
AD-A20 783Form Approvedji l~~llI II~ IO j~ 0MB No. 0704-018
I er.ge! "Out Der 'esporse,. nourding tt~e time tor revieing instru.ctions seard~irg existing dt

-."e -ormed n of informa~tion Sondcomments r~ad this burdenr est -ate 0r anv .)t her as.Iec of thris
zN hti r red ua er s , irctr at nforinjtc,o Ooer&Ito-. Md Reocrs, 125 is eflerson

C miarigeiner and Budge!. Paperwnork Reduction Project (0704-0158). Washington. DC 20503

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

105/18/92 FINAL REPORT 12/01/88 - 11/30/91
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

The Design of Oligonucleotides Which Attack Specific N00014-89-J-1167
Gene Targets

6. AUTHOR(S)
Hogan, Michael, E.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) B. PERFORMING ORGANIZATION
REPORT NUMBER

Center for Biotechnology
4000 Research Forest Drive
The Woodlands, Texas 77381

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/ MONITORING
AGENCY REPORT NUMBER

Office of Naval Research
800 N. Quincy St.
Arlington, VA. 22217-5000D

12a. DISTRIBUTION/I AVAILABILITY STATEMENT A 12b. DISTRIBUTION CODE

DISTRIBUTION UNLIMITED

IThis docuMent has been approved
for pu~blic releasO aOnd sale;it
distributionl is unliMite,&

13. ABSTRACT (Maximum 0J words)

Triple Helix Design Principles. The first research priority of the program of
Navy support was to refine our understanding of triple helix forming
oligonucleotides TFfs). Binding affinity and strand orientation of triplex forming
oligonucleotides were measured as a function of base composition. Based
upon that work, which was published in Biochemistry (ref.- 3), we showed that
triple helices containing GGC and TAT triplets were stable at physiological pH
and prefer to bind with an antiparallel strand orientation. This study and the
accompanying patent application provided the first evidence that TFOs can
bind in a site selective fashion at physiological pH and the first explicit evidence
for & new (antiparallel) class of triple helix.

This work also served as the basis for the filing of a continuation in part
to a patent application, filed 12/89._________

14. SUBJECT TERMS j15. NUMBER OF PAGES

DNA Recognition 416

Triplet helix formation 16 PRICE CODE

1' 'CCURTY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified I Unclassified IUnclassified j UL
NSN 7540-01 -280-5500 Standard Form 298 (Rev 2-89)

Preis rbed bir ANSI Std 139.18
298.102



DEPARTMENT OF THE NAVY
FINAL TECHNICAL REPORT
M.E. HOGAN
526-98-3070

SUMMARY OF WORK ACCOMPLISHED

Triple Helix Design Principles. The first research priority of the
program of Navy support was to refine our understanding of triple
helix forming oligonucleotides (TFOs). Binding affinity and strand
orientation of triplex forming oligonucleotides were measured as a
function of base composition. Based upon that work, which was
published in Biochemistry (ref. 3), we showed that triple helices
containing GGC and TAT triplets were stable at physiological pH and
prefer to bind with an antiparallel strand orientation. This study
and the accompanying patent application provided the first evidence
that TFOs can bind in a site selective fashion at physiological pH
and the first explicit evidence for a new (antiparallel) class of
triple helix.

This work also served as the basis for the filing of a
continuation in part to a patent application, filed 12/89.

Evidence that TFO binding can modulate somatic gene expression. In
parallel to an analysis of TFO structure and affinity, a program
was initiated to determine if TFOs could enter the nucleus, bind to
DNA then, as a result of triple helix formation, inhibit
transcription initiation from human genes in cultured cells. The
first two test cases of that kind were performed on the interleukin
2 receptor gene (IL2-r), Nucleic Acids Research (ref. 1), and on
the c-myc gene, Proceedings of the National Academy of Science
(ref. 2). In both studies, we have provided evidence that TFOs are
efficiently transported into the nucleus, remain stable for several
hours and, as a result of site-selective triple helix formation,
appear to be capable of selective inhibition of target gene
expression.

These two papers have provided the first published evidence
for site directed TFO binding in living cells, and the first
evidence that intracellular binding of TFOs can be used to usefully
manipulate the function of cells.

Evidence that TFO binding can modulate viral gene expression. In
order to extend these preliminary studies of TFO technology, we
determined if TFO binding to a viral promoter could be used to
block virus growth in living cells. For the first test case, we
chose to study the HIV-1 virus in cultured monocytes and T cells.

The outcome of this work was published in the Journal of
Biological Chemistry (ref. 4). In this study, we have confirmed the
stability and efficient delivery of TFOs to the nucleus of cultured
cells. We have also provided evidence that a TFO targeted to a
triplet of Spl sites in the HIV-1 LTR appears to selectively
inhibit viral mRNA synthesis, and as a result of that mRNA
inhibition, blocks viral growth in chronically infected cells and
in one acutely infected cell line.
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This study has provided the first suggestion that TFOs can be
used to manipulate the growth of a virus. Work is in progress to
extend this study: by enhancement of the binding properties of the
TFO which was employed, and by extending the work to HSV-l, a
double stranded virus.

Defining the distribution characteristics of TFOs in animals. In
order to be used as tools to manipulate gene expression in living
creatures, methods must be developed which can stabilize TFOs with
respect to metabolism and which lead to efficient delivery of TFOs
into target tissues. In order to provide preliminary data to
address the question, we have monitored the distribution and
stability of a model TFO in the Balb-c mouse. In this study,
Nucleic Acids Research (ref.5), we employed a TFO with a standard
phosphodiester linkage, but end-capped by addition of a propyl
amine linker the 3' terminus.

Surprisingly, we have found that this minimally modified TFO
was efficiently retained in the mouse, subsequent to IP or IV
injection. The compound remained stable for several hours and was
well-distributed into most tissues. Tissues of the brain were the
one exception, suggesting that minimally modified TFOs will not
pass the blood brain barr-er.

This study has shown that pharmaceutical or other in vivo uses
of TFOs are feasible, using currently available chemical
technology. The work is also being used by us as a bench mark to
compare the effect of more elaborate modifications of TFO
structure, especially those which might enhance TFO delivery to the
brain.

SUMMARY OF WORK IN PROGRESS

One original goal of the program of Navy support was to
initiate structural studies of triple helix formation, with the
goal of supporting subsequent activity in molecular design. During
the last six months of Navy support, that work has begun to become
successful.

Crystallography. In collaboration with Dr. Kurt Krauss, who directs
the University of Houston crystallography facility, we have
initiated a program to grow crystals of self complementary triple
helices (30bases long) which contain GGC and TAT triplets.
Conditions which foster orderly crystal growth to 0.5mM have been
obtained and data collection will begin shortly to determine the
space group of these crystals. Once it has been determined that -

diffraction occurs to at least 3A, this program will be submitted
to the Navy, to the NIH and to the NSF for independent support. In
the initial publications, The Navy will be cited for its
preliminary support of this work

NMR. Preliminary CD and 2DNMR studies have also been completed on
30base self complementary triple helices at 500mHZ on a facility at
Rice University. High resolution data have been obtained and are
being analyzed. As for the crystallography, the focus of the work
is to drive our search of novel bases to be included at sites where



simple polypurine triplexes are interrupted by a CG or TA
inversions in the duplex..

Support for this continuing study has been obtained from the
NIH, in collaboration with B. Montgomery Pettitt, (University of
Houston) who is performing the molecular modeling which is crucial
to the study. Again, in the first publications, the Navy will be
cited for its preliminary support of this work.
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