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THERAPEUTIC MOLECULES GENERATED BY TRANS-SPLICING

BACKGROUND OF THE INVENTION
Field of the invention

The molecules and methods of the present invention provide a
means for expressing a heterologous gene in a selected subset of
cells. The precursor-therapeutic molecules (PTM) of the
invention are substrates for a targeted or defined trans-splicing
reaction between the precursor therapeutic molecules and pre-mRNA
molecules which are uniquely expressed in the specific target
cells. The PTMs may be RNA, DNA, or other molecules such as
peptide nucleic acids (PNA). The in vivo trans-splicing reaction
provides an active therapeutic molecule which may be expressed in
the target cells. The expression product of the mRNA may be a
protein of therapeutic value to the cell, or a toxin which kills
the specific cells. Alternatively, the therapeutic RNA (th-RNA)
or other molecule may itself perform a therapeutic function. On
another embodiment o©of the invention multiple PTMs may be used in
combination to achieve a therapeutic effect.

Description of Related Art

One of the greatest challenges 1in the therapy of many
life-threatening disease conditions, such as cancer and AIDS, is
the administration of a therapeutic molecule to the specific
target cells without administering the same molecule to other
cells in the organism. Previous efforts to solve this problem
have included gene therapy with wviral vectors, delivery of drugs
or toxins conjugated to monoclonal antibodies, and others. To
date, these methods have not been entirely effective.

The method of the present invention does not require
delivery to only the targeted cells. The precursor molecule to
the therapeutic molecule can be delivered to all cells in the
organism, and may be taken up by all cells 1in the organism, but
the therapeutic mRNA 1is only created in vivo 1n the specific
target cells. The specificity of this therapy relies on the
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unique (restricted) transcription of the target pre-mRNA in the
target cells. The normal cells (non-targeted) will not
transcribe (or transcribe only minimally) the target gene.
Therefore, selective creation of the therapeutic molecule will
not take place in such normal cells (or will only take place to a
very minimal extent).

One important way that eucaryotic cells in the same organism
differ from one another, despite virtual identity of gene
content, 1is that they express different genes or portions of
those genes. This regulation of gene expression operates at many
levels; classical studles on gene expression demonstrate control
at the level of transcription and translation. More recent work
indicates that cells also have the ability to regulate gene
expression by gene copy number and regulation of splicing.

The genes, stored as DNA sequences in the chromosome, are
transcribed into pre-mRNAs which contain coding regions (exons)

and generally also contain intervening non-coding regions
(introns). The pre-mRNA 1is processed in the nucleus, removing
the introns, along with any unwanted exons. The remaining exons
are spliced together, forming an mRNA, which is exported from the
nucleus to the cytoplasm for translation into a protein by the
ribosones. See, for example, Moore, M.J., C.C. Query, and P.A.
Sharp, Cell, 77:805-815 (1994); Moore, M.J., C.C. Query, and P.A.

Sharp, The RNA World, Cold Spring Harbor Laboratory Press,

303-358, (1993).

Introns are removed from pre-mRNAs in a precise process
called splicing. Chow, L.T., R.E. Gelinas, T.R. Broker, R.J.
Roberts, (19277) Cell, 12, 1-8; and Berget, S.M., C. Moore and
P.A. Sharp (1977) Proc. Natl. Acad. Sci. USA 74, 3171-3175.
Pre-mRNA splicing proceeds by a two-step mechanism. In the first
step, the 5' splice site 1is cleaved, resulting in a "free" 5°?
exon and a lariat intermediate. (Moore, M.J. and P.A. Sharp,
Nature, 365:364-368, 1993) The 5' nucleotide of the intron
(usually guanine) forms the lariat intermediate through a

2',5'-phosphodiester 1link with the branch point nucleotide
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(usually adenosine) 1in the 1ntron. In the second step, the
5' exon is ligated to the 3' exon with release of the intron
as the lariat product. These steps are catalyzed in a
complex of small nuclear ribonucleoproteins and proteins
called the spliceosome (Moore, J.M. et al., 1993, Splicing
of precursors to mRNA by spliceosome. In The RNA World,
Gesteland R.F. and Atkins, J.F. Eds. (Cold Spring Harbor
Laboratory press, Cold Spring Harbor, New York)}),
pp.303-357) .

The trans-esterification splicing reaction sites
are defined by consensus sequences around the 5' and 3
splice sites. The 5' splice site consensus sequence is
AG/GURAGU (where N = any nucleotide, A = adenosine,
U = uracil, G = guanine, C = cytosine, R = purine,
Y = pyrimidine, and / = the splice site). Moore et al., The
RNA World (supra). The underlined nucleotides are common to
almost all pre-mRNA introns, with GC substituted in place of
GU being a rare exception. The 3' splice site consists of
three separate sequence elements: the branch point or
branch site, a polypyrimidine tract and the 3' consensus
sequence. These elements loosely define a 3' splice site
region, which may encompass 100 nucleotides of the intron
upstream of the 3' splice site. The branch point consensus
sequence in mammals 1s YNCUGAC. The underlined A is the
site of branch formation (the BPA = branch point adenosine).
The 3' splice consensus sequence is YAG/G. Between the
branch point and the splice site there is usually found a
polypyrimidine tract, which is important in mammalian
systems for efficient branch point utilization and 3' splice
site recognition (Roscigno, R., M. Weiner and M.A. Garcia-
Blanco, J. Biol. Chem. 268, 14, 11222-11229, 1993). The
first YAG dinucleotide downstream from the branch point and

polypyrimidine tract 1is the most commonly used 3' splice
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site. Smith, C.W.J., E.B. Porro, J.G. Patton and B. Nadal-
Ginand (1989) Nature 342, 243-247.

Cis vs. trans-splicing

Usually exons are ligated to other exons in the
S same pre-mRNA, cis-splicing, and not to exons in other
pre-mRNAs, trans-splicing. It is possible, however, to
observe efficient trans-splicing in vitro by tethering two

halves of a pre-mRNA
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using complementary sequences. These form stable double stranded
stems by "Watson-Crick"-like base pairing. Konarska, M.M., R.A.
Padgett and P.A. Sharp (1885), Cell 42, 165-171. This type of
trans—-splicing has not been clearly observed in vivo.

The mechanism of splice site approximation "“through space™
is independent of the intron between the splice sites for example
in the trans-splicing observed commonly in trypanosomes a.nd
nematodes. Suttorl, R.E. and J.C. Boothroyd, Cell 47, 527-535
(1986) ; Murphy, W.J. et al., Cell 47, 517-525 (1986); Krause, M.
and D. Hirsh, Cell 49, 753-761 (1987). In these very special
cases, the 5' splice site containing short leader (SL) RNA forms
a small nuclear ribonucleoprotein particle (snRNP) that interacts
with the 3' end of the intron in the larger pre-mRNA (Bruzik,
J.P. and J.A. Steitz, Cell 62, 889-899 (1990); Bruzik, J.P. and
T. Maniatis, Nature 360, 692-695 (1992). This type of splicing
has not been observed to occur naturally in mammalian cells.

Konarska et al. (1985), D. Solnik (1985) Cell 42, 157-164
detected trans—splicing in vitro using RNAs that did not resemble
the SIL RNAs. RNA-RNA secondary structures which tethered the
precursors significantly 1increased the efficiency of the
trans—-splicing reaction (from <1% to 15-30% of wild type
cis-splicing efficiency).

Complementary RNA or DNA sequences can specifically base
pair with unique target sequences of RNA or DNA. The specificity
of binding 1is 1influenced by the sequence, the length of the
complementary region, and any secondary structure at the binding
site. In order to obtaln binding specificity, a unique sequence
is chosen as the target. A chain length of 17 nucleotides has
been calculated to be sufficient to achieve binding specificity,
that 1is, the statistical single occurrence of a unique
polynucleotide target in the human haploid genome of 3 x 102 base
pairs. M. Smith, Methods of DNA and RNA Sequencing, ed S.M.
Weissman, Praeger, New York, NY, USA, p. 39 (1983). Duplex
stability is independent of length for complementary sequences
longer than 200 nucleotides [Steiner, R.F. and Beers, R.J. Jr.
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(1986) ]. ]xf'Polynucleotides, (Elsevier, Amsterdam).
Longer complementary sequences increase the stability of
the duplex, but very long regions can interact with
multiple mRNAs through base pairing involving only 5-10
contiguous bases, thus 1lowering their specificity.
Complementary sequences may have non-binding RNA or DNA
sequences or other nucleic acid analogs or chemical
groups on either of their 5' and/or 3' ends. Binding may
also be achieved through other mechanisms, for example
triple helix formation, and protein-nucleic acid
interactions, such as those between gene promoters and
DNA. Examples of tissue specific promoters include the
immunoglobulin promoter described by Brinster at. al.,
Nature, 306:332-336 (1983) and the 1insulin promoter
described by Bucchini et. al., PNAS, 83:2511-2515 (1986).
Other means of binding may be used which are known to
those skilled in the art. o

Toxins such as diphtheria toxin (DT), ricin,
Pseudomonas toxin, shiga toxin, and cholera toxin are
extremely potent. A single molecule of DT can kill a
cell by acting enzymatically within the cytosol.
Yamaizumi, M., E. Mekada, T. Uchida and Y. Okada, Cell
15, 245-250 (1978). These toxins appear to have a
similar basic structure, consisting of an A and B
subunit, wherein the B subunit binds to the cell surface
and facilitates the translocation of the A subunit into
the cell, and the A subunit possesses the enzymatic toxin
activity. Collier, R. and J. Kondel, Biol. Chem. 246,
1496-1503 (1971); and Gill, D. and A. Pappenheimer, J.
Biol. Chem. 246, 1492-1495 (1971). The DT A subunit
(DT-A) catalyzes the transfer of ADP-ribose from NAD to
an unusual amino acid (dipthamide) in elongation factor
2. Honjo, T., Y. Nishizuka and O. Hayaishi, J. Biol.

Chem. 243, 3553-3555 (1968); and Gill, D., A.
Pappenheimer, R. Brown and J. Kurnick, J. of Experimental
Medicine 129, 1-21 (1969). Such binding stops protein

synthesis in the cell and is lethal to that cell. There
are a number of therapeutic strategies which attempt to
deliver or express the DT-A within selected cells,
including transcriptionally regulating DT-A gene
expression. (Robinson, D.F., T.H. Maxwell, Hum. Gene
Ther., 6(2), 137-145, 1995; Cook

PCT/US 96/1941 ¢
pEAUS T 500 1987
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D.R. et al., Cancer Biother., 9(2), 131-141, 1994;
Curiel, T.J. et al., Hum. Gene Ther., 4(6), 741-747, 199%93).

