect these genetic and intracellular differences to be reflected in the complex mix of proteins in serum (Figure 1).  Our study will test this hypothesis.

B.6. Significance

Detection of differences in serum proteomic patterns between patients with and without subclinical atherosclerosis may have important implications for future research and for patient management.  First, our investigation may lead to identification of proteins that are intimately involved in the pathophysiologic process of atherogenesis, either as cause or effect.  Second, it may lead to development of a serum test for atherosclerosis.  Such a test would be extremely useful for researchers, enabling retrospective analysis of banked serum samples and adding tremendous value to existing cohort studies in which atherosclerotic measurements are otherwise either too invasive, too expensive or too late (the patient has left the study or developed clinically apparent disease).  Finally, an effective test may provide useful prognostic information that could guide clinicians as they decide which patients should receive aggressive primary CHD prevention.  

In order to achieve these goals, the results of this study will require confirmation and validation by measuring baseline serum proteomic patterns in cohort studies with longitudinal measurement of incident CHD events.  This study will provide the proof-of-concept, preliminary data, and a priori proteomic hypotheses for these future studies.

C. PRELIMINARY STUDIES

Note: The NHLBI Innovative Research Grant Program (PA-03-015) requires no preliminary data.  The purpose of the proposed study is to demonstrate feasibility and provide preliminary data for more definitive study of the serum proteomics of atherosclerosis.  A brief description of the UCSF Genomic Resource in Arteriosclerosis (the source of the serum samples), Biospect, Inc (the biotechnology company analyzing the samples), and the UCSF Center for Bioinformatics and Molecular Biostatistics (analyzing the data) is provided below.

C.1. The UCSF Genomic Resource in Arteriosclerosis

The UCSF Genomic Resource in Arteriosclerosis (UCSF-GRA) is a database and biological sample bank managed by researchers in the Cardiovascular Research Institute at UCSF.  The purpose of the UCSF-GRA is to facilitate genomic research on atherosclerosis with a wide variety of collaborators.  Towards this purpose, UCSF-GRA collects specimens and clinical data from patients at UCSF and approximately 35 other University- and community-based hospitals in the Western US that meet stringent quality requirements.  About 14,000 patients have so far given consent and provided data for the project, including 6678 women, 336 African-Americans, 784 Latinos, and 378 other non-Caucasian participants.  Over 3000 subjects have documented angiograms, and all have provided blood samples.

Multiple genetic associations have been published from this database, including reports on novel genes48 and novel conditions49, as well as associations between genetic polymorphisms and stroke50-52, myocardial infarction53, hypertension50-52, lipid levels49, 54, and low-density lipoprotein particle characteristics55.  The angiographic data has thus far yielded 2 reports of associations between biochemically relevant single-nucleotide polymorphisms (SNPs) and angiographic coronary artery disease severity53, 56.  

C.2. Biospect technology: Electrospray ionization time-of-flight mass spectrometry

Most of the previously published global proteomic analyses using mass spectrometry have used surface-enhanced laser desorption-ionization (SELDI) time-of-flight mass spectrometry, and the associated ProteinChip® technology developed by Ciphergen, Inc.  SELDI relies on affinity-reagent coated chips to separate out different subsets of proteins and improve resolution22.  The SELDI approach, however, has several limitations.  For one, the subset of molecules analyzed is highly dependent on the selected affinity surface, and this affinity binding step tends to eliminate most of the analytes from a sample so that analysis of even complex mixtures results in spectra that show hundreds of peaks where one might expect thousands of actual peptides.  Furthermore, the affinity capture of any specific component depends on the overall composition of the sample, leading to poor reproducibility and high dependence on sample preparation.

Biospect, our collaborator, has developed an integrated mass spectrometry system for global proteomic analysis that should have significant advantages over SELDI.  Biospect uses online, microfluidic sample preparation and capillary electrophoresis, directly linked with an ultra-sensitive electrospray ionization mass spectrometer (Figure 2) to generate sensitive and reproducible measurements of proteins at very low concentrations.  Spiked serum experiments show that the Biospect process allows detection of 2- to 20-fold differences in spiked protein concentrations on the order of 10-1250 nM (see Appendix for details).

