
AD 

Award Number:  DAMD17-03-1-0624 

TITLE:  INT6 is a Potential Tumor Suppressor for Breast Cancer 

PRINCIPAL INVESTIGATOR:  Eric C. Chang, Ph.D. 

CONTRACTING ORGANIZATION:  Baylor College of Medicine 
Houston, TX  7703 0 

REPORT DATE:  February 2 004 

TYPE OF REPORT:  Annual 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

20040706 083 



REPORT DOCUMENTATION PAGE 
Form Approved 

0MB No. 074-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed, and completing and reviewing this collection of information. Send comments reganling this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Washington Headquarters Services, Directorate for Infonnation Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY 
(Leave blank) 

2. REPORT DATE 
February 20 04 

3. REPORT TYPE AND DATES COVERED 
Annual   (1 Aug  2003   -   31  Jan  2004) 

4. TITLE AND SUBTITLE 

INT6 is a Potential Tumor Suppressor for Breast Cancer 

6. AUTHOR(S) 

Eric  C.   Chang,   Ph.D. 

5.  FUNDING NUMBERS 

DAMD17-03-1-0624 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Baylor College of Medicine 
Houston, TX  77030 

E-Mail:  echangObreastcenter. tmc. edu 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.  SPONSORING / MONITORING 
AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland  21702-5012 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for Public Release; Distribution Unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 

This project tests the hypothesis that Int6 regulates the 26s proteasome and acts as a 
tumor suppressor for breast cancer.  With the support of this grant, we were able to 
complete a number of studies in a genetic model system (yeast), thus firmly establishing 
the fact that Int6 regulates the proteasome.  To further our studies in mammalian cells, 
the key experiment proposed in this project period is to create cell lines in which Int6 
can be inactivated.  The most direct and powerful way of doing this is to use RNAi to 
knock-down INT6  expression.  We have started testing several oligos but so far have not 
yet successfully knocked down INT6 expression.  To properly detect INT6 expression, we 
have obtained two antibodies against Int6 from colleagues.  In the mean time, we have made 
anti peptide antibody against Int6 and are further improving its specificity for 
immunoblots.  As an alternative approach to inactivate Int6 activities, we are 
constructing cell lines that express C-terminally truncated Int6, which may be dominant 
negative.  We are performing RT-PCR now to screen a number of clones that may stably 

express these proteins. 

14. SUBJECT TERMS 
Chromosome, instability, Genetic instability, tumor suppressor gene, 
proteasome, anaphase, and INT  genes 

15. NUMBER OF PAGES 
9 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover 1 

SF298  2 

Table of Contents     3 

Introduction  4 

Body 4 

Key Research Accomplishments 5 

Reportable Outcomes 6 

Conclusions 6 

References 6 

Appendices 7 

Figure 1-3. 



INTRODUCTION 

The INT6 gene was first isolated in a screen using the mouse mammary tumor virus as an insertional mutagen to 
seek genes that are important for breast cancer formation. This proposal tests a hypothesis that Int6 regulates 
the function of the 26S proteasome, which functions to degrade growth regulatory proteins in an ubiquitin- 
dependent fashion. We envision that when INT6 functions are inactivated, the proteasome may be weakened to 
lead to accumulation of regulatory proteins, some of which are key players in the control of cell cycle and 
chromosome segregation. Deregulation of the cell cycle and chromosome stability are powerful factors in 
tumorigenesis. Our specific aims are to investigate whether altering Int6 function can influence (1) proteasome 
functioning and (2) chromosome segregation in human mammary epithelial cells. 

REPORT BODY 

Task 1: Generate cell lines with reduced INT6 levels 

a. Int6 antibody production 

Two published antisera were obtained from colleagues (Desbois et al., 1996; Rasmussen et al., 2001), and used 
in pilot experiments to examine protein expression levels. We have started making our own by asking a 
company to design the peptide for generating rabbit antibodies. Figure 1 shows the results of our ongoing 
experiment examining the quality of a test bleed that we just received. While our current antibody is not yet as 
specific as we would like, it does recognize a HA-tagged Int6 when over expressed in a ym6 null yeast strain. 
We expect the quality of the antibody to improve as the antibody titer increases after further boosting. We will 
also test the antibody using lysates prepared from human cells containing overexpressed MYC-Int6 (see below). 
Once we thoroughly tested the quality of the final antibody, we will decide whether it is necessary to affinity 
purify it. 

b. and c. Test candidate DNA sequences for INT6 knock-down 

We have synthesized 3 different dsRNAs against different regions of the human INT6 coding sequence, and 
tested them for their ability to suppress endogenous INT6 expression in HeLa cells, when transfected by 
lipofection. The cell lysates were then analyzed using Int6 antibodies from our colleagues. At first glance, it 
appears that our dsRNAs did not knock down Int6 expression (Figure 2); however, there are reasons to 
speculate that the antibodies are picking up a nonspecific band in Western blots. We are therefore adjusting 
our strategy as follows: 

1) Since we are constrained by the availability and quality of exogenous antibodies to Int6, we have 
started to generate our own antisera (see above). It is possible that the currently available antiserum crossreacts 
with a distinct protein of similar molecular weight as the endogenous wt Int6 protein. We have also built an 
expression vector that will express a MYC-tagged Int6 protein (see below) so we can use highly specific 
antibody to monitor the effectiveness of RNAi. 