SUMMARY OF THE INVENTION

The present invention provides a novel method for
the controlled expression of a heterologous gene product in a
desired target cell by creating a unique th-mRNA through a
trans-splicing mechanism. The unique mRNA has one of the
following functions; it codes for a protein which has a
therapeutic effect, it selectively kills target cells, it
serves as a marker, or it provides a novel gene product not

normally present in the target cell.

The RNA, DNA, or nucleotide analog which is used
for trans-splicing is one whose expression product after
trans-splicing results in cell death (for example, the
expression of one molecule of diphtheria toxin subunit A will
kill a human cell). In another embodiment, the expression
product is secreted by the cell. 1In a further embodiment,

the therapeutic RNA itself performs a desired function in the

cell.

According to one aspect of the present invention,
there is provided a cell comprising a nucleic acid molecule,
wherein said nucleic acid molecule comprises: a) one or
more target binding domains that target binding of the
nucleic acid molecule to a target pre-mRNA expressed within
the cell; b) a 3' splice region comprising a branch point,
a pyrimidine tract and a 3' splice acceptor site; c) a
spacer region that separates the 3' splice region from the
target binding domain; and 4) a nucleotide sequence to be
trans-spliced to the target pre-mRNA; wherein said nucleic
acid molecule is recognized by nuclear splicing components

within the cell.
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According to another aspect of the present
invention, there is provided a cell comprising a nucleic
acid molecule, wherein said nucleic acid molecule comprises:
a) one or more target binding domains that target binding
of the nucleic acid molecule to a target pre-mRNA expressed
within the cell; b) a 5' splice site; ¢) a spacer region
that separates the 5' splice site from the target binding
domain; and d) a nucleotide sequence to be trans-spliced to
the target pre-mRNA; wherein said nucleic acid molecule is

recognized by nuclear splicing components within the cell.

According to still another aspect of the present
invention, there is provided a cell comprising a recombinant
vector, wherein said vector expresses a nucleic acid
molecule comprising: a) one or more target binding domains
that target binding of the nucleic acid molecule to a target
pre-mRNA expressed within the cell; b) a 3' splice region
comprising a branch point, a pyrimidine tract and a 3°
splice acceptor site; c¢) a spacer region that separates the
3' splice region from the target binding domain; and d) a
nucleotide sequence to be trans-spliced to the target
pre-mRNA; wherein said nucleic acid molecule is recognized

by nuclear splicing components within the cell.

According to yet another aspect of the present
invention, there is provided a cell comprising a recombinant
vector, wherein said vector expresses a nucleic acid
molecule comprising: a) one or more target binding domains
that target binding of the nucleic acid molecule to a target
pre-mRNA expressed within the cell; b) a 5' splice site;

c) a spacer region that separates the 5' splice site from
the target binding domain, and d) a nucleotide sequence to
be trans-spliced to the target pre-mRNA; wherein said
nucleic acid molecule is recognized by nuclear splicing

components within the cell.
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According to a further aspect of the present
invention, there 1s provided an 1in vitro method of producing
a chimeric RNA molecule 1n a cell comprising: contacting a
target pre-mRNA expressed 1n the cell with a nucleic acid
molecule recognized by nuclear splicing components, wherein
sald nucleic acid molecule comprises: a) one or more target
binding domains that target binding of the nucleic acid
molecule to a target pre-mRNA expressed within a cell; b) a
3' splice region comprising a branch point, a pyrimidine
tract and a 3' splice acceptor sizZe; ¢) a spacer region that
separates the 3' splice region from the target binding
domain; and d) a nucleotide sequence to be trans-spliced to
the target pre-mRNA; under conditions 1n which a portion of

the nucleic acid molecule 1s trans-spliced to a portion of

the target pre-mRNA to form a chimeric RNA within the cell.

According to yet a further aspect of the present
invention, there is provided an in vitro method of producing
a chimeric RNA molecule 1n a cell comprising: contacting a
target pre-mRNA expressed within the cell with a nucleic
acid molecule recognized by nuclear splicing components,
wherein said nucleic acid molecule comprises: a) one Or more
target binding domains that targe=: binding of the nucleic
acid molecule to a target pre-mRNA expressed within the

cell; b) a 5' splice site; c) a spacer region that separates

the 5' splice site from the targe: binding domain; and d) a
nucleotide sequence to be trans-spliced to the target pre-
mRNA; wherein said nucleic acid molecule is recognized by

nuclear splicing components within the cell.

According to still a further aspect of the present
invention, there i1s provided a nucleic acid molecule
comprising: a) one or more target binding domains that
target binding of the nucleic acid molecule to a target pre-

mRNA expressed within a cell; b) a 3' splice region
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comprising a branch point, a pyrimidine tract and a 3

splice acceptor site; c¢) a spacer region that separates the
3' splice region from the target binding domain; d) a safety

sequence comprlsing one or more complementary sequences that

bind to one or both sides of at least one of the branch

point, the pyrimidine tract and the 3' splice acceptor site;
and e) a nucleotide sequence to be trans-spliced to the
target pre-mRNA; whereilin sald nucleic acid molecule 1is

recognlzed by nuclear splicing components within the cell.

According to another aspect of the present
invention, there 1s provided a nucleic acid molecule
comprising: a) one or more target binding domains that
target binding of the nucleic acid molecule to a target
pre-mRNA expressed within a cell; b) a 5' splice site; c) a

spacer region that separates the >' splice site from the

target binding domain; d) a safety sequence comprising one
Or more complementary sequences that bind to one or both
sides of the 5' splice site; and e) a nucleotide sequence to
pbe trans—-spliced to the target pre-mRNA; wherein said

nucleic acid molecule 1is recognized by nuclear splicing

components within the cell.

According to yet another aspect of the present
invention, there 1is provided a euxkaryotic expression vector,

wherein salid vector expresses a nucleic acid molecule

comprising: a) one or more target binding domains that

—

target binding of the nucleic acid molecule to a target

pre—-mRNA expressed within a cell; b) a 3' splice region
comprising a branch point, a pyrimidine tract and a 3

splice acceptor site; c) a spacer region that separates the
3" splice region from the target binding domain; and d) a
nucleotide sequence to be trans-spliced to the target
pre-mRNA; whereln said nucleic acid molecule is recognized

by nuclear splicing components within the cell.
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Likewlse the 1nvention orovides a eukaryotic
expression vector, wherein sald vactor expresses a nucleic

acld molecule comprising: a) one o2r more target binding

domains that target binding of the nucleic acid molecule to
a target pre-mRNA expressed within a cell; b) a 5’ splice
site; c) a spacer region that separates the 5’ splice site
from the target binding domain; and d) a nucleotide sequence
to be trans-spliced to the target pre-mRNA; wherein said
nucleic acid molecule 1s recognizzd by nuclear splicing

components within the cell.

There 1s further provided use of a nucleic acid
molecule recognized by nuclear splicing components for
producing a chimeric RNA molecule in a cell, wherein said
cell expresses a unique population of target pre-mRNAs which
are substrates for trans-splicing, and wherein said nucleic
acid molecule comprises: a) one or more target binding
domains that target binding of the nucleic acid molecule to
the target pre-mRNA expressed witaln a cell; b) a 3' splice
region comprising a branch point, a pyrimidine tract and a
3' splice acceptor site; c) a spacer region that separates
the 3' splice region from the target binding domain; and
d) a nucleotide sequence to be trans-spliced to the target
pre-mRNA; wherein the nucleic acid molecule is adapted to
contact the target pre-mRNA expressed in the cell under
condltlions in which a portion of the nucleic acid molecule
1s trans-spliced to a portion of the target pre-mRNA to form

a chimeric RNA within the cell.

There 1s further provided use of a nucleic acid
molecule recognized by nuclear splicing components in a
cell, for producing a chimeric RNA molecule in the cell,
wherein sailid nucleilic acid molecule comprises: a) one Or more
target binding domains that targe=- binding of the nucleic

acld molecule to a target pre-mRNA expressed within the
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cell; b) a 5' splice site; c) a spacer region that separates
the 5' splice site from the target binding domain; and d) a
nucleotide sequence to be trans-spliced to the target pre-
mRNA; whereln the nucleic acid molecule 1s adapted to
contact the target pre-mRNA expressed 1in the cell under

F

conditions 1n which a portion of the nucleic acid molecule

1s transpliced to a portion of the target pre-mRNA to form a

chimeric RNA within the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A, 1B, and 1C show the s-ructure of Pre-Therapeutic

g

Molecules of the invention.

These structures have 5 main features:

1) TARGET BINDING REGION:

One or two binding domalns of at least 15 to 30
(up to several hundred) nucleotides which are complementary
to an 1n anti-sense orientation to the targeted region of

the selected pre-mRNA (a second target binding region could

be located at the 3’7 end of the molecule). Other binding
domains can be incorporated i1nto -—he PTM. The binding

domains can be enhanced with features such as the ability to

cover or block sites required to splice downstream exons in

the target mRNA, such as
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of .

the branch point adenosine, spliceosomal binding sites,
the polypyrimidine tract, or splice sites.

2) SPACER REGION:
A spacer region to separate the therapeutic RNA

splice site from the target binding domain. The spacer
region can have features such as stop codons which would
block any translation of an unspliced therapeutic RNA,
and sequences that enhance splicing to target.

A "safety" for the pre-therapeutic molecule (PTM)
may be incorporated into the spacer, binding domain, oOr

elsewhere in the PTM ( Figure 1-B ). This is a region
of the PTM which covers elements of the 3' and/or 5

splice site of the PTM by relatively weak
complementarity, preventing non-specific trans-splicing.
Upon hybridization of the binding / targeting portion(s)
of the PTM, the 3' splice site is uncovered and becomes
fully active (See Fig 1-C ).

The "safety" consists of one or more complementary
stretches of cis-sequence (or could be a second,
separate, strand of nucleic acid) which weakly binds to
one or both sides of the PTM branch point, pyrimidine
tract, and/or 3' splice site (splicing elements), or
could bind to parts of the splicing elements themselves.
This "safety" binding would prevent the splicing elements
from being active (i.e. block U2 snRNP or other splicing
factors from attaching to the PTM splice site recognition
elementé). The'binding of the "Safety" may be disrupted
by the binding of the target binding region of the PTM to
the target pre-mRNA, thus exposing and activating the PTM
splicing elements (making them available to trans-splice
into the target pre-mRNA).

3) 3' and/or 5' SPLICE SITE:

This includes a branch point, pyrimidine tract and
a 3' or 5' splice site.

4) THERAPEUTIC GENE:

One or more therapeutic genes, such as diphtheria
toxin, which is (are) to be spliced into the target mRNA
and may be subsequently expressed, producing a
therapeutic effect, such as
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cell death (A therapeutic gene c¢an be one that gives a function
of cliniecal usefulness, for example, restoring a missing

function, acting as a marker, or killing unwanted cells).
5) SEQUENCES WHICH MODULATE SPLICING AND TRANSIATION:
There can be additional features added to the molecule after

(or before) the toxin gene, such as polyadenylation signals eor 5°
splice sequences to enhance spllcing, additional binding regions,

"gafetyY-self complementary ragions, additicnal splice sites, or
protaective groups to moedulate the stability of the melscule

(prevent degradation).

