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TRANSIENT TRANSFECTION WITH RNA

FIELD OF THE INVENTION

The present invention is generally in the field of genetic engineering

employing non-viral RNA-mediated gene delivery.
GOVERNMENT RIGHTS

The United States government has certain rights in this invention by
virtue of NO1-HV-28186.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S.S.N. 60/899,144 filed
February 2, 2007.

BACKGROUND OF THE INVENTION

The advent of recombinant DNA technology has led to subsiantial
effort to develop methods to facilitate the transfection and transduction of
therapeutic and other nucleic acid-based agents to specific cells and tissues.
Known techniques provide for the delivery of such agents with a variety of
genes, provided in recombinant expression constructs. These constructs are
capable of mediating functionality of the genes once they arrive within a cell.
Such developments have been critical to many forms of molecular medicine,
specifically gene therapy, whereby a missing or defective gene can be
replaced by an exogenous copy of the functional gene.

Introduction of foreign nucleic acid into a cell can be accomplished
chemically, biologically, or mechanically. Some current methods include
viral transduction and non-viral delivery, such as electroporation, lipid
dependent, polymer dependent, polypeptide dependent delivery, calcium co-
precipitation and transfection with “naked” DNA.

Viral approaches typically use a genetically engineered virus to infect
a host cell, thereby “fransducing” the cell with an exogenous nucleic acid.
Among known viral vectors are recombinant viruses, poxviruses, herpes
viruses, adenoviruses, and retroviruses. Such recombinants can carry
heterologous genes under the control of promoters or enhancer elements, and

are able to cause their expression in vector-infected host cells, as reviewed in
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Mackett et al., J. Virol. 49:3 (1994); Kotani et al., Hum. Gene Ther. 5:19-28
(1994). However, viral transfection approaches carry a risk of mutagenicity
due to viral integration into the cellular genome, or as a result of undesirable
viral propagation. Insertion of retroviral DNA can result in inactivation or
ectopic activation of cellular genes, thereby causing diseases (Lee et al., J
Virol. 64:5958-5965 (1990)) or activation of oncogenes (Shiramizu et al.,
Cancer Res., 54:2069-2072 (1994)). Furthermore, viral vectors also are
susceptible to undesifabie interactions with the host immune system.
Non-viral methods of gene delivery include such as electroporation,
liposomal, polymer, polypeptide dependent delivery and transfection with
"naked" DNA. Electroporation utilizes the application of brief, high-voltage

electric pulses to a variety of animal and plant cells leads to the formation of

- pores and other disturbances in the plasma membrane (U. S. Patent No.

4,394,448 to Szoka, Jr., et al, and U.S. Patent No. 4,619,794 to Hauser).
Nucleic acids can enter directly into the cell cytoplasm either through these
as a consequence of the redistribution of membrane components that
accornpanies closure of the pores and membrane restoration.

Liposomal and polypeptide dependent approaches mix the material to
be transferred with lipids or non-toxic polymers to form particles able to
penetrate cells and to deliver nucleic acisd into cytoplasm (Felgner and
Ringold, Nature, 337:387-388 (1989), Saltzman and Desai, Annals of
Biomedical Engineering, 34,270-275 (2006).

Polypeptide dependent approaches involve the use of highly
penetrating proteins and peptides mixed with a nucleic acid followed by
exposure of a target cell to the nucleoprotein/nucleopeptide complex (Verma
and Somia, Nature, 389:239 (1997); Wolff et al., Science, 247:1465 (1990)).
"Naked" DNA transfection approaches involve methods where nucleic acids
are administered directly in vivo, for example, as described in U.S. Patent
No. 5,837,693 to German et al. In the "Naked" DNA approach, the nucleic
acid is injected or otherwise contacted with the cells without any adjuvants,

A common disadvantage to known non-viral DNA delivery

techniques is that the amount of exogenous protein expression produced

PCT/US2008/052952
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relative to the amount of exogenous nucleic acid administered remains too
low for most diagnostic or therapeutic procedures. Low levels of protein
expression are often a result of a low rate of transfection of the nucleic acid
and/or toxicity of exogenous DNA. In addition, some types of cells are very
resistant to DNA transfection, and introduced foreign DNA can incorporate
into the genome and act as a mutagen. .

An alternative procedure for non-viral gene delivery is achieved by
transfection of mRNA rather than DNA. In principle, unlike DNA
transfection, introducing mRNA can-have no permanent effect on the genetic
structure of the cell, at least in the absence of rare reverse transcription
events. There is limited literature on the application of mRNA transfection
approaches (for example, Seaboe-Larssen, et al., J. Imm. Methods, 259:191-
203 (2002); Boczkowski et al., Cancer Res., 60:1028-1034 (2001); and
Elango et al., Biochem. Biophys. Res. Comm., 330, 958966 (2005)), and
little in the way of a systematic comparison of DNA and RNA transfection
procedures. Most available literature for mRNA. transfection is based on
methods that involve labor intensive cloning the gene of interest in special
vectors containing a bacteriophage upstream and polyA/T stretch
downstream of the cloning site. Not only is cloning time consuming, but
recombinant plasmids containing a stretch of poly(A/T) are often unstable in
bacterial cells and prone to spontaneous mutations (Kiyama, et al., Gene,
150:1963-1969 (1994}, Furthermore, most mRNAs that are generated from
d(A/T)n vectors contain a short sequénce of heterologous nucleotides
following the poly(A) tail. The influence of these heterologous sequences on
translation is unknown (Elango et al., Biochem. Biophys. Res. Comm., 330,
958-966 (2005). There is therefore a need for a transfection method that
circumvents the problems associated with vector-dependent transfection
methods.

It is an object of the present invention to provide a more convenient
and/or efficient method of mRINA. production for transfection of different
types of cells, including the types which are not transfectable for DNA.

PCT/US2008/052952
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It is also an object of the present invention to provide a method of
mRNA transfection with minimal side effects and high efficiency, which

allows transient expression of genes and desirable modification of cell

" phenotype without cause permanent genetic changes, which avoids risk

associated with conventional gene therapy

It is also an object of the present invention to provide a method of
cell transfection with multiple genes wherein the level of each gene
expression can be individually controlled.

It is also an object of the present invention to provide a method of
transfection of primary mammalian cells, including human cells, and use
those cells for therapy of cancer, autoimmune and infectious diseases.

It is another object of the present invention to provide a method of
transient cell modification, which allows fast and safe generation of diverse
differentiation states of cells of different cell types, including diverse stem
cells from various tissues such as ﬁbroblasfs, hematopoietic, epithelial cells
and others.

SUMMARY OF THE INVENTION

A method of mRNA production for use in transfection is provided,
that involves in vitro transcription of PCR generated templates with specially
designed primers, followed by polyA addition, to produce a construct
containing 3” and 5° unfranslated sequence (“UTR”), a 5° cap and/or Infernal
Ribosome Entry Site (IRES), the gene to be expressed, and a polyA tail,
typicaily 50-2000 bases in length. This RNA: can efficiently transfect
different kinds of cells. This approach results in increased efficiency (fidelity
and productivity) of mRNA synthesis and is less time consuming because it
does not require cloning, and also consequently eliminates the unwanted
errors and effects related to RNA made on DNA templates obtained with
cloning techniques.

The results of transfection of RNAs obtained using this method
demonstrate that RNA transfection can be very effective in cells that are
exceedingly difficult to transfect efficiently with DNA constructs. Further,
the levels of gene expression following mRNA transfection are consistent

from cell to cell in an experiment and these levels can be controlled over a
4
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wide range simply by changing the amount of mRNA that is transfected, and
without obvious cytotoxic effects due to the levels of RNA per se. Due to
high efficiency the cells can be simultaneously transfected with multiple
genetic constructs. The method can be used to deliver genes into cells not-
or only poorly transfectable for DNA, in vitro and in vivo.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a model of an aberrant T7 RNAP transcription in
vitro, which explains why only those DNA templates which contain a
polyA/T sequence are suitable for efficient transcription.' On a linear DNA
template, phage T7 RNA polymerase can extend the 3' end of the transcript -
beyond the last base of the template. This could lead to runoff transcript
bending followed by template exchange with the second DNA strand or
transcription of RNA itself , and then to the aberrant transcription in a

reverse direction and accumulation of double stranded RNA, which can e,

inhibit gene expression. DNA linearization itself was not sufficient for
correct transcription (Triana-Alonso et al., 1995; Dunn and Studier 1983;
Arnaud-Barbe et al., 1998; Macdonald et al., 1993; Nakano et al., 1999).
It was hypothesized that the presence of a polyT stretch at the 3'end of the
DNA template during runoff transcription creates a terminator-like hairpin
which can dissociate the RNA polymerase from the template.

Figure 2A shows a scheme for mRNA synthesis using a DNA
template obtained by PCR with use of specially designed primers. The
forward primer contains a bacteriophage promoter suitable for in vitro
transcription and the reverse primer contains a polyT stretch. The PCR
product is an expression cassette suitable for in vitro transcription.
Polyadenylates on the 3' end of the nascent mRNA can prevent aberrant
RNA runoff synthesis and creation of double strand RNA product.

After completion of transcription polyA tail can be additionally extended
with poly(A) polymerase.

Figure 2B shows the efficiency of mRNA transfection depending on
its structure. EML cells were transfected with 60 pg/m! GFP mRNAs made
with a standard cap analog dinucleotide or cap analog, 3'-O-Methyl-
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m7G[5Tppp[51G (ARCA). Certain transcripts were treated with E. coli
Poly(A) polymerase in the presence of ATP, ATP analogs: cordycepin
(CDCP) or 8-aza-adenosine (8-AZA). Certain transfections were performed
in the presence of 1 mg/ml polyadenylate RNA or yeast (RNA. GFP
expression was analyzed by FACS. The expression efficiency was
calculated as the geometric mean of fluorescence intensity (OSD; #=3) as
reported by the FACS instrument. Capping as well polyadenylation increased
GFP expression. Incorporation of ATP analogs in the 3' end of the mRNA
also increased expression, probably by protecting the 3' énd from RNAse.

