Award Number: DAMD17-03-1-0646
TITLE: Rational Design of Rho Protein Inhibitors

PRINCIPAL INVESTIGATOR: Rafael J. Rojas

CONTRACTING ORGANIZATION: University of North Carolina
at Chapel Hill
Chapel Hill, North Carolina 27599-4100

REPORT DATE: September 2004
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. '

20050030 024



REPORT DOCUMENTATION PAGE MBS s

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 nﬁintainlng
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 Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arington, VA 22202-4302, and to the Office of

Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503
3. REPORT TYPE AND DATES COVERED

1. AGENCY USE ONLY 2. REPORT DATE
Annual Summary (18 Aug 2003 - 17 Aug 2004)

{Leave blank) September 2004 -
5. FUNDING NUMBERS

4. TITLE AND SUBTITLE
Rational Design of Rho Protein Inhibitors DAMD17-03-1-0646

6. AUTHOR(S)
Rafael J. Rojas

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
University of North Carolina at Chapel Hill
Chapel Hill, North Carolina 27599-4100

8. PERFORMING ORGANIZATION
REPORT NUMBER

E-Mail: rjrojas@med.unc.edu

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

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

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

71. SUPPLEMENTARY NOTES

72a. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

12b. DISTRIBUTION CODE

13. ABSTRACT {Maximum 200 Word's) ) :
Rho GTPases are molecular switches that fluctuate between on and off states. When active,
these proteins function to remodel the actin cytoskeleton by interacting with a number of
downstream effector molecules. Recent studies have linked the activation of Rho GTPases with
the acquisition of a metastatic phenotype in many types of cancers including inflammatory breast
cancer (IBC). This proposal incorporates a rational approach to target these signaling proteins
using small molecule inhibitors that would interfere with their ability to become activated by Rho
family guanine nucleotide exchange factors (RhoGEFs). Our strategy incorporates both virtual,
structure-based screening and a complementary high throughput drug screen to identify small
molecule inhibitors that interfere with Rho GTPase activation and signal transduction. Any
inhibitors identified through this research can serve as useful tools for studying Rho-mediated
signal transduction cascades and may lead to the development of novel cancer therapeutics.

14. SU&IECT TERMS 15. NUMBER OF PAGES
Drug discovery, signal transduction, pharmacology _ S 10

16. PRICE CODE

77. SECURITY CLASSIFICATION
OF REPORT
Unclassified

718. 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. 239-18
298-102




Key Research Accomplishments..........occiiiiiiiiiniiiiininnin e,

Reportable OUECOMES......c.civieiiiiiiiiniii s 8

(090 Y 8 T3 113 1o Y 2 -3 8

RO O O C S e iutiiierrinsstrsersersarerenssssosseesssesssssessaassssaasssnsrssnsrsssasssenssssonnen 9

Y o3 o1 4 Lo oY e

Table of Contents
GOV et uetniitetiennriansantsenceanetsasssnesessanssantastessssnnrasessrvasssasronsonnsnnnssnsnans 1
|
|
|
|
|
|
|
|
\




Annual Report 2004

Rafael J. Rojas

Breast Cancer Research Program Predoctoral Fellow
Proposal title: Rational Design of Rho Protein Inhibitors
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Introduction

Rho GTPases belong to the Ras superfamily of small (~21 kDa) monomeric guanine
nucleotide-binding proteins.  There are approximately 20 Rho subfamily members, the most
characterized of which are RhoA, Racl, and Cdc42. Like other guanine nucleotide binding proteins,
Rho family members are molecular switches that fluctuate between active GTP-bound and inactive
GDP-bound states. Rho GTPases are signaling molecules that can propagate signal transduction
events initiated by extracellular stimuli. For example, activation of receptor tyrosine kinases, G
protein coupled receptors, or integrin receptors results in the activation of a Rho Guanine nucleotide
Exchange Factor (RhoGEF), which facilitates the GTP-loading of specific Rho GTPases via the
catalytic Dbl-homology (DH) domain [for reviews, see 1-5]. Once GTP-bound, Rho GTPases adopt
an active conformation and are free to interact with downstream effector molecules. Rho GTPases are
mediators of actin cytoskeletal remodeling and have been linked with the acquisition of a metastatic
and invasive phenotype in several cancer types [7-19]. Recently, numerous reports have suggested that
Rho GTPase activation is an integral step during the invasion and metastasis process of a wide variety
of cancers including inflammatory breast cancer (IBC) [7-19]. Consequently, a recent issue of the
journal Breast Cancer Research and Treatment was devoted exclusively to reports describing the link
between Rho family GTPases and breast cancer progression and dissemination [7-13]. This
predoctoral fellowship encompasses a rational approach to target the oncogenic signaling properties of
Rho GTPases in order to control aberrant signaling in breast cancer as well as other diseases. Our
approach to discovering novel inhibitors of Rho protein signal transduction encompasses both
structure-based and high-throughput strategies and includes biochemical and cellular methods for
subsequent characterization of lead compounds.