Figure 2 shows the binding of the Pre-Therapeutic RNA and
Trans~-Splicing

2a) The cis-splicing product of A-B pre-mRNA 1into A-B mRNA,
which is the normal pathway for the cell to subsequently express

A-B protain.

2h) A pre-th-RNA molecule bound to an A-B pre-mRNA DYy -
complementary base pairing. In this example, the binding region
blocks the cis-branch point adenosine and the 5' overhang nmay
partially interfere with the cis-pyrimidine tract. This digrupts
cis-splicing of exon B and presents the pre-th-RNA toxin gene as

3 candidate for trans=-splicing to exXon A.

2¢) A trans-spliced product of A-B pre-mRNA and a pre-th-RNA.
Fvon A is linked to a toxin gene, which can now be expressed in a
fully functional heterologous therapeutic RNA molecule (th-mRNA).
Translation of this mRNA will cause the expressing cell to die.

Figures 3A and 3B show the map and sequence of

Diphtheria toxin. The coding region for subunit A

ig from nuclecotides 312-890.

Figure 4 shows the constructicn of tha pra—~therapeutic molecules

of the invention.
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Figures S5A and 5B show the map and sequence of beta HCG.

Figures 6 A and B show the results of the trans-splicing
reaction. Figure 6A shows an agarose gel 0f the RT-PCR products
and Figure 6B shaows the nucleotide sadquence of the transespliced
product.

Figure 7 shows the rasults of the transfection toxicity assays of

example 5.

DETATLEFD DESCRTPTION OF THE TNVENTIO

As indicated above, the prasent invention relates to the use
of targeted pre=-messenger RNA (pre—mRNA) trans=-splicing as a
means of producing a therapeutic molecula in the cell. The
tharapeutic molecule may itself provide a desired function, or
may produce a gene product in the specific cell type. The gane
proeducts can be any géne, including genes having clinical
usefulness, for example, therapeutic or marker genes, and toxins.
In one embodiment of the invention, the gene delivered is a toxin
gene, whereby the expression ©of one molecule is lethal to the

cell containing the targeted pre-mRNA.
Tn one embodiment, the invention is directed to a method of

creating a specific mRNA to cause the expression of a therapeutic
toxin gene within the selected cell population, thereby

destroying those specific cells. The target cells may include,
but ara hot 1limited to those infected with viral or other

infectious agents, benign or malignant necoplasms, or components
of the immune system which are involved 1n autoimmune disaase oOr
tissue rejection. Spaecificity is achieved by modification of the

binding domain of the PTM to bind to the target.
The steps comprising one embediment of the nathod of the

present invention are:
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1) delivering to the nucleus of cells a precursor molecule,
which may be of any form used by one skilled in the art, a
therapeutic RNA molecule (or a DNA vector which may be
transcribed into RNA or a synthetic analog) which precursor
therapeutic RNA (pre-thRNA) contains a binding region which may
bind through different mechanisms to the target pre-mRNA, a
splice site, a therapeutic gene, and may contain polyadenylation
signals, enhancers, or other modulating sequence elements [See
Fig. 1, part A, B, and C};

ii) trans-splicing of the precursor therapeutic RNA molecule
with a targeted pre-mRNA to create a therapeutic translatable
mRNA [See Fig. 2b]:; and -

iii) expression (translation) of the trans—-spliced
therapeutic mRNA within the target cell(s) [See Fig. 2c].

The target cells can be any cells that are known to express
a unique population of pre-mRNAs, which pre-mRNAs can be used as
substrate for the trans-splicing reaction. the unique population
can be 1 unique type of RNA or several which, as a group, are not
expressed together 1in any other cell +type. The precursor
therapeutic RNA will contain binding regions specific for the
targeted pre-mRNA.

The pre-therapeutic molecule can be administered to cells by
any delivery procedure, for example, virally mediated,
electroporation, micro 1injection, calcium phosphate mediated
transfection, liposomes, cytofectins, or directly. The
pre—-therapeutic molecule will be administered in amounts which
are effective to produce the desired amount of the therapeutic
molecule 1itself. The exact amount administered will vary
depending upon the details of the delivery system. The effective
amount may also vary depending upon whether the therapeutic
molecule provides a milissing function (such as in therapy of
genetic disease), cell death (such as in therapy of cancer), or
cell regulation (which may be used with different types of
diseases). The effective amount may range from 0.001 pico g, or
even less, to 1.0 g nucleic acid/kg body weight of the patient.
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A therapeutic molecule can be one that provides some
function of clinical usefulness, for example, restoring a missing
function, acting as a marker, or killing unwanted cells.

In one embodiment, the pre-therapeutic RNA molecule 1is a
non—-translatable single-stranded RNA with four main features: 1)
Oone or two binding domains of at least 15 to 30 nucleotides (and
up to several hundred nucleotides or more) which are
complementary to and in anti-sense orientation to the targeted
region of the unigque pre-mRNA. This confers the specificity of
the binding and anchors the pre-therapeutic RNA closely 1in space
so that the spliceosomal processing machinery of the nucleus can
trans-splice it into the target pre-mRNA. The binding domains
can be enhanced with features such as the ability to cover or
block sites required to cis-splice downstream exons in the target
pre-mRNA, such as the branch point adenosine, spliceosomal
binding sites, the polypyrimidine tract, or authentic 3' or 5!
splice sites. 2) A spacer region to line up the pre-therapeutic
RNA splice site with the target. The spacer region can have
features such as stop codons which would block any translation of
an unspliced pre-therapeutic RNA, and sequences that enhance
splicing to the target. The spacer 1is also serves to separate
binding domain from splice site (and may contain a
"gsafety¥domain) 3) A 3' splice site. 4) One or more therapeutic
genes, such as diphtheria toxin, which is (are) to be spliced
into the target mRNA and subsequently expressed, producling a
therapeutic effect, such as cell death, which is desirable when
treating a malignancy. There can be additional features added as
needed to the molecule after the toxin gene (open reading frame),
such as polyadenylation signals or 5' splice sequences to enhance
splicing and the steps leading to translation and expression. In
the embodiment of the invention wherein the spliced RNA 1s itself
the therapeutic molecule, there may be no therapeutic gene, but

rather RNA with the desired effect. Trans-splicing may be
mediated by any known mnechanism (Group I, Group II, or

spliceosone).
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The methods of the present invention have enormous clinical
application in the treatment of cancer, HIV/AIDS and other
serious viral infections, autoimmune disorders, and other
pathological conditions in which the alteration or elimination of
a specific cell type would be beneficial. Examples of this
include benign prostate hypertrophy and other pre-malignant
conditions. Additionally, the method may also be used to treat
inherited genetic disorders, such as Gaucher disease, where
expression of a small amount of the missing or mutant gene
product produces a normal phenotype.

In anothexr embodiment, the PTM 1is a non-translatable
single-stranded RNA with the features as listed above: 1) One
or two binding domains; 2) Spacer region:; 3) A 5 splice
site, and 4) One or more therapeutic genes, and there can be
additional segquences which confer additional features ( as

mentioned in the other examples). Trans-splicing may be mediated
by any Xnown mechanism, such as group I, group II, or
spliceosone.

Maximizing trans-splicing

1. Pre~th—-RNAs are constructed to complement and bind 5°
and 3' from the BPA, and may or may not include the branch point
adenosine (block it). This allows location of optimal anti-sense
binding domain.

2. PTMs are made with and without the branch point
adenosine in the pre-thRNA to determine if the inclusion of the
BPA leads to non-selectlve splicing (into non-targeted mRNA's).

3. PTMs are made with and wilithout stop codons or other
elements in the region between the binding domain and the splice
site, to determine 1s such elements absolutely prevent unspliced
pre~thRNA expression.

4. PTMs are made with and without strong poly-adenylation
signal or downstream enhancer or 5' splice sequences downstrean
of the toxin gene, to determine if these elements promote

trans—-splicing.
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5. PTMs are made with and without a second anti-sense
binding domain downstream from the toxin gene to determine 1if
such an element promotes binding to the 3' target exon and
promotes extension to block the authentic cis-3' splice site (U5
and/or Ul binding sites). PTMs may also be made to require a
second trans-splice for expression of the trans-spliced preoduct.

6. Further elements such as a 3' hairpin structure,
circularized RNA, nucleotide base modification, or synthetic
analog) are incorporated into constructs to promote or facilitate
nuclear localization and spliceosomal incorporation, and
intra-cellular stability.

7. The final therapeutic construct may have to be
delivered from the external cell membrane and transit 1into the
nucleus to be incorporated into the spliceosome of the targeted
pre-mRNA, or they may be produced by the cell itself from a
precursor molecule (DNA vector, RNA virus, etc.).

Delivery systens

The present invention can use any Xnown delivery system
developed for other gene treatment or anti-sense methods. The
pre—therapeutic RNA must be made, packaged, and tested for

cellular incorporation. Chemical synthesis of the full length
pre-th-RNA is not currently practical, as chemical synthesis is
limited to approximately 100 nucleotides, but could be possible.
Full 1length pre-th-RNA 1is transcribed from PCR amplified
templates (using high fidelity enzymes) or cloned DNA with an
appropriate promoter incorporated. There are also RNA
amplification methods such as Q- amplification which can be
utilized. The spliced th-RNA 1is purified and tested by
sequencing or by ability to trans-splice target and produce toxin
or marker in an in vitro system.

Liposomes, electroporation, and cytofections are methods of
directly introducing RNA into cells. They are widely used in
anti-sense RNA delivery protocols. Naked or packaged DNA is
another possible means of delivery. Viral delivery systems may
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also be used; although they are more expensive to grow and

manipulate, and may not be readily acceptable to the public.
Viral vectors with transient expression, such as adenovirus and

adeno-associated virus, which do not integrate into the genome

may be less problematic. Nucleic acid polymers can also be
delivered by attaching them to the empty shells of replication
incompetent viruses. Cook, D.R. et al. Cancer Biother. 9(2),

131~141 (1994).

Example 1l: Selection of Therapeutic Gene

A therapeutic gene 1s any gene that provides some novel
function including clinical usefulness, for example, restoring a
missing function, acting as a marker, or killing unwanted cells.
Genes for restoring missing functions can be genes encoding gene
products nissing or altered 1in known genetic diseases. Marker
genes can be genes which cause the expression of specific
heterologous proteins or peptides which may be used to identify
or image cells. Genes for killing cells may be simple toxins or
other genes which provide some function which enhances the
susceptibility of the cells to subsequent treatments, such as
radiation or chemotherapy.'