Figure 3A is the FACS analysis of EML and Jurkat cells transfected
with GFP mRNA or DNA. Both cells lines were transfected using Amaxa
nucleofector (EML solution V, programT-01; Jurkat: solution V, program S-
18), with GFP mRNA or DNA, the transfectants expressing GFP were
analyzed 18h after fransfection. Figure 3B shows the duration in days of |
GFP mRNA expression in Jurkat and EML cells. Cells transfected with GFP
mRNA or DNA were analyzed by FACS during the duration of GFP
expression. The expression efficiency was calculated as the difference
between the geometric mean of fluorescence of the transfectants and control
{mock transfected) cells. The fluorescence value of mock transfected cells
was approximately 3 units (negative control). Therefore 63 and 603 units of
total fluorescence correspond to 60 and 600 units increase of fluorescence
above the control. Figure 3¢ shows the viability of EML cells transfected
with different levels of GFP plasmid DNA or mRNA. Viability was
calculated by Trypan Blue dye exclusion (Phelach, In: Current protocols in
Cell biology, John Wiley & Sons, Inc., 2006). The mean percent ((1SD; #=3)
of the cells collected 18 h after transfection is shown.

Figure 4a is a schematic representation of the chimeric anti-CD19-
CIR construct. Vi, and Vy - are extracellular single strand antibody domains,
4-1BB and { are intracellular signal domains. Figure 4B shows simultaneous
transfection of Jurkat cells with anti-CD19-CIR and GFP mRNAs. Celis
were transfected with 60pg/ml anti-CD19-CIR mRNA and 20 pg/ml GFP
mRNA, and analyzed by FACS 18h after transfection. Anti-CD19-CIR
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expression was detected with a goat anti-mouse (Fab), polyclonal
biotinylated antibody and streptavidin PerCP. More then 90% of cells
expressed both transgenes as indicated. 1) Control-mock transfection; 2)
anti-CD19-CIR mRNA,; 3) anti-CD19-CIR mRNA+GFP mRNA.

5 Figure 5 shows transfection of CD3" T lymphocytes with anti-CD19-
CIR mRNA. Cells were transfected with 40 pg/ml anti-CD19-CIR mRNA
and analyzed by FACS during duration (days). Cells were labeled using
antibody specific to anti-CD19-CIR, CD8 and CD4. Anti-CD19-CIR
expression efficiency was calculated as the difference between the geometric

10 mean of fluorescence of the transfectants and control (mock transfected)
cells. The fluorescence value of mock transfected cells was measured as
approximately 3 units (negative control). Therefore 63 units of total
fluorescence corresponded to 60 units increase of fluorescence above the
control.

15 Figures 6a-d shows cytotoxicity of CD8+ T lymphocytes (CTLs)
transfected with various amounts of anti-CD19-CIR mRNA. CD8+ T
lymphocytes were transfected with various amounts of anti-CD19-CIR
mRNA. Cells were mock transfected (panel 1) or transfected with anti-
CD19-CIR mRNA at 13.3 pg/ml (panel 2), 40 pg/ml (panel 3), or 120 pg/ml

20 (panel 4). Figure 6A is the FACS analysis of transfectants demonstrating
various levels of anti-CD19-CIR expression. (Figures 6B-D) The same
transfectants were analyzed for cytotoxicity with different targets at the
indicated E:T ratio. T lymphocytes were incubated for 4 hr with different
target cells, loaded with *'Cr: Figure 6B, autologous cells CD19+ B cells;

25  Figure 6C, allogeneic CD19+ B lymphoblasts; Figure 6D, CD19 negative
K562 cells.

Figures 7A-7D show cytotoxicity of anti-CD19 CIR+ CTLs against
CD19+ tumor cells. CTLs were transfected with anti-CD19 CIR mRNA.
Target cells (K562-negative control, and other cells expressing CD19
30  antigen), were loaded with *'Cr and analyzed for cytotoxicity at the

indicated E:T ratio.
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Figures 8A and 8B show CIR activity in different conditions. Figure
8A shows expression of anti-CD19 CIR in CTLs activated 1 day (1) or 7
days (2) in the presence of CD3-CD28 beads and IL2. (3) Expression of delta
anti-CD19 CIR in CTLs was obtained after 7 days of activation. Figure 8B
5  shows the cytotoxicity (percent lysis) of transfected CTLs against autologous
B celis at the indicated E:T ratios. 1,2,3, as in Figure 8A
Figures 9A-D show the cytotoxicity of different lymphocyte
subpopulations against autologous B cells. The different lymphocytes
subpopulations were: CD8", CD4+ T cells and their (1:1) mix, and NK cells
10 transfected with anti-CD19 CIR mRNA. Targets, autologous CD19+ B cells,
were loaded with *'Cr and analyzed for cytotoxicity at the indicated E:T
ratio.

Figures 10A and 10B show cytotoxicity of mRNA-modified CTLs

against mRNA-modified CD19™ tumor cells. Figure 10A shows expression

15  of CD19 mRNA in two CD19-target cell lines, K562 (erythroleukemia) and
A2058 (melanoma), transfected with CD19 mRNA. Figure 10B shows
cytotoxicity of CTLs transfected with anti-CD19 CIR mRNA against
modified targets. It is shown that expression of CD19 receptor on both
targets increased their sensitivity to CIR-mediated killing.

20 Figure 11 shows cytotoxicity of mRNA-modified CTLs against
mRNA-modified myeloma cells. RPMI8226 myeloma cells expressing
CD19 receptor were loaded with *'Cr, mixed with anti-CD19 CIR+ CTLs
and analyzed for cytotoxicity in the presence of anti-MHC1. Expression of
CD19 receptor on myeloma cells increased their sensitivity to CIR-mediated

25  killing.

Figure 12A shows the structure of 819 CIR, which can recognize
gp58 antigen presented on various solid tumors (Cheung, et al. Hybridoma
and Hybridomics 22(4):209-218 (2003). Figure 12B show the cytotoxicity
of 8H9 CIR+ CTLs against solid tumors. CTLs were transfected with 8H9

30  CIR mRNA. Target cells (K562-negative control, and other cells expressing
gp58 antigen), were loaded with S1Cr and analyzed for cytotoxicity at the
indicated E:T ratio.



WO 2008/097926 PCT/US2008/052952

Figures 13A and 13B show the in vivo activity of anti-CD19 CIR *

CTLs. 21 Nod-SCID mice were injected with 3x10° luciferase (fflux)
expressing Daudi cells and developed exponentially growing tumors on day
3 after injection. These were imaged and divided into 3 groups: treated with

5  RPMI medium (1), mock transfected (2) or anti-CD19 CIR transfected, (3)
CD8" CTLs. Groups received injections of 5x10°CTLs on days 3, 6 and 9.
The mice were imaged on days 3, 6,9, 12 and 15. Figure 13A is the
pseudocolor image representing light intensity and anatomic localization of
the ffluc-Daudi cells in two representative mice. Figure 13B is the

10 longitudinal monitoring of the bioluminescent signals of ffl.uc+ Daudi cells
injécted into groups of two NOD/scid mice. Points are the geometric mean
photon flux (in p/s/cm2/sr), normalized against initial signal for each mouse;
bars, geometric SD.

DETAILED DESCRIPTION OF THE INVENTION
15 L Definitions
The brief life of an mRNA molecule begins with transcription and
ultimately ends in degradation. During its life, an mRNA molecule may be
processed, edited, and fransported prior to translation. During transcription,
RNA polymerase makes a copy of a gene from the DNA to mRNA as

20  needed. Eukaryotic RNA polymerase associates with mRNA processing
enzymes during transcription so that processing can proceed quickly after the
start of transcription. The short-lived, unprocessed or partially processed,
product is termed pre-mRNA; once completely processed, it is termed marure
mRNA. Eukaryotic pre-mRNA, however, requires extensive processing.

25 As used herein, a 5' cap (also termed an RNA cap, an RNA 7-
methylguanosine cap or an RNA m’G cap) is a modified guanine nucleotide
that has been added to the "front" or 5' end of a eukaryotic messenger RNA
shortly after the start of transcription. The 5' cap consists of a terminal group
which is linked to the first transcribed nucleotide. Its presence is critical for

30  recognition by the ribosome and protection from RNases. Cap addition is
coupled to transcription, and occurs co-transcriptionally, such that each
influences the other. Shortly after the start of transcription, the 5' end of the

mRNA being synthesized is bound by a cap-synthesizing complex associated
9
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with RNA polymerase. This enzymatic complex catalyzes the chemical
reactions that are required for mRNA capping. Synthesis proceeds as a multi-
step biochemical reaction. The capping moiety can be modified to modulate
functionality of mRNA such as its stability or efficiency of translation.

As used herein, “polyadenylation” refers to the covalent linkage of a
polyadenylyl moiety, or its modified variant, to a messenger RNA molecule.
In eukaryotic organisms, most messenger RNA (mRNA) molecules are
polyadenylated at the 3' end. The 3' poly(A) tail is a long sequence of
adenine nucleotides (often several hundred) added to the pre-mRNA through
the action of an enzyme, polyadenylate polymerase. In higher eukaryotes, the
poly(A) tail is added onto transcripts that contain a specific sequence, the
polyadenylation signal. The poly(A) tail and the protein bound to it aid in
protecting mRNA from degradation by exonucleases. Polyadenylation is also
important for transcription termination, export of the mRNA from the
nucleus, and translation. Polyadenylation occurs in the nucleus immediately
after transcription of DNA into RNA, but additionally can also occur later in
the cytoplasm. After transcription has been terminated, the mRNA chain is
cleaved through the action of an endonuclease complex associated with RNA
polymerase. The cleavage site is usually characterized by the presence of the
base sequence AAUAAA near the cleavage site. After the mRNA has been
cleaved, adenosine residues are added to the free 3' end at the cleavage site.

