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METHOD FORCELLULAR RNA
EXPRESSION

that exogenous single-stranded RNA activates defense

TECHNICAL FIELD OF THE INVENTION

SUMMARY OF THE INVENTION

0001. The present invention relates to enhancing RNA
expression in a cell such as a cell transfected with RNA by
reducing the activity of RNA-dependent protein kinase
(PKR). Thus, the present invention provides methods for
expressing RNA in a cell comprising the step of reducing the
activity of RNA-dependent protein kinase (PKR) in the cell.
Reducing the activity of RNA-dependent protein kinase
(PKR) in the cell increases the stability of RNA and/or
increases the expression of RNA in the cell.

0007. The invention relates to a method for expressing
RNA in a cell comprising the step of reducing the activity of
RNA-dependent protein kinase (PKR) in the cell.
0008. In one embodiment, the RNA is or has been intro
duced into the cell such as by electroporation.
0009. In one embodiment, the RNA is in vitro transcribed

BACKGROUND OF THE INVENTION

0002 The advantages of using RNA as a kind of reversible
gene therapy include transient expression and a non-trans
forming character. RNA does not need to enter the nucleus in
order to be expressed and moreover cannot integrate into the
host genome, thereby eliminating the risk of oncogenesis.
Transfection rates attainable with RNA are relatively high, for
many cell types even >90%, and therefore, there is no need for

mechanisms in mammalian cells.

RNA.

0010. In one embodiment, the step of reducing the activity
of PKR in the cell results in an enhancement of stability
and/or an enhancement of expression of the RNA in the cell,
wherein the enhancement of expression of the RNA in the cell
preferably comprises an increase in the level of expression
and/or an increase in the duration of expression of the RNA in
the cell.

0011. In one embodiment, the step of reducing the activity
of PKR in the cell comprises treating the cell with at least one
PKR inhibitor. In one embodiment, the treatment of the cell
with the at least one PKR inhibitor is for a time sufficient to

selection of transfected cells. Furthermore, the amounts of

result in an enhancement of stability and/or an enhancement
of expression of the RNA in the cell. In one embodiment, the
PKR inhibitor inhibits RNA-induced PKR autophosphoryla

S1O.

tion. In one embodiment, the PKR inhibitor is an ATP-bind

protein achieved correspond to those in physiological expres

0003. RNA has been described for as being useful in de
differentiating somatic cells into stem-like cells without gen
erating embryos or fetuses. De-differentiation of somatic
cells to cells having stem cell characteristics, in particular
pluripotency, can be effected by introducing RNA encoding
factors inducing the de-differentiation of Somatic cells into
the Somatic cells and culturing the Somatic cells allowing the
cells to de-differentiate. After being de-differentiated, the
cells could be induced to re-differentiate into the same or a

different Somatic cell type such as neuronal, hematopoietic,
muscle, epithelial, and other cell types. Thus, such stem-like
cells have medical applications for treatment of degenerative
diseases by “cell therapy' and may be utilized in novel thera
peutic strategies in the treatment of cardiac, neurological,
endocrinological, vascular, retinal, dermatological, muscu
lar-skeletal disorders, and other diseases.

0004 Furthermore, the use of RNA provides an attractive
alternative to circumvent the potential risks of DNA based
vaccines. As with DNA, transfer of RNA into cells can also

induce both the cellular and humoral immune responses in
V1VO.

0005. In particular, two different strategies have been pur
sued for immunotherapy with in vitro transcribed RNA (IVT
RNA), which have both been successfully tested in various
animal models. Either the RNA is directly injected into the
patient by different immunization routes or cells are trans
fected with IVT-RNA using conventional transfection meth
ods in vitro and then the transfected cells are administered to

the patient. RNA may, for example, be translated and the
expressed protein presented on the MHC molecules on the
Surface of the cells to elicit an immune response.
0006. It has been attempted to stabilize IVT-RNA by vari
ous modifications in order to achieve higher and prolonged
expression of transferred IVT-RNA. However, despite the
Success of RNA transfection-based strategies to express pep
tides and proteins in cells, there remain issues related to RNA
stability, Sustained expression of the encoded peptide or pro
tein and cytotoxicity of the RNA. For example, it is known

ing site directed inhibitor of PKR. In one embodiment, the
PKR inhibitor is an imidazolo-oxindole compound. In one
embodiment, the PKR inhibitor is 6,8-dihydro-8-(1H-imida
Zol-5-ylmethylene)-7H-pyrrolo2.3-gbenzothiazol-7-one or
2-aminopurine. In one embodiment, the PKR inhibitor is a
virally derived inhibitor of PKR, wherein the virally derived
inhibitor of PKR is preferably selected from the group con
sisting of vaccinia virus E3 and/or K3, or their RNA.
0012. In one embodiment, the step of reducing the activity
of PKR in the cell comprises silencing expression of the PKR
gene.

0013. In one embodiment, the cell is a cell having a barrier
function. In one embodiment, the cell is a fibroblast, a kera

tinocyte, an epithelial cell, or an endothelial cell, wherein the
endothelial cell preferably is an endothelial cell of the heart,
an endothelial cell of the lung, or an umbilical vein endothe
lial cell. Preferably, the cell is a human cell.
0014. The invention also relates to the use of means which
are suitable for reducing the activity of RNA-dependent pro
tein kinase (PKR) in a cell such as means as described herein,
in particular at least one PKR inhibitor, such at least one of the
PKR inhibitors as described herein, for treating a cell in
which RNA is to be expressed.
0015. In one embodiment, the RNA is or has been intro
duced into the cell such as by electroporation.
0016. In one embodiment, the RNA is in vitro transcribed
RNA.

0017. In one embodiment, treatment of the cell results in
an enhancement of stability and/or an enhancement of
expression of the RNA in the cell, wherein the enhancement
of expression of the RNA in the cell preferably comprises an
increase in the level of expression and/or an increase in the
duration of expression of the RNA in the cell.
0018. In one embodiment, the treatment of the cell with
the at least one PKR inhibitor is for a time sufficient to result

in an enhancement of stability and/or an enhancement of
expression of the RNA in the cell. In one embodiment, the
PKR inhibitor inhibits RNA-induced PKR autophosphoryla
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tion. In one embodiment, the PKR inhibitor is an ATP-bind

ing site directed inhibitor of PKR. In one embodiment, the
PKR inhibitor is an imidazolo-oxindole compound. In one
embodiment, the PKR inhibitor is 6,8-dihydro-8-(1H-imida
Zol-5-ylmethylene)-7H-pyrrolo2.3-gbenzothiazol-7-one or
2-aminopurine. In one embodiment, the PKR inhibitor is a
virally derived inhibitor of PKR, wherein the virally derived
inhibitor of PKR is preferably selected from the group con
sisting of vaccinia virus E3 and/or K3, or their RNA.
0019. In one embodiment, the means for reducing the
activity of PKR in the cell comprises means for silencing
expression of the PKR gene.
0020. In one embodiment, the cell is a cell having a barrier
function. In one embodiment, the cell is a fibroblast, a kera

tinocyte, an epithelial cell, or an endothelial cell, wherein the
endothelial cell preferably is an endothelial cell of the heart,
an endothelial cell of the lung, or an umbilical vein endothe
lial cell. Preferably, the cell is a human cell.
0021. The invention also relates to a method for providing
cells having stem cell characteristics comprising the steps of
(i) providing a cell population comprising Somatic cells, (ii)
reducing the activity of RNA-dependent protein kinase
(PKR) in the somatic cells, (iii) introducing RNA capable of
expressing one or more factors allowing the reprogramming
of the Somatic cells to cells having stem cell characteristics
into at least a portion of the Somatic cells, and (iv) allowing
the development of cells having stem cell characteristics.
0022. In one embodiment, the RNA is introduced into the
at least a portion of the Somatic cells by electroporation.
0023. In one embodiment, the RNA is in vitro transcribed
RNA.

0024. In one embodiment, the one or more factors com
prise OCT4 and SOX2. The one or more factors may further
comprise KLF4 and/or c-MYC and/or NANOG and/or
LIN28. In one embodiment, the one or more factors comprise
OCT4, SOX2, KLF4 and c-MYC and may further comprise
LIN28. In one embodiment, the one or more factors comprise
OCT4, SOX2, NANOG and LIN28.

0025. In one embodiment, the step of reducing the activity
of PKR in the cells results in an enhancement of stability
and/or an enhancement of expression of the RNA in the cells,
wherein the enhancement of expression of the RNA in the
cells preferably comprises an increase in the level of expres
sion and/or an increase in the duration of expression of the
RNA in the cells.

0026. In one embodiment, the step of reducing the activity
of PKR in the cells comprises treating the cells with at least
one PKR inhibitor. In one embodiment, the treatment of the
cells with the at least one PKR inhibitor is for a time sufficient

to result in an enhancement of stability and/or an enhance
ment of expression of the RNA in the cells. In one embodi
ment, the PKR inhibitor inhibits RNA-induced PKR auto

phosphorylation. In one embodiment, the PKR inhibitor is an
ATP-binding site directed inhibitor of PKR. In one embodi
ment, the PKR inhibitor is an imidazolo-oxindole compound.
In one embodiment, the PKR inhibitor is 6,8-dihydro-8-(1H
imidazol-5-ylmethylene)-7H-pyrrolo2.3-gbenzothiazol-7one or 2-aminopurine. In one embodiment, the PKR inhibitor
is a virally derived inhibitor of PKR, wherein the virally
derived inhibitor of PKR is preferably selected from the
group consisting of vaccinia virus E3 and/or K3, or their
RNA.
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0027. In one embodiment, the step of reducing the activity
of PKR in the cells comprises silencing expression of the
PKR gene.
0028. In one embodiment, the method further comprises
the step of culturing the Somatic cells in the presence of at
least one histone deacetylase inhibitor, wherein the at least
one histone deacetylase inhibitor preferably comprises valp
roic acid, Sodium butyrate, trichostatin A and/or Scriptaid.
0029. In one embodiment, step (iv) comprises culturing
the Somatic cells under embryonic stem cell culture condi
tions.

0030. In one embodiment, the stem cell characteristics
comprise an embryonic stem cell morphology.
0031. In one embodiment, the cells having stem cell char
acteristics have normal karyotypes, express telomerase activ
ity, express cell Surface markers that are characteristic for
embryonic stem cells and/or express genes that are character
istic for embryonic stem cells.
0032. In one embodiment, the cells having stem cell char
acteristics exhibit a pluripotent state.
0033. In one embodiment, the cells having stem cell char
acteristics have the developmental potential to differentiate
into advanced derivatives of all three primary germ layers.
0034. In one embodiment, the somatic cells are fibroblasts
such as lung fibroblasts, foreskin fibroblasts or dermal fibro
blasts. Preferably, the somatic cells are human cells.
0035. The invention also relates to a method for providing
differentiated cell types comprising the steps of (i) providing
cells having stem cell characteristics using the method for
providing cells having stem cell characteristics according to
the invention, and (ii) culturing the cells having stem cell
characteristics under conditions that induce or direct partial
or complete differentiation to a differentiated cell type.
0036. As described herein, inhibition of PKR in cells
induces the production of interferons. Thus, the invention
also relates to a method of increasing interferon production
by a cell comprising the step of reducing the activity of PKR
in the cell. According to the invention, interferon production
by a cell may be increased either in vitro or in vivo. If inter
feron production by a cell is increased in vitro the cell may be
Subsequently administered to a Subject.
0037 Interferons are known for their antiproliferative and
apoptotic effects, their anti-angiogenic effects and their abil
ity to modulate an immune response. Thus, the invention also
relates to a method of treating a Subject, preferably a patient
Such as a cancer patient, comprising the step of reducing the
activity of PKR in a cell of said subject such as by adminis
tering an inhibitor of expression and/or activity of PKR.
Treatment of said subject may aim at modulating, preferably
activating, the immune system of said Subject. Treatment of
said subject may aim, in particular, at achieving or enhancing
an anti-cancer effect, in particular an anti-cancer immune
response, in said Subject. Such treatments may also be
achieved by increasing interferon production by a cell in vitro
and Subsequently administering the cell to the Subject. In one
embodiment, the cell is an autologous cell.
0038. The cell in the above aspects of the invention may be
a cell as described herein. The interferon preferably is inter
feron-C. and/or interferon-B, more preferably interferon-C.
Activity of PKR may be reduced in the cell as described
herein. Furthermore, when reducing the activity of PKR in the
above aspects of the invention, RNA may be introduced into
the cell, e.g. as described herein, or RNA may not be intro
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duced into the cell. If RNA is introduced into the cell, the

RNA may be RNA as described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

0039 FIG. 1: Induction of Interferons by IVT RNA
0040 Primary human foreskin fibroblasts (CCD1079SK)
were electroporated with 1 lug IVT RNA encoding for firefly
luciferase and 5 lug IVT RNA encoding for destabilized GFP
(luc--GFP). The cells were either left untreated or incubated
with 2 uM CHNOS (PKR-inhibitor). Upregulation of
interferon-alpha and interferon-betatranscripts in human
fibroblasts induced by RNA electroporation was observed
(FIGS. 1A and 1C). The inhibition of PKR using CH-NOS
resulted in an overwhelming increase of interferon transcripts
(FIGS. 1B and 1D).
0041 FIG. 2: Dose Dependent Increase of Luciferase
Expression by Inhibiting PKR
0042 (A-C) Primary human foreskin fibroblasts from dif
ferent donors and suppliers (panel A: BJ fibroblasts; panel B
CCD1079Sk: panel C: HFF) and (D) murine embryonic
fibroblasts (MEFs) were electroporated with 0.5ug IVT RNA
encoding for firefly luciferase and 1.25 ug IVT RNA encod
ing for enhanced GFP (eGFP). The cells were plated in dupli
cates into 96-well-plates at a density of 30000 cells/well. The
cells were either left untreated or incubated with increasing
amounts of CHNOS (PKR-inhibitor) ranging from 0.5
uM to 2 uM as indicated in the panel legends. Luciferase
activity was measured at the indicated time points. Mean
values of the duplicates are given. A dose dependent increase
of the reporter gene luciferase was observed.
0043 FIG. 3: Dose Dependent Increase of GFP Expres
sion by Inhibiting PKR
0044 (AB) Primary human foreskin fibroblasts from dif
ferent donors and suppliers (panel A: BJ fibroblasts; panel B
CCD1079Sk) and (C) MEFs were electroporated with 0.5ug
IVT RNA encoding for firefly luciferase and 1.25 ug IVT
RNA encoding for enhanced GFP (eGFP). The cells were
plated into 96-well-plates at a density of 250000 cells/well.
The cells were either left untreated or incubated with increas

ing amounts of CHNOS (PKR-inhibitor) ranging from
0.5 M to 2 uM as indicated in the panel legends. GFP
expression was measured by flow cytometry at the indicated
time points. The mean fluorescence intensity (MFI) of the
transfected GFP-positive cell fractions is shown. A dose
dependent increase of the reporter gene GFP was observed.
0045 FIG. 4: Effect of PKR Inhibition on IVT RNA
Based Reporter Gene Expression in Primary Human Umbili
cal Vein Endothelial Cells

0046 Primary human umbilical vein endothelial cells
(HUVECs) were electroporated with 1 lug IVT RNA encod
ing firefly luciferase and 5ug IVT RNA encoding for desta
bilized GFP. The cells were plated in duplicates into 96-well
plates at a density of 10000 cells/well. The cells were either
left untreated or incubated with increasing amounts of
CHNOS (PKR-inhibitor) ranging from 0.5uM to 2 uMas
indicated in the panel legend. Luciferase activity was mea
sured at the indicated time points. Mean values of the dupli
cates are given. Luciferase expression was enhanced in
HUVECs in a dose dependent manner.
0047 FIG. 5: Effect of PKR Inhibition on IVT RNA
Based Reporter Gene Expression in Transfected Primary
CD4+ and CD8+ T-Cells and Immature Dendritic Cells