2) We have started to clone additional oligonucleotides downstream of a polIII promoter, that will drive 
transcription of small hairpin RNAs (shRNA). These will be expressed endogenously in transfected cells (as 
opposed to RNA transfection). 

Alternative approach for inactivating Int6 



In case RNAi does not work, we have proposed an alternative approach to inactivate Int6 functions in Task 1 by 
expressing a C-terminally truncated Int6 protein, Int6AC. This is designed to mimic the expected protein 
produced as a resuh of MMTV insertion into the INT6 locus (Marchetti et al., 1995). Both the wt and mutant 
Int6 proteins have been tagged with a N-terminal MYC-tag. 

We have successfully generated stable pools of 3T3 as well as MCFIOA (human mammary epithelial, Figure 3) 
cells infected with these retroviruses. Whereas expression of the tagged wt protein was easily detectable in 
these pools, we have consistently failed to express detectable levels of Int6AC (e.g., Int6-1139). While this has 
created a technical hurdle, this result is perhaps not unexpected given the experience of others in the field 
(Mayeur and Hershey, 2002; Rasmussen et al., 2001). To more efficiently isolate clones that express Int6AC, 
we are taking the following measures: 

1) We are starting to use RT-PCR as a more sensitive assay (as compared to immunoblotting) for 
detecting expression of Int6AC. The use of primers specific to the MYC-tag will allow specific detection of the 
ectopic protein as compared to the endogenous one. By comparing mRNA levels for the exogenously 
transfected wt and mutant proteins, we will be able to determine: 

a. Which clones are positive for Int6AC; positive and negative clones will then be compared in terms of 
anchorage independence and other phenotypic parameters (e.g. proteasome functions), even if our detection 
methods lack the sensitivity to detect the protein. 

b. Whether the difference in expression between wl; and mutant transfected protein occurs at the mRNA 
or protein levels. 

2) To avoid the possibility of selection against Int6AC in pools of infected MCFIOA cells, we have also 
isolated 12 individual clones. These clones will also be analyzed by RT-PCR, as outlined above. 

Task 3: Analyze genetic stability in engineered cells 

a. Pilot experiments: 

We have set up the culture system for normal human mammary epithelial cells (HMECs). Moreover, we have 
successfully performed pilot experiments to test the feasibility of the assay that will be needed. Initial efforts 
using 293 cells as the recipients for transfection were unsatisfactory, due to the strong tendency of these cells to 
lift off the substrate during the processing steps of the immunostaining procedure. The small cytoplasm of these 
cells also complicates visualization of the microtubule cytoskeleton and spindle. Both problems were solved by 
switching to HeLa cells. In these cells, we observed robust staining, revealing the characteristic pattern of the 
interphase microtubule network, and were able to detect the mitotic spindle with exquisite resolution. The high 
quality of the stain makes us confident that we will be able to use these assays effectively as soon as we are able 
to suppress endogenous Int6 expression. 

KEY RESEARCH ACCOMPLISHMENTS: 

1. We have obtained polyclonal anti-Int6 antibody (Figure 1). 

2. We have created stable cell lines that express MYC-tagged Int6. This will facilitate the screen for effective 
RNAi (Figure 2). 

3. We have also created cell lines that may express Int6AC, which may be dominant negative to interfere with 
endogenous Int6 functions (Figure 3). 



REPORT ABLE OUTCOMES: 
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CONCLUSION: 

This project tests the hypothesis that Int6 regulates the 26s proteasome and acts as a tumor suppressor for breast 
cancer. With the support of this grant, we were able to complete a number of studies in a genetic model system 
(yeast), thus firmly establishing the fact that Int6 regulates the proteasome. To further our studies in 
mammalian cells, the key experiment proposed in this project period is to create mammalian cell lines in which 
Int6 can be inactivated. The most direct and powerful way of doing this is to use RNAi to knock-down INT6 
expression. We have started testing several oligos but so far have not yet successfully knocked down INT6 
expression. To properly detect INT6 expression, we have obtained two antibodies against Int6 from colleagues. 
In the mean time, we have made anti peptide antibody against Int6 and are further improving its specificity for 
immunoblots. As an alternative approach to inactivate Int6 activities, we are constructing cell lines that express 
C-terminally truncated Int6, which may be dominant negative. We are performing RT-PCR now to screen a 
number of clones that may stably express these proteins. 
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