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Principal Investigator: Zhang, Yan 

INTRODUCTION 

This grant was originally awarded to Ian Jongewaard and was transferred to me. Along 
with the transfer of the award, I took a slightly different research direction. My revised 
statement of work was submitted and approved in December 1998. 

I hypothesized that: 
• there are substantial differences in the plasma membrane complement of 

metastatic vs. non-metastatic tumor cells 
• there are substantial differences in the plasma membrane complement of 

adherent vs non-adherent tumor cells 

My objectives were 
• to use the techniques of two-dimensional polyacrylamide gel electrophoresis 

(2D-PAGE) and mass spectrometry to identify those plasma membrane 
proteins that were differentially expressed between metastatic and non- 
metastatic tumor cells and between adherent and non-adherent cells 

• to use the technique of antibody phage display technology to identify cell 
surface proteins that differ in expression between the metastatic and non- 
metastatic cells. 

The intention of my research was to gain a better understanding of the molecular 
mechanisms that govern metastasis. In addition, I hoped to identify new diagnostic 
markers or potential drug targets that might have significant value in treating breast 
cancer. 
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BODY 

Here I describe my efforts as they relate to the revised Statement of Work which was approved 
when this research grant was transferred to me in December of 1998. As you will see, my 
emphasis has been on Aims Three and Four. 

Aim One: 
Compare the protein expression maps of tumor cells grown in suspension vs. tumor cells 
adherent to RGD ligand. 

Task 1. Grow breast cancer cells in suspension and adherent to RGD ligand. Purify plasma 
membranes using colloidal silica and extract proteins using Urea. 

Status: Not initiated 

Task 2. Run two dimensional acrylamide gels to separate plasma membrane proteins. Set up the 
electrophoresis system such that at least 500 protein spots can be distinguished on all gels. Use 
computer software to assess similarities and differences among the two culture conditions. 

Status: Not initiated 

Aim Two: 
Identify plasma membrane proteins that differ in expression level among adherent vs. non- 
adherent breast cancer cells. 

Task 1. Extract from the 2D gels protein spots that differ between the two conditions and digest 
them with trypsin. Subject the digest to analysis with MALDI TOF mass spectrometry. Use 
these peptide mass signatures to identify the proteins of interest from computer databases 
(SwissProt etc.). 

Status: Not initiated 

Aim Three: 
Generate two-dimensional maps of protein expression in metastatic and non-metastatic tumor 
cells. 

Task 1. Grow non-metastatic and metastatic MDA-MB-435 breast cancer cells that have been 
isolated and characterized in this laboratory. 

Status: Completed 

Results: Three breast carcinoma cell lines with different metastatic potential were cultured. The 
cell lines were, MDA-MB-435, which is highly metastatic, and MCF-7 and MDA-MB-231, 
which are non-metastatic. 
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Task 2. Purify plasma membrane proteins from the two cell types, extract proteins and analyze 
the protein complement on 2D gels. 

Status: Completed 

Results: 
• Two-dimensional protein expression maps were generated from the plasma membrane 

proteins of the three breast cancer cell lines. On average, 376 polypeptide spots were 
resolved on each of the 2D gels. 

• The 2D gels were analyzed using Image Master software (Amersham Pharmacia Biotech). 
Calculation of % similarity in plasma membrane protein expression showed that 56% of the 
polpeptide spots matched between MCF-7 and MDA-MB-231 (two non-metastatic breast 
cancer cell lines), whereas only 42% of the polypeptide spots were the same between MCF-7 
and MDA-MB-435 (metastatic vs non-metastatic breast cancer cell lines). 

• In order to characterize the differential expression of protein between the metastatic and non- 
metastatic cells, lists and gel images were generated to describe all polypeptide spots that 
were present in the gel of the metastatic cell line and not in the non-metastatic cell lines and 
visa versa. Eighty-one polypeptide spots were found to be unique to the 2D gel of the 
metastatic cell line, and eighty polypeptide spots were found to be present in the 2D gels of 
the non-metastatic cell lines, yet absent in that of the metastatic cell line. 

Limitations: While analyzing the 2D gels using the commercially available software, it became 
evident that considerable operator participation was necessary to ensure proper selection of 
individual spots and proper spot-matching between gels. Infact, I've often seen it stated in the 
literature that operator verification occurred during computer analysis of 2D-gel spot patterns. 
The spot-matching and subsequent analysis could have been completed more quickly had the 
software been capable of independent analysis. 