Results

In silico docking: In the original statement of work proposal, Task 1 (months 1-12) was dedicated to
~ virtual docking of a compound library using RhoGEF structures recently defined by our group. A

large majority of the outlined experiments within the proposed Task 1 have been accomplished and
experiments outlined in Task 2 (months 13-19) are currently underway. Instead of using the NCI
(National Cancer Institute) compound library we have chosen to use a library consisting of
commercially available compounds provided by Ryan Scientific, because this database is of
considerably higher quality than the NCI database, more readily available, and more amendable to

virtual docking. The data output from these docking studies yields (1) minimized energy functions for
a protein-ligand interaction consisting of electrostatic and van der Waals interactions and (2) a three-
dimensional representation of the ligand in the most favorable orientation. We have completed initial
docking of the RhoGEF crystal structures of both Tiam1 (T-cell invasion and metastasis factor 1) and
Dbs (Diffuse B-cell lymphoma’s big sister) and have begun testing predicted inhibitors using an in
vitro guanine nucleotide exchange assay (described below). Figure (1) illustrates some results
obtained from in silico docking studies of Tiam1 (see below for docking methods) and computational
analysis of the ligand-binding site. By analyzing the Tiam! DH domain surface using computational
methods, as well as mutational studies (see below), a solvent accessible region was identified and used
as the query for docking studies. The biophysical properties of this region is described and pictured in
figure (la.-d.). Additionally, figure (le.) shows an example of data output from a recent Tiaml




docking study and the corresponding pharmacophore interactions made by 5 of the highest scoring
compounds. We have observed that high scoring compounds typically share similar chemical features
that make favorable interactions with the protein. We are currently determining the activity of these
' : : and other potential inhibitors.
Site-directed mutational analysis:
Residues within the DH domain of
Tiam1 were individually mutated to
determine their contribution to Racl
binding and activation (see methods
below) in order to define key
residues for small molecule
targeting.  The residues within -
Tiaml known to make contacts to
Racl in the crystal structure are
outlined in figure (2a.) with the
corresponding Racl  interaction
partner listed below each residue.
Mutations made to the Tiaml DH
domain are listed at the bottom of
figure (2b.) with experimentally
determined exchange activity and
binding affinity for Rac1 also shown
in figure (2b.). The most deleterious
mutations were also those that made
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Fig. (1) Analysis of the ligand binding region used for in silico docking

and computational analysis of predicted Tiam1 inhibitors. The solvent
accessible surface of the Tiaml DH domain was generated using
MOLCAD (Tripos) and is color-coded to indicate @.) hydrophobicity
(brown), (b.) local curvature, (¢.) H-bond donor regions (red), and (&) H-
bond acceptor regions (blue). This analysis was used to construct a query
for docking purposes shown as a cyan surface in (e.) with other regions of
the DH domain (alpha helices) shown as red tubes. Five of the highest
scoring compounds predicted to bind Tiam1 are shown overlaid onto each
other to illustrate common chemical groups that produce favorable
interactions with the protein query including Hbond acceptors, Hbond

extensive contacts to Racl in the
crystal structure.  For example,
mutation of E1047, L1194, K1195,
L1198, and NI1232, which all
displace over 50 A?, virtually
eliminated any exchange activity or
binding of Racl. Of these, K1195 is
within the closest proximity to the
solvent accessible query site used

donor, and aromatic groups. for docking purposes. We aim to

mimic the effects of these
deleterious mutations using small molecules that bind near these critical residues.