0048 Human primary CD4 and CD 8 positive T-cells, as
well as immature dendritic cells (iDCs) were isolated and
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electroporated with 5ug IVT RNA encoding for destabilized
GFP. iDCs were coelectroporated with 1 lug IVT RNA encod
ing for firefly luciferase. The cells were either left untreated or
incubated with increasing amounts of CHNOS (PKR
inhibitor) ranging from 0.5 M to 2 uM as indicated in the
panel legends. (A) T-cells and (B) iDCs were harvested at the
indicated time points and GFP expression was assessed by
flow cytometry. The mean fluorescence intensity (MFI) of the
transfected, GFP-positive cell fractions is shown. (C) For
luciferase assays, iDCs were plated in duplicates into
96-well-plates at a density of 10000 cells/well. Luciferase
activity was measured at the indicated time points. Mean
values of the duplicates are given. Neither in T-cells nor in
iDCs PKR inhibition led to an increased GFP expression
(FIG.5A, B). In iDCs, the inhibition of PKR resulted in loss
of luciferase expression (FIG.5C)
0049 FIG. 6: Transient Inhibition of PKR After Elec
troporation
0050 BJ and CCD1079SK fibroblasts were electropo
rated with 0.5ug IVT RNA encoding for firefly luciferase and
2.5ug IVT RNA encoding for eGFP. Electroporations were
performed in 2 mm gap cuvettes using optimized parameters
for each cell type. 10000 cells/well were plated in duplicates
into 96-well-plates. The cells were either left untreated or
incubated with (A) 2 uM CHNOS or (B) 2 uM 2-Ami
nopurine (2-AP) for 8 h, 24h 48 h or permanently as indicated
in the panel legends. Luciferase activity was measured col
lectively 72 h after electroporation. Mean values of the dupli
cates are given. These data show that PKR inhibition is
reversible. Permanent inhibition results in high luciferase
expression levels for 5 days.
0051 FIG. 7: Inhibition of PKR using VacciniaVirus Pro
teins E3 and K3 Cotransfected into Fibroblasts and HUVECs

0052 CCD1079SK fibroblasts and HUVECs were elec
troporated with IVT RNA encoding firefly luciferase (1 lug),
destabilized GFP (5 ug) and 3 ug of E3 or K3 or both as
indicated. Electroporations were performed using optimized
parameters for each cell type. 10000 cells/well were plated in
duplicates into 96-well-plates. CCD1079Sk were either (A)
left untreated (closed symbols) or (B) incubated with 2 LM
CHNOS (open symbols). (C) HUVECs were either left
untreated or incubated with increasing concentrations of
CHNOS as indicated. Luciferase activity was measured
at the indicate time points after electroporation. Mean values
of the duplicates are given. Both viral proteins led to a 2 fold
increase in luciferase expression 24 h after electroporation.
(FIG. 7A). The additional application of CHNOS resulted
in an additive increase of luciferase expression and a stabili
zation (FIG. 7B). Similar experiments with HUVEC cells
revealed that the combination of E3 and K3 increased

luciferase expression, which was additively enhanced by
CHNOS in a dose dependent fashion (FIG. 7C).
0053 FIG. 8: Inhibition of PKR using VacciniaVirus Pro
teins E3 and K3 Cotransfected into Human T-Cells and iDCs

0054 (A) Human primary CD4 and (B) CD8 positive
T-cells were isolated and electroporated with IVT RNA
encoding destabilized GFP (10 ug) and 5 lug of both, E3 and
K3. Electroporations were performed using 4 mm gap
cuvettes and optimized parameters for each cell type. The
cells were either left untreated or incubated with increasing
concentrations of CHNOS. The cells were harvested at
the indicated time points and GFP expression was assessed by
flow cytometry. The mean fluorescence intensity (MFI) of the
transfected, GFP-positive cell fractions is shown. (C) Human
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iDCs were isolated and electroporated with IVT RNA encod
ing destabilized GFP (10 ug), 1 g luciferase and 5ug of both,
E3 and K3. Electroporations were performed using 4 mm gap
cuvettes and optimized parameters for each cell type. The
cells were plated in duplicates into 96-well-plates at a density
of 10000 cells/well and either left untreated (left panel) or
incubated with increasing concentrations of CHNOS
(right panel). Luciferase activity was measured at the indi
cated time points. Mean values of the duplicates are given. As
depicted in FIGS. 8A and 8B, viral proteins inhibiting PKR
did not increase reporter gene expression in T-cells, neither in
presence nor in absence of CHNOS. In iDCs, viral pro
teins—as observed before with the inhibitor—decreased the

luciferase expression. Also, E3 and K3 did not revert the
negative effect of CHNOS on luciferase expression (FIG.
8C).
0055 FIG. 9: Effect of PKR Inhibition on Reporter Gene
Expression in Fibroblasts Transfected with RNA Composed
of Modified Nucleotides

0056 (A) CCD1079Skfibroblasts were co-electroporated
with 1 lug IVT-RNA encoding luciferase and 5ug IVT RNA
encoding destabilized GFP, either unmodified (unmod) or
modified with 5-methylcytidine (5mC) and pseudouridine
(PU) as indicated. Immediately after electroporation, the cells
were plated in duplicates into 96-well-plates at a density of
10000 cells/well. Cells remained either untreated or were

cultivated in presence of 2 uMPKR-inhibitor. After 7h, 24h,
48 h, and 72 h luciferase activity was assessed. The incorpo
ration of 5mC and PU into the transcripts increases the
luciferase expression by about 2-fold as compared to the
unmodified control. The use of 2 uM CHNOS further
increases and stabilizes the expression of luciferase encoded
by modified IVT RNA.
0057 FIG. 10: Increased and Stabilized Expression of
Reprogramming Transcription Factors by PKR-Inhibition
0058 (AB) Primary human foreskin fibroblasts from dif
ferent donors and suppliers (panel A. BJ fibroblasts; panel B:
CCD1079Sk) and (C) MEFs were electroporated with 0.5ug
IVT RNA encoding for firefly luciferase and 1.25 ug IVT
RNA encoding foreGFP and 2.5ug of IVT RNA encoding for
each of the individual reprogramming factors OCT4, SOX2,
KLF4 and c-MYC. Electroporations were performed in 2 mm
gap cuvettes using optimized parameters for each cell type.
The cells were plated into 6-well-plates at a density of 250000
cells/well. The cells were either left untreated or incubated

with increasing amounts of CHNOS (PKR-inhibitor)
ranging from 0.5uM to 2 uMas indicated in the panel legend.
The OCT4 expression was detected by intracellular staining
with a fluorescently labeled antibody and measured by flow
cytometry at the indicated time points. The mean fluores
cence intensity (MFI) of the transfected OCT4-positive cell
fractions is shown. (D) CCD1079Sk fibroblasts were elec
troporated with IVT RNA as in Band treated for 24 h or 48 h.
with 2 uM CHNOS. 72 h post electroporation the cells
were harvested and intracellular staining with fluorescent
labeled antibodies reactive against the indicated transcription
factors were performed. The MFI of the transcription factor
positive cell fractions are shown. The expression of the tran
scription factors OCT4, Nanog and SOX2 was strongly
increased and stabilized in treated cells in a dose and time

dependent manner.
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0059 FIG. 11: Enhanced Induction of Pluripotency
Marker Genes upon Treatment with CHNOS
0060 CCD1079SK fibroblasts were either mock elec
troporated or electroporated with IVT RNA encoding for
firefly luciferase (1 lug), eGFP (1.25 ug), SV40 Large T (1.25
ug), HPV16-E6 (1.25 ug), OCT4, SOX2, KLF4, cMYC,
NANOG and LIN28 (2.5 g OCT4 and equimolar amounts
for the others). Electroporations were performed in 2 mm gap
cuvettes using optimized parameters for CCDs. The cells
were plated into 6-well-plates at a density of 250000 cells/
well and either left untreated or incubated with 2 uM
CHNOS as indicated. 72 h after electroporation the cells
were harvested to extract total RNA and perform qRT-PCR
analysis for the pluripotency markers (A) GDF3 and (B)
hTERT. GDF3 and hTERT induction was increased by the
treatment 72 h after electroporation.
0061 FIG. 12: Stabilization of IVT-RNA Constructs
Under Inhibition of PKR

0062 (A) CCD1079SK fibroblasts were either mock elec
troporated or electroporated with IVT RNA encoding for
firefly luciferase (1 lug), eGFP (1.25 ug), SV40 Large T (1.25
ug), HPV16-E6 (1.25 ug), OCT4, SOX2, KLF4, cMYC,
NANOG and LIN28 (2.5 g OCT4 and equimolar amounts
for the others). Electroporations were performed in 2 mm gap
cuvettes using optimized parameters for CCDs. After elec
troporation cells were either left untreated or incubated with
2 uM CHNOS for 24 h or 48 h. After 72 h cells were
harvested to extract total RNA and perform qRT-PCR analy
sis for the codon optimized IVT-RNA constructs OCT4 and
SOX2. (B) To determine whether CHNOS has an effect
on the in vivo half-life of IVT-RNA, CCD1079SK fibroblasts

were mock electroporated or electroporated with IVT RNA
encoding for firefly luciferase (1 lug), SV40 Large T (1.25ug),
enhanced GFP (1.25 ug), E3 (3 g) and K3 (3 ug) with
addition of IVT-RNA encoding for OCT4, SOX2, KLF4,
cMYC (each 2.5 lug) or addition of eGFP (10 ug) as control.
Electroporations were performed in 2 mm gap cuvettes using
optimized parameters for CCDs. 250000 cells/well were
plated into 6-well-plates and either left untreated or incubated
with 2 uM CHNOS for 80 h. After 8 h, 32 h, 56 h, 80 h
cells were harvested to extract total RNA and perform qRT
PCR analysis for the codon optimized IVT-RNA constructs
OCT4, SOX2, KLF4 and cMYC. Decay of transcripts was
plotted against time and difference between half-lifes (t) of
the construct in absence or presence of CHNOS was
calculated (At t (+CHNOS)-t (-CHNOS)).
The transient treatment of cells with 2 uM CHNOS
increased the abundance of IVT RNA for 72 h (A). The half
life of the IVT RNA constructs is prolonged for 1-2.5 hunder
PKR-Inhibition (B). Stabilization of reporter expression
under PKR-inhibition is therefore to some extent based on
stabilization of IVT-RNA constructs.

0063 FIG. 13: Secretion of Interferons After Electropora
tion of IVT-RNA and Under the effect of CHsNOS
0064. Primary human foreskin fibroblasts (HFF) were
electroporated with IVT RNA encoding eGFP (10 ug) either
unmodified or modified (mod.) with 5-methylcytidine (5mC)
and pseudouridine (PU) or unmodifiedeCFP (10 ug) and with
3 ug of modified (5mC and PU) E3 and K3 as indicated.
0065 IVT-RNA induces the secretion of IFNB after elec
troporation. The secretion is remarkably enhanced when cells
are incubated with CHNOS. Induction of IFNB is reduced
when IVT-RNA is modified with 5mC and PU.
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0066 FIG. 14: PKR-Knockdown Leads to a Stabilization
of Transcript Expression Similar to PKR-Inhibition
0067 (A) Primary human foreskin fibroblasts
(CCD1079Sk) were electroporated with an increasing
amount of a siRNA-mix targeting PKR (Santa Cruz;
sc-36263) ranging from 20 nM to 80 nM. The expression
level of PKR was assessed by qRT-PCR. Depicted are the
relative expression levels compared to wildtyp cells. PKR is
knocked down to 5-10% with all concentrations of siRNA

mix 24 h post electroporation. Only 80 nM are sufficient to
knock down PKR over 48 h. (B) Primary human foreskin
fibroblasts (CCD 1079Sk) were electroporated with IVT
RNA encoding unmodified eGFP (1.5ug) either alone or with
an increasing amount of a siRNA-mix targeting PKR ranging
from 20 nM to 80 nM. The expression level of the IFN
response genes OAS1 and OAS2 was assessed by qRT-PCR.
Depicted are the relative expression levels compared to wild
typ cells. Expression levels of OAS1 and OAS2 are not sig
nificantly altered by addition of siRNA-mix indicating that
the siRNA is not inducing IFNs after electroporation.
0068 (C) Primary human foreskin fibroblasts
(CCD1079Sk) were electroporated with or without 80 nM of
siRNA-mix targeting PKR and 48 h later with 1 lug IVT RNA
encoding for firefly luciferase and for eGFP (2.5 g). Cells
were either left untreated or incubated with 2 uM of
CHNOS. Luciferase activity was measured at the indi
cated time points. Electroporation of cells preincubated with
siRNA targeting PKR and therefore being in a state of lacking
PKR leads to a quite similar kinetic and increase of reporter
gene expression as incubation with 2 uM of the PKR-inhibitor
CHNOS with a slightly lower stabilizing effect. Combi
nation of preincubation with siRNA-mix targeting PKR and
the use of the inhibitor leads to an even higher expression
level of the reporter transcript.
0069 FIG. 15: Effect of CHNOS on Translation of
IVT RNA using Lipofection
0070) 1.2 Lug 5'-triphosphorylated and non-modified IVT
RNA (0.8 ug encoding luciferase, 0.4 ugGFP) was packaged
with 6 ul RNAiMAX transfection reagent (Invitrogen) and
transfected into human foreskin fibroblasts and the medium

Supplemented with increasing concentrations of
CHNOS. At the indicated time points the cells were lysed
and luciferase activity of the lysates was measured.
CHNOS had a stabilizing effect on translation of
luciferase. This effect was dose-dependent.
(0071 FIG. 16: Effect of 2-Aminopurine on Luciferase
Expression
0072 Human foreskin fibroblasts were electroporated
with 2 ug IVT RNA coding for firefly luciferase and 5ug IVT
RNA coding for GFP and incubated with the concentrations
of2-AP indicated in the panellegend. 10 mM to 20 mM2-AP
lead to a similar increase of translation as 2 uMCHNOS.
DETAILED DESCRIPTION OF THE INVENTION

0073. Although the present invention is described in detail
below, it is to be understood that this invention is not limited

to the particular methodologies, protocols and reagents
described herein as these may vary. It is also to be understood
that the terminology used herein is for the purpose of describ
ing particular embodiments only, and is not intended to limit
the scope of the present invention which will be limited only
by the appended claims. Unless defined otherwise, all tech
nical and Scientific terms used herein have the same meanings
as commonly understood by one of ordinary skill in the art.
0074. In the following, the elements of the present inven
tion will be described. These elements are listed with specific

Jan. 30, 2014

embodiments, however, it should be understood that they may
be combined in any manner and in any number to create
additional embodiments. The variously described examples
and preferred embodiments should not be construed to limit
the present invention to only the explicitly described embodi
ments. This description should be understood to support and
encompass embodiments which combine the explicitly
described embodiments with any number of the disclosed
and/or preferred elements. Furthermore, any permutations
and combinations of all described elements in this application
should be considered disclosed by the description of the
present application unless the context indicates otherwise.
For example, if in a preferred embodiment RNA comprises a
poly(A)-tail consisting of 120 nucleotides and in another
preferred embodiment the RNA molecule comprises a 5'-cap
analog, then in a preferred embodiment, the RNA comprises
the poly(A)-tail consisting of 120 nucleotides and the 5'-cap
analog.
(0075 Preferably, the terms used herein are defined as
described in "A multilingual glossary of biotechnological
terms: (IUPAC Recommendations). H. G. W. Leuenberger,
B. Nagel, and H. Kölbl., Eds. Helvetica Chimica Acta,
CH-4010 Basel, Switzerland, (1995).
0076. The practice of the present invention will employ,
unless otherwise indicated, conventional methods of chemis

try, biochemistry, and recombinant DNA techniques which
are explained in the literature in the field (cf., e.g., Molecular

Cloning: A Laboratory Manual, 2" Edition, J. Sambrook et

al, eds., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor 1989).
0077. Throughout this specification and the claims which
follow, unless the context requires otherwise, the word “com
prise', and variations such as "comprises' and "comprising.
will be understood to imply the inclusion of a stated member,
integer or step or group of members, integers or steps but not
the exclusion of any other member, integer or step or group of
members, integers or steps although in some embodiments
Such other member, integer or step or group of members,
integers or steps may be excluded, i.e. the Subject-matter
consists in the inclusion of a stated member, integer or step or
group of members, integers or steps. The terms “a” and “an
and “the' and similar reference used in the context of describ

ing the invention (especially in the context of the claims) are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. Recitation of ranges of values herein is merely
intended to serve as a shorthand method of referring individu
ally to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorpo
rated into the specification as if it were individually recited
herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise

clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “Such as'), provided
herein is intended merely to better illustrate the invention and
does not pose a limitation on the Scope of the invention
otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element essential to
the practice of the invention.
0078. Several documents are cited throughout the text of
this specification. Each of the documents cited herein (includ
ing all patents, patent applications, scientific publications,
manufacturer's specifications, instructions, etc.), whether
supra or infra, are hereby incorporated by reference in their
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entirety. Nothing herein is to be construed as an admission
that the invention is not entitled to antedate such disclosure by
virtue of prior invention.
0079 Terms such as “reducing” or “inhibiting relate to
the ability to cause an overall decrease, preferably of 5% or
greater, 10% or greater, 20% or greater, more preferably of
50% or greater, and most preferably of 75% or greater, in the
level. The term “inhibit or similar phrases includes a com
plete or essentially complete inhibition, i.e. a reduction to
Zero or essentially to Zero.
0080 Terms such as “increasing”, “enhancing, or “pro
longing preferably relate to an increase, enhancement, or
prolongation by about at least 10%, preferably at least 20%,
preferably at least 30%, preferably at least 40%, preferably at
least 50%, preferably at least 80%, preferably at least 100%,
preferably at least 200% and in particular at least 300%.
These terms may also relate to an increase, enhancement, or
prolongation from Zero or a non-measurable or non-detect
able level to a level of more than Zero or a level which is
measurable or detectable.