Aim Four 
Identify plasma membrane proteins that differ in expression between metastatic and non- 
metastatic breast cancer cells. 

Task 1. Extract from the 2D gels protein spots that differ between the two conditions and digest 
them with trypsin. Subject the digest to analysis with MALDI TOF mass spectrometry. Use 
these peptide mass signatures to identify the proteins of interest from computer databases. 

Status: Completed 

Results: 
• Numerous polypeptide spots, differentially expressed between the metastatic and non- 

metastatic cell lines, have been excised from the 2D gels and frozen in preparation for 
identification. 
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• Five proteins that are unique to the 2D gel of the metastatic cell line have been identified. 
These proteins are: 

Galectin-1 
Eukaryotic translation initiation factor 3—subunit 5   (eIF3-p47) 
alpha synuclein 
alpha enolase 
AAD27784 (Sptremlnew)    uncharacterized gene 

I am encouraged by my results because one of the proteins that I have identified, galectin-1, has 
previously been cited in the literature as having a potential role in tumor progression (1-3). In 
addition, several other proteins that I have identified, eIF3-p47 and alpha synuclein, have close 
family members that have been cited as being involved in tumor progression (4-8). This 
suggests that the proteins that I have identified should also be investigated for a potential role in 
metastasis. The fact that I have identified a protein (AAD27784) that has not yet been 
characterized, and whose function has not been reported in the literature, has potentially exciting 
consequences. 

Limitations: Unfortunately, a large number of the differentially expressed polypeptide spots are 
feared to be of too low an abundance (lightly silver-stained) to be identifiable by our current 
MALDI-TOF mass spectrometry methods. However, a mass spectrometer with increased 
sensitivity will be introduced to the Burnham Institute within the next couple of months, 
allowing for possible identification of these proteins in the near future. 

Note: Aim Four had been expanded (see annual summary report covering July 1 1998-June 30 
1999) to include an additional methodology, antibody library phage display, for identifying the 
plasma membrane proteins that differ in expression between metastatic and non-metastatic breast 
cancer cells. The inclusion of this technique is of great importance in characterizing this 
difference in plasma membrane protein expression because it became apparent during my study 
that current 2D gel technology, despite improvements in protein solubility, is still inadequate at 
representing hydrophobic transmembrane proteins. 

Status: Initiated 

Results: 
• Using techniques similar to those described in the literature (9-12), I have constructed phage 

display single chain variable fragment (scFv) antibody libraries to the plasma membrane 
proteins of MCF-7 cells (non-metastatic) and MDA-MB-435 cells (highly metastatic). The 
number of independent transformants are 5.7 x 109 for the library against MCF-7 cells and 
2.7 x 109 for the library against MDA-MB-435 cells. These values ensure that the 
representation of pairs of variable fragment antibodies against numerous antigens is very 
high and the chance of obtaining high affinity antibodies is also increased. 

• Using antibodies against the Flag epitope and the pill protein, I have confirmed by Western 
Blot that the fusion protein (pIII-scFv-Flag, -lOOkD) is present on the surface of the phage. 
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Using intact cell-based panning methods described in the literature (17), I have selected for 
subsets of scFv antibodies that recognize antigens on the surface of MCF-7 cells and MDA- 
MB-435 cells. Flow cytometry studies confirmed that these modified phage display scFv 
antibody libraries (enriched for antibodies to cell-surface proteins) are displaying antibodies 
that are capable of binding to proteins at the surface of the corresponding cell line. 

I have used flow cytometry to evaluate individual scFv phages from these cell-surface scFv 
antibody libraries in order to identify those that are displaying antibodies to unique proteins 
of either cell line. Although I have just begun this effort, I have already identified one scFv 
antibody that is unique to the metastatic MDA-MB-435 cells. I have sequenced the scFv 
antibody code sequence, and I am in the process of subcloning and expressing a soluble form 
of this scFv antibody which will be used for identifying the corresponding cell surface 
protein. 
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KEY RESEARCH ACCOMPLISHMENTS 

• I generated two-dimensional polypeptide expression maps from the plasma membrane 
proteins of three breast cancer cell lines of differing degrees of invasiveness. 