High-throughput drug screening: Virtual drug screening by means of small molecule docking is an
emerging technology that is in some ways superior to traditional methods for drug discovery, yet still
retains some drawbacks [for a review, see 6]. For example, an advantage of virtual docking is the use
of computational algorithms to take the place of expensive and time consuming high content screening.
However, a disadvantage is the reliance on computational scoring algorithms for the characterization
and ranking of potential inhibitors. For these reasons, we have also incorporated additional strategies
for the identification of small molecule inhibitors of Rho GTPase activation, namely high throughput
screening of small molecule libraries as described in the original proposal. This approach follows the
methods outlined in Task 2 and utilizes 384-well plated small molecule libraries. With the aid of our
collaborators (Ross Stein Ph.D., Laboratory for Drug Discovery in Neurodegeneration, Harvard
University), we are currently developing a 384-well high throughput format of our standard
fluorescence-based guanine nucleotide exchange assay. We are currently using this assay to screen a




small molecule library of ~30,000 compounds for inhibitors of RhoA activation by the RhoGEF Dbs.
While these studies are ongoing, our future plans are to publish details of the high throughput assay
along with assay validation and statistical parameters. Furthermore, we will characterize any inhibitors
identified using the screen using biochemical, structural, and cellular methods. As stated in the
original proposal, this high throughput screen is a complimentary approach to the virtual docking
studies. Funds provided by this predoctoral BCRP fellowship have allowed me to travel to Dr. Stein’s
lab in Boston MA, to be trained in high throughput screening technologies. This formal training has
included assay development, conversion to automated format, and statistical techniques required for
assay validation. More importantly, it has allowed me to see first hand the process behind anti-cancer
drug discovery research from conception of an ideal drug target, to development of an assay and
discovery of lead compounds.

Methods

In silico docking: Solvent accessible sites on the surface of Tiam1 DH domain were predicted using
SiteID option of Syby! (Tripos). These sites were then evaluated using structural data and mutational
analysis for their potential as a receptor query sites for docking purposes. The solvent accessible sites
chosen for docking were shown to contain residues that contact the GTPase and are critical for
nucleotide exchange shown in figure @a.). A compound library was docked first using DOCK
(UCSF) and the top 5,000 hits were then reanalyzed using using FlexX (Sybyl). The Tiam1 DH/PH —
Racl pdb file (IFOE) was modified for docking purposes by deleting the GTPase chain, removing
heteroatoms (ions, water), and changing selenomethione (MSE) to methionine in the pdb file. The
receptor query was then used to construct a surface using the program Connolly (DOCK) and sph site
points using the program Sphgen (DOCK). After adding hydrogens and assigning formal charges to
the Tiam1 DH domain using Sybyl (Tripos), a scoring grid of was calculated using Grid (DOCK).

Parameters for DOCK were standard flexible docking using a maximum of 100 configurations. The
Ryan Scientific library of compounds was used as a virtual library for docking. The 2D coordinates of
the compound library were converted into 3D mol2 files using the CONCORD standalone option in

Sybyl. The top 5,000 hits obtained from DOCK were further analyzed using the FlexX (Tripos)
docking algorithm and are currently being analyzed for activity.

Site-directed mutagenesis studies: Tiam1 point mutants were generated using a standard PCR-based
mutagenesis protocol. Proteins were produced in E. Coli and purified using standard NiNTA affinity
purification methods followed by size-exclusion chromatography. All purified proteins were first

analyzed using circular dichroism spectral methods for proper folding, then tested for exchange
activity using an in vitro guanine nucleotide exchange assay (described below) and tested for Racl

binding using surface plasmon resonance. GST-fusion Racl protein was bound to an anti GST surface
(Biacore) and Tiaml mutants were the analyte flowed over to analyze binding in a dose-dependent
manner. A GST-only surface was used as a negative control for binding, and buffer-only was
subtracted from all binding isotherms to eliminate background signal. The binding affinity for each

Tiam] mutant was then determined in triplicate by fitting each binding isotherm to a standard one site
binding model.

Guanine nucleotide exchange assays: RhoGEFs catalyze the exchange of guanine nucleotide on Rho
GTPases. In order to monitor activity of Tiaml, we performed a fluorescence-based guanine
nucleotide exchange assay, as described in [20]. Proteins were constituted in 1X exchange buffer

consisting of 10% glycerol (v/v), 20 mM Tris (pH 7.5), 150 mM NaCl, 1 mM DTT, and 10 mM

