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1 History and Definition of Project:

The long term goal of the proposed research isto develop asimple, reliable clinical test that can
determine which breast cancer patients will be unlikely to have a recurrence of their cancer with surgical
removal of the tumor alone and which patients truly need additional treatments. This would reduce the
number of patients who must be exposed to the discomfort, toxicity and expense of unnecessary treatment.
It would also assure that patients who are likely to experience recurrence could begin additional hormonal
treatment or chemotherapy without delay.

Clinical studies have demonstrated that a percentage of breast cancer patients benefit from hormonal and
chemotherapy after surgical removal of their tumor even though the cancer had not spread to the lymph
nodes (McGuire et a., 1992; Devita 1989). However, approximately 70% of all breast cancer patientsin
whom cancer has not spread to lymph nodes will survive more than ten years without these additional
treatments (McGuire et al., 1992). There are many factors involved in deciding prognosis and prediction of
treatment response of breast cancer (Berns 1998; Ferno 1998; Ravaioli et al, 1998, 1996, 1993; Migliaccio
et al, 1998; Umetikita et al, 1998, Voogd et al; 1998; Allard et al., 1997; Weidner et al., 1997; Valavaaeca
1997; Castoria et a., 1996; Dhingraet a., 1996; Arnold et al., 1995; Denton et a., 1992). Preliminary
studies from other laboratories suggest tht an active form of a protein called Src kinase is frequently found
in breast tumors of patients with a poor prognosis who tend to have recurrence of their cancer (Ottenhoff-
Kaliff et a., 1992). A Src family kinase protein is an enzyme that adds a phosphate group to the amino acid
tyrosine on another protein. This addition of a phosphate group changes the shape of the protein thus
inducing a change in its activity (Williams et a., 1997; Chedin, et al., 1997; Alexandropoulos et al., 1996;
Cooper et a., 1993; Sladowski et al., 1986). The procedures currently used to detect Src and other related
kinases are not useful for large scale screening of tumors. Our laboratory has devel oped antibodies and
peptides that bind selectively to active, cancerous Src (Roussel et a., 1991; Roussdl et al., 1990; Roussel,
1990). They do not bind to inactive, non-cancerous Src.

| have used this antibody in several experimental procedures and have demonstrated that it
specifically binds to active, cancerous Src and not to inactive, non-cancerous Src. We can detect the
presence of activated Src by binding it with a specific antibody that is visualized using various techniques
to be discussed later. These experiments have also shown that the protein to which the antibody binds
weighs approximately 60 kDa (kilodaltons- a measure of molecular weight). Thisis the molecular weight
of the Src protein.

Hypothesis#1: The presence of active Src will be able to predict the outcome of patients with breast
cancer that has not yet spread to the lymph nodes.

Objective #1: To detect the active form of Src in fresh-frozen and paraffin-embedded tumors.
Objective #2: Develop asimple, reliable screening test using paraffin-embedded tumor sections.

Objective #3: To determine if the presence of active Src correlates with more aggressive tumors
and poor prognosis.

2. Methodology

To test this hypothesis and reach my objectives | will be using immunohistochemistry procedures
where paraffin-embedded tumor sections are fixed to a glass slide. During this research | will be using the
selective antibodies and peptides to treat slides and then stain them to determine if active Srcis present in
the tumor sections. Dr. Gary Y ork of the Pathology Department of Concord Hospital will provide paraffin-
embedded tumor sections to us. Our immunohistochemistry results will be checked and confirmed by Dr.
York. We may also receive fresh-frozen breast tumors from Dr. Y ork aswell as Dr. David Novis of the
Pathology Department of Wentworth-Douglass Hospital and Dr. Julia Bruce of the Pathology Department
of Frishie Memorial Hospital. These fresh tumors will be tested using immunohistochemistry as well as
immunoprecipitation, western blot analysis and ECL detection. These procedures are described below. We
will then statistically analyze our results.

Method #1



Immunohistochemistry:

Immunohistochemistry is a procedure that | will use to treat both paraffin-embedded tumor
sections and quick-frozen fresh tumor sections. The slides are treated with specific antibodies and
peptides. Staining the slides shows the presence of active Src.
For Paraffin Embedded Tumor Sections:
A. Paraffin is removed from the glass slides to make the tumor cells available for antibody treatment.
B. The dides will then be treated with the primary antibody that binds to the active Src.
C. Normal non-cancerous cellswill be used as a negative control.
D. Phosphorylated and non-phosphorylated peptides will be used to determine the specificity of the
antibody.
E. After washing the slides they will be treated with the secondary antibody. The slides will then be stained
with the Vectastain ABC Elite Kit to show which tumors contain the active Src protein.
F. Various antibody dilutions will be tested to determine the conditions that give the most specific staining.

For Fresh Tumor Sections:
The same procedure will be used except there is no paraffin to be removed.

Expected Resultsfor Method 1 for Immunohistochemistry:

» If the primary antibody binds specifically to active, cancerous Src proteins in both fresh tumors
and paraffin embedded tumor sections then we expect to see apparent specific staining in cells
known to contain active Src.

« If theantibody is specific, then there should be no staining of normal non-cancerous cells used as a
negative control.

» Itisanticipated that the phosphorylated peptide will block staining by binding to the antibody’s
binding site. The non-phosphorylated peptide is not expected to block antibody binding.

Immunopr ecipitation and Western Blot Analysis of Fresh Tumors:
A. Immunoprecipitation (IP) is a process that separates tumor proteins from other cellular material.
»  Thetumor will be pulverized and homogenized. This part of the procedure will be performed by
Dr. Andy Laudano in a glove bag and a biohazard hood.
»  The homogenate will be treated under denaturing conditions to precipitate the proteins.