• Through analysis of the two-dimensional polypeptide expression maps, I demonstrated that 
the two non-metastatic cell lines (MCF-7 and MDA-MB-231) displayed 56% similarity in 
their proteins, whereas MCF-7 and the highly metastatic cell line, MDA-MB-435, displayed 
42% similarity in their proteins. 

• 

• 

I generated a list and gel image describing eighty-one polypeptide spots that were unique to 
the 2D gel of the MDA-MB-435 cells. 

I generated lists and gel images describing eighty polypeptide spots that were present in the 
2D gels of the non-metastatic cell lines, yet absent in that of the metastatic cell line. 

•    I excised and froze numerous gel pieces containing polypeptides that showed differential 
expression between metastatic and non-metastatic cell lines. 

• Using mass spectrometry, I identified five proteins that were uniquely present in the 2D gel 
of the metastatic cell line. 

• I created phage display scFv antibody libraries of high complexity to the plasma membrane 
proteins of MCF-7 and MDA-MB-435 cells. 

• I demonstrated by Western Blot that the fusion protein (pIII-scFv-Flag, ~100kD) is present 
on the surface of the phage. 

• Using intact cell-panning methods, I successfully enriched my scFv antibody library for 
phage clones displaying antibody to cell surface proteins of MCF-7 and MDA-MB-435 cells. 

• By flow cytometry, I identified an individual phage clone that is displaying a scFv antibody 
that recognizes an antigen unique to the surface of the metastatic breast carcinoma cell line, 
MDA-MB-435. 

10 
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REPORTABLE OUTCOMES 

•    Manuscript: 
Harvey, S., Zhang, Y., Miller, C, and Smith, J.W. Charting the Plasma Membrane Signature 
of Invasive Breast Cancer. (In preparation) 

Note: upon completion of the above mentioned manuscript, copies will be forwarded to the 
USAMRMC. 

11 
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CONCLUSIONS 

The objectives of my study were: 
• to use the techniques of two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) and 

mass spectrometry to identify those plasma membrane proteins that were differentially 
expressed between metastatic and non-metastatic tumor cells. 

• to use the technique of antibody phage display technology to identify cell surface proteins 
that differ in expression between the metastatic and non-metastatic cells. 

I believe that I was successful in my pursuit of these objectives. The 2D-PAGE allowed me to 
visualize the differential polypeptide expression pattern between the metastatic (MDA-MB-435), 
and non-metastatic (MDA-MB-231 and MCF-7) breast cancer cell lines, and MALDI-TOF mass 
spectrometry allowed me to identify some of the proteins that were either common to all cell 
lines or that were unique to the metastatic cell line. One limitation that I encountered during the 
protein identification phase of my work was that many of the polypeptide spots were very low in 
abundance and could not be identified using our MALDI-TOF mass spectrometer instrument. 
Fortunately, a nanoelectrospray mass spectrometer has recently been acquired which should help 
with additional protein identifications. The identification of the proteins that are potentially 
relevant to tumor progression has important implications for increasing the understanding of the 
molecular mechanisms that govern metastasis. The fact that my approach addresses global 
protein changes rather than that of just a single protein, is of particular importance in increasing 
the understanding of such a multifactorial process as cancer progression. 

While performing MALDI-TOF mass spectrometry on a variety of proteins from the 2D gels, it 
became evident that a large percentage of the proteins represented on the gel were plasma 
membrane associated proteins (either at the cell surface or at the cytoplasmic side) and not 
membrane-spanning proteins. Transmembrane proteins, containing multiple hydrophobic 
domains, are more difficult to solubilize in the water-based buffers required for 2D 
electrophoresis. Although the composition of my solubilization buffer included the most recent 
advances towards protein solubility, the representation of highly hydrophobic proteins on 2D 
gels continues to be limited. 

As an additional methodology for identifying cell-surface proteins (including transmembrane 
proteins) that differ in expression between the metastatic and non-metastatic cells I used the 
technique of antibody phage display. Although this effort has just begun, I have already 
identified an individual phage clone which expresses a scFv antibody to a protein that is unique 
to the metastatic cell line. This finding has important diagnostic and therapeutic implications. 
These scFv antibodies are, in essence, probes that can be used to identify disease-related cell 
surface markers, or as therapeutic targets. 

12 
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