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. Introduction

I have been retained by attorneys at the U. S. Department of Justice (DOJ) for the purpose of review of
the medical records of Jacqueline Y. Tukes and to render an opinion as to the etiology of her extensive
disease of bilateral and multifocal renal cell carcinoma. This report also provides background
information for the understanding of genetics and cancer genetic disease as well as my assessment.
Itis my opinion that Ms. Tukes meets criteria for Hereditary Renal Cell Carcinoma. Despite the
absence of a gene mutation in genes tested, Ms. Tukes has features consistent with hereditary renal
cancer, including her age at diagnosis, her family history, and her bilateral and multifocal cysts and
tumors. My opinions are based on the information currently available to me and | reserve the right to
supplement these opinions based on new information.

I am qualified to review the documentation and offer an opinion regarding Ms. Tukes’ genetic testing
and her Hereditary Renal Cell Carcinoma. | have over 30 years of experience as a practicing medical
geneticist with a specialty in cancer genetics. My training includes two residencies: Clinical
Pathology and Pediatrics. | also completed two fellowships: Clinical Genetics and Clinical
Cytogenetics. | am a board-certified clinical pathologist by the American Board of Pathology (active);
board certified clinical geneticist (active) and board-certified clinical cytogeneticist (active) by the
American Board of Genetics and Genomics; and board-certified pediatrician by the American Board
of Pediatrics (inactive). | am a practicing cancer geneticist and a member of the medical staffs of
Indiana University Health (IUH) Physicians’ Group and Eskenazi Health. | attend weekly cancer
genetic clinics at [UH University Hospital/IlU Simon Comprehensive Cancer Center and IUH Schwartz
Cancer Center. | am emeritus professor of the departments of Medical and Molecular Genetics and
Pathology and Laboratory Medicine and the Sutphin Chair of Cancer Genetics at Indiana University
School of Medicine in Indianapolis, Indiana. My CV is attached to this report.

I have not testified at deposition or trial in the past four years.
I am being compensated at a rate of $350 per hour for my work on this case.
A. Whatis genetics?

Genetics is the science of genes, gene products, and their effect on conception, intrauterine
formation and development, physical phenotype, and overall health.

Genes are the basic units of heredity, passed down from parents to their children. Genes are located
on chromosomes and found in the nucleus of the cell (Figure1).
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Figure 1. (Yourgenome.org)

Gene products are primarily RNAs and proteins. There may be multiple proteins (isoforms) from one
gene (Figure 2).

Genotype is the genetic constitution of an organism, as distinguished from its physical appearance.

Missense refers to a mutation that changes a codon specific for one amino acid to specify another
amino acid. This is in contrast to a deletion mutation, which results in a loss of nucleotides and
possibly a loss-of-function mutation, depending on the deletion. If there is a loss-of-function
mutation, the protein would not work in its normal manner.

Codon: The sequence of nucleotides, coded in triplets (codons) along the mRNA, that determines the
sequence of an amino acid in protein synthesis.

Transcription is the process of making an RNA copy of a gene’s DNA sequence. The copy is called
messenger RNA (MRNA).

Translation is the process through which information encoded in messenger RNA directs the addition
of amino acids during protein synthesis. Translation takes place on ribosomes in the cell cytoplasm,
where mRNA is read and translated into the string of amino acid chains’.

Phenotype is the physical characteristics of an organism or the presence of a disease that may or
may not be genetic.

Proteins are large, complex molecules that play many important roles in the body. They are required
for the structure, function, and regulation of the body’s tissues and organs. A protein is made up of
one or more long, folded chains of amino acids (each called a polypeptide), whose sequences are
determined by the DNA sequence of the protein-encoding gene .
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Figure 2.

B. Cancer Genetics

What is carcinogenesis? Carcinogenesis (oncogenesis or tumorigenesis) is the process of
transformation of normal cells to cancer cells due to disruption of normal cell cycle controls leading
to uncontrolled proliferation (Figure 3). All cancer is genetic in that cancer results from
dysregulation/disruption of genes that control cell growth and differentiation. Cancer typically
develops with an accumulation of genetic mutations in targeted genes such as tumor suppressor
genes, DNA repair genes, and oncogenes.
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Figure 3. Spectrum from normal tissue to cancer- to metastasis -Natl Cancer Institute
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Figure 4. Spectrum from normal colonic cells showing gene mutations at the different stages of
carcinogenesis. Adapted from Vogelstein and Ferron by Scott A. Waldman

In the image above (Figure 4), a mutation in the APC gene is an early event in the development of
colorectal cancer. The early APC mutation leads to cellular instability and the acquisition of
additional mutations including DNA repair genes such as MSH2 and MLH1.

The APC gene is class of cell regulatory genes known as tumor suppressor genes. These genes are
essentially the “brakes” of the cell producing a negative stimulus for cell proliferation and whose
function must be inactivated (lost) for cell transformation to occur. When a cellular error or mutation
occurs to a cell, these genes may arrest further cell cycle progression until repair is completed. If
repair is not possible, then there are cell signals to eliminate the cell causing cell death or apoptosis.
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An error in a tumor suppressor gene leads to cellular instability. Loss of the second tumor suppressor
gene contributes to cancer.

Another class of genes associated with cancer is the oncogene. Proto-oncogenes are normal genes
which produce a positive, controlled stimulus for cell proliferation. However, when mutated,
oncogenes lead to a gain of function or “transformed” cellular phenotype, meaning the cell continues
to proliferate uncontrollably. KRAS is an example of an oncogene (Figure 5).

Proto-oncogene Oncogene

Normal Cell Cancer Cell

O < ]

Figure 5. A proto-oncogene when mutated leads to a gain of function, promoting cellular proliferation.

Another category of cancer genes includes the DNA repair genes which support and maintain genetic
stability and are specifically involved in the repair of damaged DNA. They exert an indirect effect on
cell proliferation or survival by influencing the ability of the cell to repair damage to other genes
including tumor suppressor genes and proto-oncogenes. In Figure 4, the image shows progressive
acquisition of mutations and cellular proliferation in the colon, with DNA repair genes identified as
MSH2 and MLH1.

C. Examples of known genetic-cancer relationships

As illustrated above (Figure 4), a mutation in the APC gene (Adenomatous Polyposis Coli) is an early
eventin the development of colon cancer in the general population. Typically, an APC mutation
occurs sporadically, i.e. itis acquired over the lifetime of the individual with colon cancer. This is
referred to as sporadic disease and it is for those common and sporadic cancers that the American
Cancer Society has established population screening guidelines such as getting a colonoscopy
starting at age 45 years®. Most cancer, ~70-80% of the total burden of cancer, is sporadic in nature
and acquired during the lifetime of an individual. So, for colon cancer as an example, exposures
would include exposures to chemicals and other toxins, UV radiation, infection, and aging. Colon
cancer because of toxic exposure would be considered sporadic disease.

However, there is an inherited predisposition to colon cancer associated with a germline (inherited)
mutation of the APC gene, called Familial Adenomatous Polyposis. Germline means that the mutation
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