
                                       AD_________________ 
 
 
Award Number:  DAMD17-03-1-0488 
 
 
TITLE: Bioavailability of TGF-Beta in Breast Cancer 
 
 
PRINCIPAL INVESTIGATOR:   Irineu Illa-Bochaca, Ph.D.
                                                   Mary Helen Barcellos-Hoff, Ph.D. 
            
 
CONTRACTING ORGANIZATION: University of California 
                                                         Berkeley CA 94720 
         
      
 
REPORT DATE:  August 2006 
 
 
TYPE OF REPORT:  Annual Summary 
 
 
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. 
 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
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 regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY)
01/08/06 

2. REPORT TYPE
Annual Summary

3. DATES COVERED (From - To)
15 Jul 05 – 14 Jul 06

4. TITLE AND SUBTITLE 
 Bioavailability of TGF-Beta in Breast Cancer 

5a. CONTRACT NUMBER 
 

  
 

5b. GRANT NUMBER 
 DAMD17-03-1-0488 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Mary Helen Barcellos-Hoff, Ph.D.;  Irineu Illa-Bochaca, Ph.D.           

5d. PROJECT NUMBER 
 

 5e. TASK NUMBER 
 

E-Mail:   IIBochaca@lbl.gov   5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER

University of California 
Berkeley CA 94720 
 
 

 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command   

Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT 
        NUMBER(S)
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 

13. SUPPLEMENTARY NOTES
  

14. ABSTRACT  
The Transforming Growth Factor beta (TGF-b) superfamily includes three isofroms designated TGF-b1, b2 and b3. All three 
isoforms are secreted as latent complex where the TGF-b cytokine is non-covalently associated with an isoform specific 
latency-associated peptide (LAP). Mature cytokine binds cell surface receptors only after release from its LAP making 
extracellular activation a critical regulatory point for TGF-b bioavailability. Proposed activation mechanisms include proteolysis 
and conformational changes. Previous work from our laboratory showed that latent TGF-b1 (LTGF-b1) is efficiently activated 
upon exposure to reactive oxygen species (ROS).  ROS activation is restricted to the LTGF-b1 isoform. Because of the amino 
acid sequence differences between the three LAPs, we postulate that the specificity of this activation mechanism lies within 
the LAP. Furthermore, we hypothesize that the presence of a metal in the latent complex could provide a redox active center 
for this process.  Redox mediated activation provides a novel mechanism for TGF-b participation in tissues undergoing 
oxidative stress. Moreover, this would allow TGF-b1 to act both as a sensor of oxidative stress within tissues as well as a 
transducer of that signal by binding to its cellular receptors. 

15. SUBJECT TERMS
Transforming Growth Factor-beta, activation, reactive oxygen species, oxidation, tumorigenesis, metal binding, isofrom 
specificity, X-ray crystallography 
16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT

18. NUMBER 
OF PAGES

19a. NAME OF RESPONSIBLE PERSON
USAMRMC  

a. REPORT 
U 

b. ABSTRACT
U 

c. THIS PAGE
U 

 
UU 

 
16 

19b. TELEPHONE NUMBER (include area 
code)
 

 Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18

mailto:IIBochaca@lbl.gov


 

3 

 
 
 

Table of Contents 
 
 

 
Cover……………………………………………………………………………………1 

 
SF 298……………………………………………………………………………..……2 

 

Introduction…………………………………………………………….…………....4 

 

Body…………………………………………………………………………………….4 

 

Key Research Accomplishments………………………………………….………6 

 

Reportable Outcomes……………………………………………………………….6 

 

Conclusions…………………………………………………………………………..n/a 

 

References……………………………………………………………………………n/a 

 
Appendices……………………………………………………………………………7   
           



 

4 

Introduction 
The Transforming Growth Factor beta (TGF-β) superfamily includes three isoforms 

designated TGF-β1, β2 and β3. All three isoforms are secreted as latent complex where the TGF-

β cytokine is non-covalently associated with an isoform specific latency-associated peptide 

(LAP). Mature cytokine binds cell surface receptors only after release from its LAP making 

extracellular activation a critical regulatory point for TGF-β bioavailability. Proposed activation 

mechanisms include proteolysis and conformational changes. Previous work from our laboratory 

showed that latent TGF-β1 (LTGF-β1) is efficiently activated upon exposure to reactive oxygen 

species (ROS). 

ROS activation is restricted to the LTGF-β1 isoform. Because of the amino acid sequence 

differences between the three LAPs, we postulate that the specificity of this activation 

mechanism lies within the LAP. Furthermore, we hypothesize that the presence of a metal in the 

latent complex could provide a redox active center for this process. 

Redox mediated activation provides a novel mechanism for TGF-β participation in 

tissues undergoing oxidative stress. Moreover, this would allow TGF-β1 to act both as a sensor 

of oxidative stress within tissues as well as a transducer of that signal by binding to its cellular 

receptors. 