Eukaryotic mRNA that has been processed and transported to the
cytoplasm (i.e. mature mRNA) can then be translated by the ribosome.
Translation may occur at ribosomes free-floating in the cytoplasm, or
directed to the endoplasmic reticulum. After a certain amount of time, the
message is degraded by RNases into its componerit nucleotides. The limited
longevity of mRNA enables a cell to alter protein synthesis rapidly in
response to its changing needs.

Different mRNAs within the same cell have distinct lifetimes. In
bacterial cells, individual mRNAs can survive from seconds to more than an
hour; in mammalian cells, mRNA lifetimes range from several minutes to
days. The greater the stability of an mRNA, the more protein may be

produced from that transcript. The presence of AU-rich motifs in some
10
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mammalian mRNAs tends to destabilize those transcripts through the action
of cellular proteins that bind these motifs. Rapid mRNA degradation via AU-
rich motifs is a critical mechanism for preventing the overproduction of
potent cytokines such as tumor necrosis factor (TNF) and granulocyte-
macrophage colony stimulating factor (GM-CSF). Base pairing with a small
interfering RNA (siRNA) or microRNA (miRNA) can also accelerate mRNA
degradation.

As used herein, “transient” refers to expression of a non-integrated
transgene for a period of hours, days or weeks, wherein the period of time of
expression is less than the period of time for expression of the gene if
integrated into the genome or contained within a stable plasmid replicon in
the host cell.

As used herein, a “T7 promoter site” is a sequence of nucleotides to
which the T7 RNA polymerase, a DNA-dependent RNA polymerase
originally isolated from T7 bacteriophage, described by Davanloo, et al.,
Proc. Natl. Acad. Sci. USA, 81:2035-39 (1984), binds with high specificity,
as described by Chamberlin, et al., Nature, 228:227-231 (1970).

As used herein, a poly(A) is a series of adenosines attached by
polyadenylation to the mRNA. In the preferred embodiment of a construct
for transient expression, the polyA is between 50 and 5000, preferably
greater than 64, more preferably greater than 100, most preferably greater
than 300 or 400. poly(A) sequences can be modified chemically or
enzymatically to modulate mRNA functionality such as localization,
stability or efficiency of translation.

As used herein, an “open reading frame” or “ORF” is a series of
nucleotides that contains a sequence of bases that could potentially encode a
polypeptide or protein. An open reading frame is located between the start-
code sequence (initiation codon or start codon) and the stop-codon sequence
(termination codon).

I1. Methods of making mRNA for use in transient transfection

Disclosed herein are methods for producing RNA for fransient
transfection. The RNA is produced by in vitro transcription using a

polymerase chain reaction (PCR)-generated template.
11
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A. Sources of DNA for PCR

DNA of interest from any source can be directly converted by PCR
into a template for in vitro mRNA synthesis using appropriate primers and
RNA polymerase. The source of the DNA can be, for example, genomic
DNA, plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or any
other appropriate source of DNA.

In one embodiment, the DNA to be used for PCR contains an open
reading frame. The DNA can be from a naturally occurring DNA sequence
from the genome of an organism. In one embodiment, the DNA is a full
length gene of interest of a portion of a gene. The gene can include some or
all of the 5” and/or 3° untranslated regions (UTRs). The gene can include
exons and introns. In one embodiment, the DNA to be used for PCR is a
human gene. In another embodiment, the DNA to be used for PCRis a
human gene including the 5’ and 3’ UTRs. The DNA can alternatively bean
artificial DNA sequence that is not normally expressed in a naturally
occurring organism. An exemplary artificial DNA sequence is one that
contains portions of genes that are ligated together to form an open reading
frame that encodes a fusion protein. The portions of DNA that are ligated
together can be from a single organism or from more than one organism.

Genes that can be used as sources of DNA for PCR include genes that
encode polypeptides that provide a therapeutic or prophylactic effect to an
organism or that can be used to diagnose a disease or disorder in an
organism. Preferred genes are genes which are useful for a short term
treatment, or where there are safety concerns regarding dosage or the
expressed gene. For example, for treatment of cancer, autoimmune
disorders, parasitic, viral, bacterial, fungal or other infections, the
transgene(s) to be expressed may encode a polypeptide that functions as a
ligand or receptor for cells of the immune system, or can function to
stimulate or inhibit the immune system of an organism. It is not desirable to
have prolonged ongoing stimulation of the immune system, nor necessary to
produce changes which last after successful treatment, since this may then

elicit a new problem. For treatment of an autoimmune disorder, it may be

12
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desirable to inhibit or suppress the immune system during a flare-up, but not
long term, which could result in the patient becoming overly sensitive to an
infection.

B. ™ PCR to produce templates for in vitro transcription

PCR is used to generate a template for in vitro transcription of mRNA
which is used for transfection. Methods for performing PCR are well known
in the art. Primers for use in PCR are designed to have regions that are
substantially complementary to regions of the DNA to be used as a template
for the PCR. “Substantially complementary”, as used herein, refers to
sequences of nucleotides where a majority or all of the bases in the primer
sequence are complementary, or one or more bases are non-complementary,
or mismatched. Substantially complementary sequences are able to anneal or
hybridize with the intended DNA target under annealing conditions used for
PCR. The primers can be designed to be substantially complementary to any
portion of the DNA template. For example, the primers can be designed to
amplify the portion of a gene that is normally transcribed in cells (the open
reading frame), including 5> and 3° UTRs. The primers can also be designed
to amplify a portion of a gene that encodes a particular domain of interest. In
one embodiment, the primers are designed to amplify the coding region of a
human ¢cDNA, including all or portions of the 5° and 3° UTRs. Primers
useful for PCR are generated by synthetic methods that are well known in the
art. “Forward primers” are primers that contain a region of nucleotides that
are substantially complementary to nucleotides on the DNA template that are
upstream of the DNA sequence that is to be amplified. “Upstream” is used
herein to refer to a location 5° to the DNA sequence to be amplified relative
to the coding strand. “Reverse primers” are primers that contain a region of
nucleotides that are substantially complementary to a double-stranded DNA
template that are downstream of the DNA sequence that is to be amplified.
“Downstream” is used herein to refer to a location 3° to the DNA sequence

to be amplified relative to the coding strand.
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Any DNA polymerase useful for PCR can be used in the methods
disclosed herein. The reagents and polymerase are commercially available
from a number of sources.

1. Untranslated Regions

Chemical structures with the ability to promote stability and/or
translation efficiency may also be used. The RNA preferably has 5° and 3’
UTRs. The examples below demonstrate that inclusion of 44 base pairs of 5’
UTR into the PCR template enabled greater translation efficiency of
transcribed GFP RNA when compared to PCR templates containing only 6
base pairs of 5° UTR. The examples also demonstrate that the addition of 113
base pairs of 3" UTR enables greater translation efficiency of transcribed
GFP RNA when compared to PCR templates containing only 11 base pairs
of 3° UTR. In general, the length of the 3° UTR exceeds 100 nucleotides, and
therefore 3° UTR longer then 100 nucleotides is preferred. In one
embodiment the 3° UTR sequence is between 100 and 5000 nucleotides. The
length of the 5° UTR is not as critical as the length of the 3° UTR and can be
shorter. In one embodiment, the 5° UTR is between zero and 3000
nucleotides in length. The length of 5 and 3° UTR sequences to be added to
the coding region can be altered by different methods, including, but not
lirnited to, designing primers for PCR that anneal to different regions of the
UTRs. Using this approach, one of ordinary skill in the art can modify the 5°
and 3’ UTR lengths required to achieve optimal translation efficiency
following transfection of the franscribed RNA.

The 5’ and 3’ UTRs can be the naturally occurring, endogenous 5°
and 3’ UTRs for the gene of interest. Alternatively, UTR sequences that are
not endogenous to the gene of interest can be added by incorporating the
UTR sequences into the forward and reverse primers or by any other
modifications of the template. The use of UTR sequences that are not
endogenous to the gene of interest can be useful for modifying the stability
and/or translation efficiency of the RNA. For example, it is known that AU-
rich elements in 3’ UTR sequences can decrease the stability of mRNA.

Therefore, 3° UTRs can be selected or designed to increase the stability of

14



WO 2008/097926

10

15

20

25

30

PCT/US2008/052952

the transcribed RNA based on properties of UTRs that are well known in the
art.

In one embodiment, the 5° UTR can contain the Kozak sequence of
the endogenous gene. Alternatively, when a 5° UTR that is not endogenous
to the gene of interest is being added by PCR as described above, a
consensus Kozak sequence can be redesigned by adding the 5* UTR
sequence. Kozak sequences can increase the efficiency of translation of
some RNA transcripts, but does not appear to be required for all RNAs to
enable efficient translation. The requirement for Kozak sequences for many
mRNAs is known in the art. In other embodiments the 5° UTR can be
derived from an RNA virus whose RNA genome is stable in cells. In other
embodiments various nucleotide analogues can be used in the 3* or 5" UTR
to impede exonuclease degradation of the mRNA.

2. . RNA polymerase promoter

To enable synthesis of RNA from a DNA template without the need
for gene cloning, a promoter of transcription should be attached to the DNA
template upstream of the sequence to be transcribed. Bacteriophage RNA
polymerase promoter sequences can be attached to the 5' UTR by different
genetic engineering methods, such as DNA ligation, or can be added to the
forward primer (5°) of the sequence that is substantially complementary to
the target DNA. When a sequence that functions as a promoter for an RNA
polymerase is added to 5 end of the forward primer, the RNA polymerase
promoter becomes incorporated into the PCR product upstream of the open
reading frame that is to be transcribed. In one preferred embodiment, the
promoter is a T7 polymerase promoter, as described above. Other useful
promoters include, but are not limited to, T3 and SP6 RNA polymerase
promoters. Consensus nucleotide sequences for T7, T3 and SP6 promoters
are known in the art.

