Award Number: DAMD17-99-1-9433

TITLE: Anti-Angiogenesis by a Novel VEGF-Intrakine Strategy for
Breast Cancer Therapy

PRINCIPAL INVESTIGATOR: Yurong Wheeler, Ph.D.

David Sane

CONTRACTING ORGANIZATION: Wake Forest University School of Medicine
Winston Salem, North Carolina 27157

REPORT DATE: July 2000
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.

DTIC QUALTYY Tirsmowan 4

20001124 041




REPORT DOCUMENTATION PAGE

Form Approved
OMB 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 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, Arlington, VA 22202-4302, and to the Office of

1. AGENCY USE ONLY {(Leave blank) | 2. REPORT DATE

Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503
July 2000

3. REPORT TYPE AND DATES COVERED
Annual Summary (1 Jul 99 - 30 Jun 00)

4. TITLE AND SUBTITLE

Anti-Angiogenesis by a Novel VEGF-Intrakine Strategy for

Breast Cancer Therapy

5. FUNDING NUMBERS
DAMD17-99-1-9433

6. AUTHOR(S)
Yurong Wheelexr, Ph.D.

David Sane

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

Wake Forest University School of Medicine
Winston Salem, North Carolina 27157

E-MAIL:

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)

Tumor angiogenesis plays an important role in breast cancer growth and metastasis. Vascular endothelial
growth factor (VEGF) stimulates the proliferation of endothelial cells after binding to its receptor (VEGF-
R), and is a key factor in tumor angiogenesis. The purpose of this project is to inactivate VEGF-R in
vascular endothelial cells by using an intrakine/intrabody strategy to block the cell surface receptor
expression intracellularly and thereby prevent endothelial cell proliferation. The scope of this research
involves generating various expression vectors for the VEGF-intrakine/intrabody, determining their effects
on the VEGF-R expression, developing an adeno-associated virus system for efficient transduction and
evaluating the anti-angiogenesis activity in a mouse model. So far, immunoprecipitation,

immunofluorescent and flow cytometry assays have been used to demonstrate that VEGF receptor-2 KDR
is highly expressed on the surface of HUVEC. They also demonstrated the background KDR expression,
which can be used as an important reference for future study of KDR expression after introducing VEGF-
intrakine/intrabody into the HUVEC cell line. VEGF intrakine/intrabody expression vectors have been
generated by using RT-PCR and other gene construction methods. Now the intrakine/intrabody gene can

be introduced into the cells and their anti-angiogenesis function will be studied in vitro and in vivo.

14. SUBJECT TERMS
Breast Cancer

anti-angiogenesis

vascular endothelial growth factor (VEGF) intrakine

15. NUMBER OF PAGES {1

intrabody 16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT
Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE

19. SECURITY CLASSIFICATION

20. LIMITATION OF ABSTRACT
OF ABSTRACT
Unclassified

Unlimited

Unclassified
NSN 7540-01-280-5500 ’

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
2984102




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

____ Citations of commercial organizations and trade names in this
report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

X In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals, " prepared by the Committee on Care and use of Laboratory
Animals of the Institute of Laboratory Resources, national
Research Council (NIH Publication No. 86-23, Revised 1985).

X For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

N/A In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

N/A In the conduct of research utilizing recombinant DNA, the
investigator(g) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

N/A In the conduct of research involving hazardous organisms, the
investigator (s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

\//»\/& /D\)%u,[af Oé'l?“,’loo"

PI - Signature Date

BDavd C St 6 /21(ov




Table of Contents

GOV e uiururarsrerertaseraresesssnsrsacsssssseasasessensasasasassssssssessrasssasnssresessrasssosns 1
L] i - PP PPPT 2
FOrewWord.......ceuieiiiiuiiiiiiiiiiiiiiirinniniererereetetsninesnesnentisnessasnassesssane 3
Table of Contents......iceeeiiiiiiiiiiiiiiii st s e s s r e 4
113 £ Yo 11103 (o) £ TR PPN 5
2T T 375 PP 5.6
Key Research Accomplishments........cocviiieiiiiiiiiinncnciine, 7
Reportable OUtCOMES......c.cccceveieiiiiiiiiiiiniin s s esn s e e 7
09 o 4 Tod [ T3 Lo o 1= 7
REfErENCES....vtiurcrtiriiicti it 7.8
Y o 01T 4 Lo [ XU N 0-13