C.3. The Center for Bioinformatics and Molecular Biostatistics (CBMB)

The primary objective of The Center for Bioinformatics and Molecular Biostatistics (CBMB) at UCSF is to provide data analytic and statistical support to UCSF investigators engaged in molecular biologic, genomic, genetics and proteomics research projects.  Dr. Segal, who directs the CBMB, has long-standing interests in developing and appraising prediction and classification methods.  Recently, he has applied and extended a variety of contemporary techniques, including support vector machines, neural networks, random forests, and logic regression to high dimensional problems deriving from genotype - phenotype association studies with sequence-defined genotypes57, 58, and microarray studies59 (see Appendix for In Press citations).  This background makes Dr. Segal well positioned to pursue the classification and data mining analyses required for this study.
D. RESEARCH DESIGN AND METHODS

D.1. Design overview
In order to identify patterns of proteins that are characteristic of atherosclerosis, we plan to conduct a case-control study of 200 patients with and 200 without angiographic evidence of atherosclerosis from the UCSF Genomic Resource in Arteriosclerosis (UCSF-GRA).  Blindly labeled sera from each patient will be analyzed by mass spectrometry, and the resulting spectra will be analyzed to find patterns that identify patients with and without atherosclerosis.  A decision rule will be developed using the first half of the sample (100 cases and 100 controls) and validated using the second half.  The ability of this rule to discriminate between patients with and without atherosclerosis will be tested against models using standard coronary heart disease risk factors.  Peaks in the spectrum that are particularly strong discriminators will be used to identify the serum proteins that characterize subclinical atherosclerosis.

D.2. Study subjects

Target population: Persons without clinical CHD who may be at risk for coronary heart disease events

Accessible population: Persons who have no history of clinical CHD, who have undergone a diagnostic coronary angiogram, and whose serum has been collected for the UCSF-GRA (see C.1).

Case definition: Patients with no symptoms of cardiac ischemia, but with angiographically documented atherosclerosis (i.e., Gensini score > 0, corresponding to at least one coronary stenosis of ≥25% - see D.3., below).

Control definition: No apparent coronary atherosclerosis (i.e. Gensini score = 0).

Exclusion criteria:

1. No matching case available for the selected control

2. No serum available

Sampling strategy: We will start by identifying all potential controls (less common than cases in the UCSF-GRA), and then find all potential cases for those controls, matching on age (± 5 years), gender, ethnicity (Caucasian, African-American, Latino, and Asian), and sample source (UCSF Lipid Clinic, Women’s Heart Study, etc).  Among controls with matching cases, we will select all eligible minority controls first (oversampling of minorities will improve our ability to generalize results to underrepresented groups), and then randomly select enough non-Latino White controls to meet our target sample size.  We will then randomly select one case for each control among all possible matches.

D.3. Measurements

Measuring atherosclerosis with coronary angiography

	Table 2. Distribution of Gensini scores among apparently eligible UCSF-GRA participants (n=721)



	Gensini score category
	N
	(%)

	
	0

1-9

10-19

20-49

50-192
	211

198

68

134

110
	(29)

(27)

(9)

(19)

(15)


Patients enrolled in the UCSF-GRA are collected from different medical centers, so the technical aspects of how angiograms are performed are not standardized.  However, the cine fluoroscopy tapes from the angiograms were collected and scored by study personnel using the Gensini index60.  The Gensini index provides a global score of the burden of atherosclerosis by adding together points that correspond to the clinical severity and importance of each visualized coronary plaque.  Plaques that cause higher-grade stenosis or that are located in more proximal/critical locations contribute the most points.  For example, a distal 25% obstruction receives 0.5 points, and a 99% obstruction in the left main coronary artery receives 80 points.  The Gensini index is a strong predictor of mortality7.  The distribution of Gensini scores among UCSF-GRA participants who appear to qualify for our study is shown in Table 2.

Measuring the serum proteome with electrospray ionization mass spectrometry
Our primary predictor variable will be the serum proteomic pattern.  Electrospray ionization time-of-flight (ESI-TOF) mass spectrometry, coupled with on-line separation, will provide state-of-the-art serum proteomic pattern data, in the form of a mass spectral signal of abundance by mass/charge ratio (see B.4 and C.2, above, for details).  Serum specimens sent to Biospect will be blindly labeled, and all serum proteome measurements will be carried out and reported to UCSF without knowledge as the case/control status.
Other measurements

The UCSF-GRA routinely collects data on age, gender, and ethnicity; blood pressure and lipids at the time the sample was drawn; personal history of CHD (symptoms, diagnoses and procedures), stroke, peripheral vascular disease, thrombo-embolic disease, diabetes, thyroid disease, high blood pressure, high cholesterol and other conditions; family history of cardiovascular disease and diabetes; habits including smoking, alcohol consumption and exercise; and medication use including use of hormone replacement therapy.  See Appendix for a representative data collection form used in the past by the UCSF-GRA.  We consider age, gender, family history of premature CHD (first degree relative with CHD at age < 55 years [male], or < 65 years [female]), smoking, diabetes, hypertension, low-density and high-density lipoprotein levels to be standard CHD risk factors.