3. Poly(A) tail and 5’ cap

In a preferred embodiment, the mRNA has both a cap on the 5' end

and a 3' poly(A) tail which determine ribosome binding, initiation of

translation and stability mRNA in the cell. On a circular DNA template, for
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instance, plasmid DNA, RNA polymerase produces a long concatameric
product which is not suitable for expression in eukaryotic cells. The
transcription of plasmid DNA linearized at the end of the 3' UTR results in
normal sized mRNA which is not effective in eukaryotic transfection even if
5  itis polyadenylated after transcription.
On a linear DNA template, phage T7 RNA polymerase can extend the

3" end of the transcript beyond the last base of the template (Schenborn and
Mierendorf, Nuc Acids Res., 13:6223-36 (1985); Nacheva and Berzal-
Herranz, Eur. J. Biochem., 270:1485-65 (2003). This could lead to runoff

10 transcript bending followed by template exchange with the second DNA
strand or transcription of RNA itself (Triana-Alonso et al., J Biol. Chem.,
270:6298-307 (1995); Dunn and Studier, J. Mol. Biol., 166:477-535 (1983);
Amaud-Barbe et al., Nuc. Acids Res., 26:3550-54 (1998); Macdonald et al.,
1993), and then to the aberrant transcription in a reverse direction and

15 accumulation of double stranded RNA, which can inhibit gene expression.
DNA linearization itself is not sufficient for correct transcription (Triana-
Alonso et al., J. Biol. Chem., 270:6298-307 (1995); Dunn and Studier, J.
Mol. Biol., 166:477-535 (1983); Arnaud-Barbe et al., 1998 Nuc. Acids Res.,
26:3550-54 (1998); Macdonald et al., J. Mol. Biol., 232:1030-47 (1993);

20  Nakano et al., Biotechnol. Bioeng., 64:194-99 (1999). plasmid DNA
linearized downstream of a poly(A/T) stretch of 64-100 nucleotides results in
good templates (Saeboe-Larssen et al., J. Immunol. Meth., 259:191-203
(2002); Boczkowski et al., Cancer Res., 60:1028-34 (2000); Elango et al.,
Biochem Biophys Res Commun., 330:958-966 2005). An endogenous

25  termination signal for T7 RNA polymerase encodes an RNA that can fold
into a stem-loop structure followed by a track of uridine residues (Dunn and
Studier, J. Mol. Biol., 166:477-535 (1983); Arnaud-Barbe et al., 1998 Nuc.
Acids Res., 26:3550-54 (1998)). Even without a hairpin, a track of
synthesized uridines can attenuate transcription (Kiyama and Oishi, Nucleic

30 Acids Res., 24:4577-4583 (1996). It was hypothesized that the linearization
of plasmid DNA downstream of the poly(A/T) stretch probably formed a

type of "dynamic” terminator preventing potential aberrant transcription: a 3'
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extension of the RNA transcript over a poly(A/T) stretch and transcription in
the reverse direction will create a growing termination-like signal — an
extended poly(U) stretch and a poly(A/U) hairpin (Fig.1). Based on this
presumption, reversed PCR primers were designed with a 3' anchoring

5  sequence downstream of the GFP gene and a 5' 100 base stretch of poly(T)
(Figure 2A).

The conventional method of integration of polyA/T stretches into a

DNA template is molecular cloning. However polyA/T sequence integrated
into plasmid DNA can cause plasmid instability, which is why plasmid DNA

10 templates obtained from bacterial cells are often highly contaminated with
deletions and other aberrations. This makes cloning procedures not only
laborious and time consuming but often not reliable. That is why a method
which allows construction of DNA templates with polyA/T 3' stretch without
cloning highly desirable,

15 The polyA/T segment of the transcriptional DNA template can be
produced during PCR by using a reverse primer containing a polyT tail, such
as 100T tail (size can be 50-5000 T), or after PCR by any other method,
including, but not limited to, DNA ligation or in vifro recombination.
Poly(A) tails also provide stability to RNAs and reduce their degradation.

20 Generally, the length of a poly(A) tail positively correlates with the stability
of the transcribed RNA. In one embodiment, the poly(A) tail is between 100
and 5000 adenosines. The examples below demonstrate that a 100 base pair
stretch of poly(A) is sufficient to enable efficient translation of an RNA
transcript.

25 Poly(A) tails of RNAs can be further extended following in vitro
transcription with the use of a poly(A) polymerase, such as E. coli polyA
polymerase (E-PAP). The examples below demonstrate that increasing the
length of a poly(A) tail from 100 nucleotides to between 300 and 400
nucleotides results in about a two-fold increase in the translation efficiency

30 ofthe RNA. Additionally, the attachment of different chemical groups to the
3' end can increase mRNA stability. Such attachment can contain

modified/artificial nucleotides, aptamers and other compounds. For example,

17



WO 2008/097926 PCT/US2008/052952

10

15

20

25

30

ATP analogs can be incorporated into the poly(A) tail using poly(A)
polymerase. ATP analogs can further increase the stability of the RNA.
Suitable ATP analogs include, but are not limited to, cordiocipin and 8-
azaadenosine (Figure 2B).

5’caps on also provide stability to RNA molecules. In a preferred
embodiment, RNAs produced by the methods disclosed herein include a 57
cap. The 5' cap may, for example, be m’G(5)ppp(5)G, m’G(5)ppp(SHA,
GGNppp(5H)G or G(5"Nppp(5HA cap analogs, which are all commercially
available. The 5° cap can also be an anti-reverse-cap-analog (ARCA)
(Figure 2B and also Stepinski, et al., RNA, 7:1468-95 (2001)) or any other
suitable analog. The 5° cap is provided using techniques known in the art
and described herein (Cougot, et al., Trends in Biochem. Sci., 29:436-444
(2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim.
Biophys. Res. Commun., 330:958-966 (2005)).

The RNAs produced by the methods disclosed herein can also contain
an internal ribosome entry site (IRES) sequence. The IRES sequence may be
any viral, chromosomal or artificially designed sequence which initiates cap-
independent ribosome binding to mRNA and facilitates the initiation of
translation. Any solutes suitable for cell electroporation, which can contain
factors facilitating cellular permeability and viability such as sugars,
peptides, lipids, proteins, antioxidants, and surfactants can be included.

HI. Methods of Use

A. Introduction of RNA into target cells

RNA can be introduced into target cells using different methods, for
instance,commercially available methods which include, but are not limited
to, electroporation (Amaxa Nucleofector-II (Amaxa Biosystems, Cologne,
Germany)), (ECM 830 (BTX) (Harvard Instruments, Boston, MA) or the
Gene Pulser 11 (BioRad, Denver, CO), Multiporator (Eppendorf, Hamburg
Germany), cationic liposome mediated transfection using lipofection,
polymer encapsulation, peptide mediated transfection , or biolistic particle
delivery systems such as “gene guns” (see, for example, Nishikawa, et al.

Hum Gene Ther., 12(8):861-70 (2001).
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B. Applications

The mRNA construct can be delivered into different types of
eukaryotic cells as well as into tissues and whole organisms using transfected
cells as carriers or cell-free local or systemic delivery of encapsulated, bound
or naked mRNA. The method can be used for any purpose where a transient
expression is required or sufficient.

The disclosed method can be applied to modulation of cell activity in
basic research and therapy, in the fields of cancer, stem cells, acute and
chronic infections, and autoimmune diseases, including modulation of the
developmental pathways.

Cells suitable for use with the disclosed method include, but are not
limited to, primary cells and established cell lines, embryonic cells, immune
cells, stem cells, and differentiated cells such as fibroblasts, hematopoietic,
and epithelial cells. The disclosed method can be used for functional
modification of different types of cells including, but not limited to, such
cells as fibroblasts, hematopoietic and epithelial cells, to convert them into
different types of stem cells (including embryonic stem cells), without
permanent alteration of cell genomes.

Because of the high efficiency of transfection, typically more than
90% of the cell population, it is possible to transfect cells with multiple
distinct mRNAs or a mixture of mRNAs and small interfering RNA’s
(siRNA) simulfaneously. For example, it is possible to geperate an
autologous lymphocyte population with multiple sets of receptors to
recognize and destroy targets which otherwise escape cytotoxic T
lymphocyte (CTL) surveillance or to increase the specificity of the CTL
towards selected targets. Similar procedures could be used with NK or NKT
cells or other types of immune effector cells to target them to specific cells or
tissues or increase their avidity for specific cells or tissues. The method can
also be used to introduce various mRNAs and/or siRNAs that render the T
cell resistant to inhibitory molecules in vivo. Also, mRNAs that encode

transcription factors and/or effector proteins characteristic of CD8" cytotoxic
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T cells can be introduced into a mixed population of T lymphocytes in order
to convert them all to a cytotoxic T cell phenotype.

This method also provides the ability to control the level of
expression over a wide range by changing the amount of input RNA, making
it possible to individually regulate the expression level of each transfected
gene. Furthermore, the PCR-based technique of mRNA production highly
facilitates the design of the chimeric receptor mRNAs with different
structures and combination of their domains. For example, varying of
different intracellular effector/costimulator domains on multiple chimeric
receptors in the same cell allows determination of the structure of the
recepior combinations which assess the highest level of cytotoxicity against
multi-antigenic targets, and at the same time lowest cytotoxicity toward
normal cells.