Diphtheria toxin 1is a good example of a simple toxin.
Native DT is made up of an A subunit and a B subunit. Diphtheria
toxin subunit A contains the enzymatic toxin activity and will
function 1if expressed or delivered into human cells. The B
subunit is required for transmembrane movement intc human cells.
Subunit A can not enter intact cells by itself. Alone, subunit A
has very low toxicity because it cannot cross the lipid bilayer
of a cell membrane without the B subunit. Donovan, J. M. Simon
and M. Montal, J. Biol. Chem 260, 8817-8823 (1985). The A

subunit can exist 1in several conformations. The gene for
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Diphtheria toxin subunit A 1is Jjust under 600 nt in 1length.
Greenfield, L., M. Bjorn, G. Horn, D. Fong, G. Buck, R. Collier
and D. Kaplan, Proc. Natl. Acad. Sci. USA 80 6853-6857 (1983)
See Figure 3. The DT-A peptide can be active with heterologous

peptide sequences attached. Leckett, B. and R. J. Germinario,
Cytotechnology 10(2), 125-136 (1992). As an additional safety
measure, immunization against DT-A released into the

extra-cellular environment may be possible. Barbieri, J.T., D.
Armellini, J. Molkentin, and R. Rappuoli, Infect. Immun. 60(12)
5071-5077 (1992). There are a number of other known toxins which
may be used in the present invention.

-

Example 2: Construction of Pre-therapeutic molecules

/

An in vitro model system is used to determine the parameters
of the pre-therapeutic molecule and target mRNA for most

efficient trans-splicing.

1. Demonstration of trans-splicing: experimental

pre-thRNA molecules (PTMs) (See Figure 4 and legend) containing
complementary anti-sense binding domains to a pre-mRNA (which
encompasses the branch point adenosine (BPA) of the target;
thereby blocking the splicing of the c¢is downstream exon),
various spacer regions containing an exposed BPA, a 3' splice
site and a marker gene (diphtheria toxin subunit A-(DTA)) are
added to an 1in vitro system containing all nuclear splicing
components and a targeted pre-mRNA (beta HCG) See Figure 5.
Trans-splicing is demonstrated by reverse transcription
polymerase chain reaction (RT-PCR) amplification using one primer
complementary to the 5' exon 1 of beta HCG and a second (reverse)
primer complementary to the marker gene (DTA). PCR products were
sequenced to demonstrate the correct trans-splicing product of
the upstream 5' exon and the marker gene.

Figure 6-A shows that PTM + spacer (PTM 2) produced
substantially more trans-spliced HCG/DTA product at 60 min than
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PTM 1 (PTM +) or PTM 4 (TB+spacer) and a five fold more
trans-spliced HCG/DTA than PTM 1 or PTM 4 after a 90 min reaction
in a Hela nuclear extract splicing reaction. PTM 1 and PTM 4
produced roughly equivalent amounts of trans-spliced product
after 90 nminutes of incubation. This experiment demonstrates
that an 18 nt binding region can significantly enhance the
specificity of trans-splicing, when used in conjunction with a
spacer region between the binding domain and the branch site.
The lack of enhanced trans-splicing of PTM 1 over PTM 3 (data not
shown) or PTM 4 is due to the proximity of the binding domain to
the branch point in PTM 1, where binding to the target gene
blocks the access of splicing factors to the adjacent branch
point, as there is only 6 nt separating the sites. The small
amount of non-targeted trans—-splicing observed between beta HCG
pre~-mRNA and PTM 3 or PTM 4 was not unexpected, as PTM constructs
1-4 were produced using the yeast consensus branch site
(UACUAAC), which has greater activity than the relatively weaker
mammalian consensus, YNYURAC (where A 1s the site of branch
formation, =pyrimidine, N=any nucleotide, and R=purine).
Additionally, PTM constructs 1-4 contain a very strong pyrimidine
tract. Together, this branch site-pyrimidine tract combination
results PTMs with a high propensity to bind splicing factors,
such as U2 AF and U2 snRNP, and to splice very efficiently.
Moreover, the concentrations of target beta HCG pre-mRNA and
pre—therapeutic molecules is supra-physiologic in this

experiment, which enhances the probability of non~targeted
(tethered) trans-splicing.

PTM 5 and PT™ 6 have been designed to eliminate the
pyrimidine tract and the 3' splice site 1in order to show that the
joining of a PTM with the exon 1 of beta HCG 1s due to
trans-splicing. PTM 7 was produced to remove only the 3' AG
splice site. Patterson B and Guthrie C, Cell 64: 181-7 (1991).

PTM 5-~7 are being tested 1in transfected tissue culture
experiments, as specificity within intact cells is more relevant
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for therapeutic application.

The experimental model intron is cloned into a section of
the adenovirus 2 major late promoter ILeader 1 and ILeader 2
splicing unit, containing a 5' splice site, a branch point,
pyrimidine tract, and a 3' splice site. This sequence is cloned
into an expression vector, such as pcDNA3,1 (Invitrogen Corp.),
with a T7 RNA promoter upstream, so that RNA of the splicing unit
can be transcribed using T7 RNA polymerase (Stratagene). The
nucleotide (DNA) sequence of one such insert is:
pCDNAII-T7 promoter 5'-

GGGCGAATTCGAGCTCACTCTCTTCCGCATCGCTGTCTGCGA

GGTACCTGTTGGG/GTGAGTAGGATCCCTCTAAAAGCGGGCA
T

*

TGACTTCTAGAGTAGTCCAGGGTTTCCGACGGTTTCCGTCGA

CGATGTCATACTTATCCTGGGCCCTTTTTTTTCCACAG/CTC
T 4 T
BPA J J¢

GCGCTGCAGGACAAACTCTTCGCGGTCTTTGCATGCAAGCTT

3' Marker sequence

Key:

* = 5 Splice Site; CATACT.. = target region for binding;
BPA = branch point adenosine; # = Py tract; ** = 3' gplice
Site

The 3' terminus of the model intron contains a marker
sequence, such as the Sp6 promoter or expressible peptide
selection markers, so that a properly spliced product is



10

15

20

25

30

35

CA 02240494 1998-06-12

WO 97/22250 PCT/US96/19419

18
detectable by electrophoretic separation as a shorter nmRNA
sequence than an unspliced T7 transcript. The spliced product 1is
also detectable by PCR amplification using primers to T7 and Spé

sequences (or appropriate primer to the marker used).

Several regions of the pre-therapeutic RNA molecules are
varied and tested for the ability to trans-splice specifically
and determine the frequency of trans-splicing.

a) Binding domain - targeting the pyrimidine tract and branch
point:

CATACTTATCCTGGGCCCTTTIT = TARGET Sequence of the adenovirus 2
major late promoter in 5 to 3' orientation

3! - TTTTCCCGGETCCTATTCATAC - 5 Target sequence in reverse
orientation
Model pre-~thRNA molecule
AAAAGGGCCCAGGATAAGTATGCACGGCGACTATTGATTCT
R I R e ot 2t o o R U S o o

CAGAACTGTGTTATACTAACGGAACTTCCCTTTTTTTTCCACAG/
ettt T # % %

BPA
AGCCAGCCAGAACTCGCCCCGGAAGACCCCGAGGATGTCGAG

CACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCG

T

AAAGGAAGCTGAGTTGGCTGCTGCCACGCTGAGCAATAACTAGC

ATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGEGGTTTTTTG-3 !

Key:

AAAAGG.. = target region for binding; +++++ = spacer region;
Py tract:; ** = 3' Splice Site;
ACCCAG... = HSV protein marker; CACCAC... = histidine protein

i

BPA = branch point adenosine; #
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of .

marker; | = stop codon.

The inclusion of a histidine protein marker will
allow for detection using metal chelation chromatography
and HSV protein marker allows for detection using
monoclonal antibodies. These reagents are available from
Novagen, 1Inc.

b) Additional model pre-therapeutic RNA molecules
are made which are similar to that above, with different
complementary binding regions, shifted to hybridize
either more 5' or 3!' in the target molecule to ascertain
the optimal region to target/block and to enhance the
trans-splicing reaction. Other sequence elements which
modulate splicing are added to enhance or diminish
trans-splicing efficliency.

Example 3: In vitro splicing reaction

These DNA sequences were cloned into expression
plasmids and hosts. Sequences were verified by Sanger
dideoxy DNA sequencing. RNAs are made from plasmid DNA
or PCR amplified templates and transcribed using T7 RNA
polymerase. Either the target, or the pre-th-RNA may be
synthesized in the presence of [a*PJUTP. Full length
pre-mRNAs and targets are purified by gel
electrophoresis. Jamison, S.F., A. Crow, and M.A.
Garcia-Blanco, Mol. Cell Biol. 12, 4279-4287 (1992).

Nuclear extracts made using the procedure of Dignanm,
J.D. et al., (Nucl. Acids Res., 11, 1475-1489, 1983) were
purchased from Promega. In vitro splicing assays were
performed as in, Garcia-Blanco, M.A., S.F. Jamison, P.A.
Sharp, (Genes and Dev., 3, 1874-1886, 1989). Splicing
reactions are incubated for various times. Upon

completion, the reaction products are separated by
electrophoresis on polyacrylamide gels. Splicing
complexes are electrophoresed on non-denaturing
acrylamide gels and visualized by autoradiography. In
vitro splicing products are analyzed on denaturing
acrylamide gels. Jamison et al., Mol. Cell Biol. 12,
4279-4287 (1992).
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Spliced products were analyzed by reverse transcription PCR
(RT-PCR) in separate reactions using primers specific for either
the native cis-spliced product, or for the hybrid trans-spliced
product, with the 5° primer complementary to the target mRNA 5°
exon, and the 3' primer complementary to the trans-spliced marker
or therapeutic gene. The same 5' primer was used to detect the
cis and trans-spliced product. There is increased trans-splicing
conferred by the specificity of the binding domain. (See gel,
Figure 634).

Spliced products may also be expressed 1in a cell free
translation system, with the trans-spliced product detectable by
Western blot and protein sequencing, under certain conditions,

ij.e. if the rate of trans—-splicing is high enough to produce
sufficient concentration of marker protein for detection.

Example 4: Competitive in vitro splicing reaction

This example is identical to example 3, except that it
contains a mnixture of pre-mRNA molecules, with only a limited
amount of the targeted pre-mRNA. This allows demonstration of the
trans-splicing reaction in the presence of a presumably preferred
cis-splicing reaction. RT-PCR is used to determine the
specificity of trans-splicing between the target pre-mRNA and the
pre-thRNA in the presence of competing non-targeted pre—-mRNAS.
Additional RT-PCR amplifications using a primer to the marker
sequence and primers specific to non-targeted pre-mRNA's are
performed in order to detect possible random trans—-splicing
events.