0081. The term “recombinant in the context of the
present invention means “made through genetic engineer
ing'. Preferably, a “recombinant entity” such as a recombi
nant protein in the context of the present invention is not
occurring naturally, and preferably is a result of a combina
tion of entities such as amino acid or nucleic acid sequences
which are not combined in nature. For example, a recombi
nant protein in the context of the present invention may con
tain several amino acid sequences derived from different pro
teins fused together, e.g., by peptide bonds.
0082. The term “naturally occurring as used herein refers
to the fact that an object can be found in nature. For example,
a protein or nucleic acid that is present in an organism (includ
ing viruses) and can be isolated from a source in nature and
which has not been intentionally modified by man in the
laboratory is naturally occurring.
0083. A nucleic acid is according to the invention prefer
ably deoxyribonucleic acid (DNA) or ribonucleic acid
(RNA), more preferably RNA, most preferably in vitro tran
scribed RNA (IVT RNA). Nucleic acids include according to
the invention genomic DNA, cDNA, mRNA, recombinantly
produced and chemically synthesized molecules. According
to the invention, a nucleic acid may be present as a single
stranded or double-stranded and linear or covalently circu
larly closed molecule. A nucleic acid can, according to the
invention, be isolated. The term "isolated nucleic acid

means, according to the invention, that the nucleic acid (i) was
amplified in vitro, for example via polymerase chain reaction
(PCR), (ii) was produced recombinantly by cloning, (iii) was
purified, for example, by cleavage and separation by gel elec
trophoresis, or (iv) was synthesized, for example, by chemical
synthesis. A nucleic can be employed for introduction into,
i.e. transfection of cells, in particular, in the form of RNA
which can be prepared by in vitro transcription from a DNA
template. The RNA can moreover be modified before appli
cation by stabilizing sequences, capping, and polyadenyla
tion.

0084 As a nucleic acid, in particular RNA, for expression
of more than one peptide or protein, either of a nucleic acid
type in which the different peptides or proteins are present in
different nucleic acid molecules or a nucleic acid type in
which the peptides or proteins are present in the same nucleic
acid molecule can be used.
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I0085. In the context of the present invention, the term
“RNA relates to a molecule which comprises at least one
ribonucleotide residue and preferably being entirely or sub
stantially composed of ribonucleotide residues. “Ribonucle
otide' relates to a nucleotide with a hydroxyl group at the
2'-position of a B-D-ribofuranosyl group. The term “RNA
comprises double-stranded RNA, single-stranded RNA, iso
lated RNA such as partially or completely purified RNA,
essentially pure RNA, synthetic RNA, and recombinantly
generated RNA such as modified RNA which differs from
naturally occurring RNA by addition, deletion, substitution
and/or alteration of one or more nucleotides. Such alterations

can include addition of non-nucleotide material. Such as to the

end(s) of a RNA or internally, for example at one or more
nucleotides of the RNA. Nucleotides in RNA molecules can

also comprise non-standard nucleotides, such as non-natu
rally occurring nucleotides or chemically synthesized nucle
otides or deoxynucleotides. These altered RNAs can be
referred to as analogs or analogs of naturally-occurring RNA.
I0086 According to the present invention, the term “RNA
includes and preferably relates to “mRNA'. The term
“mRNA' means “messenger-RNA and relates to a “tran
script which is generated by using a DNA template and
encodes a peptide or protein. Typically, an mRNA comprises
a 5'-UTR, a protein coding region, and a 3'-UTR. mRNA only
possesses limited half-life in cells and in vitro. In the context
of the present invention, mRNA may be generated by in vitro
transcription from a DNA template. The in vitro transcription
methodology is known to the skilled person. For example,
there is a variety of in vitro transcription kits commercially
available.

I0087. According to the invention, the stability and trans
lation efficiency of RNA may be modified as required. For
example, RNA may be stabilized and its translation increased
by one or more modifications having a stabilizing effects
and/or increasing translation efficiency of RNA. Such modi
fications are described, for example, in PCT/EP2006/009448
incorporated herein by reference. In order to increase expres
sion of the RNA used according to the present invention, it
may be modified within the coding region, i.e. the sequence
encoding the expressed peptide or protein, preferably without
altering the sequence of the expressed peptide or protein, so as
to increase the GC-content to increase mRNA stability and to
perform a codon optimization and, thus, enhance translation
in cells.

0088. The term “modification in the context of the RNA
used in the present invention includes any modification of an
RNA which is not naturally present in said RNA.
0089. In one embodiment of the invention, the RNA used
according to the invention does not have uncapped 5'-triph
osphates. Removal of such uncapped 5'-triphosphates can be
achieved by treating RNA with a phosphatase.
0090 The RNA according to the invention may have
modified ribonucleotides in order to increase its stability and/
or decrease cytotoxicity. For example, in one embodiment, in
the RNA used according to the invention 5-methylcytidine is
substituted partially or completely, preferably completely, for
cytidine. Alternatively or additionally, in one embodiment, in
the RNA used according to the invention pseudouridine is
substituted partially or completely, preferably completely, for
uridine.

0091. In one embodiment, the term “modification” relates
to providing an RNA with a 5'-cap or 5'-cap analog. The term
“5'-cap' refers to a cap structure found on the 5'-end of an
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mRNA molecule and generally consists of a guanosine nucle
otide connected to the mRNA via an unusual 5' to 5' triphos
phate linkage. In one embodiment, this guanosine is methy
lated at the 7-position. The term “conventional 5'-cap' refers
to a naturally occurring RNA 5'-cap, preferably to the 7-me

thylguanosine cap (mG). In the context of the present inven

tion, the term “5'-cap' includes a 5'-cap analog that resembles
the RNA cap structure and is modified to possess the ability to
stabilize RNA and/or enhance translation of RNA if attached

thereto, preferably in vivo and/or in a cell.
0092 Preferably, the 5' end of the RNA includes a Cap
structure having the following general formula:
O

present invention may be an extension or truncation of the
naturally occurring poly(A)tail or an alteration of the 5'- or
3'-untranslated regions (UTR) such as introduction of a UTR
which is not related to the coding region of said RNA, for
example, the exchange of the existing 3'-UTR with or the
insertion of one or more, preferably two copies of a 3'-UTR
derived from a globin gene. Such as alpha2-globin, alpha1
globin, beta-globin, preferably beta-globin, more preferably
human beta-globin.
0099 RNA having an unmasked poly-A sequence is trans
lated more efficiently than RNA having a masked poly-A
sequence. The term “poly(A) tail” or “poly-A sequence'
O

CH
A 3

HN

Nt

N1SN

N

N
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O-P-O-P-OO
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0093 wherein R and R are independently hydroxy or
methoxy and W, X and Y are independently oxygen, sul
fur, selenium, or BH. In a preferred embodiment, RandR
are hydroxy and W, X and Y are oxygen. In a further
preferred embodiment, one of R and R, preferably R is
hydroxy and the other is methoxy and W, X and Y are
oxygen. In a further preferred embodiment, R and R are
hydroxy and one of W, X and Y, preferably X is sulfur,
selenium, or BH, preferably sulfur, while the other are oxy
gen. In a further preferred embodiment, one of R and R.
preferably R is hydroxy and the other is methoxy and one of
W, X and Y, preferably X is sulfur, selenium, or BH,
preferably sulfur while the other are oxygen.
0094. In the above formula, the nucleotide on the right
hand side is connected to the RNA chain through its 3' group.
0095 Those Cap structures wherein at least one of W, X
and Y is sulfur, i.e. which have a phosphorothioate moiety,
exist in different diastereoisomeric forms all of which are

encompassed herein. Furthermore, the present invention
encompasses all tautomers and stereoisomers of the above
formula.

0096. For example, the Cap structure having the above
structure wherein R is methoxy, R is hydroxy, X is sulfur
and W and Y are oxygen exists in two diastereoisomeric
forms (Rip and Sp). These can be resolved by reverse phase
HPLC and are named D1 and D2 according to their elution
order from the reverse phase HPLC column. According to the

invention, the D1 isomer of m'''OpppG is particularly

preferred.
0097. Providing an RNA with a 5'-cap or 5'-cap analog
may be achieved by in vitro transcription of a DNA template
in presence of said 5'-cap or 5'-cap analog, wherein said 5'-cap
is co-transcriptionally incorporated into the generated RNA
strand, or the RNA may be generated, for example, by in vitro
transcription, and the 5'-cap may be attached to the RNA
post-transcriptionally using capping enzymes, for example,
capping enzymes of vaccinia virus.
0098. The RNA may comprise further modifications. For
example, a further modification of the RNA used in the

OH

OH

relates to a sequence of adenyl (A) residues which typically is
located on the 3'-end of a RNA molecule and “unmasked

poly-A sequence” means that the poly-A sequence at the 3'
end of an RNA molecule ends with an A of the poly-A
sequence and is not followed by nucleotides other than A
located at the 3' end, i.e. downstream, of the poly-A sequence.
Furthermore, along poly-A sequence of about 120 base pairs
results in an optimal transcript stability and translation effi
ciency of RNA.
0100. Therefore, in order to increase stability and/or
expression of the RNA used according to the present inven
tion, it may be modified so as to be present in conjunction with
a poly-A sequence, preferably having a length of 10 to 500,
more preferably 30 to 300, even more preferably 65 to 200
and especially 100 to 150 adenosine residues. In an especially
preferred embodiment the poly-A sequence has a length of
approximately 120 adenosine residues. To further increase
stability and/or expression of the RNA used according to the
invention, the poly-A sequence can be unmasked.
0101. In addition, incorporation of a 3'-non translated
region (UTR) into the 3'-non translated region of an RNA
molecule can result in an enhancement in translation effi

ciency. A synergistic effect may beachieved by incorporating
two or more of such 3'-non translated regions. The 3'-non
translated regions may be autologous or heterologous to the
RNA into which they are introduced. In one particular
embodiment the 3'-non translated region is derived from the
human B-globin gene.
0102. A combination of the above described modifica
tions, i.e. incorporation of a poly-A sequence, unmasking of
a poly-A sequence and incorporation of one or more 3'-non
translated regions, has a synergistic influence on the stability
of RNA and increase in translation efficiency.
(0103) The term “stability” of RNA relates to the “half-life”
of RNA. “Half-life” relates to the period of time which is
needed to eliminate half of the activity, amount, or number of
molecules. In the context of the present invention, the half-life
of an RNA is indicative for the stability of said RNA. The
half-life of RNA may influence the “duration of expression
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of the RNA. It can be expected that RNA having a long
half-life will be expressed for an extended time period.
0104. Of course, if according to the present invention it is
desired to decrease stability and/or translation efficiency of
RNA, it is possible to modify RNA so as to interfere with the
function of elements as described above increasing the sta
bility and/or translation efficiency of RNA.
0105. The term “expression' is used according to the
invention in its most general meaning and comprises the
production of RNA and/or peptides or proteins, e.g. by tran
scription and/or translation. With respect to RNA, the term
“expression” or “translation” relates in particular to the pro
duction of peptides or proteins. It also comprises partial
expression of nucleic acids. Moreover, expression can be
transient or stable.

0106. According to the invention, terms such as “RNA
expression”, “expressing RNA, or “expression of RNA
relate to the production of peptide or protein encoded by the
RNA. Preferably, such terms relate to the translation of RNA
So as to express, i.e. produce peptide or protein encoded by the
RNA

0107. In the context of the present invention, the term
“transcription relates to a process, wherein the genetic code
in a DNA sequence is transcribed into RNA. Subsequently,
the RNA may be translated into protein. According to the
present invention, the term “transcription' comprises “in
vitro transcription', wherein the term “in vitro transcription
relates to a process wherein RNA, in particular mRNA, is in
vitro synthesized in a cell-free system, preferably using
appropriate cell extracts. Preferably, cloning vectors are
applied for the generation of transcripts. These cloning vec
tors are generally designated as transcription vectors and are
according to the present invention encompassed by the term
“vector'. According to the present invention, the RNA used in
the present invention preferably is in vitro transcribed RNA
(IVT-RNA) and may be obtained by in vitro transcription of
an appropriate DNA template. The promoter for controlling
transcription can be any promoter for any RNA polymerase.
Particular examples of RNA polymerases are the T7, T3, and
SP6 RNA polymerases. Preferably, the in vitro transcription
according to the invention is controlled by a T7 or SP6 pro
moter. A DNA template for in vitro transcription may be
obtained by cloning of a nucleic acid, in particular cDNA, and
introducing it into an appropriate vector for in vitro transcrip
tion. The cDNA may be obtained by reverse transcription of
RNA

0108. The cDNA containing vector template may com
prise vectors carrying different cDNA inserts which follow
ing transcription results in a population of different RNA
molecules optionally capable of expressing different peptides
or proteins or may comprise vectors carrying only one species
of cDNA insert which following transcription only results in
a population of one RNA species capable of expressing only
one peptide or protein. Thus, it is possible to produce RNA
capable of expressing a single peptide or protein only or to
produce compositions of different RNAs such as RNA librar
ies and whole-cell RNA capable of expressing more than one
peptide or protein, e.g. a composition of peptides or proteins.
The present invention envisions the introduction of all such
RNA into cells.

0109 The term “translation' according to the invention
relates to the process in the ribosomes of a cell by which a
Strand of messenger RNA directs the assembly of a sequence
of amino acids to make a peptide or protein.
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0110 Expression control sequences or regulatory
sequences, which according to the invention may be linked
functionally with a nucleic acid, can be homologous or het
erologous with respect to the nucleic acid. A coding sequence
and a regulatory sequence are linked together “functionally
if they are bound together covalently, so that the transcription
or translation of the coding sequence is under the control or
under the influence of the regulatory sequence. If the coding
sequence is to be translated into a functional protein, with
functional linkage of a regulatory sequence with the coding
sequence, induction of the regulatory sequence leads to a
transcription of the coding sequence, without causing a read
ing frame shift in the coding sequence or inability of the
coding sequence to be translated into the desired protein or
peptide.
0111. The term “expression control sequence' or “regula
tory sequence' comprises, according to the invention, pro
moters, ribosome-binding sequences and other control ele
ments, which control the transcription of a nucleic acid or the
translation of the derived RNA. In certain embodiments of the

invention, the regulatory sequences can be controlled. The
precise structure of regulatory sequences can vary depending
on the species or depending on the cell type, but generally
comprises 5'-untranscribed and 5’- and 3'-untranslated
sequences, which are involved in the initiation of transcrip
tion or translation, Such as TATA-box, capping-sequence,
CAAT-sequence and the like. In particular, 5'-untranscribed
regulatory sequences comprise a promoter region that
includes a promoter sequence for transcriptional control of
the functionally bound gene. Regulatory sequences can also
comprise enhancer sequences or upstream activator
Sequences.