1. Immunomodulation :

Genetic transduction of different types of cytotoxic lymphocytes to
express desired receptors for adoptive immunotherapy is a valuable method
to redirect the specificity of lymphocytes for tumor antigens, which are not
readily recognized by the endogenous off T-cell or NK receptors. However,
a potential disadvantage of such method is genome integration of transgenes
as well as the technical complexity of the method. It takes weeks or months
to clone and accumulate a desirable homogeneous specific lymphocyte
population suitable for the treatment. Another problem of cloning is that
lymphocyte diversity, an important factor which determines immune
response, is an unavoidable complication of such procedure. Cytotoxic
lymphocytes are presented as heterogeneous subpopulations such as CD8+,
CD4+, CD3+CD36+(CIK) T cells and CD3- CD56+ NK cells, with
additional sub diversity among each of subpopulation. The whole cytotoxic
potential can be influenced by cooperation of different cell types. The RNA
transfection is essentially transient and a vector-free: mRNA transgene can
be delivered and expressed into the lymphocytes after brief in vitro cell
activation, as a minimal expressing cassette without any additional viral

sequences. In these conditions genome integration of the transgene is quite
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improbable. Cell cloning becomes unnecessary because of the efficiency of
mRNA transfection and its ability to uniformly modify the entire lymphocyte
population. Moreover, different types of lymphocytes such as CD3+CD8+,
CD3+ CD4+ T cells and Cd56+ CIK and NK cells can be simultaneously
transfected with CIR mRNA and used together to increase their potential
synergistic effect. Thus, cells containing an RNA construct introduced
according to the disclosed method can be used therapeutically. For example,
a lymphocyte cell population could be withdrawn from a patient, transfected
with different RNA constructs, and then reintroduced into the patient. The
transfected cell population would then target lymphoma or other cancer cells,
which contain the CD19 or other target antigen. A benefit of the use of
mRNA transfected cells is that mRNA transgene has a limited half-life. The
encoded protein will only be produced by the transfected cell for a limited
period of time. This may reduce unintended consequences when genetically
modified cells are reintroduced into a patient.

In the preferred embodiment, the technology is used for personalized
therapy. For example, for treatment of tumors, the patient’s blood or cells
would be collected by an appropriate method such as apheresis, biopsy or
venapuncture. The cells would be cultured for at least 24 hours during which
time the cells are transfected with an appropriate construct to treat the tumor.
The cells can be stored frozen before transfection, if necessary. These are
then returned and administered back to the patient.

In other applications, the method can use an appropriate construct to
de-differentiate cells, for example, converting adult cells into stem cells,
using genes described in the literature. : See, for example, Yu, et al., Science,
318:917-1920 (2007) and Yamanaka, Cell Prolif., 41-51 (2008). The
method can also be widely used for transient reprogramming of cells, for

example, modulation of cell metabolism and differentiation.
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EXAMPLES
MATERIAL AND METHODS:

Cells

Escherichia coli cells were grown on LB broth with 100 pg/ml
ampicillin |

Mouse: EML cells were grown on Iscove's Medium (Gibeo)

supplemented with 20% Donor Horse serum with BHK conditioned media

and non-essential amino acids.

Human cell lines

Hela and Human Non-Hodgkin’s B cell Lymphoma line CRL.2261
cells were grown on DMEM (GIBCO) supplemented with 10% fetal bovine
serum (FBS), glutamate. Bjab, BL2, Palo, NB4, Jurkat cells were grown in
RPM!I Medium supplemented with 10% FBS.

Primary human cells

Activated B cells were received by cultivating mononuclear cells
(MNC) in the presence of CD40 ligand activation as described by Schultze,
et al., Proc. Natl. Acad. Sci., 92:8200-8204 (1995). MNCs were washed and
piated on pre-formed layer of previously irradiated (96Gy) 3T3-CD40L on
IMDM ((ibeo), with 10% human serum (Gemini Bio-Products, CA, USA),
200U/ml IL-4 and in the presence of Cyclosporin A (Sigma). The cultured
B-cells were transferred in new pre-layered plates and re-stimulated every 3-
4 days. Cultures were kept up to 21 days. The percentage of CD19-positive
cells was 85-95% after day 10 of cultivation.

Populations of activated CD3+ cells were obtained from MNCs using
XCYTE DYNABEADS® (Xcyte Therapies) with covalently attached anti-
CD3 and anti-CD28 monoclonal antibodies. MNCs were resuspended at
10x10%m! in DPBS, 0.5%HA and XCYTE DYNABEADS® (5041 per ml of
sample) were added. The mixture then was incubated 30 min in a refrigerator
with rotation. The positive (CD3+) fraction was isolated by Dynal MPC and
cultivated 7-10 days in IMDM (Gibco), with 5% human serum (Gemini Bio-
Products), in the presence of 100 IU/ml Interleukin-2 (PeproTech, NJ, USA).

The beads were removed from the culture before electroporation.
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CD8 + cells were isolated from CD3+ cells by Cd8+ T Cell Isolation
Kit II (Miltenyi Biotec, Germany) according fo the manufacturer’s
recommendations. The purity of selected CD8+ cells was 96%.
Reagents: Yeast tRNA and DNA ladders were purchased from Invitrogen, 8
~azaadenosine-5'-triphosphate and cordiocipin - ffom TrfiLink
Biotechnologies, polyadenilic acid - from MP Biomedicals.

RNA synthesis

mRNA constructs based on the Pontelina plumata green fluorescent
protein (“GFP”) sequence of pmaxGFP plasmid (Amaxa Biosystems) were
produced in vitro using T7 RNA polymerase (RNAP). Forward primer
contained T7 RNA P promoter and anchoring sequence to the proximal part
of the GFP expression cassette. Reverse primer with anchoring sequence to

distal part of GFP expression cassette contained a stretch of 100 oligo-dT.

- mRNA synthesis was provided with mMESSAGE mMASHINE® kit | -

{Ambion), using the procedure recommended by the manufacturer. In some
cases the product was additionally polyadenylated using the reagent of the
same kit. The final product was treated with DNasel and purified by
Ambion MEGAclear kit or by LiCl precipitation.

Transfections

Electroporation was performed using an Amaxa
NUCLEOFECTOR™-II (Amaxa Biosystems, Cologne, Germany) in
accordance with manufacturer recommendations. Jurkat and B cell lines
were transfected using NUCLEOFECTOR™.-I solution V and the set of
recommended regimes for electroporation. EML cells were fransfected using
solutions V, T and R and different regimes of electroporation. T
lymphocytes were transfected using T cell NUCLEOFECTOR™-I] solution
and different regimes of electroporation. Alternative methods of nucleic
acids delivery were also used: cationic liposome mediated transfection was
performed using LIPOFECTIN or LIPOFECTAMIN {Invitrogen).
Electroporation was also performed with the ECM 830 (BTX) (Harvard
Instruments, Boston, MA) or the Gene Pulser II (BioRad, Denver, CO),
Multiporator (Eppendorf, Hamburg Germany). All procedures were
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performed as directed by the manufacturers. pmaxGFP plasmid DNA
(Amaxa Biosystems) was used as the DNA control. The efficiency of
transfection (ET) was determined 18h after transfection by fluorescence
activated cell sorting (FACS). In some experiments transfectants were
further analyzed each 24h until GFP could not longer be detected. Cell
viability was determined by trypan blue dye exclusion.

Flow cytometry

Flow cytometry Was performed using the fluorescent activated cell
sorting (FACS®) assay. Flow cytomeiry was performed on cell
subpopuiaﬁéns was performed at the Yale Cancer Center Flow Cytometry
Shared Resource, using a FACS® Calibur flow cytometer (Becton-
Dickinson, San Jose, CA) equipped with 488 nm laser and the standard filter

setup. Fluorescence signals were collected on a logarithmic scale. A

. minimum of ten thousand cells were interrogated for each sample. Analysis

of data was performed using FlowJo software (Tree Star, Inc., San Carlos,
CA). The expression efficiency was calculated as the difference between
the geometric mean of fluorescence of the transfectants and control (mock
transfected) cells. Mouse anti-human CD4 FITC (anti-CD4 antibody,
fluorescein isothiocyanate conjugated), CD8 PE (anti CDS antibody,
phycoerythrin conjugated, CD19PE (anti-CD19, PE conjugated), and CD3
PerCP-Cy5.5 (anti-CD3 antibody, peridinin chlorophyll protein [PerCP]-
Cy5.5 conjugated), were purchased from BD Biosciences Pharmingen (San
Diego, CA), Streptavidin-PerCP (streptavidin, PerCP conjugated) - from BD
Immunocytometry Systems (Philadelphia, PA), and Biotin-conjugated goat
anti-mouse IgG was from Jackson ImmunoResearch Laborafories (West

Grove, PA). Cells were stained according to the manufacturer’s

recommendation.

Electrophoresis:

DNA samples were run in 1% agarose in Tris-acetate buffer, 2v/cm
RNA samples were run in 1% agarose in MOPS-formaldehyde buffer,
2v/em, using RNA Millenium marker (Invitrogen) as size standard.
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Cytotoxicity assay

The cytotoxic activity of electroporated CD3+CD8+cells were evaluated
by a standard *'Cr release method. CRL2261 and Iymphoblastoid B cells
were used as targets. The target B cells, CRL2261 and K562 cells were
labeled with 0.25 mCi of *! Cr-sodium chromate (MP Biomedicals, Inc.,
Irvine, CA, USA) for 1 hour, extensively washed and seeded at a density of
10x104 in V-bottom 96 well microplates. Transfected CD8+ CD3+ effector
(E) cells were suspended in IMDM (Gibeo), 10%FBS medium and added to
target cells  at different E:T ratios. The plates were incubated at 37°C for 4h,
and aliquotes of each sample were harvested for gamma counting in order to
assess 51Cr release. Calculations were carried out in triplicate. Specific lysis
was calculated as lysis % =

Observed release(c.p.m.) - spontaneous release(c.p.m.)

x100

Total release (¢.p.m.) - spontaneous release(c.p.m.)
where c.p.m. is the count/min released by targets incubated with effector

cells, Spontaneous release was determined from wells to which 100 ul of
complete medium was added instead of effector cells. Total releasable
radioactivity was measured after treating the targets with 100 pl of 1% Tritob
X100.