(5). Introduction:

Tumor angiogenesis plays an important role in breast cancer growth and metastasis.
Vascular endothelial growth factor (VEGF) stimulates the proliferation of endothelial
cells after binding to its receptor (VEGF-R) on cell surfaces, and is a key factor in tumor
angiogenesis. The subject and scope of this research involves generating various
expression vectors for the VEGF-intrakine/intrabody and determining the effects of
VEGF-intrakine/intrabody on the VEGF-R expression on endothelial cell surfaces,
developing an adeno-associated virus system for efficient transduction of the
intrakine/intrabody gene into endothelial cells and evaluating the anti-angiogenesis and
anti-tumor activity of this intrakine/intrabody approach in a mouse model. The purpose
of this research is to inactivate VEGF-R in vascular endothelial cells by using this
intrakine/intrabody strategy and thereby prevent endothelial cell proliferation, which may
lay the groundwork for the development of a novel approach to breast cancer therapy.

(6). Body:

In order to demonstrate that KDR receptor is highly expressed on the surface of
HUVEC, we have used immunoprecipitation, immunofluorescent and flow cytometry
assays.

Figure 1 is the result of immunoprecipitation assay. In this assay, anti-KDR antibody
(Santa Cruze, sc-504), has been used to immunoprecipitate and detect KDR expression in
HUVEC (ATCC) cell lysate. Two bands, 200kDa and 230kDa appeared in both VEGF
stimulated and non-stimulated HUVEC cell lysate (Fig. 1). Only the 230kDa band is the
mature form (1).

Figure 2 is the result of the flow cytometry assay. HUVEC and EAhy.926 (an
endothelial hybrodoma cell line, a gift from Dr. Cora-Jean S. Edgell in UNC Chapel Hill)
were the two cell lines used in this assay. In this study, the experimental cell line has
been treated with mouse anti-KDR monoclonal antibody (Sigma V9134) as the 1st
antibody, and the PE-conjugated goat anti-mouse IgG as the 2" antibody. The control
cell line was treated only with the PE-conjugated goat anti-mouse IgG. Figure 2a is the
result of experiments done on the HUVEC cell line. It demonstrated that there was a
peak shift in the experimental group compared with the control group. The mean
fluorescence has moved from 27.74 to 212.55, and 98.18% of the HUVECs had high
fluorescence in experimental group, compared with only 1.37% of cells in control group.
This indicates that KDR is highly expressed on the surface of the HUVEC cell line.
Figure 2b is the result of experiments done on the EAhy.926 cell line. There was not a
big peak shift in this cell line. The mean fluorescence has only shifted from 6.38 to
10.46, which demonstrates that there is only a small amount of KDR expression on the
surface of the EAhy.926 cell line.

Figure 3 is the result of an immunofluorescent assay. The purpose of this experiment
is to study KDR expression on HUVEC, HMVC cells lines and to determine whether




hypoxia can increase KDR expression. Some previous studies demonstrated that hypoxia
decreased KDR expression (2), while others showed that KDR expression was increased
by hypoxia (3). In our experiment, both HUVEC and HMVC cell lines had been
incubated in a hypoxic incubator for 24 hours before they were incubated with anti-KDR
antibody (Sigma) as the 1* antibody and Rhotamine-conjugated anti-mouse IgG (Jackson
ImmunoResearch Laboratories) as the 2" antibody. It has been demonstrated that there
was fluorescence on both cell lines, but there was more fluorescence on normoxia treated
than hypoxia treated cell lines. This indicated that hypoxia did not increase KDR
expression.

In general, the above three experiments demonstrated that HUVEC can be used in this
project as an ideal cell line and they also demonstrated the background KDR expression,
which can be used as an important reference for future study of KDR expression after
VEGF-intrakine/intrabody is introduced into the HUVEC cell line.