0112 Terms such as "enhancement of expression',
"enhanced expression” or “increased expression” mean in the
context of the present invention that the amount of peptide or
protein expressed by a given number of RNA molecules is
higher than the amount of peptide or protein expressed by the
same number of RNA molecules, wherein expression of the
RNA molecules is performed under the same conditions
except the condition which results in the enhanced or
increased expression of the RNA, such as a reduction of the
activity of RNA-dependent protein kinase (PKR) in a cell
versus non-reduction of the activity of RNA-dependent pro
tein kinase (PKR) in a cell. In this context, “same conditions'
refer to a situation wherein the same RNA sequences encod
ing the same peptide or protein are introduced by the same
means into the same cells, the cells are cultured under the

same conditions (except the condition which results in the
enhanced or increased expression) and the amount of peptide
or protein is measured by the same means. The amount of
peptide or protein may be given in moles, or by weight, e.g.
in grams, or by mass or by polypeptide activity, e.g. if the
peptide or protein is an enzyme it may be given as catalytic
activity or if the peptide or protein is an antibody orantigen or
a receptor it may be given as binding affinity. In one embodi
ment, terms such as "enhancement of expression', 'enhanced
expression” or “increased expression” mean in the context of
the present invention that the amount of peptide or protein
expressed by a given number of RNA molecules and within a
given period of time is higher than the amount of peptide or
protein expressed by the same number of RNA molecules and
within the same period of time. For example, the maximum
value of peptide or protein expressed by a given number of
RNA molecules at a particular time point may be higher than
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the maximum value of peptide or protein expressed by the
same number of RNA molecules. In other embodiments, the

maximum value of peptide or protein expressed by a given
number of RNA molecules does not need to be higher than the
maximum value of peptide or protein expressed by the same
number of RNA molecules, however, the average amount of
peptide or protein expressed by the given number of RNA
molecules within a given period of time may be higher than
the average amount of peptide or protein expressed by the
same number of RNA molecules. The latter cases are referred

to herein as “higher level of expression” or “increased level of
expression' and relate to higher maximum values of expres
sion and/or higher average values of expression. Alternatively
or additionally, terms such as "enhancement of expression'.
"enhanced expression' or “increased expression” mean in the
context of the present invention also that the time in which
peptide or protein is expressed by RNA molecules may be
longer than the time in which the peptide or protein is
expressed by the same RNA molecules. Thus, in one embodi
ment, terms such as "enhancement of expression', 'enhanced
expression” or “increased expression” mean in the context of
the present invention also that the amount of peptide or pro
tein expressed by a given number of RNA molecules is higher
than the amount of peptide or protein expressed by the same
number of RNA molecules since the period of time in which
the RNA is stably present and expressed is longer than the
period of time in which the same number of RNA molecules
is stably present and expressed. These cases are referred to
herein also as “increased duration of expression”. Preferably,
Such longer time periods refer to expression for at least 48 h,
preferably for at least 72 h, more preferably for at least 96 h,
in particular for at least 120 hor even longer following intro
duction of RNA or following the first introduction (e.g. in
case of repeated transfections) of RNA into a cell.
0113. The level of expression and/or duration of expres
sion of RNA may be determined by measuring the amount,
Such as the total amount expressed and/or the amount
expressed in a given time period, and/or the time of expres
sion of the peptide or protein encoded by the RNA, for
example, by using an ELISA procedure, an immunohis
tochemistry procedure, a quantitative image analysis proce
dure, a Western Blot, mass spectrometry, a quantitative
immunohistochemistry procedure, or an enzymatic assay.
0114. In particular embodiments, the RNA according to
the invention comprises a population of different RNA mol
ecules, e.g. a mixture of different RNA molecules optionally
encoding different peptides and/or protein, whole-cell RNA,
an RNA library, or a portion of thereof, e.g. a library of RNA
molecules expressed in a particular cell type. Such as undif
ferentiated cells, in particular stem cells such as embryonic
stem cells, or a fraction of the library of RNA molecules such
as RNA with enriched expression in undifferentiated cells, in
particular stem cells such as embryonic stem cells relative to
differentiated cells. Thus, according to the invention, the term
“RNA may include a mixture of RNA molecules, whole-cell
RNA or a fraction thereof, which may be obtained by a
process comprising the isolation of RNA from cells and/or by
recombinant means, in particular by in vitro transcription.
0115 Preferably, according to the invention, the RNA to
be expressed in a cell is introduced into said cell, either in
vitro or in vivo, preferably in vitro. RNA may be introduced
into a cell either prior to, after and/or simultaneously with
reducing the activity of RNA-dependent protein kinase
(PKR) in the cell. Preferably, the activity of RNA-dependent
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protein kinase (PKR) in the cell is reduced as long as expres
sion of the RNA in the cell is desired. In one embodiment of

the methods according to the invention, the RNA that is to be
introduced into a cell is obtained by in vitro transcription of an
appropriate DNA template.
0116. The RNA used according to the present invention
may have a known composition (in this embodiment it is
preferably known which peptides or proteins are being
expressed by the RNA) or the composition of the RNA may
be partially or entirely unknown. Alternatively, the RNA used
according to the present invention may have a known function
or the function of the RNA may be partially or entirely
unknown.

0117. According to the invention, the terms “RNA capable
of expressing and "RNA encoding are used interchange
ably herein and with respect to a particular peptide or protein
mean that the RNA, if present in the appropriate environment,
preferably within a cell, can be expressed to produce said
peptide or protein. Preferably, RNA according to the inven
tion is able to interact with the cellular translation machinery
to provide the peptide or protein it is capable of expressing.
0118. According to the invention, RNA may be introduced
into cells either in vitro or in vivo, preferably in vitro. The
cells into which the RNA has been introduced in vitro may,
preferably following expression of the RNA in vitro by the
methods of the invention, be administered to a patient.
0119 Terms such as “transferring”, “introducing or
“transfecting are used interchangeably herein and relate to
the introduction of nucleic acids, in particular exogenous or
heterologous nucleic acids, in particular RNA into a cell.
According to the present invention, the cell can be an isolated
cell or it can form part of an organ, a tissue and/or an organ
ism. According to the present invention, any technique which
is suitable to introduce RNA into cells may be used. Prefer
ably, the RNA is introduced into cells by standard techniques.
Such techniques comprise transfection of nucleic acid cal
cium phosphate precipitates, transfection of nucleic acids
which areassociated with DEAE, the transfection or infection

with viruses which carry the nucleic acids of interest, elec
troporation, lipofection, and microinjection. According to the
present invention, the administration of a nucleic acid is either
achieved as naked nucleic acid or in combination with an

administration reagent. Preferably, administration of nucleic
acids is in the form of naked nucleic acids. Preferably, the
RNA is administered in combination with stabilizing sub
stances such as RNase inhibitors. The present invention also
envisions the repeated introduction of nucleic acids into cells
to allow Sustained expression for extended time periods.
I0120 Cells can be transfected, for example, using com
mercially available liposome-based transfection kits such as
LipofectamineTM (Invitrogen) and can be transfected with
any carriers with which RNA can be associated, e.g. by form
ing complexes with the RNA or forming vesicles in which the
RNA is enclosed or encapsulated, resulting in increased sta
bility of the RNA compared to naked RNA. Carriers useful
according to the invention include, for example, lipid-con
taining carriers such as cationic lipids, liposomes, in particu
lar cationic liposomes, and micelles. Cationic lipids may
form complexes with negatively charged nucleic acids. Any
cationic lipid may be used according to the invention.
I0121 Preferably, the introduction of RNA which encodes
a peptide or protein into a cell results in expression of said
peptide or protein in the cell. In particular embodiments, the
targeting of the nucleic acids to particular cells is preferred. In
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Such embodiments, a carrier which is applied for the admin
istration of the nucleic acid to a cell (for example, a retrovirus
or a liposome), exhibits a targeting molecule. For example, a
molecule Such as an antibody which is specific for a Surface
membrane protein on the target cell or a ligand for a receptor
on the target cell may be incorporated into the nucleic acid
carrier or may be bound thereto. In case the nucleic acid is
administered by liposomes, proteins which bind to a Surface
membrane protein which is associated with endocytosis may
be incorporated into the liposome formulation in order to
enable targeting and/or uptake. Such proteins encompass
capsid proteins of fragments thereof which are specific for a
particular cell type, antibodies against proteins which are
internalized, proteins which target an intracellular location
etc.

0122 Electroporation or electropermeabilization relates
to a significant increase in the electrical conductivity and
permeability of the cell plasma membrane caused by an exter
nally applied electrical field. It is usually used in molecular
biology as a way of introducing some Substance into a cell.
Electroporation is usually done with electroporators, appli
ances which create an electro-magnetic field in the cell Solu
tion. The cell Suspension is pipetted into a glass or plastic
cuvette which has two aluminum electrodes on its sides. For

electroporation, typically a cell Suspension of around 50
microliters is used. Prior to electroporation it is mixed with
the nucleic acid to be transfected. The mixture is pipetted into
the cuvette, the Voltage and capacitance is set and the cuvette
inserted into the electroporator. Preferably, liquid medium is
added immediately after electroporation (in the cuvette or in
an eppendorf tube), and the tube is incubated at the cells
optimal temperature for an hour or more to allow recovery of
the cells and optionally expression of antibiotic resistance.
0123. According to the invention it is preferred that a
nucleic acid such as RNA encoding a peptide or protein once
taken up by or introduced into a cell which cell may be present
in vitro or in a subject results in expression of said peptide or
protein. The cell may express the encoded peptide or protein
intracellularly, may secrete the encoded peptide or protein, or
may express it on the Surface.
0.124. If according to the invention RNA capable of
expressing certain factors for reprogramming of somatic cells
is introduced into somatic cells, it is preferred that this intro
duction of RNA results in expression of said factors for a time
period to complete the reprogramming process and in the
development of cells having stem cell characteristics. Prefer
ably, introduction of RNA capable of expression certain fac
tors as disclosed herein into Somatic cells results in expres
sion of said factors for an extended period of time, preferably
for at least 10 days, preferably for at least 11 days and more
preferably for at least 12 days. To achieve such long term
expression, RNA is preferably periodically introduced into
the cells more than one time, preferably using electropora
tion. Preferably, RNA is introduced into the cells at least
twice, more preferably at least 3 times, more preferably at
least 4 times, even more preferably at least 5 times up to
preferably 6 times, more preferably up to 7 times or even up
to 8, 9 or 10 times, preferably over a time period of at least 10
days, preferably for at least 11 days and more preferably for
at least 12 days to ensure expression of one or more factors for
an extended period of time. Preferably, the time periods elaps
ing between the repeated introductions of the RNA are from
24 hours to 120 hours, preferably 48 hours to 96 hours. In one
embodiment, time periods elapsing between the repeated
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introductions of the RNA are not longer than 72 hours, pref
erably not longer than 48 hours or 36 hours. In one embodi
ment, prior to the next electroporation, cells are allowed to
recover from the previous electroporation. In this embodi
ment, the time periods elapsing between the repeated intro
ductions of the RNA are at least 72 hours, preferably at least
96 hours, more preferably at least 120 hours. In any case, the
conditions should be selected so that the factors are expressed
in the cells in amounts and for periods of time which Support
the reprogramming process.
0.125 Preferably at least 1 lug, preferably at least 1.25 ug,
more preferably at least 1.5 g and preferably up to 20 Jug,
more preferably up to 15 Jug, more preferably up to 10 ug,
more preferably up to 5 Lig, preferably 1 to 10 ug, even more
preferably 1 to 5ug, or 1 to 2.5ug of RNA for each peptide,
protein or factor is used per electroporation.
0.126 Preferably, if a loss of viability of cells occurs by
repeated electroporations, previously not electroporated cells
are added as carrier cells. Preferably, previously not elec
troporated cells are added prior to, during or after one or more

of the 4" and subsequent, preferably, the 5' and subsequent
electroporations such as prior to, during or after the 4" and 6"
electroporation. Preferably, previously not electroporated
cells are added prior to, during or after the 4" or 5' and each
subsequent electroporation. Preferably, the previously not
electroporated cells are the same cells as those into which
RNA is introduced.

I0127. The RNA-binding protein RNA-dependent protein
kinase (Protein kinase RNA-activated; PKR) binds RNAs in
a length-dependent fashion. PKR is an interferon-induced
serine/threonine protein kinase initially identified in viral
response by virtue of its binding to and activation by the
extensive secondary structure formed by viral RNA
sequences. Human PKR is 68 kDa with an about 20 kDa
N-terminal dsRNA-binding domain and a C-terminal protein
kinase domain. In vitro PKR is activated by binding to RNA
molecules with extensive duplex secondary structure. In vivo
the enzyme is believed to be activated by viral double
stranded RNA (dsRNA) or viral replicative intermediates
comprising dsRNA. Binding to double-stranded RNA to
PKR causes a conformational change in the enzyme that
alters the ATP-binding site in the kinase domain and leads to
autophosphorylation at multiple serine and threonine resi
dues throughout the PKR sequence. RNA-stimulated auto
phosphorylation increases cellular sensitivity to apoptotic
and pro-inflammatory stimuli through a number of putative
pathways, including phosphorylation of its known Substrate
eukaryotic initiation factor 2 (eIF2a).
I0128. The term “PKR' preferably relates to human PKR,
and, in particular, to a protein comprising the amino acid
sequence according to SEQID NO: 13 of the sequence listing
or a variant of said amino acid sequence. In one embodiment,
the term “PKR' relates to a protein comprising an amino acid
sequence encoded by the nucleic acid sequence according to
SEQ ID NO:32. The term “PKR' includes any variants, in
particular mutants, splice variants, conformations, isoforms,
allelic variants, species variants and species homologs, in
particular those which are naturally present. An allelic variant
relates to an alteration in the normal sequence of a gene, the
significance of which is often unclear. Complete gene
sequencing often identifies numerous allelic variants for a
given gene. A species homologis a nucleic acid oramino acid
sequence with a different species of origin from that of a given
nucleic acid or amino acid sequence. One skilled in the art
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would understand that the cDNA sequence of PKR as
described above would be equivalent to PKR mRNA, and can
be used for the generation of inhibitory nucleic acids against
PKR.

0129. Protein kinase activity including protein kinase
autophosphorylation can be measured by a variety of tech
niques known to the skilled person. One method involves
separation of unreacted ATP from the phosphorylated kinase
Substrate by e.g. precipitating phosphoprotein onto cellulose
strips by trichloroacetic acid followed by washing, or adsorp
tion of phosphoprotein onto phosphocellulose strips. For
example, dephosphoPKR can be activated by incubation with
polyI:Cand autophosphorylation can be allowed to proceed
in the presence of Y-32PATP. The ability of compounds to
block this RNA-induced PKR autophosphorylation can be
tested. Another method involves detection and quantification
of phospho-PKR in relation to the total amount of PKR in the
same lysate of cells by Western blotting with antibodies spe
cific for phospho-PKR or full length PKR. Another method
involves detection and quantification of the phosphorylated
substrate of PKR, e.g. phospho-elF2C. in relation to the total
amount of eIF2C. in the same lysate of cells by Western
blotting with antibodies specific for phospho-elF2C. or full
length elF2C.
0130 Viral defense mechanisms against PKR function
e.g. through decoy dsRNA (adenovirus VAI RNA; Epstein
Barr virus EBER: HIV TAR), PKR degradation (poliovirus
2A), hiding viral dsRNA (vaccinia virus E3L.; reovirus
sigma3; influenza virus NS1), blocking dimerization (influ

enza virus p58; Hepatitis C virus NS5A), pseudosub

strates (vaccinia virus K3L; HIV Tat) or dephosphorylation of
substrate (herpes simplex virus ICP34.5).
0131) A decoy RNA is pseudosubstrate RNA that has
similar structure to the RNA substrate of an enzyme, in order
to make the enzyme bind to the pseudosubstrate rather than to
the real substrate, thus blocking the activity of the enzyme.
0.132. According to the present invention, the term “reduc
ing the activity of RNA-dependent protein kinase (PKR)
relates to measures that result in a lower degree of
homodimerization of PKR, in a lower degree of autophos
phorylation of PKR and/or in a lower degree of phosphory
lation of targets which are kinase substrates of PKR such as
eIF2a compared to the normal situation, in particular the
normal situation in a cell, wherein the activity of PKR is not
reduced/has not been reduced by man. Preferably, said term
includes all measures that result in a lower degree of auto
phosphorylation of PKR and/or in a lower degree of phos
phorylation of targets which are kinase substrates of PKR.
0.133 According to the invention, it is envisioned to
reduce the activity of PKR in a cell in vitro or in vivo, pref
erably in vitro. Thus, according to the present invention, the
cell can be an isolated cell or it can form part of an organ, a
tissue and/or an organism.
0134. According to the invention, all measures and means
that result in a reduction of the activity of PKR are suitable for
reducing the activity of PKR. Reducing the activity of PKR in
a cell preferably results in an enhancement of stability and/or
an enhancement of expression of the RNA in the cell com
pared to the normal situation, in particular the normal situa
tion in a cell, wherein the activity of PKR is not reduced/has
not been reduced by man. Enhancement of expression of
RNA in a cell preferably comprises an increase in the level of
expression and/oran increase in the duration of expression of
the RNA in the cell compared to the normal situation, in
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particular the normal situation in a cell, wherein the activity of
PKR is not reduced/has not been reduced by man.
I0135) In one embodiment, reducing the activity of RNA
dependent protein kinase (PKR) in a cell comprises treating
the cell with an inhibitor of expression and/or activity of PKR.
According to the invention, the phrase “inhibit expression
and/or activity” includes a complete or essentially complete
inhibition of expression and/or activity and a reduction in
expression and/or activity. Preferably, the treatment of the
cell with a PKR inhibitor is for a time sufficient to result in an

enhancement of Stability and/or an enhancement of expres
sion of the RNA in the cell.

(0.136 Preferably, said inhibition of expression of PKR
may take place by inhibiting the production of or reducing the
level of transcript, i.e. mRNA, coding for PKR, e.g. by inhib
iting transcription or inducing degradation of transcript, and/
or by inhibiting the production of PKR, e.g. by inhibiting
translation of transcript coding for PKR. In one embodiment,
said PKR inhibitor is specific for a nucleic acid encoding
PKR. In a particular embodiment, the inhibitor of expression
of PKR is an inhibitory nucleic acid (e.g., antisense molecule,
ribozyme, iRNA, siRNA or a DNA encoding the same) selec
tively hybridizing to and being specific for PKR, thereby
inhibiting (e.g., reducing) transcription and/or translation
thereof.