Example 5: Trans-splicing reaction in human lung cancer cultured
cells

A cell culture model of a human lung cancer was used to
demonstrate that therapeutic removal (killing) of target cells

expressing a unique gene (pre-mRNA) is accomplished using the
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pre~-therapeutic toxin molecules of the invention. See Fiqure 7.
Mixed cell experiments are used to show that only the target
cells are eliminated. Successful pre-thRNA constructs identified
during in vitro experiments were modified appropriately for use
in the cell culture experiments. Experiments are currently
underway to improve the specificity of cell killing, such as the
addition of a "safety".

Preliminary studles suggest that the l1lst generation of PTMs may
have a high rate of non-targeted (promiscuous) trans-splicing.
'

This was not an unexpected result, as the 1st generation PTMs

were designed to maximize splicing efficiency. Several
modifications to improve specificity are being tried. These
include:

1. The addition of a "safety" to cover some or all of the

splicing elements of the PTM
2. Changing the sequences of the branch point and pyrimidine
tract so that they are less efficilent splicing elements
3. Altering the 3' end of the PTM, so that it does not contain
any polyadenylation signal, but 1s able to undergo a second
trans—-splicing reaction, acting as the 5 donor splice site to
the 3' splice site of the terminal exon of a beta HCG, thereby
acquiring the polyadenylation signal needed for export to the
cytoplasm and translation of the therapeutic chimeric protein.
4. Cloning the PTM into an inducable expression vector, where
the amount of

PTM transcribed can be regulated (perhaps trans-splicing is
a common event).

Example 6: Trans-splicing reaction in human cervical carcinoma
cell lines

The constructs are optimized for stability and ability to
bind to a specific site and to assure that the pre-therapeutic
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molecule can be produced in, transported to, and/or delivered to
the cellular site where splicing is desired. Preliminary studies
were done using eukaryotic expression plasmids, which produce the
pre-th-RNA construct within the nucleus, so specific binding,
targeted trans-splicing and stability are the design goals for
the initial pre-~therapeutic molecules. A vector containing an
inducible promoter may be used for convenience or to regulate the
concentration of PIMs in the cell. Induction of the
pre-therapeutic RNA is attained by the introduction 1into the
media of a simple non-toxic chemical. For example, IPTG induces
transcription of insert in pOPl3 CAT (Stratagene). An additional
second selectable marker, such as neomycin resistance, may also
be incorporated; with such a marker, only cells which have taken
up the vector will survive under selective growth conditions.

Other possible disease models with unique gene targets
include: a human cervical carcinoma cell 1line expressing
papilloma virus E6é or E7 protein, a prostate cancer cell 1line
expressing prostate specific antigen, a human hepatic carcinoma
cell line expressing CEA protein, or other lines expressing a
tissue specific gene product (pancreas, 1liver, breast, colon,
melanoma) or producing a malignancy associated protelin, such as
HCG (human chorionic gonadotropin), leukemia with bcrabl fusion
gene product t(9a34;22gqll), or other chromosomal translocation
fusion genes.

A papilloma virus model system may be tested next. The
treatment of cervical dysplasia and cancer are major clinical
problems. This model offers the ability to demonstrate
effectiveness against both a cancer and a viral infection. Women
infected with serotypes 16 or 18 of papilloma virus expressing
the E6 and E7 genes are at high risk to develop cervical cancers.

The initial work is done on a cell line which is transfected
with a selectable expression plasmid (such as ability to grow in
the presence of a normally toxic antibiotic, such as hygromycin

resistance conferred by plasmid pREP4 (available from Stratagene)
into which is cloned a contiguous region of a papilloma virus
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type 18 containing E6 and E7 and a splicing region containing a
5' gplice site, a BP, pyrimidine tract and 3' splice site to
target (plasmid 1).

Demonstration of trans-splicing: The above cell 1line is
transfected with a second expression plasmid (plasmid 2), with a
different selectable marker, such as G418 (neomycin) resistance
as provided by pcDNA I Neo (Stratagene), and an expression
cassette encoding a pre-therapeutic RNA made by the expression
plasmid 1. As before, the pre-thRNA molecule has an anti-sense
binding domain which may block the BPA of the target pre-mRNA, a
spacer region, a branch point, pyrimidine tract, a 3' splice site
and a marker or toxin gene and splice modulating sequences. In
the case that the trans-spliced gene is a toxin gene, these cells
would not be expected to survive for very long. Trans-splicing
is demonstrated by expression of a marker protein (in the case of
a marker gene) or a toxin. The toxin may be detectable by an
antibody, or the presence of the hybrid mRNA may be detected by
RT-PCR.

Transfected cells were assayed by growth inhibition assays
according to the method of El-Deiry, et al (Cell 75, 817-825,
1993) . Cells were transfected with an expression plasmid.
Colonies are selected on the basis of growth in the presence of
G418. Cells were expanded, split into three groups, and
transfected with plasmids containing: a) a target binding
pre—~thRNA with an authentic toxin gene (PTM2), b) a pre-thRNA
with a mutated or anti-sense oriented toxin gene (PTM8), c¢) no
insert (pc3.1 vector control) or d) a non-target binding
(non-homologous) PTM, PTM4. Growth inhibition is measured as a
reduction in the number of antibiotic resistant colonies
generated. CMV (cytomegalovirus) based vectors allow
constitutive high 1level expression of the transfected gene in
target cells. The results are shown 1in Figure 7. A reverse
experiment can be performed beginning with cells transfected with
plasmid 2 first and intact or mutated target plasmids (plasmid
1).
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Brief description of a double transfection experiment: Cells
are plated in petri dishes and transfected with a fixed amount of
plasmid 1 (target with hygromycin resistance), usually 2 ug of
DNA, and with plasmid 2 (containing pre-th-RNA and G418
resistance) at various concentrations. Selection for colonies
resistant by incubation in G418 and/or hygromycin for 2-3 weeks.
Colonies will be stained with methylene blue and counted.
Assay results - Theoretical:
1. Control (no transfection) - No colonies
2. Control (2 g plasmid 1) - 200 - 500 colonies
3. Control (2 pg plasmid 2 without toxin gene [either
deleted or mutated), and 2 pg plasmid 1) - 200-500 colonies

4. 2 ug plasmid 1 and 2 ug plasmid 2 - 20 - 50 colonies

S. 2 ug plasmid 1 and 20 pg plasmid 2 - 2 - 5 colonies

Conclusion: Plasmid 2, containing functional toxin gene in
pre-thRNA molecule, inhibits the growth of these cells.

Brief description of an alternate transfection experiment:
Cells are plated in petri dishes and transfected with a fixed
amount of plasmid 2 (containing pre-th-RNA and G418 resistance)
at various concentrations. Selection for colonies resistant by
incubation in G418 and/or hygromycin for 2-3 weeks. Colonies
will be stained with methylene blue and counted.

Assay results - Theoretical:

1. Control (no transfection) - No colonies

2. Control (4 ug plasmid 1) - 200 - 500 colonies

3. Control (4 ug plasmid 2 without toxin gene [either
deleted or mutated)}, and 4 pg plasmid 1) - 200-500 colonies

4. 4 pg plasmid 1 and 4 pg plasmid 2 - 20 - 50 colonies

5. 4 pg plasmid 1 and 20 ug plasmid 2 - 2 - 5 colonies

Conclusion: Plasmid 2, containing functional toxin gene 1n
pre-thRNA molecule, inhibits the growth of these cells.
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Experimental controls are performed to demonstrate that cell
growth inhibition is due to expression of the toxin and not due
to the production of a cytokine, such as interferon, that would
be expected to occur when double stranded RNA is present within
cells. In these experiments, the binding domain is changed so
that it no longer binds, or the toxin gene is mutated so that it
is not expressible by the insertion of a frameshift nonsense
point mutation, or insertion of the toxin gene in an anti-sense
orientation, but the rest of the «construct will be unaltered.
Cells transfected with plasmid 1 and plasmid 2 with no binding
domain or an inexpressible toxin gene should grow as well as
cells containing no pre—-thRNA construct.

Mixed cell experiments are done. These 1nclude studies
where cells lacking plasmid 1 are transfected with plasmid 2
along with cells containing plasmid 1. The final population
should be able to grow well 1in the presence of G418 (the
resistance conferred by plasmid 2), but should not grow in the
presence of selective agent 1 (the cells containing both plasmids
should be eliminated by the trans-spliced toxin). Additional
mixed cultures may be done to demonstrate that the expression of
toxin within adjacent cells does not affect the survival of

non-targeted cells.

Example 7: Animal experiments

1st Phase (mice) |

Transformed cells with 1inducible pre~thRNA plasmids are
administered to mice. These cells will be developed in the cell
culture model described above, and one therefore obtains diseased
animals with an inducible promoter in front of the

trans—-spliceable construct. The vector is then induced and the
disease cells are killed by the expression of the toxin and the
animal should remain healthy. This latter point is important to
show that the induction o¢f the toxin gene does not have a
generalized adverse effect. Some of the disease cells are also
examined soon after induction to search with antibodies for
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evidence of toxin gene expression and also to perform reverse
transcription PCR to demonstrate that trans-splicing occurred.
The animals are followed for long term survival and possible
toxicity. Athyvmic mice can be used to grow human cells.
Alternatively the PTMs can be administered by electroporation or
liposones.

2nd Phase - Therapeutic Concept Demonstration

In this phase animals with un~transformed disease cells are
used (preferably human cells in athymic mice). Human pancreatic
or lung cancer cells expressing beta HCG may be used with the
PTMs developed for the experiments previously listed. Human
cervical cancer cells containing the target region of the
papilloma virus type 18 used in the cell model above can be used.
Athymic mice with human pancreatic cancer or cervical cancer
tumors are injected or electroporated with the deliverable form
of the pre-therapeutic RNA construct. Control animals receive
pre-th-RNA with expression incompetent toxin genes or sham
(non-target binding) pre-th-~RNAs. The animals are examined as
above for long term survival and toxicity.
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CLAIMS:
1. A cell comprising a nucleic acid molecule, wherein

sald nucleic acid molecule comprises:

a) one or more target blnding domains that target
5 Dbinding of the nucleic acid molecule to a target pre-mRNA

expressed within the cell;

b) a 3'" splice region comprising a branch point,

a pyrimidine tract and a 3' splice acceptor site;

C) a spacer reglion tha—t separates the 3' splice

10 region from the target binding domain; and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

wherein said nucleic acid molecule 1s recognized

by nuclear splicing components within the cell.

15 2. The cell of claim 1, wherein the nucleic acid

molecule further comprises a 5' donor site.

3. The cell of claim 1 or c¢laim 2, wherein the
nucleic acid molecule further comprises a safety nucleotide

sequence comprilsing one or more complementary sequences that

F

20 Dbind to one or both sides of at least one of the branch

point, the pyrimidine tract, and the 3' splice acceptor

site.