In order to obtain the VEGF-intrakine gene, RT-PCR has been used to obtain the
VEGF121 gene from HL-60 cell line (ATCC). VEGF121 forward primer was: 5°- TTT,
GAA, TTC, TCG, GGC, CTC, CGA, AAC, CAT, GA -3’ and reverse primer was 5’-
TT, TCT, AGA, GGA, TCC, TCA, CCG, CCT, CGG, CTT, GTC, ACA, TC-3". PCR
amplification was done under the following conditions: 94°C for 3 minutes for initial
melting; 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30 seconds for a total of
30 cycles, and 72°C for 7 minutes for final extension. Figure 4 demonstrated the result of
RT-PCR, a band around 500bp appeared on the 1% agarose gel, which is the VEGF121
gene. This VEGF121 was further purified from the gel and modified by adding influenza
hemagglutinin (HA) marker, and/or endoplasmic reticulum (ER)-trapping signal
“KDEL”. Then the modified VEGF121 genes were inserted into the pIRES2-EGFP
plasmid. The newly constructed plasmids VEGF121-pIRES, VEGF121-HA-pIRES,
VEGF121-KDEL-pIRES and VEGF121-HA-KDEL-pIRES were digested with EcoRI and
BamHI (Fig. 5) and sequenced in the DNA sequencing core lab at Wake Forest
University School of Medicine.

An alternative to VEGF-intrakine strategy is the VEGF-intrabody strategy. An anti-
KDR single chain antibody scFv-p3S5 was obtained from Imclone company (NY). This
scFv has been demonstrated to have a high affinity for the KDR receptor (4). PCR has
been used to obtain the scFv-p3S5 gene from the original plasmid. Further PCR has been
used to add signal sequence, influenza hemagglutinin (HA) marker and/or KDEL
sequence into the scFv-p3S5 sequence. These modified scFv genes were then inserted
into pIRES-EGFP vector. The newly constructed plasmids p3S5-pIRES, p3S5-HA-
pIRES, p3S5-KDEL-pIRES and p3S5-HA-KDEL-pIRES were sequenced in the DNA
sequencing core lab at Wake Forest University School of Medicine.




(7) . Key Research Accomplishments:

e Immunoprecipitation, immunofluorescent, and flow cytometry assays have
been used to determine KDR expression on the surfaces of HUVEC cell line.
The results from these experiments demonstrated that the HUVEC cell line
can be used for future studies and they also provided important background
reference for future research.

e VEGF-intrakine and VEGF-intrabody plasmids have been generated. These
plasmids will be introduced inside the cells and their function will be studied.

(8). Reportable Outcomes:

Presentations:
e Annual Wake Forest University Cancer Biology Department Retreat: 08/1998
e Cancer Biology Department Journal Club: 03/2000

(9). Conclusions:

Immunoprecipitation, flow cytometry and immunofluorescent assays have
demonstrated that the HUVEC cell line is an ideal cell line for future study in this anti-
angiogenesis project. They also provide important background reference for further
study of introducing intrakine/intrabody gene into the cells. The generated
intrabody/intrakine gene can now be introduced into the cells and their anti-angiogenesis
function will be studied in vitro and in vivo.
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(12). Final Reports:
No abstract or paper has yet been published on this project.
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Fig. 1 Immunoprecipitation assay to detect KDR expression in HUVEC cell lysate.
Two bands, 200kDa and 230kDa appeared in both VEGF stimulated (lane 1) and VEGF
non-stimulated HUVEC cell lysate (lane 2). Only the 230kDa is the mature form.
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Fig. 2 Flow cytometry assay to detect KDR expression on HUVEC and EAhy.926 cell
surfaces. Fig. 2a demonstrated that in HUVEC cell line, there was a peak shift in the
experimental group compared with the control group. The mean fluorescence has moved
from 27.74 to 212.55, and 98.18% of the HUVECs had high fluorescence in experimental
group, compared with only 1.37% of the cells in control group. Fig. 2b demonstrated
that in EAhy.926 cell line, there was not a big peak shift in the experimental group

compared with the control group.
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Fig. 3 Immunofluorescent assay to determine KDR expression on hypoxia and normoxia
treated HUVEC and HMVC cell lines.




Fig.4 RT-PCR to obtain VEGF121 from HL-60 cell line. Lane 1 is
the 174 Phi DNA marker. In lane 2, a band around 500bp
appeared on the 1% agarose gel, which is the VEGF121 gene.
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Fig.5

The newly constructed VEGF121-pIRES (lane3),
VEGF121-HA-pIRES (lane4), VEGF121-KDEL-pIRES (lane®)
VEGF121-HA-KDEL-pIRES (lane6) were digested with
EcoRI and BamHI. Lane 1, lkb DNA marker; lane 2,

174 phi DNA marker.
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