0.137 Inhibitory nucleic acids of this invention include
oligonucleotides having sequences in the antisense orienta
tion relative to the target nucleic acids. Suitable inhibitory
oligonucleotides typically vary in length from five to several
hundred nucleotides, more typically about 20-70 nucleotides
in length or shorter, even more typically about 10-30 nucle
otides in length. These inhibitory oligonucleotides may be
applied, either in vitro or in Vivo, as free (naked) nucleic acids
or in protected forms, e.g., encapsulated in liposomes. The
use of liposomal or other protected forms may be advanta
geous as it may enhance in vivo stability and thus facilitate
delivery to target sites.
0.138. Also, the target nucleic acid may be used to design
ribozymes that target the cleavage of the corresponding
mRNAs in cells. Similarly, these ribozymes may be admin
istered in free (naked) form or by the use of delivery systems
that enhance stability and/or targeting, e.g., liposomes.
0.139. Also, the target nucleic acid may be used to design
siRNAs that can inhibit (e.g., reduce) expression of the
nucleic acid. The siRNAs may be administered in free (na
ked) form or by the use of delivery systems that enhance
stability and/or targeting, e.g., liposomes. They may also be
administered in the form of their precursors or encoding
DNAS.

0140 siRNA preferably comprises a sense RNA strand
and an antisense RNA strand, wherein the sense and antisense

RNA strands form an RNA duplex, and wherein the sense
RNA strand comprises a nucleotide sequence Substantially
identical to a target sequence of about 19 to about 25 contigu
ous nucleotides in a target nucleic acid, preferably mRNA
coding for PKR.
0.141. In one embodiment, said PKR inhibitoris directed at
the PKR protein and preferably is specific for PKR. PKR can
be inhibited in various ways, e.g. through inhibiting PKR
autophosphorylation and/or dimerization, providing a PKR
pseudo-activator, or providing a PKR pseudo-substrate. The
PKR inhibitor may be an agent which is involved in a viral
defense mechanism as discussed above. For example, vac
cinia virus E3L encodes a dsRNA binding protein that inhib
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its PKR in virus-infected cells, presumably by sequestering
dsRNA activators. K3, also encoded by vaccinia virus, func
tions as a pseudosubstrate inhibitor by binding to PKR. Thus,
providing vaccinia virus E3L may result in inhibition of PKR.
Providing adenovirus VAI RNA, HIV Tat or Epstein-Barr
virus EBER1 RNA may result in PKR pseudo-activation.
Thus, for example, all viral factors, i.e. virally derived inhibi
tors, blocking PKR activity such as those described herein
may be used for reducing the activity of PKR. Such factors
may be provided to a cell either in the form of nucleic acid
Such as RNA or peptide?protein, as appropriate.
0142. In one embodiment, the PKR inhibitor is a chemical
inhibitor. Preferably, the PKR inhibitor is an inhibitor of
RNA-induced PKR autophosphorylation. Preferably, the
PKR inhibitor is an ATP-binding site directed inhibitor of
PKR.

0143. In one embodiment, the PKR inhibitor is 6,8-dihy
dro-8-(1H-imidazol-5-ylmethylene)-7H-pyrrolo2.3-gben
Zothiazol-7-one. In one embodiment, the PKR inhibitor has

the following formula:

Jan. 30, 2014

immediately following introduction of RNA or the first intro
duction (e.g. in case of repeated transfections) of RNA.
0149. In one embodiment, cells are treated to reduce the
activity of PKR for at least 24 h, at least 48 h, at least 72 h, at
least 96 h, at least 120 hor even longer. Most preferably, cells
are treated to reduce the activity of PKR for the entire period
of time in which expression of RNA is desired, such as per
manently, optionally with repeated transfection of RNA.
0.150 “Antisense molecules” or “antisense nucleic acids’
may be used for regulating, in particular reducing, expression
of a nucleic acid. The term “antisense molecule' or “antisense

nucleic acid refers according to the invention to an oligo
nucleotide which is an oligoribonucleotide, oligodeoxyribo
nucleotide, modified oligoribonucleotide or modified oli
godeoxyribonucleotide and which hybridizes under
physiological conditions to DNA comprising a particular
gene or to mRNA of said gene, thereby inhibiting transcrip
tion of said gene and/or translation of said mRNA. According
to the invention, an “antisense molecule' also comprises a
construct which contains a nucleic acid or a part thereof in
reverse orientation with respect to its natural promoter. An
antisense transcript of a nucleic acid or of a part thereof may
form a duplex with naturally occurring mRNA and thus pre
vent accumulation of or translation of the mRNA. Another

possibility is the use of ribozymes for inactivating a nucleic
acid.

0144. In one embodiment, the PKR inhibitor is 2-ami
nopurine. In one embodiment, the PKR inhibitor has the
following formula:

N1N /
H

C2

0145 Preferably, an inhibitor as disclosed above is used in
a concentration of at least 0.5uM or higher, at least 1 uM or
higher or at least 2 LLM or higher and preferably in a concen
tration up to 5 LM, up to 4 uM, up to 3 uM or up to 2 uM.
0146 In a further embodiment, the inhibitor of activity of
PKR is an antibody that specifically binds to PKR. Binding of
the antibody to PKR can interfere with the function of PKR,
e.g. by inhibiting binding activity or catalytic activity.
0147 In one embodiment, it is envisioned to reduce the
activity of PKR in a cell by treating the cell with one or more
virally derived inhibitors such as vaccinia virus E3 and/or K3
as well as treating the cell with one or more chemical PKR
inhibitors such as 6,8-dihydro-8-(1H-imidazol-5-ylmethyl
ene)-7H-pyrrolo2.3-gbenzothiazol-7-one and/or 2-ami
nopurine.
0148. In one embodiment, cells are treated to reduce the
activity of PKR prior to, simultaneously with and/or follow
ing introduction of RNA or the first introduction (e.g. in case
of repeated transfections) of RNA. In one embodiment, cells
are treated to reduce the activity of PKR following, preferably

0151. In preferred embodiments, the antisense oligonucle
otide hybridizes with an N-terminal or 5' upstream site such as
a translation initiation site, transcription initiation site or pro
moter site. In further embodiments, the antisense oligonucle
otide hybridizes with a 3'-untranslated region or mRNA splic
ing site.
0152. By “small interfering RNA” or “siRNA” as used
herein is meant an RNA molecule, preferably greater than 10
nucleotides in length, more preferably greater than 15 nucle
otides in length, and most preferably 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, or 30 nucleotides in length that is used to
identify a target gene or mRNA to be degraded. A range of
19-25 nucleotides is the most preferred size for siRNAs.
0153. One or both strands of the siRNA can also comprise
a 3'-overhang. As used herein, a “3'-overhang' refers to at
least one unpaired nucleotide extending from the 3'-end of an
RNA strand. Thus in one embodiment, the siRNA comprises
at least one 3'-overhang of from 1 to about 6 nucleotides
(which includes ribonucleotides or deoxynucleotides) in
length, preferably from 1 to about 5 nucleotides in length,
more preferably from 1 to about 4 nucleotides in length, and
particularly preferably from about 2 to about 4 nucleotides in
length. In the embodiment in which both strands of the siRNA
molecule comprise a 3'-overhang, the length of the overhangs
can be the same or different for each strand. In a most pre
ferred embodiment, the 3'-overhang is present on both strands
of the siRNA, and is 2 nucleotides in length. For example,
each strand of the siRNA of the invention can comprise
3'-overhangs of dideoxythymidylic acid (“TT) or diuridylic
acid (“uu').
0154) In order to enhance the stability of the siRNA, the
3'-overhangs can be also stabilized against degradation. In
one embodiment, the overhangs are stabilized by including
purine nucleotides, such as adenosine or guanosine nucle
otides. Alternatively, substitution of pyrimidine nucleotides
by modified analogues, e.g., Substitution of uridine nucle
otides in the 3'-overhangs with 2'-deoxythymidine, is toler
ated and does not affect the efficiency of RNAi degradation.
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In particular, the absence of a 2'-hydroxyl in the 2'-deoxythy
midine significantly enhances the nuclease resistance of the
3'-overhang in tissue culture medium.
O155 The sense and antisense strands of the siRNA can
comprise two complementary, single-stranded RNA mol
ecules or can comprise a single molecule in which two
complementary portions are base-paired and are covalently
linked by a single-stranded “hairpin' area. That is, the sense
region and antisense region can be covalently connected via a
linker molecule. The linker molecule can be a polynucleotide
or non-nucleotide linker. Without wishing to be bound by any
theory, it is believed that the hairpin area of the latter type of
siRNA molecule is cleaved intracellularly by the “Dicer
protein (or its equivalent) to form a siRNA of two individual
base-paired RNA molecules.
0156. As used herein, “target mRNA” refers to an RNA
molecule that is a target for downregulation.
0157 siRNA can be expressed from pol III expression
vectors without a change in targeting site, as expression of
RNAs from pol III promoters is only believed to be efficient
when the first transcribed nucleotide is a purine.
0158 siRNA according to the invention can be targeted to
any stretch of approximately 19-25 contiguous nucleotides in
any of the target mRNA sequences (the “target sequence').
Techniques for selecting target sequences for siRNA are
given, for example, in Tuschl T. et al., “The siRNA User
Guide', revised Oct. 11, 2002, the entire disclosure of which

is herein incorporated by reference. “The siRNA User Guide'
is available on the worldwide web at a website maintained by
Dr. Thomas Tuschl, Laboratory of RNA Molecular Biology,
Rockefeller University, New York, USA, and can be found by
accessing the website of the Rockefeller University and
searching with the keyword “siRNA'. Thus, the sense strand
of the present siRNA comprises a nucleotide sequence Sub
stantially identical to any contiguous stretch of about 19 to
about 25 nucleotides in the target mRNA.
0159 Generally, a target sequence on the target mRNA
can be selected from a given cDNA sequence corresponding
to the target mRNA, preferably beginning 50 to 100 nt down
stream (i.e., in the 3'-direction) from the start codon. The
target sequence can, however, be located in the 5'- or 3'-un
translated regions, or in the region nearby the start codon.
0160 siRNA can be obtained using a number of tech
niques known to those of skill in the art. For example, siRNA
can be chemically synthesized or recombinantly produced
using methods known in the art, such as the Drosophila in
vitro system described in U.S. published application 2002/
0086356 of Tuschl et al., the entire disclosure of which is

herein incorporated by reference.
0161 Preferably, siRNA is chemically synthesized using
appropriately protected ribonucleoside phosphoramidites
and a conventional DNA/RNA synthesizer. siRNA can be
synthesized as two separate, complementary RNA mol
ecules, or as a single RNA molecule with two complementary
regions.
0162 Alternatively, siRNA can also be expressed from
recombinant circular or linear DNA plasmids using any Suit
able promoter. Suitable promoters for expressing siRNA of
the invention from a plasmid include, for example, the U6 or
H1 RNA pol III promoter sequences and the cytomegalovirus
promoter.

0163 Selection of other suitable promoters is within the
skill in the art. The recombinant plasmids of the invention can
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also comprise inducible or regulatable promoters for expres
sion of the siRNA in a particular tissue or in a particular
intracellular environment.

0164. The siRNA expressed from recombinant plasmids
can either be isolated from cultured cell expression systems
by standard techniques, or can be expressed intracellularly.
The use of recombinant plasmids to deliver siRNA to cells in
vivo is within the skill in the art. siRNA can be expressed from
a recombinant plasmid either as two separate, complementary
RNA molecules, or as a single RNA molecule with two
complementary regions.
0.165. Selection of plasmids suitable for expressing
siRNA, methods for inserting nucleic acid sequences for
expressing the siRNA into the plasmid, and methods of deliv
ering the recombinant plasmid to the cells of interest are
within the skill in the art.

(0166 The term “cell' or “host cell” preferably relates to an
intact cell, i.e. a cell with an intact membrane that has not

released its normal intracellular components such as
enzymes, organelles, or genetic material. An intact cell pref
erably is a viable cell, i.e. a living cell capable of carrying out
its normal metabolic functions. Preferably said term relates
according to the invention to any cell which can be trans
formed or transfected with an exogenous nucleic acid. The
term “cell includes according to the invention prokaryotic
cells (e.g., E. coli) or eukaryotic cells. Mammalian cells are
particularly preferred, such as cells from humans, mice, ham
sters, pigs, goats, and primates. The cell is preferably a cell in
which a reduction of the activity of PKR results in an
enhancement of Stability and/or an enhancement of expres
sion of RNA in the cell. In one embodiment, the cell is a
somatic cell as described herein. In one embodiment, the cell

is a cell having a barrier function. Preferably, the cell is a
fibroblast such as a fibroblast described herein, a kerati

nocyte, an epithelial cell, or an endothelial cell such as an
endothelial cell of the heart, an endothelial cell of the lung, or
an umbilical vein endothelial cell. Preferably, the cell is a
human cell.

0.167 A fibroblast is a type of cell that synthesizes the
extracellular matrix and collagen and plays a critical role in
wound healing. The main function of fibroblasts is to main
tain the structural integrity of connective tissues by continu
ously secreting precursors of the extracellular matrix. Fibro
blasts are the most common cells of connective tissue in

animals. Fibroblasts are morphologically heterogeneous with
diverse appearances depending on their location and activity.
0168 Keratinocytes are the predominant cell type in the
epidermis, the outermost layer of the human skin. The pri
mary function of keratinocytes is the formation of the keratin
layer that protects the skin and the underlying tissue from
environmental damage such as heat, UV radiation and water
loss.

0169. Epithelium is a tissue composed of cells that line the
cavities and surfaces of structures throughout the body. Many
glands are also formed from epithelial tissue. It lies on top of
connective tissue, and the two layers are separated by a base
ment membrane. In humans, epithelium is classified as a
primary body tissue, the other ones being connective tissue,
muscle tissue and nervous tissue. Functions of epithelial cells
include secretion, selective absorption, protection, transcel
lular transport and detection of sensation.
0170 The endothelium is the thin layer of cells that lines
the interior surface of blood vessels, forming an interface
between circulating blood in the lumen and the rest of the
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vessel wall. These cells are called endothelial cells. Endothe

lial cells line the entire circulatory system, from the heart to
the Smallest capillary. Endothelial tissue is a specialized type
of epithelium tissue.
0171 According to the invention, RNA encodes/is
capable of expressing a peptide or protein, Such as a repro
gramming factor also referred to as “factor herein, the
expression of which in a cell is desired.
0172 According to the present invention, the term "pep
tide' comprises oligo- and polypeptides and refers to Sub
stances comprising two or more, preferably 3 or more, pref
erably 4 or more, preferably 6 or more, preferably 8 or more,
preferably 10 or more, preferably 13 or more, preferably 16
more, preferably 21 or more and up to preferably 8, 10, 20,30,
40 or 50, in particular 100 amino acids joined covalently by
peptide bonds. The term “protein’ refers to large peptides,
preferably to peptides with more than 100 amino acid resi
dues, but in general the terms “peptides' and “proteins are
synonyms and are used interchangeably herein.
0173 The present invention also includes “variants’ of the
peptides, proteins, oramino acid sequences described herein.
0.174 For the purposes of the present invention, “variants'
of an amino acid sequence comprise amino acid insertion
variants, amino acid addition variants, amino acid deletion
variants and/or amino acid substitution variants. Amino acid

deletion variants that comprise the deletion at the N-terminal
and/or C-terminal end of the protein are also called N-termi
nal and/or C-terminal truncation variants.

0175 Amino acid insertion variants comprise insertions
of single or two or more amino acids in aparticular amino acid
sequence. In the case of amino acid sequence variants having
an insertion, one or more amino acid residues are inserted into

a particular site in an amino acid sequence, although random
insertion with appropriate Screening of the resulting product
is also possible.
0176 Amino acid addition variants comprise amino- and/
or carboxy-terminal fusions of one or more amino acids. Such
as 1, 2, 3, 5, 10, 20, 30, 50, or more amino acids.

