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Introduction 
Cell contact with the extracellular matrix governs several key aspects in the 

progression of breast cancer which include two key steps in the progression of breast 
cancer, tumor invasion and angiogenesis. One adhesion receptor that has been strongly 
implicated in both processes is the avß3 integrin. This receptor mediates cell adhesion 
and migration on a number of extracellular matrix proteins, and is a well-established 
requirement for both metastasis and angiogenesis. avp3 binds to the arginine-glycine- 
aspartic acid (RGD) tripeptide motif in its natural ligands, and small synthetic peptides 
incorporating this motif interfere with both tumor-associated angiogenesis and tumor 
metastasis using in vitro model systems. There are still several obstacles to overcome if 
we are to effectively apply antagonists of 0^3 to thwart tumor progression in humans. 
The objective of this study is to design and synthesize a novel and highly potent 
antagonist of avß3 by incorporating our knowledge of the integrin's ligand-binding 
pocket. A considerable body of evidence indicates avß3 binds to its ligands via a ternary 
complex with receptor-bound divalent metal ion (Mg2+ or Mn2+). Therefore, I propose to 
synthesize RGD-like peptides in which the carboxyl group of the key aspartate has been 
changed to a hydroxamate. I hypothesize that the hydroxamate-based peptides will make 
a bidentate contact with receptor-bound metal ion, displacing a water molecule within the 
ion's coordination sphere. 

Changes from Proposed Statement of Work. 
The attempts to derivatize GRGDSP on solid phase were unsuccessful due to 

diketopiperazine formation so a less functionalized starting peptide was proposed and 
synthesized. The decision to derivatization RGDV was made and the synthesis was 
successful. Enough of the unnatural peptide was made for full characterization and 
biological testing. 

The second change from the statement of work is the iodinated ligand used in the 
solid phase binding assays, both in vivo and in vitro. Instead of Fab-9, the optimized 
antibody, the natural ligand, vitronectin, was used instead. 

Training. 
I learned solid phase synthesis to make the RGDV peptide and the hydroxamic 

derivative of the RGDV. I used HPLC purification techniques to purify the peptides and 
compounds. MALDI-TOF, NMR, and IR were employed to characterize the peptides. I 
also used in vitro and in vivo solid phase binding assays to test the efficacy of my 
compounds in inhibition of ocvß3 binding to one of its natural ligands, vitronectin. In the 
in vivo assays, I tested how well my natural and unnatural peptides blocked MDA-MB- 
435 cancer cell line binding to vitronectin coated on 96-well plates. The skills of 
synthesis, purification and assaying are pertinent skills in order for me to perform further 
studies in the chemistry of breast cancer. 

Ligand Binding and Inhibition Studies. 
The ability of the unnatural hydroxamic acid derivative of the RGD peptide to 

antagonize the binding of avß3 to vitronectin was compared to the ability of natural 
RGD peptides in purified-receptor binding assays.   Radiolabelled vitronectin was used 
at concentrations of 1 nM and binding was contested with unlabelled peptide and peptide- 
derivatives. After a 3 hour incubation, unbound vitronectin was removed by washing and 



bound vitronectin detected by gamma counting. Two different ion conditions are used in 
these assays, 1.0 mM Mg2+ and 0.2 mM Mg2+. 1.0 mM Ca2+ was also used but no 
inhibition by RGD or the hydroxamic acid was seen. The data from this analysis is 
highly reproducible and all data are expressed as the average of triplicate data points. All 
experiments were repeated at least five times in each ion. 

For the cell-binding assays, MDA-MB-435 breast cancer cell line is used on a 
polypropylene 96-well plate coated overnight with vitronectin. The cells are added with 
no inhibitor, RGD inhibitor or a hydroxamic acid derivative inhibitor and allowed to 
adhere at 37°C for an hour before washing with PBS to remove cells that did not attach. 
Then lysis buffer is added to each well and the plate is again incubated for an hour at 
37°C to open the cell membranes. 1 N NaOH is then added to stop the reaction and 
facilitate the development of color and the plate is then read at 405 nm on a microplate 
reader. These cell-adhesion experiments are done with 250 |iM or 500 uM final 
concentrations of inhibitors. 

Results. 
Synthesis: 

Both solid and solution phase synthesis of the peptides and peptide-based 
hydroxamic acid compounds were explored.   Solid-phase peptide synthesis was 
ultimately used to synthesize RGDV, RGD(HA)V, GRGDSP, and GD(HA)RV. A 
combination of solid and solution phase synthesis was also explored, with the solution 
phase synthesis of the Fmoc-D(HA)-OH from Fmoc-D-OtBu and coupling of the 
unnatural amino acid to the rest of the peptide on solid phase. The method that ultimately 
led to the desired products was the "reverse coupling" method after selective deprotection 
of the side chain of aspartic acid. In the "reverse coupling" method, the activated 
carboxylic acid is on the resin, in this case the side chain of the aspartic acid, and the 
amine is in solution. In SPPS the peptide is synthesized from the N-terminus to the C- 
terminus, with excess activated carboxylic acid in solution and the free amine on the 
resin. 