D.4. Analytic plan

Pre-processing the mass spectrometry data

The exquisite sensitivity required to detect proteins present in nanomolar concentrations also results in detection of some noise and false peaks.  Along with baseline drift, specific artifacts such as random-phase sinusoidal noise corresponding to alternating current in the power source supplying the mass spectrometer, and recurrent dipping of signal intensity at regular intervals probably corresponding to ticking of the “clock” that records the time of flight, have been observed25.  Subtraction of noise is one of the crucial data processing steps necessary to obtain good measures of protein abundance22-25.  We will rely on Biospect’s proprietary data processing algorithm, published methods, and new methods as needed in pursuing peak extraction.  This pre-processing will occur prior to revealing the case-control status of the samples.

Finding patterns predicting atherosclerosis – “Data mining” (Aim 1)

Once the pre-processing has been completed to the satisfaction of all parties, the case-control status and covariate data for the first half of the sample (100 cases and 100 controls) will be revealed, and the data mining portion of the analysis will begin.  This analysis will be pursued in parallel, with active collaboration and sharing of results, at UCSF’s Center for Bioinformatics and Molecular Biostatistics, led by Dr. Segal, and by the bioinformatics section at Biospect, led by Dr. Heller (see Section I).  

As an initial step, we will apply two sample tests (e.g., t, Wilcoxon) to compare peak abundance between cases and controls, and construct a corresponding “statgram”24, 61.  To deal with the profound multiple testing problem, we will employ methods for multiplicity correction as developed in similar high dimensional microarray setting, including false discovery rates62 and resampling-based approaches63.

The primary analysis, however, will focus on identification of not just single protein peaks, but patterns of peaks associated with atherosclerosis.  Many different classification and discrimination techniques have been used in the context of class prediction based on mass spectrometry protein peak data.  These include standard logistic regression, linear discriminant analysis, tree-based methods and extensions thereof (including boosting), neural networks, and genetic algorithms22, 23, 25-28, 32.  We plan to investigate a similar suite of methods expanded by the addition of support vector machines64-66 and random forests67, 68.  These latter approaches have been found to yield outstanding predictive performance across a variety of benchmark problems.  Further, several of the methods are not solely “black-box” predictors, but provide insight as to the contributions of select peaks in effecting discrimination.  We will also undertake regression analyses that utilize the Gensini score itself as a continuous outcome.  Here we will employ regularized methods such as least angle regression59, 69.

Validation (Aim 2)

Once a small set of final discrimination rules are agreed upon, the case-control status and covariate data for the second half of the sample (the 100 cases and 100 controls not used for data mining, above) will be released to all parties, and test characteristics for each rule will be calculated.  This strict validation process will assure that good test characteristics, if obtained, are not merely the result of overfitting, which may be a particular problem in this type of setting where the number of predictors greatly exceeds the sample size.  Additionally, we will conduct several cross-validation analyses that will use a greater proportion of the sample for rule development70.

Comparison with standard risk factor analysis (Aim 2)

In order to determine whether proteomic patterns add predictive information to established clinical predictors of CHD, we plan to develop a discrimination rule based on standard CHD risk factors, using classification techniques as described above, and then test the added value of including the proteomic data.

Identification of specific proteins associated with subclinical atherosclerosis (Aim 3) 
Using the statgram and the data mining results, as described above, we will choose the most important protein peaks and attempt protein identification.  We plan to use both a commercial ion trap mass spectrometer for this purpose40, and also standard isolation, purification, and proteolytic digestion-tandem mass spectrometry41.

Power calculations

It is difficult to estimate the sample size needed for a successful proteomics data mining expedition in the absence of prior information as to the number and size of the associations that may be present.  However, previous reports indicate that approximately 50-100 patients in each group are likely to produce a robust decision rule30, 32-34, 37, 38.  We therefore plan to use 100 cases and 100 controls from the UCSF-GRA for the training sample, as described above.  The sample size we choose for the separate validation sample depends on the statistical precision with which we wish to estimate the sensitivity and specificity of the rule.  In order to distinguish a sensitivity or specificity of 95% from an expected value of 85% (with power of 90% and an alpha error rate of 5%), we will require approximately 100 additional cases and 100 additional controls.

D.5. Potential limitations

Atherosclerosis is not a homogeneous condition

Because there are different types and patterns of atherosclerosis, we may find that not all types will be equally well predicted by proteomic analysis, and the test characteristics of the resulting diagnostic test may suffer.  However, this may also offer an opportunity to objectively classify types of atherosclerosis, and to sort out the different mechanisms that lead to atherosclerosis.  For this purpose, we will employ hierarchical clustering methods such as those that have been used successfully with microarray data71.