0177 Amino acid deletion variants are characterized by
the removal of one or more amino acids from the sequence,
such as by removal of 1, 2, 3, 5, 10, 20, 30, 50, or more amino
acids. The deletions may be in any position of the protein.
0178 Amino acid substitution variants are characterized
by at least one residue in the sequence being removed and
another residue being inserted in its place. Preference is given
to the modifications being in positions in the amino acid
sequence which are not conserved between homologous pro
teins or peptides and/or to replacing amino acids with other
ones having similar properties. Preferably, amino acid
changes in protein variants are conservative amino acid
changes, i.e., Substitutions of similarly charged or uncharged
amino acids. A conservative amino acid change involves Sub
stitution of one of a family of amino acids which are related in
their side chains. Naturally occurring amino acids are gener
ally divided into four families: acidic (aspartate, glutamate),
basic (lysine, arginine, histidine), non-polar (alanine, Valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryp
tophan), and uncharged polar (glycine, asparagine,
glutamine, cysteine, serine, threonine, tyrosine) amino acids.
Phenylalanine, tryptophan, and tyrosine are sometimes clas
sified jointly as aromatic amino acids.
(0179 Preferably the degree of similarity, preferably iden
tity between a given amino acid sequence and an amino acid
sequence which is a variant of said given amino acid sequence
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will be at least about 60%, 65%, 70%, 80%, 81%, 82%, 83%,
84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, or 99%. The degree of
similarity or identity is given preferably for an amino acid
region which is at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least

about 90% or about 100% of the entire length of the reference
amino acid sequence. For example, if the reference amino
acid sequence consists of 200 amino acids, the degree of
similarity or identity is given preferably for at least about 20,
at least about 40, at least about 60, at least about 80, at least
about 100, at least about 120, at least about 140, at least about

160, at least about 180, or about 200 amino acids, preferably
continuous amino acids. In preferred embodiments, the
degree of similarity or identity is given for the entire length of
the reference amino acid sequence. The alignment for deter
mining sequence similarity, preferably sequence identity can
be done with art known tools, preferably using the best
sequence alignment, for example, using Align, using standard
settings, preferably EMBOSS:: needle, Matrix: Blosum62,
Gap Open 10.0, Gap Extend 0.5.
0180 “Sequence similarity indicates the percentage of
amino acids that either are identical or that represent conser
vative amino acid substitutions. “Sequence identity” between
two amino acid sequences indicates the percentage of amino
acids or nucleotides that are identical between the sequences.
0181. The term “percentage identity” is intended to denote
a percentage of amino acid residues which are identical
between the two sequences to be compared, obtained after the
best alignment, this percentage being purely statistical and
the differences between the two sequences being distributed
randomly and over their entire length. Sequence comparisons
between two amino acid sequences are conventionally carried
out by comparing these sequences after having aligned them
optimally, said comparison being carried out by segment or
by “window of comparison” in order to identify and compare
local regions of sequence similarity. The optimal alignment
of the sequences for comparison may be produced, besides
manually, by means of the local homology algorithm of Smith
and Waterman, 1981, Ads App. Math. 2, 482, by means of the
local homology algorithm of Neddleman and Wunsch, 1970,
J. Mol. Biol. 48, 443, by means of the similarity search
method of Pearson and Lipman, 1988, Proc. Natl Acad. Sci.
USA 85,2444, or by means of computer programs which use
these algorithms (GAP, BESTFIT. FASTA, BLAST P.
BLAST N and TFASTA in Wisconsin Genetics Software

Package, Genetics Computer Group, 575 Science Drive,
Madison, Wis.).
0182. The percentage identity is calculated by determin
ing the number of identical positions between the two
sequences being compared, dividing this number by the num
ber of positions compared and multiplying the result obtained
by 100 so as to obtain the percentage identity between these
two sequences.

0183 Homologous amino acid sequences exhibit accord
ing to the invention at least 40%, in particular at least 50%, at
least 60%, at least 70%, at least 80%, at least 90% and pref
erably at least 95%, at least 98 or at least 99% identity of the
amino acid residues.

0.184 The amino acid sequence variants described herein
may readily be prepared by the skilled person, for example,
by recombinant DNA manipulation. The manipulation of
DNA sequences for preparing peptides or proteins having
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Substitutions, additions, insertions or deletions, is described

in detail in Sambrooketal. (1989), for example. Furthermore,
the peptides and amino acid variants described herein may be
readily prepared with the aid of known peptide synthesis
techniques such as, for example, by Solid phase synthesis and
similar methods.

0185. The invention includes derivatives of the peptides or
proteins described herein which are comprised by the terms
"peptide' and “protein'. According to the invention, "deriva
tives” of proteins and peptides are modified forms of proteins
and peptides. Such modifications include any chemical modi
fication and comprise single or multiple Substitutions, dele
tions and/or additions of any molecules associated with the
protein or peptide. Such as carbohydrates, lipids and/or pro
teins or peptides. In one embodiment, “derivatives” of pro
teins or peptides include those modified analogs resulting
from glycosylation, acetylation, phosphorylation, amidation,
palmitoylation, myristoylation, isoprenylation, lipidation,
alkylation, derivatization, introduction of protective/blocking
groups, proteolytic cleavage or binding to an antibody or to
another cellular ligand. The term "derivative also extends to
all functional chemical equivalents of said proteins and pep
tides. Preferably, a modified peptide has increased stability
and/or increased immunogenicity.
0186. According to the invention, a variant of a peptide or
protein preferably has a functional property of the peptide or
protein from which it has been derived. Such functional prop
erties are described herein for OCT4, SOX2, NANOG,

LIN28, KLF4 and c-MYC, respectively. Preferably, a variant
of a peptide or protein has the same property in reprogram
ming an animal differentiated cell as the peptide or protein
from which it has been derived. Preferably, the variant
induces or enhances reprogramming of an animal differenti
ated cell.

0187. In one embodiment, the peptide or protein encoded
by the RNA is a factor allowing the reprogramming of
Somatic cells to cells having stem cell characteristics. In one
embodiment, the peptide or protein comprises one or more
antigens and/or one or more antigen peptides. Preferably, said
RNA is capable of expressing said peptide or protein, in
particular if introduced into a cell.
0188 A “stem cell” is a cell with the ability to self-renew,
to remain undifferentiated, and to become differentiated. A
stem cell can divide without limit, for at least the lifetime of

the animal in which it naturally resides. A stem cell is not
terminally differentiated; it is not at the end stage of a differ
entiation pathway. When a stem cell divides, each daughter
cell can either remain a stem cell or embark on a course that
leads toward terminal differentiation.

0189 Totipotent stem cells are cells having totipotential
differentiation properties and being capable of developing
into a complete organism. This property is possessed by cells
up to the 8-cell stage after fertilization of the oocyte by the
sperm. When these cells are isolated and transplanted into the
uterus, they can develop into a complete organism.
0190. Pluripotent stem cells are cells capable of develop
ing into various cells and tissues derived from the ectodermal,
mesodermal and endodermal layers. Pluripotent stem cells
which are derived from the inner cell mass located inside of

blastocysts, generated 4-5 days after fertilization are called
"embryonic stem cells' and can differentiate into various
other tissue cells but cannot form new living organisms.
0191 Multipotent stem cells are stem cells differentiating
normally into only cell types specific to their tissue and organ
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of origin. Multipotent stem cells are involved not only in the
growth and development of various tissues and organs during
the fetal, neonatal and adult periods but also in the mainte
nance of adult tissue homeostasis and the function of induc

ing regeneration upon tissue damage. Tissue-specific multi
potent cells are collectively called “adult stem cells'.
0.192 An "embryonic stem cell' is a stem cell that is
present in or isolated from an embryo. It can be pluripotent,
having the capacity to differentiate into each and every cell
present in the organism, or multipotent, with the ability to
differentiate into more than one cell type.
0193 As used herein, "embryo” refers to an animal in the
early stages of it development. These stages are characterized
by implantation and gastrulation, where the three germ layers
are defined and established and by differentiation of the
germs layers into the respective organs and organ systems.
The three germ layers are the endoderm, ectoderm and meso
derm.

0.194. A “blastocyst' is an embryo at an early stage of
development in which the fertilized ovum has undergone
cleavage, and a spherical layer of cells Surrounding a fluid
filled cavity is forming, or has formed. This spherical layer of
cells is the trophectoderm. Inside the trophectoderm is a
cluster of cells termed the inner cell mass (ICM). The tro
phectoderm is the precursor of the placenta, and the ICM is
the precursor of the embryo.
0.195. An adult stem cell, also called a somatic stem cell, is
a stem cell found in an adult. An adult stem cell is found in a

differentiated tissue, can renew itself, and can differentiate,
with some limitations, to yield specialized cell types of its
tissue of origin. Examples include mesenchymal stem cells,
hematopoietic stem cells, and neural stem cells.
0196. A “differentiated cell is a mature cell that has
undergone progressive developmental changes to a more spe
cialized form or function. Cell differentiation is the process a
cell undergoes as it matures to an overtly specialized cell type.
Differentiated cells have distinct characteristics, perform spe
cific functions, and are less likely to divide than their less
differentiated counterparts.
0.197 An “undifferentiated cell, for example, an imma
ture, embryonic, or primitive cell, typically has a nonspecific
appearance, may perform multiple, non-specific activities,
and may perform poorly, if at all, in functions typically per
formed by differentiated cells.
(0198 “Somatic cell” refers to any and all differentiated
cells and does not include stem cells, germ cells, or gametes.
Preferably, “somatic cell as used herein refers to a terminally
differentiated cell.

(0199. As used herein, “committed refers to cells which
are considered to be permanently committed to a specific
function. Committed cells are also referred to as “terminally
differentiated cells’.

0200. As used herein, “differentiation” refers to the adap
tation of cells for a particular form or function. In cells,
differentiation leads to a more committed cell.

0201 As used herein, “de-differentiation” refers to loss of
specialization in form or function. In cells, de-differentiation
leads to a less committed cell.

0202 As used herein “reprogramming refers to the reset
ting of the genetic program of a cell. A reprogrammed cell
preferably exhibits pluripotency.
(0203 The terms “de-differentiated” and “reprogrammed'
or similar terms are used interchangeably herein to denote
Somatic cell-derived cells having stem cell characteristics.
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However, said terms are not intended to limit the subject
matter disclosed herein by mechanistic or functional consid
erations.

0204 The term “RNA inducing the development of stem
cell characteristics' or “RNA capable of expressing one or
more factors allowing the reprogramming of the Somatic cells
to cells having stem cell characteristics' refers to RNA which
when introduced into a somatic cell induces the cell to de
differentiate.

0205 As used herein, “germ cell refers to a reproductive
cell Such as a spermatocyte or an oocyte, or a cell that will
develop into a reproductive cell.
0206. As used herein, "pluripotent” refers to cells that can
give rise to any cell type except the cells of the placenta or
other Supporting cells of the uterus.
0207 Terms such as “cell having stem cell characteris
tics”, “cell having stem cell properties” or “stem like cell are
used herein to designate cells which, although they are
derived from differentiated somatic non-stem cells, exhibit

one or more features typical for stem cells, in particular
embryonic stem cells. Such features include an embryonic
stem cell morphology Such as compact colonies, high nucleus
to cytoplasm ratio and prominent nucleoli, normal karyo
types, expression of telomerase activity, expression of cell
Surface markers that are characteristic for embryonic stem
cells, and/or expression of genes that are characteristic for
embryonic stem cells. The cell surface markers that are char
acteristic for embryonic stem cells are, for example, selected
from the group consisting of stage-specific embryonic anti
gen-3 (SSEA-3), SSEA-4, tumor-related antigen-1-60 (TRA
1-60), TRA-1-81, and TRA-2-49/6E. The genes that are char
acteristic for embryonic stem cells are selected, for example,
from the group consisting of endogenous OCT4, endogenous
NANOG, growth and differentiation factor 3 (GDF3),
reduced expression 1 (REX1), fibroblast growth factor 4
(FGF4), embryonic cell-specific gene 1 (ESG 1), develop
mental pluripotency-associated 2 (DPPA2), DPPA4, and
telomerase reverse transcriptase (TERT). In one embodi
ment, the one or more features typical for stem cells include
pluripotency.
0208. In one embodiment of the method of the invention,
the stem cell characteristics comprise an embryonic stem cell
morphology, wherein said embryonic stem cell morphology
preferably comprises morphological criteria selected from
the group consisting of compact colonies, high nucleus to
cytoplasm ratio and prominent nucleoli. In certain embodi
ments, the cells having stem cell characteristics have normal
karyotypes, express telomerase activity, express cell Surface
markers that are characteristic for embryonic stem cells and/
or express genes that are characteristic for embryonic stem
cells. The cell surface markers that are characteristic for

embryonic stem cells may be selected from the group con
sisting of stage-specific embryonic antigen-3 (SSEA-3),
SSEA-4, tumor-related antigen-1-60 (TRA-1-60), TRA-181, and TRA-2-49/6E and the genes that are characteristic for
embryonic stem cells may be selected from the group con
sisting of endogenous OCT4, endogenous NANOG, growth
and differentiation factor 3 (GDF3), reduced expression 1
(REX1), fibroblast growth factor 4 (FGF4), embryonic cell
specific gene 1 (ESG1), developmental pluripotency-associ
ated 2 (DPPA2), DPPA4, and telomerase reverse transcriptase
(TERT).
0209 Preferably, the cells having stem cell characteristics
are de-differentiated and/or reprogrammed somatic cells.
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Preferably, the cells having stem cell characteristics exhibit
the essential characteristics of embryonic stem cells Such as a
pluripotent state. Preferably, the cells having stem cell char
acteristics have the developmental potential to differentiate
into advanced derivatives of all three primary germ layers. In
one embodiment, the primary germ layer is endoderm and the
advanced derivative is gut-like epithelial tissue. In a further
embodiment, the primary germ layer is mesoderm and the
advanced derivative is striated muscle and/or cartilage. In an
even further embodiment, the primary germ layer is ectoderm
and the advanced derivative is neural tissue and/or epidermal
tissue. In one preferred embodiment, the cells having stem
cell characteristics have the developmental potential to dif
ferentiate into neuronal cells and/or cardiac cells.

0210. In one embodiment, the somatic cells are embryonic
stem cell derived somatic cells with a mesenchymal pheno
type. In a preferred embodiment, the somatic cells are fibro
blasts such as fetal fibroblasts or postnatal fibroblasts or kera
tinocytes, preferably hair follicle derived keratinocytes. In
further embodiments, the fibroblasts are lung fibroblasts,
foreskin fibroblasts or dermal fibroblasts. In particular
embodiments, the fibroblasts are fibroblasts as deposited at
the AmericanType Culture Collection (ATCC) under Catalog
No. CCL-186, as deposited at the American Type Culture
Collection (ATCC) under Catalog No. CRL-2097 or as
deposited at the American Type Culture Collection (ATCC)
under Catalog No. CRL-2522, or as distributed by System
Biosciences under the catalog no. PC501A-HFF. In one
embodiment, the fibroblasts are adult human dermal fibro
blasts. Preferably, the somatic cells are human cells. Accord
ing to the present invention, the Somatic cells may be geneti
cally modified.
0211. The term “factor according to the invention when
used in conjunction with the expression thereof by RNA
includes proteins and peptides as well as derivatives and
variants thereof. For example, the term “factor” comprises
OCT4, SOX2, NANOG, LIN28, KLF4 and c-MYC.

0212. The factors can be of any animal species; e.g., mam
mals and rodents. Examples of mammals include but are not
limited to human and non-human primates. Primates include
but are not limited to humans, chimpanzees, baboons, cyno
molgus monkeys, and any other New or Old World monkeys.
Rodents include but are not limited to mouse, rat, guinea pig,
hamster and gerbil.
0213. According to the present invention, one or more
factors capable of allowing the reprogramming of Somatic
cells to cells having stem cell characteristics comprise an
assembly of factors selected from the group consisting of (i)
OCT4 and SOX2, (ii) OCT4, SOX2, and one or both of
NANOG and LIN28, (iii) OCT4, SOX2 and one or both of
KLF4 and c-MYC. In one embodiment, said one or more

factors capable of being expressed by the RNA comprise
OCT4, SOX2, NANOG and LIN28 or OCT4, SOX2, KLF4

and c-MYC. Preferably, the RNA is introduced into said
animal differentiated somatic cell by electroporation or
microinjection. Preferably, the method of the invention fur
ther comprises allowing the development of cells having stem
cell characteristics, e.g. by culturing the Somatic cell under
embryonic stem cell culture conditions, preferably conditions
Suitable for maintaining pluripotent stem cells in an undiffer
entiated State.