4. The cell of any one of c¢claims 1 to 3, wherein the
binding of the nucleic acid molecule to the target pre-mRNA

25 1s mediated by complementary, triple helix formation or

protelin-nucleic acid interaction.
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5. The cell of any one of claims 1 to 4, wherein the
nucleotlde sequence to be trans-spliced to the target pre-
mMRNA comprilses a sequence encoding a translatable protein

product.

6. The cell of any one of claims 1 to 5, wherein the

nucleic acid molecule further comprises a nucleotide

sequence contalning a translational stop codon.

7. The cell of claim 5, wherein the translatable

protein product 1s a toxin.

8. The cell of claim 7, wherein the toxin i1s subunit

A of Diptheria toxin.

9. A cell comprising a nucleic acid molecule, wherein

sald nucleic acid molecule comprises:

a) one or more target binding domains that target
binding of the nucleic acid molecule to a target pre-mRNA

expressed within the cell;
b) a 5' splice site;

C) a spacer region tha: separates the 5' splice

site from the target binding domain; and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

wherein said nucleic acid molecule is recognized

by nuclear splicing components within the cell.

10. A cell comprising a recombinant vector, wherein

salid vector expresses a nucleic acid molecule comprising:
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a) one or more target oinding domailins that target

binding of the nucleic acid molecile to a target pre-mRNA

expressed within the cell;

b) a 3' splice region comprising a branch point,

5 a pyrimidine tract and a 3' splice acceptor site;

C) a spacer region that separates the 3' splice

region from the target binding domain; and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

10 wherein said nucleic acid molecule is recognized

by nuclear splicing components within the cell.

11. The cell of claim 10, wherein the nucleic acid

molecule further comprises a 5' donor site.

12. A cell comprising a recombinant vector, wherein

15 sailid vector expresses a nucleic acid molecule comprising:

a) one or more target binding domains that target

P

binding of the nucleic acid molecule to a target pre-mRNA

expressed within the cell;
b) a 5' splice site;

20 C) a spacer reglon tha: separates the 5' splice

site from the target binding domain, and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

wherein said nucleic acid molecule is recognized

25 by nuclear splicing components within the cell.

13. An 1n vitro method of producing a chimeric RNA

molecule 1in a cell comprising:
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contacting a target pre-mRNA expressed 1n the cell
with a nucleic acid molecule recognized by nuclear splicing

components, wherein said nucleic acid molecule comprises:

a) one or more target binding domains that target
5 binding of the nucleic acid molecule to a target pre-mRNA

expressed within a cell;

b) a 3' splice region comprising a branch poilnt,

a pyrimidine tract and a 3' splice acceptor site;

c) a spacer region tha- separates the 3' splice

10 region from the target binding domain; and

d) a nucleotide sequence to be trans—-spliced to

the target pre-mRNA;

under conditions in which a portion of the nucleic
acid molecule is trans-spliced to a portion of the target

15 pre-mRNA to form a chimeric RNA within the cell.

14, The method of claim 13, wherein the nucleic acid

molecule further comprises a 5’ donor site.

15. The method of claim 13 or claim 14, wherein the
chimeric RNA molecule comprises a sequence encoding a

20 translatable protein.

16. The method of any one oI claims 13 to 15, wherein
the chimeric RNA molecule comprises a sequence encoding a

toxin.

17. The method of any one of claims 13 to 16, wherein
25 the chimeric RNA molecule comprises a sequence encoding

Diptheria toxin.
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18. An in vitro method of producing a chimeric RNA

molecule in a cell comprising:

contacting a target pre-mRNA expressed within the
cell with a nucleic acid molecule recognized by nuclear
splicing components, wherein said nucleic acid molecule

comprises:

a) one or more target binding domains that target
binding of the nucleic acid molecile to a target pre-mRNA

expressed within the cell;
b) a 5' splice site;

c) a spacer region tha:- separates the 5' splice

site from the target binding domaln; and

d) a nucleotide sequence to be trans-spliced to

the target pre—-mRNA;

wherein said nucleic acid molecule 1s recognized

by nuclear splicing components within the cell.
19. A nucleic acid molecule comprising:

a) one or more target binding domains that target
binding of the nucleic acid molecule to a target pre-mRNA

expressed within a cell;

b) a 3' splice region comprising a branch point,

a pyrimidine tract and a 3' splice acceptor site;

C) a spacer reglion that separates the 3' splice

region from the target binding domain;

d) a safety sequence comprising one or more

complementary sequences that bind to one or both sides of at
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least one of the branch point, the pyrimidine tract and the

3" splice acceptor site; and

e) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

5 wherein said nucleic acie molecule is recognized

by nuclear splicing components within the cell.
20. A nucleic acid molecule comprising:

a) one or more target binding domains that target

’ ad

binding of the nucleic acid molecile to a target pre-mRNA

10 expressed within a cell;
b) a 5' splice site;

C) a spacer region tha: separates the 5' splice

site from the target binding domain;

d) a safety sequence comprising one or more
15 complementary sequences that bind to one or both sides of

the 5' splice site; and

e) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

wherein said nucleic acid molecule is recognized

20 Dby nuclear splicing components wizhin the cell.

21. The nucleic acid molecule of claim 19 or claim 20,

wherein the nucleic acid molecule further comprises a 5°

donor site.

22 . The nucleic acid molecule of any one of claims 19
25 to 21, wherein the binding of the nucleic acid molecule to
the target pre-mRNA 1s mediated by complementary, triple

helix formation, or protein-nucleic acid interaction.
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23. The nucleic acid molecule of any one of
claims 19 to 22, wherein the nucleotide sequence to be
trans—-spliced to the target pre-mNA comprises a sequence

encoding a translatable protein product.

24 . The nucleic acid molecule of any one of claims 19
to 23, wherein the nucleic acid molecule further comprises a

nucleotide sequence containing a translational stop codon.

25. The nucleic acid molecule of claim 23, wherein the

translatable protein product is a toxin.

20. The nucleic acid molecule of claim 25, wherein the

toxin is subunit A of Diptheria toxin.

27 . The nucleic acid molecule of any one of

claims 19-21, wherein the binding of the nucleic acid
molecule to the target pre-mRNA i35 mediated by
complementary, triple helix forma:-ion, or proteiln-nucleic

acid 1nteraction.

28 . A eukaryotic expression vector, wherein said

vector expresses a nucleic acid molecule comprising:

a) one or more target binding domains that target
binding of the nucleic acid molecule to a target pre-mRNA

expressed within a cell;

b) a 3' splice region comprising & branch point,

a pyrimidine tract and a 3' splice acceptor site;

C) a spacer region thaft separates the 3' splice

region from the target binding domain; and

d) a nucleotide seqgquence to be trans-spliced to

the target pre—-mRNA;
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wherein said nucleic acld molecule is recognized

by nuclear splicing components within the cell.

29. The vector of claim 28, wherein the nucleic acid

molecule further comprises a 5' donor site.

5 30. A eukaryotic expression vector, wherein said

vector expresses a nucleic acid molecule comprising:

a) one or more target binding domains that target

e

binding of the nucleic acid molecule to a target pre-mRNA

expressed within a cell;
10 b) a 5' splice site;

C) a spacer region that separates the 5' splice

site from the target binding domain; and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

15 wherein said nucleic aclid molecule is recognized

by nuclear splicing components wizhin the cell.

31. Use of the nucleic acid molecule of claim 19 or
claim 20 to produce a chimeric RNA molecule in specific
target cells, whereiln the target cells possess a unique pre-

20 mRNA or population of pre-mRNAs, which unigque pre-mRNA or
population of pre-mRNAs is a substrate for trans-splicing
with the nucleic acid molecule of claim 19 or claim 20,

which trans-splicing produces a chimeric RNA.

32. Use of the nucleic acid molecule of claim 19 or
25 claim 20 to cause 1in situ expression of said nucleic acid

molecule in specific target cells, wherein the target cells

eXpress a unique pre-mRNA or population of pre-mRNAs, which

unique pre-mRNA or population of pre-mRNAs is a substrate
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or trans-splicing with the nucleic acid molecule, which

trans—-splicing produces a chimeriz RNA.

3

3. Use of the nucleic acid molecule of claim 19 or

claim 20 to provide a subject witn a chimeric RNA in

specific target cells, wherein the subject has cells which

express a unique pre-mRNA or population of unigue mRNAS,

which unique pre-mRNA or population of unique pre-mRNAs is a

substrate for trans-splicing with the nucleic acid molecule,

which trans-splicing produces a chimeric RNA, and wherein

the subject 1s selected from the group consisting of an

animal, a plant and lower eucaryo-:e.

34. Use of a nucleic acid molecule recognized by nuclear

splicing components for producing a chimeric RNA molecule in a

cell, wherein said cell expresses a unique population of

target pre-mRNAs which are substrates for trans-splicing, and

whereiln said nucleilic acid molecule comprises:

a) one or more target binding domains that target

binding of the nucleic acid molecule to the target pre-mRNA

expressed within a cell;

b) a 3' splice region comprising a branch point, a

pyrimidine tract and a 3' splice acceptor site;

C) a spacer region that separates the 3' splice

region from the target binding domain; and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

wherein the nucleic acid molecule is adapted to

contact the target pre-mRNA expressed in the cell under

conditions 1n which a portion of the nucleic acid molecule

1s trans-spliced to a portion of the target pre-mRNA to form

a chimeric RNA within the cell.
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35. The use of claim 34, wherein the nucleic acid

molecule further comprises a 5’ donor site.

30. The use of claim 34 or claim 35, wherein the
chimeric RNA molecule comprises a sequence encoding a

translatable protein.

37. The use of any one of claims 34 to 36, wherein the

chimeric RNA molecule comprises a sequence encoding a toxin.

38. The use of any one of claims 34 to 37, wherein the
chimeric RNA molecule comprises a sequence encoding

Diptheria toxin.