Xenograft tumor model

On day 0, 6 week-old female NOD/Scid (NOD/LiSz-Prkdc Scid/J)
mice (Jackson Laboratory) were injected in the ﬁeritonemn with 3x10° ffluct
Daudi cells. On days 2 and 3 tumor engraftment was evaluated by
biophotonic imaging. Mice with progressively growing tumors were
segregated into 3 treatment groups (8 mice per group) receiving additional
intraperitoneal (ip) injection of RPMI medium (medium control) (Group 1)
or 5x10% CTLs: mock transfected CTLs (Group 2) or anti-CD19 CIR mRNA
transfected CTLs (Group 3).

Biophotonic tumor imaging

Anesthetized mice were imaged using Xenogen IVIS 100 system
beginning 15 minutes after ip injection of150 ml of a freshly thawed aqueous

solution of D-luciferin (Xenogen, Alameda, CA). Each animal was serially
25
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imaged in an anterior-posterior orientation at the same relative time point
after D-luciferin injection. Photons emitted from ffluc Daudi xenografts
were quantified using the software program Living Image (Xenogen), and
the bioluminescence signal was measured as total photon flux normalized for
exposure time and surface area and expressed in units of photons (p) per
second per cm2 per steradian (sr). For anatomic localization, a pseudocolor
image representing light intensity (blue, least intense; red, most intense) was
superimposed over a digital grayscale body-surface reference image.

Statistical methods to analyze biophotonic data

To measure the differences between mouse treatment groups, we
considered evaluating tumor biophotonic signal over time. The signals were
normalized for the initial values on day 3 after tumor injection (also the day
of first CTLs injection) which was taken as 1 for each mouse. Data obtained
for each group were presented as geometrical mean +/- geometrical SD.

The present invention will be further understood by reference to the
following non-limiting examples.

Example 1: DNA transfection in EML cells:

EML cells are a murine cell line that grows in suspension and has the
capacity to differentiate into cells of several hematopoietic lineage ir vitro.
These cells would be of considerable interest for manipulation in vitro, but,
unfortunately, they are relatively resistant to standard transfection methods.
EML cells were therefore used as a model for exploring various DNA and
RNA, transfection methods with difficult cells. For convenieﬁce of assaying,
a DNA plasmid expressing green fluorescent protein (GFP) was used. The
following transfection methods were tested: lipofectin and Lipofectamin
Lipofection, electroporation using square wave BTX ECM 830 apparatus or
Bio-Rad Gene Pulser 11, exponential diminishing wave electroporation using
Eppendorf Multiporator, and also Amaxa nucleofector. All methods were
optimized according to the recommendations of the manufacturers. The
Amaxa nucleofection protocol gave the highest efficiency of transfection.
The Amaxa procedure was optimized using different combinations of one of

three solutions {V, R, and T) and 8 programs of electroporation.
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The best result that could be obtained for plasmid DNA transfection
was that 12% of the initial cells showing GFP expression, with slightly less
than half the initial cells remaining viable after electroporation. Therefore
25% of the surviving cells expressed GFP under these conditions. Further
optimization using the programs recommended by the manufacturer was not
effective.

The DNA template was designed from the GFP sequence of the
pmaxGFP plasmid. To avoid aberrant transcription of PCR-made DNA
templates, a T7 promoter and 3’ transcription terminator was introduced in
the DNA template directly during PCR. The forward PCR primer contained
a T7 RNA polymerase promoter and an anchoring sequence from the 5’
untranslated region (STUNR) of the GFP gene. The reverse primer needed a
structure that allowed the correct transcriptional termination (Fig.1, 2A).

The PCR product was used for in vifro trapscription by T7 RNA
polymerase purified and delivered into mouse EML cells by nucleofection
pmaxGFP plasmid DNA was used as a control.

Effect of the 5’ and 3’ UTRs on expression

GFP mRNA with short UTRs: 6 nucleotides upstream of ATG codon
and 35 nucleotides downstream of stop codon, was virtually unexpressed.
mRNA which inciuded 44 nucleotides upstream of the ATG codon, and 113
nucleotides downstream of the stop codon, were efficiently expressed (Table
2).

Table 2. Transfectability of the GFP mRNA constructs

Coordinates of ends of DNA matrix for mRNA synthesis Transfectability of
Leftend Right end GFP mRNA
Distance from first Distance from last

GEP codon (b) GFEP codon

-6 +11 -

-6 +113 -

-44 +11 -

~44 +113 +

-44 +122 +
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Effect of the 5'-cap on the mRNA

It is well known that capping highly increases the efficiency of
mRNA translation (Cougot et al., Trends Biochem. Sci., 29:436-444 (2004},
Pestova et al., Proc. Natl. Acad. Sci., 98:7029-36 (2001)). The standard
m?G(5Yppp(5)G in vitro capping analog can be incorporated in two
orientations, therefore only one half of the mRNA product is active.
Recently, Ambion and others introduced a new anti-reverse-cap-analog
(ARCA) (Stepinski et al., RNA, 7:1486-95 (2001)), which lacks one of the
3'0H groups and can be incorporated in mRNA only in the correct
orientation.

Using ARCA, a two-fold increase of GFP expression compared to the
standard capping procedure was obtained, as demonstrated by (Figure2B).

Effect of the mRNA 3’ poly (4) tail length

. There are two basic methods of construction of a poly(A) tail:

insertion of a terminal poly(A/T) segment into the DNA template or direct
addition of poly(A) residues to the RNA transcripts by a poly(A)
polymerase. In these studies, a 3' terminal poly(A/T) stretch introduced by
PCR with a reverse primer containing 100 b of poly(T) was sufficient for
mRNA expression. However, posttranscriptional RNA polyadenylation by
E. coli poly(A) polymerase (E-PAP), which expanded the poly(A) tail from
100 up to 300-400 nucleotides, resulted in an additional two-fold increase in
expression. The expression could also be increased without tail extension
when the ATP in the E-PAP reaction was replaced by modified ATP
analogs: cordycepin or 8-azaadenosine (Figure 2B). The stimulation of
expression bylpoly(A) extension or by the insertion of ATP analogs probably
provided better mRNA protection from 3'-exonuclease degradation. GFP
expression was not affected by an excess of yeast tRNA, but was inhibited
by an excess of free polyadenylate (Figure 2B).

An optimized GFP mRNA. construct contzined 44b and 113b
flanking UTR sequences, an ARCA cap, and a 300-400 b polyadenylate tail.
The efficiency of mRNA and DNA transfection had the same pattern of

dependence on the electroporation programs used: increasing strength of
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electroporation resulted in increasing the intensity of GFP expression for
DNA and mRNA samples and decreasing of cell viability. Therefore the
same nucleofector programs were effective for both DNA and RNA
electroporation. After DNA electroporation using the most efficient
program-T01, only one fourth of the EML cells were transfected, and these
showed highly heterogeneous levels of expression. After mRNA
electroporation, almost all cells appeared as a population uniformly
expressing GFP (Figure 3A). The level of GFP expression caused by
plasmid DNA as well as by mRNA. in EML cells was highest the day after
transfection, and decreased to zero in 4 days (Figure 3B).

The optimized mRNA construct was used to. transfect different
human cell lines. Nucleofector programs for each cell line were chosen in
accordance with Amaxa cell line protegols.” FACS analysis was conducted
for EML and Jurcatt cells transfected with green fluorescent protein (“GFP”)
mRNA: 6, 17, 50 and 150 mg mRNA/m] and 10 mg DNA/ml.

In all experiments mRNA transfected almost all of the cells, and
resulted in highly efficient and uniform gene expression as shown in Figures
3A and 3B. Efficiency of transfection measured as the difference between
mRNA transfected and mock transfected cell fluorescence.

Table 3: Efficiency of transfection mesured as the difference

between mRNA transfected and mock transfected cell fluorescence.

mRNA (mg/ml) DNA (mg/ml)
6 17 50 150 10
EML 39% 544% 89.8% 95% ‘ 27.4%
Jutkat 88.8% 96.2% 97.1% 97.0% 81.4%

Human cells can sustain GFP expression caused by plasmid DNA as
well as by mRNA for a longer time than mouse EML cells, up to 10 days, as
shown in Figure 3B. Efficiency of transfection for different human cells
calculated as the geometric mean fluorescence of the transfected population,

showed striking superiority of mRNA expression to that of DNA Relatively
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long term GFP expression was also observed in the human B cell lines Bjab,
BL2 and Palo.

Plasmid DNA was toxic for the cells in a concentration of more than
20 pg/ml. In contrast, no toxicity of GFP mRNA was observed even when it
was used at concentrations of more than 150 pg/ml (Figure 3C).
Example 2, Transfection of human primary T lymphocytes

The method of GFP mRNA synthesis was used to produce the
mRNA of the human chimeric anti-CD19 receptor. This receptor contains a

“leader sequence, an antiCD19 single strand antibody domain, a

transmembrane domain and two intracellular signal transduction domains: a
4-1BB and a CD3 zeta, as shown in Figure 4A. Cloned in the appropriate
integrative DNA vector, the receptor is able to redirect transfected CD8"
lymphocytes as well as natural killer cells toward the CD19+ targets (Imai at
al., Leukemia,18,676-684 (2004); Imai et al., Blood, 106:376-383 (2005).
The plasmid pMSCV-IRES-antiCD19-BB-zeta was used as a template to
produce the receptor mRNA. The product included the coding sequence, the
50 b 5'UTP, and the 84 b 3'UTP with an extended 400b polyA tail.