0214 OCT4 is a transcription factor of the eukaryotic
POU transcription factors and an indicator of pluripotency of
embryonic stem cells. It is a maternally expressed Octomer
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binding protein. It has been observed to be present in oocytes,
the inner cell mass of blastocytes and also in the primordial
germ cell. The gene POU5F1 encodes the OCT4 protein.
Synonyms to the gene name include OCT3, OCT4, OTF3 and
MGC22487. The presence of OCT4 at specific concentra
tions is necessary for embryonic stem cells to remain undif

equivalent to LIN28 mRNA, and can be used for the genera
tion of RNA capable of expressing LIN28.
0222 Krueppel-like factor (KLF4) is a zinc-finger tran
Scription factor, which is strongly expressed in postmitotic
epithelial cells of different tissues, e.g. the colon, the stomach

ferentiated.

of these cells and involved in the cell cycle regulation.
0223 Preferably, “KLF4 protein” or simply “KLF4”
relates to human KLF4 and preferably comprises an amino
acid sequence encoded by the nucleic acid according to SEQ
ID NO: 9, preferably the amino acid sequence according to
SEQID NO: 10. One skilled in the art would understand that
the cDNA sequence of KLF4 as described above would be
equivalent to KLF4 mRNA, and can be used for the genera
tion of RNA capable of expressing KLF4.
0224 MYC (cMYC) is a protooncogene, which is over
expressed in a wide range of human cancers. When it is
specifically-mutated, or overexpressed, it increases cell pro
liferation and functions as an oncogene. MYC gene encodes
for a transcription factor that regulates expression of 15% of
all genes through binding on Enhancer Box sequences
(E-boxes) and recruiting histone acetyltransferases (HATs).
MYC belongs to MYC family of transcription factors, which
also includes N-MYC and L-MYC genes. MYC-family tran
scription factors contain the bHLH/LZ (basic Helix-Loop
Helix Leucine Zipper) domain
0225 Preferably, “cMYC protein” or simply “cMYC
relates to human cMYC and preferably comprises an amino
acid sequence encoded by the nucleic acid according to SEQ
ID NO: 11, preferably the amino acid sequence according to
SEQID NO: 12. One skilled in the art would understand that
the cDNA sequence of cMYC as described above would be
equivalent to cMYC mRNA, and can be used for the genera
tion of RNA capable of expressing cMYC.
0226. A reference hereinto specific factors such as OCT4,
SOX2, NANOG, LIN28, KLF4 or c-MYC or to specific
sequences thereof is to be understood so as to also include all
variants of these specific factors or the specific sequences
thereofas described herein. In particular, it is to be under
stood so as to also include all splice variants, posttranslation
ally modified variants, conformations, isoforms and species
homologs of these specific factors/sequences which are natu
rally expressed by cells.
0227 Preferably, the step of allowing the development of
cells having stem cell characteristics used in the methods for
providing cells having stem cell characteristics described
hereincomprises culturing the Somatic cells under embryonic
stem cell culture conditions, preferably conditions suitable
for maintaining pluripotent stem cells in an undifferentiated

0215 Preferably, “OCT4 protein' or simply "OCT4”
relates to human OCT4 and preferably comprises an amino
acid sequence encoded by the nucleic acid according to SEQ
ID NO: 1, preferably the amino acid sequence according to
SEQID NO: 2. One skilled in the art would understand that
the cDNA sequence of OCT4 as described above would be
equivalent to OCT4 mRNA, and can be used for the genera
tion of RNA capable of expressing OCT4.
0216 Sox2 is a member of the Sox (SRY-related HMG
box) gene family that encode transcription factors with a
single HMG DNA-binding domain. SOX2 has been found to
control neural progenitor cells by inhibiting their ability to
differentiate. The repression of the factor results in delami
nation from the ventricular Zone, which is followed by an exit
from the cell cycle. These cells also begin to lose their pro
genitor character through the loss of progenitor and early
neuronal differentiation markers.

0217 Preferably, “SOX2 protein” or simply “SOX2”
relates to human SOX2 and preferably comprises an amino
acid sequence encoded by the nucleic acid according to SEQ
ID NO: 3, preferably the amino acid sequence according to
SEQID NO: 4. One skilled in the art would understand that
the cDNA sequence of SOX2 as described above would be
equivalent to SOX2 mRNA, and can be used for the genera
tion of RNA capable of expressing SOX2.
0218 NANOG is a NK-2 type homeodomain gene, and
has been proposed to play a key role in maintaining stem cell
pluripotency presumably by regulating the expression of
genes critical to embryonic stem cell renewal and differentia
tion. NANOG behaves as a transcription activator with two
unusually strong activation domains embedded in its C ter
minus. Reduction of NANOG expression induces differen
tiation of embryonic stem cells.
0219 Preferably, “NANOG protein' or simply
“NANOG” relates to human NANOG and preferably com
prises an amino acid sequence encoded by the nucleic acid
according to SEQ ID NO: 5, preferably the amino acid
sequence according to SEQID NO: 6. One skilled in the art
would understand that the cDNA sequence of NANOG as
described above would be equivalent to NANOG mRNA, and
can be used for the generation of RNA capable of expressing
NANOG.

0220 LIN28 is a conserved cytoplasmic protein with an
unusual pairing of RNA-binding motifs: a cold shock domain
and a pair of retroviral-type CCHC Zinc fingers. In mammals,
it is abundant in diverse types of undifferentiated cells. In
pluripotent mammalian cells, LIN28 is observed in RNase
sensitive complexes with Poly(A)-Binding Protein, and in
polysomal fractions of Sucrose gradients, suggesting it is
associated with translating mRNAS.
0221 Preferably, “LIN28 protein' or simply “LIN28
relates to human LIN28 and preferably comprises an amino
acid sequence encoded by the nucleic acid according to SEQ
ID NO: 7, preferably the amino acid sequence according to
SEQ ID NO: 8. One skilled in the art would understand that
the cDNA sequence of LIN28 as described above would be

and the skin. KLF4 is essential for the terminal differentiation

State.

0228 Preferably, to allow the development of cells having
stem cell characteristics, cells are cultivated in the presence of
one or more DNA methyltransferase inhibitors and/or one or
more histone deacetylase inhibitors. Preferred compounds
are selected from the group consisting of 5'-azacytidine (5'azac), suberoylanilide hydroxamic acid (SAHA), dexam
ethasone, trichostatin A (TSA), sodium butyrate (NaBu),
Scriptaid and valproic acid (VPA). Preferably, cells are cul
tivated in the presence of valproic acid (VPA), preferably in a
concentration of between 0.5 and 10 mM, more preferably
between 1 and 5 mM, most preferably in a concentration of
about 2 mM.

0229. The methods of the present invention can be used to
effect de-differentiation of any type of somatic cell. Cells that
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may be used include cells that can be de-differentiated or
reprogrammed by the methods of the present invention, in
particular cells that are fully or partially differentiated, more
preferably terminally differentiated. Preferably, the somatic
cell is a diploid cell derived from pre-embryonic, embryonic,
fetal, and post-natal multi-cellular organisms. Examples of
cells that may be used include but are not limited to fibro
blasts, such as fetal and neonatal fibroblasts or adult fibro
blasts, keratinocytes, in particular primary keratinocytes,
more preferably keratinocytes derived from hair, adipose
cells, epithelial cells, epidermal cells, chondrocytes, cumulus
cells, neural cells, glial cells, astrocytes, cardiac cells, esoph
ageal cells, muscle cells, melanocytes, hematopoietic cells,
osteocytes, macrophages, monocytes, and mononuclearcells.
0230. The cells with which the methods of the invention
can be used can be of any animal species; e.g., mammals and
rodents. Examples of mammalian cells that can be de-differ
entiated and re-differentiated by the present invention include
but are not limited to human and non-human primate cells.
Primate cells with which the invention may be performed
include but are not limited to cells of humans, chimpanzees,
baboons, cynomolgus monkeys, and any other New or Old
World monkeys. Rodent cells with which the invention may
be performed include but are not limited to mouse, rat, guinea
pig, hamster and gerbil cells.
0231 De-differentiated cells prepared according to the
present invention are expected to display many of the same
requirements as pluripotent stem cells and can be expanded
and maintained under conditions used for embryonic stem
cells, e.g. ES cell medium or any medium that Supports
growth of the embryonic cells. Embryonic stem cells retain
their pluripotency in vitro when maintained on inactivated
fetal fibroblasts such as irradiated mouse embryonic fibro
blasts or human fibroblasts (e.g., human foreskin fibroblasts,
human skin fibroblasts, human endometrial fibroblasts,

human oviductal fibroblasts) in culture. In one embodiment,
the human feeder cells may be autologous feeder cells derived
from the same culture of reprogrammed cells by direct dif
ferentiation.

0232 Furthermore, human embryonic stem cells can suc
cessfully be propagated on Matrigel in a medium conditioned
by mouse fetal fibroblasts. Human stem cells can be grown in
culture for extended period of time and remain undifferenti
ated under specific culture conditions.
0233. In certain embodiments, the cell culture conditions
may include contacting the cells with factors that can inhibit
differentiation or otherwise potentiate de-differentiation of
cells, e.g., prevent the differentiation of cells into non-ES
cells, trophectoderm or other cell types.
0234 De-differentiated cells prepared according to the
present invention can be evaluated by methods including
monitoring changes in the cells phenotype and characteriz
ing their gene and protein expression. Gene expression can be
determined by RT-PCR, and translation products can be
determined by immunocytochemistry and Western blotting.
In particular, de-differentiated cells can be characterized to
determine the pattern of gene expression and whether the
reprogrammed cells display a pattern of gene expression
similar to the expression pattern expected ofundifferentiated,
pluripotent control cells Such as embryonic stem cells using
techniques well known in the art including transcriptomics.
0235. The expression of the following genes of de-differ
entiated cells can be assessed in this respect: OCT4, NANOG,
growth and differentiation factor 3 (GDF3), reduced expres
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sion 1 (REX1), fibroblast growth factor 4 (FGF4), embryonic
cell-specific gene 1 (ESG 1), developmental pluripotency-as
sociated 2 (DPPA2), DPPA4, telomerase reverse transcriptase
(TERT), embryonic antigen-3 (SSEA-3), SSEA-4, tumor
related antigen-1-60 (TRA-1-60), TRA-1-81, and TRA-2-49/
6E.

0236. The undifferentiated or embryonic stem cells to
which the reprogrammed cells may be compared may be from
the same species as the differentiated Somatic cells. Alterna
tively, the undifferentiated or embryonic stem cells to which
the reprogrammed cells may be compared may be from a
different species as the differentiated somatic cells.
0237. In some embodiments, a similarity in gene expres
sion pattern exists between a reprogrammed cell and an undif
ferentiated cell, e.g., embryonic stem cell, if certain genes
specifically expressed in an undifferentiated cell are also
expressed in the reprogrammed cell. For example, certain
genes, e.g., telomerase, that are typically undetectable in dif
ferentiated somatic cells may be used to monitor the extent of
reprogramming. Likewise, for certain genes, the absence of
expression may be used to assess the extent of reprogram
ming.
0238. Self-renewing capacity, marked by induction of
telomerase activity, is another characteristic of stem cells that
can be monitored in de-differentiated cells.

0239 Karyotypic analysis may be performed by means of
chromosome spreads from mitotic cells, spectral karyotyp
ing, assays of telomere length, total genomic hybridization, or
other techniques well known in the art.
0240. Using the present invention, RNA encoding appro
priate factors is incorporated into one or more Somatic cells,
e.g. by electroporation. After incorporation, cells are prefer
ably cultured using conditions that Support maintenance of
de-differentiated cells (i.e. stem cell culture conditions). The
de-differentiated cells can then be expanded and induced to
re-differentiate into different type of somatic cells that are
needed for cell therapy. De-differentiated cells obtained
according to the present invention can be induced to differ
entiate into one or more desired somatic cell types in vitro or
in vivo.

0241 Preferably, the de-differentiated cells obtained
according to the present invention may give rise to cells from
any of three embryonic germ layers, i.e., endoderm, meso
derm, and ectoderm. For example, the de-differentiated cells
may differentiate into skeletal muscle, skeleton, dermis of
skin, connective tissue, urogenital system, heart, blood
(lymph cells), and spleen (mesoderm); stomach, colon, liver,
pancreas, urinary bladder, lining of urethra, epithelial parts of
trachea, lungs, pharynx, thyroid, parathyroid, intestine (endo
derm); or central nervous system, retina and lens, cranial and
sensory, ganglia and nerves, pigment cells, head connective
tissue, epidermis, hair, mammary glands (ectoderm). The
de-differentiated cells obtained according to the present
invention can be re-differentiated in vitro or in vivo using
techniques known in the art.
0242. In one embodiment of the present invention, the
reprogrammed cells resulting from the methods of this inven
tion are used to produce differentiated progeny. Thus, in one
aspect, the present invention provides a method for producing
differentiated cells, comprising: (i) obtaining reprogrammed
cells using the methods of this invention; and (ii) inducing
differentiation of the reprogrammed cells to produce differ
entiated cells. Step (ii) can be performed in vivo or in vitro.
Furthermore, differentiation can be induced through the pres
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ence of appropriate differentiation factors which can either be
added or are present in situ, e.g. in a body, organ or tissue into
which the reprogrammed cells have been introduced. The
differentiated cells can be used to derive cells, tissues and/or

organs which are advantageously used in the area of cell,
tissue, and/or organ transplantation. If desired, genetic modi
fications can be introduced, for example, into Somatic cells
prior to reprogramming. The differentiated cells of the
present invention preferably do not possess the pluripotency
of an embryonic stem cell, or an embryonic germ cell, and are,
in essence, tissue-specific partially or fully differentiated
cells.

0243 One advantage of the methods of the present inven
tion is that the reprogrammed cells obtained by the present
invention can be differentiated without prior selection or puri
fication or establishment of a cell line. Accordingly in certain
embodiments, a heterogeneous population of cells compris
ing reprogrammed cells are differentiated into a desired cell
type.

0244. In one embodiment, a mixture of cells obtained from
the methods of the present invention is exposed to one or more
differentiation factors and cultured in vitro.

0245 Methods of differentiating reprogrammed cells
obtained by the methods disclosed herein may comprise a
step of permeabilization of the reprogrammed cell. For
example, cells generated by the reprogramming techniques
described herein, or alternatively a heterogeneous mixture of
cells comprising reprogrammed cells, may be permeabilized
before exposure to one or more differentiation factors or cell
extract or other preparation comprising differentiation fac
tOrS.

0246 For example, differentiated cells may be obtained
by culturing undifferentiated reprogrammed cells in the pres
ence of at least one differentiation factor and selecting differ
entiated cells from the culture. Selection of differentiated

cells may be based on phenotype. Such as the expression of
certain cell markers present on differentiated cells, or by
functional assays (e.g., the ability to perform one or more
functions of a particular differentiated cell type).
0247. In another embodiment, the cells reprogrammed
according to the present invention are genetically modified
through the addition, deletion, or modification of their DNA
sequence(s).
0248. The reprogrammed or de-differentiated cells pre
pared according to the present invention or cells derived from
the reprogrammed or de-differentiated cells are useful in
research and in therapy. Reprogrammed pluripotent cells may
be differentiated into any of the cells in the body including,
without limitation, skin, cartilage, bone skeletal muscle, car
diac muscle, renal, hepatic, blood and blood forming, vascu
lar precursor and vascular endothelial, pancreatic beta, neu
rons, glia, retinal, neuronal, intestinal, lung, and liver cells.
0249. The reprogrammed cells are useful for regenerative/
reparative therapy and may be transplanted into a patient in
need thereof. In one embodiment, the cells are autologous
with the patient.
0250. The reprogrammed cells provided in accordance
with the present invention may be used, for example, in thera
peutic strategies in the treatment of cardiac, neurological,
endocrinological, vascular, retinal, dermatological, muscu
lar-skeletal disorders, and other diseases.