Atherosclerosis, and any proteomic pattern characteristic of it, will be an imperfect predictor of CHD events

There is more to CHD than atherosclerosis72, 73, and even a perfect predictor of atherosclerosis will be an imperfect predictor of events.  However, we anticipate that it will be a strong predictor, as other indicators of atherosclerosis are (e.g., coronary artery calcification14).  Furthermore, as discussed in section B.2, subclinical atherosclerosis itself is an important topic of research, isolating as it does atherogenesis from the other complex factors leading to CHD.

Dr. Pletcher, the Principal Investigator, is relatively inexperienced

Mark Pletcher, the Principal Investigator on this project, is a new investigator and relatively inexperienced.  He has a short list of publications (see Appendix for In Press citation) and minimal bench-top laboratory experience.  However, Dr. Pletcher is a highly trained physician and cardiovascular epidemiologist with expertise in cardiovascular risk prediction and clinical epidemiology, and is collaborating with international experts in the fields of cardiovascular epidemiology (Dr. Hulley), vascular biology (Drs. Malloy and Kane), molecular biostatistics and bioinformatics (Drs. Segal and Heller), and biotechnology/proteomics (Dr. Stults).  Epidemiologic expertise, which Dr. Pletcher and Dr. Hulley provide, has been notably missing in previous proteomic analyses74-77.  This study represents a collaboration between the disparate disciplines of epidemiology, biochemistry, bioinformatics, and vascular biology, as called for by NHLBI (i.e. this program announcement, PA-03-015) and others78.

D.6. Proposed Timetable

December 2004: Funding arrives, contract with Biospect finalized, and samples transferred from the UCSF-GRA to Biospect for processing.

January – March 2005: Mass spectrometry measurements made, with quality control and signal pre-processing

April 2005: Clinical data linked with proteomic data

April – August 2005: Data mining phase, use of multiple techniques to discriminate clinical states

September – December 2005: Validation and comparison with standard CHD models

January – April 2006:  Isolation and identification of specific proteins

January – November 2006: Presentation of findings at a national meeting, drafting and publication of manuscript

E. HUMAN SUBJECTS

E.1. Protection of human subjects

E.1.a. Risks to the subjects


Human subjects involvement and characteristics

We plan to use previously collected clinical data and banked serum from approximately 400 persons enrolled in the UCSF Genomic Resource in Arteriosclerosis Study (UCSF-GRA, Drs. Kane and Malloy, Co-Principal Investigators).  The UCSF-GRA has recruited approximately 14,000 participants, without exclusion of any particular gender, race or ethnicity.  Our 400 person sub-sample will be selected based on availability of serum, angiogram results, and an appropriately matched case/control.   In order to improve generalizability of our results, we plan to oversample participants self-identifying with minority racial/ethnic categories.  Based on a preliminary analysis of inclusion criteria and some distributional assumptions, we anticipate recruiting approximately 82 adults of non-white race (21%) and 32 additional adults of Latino ethnicity (8%).  Approximately 41% of all participants will be women (see Targeted/Planned Enrollment Table, page 28).  

Source of materials

The clinical data and serum we will use as research materials for this project has already been collected specifically for the purpose of research by the UCSF-GRA.

Potential risks

The participation of human subjects in the UCSF-GRA research study has been approved by the UCSF Committee on Human Research, and supplemental approval from the UCSF Committee on Human Research will be sought to cover this particular use of the UCSF-GRA specimens.  The risks to participants primarily consisted of the extra phlebotomy session, the intrusion and inconvenience of completing a questionnaire, and the risk of loss of privacy were confidentiality breached.  The additional risks imposed by this study are minimal – no new participant contact will be solicited.  No protected health information (PHI) will be required from the UCSF-GRA database, and therefore investigators on this project that do not manage the UCSF-GRA will have no access to such information, nor to any names, addresses, or other information that could identify individuals.  Finally, no new clinical diagnoses will be made, as the new proteomics data will only acquire usefulness and meaning as a reflection of the clinical information already collected (the angiogram).   

E.1.b. Adequacy of protection against risks

Recruitment and informed Consent

As above, participants have already been recruited, and no new participant contact will be solicited.  The consent form signed by all participants includes language authorizing study personnel to make chemical and genetic measurements, which we interpret to include proteomic measurements.  A copy of the consent form is included in the Appendix.