Jurkat cells transfected with this mRNA expressed receptor on their
surface. Simultaneous transfection of the cells with the receptor and GFP
mRNAs showed that both mRNAs can be delivered and expressed without
interference. Double mRNA transfection occurred with the same pattern and
efficiency as the transfection with single mRNA and was detected in more
then 90% of cell population, as demonstrated by Figure 4B.

Using pmaxGFP plasmid DNA, the transfection procedure for
primary human T lymphocytes was optimized. The standard Amazxa
Biosystems protocol for activated primary T cells recommends programs
T20 and T23, However, these programs resulted in low viability of the cells.
The protocol was optimized and better results were obtained with programs
T3 and T7, which gave a relatively low but substantial level of pmaxGFP
transfection with high viability (greater than 90%). When transfected with
receptor mRNA, more than 80% of the CD3" T lymphocytes expressed the
receptor on their surface. Both the CD4™ and the CD8™ subpopulation were
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equally transfectable and showed the same kinetics of mRNA expression
(Figure 4B).

Example 3. Transfection of CD3+ T lymphocytes with anti-CD19-CIR
mRNA.

Cells were transfected with anti-CD19-CIR mRNA (40 pg/ml) and
analyzed by FACS. Cells were labeled with antibody specific to anti-CD19-
CIR, CD8, and CD4. Anti-CD19-CIR expression efficiency was calculated
as the difference between geometric means of fluorescence of the
transfectants and control (mock-transfected) cells. The fluorescence value of
mock-transfected cells was measured as approximately 3 units (negative
control). Therefore 63 units of total fluorescence corresponded to a 60-unit
increase in fluorescence relative to the control. Both the CD4+ and CD3+
subpopulations were equally transfectable, possessed the same pattern of
mRNA expression, and were able to sustain anti- CD19-CIR expression for
at least 3 days (Figure 5).

Example 4: Cytotoxicity of CD8+ T lymphocytes transfected with

. various amounts of anti-CD19-CIR mRNA.

CD8+ T lymphocytes (CTLs) were transfected with various amounts
of anti-CD19-CIR mRNA. Cells were mock transfected (Fig.6 panel 1) or
transfected with anti-CD19-CIR mRNA af 13.3 pug/ml(Fig.6 panel 2), 40
pg/mi(panel 3), or 120 pg/ml(Figure 6, panel 4). (a) FACS analysis of
transfectants demonstrating various levels of anti-CD19-CIR expression. (
Fig 6. b~d) The same transfectants were analyzed for cytotoxicity with
different targets at the indicated E:T ratio. T lymphocytes were incubated for

4 hr with different target cells, loaded with 51Cr: (b) autologous cells; ()

allogeneic CD19+ B lymphoblasts; (d) CD19-K562 cells.

CD8+ T lymphocytes transfected with anti-CD19-CIR mRNA specifically
killed CD19+ targets, whereas mock-transfected control lymphocytes were
not cytotoxic. The CD19-negative target cell line K562 was resistant to
receptor-mediated killing (Fig. 6). Of note, even the minimal level of
recéptor expression detectable by FACS analysis was sufficient for target
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cell killing (Fig. 6). This result was reproduced with lymphocytes from three
different donors.

The experiments above demonstrate that human lymphocytes can be
transfected with anti-CD19 CIR mRNAs with high efficiency. After
transfection virtually the whole cell populations uniformly expressed
chimeric receptors and possessed cytotoxicity against allogeneic and
autologous B cells. The expression of the receptor on the surface of
lymphocytes was detected for at least 3 days after transfection (Figure 3).
Fven the minimal detectable level of receptor expression was sufficient for
cytotoxicity. The results in Figure.S demonstrate that transfected cytotoxic T
lymphocytes (CTLs) can sustain their cytotoxicity for at least several days.
Example 5: Cytotoxicity of CD8* T lymphocytes transfected with anti-
CD19 chimeric receptor mRNA against different CD19+ tamer cells.

In a *!Cr assay, it was observed CIR-specific lysis of all CD19+

targets tested, including Daudi lymphoma and NALMS6 leukemia cell

lines, as well as autologous B lymphoblastoid cells, whereas mock-
transfected control lymphocytes were not cytotoxic. The CD19-negative
target cell line K562 was resistant o receptor-mediated killing (Figure 7).
Example 6: Effect of lymphocyte activation on mRNA transfection

The necessity of lymphocyte activation for mRNA transfection was
analyzed. Because nucleofector program efficiencies were similar for both
DNA and RNA electroporation (US, Amaxa), lymphocyte transfectability
was determined using transient transfection with a GFP plasmid DNA.
CD3+CD8+ lymphocytes taken without activation were electroporated with
GFPmax plasmid DNA using the following different programs
recommended by Amaxa for these cells: T7, T13, T20, U1, U8, U190, U3,
U14, U9,

The T7 program was chosen for the next step. CD3+CD8+
lymphocytes were incubated 1 or 7 days with CD3-CD28 beads and IL2 and
then transfected with anti-CD19 CIR mRNA.

Non-activated CD3+CD8+ cells were virtually untransfectable: less

then 2% of the whole population showed green fluorescence determined by
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expression of GFP transgene. CD3+CD8+ lymphocytes activated by 7 day
incubation with CD3-CD28 beads and IL2 showed normal level of
transfectability- up to 40% of the cells expressed GFP for programs T13 and
T7, with correspondent viability 40 and 55%.

Both samples were transfected using the T7 program with similar
efficiency, as shown in Figure 8A, and possessed the same level of
cytotoxicity against CD19+ targets, as demonstrated by Figure 8B.
Therefore, CD8+ lymphocyte activation is essential for CIR mRNA
transfection and one day of cell incubation with Cd3-CD29 beads and IL2 is
sufficient for CTL activation. '

The presence of two signaling domains in the cytoplasmic part of
CIR facilitates lymphocyte proliferation. However it was not clear if their
activity can produce synergistic effects on receptor-mediated cytotoxicity.
To investigate this, the 4-1BB signaling part of the anti-CD19 CIR was
deleted by a 3-step PCR. This construct was transcribed into mRNA and
compared with the original RNA. Both original CIR mRNA and the CIR
mRNA construct with 4-1BB deletion transfected CTLs with similar
efficiency, as demonstrated in Figure 8A, and generated a similar level of
cytotoxicity against CD19" targets, Figure 8B. Thus, in short run
experiments where lymphocyte proliferation is not very important, the
presence of the zeta subunit as a sole cytoplasmic domain in CIR is

sufficient.

Example 7: Modulation different types of lymphocytes with anti-CD19
CIR mRNA

The killing efficiency of NK cells stably transfected with CD19 CIR
has been previously demonstrated by Imai, et al., Leukemia, 18:676-684
(2004) using retroviral transduction. The ability to transfect NK cells as well
as T cells from the same donor with CD19CIR mRNA was tested.
Efficiency of electroporation depends on the source of lymphocytes, and
electroporation should be optimized for each donor. Also, NK cells

electroporation is often less efficient then electroporation of T cells (Amaxa).
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Electroporation was optimized using cells obtained from a single
donor. CD3™ T cells (CD4™ and CD8") as well as CD56" cells (CD3”
CD56"CIK and CD3” CD56" NK cells) were transfected with GFP transgene.
T7 Amaxa program with a T cell Amaxa kit was efficient for both cell
groups and chosen for farther experiments. Three subpopulations:
CD3+CD8+, CD3+CD4+ T cells and CD3™ CD56+ NK cells were separated,
electroporated with anti-CD19 CIR mRNA and tested for cell cytotoxicity
toward autologous B cells. The lymphocytes subpopulations: CD8+, CD4+ T
cells and a mixture of CD8+ andCD4+ cells (in a 1:1 ratio) as well as NK
cells were transfected with anti-CD19 CIR mRNA. Target cells were loaded
with **Cr and analyzed for cytotoxicity. At the E:T ratios shown in Figure 9,
all cell populations expressing the anti-CD19 chimeric receptor were
cytotoxic. These studies demonstrate that there is no need to separate any
specific type of cytotoxic cells in order to increase the efficiency killing
target cells; rather the entire lymphocyte population could be used for mRNA
CIR transfection.

Example 8: Lymphocyte reprogramming against K562, melanoma
and myeloma cells.

Solid tumor cells usually do not express CD19. CD9 negative A20358
melanoma and RPMI8126 myeloma cell lines, and also K562 cells, were
transfected with CD19 receptor mRNA and used as a targets. The CD19 gene
was obtained from ORIGEN, transcribed in vitro and then the mRNA
introduced by electroporation in A 2058 and K562 cells. Next day the whole
population of target cells uniformly expressed the CD19 (Figure 10A) and
was loaded with *!Cr and used as target for CD8+ CTLs transfected with
anti-CD19 CIR mRNA. Anti-CD19 CIR+ CTLs were able to kill transfected
CD19+ melanoma and k362 cells, but possessed low or no cytotoxicity
against non-transfected, targets (Figure10B). A similar result was obtained
with RPMI8126 myeloma cells used as a target (Figurell).
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Example 9: Lymphocyte reprogramming against solid tumor cells using
8H9 CIR.

Another chimeric receptor which is made with the 8H9 antibody
against a gp58 antigen protein often expressed on different tumor lines
(Cheung et al., Hybridoma and Hybridomics, 22:209-218 (2003)) (see Figure
12A) was introduced into human CTLs.

Transfected lymphocytes killed all different solid tumor cells, such as
primary melanoma, breast ductal carcinoma, thabdosarcoma and breast
adenacarcinoma which express the correspondent cancer antigen on their
surface. Antigen negative K562 cells were resistant to such killing
(Figurel2B).