39. Use of a nucleic acid molecule recognized by
nuclear splicing components in a cell, for producing a
chimeric RNA molecule in the cell, wherein said nucleic acid

molecule comprises:

a) one or more target binding domains that target
binding of the nucleic acid molecule to a target pre-mRNA

expressed within the cell;

b) a 5' splice site;

C) a spacer region that separates the 5' splice

site from the target binding domain; and

d) a nucleotide sequence to be trans-spliced to

the target pre-mRNA;

wherein the nucleic acid molecule is adapted to
contact the target pre-mRNA expressed in the cell under
conditions in which a portion of the nucleic acid molecule
1s transpliced to a portion of the target pre-mRNA to form a

chimeric RNA within the cell.
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
A1
X1

1021
1081
1141
1201
1261
1321
1381
1441
1801
1561
1621
1681
1741
1801
1861
1921

ccggegiige
clgagagega
tagetagett
tataatiagg
gcagaaaact
cageccatge
tttcttcgta
agccaaaate
acaataaata
ctggaggegt
ataatgecga
aagtcggaac
gectteectt
aagegtiaag
cgatgtatga
getcattgtce
tagagtcttt
cagtatciga
atcctgaatt
actatgegge
tggaaaagac

cagacggtac
ctttaatggt

catataattt
gtccegegta
gttggaacac
acataaaaat

ttcctggaaa
taaggatgeg
tttatgitag

agaaaatica
cagtagatca
aggtagtgad

gtatccagtg
ttaaaaactc
fcececatgta
atagctttac
gtttgegtea
aggegetgat
ccacgggact
tggtacacaa
cgacgetgeg
ggtcaaagtg
aactattaag
ggaagagtit
cgetgagaag
cgtagaactt
gtatatggct
atgcataaat

gaaagagcat
ggaaaaaget
gicagaactt
gtgggcagia
aactgctiget
cgticaccac
tgctcaaget
tgtagagagt
ttcteegagg
tgtigaagat
tactgctgaa
gctggacgtt

Ttctaatgaa
caccaaggtt
gtcgtgtgee

gctacactca
attgaggagl
accaatctat
ctaattattt
atcttaatag
gatgttgtig
aaacctggtt
gaaaattialg
ggatactclg
acgtatccag
aaagagtiag
atcaaaaggt
agttctageg
gagattaatt
caagcctgtg
cttgattogg
gaccctatca
aaacaatacc
aaaaccgtta
aacgttgege
ctttcgatac
aatacagaag
attccattgg
attatcaatt

cataaaacgc
tcgataatce

aataccecege
aataagtcca
atagacggtg
catgcgaatc
atticgtegg
aattctaagc

ad

ggtigtaatg
aggtecegat
caaaaaagqgd
tatgagtcct

agagegetact
attcttctaa
atgtagattc
acgatgatig
Tagataatga
gacigacgaa
gtttaagtct
teggtgatgg
ttgaatatat
ttgaaaccceg
caggaaatcg
atgtcataag
aaaataaaat
tagaagaatt
ctgggaccaa
aagttatcga
ttcctggtat
agatagtgac
taggagaget
tatttcaagt
aaccatttct
gaactggttt
ttccaatecge
agactcatat
atgtaacttt

ttcacgtgac
attccatagg

tatcgetatt

FI1G. 3B

attgggatga
togttttitge
cattgatttc

ggtaagggga
0gagatagag
atcttttgtg
cattcaaaaa
gaaagagttt
aaacccgctc
ggttctegea
cactgaaccg
tgcttcgegt
taataactgg
tggaaaacgt
tgtcaggega
ggataaaact
gagegaaagt
tcatcaaacg
tectgtattc
tagcgaaaca
cggtagegta
acaatcdata

agttgatatt
agticataat
tcatgacggg
tcaaggggag
gagtgtecta
ttccgtaaat
ttgtcgeect
atttcacaga

cgttcttoag
ttttgaaatc

SUBSTITUTE SHEET (RULE 26)

tgtacctgat
tagtgaagel
agagcaccct
tacgtigiga
gecccacctt
atggaaaact
ggtatacaaa
tatagtaccg
tciggaaaag
ctaaaagtgg
ttgatggage
gtagtgetca
gaacaggegda
ggccaagatg
fcagtaggta
dd(jaCdaaga
cccaataaaa
gcattagage
getggageta
gcigataatt
atgggcattg
gctttategt
ggtttegetg
tcgtataatic
tatgctgica
agtgggeacg
ctaccgacta
ggtcggaaaa
aaatctcctg
agcagetegg
taccagaaaa
aaaagetgaa
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FI1G. 4 P 1

Partial sequences of experimental pre-therapeutic molecules (PFTM)
showing TARGET BINDING REGION (complementary to § HCG intron 1,
nucleotide 903-886), spacer region (in ifalics), branch point (branch
point Adenosine in larger font), pyrimidine tract (Py), and 3' splice site
(A(Y/ ). The sequence (/GGCGCT ..... ) represents the entire coding
sequence of diphtheria toxin subunit A. Sequences of the mutant
constructs in which pyrimidine tract, 3' splice site AG was deleted, and
stop codons inserted are also shown.

(1) PTM + : Has complementary binding domain to the intron 1
branch point of § HCG

| EcoRI'| Xbal | Binding Domain | Branch Pt
5" GAATTCTCTAGATCCTTCACCCGEECCTGACTCGAGTACTAACTGGTACCTC

pyrimidine tract 3’ splice site/ diphtheria toxin subunit A
TTCTITTTITITCCTGCAG/GGCGCT .. ..... ...

(2) PTM + spacer: Has 30 nt spacer between complementary binding
domain and the branch point

FcoRl | Xbal |  Binding Domain | Spacer  Region
5" GAATTCTCTAGATCCTTCACCCEEECCTGACTCGAGAACATTATTATAACGTTIGC
Branch Pt pyrimidine tract

TCGAGIACTAACTGGTACCTCTICTTITITITCCTGCAG/GGOGCT . . ..

(3) PITM -: Has weak complementanity to § HCG infron 1 branch point
5 GAATTCTCTAGATCAGGOCCGGGTGAAGCACTOGAGTACTAACTGGTACCIC

U TGUAGY
L AN QS ININ AT A ¢ ¢ 8 9 ¢ @

(4) “No Stick” PTM, TB with spacer: No complementarity to § HCG mitron ]
5' GAATICTCTAGACAACGITAATAATAATGITCTCGAGAACATTATTATAACG

TTGCTCGAGTACTAACTGGTA C AGGGCGCT . .
SUBSTITUTE SHEET (RULE 26)
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FIG. 4, p2

(5) PTM + Py tract (-) AG () mutant : Identical to (2), except splice
acceptor any pyrimidine tract is mutated to eliminate 3' splice site
functionality

TCGAGTACTAACTGGTACCCGAACTGGACGOGGTTAACG/GGCGCT . . . . .
Mutated Pyrimidine tract, No AG

TCGAGIACTAACTGGTACCOGTGATAATAGCGGTITAACG/GGCGCT
Mutated Pyrimidine tract, No AG

.....

(7) PTM + AG (-) mutant: Same as (2) except that 3' splice acceptor AG
is deleted (4)

S GAATTCTCTAGATCCTICACCCEEECCT CACTCGAGAACATTATTA TAACGTTGC
TCGAGTACTAACTGGTAC OCG

.....

SUBSTITUTE SHEET (RULE 26)



CA 02240494 1998-06-12

WO 97/22250 PCT/US96/19419

7/ 16

FIG. 4, p3

Construction of PTM 1 - 8:

The experimental model target pre-mRNA, B HCG gene 6 (Fig
C), was restricted with Sac | and cloned into pBS-
(Stratagene). This produced an 805 bp insert from nucleotide

460 to 1265 which includes the 5' untranslated region, initiation
codon, exon 1, intron 1, exon 2, and most of intron 2. RNA
transcripts are produced using a T7 polymerase transcription
kit (Stratagene) from these pBS-clones.

For cell-free trans-splice experiments, the pre-therapeutic
molecules were also constructed in pBS-. Diphtheria toxin
subunit A (DTA) was PCR ampilified using primers DT-1
(GGCGCTGCAGGGCGCTGATGATGTTGTTG), which has a Pst | site
at the 5' end and DT-2 (GGCGAAGCTTGGATCCGACACGA
TTTCCTGCACAGG) which adds a Bam | and Hind Il site to the 3
end of the PCR product. The PCR amplified DTA was
digested with Hind Ill and Pst | and cloned into pBS-. The
resulting pBS-DTA clone was cut with Eco Rl and Pst | and the
following oligonucleotides were ligated in, creating PTM +

(PTM 1).

IN2-4: GGAAAAAAAAGAAGAGGTACCAGTTAGTACTCGAGTCAGGC
CCGGGTGAAGCATCTAGAG

IN3-1:  AATTCTCTAGATGCTTCACCCGGGCCTGACTCGAGTACTAAC
TGGTACCTCTTCTITTITTITICCTGCA

These oligos contain restriction sites for Eco RI, Xba I. Xho |,
Kpn |, and Pstl. IN2-4 is complementary to IN3-1. The 5'
overhang of IN3-1 is used to ligate into the Eco RI site of the
pBS- DTA clone. The 3' overhang of IN3-1 is used to ligate
Into the Pst | site of the pBS- DTA clone, forming PTM 1.

PTM - (PTM 3) is created by restriction digestion of PTM 1 with
Eco Rl and Xho |, gel electrophorectic removal of the smali
binding domain fragment, and ligating in the following two

oligos:

IN-5: AATTCTCTAGATCAGGCCCGGGTGAAGCACTCGAG

IN-6: TGCTTCACCCGGGCCTGATCTAGAG
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FIG. 4, P4

PTM + spacer (PTM 2) was produced by cutting PTM 1 with
Xho | and ligating in the following oligos. Clones having spacer B
in the sense direction from the T7 promoter of pBS- were chosen as

PTM 2.
Spacer A: TCGAGCAACGTTATAATAATGTTC

Spacer B: TCGAGAACATTATTATAACGTTGC

"No stick"” PTM - with spacer (PTM 4) is created by restriction
digestion of PTM 3 with Xba | and Xho |, and ligating the

following oligos. Clones having spacer B in the sense
direction from the T7 promoter of pBS- were chosen as PTM 4.

IN-7: CTAGACAACGTTATAATAATGTTC
IN-8: TCGAGAACATTATTATAACGTTGT

Spacer A: TCGAGCAACGTTATAATAATGTTC
Spacer B: TCGAGAACATTATTATAACGTTGC

CRM with spacer (PTM 8) was created by PCR amplification of
a diphtheria toxin subunit A mutant, CRM197 DTA (which was
a mutation at amino acid 52, Gly to Glu, which eliminates toxin
activity, Uchida et al., 1973, JBC 248, 3838-3844) using
Frimers DT-1 and DT-2. The product was digested with Hind

Il and Pst | and cloned into Hind Ill and Pst | digested PTM 2,
after agarose gel electrophoresis to remove the wild type toxin

gene from PTM 2.

PTM + Py tract (-) AG (-) (PTM 5) mutant was created by
digesting PTM 2 clone with Pst | and Mung Bean Nuclease
and then ligating in delta AG-1 and delta AG-2 oligos. Delta
AG-1 has a unique Hpa | restriction site.

Delta AG-1: CCGAACTGGACGCGGTTAAC

Delta AG-2: GTTAACCGCGTCCAGTTCGGGTAC
SUBSTITUTE SHEET (RULE 26)
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PTM + Py tract (-) AG gf?\ﬂWith stop codons (PTM 6) was
created by digesting PTM 2 with Pst | and Mung Bean
Nuclease and then ligating in delta AG-3 and delta AG-4

oligos. Delta AG-3 contains three stop codons in frame "TGA,
TAA, TAG" and has a unique Hpa | restriction site.