B. The proteins will be analyzed by Western Blot Analysis- a procedure that determines the weight of the
protein that is bound to the antibody.

»  The protein sample will be run through a 9% polyacrylamide gel by electrophoresis to separate the
proteins by weight.

*  The proteins from the gel will be transferred to a nitrocellulose membrane.

*  The membrane will be treated with the primary antibody that specifically binds to active Src.

»  After being washed, the membrane will be treated with a secondary antibody that binds to the
primary antibody and contains an enzyme that produces light when exposed to detection
chemicals.

C. The membrane will be treated with Enhanced chemiluminescence (ECL) detection reagents. This
procedure causes the luminescence of the protein bands that are then exposed on film.

Expected Resultsfor Method 1 with Immunopr ecipitation and Western Blot:

» If fresh-frozen tumors containing active Src are immunoprecipitated and analyzed by Western
blot, then we would expect to see a distinct band present at 60 kDa representing the presence of
active Src. We would expect this band to be absent when the sample is treated with the
phosphorylated peptide and present when treated with the non-phosphorylated peptide.

Method #2
Using the immunohistochemistry techniques | will vary the types of solvents, incubation times and
antibody dilutionsin order to optimize the conditions for asimple, reliable screening test.

Expected Resultsfor Method 2:



» If conditions are optimized for a screening test, then we expect the staining to be very clear and
specific in cells known to contain active, cancerous Src and no or minimal staining in hormal non-
cancerous cells. If the level of Src present can be quantified, then we expect to see a gradation of
staining consistent with the level of Src present.

Method #3
A. We will use anonymously coded hospital recordsto seeif a poor patient outcome correlates with the
presence of active Src.
»  All tumor samples and dides will be anonymously coded so that the identity of the patient is not
revealed to us. Patient outcome will only be known after the testing is done.
*  The patient outcome data for the fresh tumor samples will not be available for some time so
correlation of these samples will not be possible until a number of years have passed.
*  Many of the paraffin embedded samples from the hospitals will be historical samples that will
have patient outcome data available. These data sets will be statistically analyzed using the Chi-
squared Test.

Expected Resultsfor Method 3;
» If apositive test result for active Src correlates with more aggressive tumors that have a poor
patient outcome when compared with those tumors having a negative test result, then we expect
that the chi-squared test will show that p<.05.

3. Significance:

The outcome of this research will be very significant if we can demonstrate that asimple clinical
test can be used to screen tumor samples routinely for the presence of activated Src. If the presence of
active Src correlates with more aggressive tumors it will be possible to make more effective treatment
decisions. Reducing the amount of unnecessary medical treatments for patients who are unlikely to have a
recurrence would certainly be worthwhile since these treatments can be painful, toxic and expensive for the
patient. Also if patients who are likely to have arecurrence of the cancer are treated immediately with
additional hormonal or chemotherapy there may be a more positive outcome for them. Both of these
situations represent a benefit to patients, doctors and insurance companies, as the treatment will be more
cost effective and medically justified.

4. Outcome:

This research experience will certainly benefit both my educational and career goals. | have
already worked for two years in the Chemistry Department at UNH doing undergraduate research. | am
currently working in the Biochemistry Department at UNH doing undergraduate research. Thisis however
the first opportunity that | have had to be involved in the whole process of research from start to finish. |
have read related articles, learned necessary |aboratory skills and been involved in the conception and
genesis of thisresearch. | have participated in the process of forming collaborations with several Pathology
Departments as well as working to obtain administrative approval for this research. | feel that | have
already benefited from this preparatory work. | look forward to carrying out this research, as my career goal
isto continue to work in the field of cancer research after graduation. | am also looking forward to
presenting my work in aseminar as well as by publication.

5. Location:

This research will be conducted in Rudman Hall, Room 334 at UNH. Human Breast tumor
samples will be obtained from Concord Hospital, Wentworth-Douglas Hospital and Frisbie Memorial
Hospital.

6. My Role:

Dr. Andy Laudano, my faculty advisor, will perform the pulverization and homogenization of the
fresh tumorsin a glove bag in a biohazard hood. | am preparing a protocol to submit for approval from
Biohazard Safety. Dr. Laudano will also be available for expert consultation throughout this research study.
Dr. Gary York will provide expert consultation and confirmation of our immunohistochemistry results. My
rolein this research will be to perform immunoprecipitations, western blots, ECL detection and
immunohistochemistry. | will also be responsible for some of the coordination of receiving tumor samples
and data from the hospitals.



My initial work in this field has been to determine the specificity of the antibody produced in our
lab. | have performed an immunoprecipitation of abreast tumor grown in a knockout mouse. | then
analyzed the protein binding of the antibody with a Western blot and ECL detection. | have also performed
several other Western blot analyses with MCF-7 cell known to contain active Src, normal non-cancerous
cells, and various combinations of phosphorylated and on-phosphorylated peptides.

7. Timetable:
Week 1: Optimal conditions for immunohistochemistry will be defined utilizing cultured cancer cells
known to express active Src. Normal non-cancerous cells will be used as negative controls.

Week 2: The specificity of the antibodies for blocking the antibody-binding site with the phosphorylated
peptide will optimize immunohistochemistry on cultured cells used for immunization. The
nonphosphorylated peptide will also be tested for blocking activity.

Week 3-5: Immunohistochemistry will be performed on fresh and paraffin-embedded tumor sections.
Weeks 6-8: Immunoprecipitation and Western blot analysis of fresh frozen tumors.

Week 9: Statistical analysis of data.
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