Assay data: 
After synthesis of the hydroxamic acid compounds, the inhibitory activity of each 

is tested in the competition assay described above with iodinated vitronectin and the 
inhibitor. The inhibitory capacity of the hydroxamic acid derivative of RGD is less than 
that of the positive control of natural RGD peptides. The negative control, the scrambled 
RGD hydroxamic acid derivative, does not show any inhibitory activity suggesting that 
the hydroxamic acid still goes through the same association mechanism as the natural 
RGD peptide. The IC50 of the RGD compounds stayed at 100 nM in both Mg2+ and 
Mn2+, however, the hydroxamic acid derivative seems to show a slight preference for 
binding in Mn2+. The IC50 in Mn2+ is 3000 nM, about three times less than the 10,000 
nM seen in Mg2+. 



Inhibition of VitronecOn Binding to avb3 in 0.2 mM Manganese bn by 
RGDand RGD Hydroxamic Acids 
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Figure 1 GRGDSP is an optimized natural RGD sequence against vitronectin binding to ccvß3. The 
hydroxamic acid derivative of RGD does inhibit the binding of vitronectin to ccvß3 but the scrambled 
hydroxamic acid does not, in the same manner that scrambled RGD peptides do not inhibit the interaction 
of vitronectin to integrins. This experiment was done in triplicate and the results shown is representative of 
the results from all experiments. 

After the solid phase binding assay with purified proteins, a system of in vivo 
testing for the activity of the hydroxamic acids is used. In in vivo systems the 
hydroxamic acid derivative of RGD is also active in inhibiting the binding of a cell-line 
that over-expresses avß3, the MDA-MB-435 cells, but at a concentration that is one 
order of magnitude higher than the RGD peptides. The scrambled RGD hydroxamic acid 
shows slightly greater than total binding and the RGD hydroxamic acid shows 
approximately 40% of total binding. RGDV and GRGDSP show less than 20% of total 
binding that is consistent with the data seen before in the purified in vitro system. 

1.4- 

1.2 

0.8- 

0.6 

0.4- 

0.2 

 .L 

lllllllll 

Absorbance at 405 nM 

■ 250 mM GRGDSP   ■ 250 mM RGDV 
B 500 mM GD(HAPV ■ Total Binding 

□ 500 mM RGD(HAV 

Figure 2 Cell binding assay with the MDA-MC-435 breast cancer cell line to vitronectin indicates the 
hydroxamic acid is also effective in an in vivo assay. The positive controls of GRGDSP, RGDV inhibit cell 
binding to less than 20% of total binding and the RGD(HA)V to approximately 40%. The negative control 
of the scrambled RGD(HA) shows no inhibition of cell binding to vitronectin. 

Discussion 
The data in Figure 4 show comparative inhibition between the RGD peptides and 

the hydroxamic acids in a purified receptor assay. GRGDSP is the best inhibitor of 
vitronectin binding to avß3 followed by 
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RGDV. These positive controls take the binding of iodinated vitronectin to ocvß3 to 
background at less than 100 nM. Inhibiting at a higher concentration than the natural 
RGD inhibitors is RGD(HA)V, showing that hydroxamic acid derived RGD do bind to 
avß3 but it does not bring the binding to background until 50,000 nM . The negative 
control, GD(HA)RV, does not show any inhibition of avß3 binding to vitronectin; the 
level of vitronectin binding remains at total binding, or binding of the two proteins with 
no inhibitors present. The data from the purified receptor assay prompted us to explore 
an in vivo assay with a cell line that over-expresses ocvß3; the cell line chosen was the 
MDA-MC-435 cell line. 

The in vivo assay of the inhibition of breast cancer cell line MDA-MC-435 
binding to vitronectin shows the in vivo data is consistent with the purified receptor 
assays of vitronectin binding to ocvß3. The most effective inhibitors are still the RGD 
peptides followed by the RGD derived hydroxamic acid inhibitor. The negative control 
hydroxamic acid, GD(HA)RV, shows it is not the presence of hydroxamic acid that 
causes the inhibition but is the combination of the amino acid sequence RG and the 
hydroxamate modified D that is responsible for the binding. 

Conclusion 
The hydroxamic acid derived RGD does not bind with stronger affinity to avß3 

when compared to the natural RGD peptides. The inhibition is based on a combination of 
the amino acid sequence RGD and the hydroxamic acid side chain on D because 
GD(HA)RV, the scrambled RGD(HA) does not show inhibtion of vitronectin binding to 
avß3 in either the in vitro or the in vivo assay. The conclusion of this study is 
hydroxamic acids interact differently with the active site of ccvß3, perhaps in a bidentate 
fashion. Crystallographic studies of the interaction of RGD(HA)V with I-domains are 
underway and further structural information should become available in the near future. 



Research Accomplishments 
Design, Synthesis and Study of Cell Adhesion Antagonists: 
Hydroxamate-Based Peptide Inhibitors of the ocvß3 Integrin 

Taskl.   Synthesize RGD*(hydroxamate)V, Months 1-2 
a. Use traditional SPPS to synthesize peptide with unnatural side-chain 
b. Purify the RGD(hydroxamate)V with HPLC 
c. Characterize the purified fractions by NMR and mass spectrometry 

Task 2.   Test RGD*(hydroxamate)V, Months 3-13 
a. Use RGD*(hydroxamate)V in competitive solid phase binding assay 

with purified ocvß3 and iodinated vitronectin 
b. Compare RGD*(hydroxamate)V solid phase binding assay data with 

GRGDSP and RGDV as inhibitor 
c. Change ion conditions of binding assays and test for difference in 

affinity 

Reportable Outcomes 

1.   A manuscript is being prepared for submission to a peer-reviewed journal with the 
findings stated in the summary. 