MgCh. Conditions for the cuvette-based fluorescence guanine nucleotide exchange assay consisted of
2 uM GTPase (Racl), 500nM BODIPY-conjugated GTP, and 200-400 nM RhoGEF in 1X exchange
buffer at total volume of 1,000 pL. Cuvettes were equilibrated at 20°C and stirred constantly. After
~500 sec of pre-incubation without RhoGEF, the appropriate amount of RhoGEF (Tiaml) was




manually pipetted into the reaction mixture. Fluorescence was measured in real time using a Perkin-
Elmer LS-55 with lambda.y; = 590 nm and lambda,,, = 620 nm.
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Fig. (2) Structural and mutational analysis of the Tiam1-Racl interaction reveals critical sites for activity.
a. Secondary structure representation of the Tiaml DH domain is shown in yellow with alpha helices labeled
(modified from [21]). Residues of Tiam1 that make contacts to Racl are listed in black. Underneath each Tiam1
residue number is the corresponding Racl interacting partner residue(s). These listed Racl residues are color-
coded to indicate the nature of the interaction made to Tiam1 as follows: Red, van der Waals; green, hydrogen
bonds; blue, ionic bonds; *, non-ionic side chain interactions. Solvent accessible sites on the Tiam1 surface were
predicted using SiteID (Tripos) and are shown as two colored circles; residues within these sites that make contacts
to Racl are highlighted with red lines and large bold black text. These two sites comprise the ligand binding
regions for in silico docking studies. b. Point mutations made in Tiam1 are listed at bottom with the corresponding
surface area displacement (scaled on right, A%) upon binding Racl, as determined from the crystal structure, shown
in red. The activity of each Tiam1 mutant was tested using an in vitro guanine nucleotide exchange assay, shown
in green as the percent activity compared to wild type (wt). Binding affinities for each Tiam1 point mutant were
analyzed using surface plasmon resonance (Biacore) and are also shown as percentages of wt Tiam1 in blue. A
black dashed line is shown for 100% activity or binding as a reference. The most deleterious Tiam1mutations
correlate well with residues that make extensive contacts to Racl. Additionally, two independent activating point
mutations were identified (C1051A, E1202A) which are currently being investigated.




Key Research Accomplishments
Virtual drug discovery
e Computational analysis of solvent accessible sites at the GTPase/RhoGEF interface of
Rac1/Tiam1 and RhoA/Dbs
Mutational analysis of Tiam1 residues required for binding and activating Racl
e Reformatting of the Ryan Scientific small molecule library (>300,000 compounds) for virtual
screening purposes; conversion from sdf format to mol2 3-D format
e Virtual screening of both Tiam1 and Dbs binding surface utilizing the algorithms DOCK and
FlexX
e Analysis of virtual compound hits, initiation of testing compounds for activity using a
functional guanine nucleotide exchange assay, as well as binding studies
High throughput assay development (ongoing)
e Purification of large quantities of proteins (100-300 mg each) for use in high throughput
screening and secondary studies, including Dbs, Tiam1, Sos1, RhoA, Cdc42, Racl, and H-Ras
e Conversion of a kinetic fluorescence-based guanine nucleotide exchange assay to high
throughput, automated 384-well format for drug screening purposes
¢ Initiation of a new automated 384-well formatted drug screen consisting of ~30,000 compounds
through a collaboration with Dr. Ross Stein, Laboratory for Drug Discovery in
Neurodegeneration, Harvard University

Reportable Outcomes
N/A

Conclusions

In conclusion, recent studies have further linked Rho GTPase activation to cancer progression
and acquisition of a metastatic phenotype in many types of cancers including breast cancers [7-19].
This proposal incorporates a rational approach to target these signaling proteins using small molecule
inhibitors that would interfere with their ability to become activated by RhoGEFs. To this end, we
have initiated both a virtual drug screening strategy and a high throughput approach with the aim of
identifying small molecule inhibitors that may be characterized using biochemical, as well as cellular
methods.

I have received formal training in several areas that will support my future as a cancer
researcher. This has included training in computational techniques including three dimensional
structure manipulation, virtual small molecule docking, protein purification techniques, high-
throughput assay development, and am currently being trained in X-ray crystallographic techniques for
structure determination. This training program has consisted of formal training either individually
from experts in the field either at UNC and Harvard University or in a group setting in the form of
course work and workshops. For example, I have received bioinformatics training from the director of
the UNC structural bioinformatics core facility (Brenda Temple, Ph.D.) and have also been mentored
by experts in high-throughput assay development at the Laboratory for Drug Development (Ross Stein,
Ph.D. and L An Yeh, Ph.D.). Additionally, I am currently receiving X-ray crystallographic training
from the director of the X-ray core facility at UNC (Laurie Betts, Ph.D.). This training program will
be invaluable to my development as a cancer researcher and will also aid the progression of this
project.
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