Delta AG-3: CCCGTGATAATAGCGGTTAAC
Delta AG-4: GTTAACCGCTATTATCACGGGTAC

PTM + AG (-) (PTM 7) mutant was created by PCR amplification
of the Diphtheria toxin subunit A of PTM 2 using primers Delta
AG-5 (ACTGGTACCTCTI'C'ITI']TFI'TCCTGCGGCGCTG), in which the 3

splice acceptor AG was deleted, and DT-2
(GGCGAAGCTTGGATCCGACA CGATTTCCTGCACAGOG), which has a
Hind Ill site at the 3' end. The product was digested with Kpn |
and Hind Il and cloned into Kpn | and Hind lli digested PTM 2,
after agarose gel electophoresis to remove the wild type toxin

gene from PTM 2.

For studies involving cells in tissue culture, cloned PTM
variations were digested with Eco Rl and Hind I, then ligated

into Eco RI and Hind lll digested pcDNA 3.1- (Invitrogen),

which is a mammalian expression vector containing a
iransformation selection marker (G418). The sequences of the

various PTMs were verified by DNA sequencing.

FIG. 4, P5
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acactcgacg
tagaccactg
ctigtctact
cctggtggec
acgcaccaag

ccttcecagge
tetttctgga

atctgaaatg
tgtcegagtg
ggtgtaccet
geagtgtect
geatccaagg
aaggaggact
accaiggtga
ggcageaadg
gagaacagda
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aaggcccctc
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FIG. 5B

geatctgggt
cagaagciaa
tcaagtagag
ggticccaag
ccagectcga
ctcegectea
cactcctgtg

actccageat

tegttoagag
tctcactogg

caggaaaggc
gectectect

ctcigtgect
tcaccgtagt
teegetgage
tgtcgagetc
aggtatgaag ccaggtacac
gactgcaggg cccctgggea
gcagaccagt  gigagetgtg
cttcacgtgg ggcagttcct
cgggetgtag ggtggactct
gccgageagg gtetetgagt
ctcagggetg tggtcteagg
ttgetgetge
cgecccatea
aacaccacca
gtgetgecac
tctggtcagg
ctgagtctga
tgctcattcc
ctgcctcagg
tgceegegeg
ctctgecgee
gacccceget
tcecgactee

tgttaggttg

actgagtctc

gatggagatg
aatcactgge

ggagtgtgac
Ttggggtatc

gtgggtectg

gegtgaacce

gctcectgge

tccaggecete
cggggecctc
cactctggeg gtgte

tctcaateeg
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FI1G. 6A

TARGET RNA: beta HCG beta HCG beta HCG
Pre-thRNA: PTM+ PTM+spacer TB+spacer
TIME (min) : 30 60 S0 30 6090 30 6090 M
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FI1(G. 6 A LecenD

* In vitro trans-splicing: 250 ng of gel purified f HCG pre-mRNA and
500 ng of the PTM RNA were annealed by heating to 98°C in the
presence of 40 mM KCI and 2mM MgCl, and slowly cooled to 30°C.
Splicing reactions were carried out by incubating 225 ng of the annealed
RNA sample in a 25 ul reaction volume containing 1X splicing buffer (40
mM KCl, 2mM MgCl,, 5 mM creatinine phosphate and 1 mM ATP) and
Sul of Hel.a Spice nuclear extract (Promega) at 30°C. Aliquots were

taken at the indicated time points and the reactions were stopped by
adding an equal volume of high salt buffer (7 M urea, 0.5% SDS, 100
mM LiCl, 10 mM Tris-HC], pH 7.5 and 10 mM EDTA). The RNA
samples were extracted once with phenol:chloroform followed by
chloroform, ethanol precipitated, washed with 70% ethanol and air dried.

* RT-PCR Analysis: Reverse transcription (RT) coupled with PCR
analysis were performed with a Perkin-Elmer thermal cycler using either a
one enzyme protocol-EZ-RT PCR kit (Perkin-Elmer) or by using a two
M-MLYV reverse transcriptase (Gibco-BRL) and Tag DNA. polymerase
(Perkin-Elmer). Typical RT reaction volumes were 20 1l which
contained 15 ng of spliced and trans-spliced RNA, 0.1 ©g of a 3" specific
primer which is complementary to the diphtheria toxin (nt 145-125 of
DTA) portion of the trans-spliced RNA (DT-3, 5-
CATCGTCATAATTTCCITGTG), 5 mM MgCL, 1 mM of each dNTP, 1X
PCR bufier (50 mM Kcl and 10 mM Tris-Hcl, pH 8.3) and 10 U of
reverse transcriptase. The RT reactions were carried at 42°C for 15 min
and for those RT using M-MLV, the enzyme was inactivated by heating
to 95°C for 5 min. The cDNA was then amplified by PCR using 0.1 ug
of a 5' specific primer for the target component of the trans-spliced
mRNA, [ HCG RNA exon 1 (HCG-F, 5-Biotin-
ACCGGAATTCATGAAGCCAGGTACACCAGG, nt 514-534) and 2.5 U of
Taq DNA polymerase m a 100 . reaction volume. The temperature profile
used m 35 cycles of amplification was, denaturation at 94°C for 30 s,
annealing at 60°C for 40 s and extension at 72°C for 45 s followed by a final
7 mun extension at 72°C. Reaction Products were analyzed on a 2% agarose
gel. The expected product of trans-splicing is 207 bp.
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FIG. 6B

Nucleotide sequences of RT-PCR amplified trans-spliced
fragment. The RT-PCR amplified a 207 bp product, which was
directly sequenced using DT-3 reverse primer, o->>PdATP and
Sequenase kit (Amersham, Life Science), and the products were
separated by gel electrophoresis. Arrows indicate the position of the
Jjunction of the trans-spliced product.

Exon 1 of 3 HCG 566

:
9 - CAGGEEGACGCACCAAGGATCRAGATGT TCCAGEGECG ATRATGTTGTTGATT
I 1st Coding Nucleotide of DTA

CTTCTAAATCTTTTGTGATGGAAAACT T TICTTCGTACCACGGGACTAAACCTGGTTAT
GTAGATTCCATTCAAAAA -3

equence from gel (This is reversed due to the use of a reverse sequencing primer

Diphtheria toxin subunit A >
TTTTGAATGGAATCTACATAACCAGGTTTAGTOCOGTGGTACGAAGAAAAGTTTTCC

ATCACAAAAGATTTAGAAGAATCAACAACKICATCAGCGOOQIQW
I beta HCG exon

CCTIGGTGCUTCCCCTG - 3
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FIG. 7

Cellular Disease Model:

A cell cutture model of human cancer was used to demonstrate that therapeutic removal
(kiling) of target cells expressing a unique gene (pre-mRNA) is accomplished using the pre-
therapeutic molecules of the invention. In this system, various cancer cell lines, induding a
lung cancer iine (H1299), a line derived from cervical cancer (Hela S3), and several
pancreatic cancer lines (C1469, (1997, H134 and C1682) were tested. Alf these cell lines
have been found to express [BHCG target molecules as determined by RT/PCR and
immunostaining assays. (ells were plated at a density of 1 x 10°on 60mm tissue cutture
plates and grown for a minimum of 24 hours. Transfection of CMV and PTM vector DNAs
(4ug/plate) was achieved using lipfectamine (Gibco-BRL) by standard procedure. On day 4,
transfected cells were trypsinized and passed 1:10 into media containing G418 (500

ug/ml). Fresh media containing G418 was supplemented every 3-7 days. On day 18,
colonies that remained after G418 selection were washed with PBS- {Sigma), fixed in a 3:1
methanol/acetic acid solution for 10 min. and air dried for 10 min. Then a 0.03%
methylene blue solution was added for 10 min. to stain the colonies. Colonies were washed
with PBS-, air dried, and colonies of greater than 50 cells were counted. Results for the first
experiments with H1299, a lung cancer cell iine, and Hela S3, derived from a cervical

cancer are as follows:

{ransfection Toxicity Assays:

Cell Line: H1299 nment 1:
Number of Colonies,
CONDITION Average, Plate A+B Comment:
Mock (no DNA) 0
PTM 8 91.0 CRM mutant DIA, no toxin activity clone
pCMV control 34.3 Vector control for p53 clone
p53 in p(MV 0 Expressed p53 kills these cells, transformation -+ control
PTM 4 4.7 Non-binding PTM
PTM 2 4.1 Binding PTM
Cell Line: H1295 enment 2:
Number of Coionies,
CONDITION ~ Average, Plate A+B
PTM 8 80.8 CRM mutant DTA
pc3.1-vector 115.3 Vector control for PTM expression dones
PTM 4 1.0 Non-binding PTM
PTM 2 2.0 Binding PTM
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Cell Line: Hela S3 Experiment 1:
| Number of Colonies,
CONDITION Average, Plate A+B Comments
Mock (no DNA) 88 These plates were likely pCMV, but mislabeled Mock
PTM 8 89 CRM mutant DTA
pCMV control 0 These plates were likely Mock, but mislabeled pCMV
p53 in pCMV 0 Expressed p53 kills these celfs, transformation + control
PTM 4 1.0 Non-binding PTM
PTM 2 3.1 Binding PTM
F1G. 7 LEGEND

« Transfection of H1299 and HeL.a S3 Cells: H1299 lung tumor cells
and Hela S3 derived cervical cancer cells were grown in RPMI media
supplemented with 10% fetal calf serum at 37°C in a 5% CO, incubator.
Transfection was performed using lipofectamine (Gibco-BRL) according
to standard procedure of the manufacturer. H1299 and HelLa S3 cells
were plated at a density of 1 x 10° on 60 mm dishes and grown for at
least 24 hours. Cells were either mock transfected, no DNA added, or
transfected with 4 p.g of the following vector DNAs: pc3.1-PTM 2
(PTM 2 cloned mnto pc3.1-), pc3.1-PTM 4 (PTM 4 cloned into pc3.1-),
pc3.1-PTM 8 (1dentical to pc3.1-PTM 2, except for a point mutation
which produces a Gly to Glu mutation at amino acid position 52 of
DTA, eliminating all toxin enzymatic activity), pcDNA3.1 (vector
control), pCMV p53 (p353 cloned into pCMV), and pCMV (vector
control). On day 4, transfected cells were trypsinized and passed 1:10
into media contamning G418 (500 ng/ml). The medium was changed
every 3 to 7 days and selection continued for at least 2 weeks. On day
18, colonies that remained after G418 selection were washed with PBS-
(Sigma), fixed in methanol/acetic acid solution (3:1) for 10 min and air
dried for 10 min. Then 0.03% methylene blue was added for 10 min
to stain the colonies, they were then washed once with PBS-, air dried

and colonies of greater than 50 cells were counted.
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