Specific Aims: 
1. To characterize the interaction between reactive oxygen and latent TGF-β 

2. To identify and localize the redox-metal center within the latent TGF-β 

3. To determine the three-dimensional structure of latent TGF-β 

Progress: 

Aim 1. To characterize the interaction between reactive oxygen and latent TGF-ββββ 

We have collected data to show that activation by ROS is restricted to the LTGF-β1 

isoform. Due to the high degree of similarity between the amino acid sequences of the three 

cytokines (TGFβ-1, β2 and β3), it is not likely that the redox center resides within the cytokine 

region. However, amino acid sequences of the three LAPs are not highly conserved suggesting 

that the redox center specific to LTGF-β1 may reside within LAP-β1. Methionine residues are 

particularly susceptible to oxidation, and there are two non-conserved methionine residues within 

LAP-β1. In collaboration with Dr. Dan Rifkin at NYU, we have developed a series of mutants 

where methionine residues in LTGF-β1 have been mutated to alanine. These mutants have been 

transiently expressed in mammalian cells and conditioned medium has been collected and 

characterized for ROS activation using the PAI-luciferase assay to measure the amount of active 

TGF-β. Results from these experiments suggest that methionine 253 is critical in the ROS 

activation mechanism. This work has recently been accepted for publication in Radiation 

Research.  

Aim 2. To identify and localize the redox-metal center within the latent TGF-ββββ 

We conducted site-specific mutation of methionine to alanine at position 253 to generate a 

redox-insensitive LTGF-β1 (see attached, Jobling et al. 2006).  Together these data define the 
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chemical and structural determinants of a redox switch.  Substitution of alanine for methionine at 

position 253 produced functional LTGFβ1 (i.e. still activated by heat) that was no longer 

susceptible to ROS, this suggests that methionine 253 may reside at or near an oxidative center 

and its substitution with alanine disrupts the sensitivity of LAP-β to ROS activation.  

Alternatively, methionine 253 may be the direct target of the ROS where its side chain is 

oxidized leading to conformational changes resulting in the activation of LTGF-β1.  

Interestingly, although substitution of alanine for methionine at position 132, a methionine 

unique to LAP-β1, did not confer resistance to ROS mediated activation nor did the substitution 

of a conserved methionine at position 112, these two mutants were more efficiently activated by 

ROS.  Full understanding of the biochemical events triggering the oxidative switch in LAP-β1 

and how methionine 253 participates in this switch, requires further investigation. The 

observation that oxidation of LAP-β1 was reversible in a mild reducing environment has 

interesting biochemical and biological implications.  Reversibility indicates that ROS modifies 

LAP-β1 in a manner that is flexible and not denaturing and that these modifications are restricted 

events.  This hypothesis was supported by circular dichroism measurements.  Currently, we are 

pursuing experiments to elucidate the detailed structural requirements of this oxidative switch.   

These data supporting a redox switch provide further support for the potential role of 

transition metals in the latent complex. Future studies to Subject LTGF-β analogues to 

biophysical analysis to detect the presence of various metals, and degree of binding affinity, such 

as IMAC-HPLC and EPR to determine whether transition metals are involved will be carried out 

in collaboration here at LBNL and possibly with investigators at other institutions.   

Aim 3. To determine the three-dimensional structure of latent TGF-ββββ 

In collaboration with Dr. Peter Walian here at LBNL, the crystal structure of LTGF-β1 is 

being determined. Currently in the laboratory, we have a large amount of expressed and purified 

LTGF-β2. We have been using this material to test crystallization conditions. Because LTGF-βs 

are glycosylated proteins, the sugar moieties can interfere with crystallization. LTGF-β2 has 

been methodically deglycosylated in a manner that retains latency and native conformation as 

assessed by activation studies. Crystallization trials are underway to determine conditions 

necessary for crystal formation. Conditions determined for LTGF-β2 will be the starting 

conditions for crystallization of LTGF-β1.  To begin characterization of steps needed for LTGF-

β1 crystallization, we have determined that deglycosylation of LTGF-β1 does not induce 

activation, as has previously reported in the literature by others. Therefore, removal of the sugar 

moieties will be performed so that crystallization trials can begin when sufficient quantities of 

LTGF-β1 are available. In order to obtain the quantities of LTGF-β1 needed for crystallization 

studies, HEK-293 cells have been stably transfected with LTGF-β1 containing a substitution of 

cysteine 33 with alanine. This was required because LTGF-β1 can be covalently bound to latent 

TGF-β binding protein via Cys 33. Because we are expressing only LTGF-β1, this cysteine 

residue would be unpaired and potentially cause problems by forming inappropriate disulfide 

bonds. We have the capacity to scale up production of this protein to obtain the quantities needed 

for crystallization studies and we have devised a preliminary purification scheme.  
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Key Research Accomplishments 
1. Stable expression of LTGF-β1 and development of a preliminary purification scheme in 

order to obtain quantities of the protein needed for biochemical and structural studies. 

2. Deglycosylation of LTGF-β2 and LTGF-β1 in a manner that retains the latency of the 

cytokine.  This step is important in order to prepare for crystallization studies 

Reportable Outcomes 
Jobling, MF, Mott, JD, Finnegan, M.T. Jurukovski, V., Erickson, A.C., Walian, P.J., 

Taylor, S.E., Ledbetter, S., Lawrence, C.M. Rifkin, D.B. and Barcellos-Hoff, M.H. Isoform-

Specific Activation of Latent Transforming Growth Factor β (LTGF-β) by Reactive Oxygen 

Species.  Radiation Research (in press)  Proof Attached 

Additional Comments 
Since departure of Dr. Michael Jobling, Dr. Joni Mott has been overseeing the 

continuation of these experiments.  We requested a change in primary trainee, which was 

approved.   In April, Dr Irineu Illa-Bochaca arrived and began required training to work on this 

project by learning TGFβ biology.   
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