Protection against risk
The primary ongoing risk to the participants of the UCSF-GRA is loss of privacy.  In order to protect against this risk, the UCSF-GRA maintains all PHI in a password-protected database.  Neither the Principal Investigator (MJP) nor any of the other study personnel will require or receive access to PHI with the exceptions of Drs. Kane and Malloy, who manage the UCSF-GRA.  Therefore, this study will pose no additional risk to participants.

E.1.c. Potential benefits of the proposed research to the subjects and to others

Just as there will be negligible additional risk posed to participants, there will also be no direct benefit, by virtue of the lack of additional participant contact.  However, both the participants in the study and many others may receive benefits by virtue of the knowledge gained (below).

E.1.d. Importance of the knowledge to be gained

The knowledge gained through this research will benefit persons at risk for developing CHD in several ways.  First, development of a simple serum diagnostic test for atherosclerosis would allow improved risk prediction and tailoring of primary prevention efforts to persons at relatively high risk of developing CHD.  Second, this diagnostic test could be used to detect the presence of atherosclerosis retrospectively, and thus could add much value to ongoing and future studies of CHD.  The pathophysiologic insight gained from these studies, and from analysis and identification of the particular proteins predictive of atherosclerosis in our study (see Aim 3) could lead to better primary prevention of CHD and less CHD-related morbidity and mortality.
E.1.e. Collaborating Site

Laboratory testing of the human serum samples will occur at Biospect, Inc.  Samples will be accompanied by relevant clinical information (including gender, race, angiogram results, etc.).  To maximize protection against risk, samples and clinical information will be reviewed prior to transfer to Biospect to ensure that all identifiers have been removed.  No Individually Identifiable Health Information (as defined under Health Insurance Portability & Accountability Act of 1996 (HIPAA)) or Individually Identifiable Private Information (as defined under Protection of Human Subjects Regulations (45 CFR Part 46)) will be transferred to Biospect.  In previous similar collaborations, Biospect has been exempted from needing an FWA human subjects assurance number.  However, they are currently in the process of preparing to file a FWA.  We have, on file, their assurance that they will meet the above standards (E.1.a-d) with particular emphasis on maintenance of privacy and confidentiality of the study participants (see Appendix).
E.2. Inclusion of women

We plan to include women in our study.  Our preliminary analysis indicates that approximately 41% of UCSF-GRA participants eligible for our sub-study are women.  Depending on which particular participants meet all eligibility requirements and have matched cases/controls, and on the gender distribution among minority participants (who we intend to over-sample), we expect that 163 (41%) of our 400 participants will be women.

E.3. Inclusion of minorities

We plan to include minorities in our study.  Non-white or Hispanic/Latino participants make up approximately 16% of 721 potentially eligible UCSF-GRA participants.  In order to obtain estimates that are generalizable to minorities, we intend to over-sample minority participants for our sub-study.  Depending on how many minority participants who are potentially eligible are truly eligible with matching case/controls and complete data, our study sample should contain 16-29% minorities (see Target/Planned Enrollment Table).

E.4. Inclusion of children

We plan to exclude children from our study.  Children are at extremely low risk for developing CHD and almost never receive coronary angiograms, so there are no child participants in the UCSF-GRA that meet our essential inclusion criteria.  

F. VERTEBRATE ANIMALS

Not applicable.  We will use no animals in this study.

(Target Enrollment Table goes on this page)
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H. CONTRACTUAL ARRANGEMENTS

We will collect, analyze and publish the data.  We will collaborate with a biotechnology company called Biospect, Inc, which will make the proteomics measurements and participate in analysis and publication.  Our working agreement is to enter into an Unfunded Collaboration Agreement with Biospect, which will be formalized by contract before the project commences.  Please see Section I for a letter of support from Biospect agreeing to pursue a collaboration agreement with us and perform the proteomics measurements without charge.
I. COLLABORATORS/LETTERS OF SUPPORT

A Letter of Support from Biospect, and Biosketches for Dr. Jonathan Heller and Dr. John Stults is attached (Page 35).

Letter of support from Biospect goes here.

Items for the appendix

1) Two sample proteomics publications with application to ovarian cancer34 and prostate cancer30
2) Preliminary data from Biospect, Inc’s platform (CONFIDENTIAL)

3) Cited manuscripts written by Dr. Segal that are currently “In Press”

4) A representative data collection form used in the past by the UCSF Genomic Resource in Arteriosclerosis Study

5) Cited manuscript written by Dr. Pletcher that is currently “In Press”

6) The consent form used by the UCSF Genomic Resource in Arteriosclerosis Study

7) Letter from Biospect assuring human subjects protection equal to or exceeding that described in Section E
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 Figure 2. A schematic of Biospect’s technology