Example 10: Cytotoxic activity of anti-CD19 CIR+ CTLs in vive
A xenogenic mice model for lymphocyte therapy of Daudi lymphoma

. described by Kowolik, et al., Cancer Res., 66(22):10995-1004 (2006) was-

used. 9 none-obese diabetic/severe combined immunodeficiency (NOD/Scid)
mice were divided into 3 groups. Each group was ip injected with either
1x10°, 3x10° or 9x108 fiLuck Daudi cells per mouse and analysed by
biophotonic measurements

Exponentially growing tumors were established in all mice 3 days
after injection. In an initial experiment 6 mice were ip injected with 3x10°
ffLuc+ Daudi cells and 3 days later therapy with human CTLs was initiated.
Because the receptor stays on the CTL surface for about 3-4 days, the mice
were injected with 5x10° CTLs per mice every third day, Half of the mice
were injected twice on day 3 and day 6 after ffLuck Daudi lymphoma
introduction, with mock CTLs (control) and the other half with anti-CD19
CIR mRNA modified CTLs. Treatment with modified cells resulted in
marked regression of tumors, while in control group tumors continued to
grow.

A larger experiment was then performed. 3x 10° ffLuc Daudi cells
per mice were seeded into the peritoneum of 24 NOD/Seid mice. 3 days later
mice were analyzed by biophotonic measurements and were divided into 3

groups (8 mice per group, with median ffluc signal (~ 6x1 08 p/s/em?/sr),
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similar for each group. The mice were injected with 5x10° CTLs per mouse
every third day and were given CTLs injections three times on days 3, 6 and
9, The mice were imaged on days 3, 6, 9, 12 and 15. Compared with tumor-
bearing control mice given RMPI medium alone (group 1) and mock
transfected CTLs (group2), there was significant reduction of tumor ffluc
signal in mice given anti-CD19 CIR mRNA fransfected CTLs (group 3)
(Figure 13).

Pseudocolor image representing light intensity and anatomic
localization of the ffluc-Daudi cells in three representative mice (Figurel3A)
and longitudinal monitoring of the bioluminescent signals of ffLuc+ Daudi
cells (Figure 13B) show that tumor growth inhibition was stili evident 3
days after the last CTLs injection on day 12. For each group of mice the
biophotonic signal outcome was normalized by the initial values at the
beginning of CTL-mediated treatment. Geometric means of the signal was
used for presentation based on the assumption of the- lognormal distribution
for the sizes of the tumors (Spratt, J. Surgical Research, 9:151-157 (1969)).

Modifications and variations will be obvious to those skilled in the

art and are intended to come within the scope of the appended claims.
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1. A linear double-stranded DNA template for in vifro
transcription of an RNA comprising

an open reading frame that encodes a therapeutic, prophylactic or
diagnostic polypeptide or nucleic acid molecule,

an RNA polymerase promoter on the coding strand of the double-
stranded DNA 5° of the open reading frame,

a 5° untranslated region between 0-3,000 nucleotides in length and a
3* untranslated region of at least 100 nucleotides, and

a3’ poly(T) stretch of 50-5,000 nucleotides,

wherein the DNA template is not contained within a DNA vector.

2. The linear double-stranded DNA template of claim 1 wherein
the RNA polymerase promoter comprises a consensus binding sequence for
an RNA polymerase selected from the group consisting of T7, T3 or SP6
RNA polymerase.

3. The linear double-stranded DNA template of claim 1 wherein
the open reading frame encodes a polypeptide that is heterologous to the cell.

4. The linear double-stranded DNA template of claim 1 wherein
the open reading frame encodes a fusion polypeptide.

5. The linear double-stranded DNA template of claim 1 wherein
the open reading frame encodes a polypeptide that functions as a ligand or
receptor for cells of the immune system, stimulates or inhibits the function of
the irmﬁuiae system, or inhibits the function of a polypeptide encoded by an
oncogene or a viral, bacterial or fungal gene.

6. The linear double-stranded DNA template of claim 1 further
comprising an internal ribosome entry site.

7. A method of generating a linear double-stranded DNA
template for in vitro transcription of an RNA comprising

an open reading frame that encodes a therapeutic, prophylactic or
diagnostic polypeptide or nucleic acid molecule,

an RNA polymerase promoter on the coding strand of the double-
stranded DNA 5° of the open reading frame,
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a 5° untranslated region between 0-3,000 nucleotides in length and a
3’ untranslated region of at least 100 nucleotides, and

a 3” poly(T) stretch of 50-5,000 nucleotides,

wherein the DNA template is not contained within a DNA vector,

comprising

generating forward and reverse primers,

wherein the forward primer comprises a plurality of nucleotides that
are substantially complementary to the non-coding strand of a target double-
stranded DNA of interest, and a plurality of nucleotides that function as a
binding site for an RNA polymerase,

wherein the reverse primer comprises a plurality of nucleotides that
are subs'tantialiy complementary to the coding strand of a target double-
stranded DNA of interest, and a plurality of deoxythymidine nucleotides, and

performing polymerase chain reaction amplification of the target
DNA using the forward and reverse primers.

8. A method of generating a linear double-stranded DNA
template for in vitro transcription of an RNA comprising

an open reading frame that encodes a therapeutic, prophylactic or
diagnostic polypeptide or nucleic acid molecule,

an RNA polymerase promoter on the coding strand of the double-
stranded DNA. 5° of the open reading frame,

a 57 untranslated region between 0-3,000 nucleotides in length and a
3’ untranslated region of at least 100 nucleotides, and

a 3’ poly(T) stretch of 50-5,000 nucleotides,
wherein the DNA template is not contained within a DNA vector,

comprising

generating forward and reverse primers,

wherein the forward primer comprises a plurality of nucleotides that
are substantially complementary to a region of nucleotides directly upstream
of a target double-stranded DNA. of interest,
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wherein the reverse primer comprises a plurality of nucleotides that
are substantially complementary to a region of nucleotides directly
downsiream of a target double-stranded DNA of interest,

performing polymerase chain reaction amplification of the target
DNA using the forward and reverse primers, and

enzymatically or chemically ligating to the polymerase chain reaction
product thé 3 poly(T) stretch and the RNA polymerase promoter,

9. The method of claim 7 or 8 wherein the primers comprise
nucleotide sequences that are substantially complementary to stretches of
nucleotides in the 57 and 3’ untranslated regions of a double-stranded DNA
of interest.

10.  The method of claim 7 or 8 wherein the primers comprise
nucleotide sequences that are substantially complementary to stretches of

. nucleotides within the open reading frame of a double-stranded DNA of .
interest.

11.  The method of claim 7

wherein the primers comprise nucleotide sequences that are
substantially complementary to stretches of nucleotides within the open
reading frame of a double-stranded DNA of interest,

wherein the primers further comprise stretches of nucleotides that
comprise 5° and 3° untranslated regions,

wherein the stretch of nucleotides in the forward primer that comprise
the 5° untranslated region is between the nucleotides that comprise the RNA
polymerase promoter and the nucleotides that are substantially
complementary to the non-coding strand of a target double-stranded DNA of
interest, and

wherein the stretch of nucleotides in the reverse primer that comprise
the 3’ untranslated region is between the plurality of deoxythymidine
nucleotides and the nucleotides that are substantially complementary to the
coding strand of a target double-stranded DNA of interest.

12.  The method of claim 7 wherein the forward primer and open

reading frame comprises a consensus Kozak sequence.
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13. A method of generating RNA for transfection of cells
comprising

pérforming in vitro transcription from a linear double-stranded DNA
template comprising

an open reading frame that encodes a therapeutic, prophylactic or
diagnostic polypeptide or nucleic acid molecule,

an RNA polymerase promoter on the coding strand of the double-~
stranded DNA 5 of the open reading frame,

a 5’ untranslated region between 0-3,000 nucleotides in lengthand a
3’ untranslated region of at least 100 nucleotides, and

a 3’ poly(T) stretch of 50-5,000 nucleotides,

wherein the DNA template is not contained within a DNA vector.

14.  The method of claim 13 further comprising using a poly(A)
polymerase to extend the poly(A) tail of the RNA with one or more adenine
nucleotides or analogs thereof. -

15.  The method of claim 13 further comprising adding
nucleotides during transcription that fumction as a 5° cap for the transcribed
RNA.

16.  Anisolated RNA produced by the method of claim 13.

17. A method for expressing one or more RNAs in a cell
comprising contacting cells with one or more RNAs of claim 16.

18.  The method of claim 17 for expressing more than one RNAs
of claim 16, wherein the RNAs are present in unequal molar amounts to
provide separate expression levels of the RNAs in the cells.

19. A method for treating or inhibiting a disorder or disease ina

~ host comprising locally or systemically administering to the host an effective
amount of one or more RNAs as defined by claim 16.

20.  The method of claim 19 wherein the disease or disorderisa
disease or disorder is selected from the group consisting of cancer, disease or
disorders of the immune system, autoimmune disorders, and diseases and

disorders caused by viral, bacterial or fungal infection.
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21. A method for treating or inhibiting a disorder or disease in a

host comprising

isolating a population of cells from a subject to be treated, or a
syhgeneic or histocompatible subject,

contacting the cells ex vivo with one or mRNA defined by
claim 16,

optionally expanding the cells, and

administering the cells to the subject to be treated in an
amount effective to treat or inhibit a disorder or disease.

22.  The method of claim 21 wherein the cells are immune cells.

23.  The method of claim 21 wherein the cells are stem cells.

24, A method for teprogramming somatic cells to become
pluripotent stem-like cells or de-differentiated cells comprising contacting
somatic cells with one or more RNAs as defined by claim 14, :

wherein the one or more RNAs encode polypeptides that function to

reprogram
the somatic cell.

25.  The method of claim 24 wherein the somatic cells are selected
from the group consisting of fibroblasts, adipocytes, hematopoietic cells,
epithelial cells, and muscle cells.

26. A method for generating an autologous population of immune
cells comprising contacting the cells with one or more RNAs according to
claim 16,

wherein the one or more RNAs encode polypeptides that render the

immune cells specific for tumor, virus, bacteria or fungal antigens expressed

on the surface of the cells of a host.
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