0251 For example, and not intended as a limitation, the
reprogrammed cells of the present invention can be used to
replenish cells in animals whose natural cells have been
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depleted due to age or ablation therapy Such as cancer radio
therapy and chemotherapy. In another non-limiting example,
the reprogrammed cells of the present invention are useful in
organ regeneration and tissue repair. In one embodiment of
the present invention, reprogrammed cells can be used to
reinvigorate damaged muscle tissue including dystrophic
muscles and muscles damaged by ischemic events such as
myocardial infarcts. In another embodiment of the present
invention, the reprogrammed cells disclosed herein can be
used to ameliorate scarring in animals, including humans,
following a traumatic injury or Surgery. In this embodiment,
the reprogrammed cells of the present invention are adminis
tered systemically, such as intravenously, and migrate to the
site of the freshly traumatized tissue recruited by circulating
cytokines secreted by the damaged cells. In another embodi
ment of the present invention, the reprogrammed cells can be
administered locally to a treatment site in need or repair or
regeneration.
0252. In further embodiments, the RNA used in the
present invention encodes a peptide or protein which is of
therapeutic value. Cells containing the RNA can, for
example, be manipulated in vitro to express the RNA and
thus, the peptide or protein, using the methods of the inven
tion. The cells expressing the peptide or protein can Subse
quently be introduced into a patient.
0253) In a particularly preferred embodiment, the RNA
used in the present invention encodes a peptide or protein
comprising an immunogen, antigen orantigen peptide. In one
embodiment, the peptide or protein is processed after expres
sion to provide said immunogen, antigen or antigen peptide.
In another embodiment, the peptide or protein itself is the
immunogen, antigen or antigen peptide. Cells expressing
Such peptide or protein comprising an immunogen, antigen or
antigen peptide can be used, for example, in immunotherapy
to elicit an immune response against the immunogen, antigen
or antigen peptide in a patient.
0254 An “antigen” according to the invention covers any
Substance that will elicit an immune response. In particular,
an “antigen' relates to any Substance that reacts specifically
with antibodies or T-lymphocytes (T-cells). According to the
present invention, the term “antigen’ comprises any molecule
which comprises at least one epitope. Preferably, an antigen
in the context of the present invention is a molecule which,
optionally after processing, induces an immune reaction,
which is preferably specific for the antigen. According to the
present invention, any Suitable antigen may be used, which is
a candidate for an immune reaction, wherein the immune

reaction may be both a humoral as well as a cellular immune
reaction. In the context of the embodiments of the present
invention, the antigen is preferably presented by a cell, pref
erably by an antigen presenting cell, in the context of MHC
molecules, which results in an immune reaction against the
antigen. An antigen is preferably a product which corre
sponds to or is derived from a naturally occurring antigen.
Such naturally occurring antigens may include or may be
derived from allergens, viruses, bacteria, fungi, parasites and
other infectious agents and pathogens or an antigen may also
be a tumor antigen. According to the present invention, an
antigen may correspond to a naturally occurring product, for
example, a viral protein, or a part thereof.
0255. In a preferred embodiment, the antigen is a tumor
antigen, i.e., a part of a tumor cell which may be derived from
the cytoplasm, the cell Surface or the cell nucleus, in particu
lar those which primarily occur intracellularly or as surface
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antigens of tumor cells. For example, tumor antigens include
the carcinoembryonal antigen, C.1-fetoprotein, isoferritin,
and fetal Sulphoglycoprotein, C2-H-ferroprotein and Y-feto
protein, as well as various virus tumor antigens. According to
the present invention, a tumor antigen preferably comprises
any antigen which is characteristic for tumors or cancers as
well as for tumor or cancer cells with respect to type and/or
expression level. In another embodiment, the antigen is a
virus antigen Such as viral ribonucleoprotein or coat protein.
In particular, the antigen should be presented by MHC mol
ecules which results in modulation, in particular activation of
cells of the immune system, preferably CD4" and CD8 lym
phocytes, in particular via the modulation of the activity of a
T-cell receptor.
0256 In preferred embodiments, the antigen is a tumor
antigen and the present invention involves the stimulation of
an anti-tumor CTL response against tumor cells expressing
Such tumor antigen and preferably presenting Such tumor
antigen with class I MHC.
0257 The term “immunogenicity' relates to the relative
effectivity of an antigen to induce an immune reaction.
0258. The term “pathogen relates to pathogenic microor
ganisms and comprises viruses, bacteria, fungi, unicellular
organisms, and parasites. Examples for pathogenic viruses
are human immunodeficiency virus (HIV), cytomegalovirus
(CMV), herpes virus (HSV), hepatitis A-virus (HAV), HBV.
HCV, papilloma virus, and human T-lymphotrophic virus
(HTLV). Unicellular organisms comprise plasmodia trypano
Somes, amoeba, etc.
0259 Examples for antigens that may be used in the
present invention are p53, ART-4, BAGE, ss-catenin/m, Bcr
abL CAMEL, CAP-1, CASP-8, CDC27/m, CDK4/m, CEA,
CLAUDIN-12, c-MYC, CT, Cyp-B, DAM, ELF2M, ETV6
AML1, G250, GAGE, GnTV. Gap 100, HAGE, HER-2/neu,
HPV-E7, HPV-E6, HAST-2, hTERT (or hTRT), LAGE,
LDLR/FUT, MAGE-A, preferably MAGE-A1, MAGE-A2,
MAGE-A3, MAGE-A4, MAGE-A5, MAGE-A6, MAGE
A7, MAGE-A8, MAGE-A9, MAGE-A10, MAGE-A11, or
MAGE-A12, MAGE-B, MAGE-C, MART-1/Melan-A,

MC1R, Myosin/m, MUC1, MUM-1, -2, -3, NA88-A, NF1,
NY-ESO-1, NY-BR-1, p190 minor BCR-abl Plac-1, Pm1/
RARa, PRAME, proteinase 3, PSA, PSM, RAGE, RU1 or
RU2, SAGE, SART-1 or SART-3, SCGB3A2, SCP1, SCP2,
SCP3, SSX, SURVIVIN, TEL/AML1, TPI/m, TRP-1, TRP

2, TRP-2/INT2, TPTE and WT, preferably WT-1.
0260 A portion or fragment of an antigen' or “an antigen
peptide' according to the invention preferably is an incom
plete representation of an antigen and is capable of eliciting
an immune response against the antigen.
0261. In this context, the invention also makes use of pep
tides comprising amino acid sequences derived from anti
gens, also termed “antigen peptides' herein. By “antigen
peptide', or “antigen peptide derived from an antigen” is
meant an oligopeptide or polypeptide comprising an amino
acid sequence Substantially corresponding to the amino acid
sequence of a fragment or peptide of an antigen. An antigen
peptide may be of any length.
0262 Preferably, the antigen peptides are capable of
stimulating an immune response, preferably a cellular
response against the antigen or cells characterized by expres
sion of the antigen and preferably by presentation of the
antigen. Preferably, an antigen peptide is capable of stimulat
ing a cellular response against a cell characterized by presen
tation of an antigen with class I MHC and preferably is

capable of stimulating an antigen-responsive CTL. Prefer
ably, the antigen peptides according to the invention are MHC
class I and/or class II presented peptides or can be processed
to produce MHC class I and/or class II presented peptides.
Preferably, the antigen peptides comprise an amino acid
sequence Substantially corresponding to the amino acid
sequence of a fragment of an antigen. Preferably, said frag
ment of an antigen is an MHC class I and/or class II presented
peptide. Preferably, an antigen peptide according to the
invention comprises an amino acid sequence Substantially
corresponding to the amino acid sequence of Such fragment
and is processed to produce Such fragment, i.e., an MHC class
I and/or class II presented peptide derived from an antigen.
0263. If an antigen peptide is to be presented directly, i.e.,
without processing, in particular without cleavage, it has a
length which is suitable for binding to an MHC molecule, in
particular a class I MHC molecule, and preferably is 7-20
amino acids in length, more preferably 7-12 amino acids in
length, more preferably 8-11 amino acids in length, in par
ticular 9 or 10 amino acids in length. Preferably the sequence
of an antigen peptide which is to be presented directly is
derived from the amino acid sequence of an antigen, i.e., its
sequence Substantially corresponds and is preferably com
pletely identical to a fragment of an antigen.
0264. If an antigen peptide is to be presented following
processing, in particular following cleavage, the peptide pro
duced by processing has a length which is suitable for binding
to an MHC molecule, in particular a class I MHC molecule,
and preferably is 7-20 amino acids in length, more preferably
7-12 amino acids in length, more preferably 8-11 amino acids
in length, in particular 9 or 10 amino acids in length. Prefer
ably, the sequence of the peptide which is to be presented
following processing is derived from the amino acid sequence
of an antigen, i.e., its sequence Substantially corresponds and
is preferably completely identical to a fragment of an antigen.
Thus, an antigen peptide according to the invention in one
embodiment comprises a sequence of 7-20 amino acids in
length, more preferably 7-12 amino acids in length, more
preferably 8-11 amino acids in length, in particular 9 or 10
amino acids in length which Substantially corresponds and is
preferably completely identical to a fragment of an antigen
and following processing of the antigen peptide makes up the
presented peptide. However, the antigen peptide may also
comprise a sequence which Substantially corresponds and
preferably is completely identical to a fragment of an antigen
which is even longer than the above stated sequence. In one
embodiment, an antigen peptide may comprise the entire
sequence of an antigen.
0265 Peptides having amino acid sequences substantially
corresponding to a sequence of a peptide which is presented
by the class I MHC may differ at one or more residues that are
not essential for TCR recognition of the peptide as presented
by the class I MHC, or for peptide binding to MHC. Such
Substantially corresponding peptides are also capable of
stimulating an antigen-responsive CTL. Peptides having
amino acid sequences differing from a presented peptide at
residues that do not affect TCR recognition but improve the
stability of binding to MHC may improve the immunogenic
ity of the antigen peptide, and may be referred to herein as
“optimized peptide'. Using existing knowledge about which
of these residues may be more likely to affect binding either
to the MHC or to the TCR, a rational approach to the design
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of Substantially corresponding peptides may be employed.
Resulting peptides that are functional are contemplated as
antigen peptides.
0266 “Antigen processing refers to the degradation of an
antigen into fragments (e.g., the degradation of a protein into
peptides) and the association of one or more of these frag
ments (e.g., via binding) with MHC molecules for presenta
tion by “antigen presenting cells' to specific T-cells.
0267 “Antigen presenting cells' (APC) are cells which
present peptide fragments of protein antigens in association
with MHC molecules on their cell surface. Some APCs may
activate antigen-specific T-cells.
0268. The term “immunotherapy relates to a treatment
involving activation of a specific immune reaction.
0269. The term “in vivo’ relates to the situation in a sub
ject.
(0270. The terms “subject” and “individual” are used inter
changeably and relate to mammals. For example, mammals in
the context of the present invention are humans, non-human
primates, domesticated animals such as dogs, cats, sheep,
cattle, goats, pigs, horses etc., laboratory animals such as
mice, rats, rabbits, guinea pigs, etc. as well as animals in
captivity Such as animals of Zoos. The term “animal” as used
herein also includes humans. The term “subject may also
include a patient, i.e., an animal, preferably a human having a
disease.

0271. If according to the invention administration to a
Subject is desired the composition for administration is gen
erally administered in pharmaceutically compatible amounts
and in pharmaceutically compatible preparations. The term
“pharmaceutically compatible” refers to a nontoxic material
which does not interact with the action of the active compo
nent of the pharmaceutical composition. Preparations of this
kind may usually contain salts, buffer Substances, preserva
tives, excipients and carriers and are administered in a manner
known to the skilled person.
0272. The present invention is described in detail by the
figures and examples below, which are used only for illustra
tion purposes and are not meant to be limiting. Owing to the
description and the examples, further embodiments which are
likewise included in the invention are accessible to the skilled
worker.
EXAMPLES

Example 1
0273 Cell Culture
0274 Primary human newborn foreskin fibroblasts (CCD
1079Sk, CCDs), BJ human neonatal foreskin fibroblasts were
obtained from ATCC (Manassas, Va., USA) and cultivated in
MEM (Invitrogen, Karlsruhe, Germany) supplemented with
10% heat-inactivated fetal bovine serum gold (PAA Labrato
ries, Pasching, Austria), 1x non-essential amino acids (Invit
rogen), 1 mM sodium pyruvate (Invitrogen), 2 mM glutamine
(Invitrogen), 50 U/ml penicillin (Invitrogen) and 50 lug/ml
streptomycin (Invitrogen). Another charge of human neonatal
foreskin fibroblasts (HFF) were obtained from SBI (Moun
tain View, Calif., USA) and cultivated similar to CCDs and
BJs. Murine embryonic fibroblasts (MEFs) were isolated
from 14 days old C57BL/6 mice embryos and cultivated in
DMEM (Invitrogen) supplemented with 15% heat-inacti
vated fetal bovine serum, 1 x non-essential amino acids, 1 mM
sodium pyruvate, 2 mM glutamine, 50U/ml penicillin and 50
ug/ml Streptomycin. Human epidermal keratinocytes were

Jan. 30, 2014

obtained from PromoCell (Heidelberg, Germany) and cul
tured in keratinocyte basal medium 2 with additives included
by the supplier (PromoCell, Heidelberg, Germany). Human
umbilical vein endothelial cells (HUVEC) from Lonza
(Walkersville, Md., USA) were cultivated using the Clonet
ics(R) Endothelial Cell System (Lonza).
(0275 Peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll Hypaque (Amersham Biosciences, Glatt
brugg, Switzerland) density gradient centrifugation from
buffy coats obtained from healthy blood bank donors. Mono
cytes were enriched from PBMCs with anti-CD14 micro
beads (Miltenyi Biotec, Bergisch-Gladbach, Germany)
according to the manufacturers instructions. To obtain
immature dendritic cells (iDCs), monocytes were differenti
ated for 5 days in RPMI 1640 medium (Invitrogen) with 2
mM glutamine, 100U/ml penicillin, 100 g/ml streptomycin,
1 mM Sodium pyruvate, 1x non-essential amino acids, 10%
heat inactivated human AB-serum supplemented with 1000
U/ml GM-CSF (Essex, Luzern, Switzerland) and 1000 U/ml
IL-4 (Strathmann Biotech, Hamburg, Germany).
0276 Generation of in Vitro Transcribed RNA
0277 Plasmid constructs used as templates for in vitro
transcription of RNAs encoding luciferase, eGFP, destabi
lized eGFP (d2eGFP), OCT4, SOX2, KLF4, cMYC, LIN28,
NANOG, SV40 largeT Antigen, E6, p53-DD, E3 and K3
were based on pST1-2hBgUTR-A120 (Holtkamp 2006). The
nucleotide sequence of the genes was codon optimized to
increase the GC-content and to enhance translation in target
cells. For generation of in vitro transcribed RNAs, plasmids
were linearized downstream of the poly(A)tail using a class
II restriction endonuclease. Linearized plasmids were puri
fied by phenol-chloroform extraction and ethanol precipita
tion, quantified spectrophotometrically, and Subjected to in
vitro transcription with T7 RNA polymerase using the
MEGAScript T7 Kit (Ambion, Austin,Tex., USA). For incor
poration of the cap analog B-5-ARCA (D1), 6 mM of the
analog was added to the reaction whereas the GTP concen
tration was lowered to 1.5 mM. Reactions were incubated 3-6

h at 37°C., DNase (Ambion) treated and purified using the
MEGAclear Kit (Ambion) according to the manufacturer.
0278 Transfer of IVT-RNA into Cells
(0279 Transfer of IVT-RNA into cells was performed by

electroporation (EP). To this end, 1-10x107 cells per EP were

harvested, washed sequentially with PBS supplemented with
2 mM EDTA and X-VIVO 15 medium (Lonza), resuspended
in 125 ul X-VIVO 15 medium and transferred to a 2-mm gap
sterile electroporation cuvette (Bio-RAD, Hercules, Calif.,
USA). The appropriate amount of in vitro transcribed RNA
was added and cells were electroporated using a BTX ECM(R)
830 Electroporation System (BTX, Holliston, Mass., USA)
and previously optimized electroporation parameters for
CCDs (110V. 3x12 ms pulse, 400 ms interval), BJs (110V.
3x12 ms pulse, 400 ms interval), MEFs (125V. 5x6 ms pulse,
400 ms interval), HFFs (125V, 1x24ms pulse), Keratinocytes
(125 V, 4x6 ms pulse, 200 ms interval) and HUVECs (125V.
1x20 ms pulse). Human PBMCs and iDC were electroporated
in a 4-mm gap sterile electroporation cuvette (Bio-RAD)
using a Gene-Pulser-II apparatus (Bio-Rad, Munich, Ger
many) with voltage and capacitance settings of 450V/250 LF
(PBMC) 300V/150 uF (iDC). Cells were diluted in culture
media immediately after electroporation.
0280 Reporter Gene Assays
0281 For luciferase assays, cells electroporated with in
vitro transcribed RNA coding for luciferase were plated in
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96-well white flat-bottom microplates (Nunc, Langensel
bold, Germany) and incubated at 37° C. Lysis of cells was
performed using the Bright-Glo Luciferase Assay System
(Promega, Madison, Wis., USA). Bioluminescence flux was
measured with the Infinite M200 microplate luminescence
reader (Tecan, Crailsheim, Germany) with 1 s integration
time. Data of Luciferase activity presented herein is in counts
per second.
0282. For quantification of d2eGFP and eGFP protein,
cells were washed in PBS, fixed using PBS supplemented
with 2% formaldehyde and analyzed by flow cytometry on a
FACS Canto II flow cytometer (BD Biosciences, Heidelberg,
Germany). Gating was performed on living cells and mean
fluorescence intensity (MFI) of GFP expressing cell popula
tions was quantified using FlowJo software (Tree Star, Ash
land, Oreg., USA). Human T-cell subpopulations of elec
troporated PBMCs were stained with CD4 or CD8 reactive
fluorescent antibodies prior to flow cytometry. Gating was
performed on living CD4+ and CD8+ T-cells and GFP
expression and MFI of both T-cell subpopulations was deter
mined by flow cytometry.
0283 Quantification of Transcript Levels by Real-Time
Reverse Transcriptase-PCR
0284 Total cellular RNA was extracted from cells with
RNeasy Mini Kit or RNeasy Micro Kit (Qiagen, Hilden,
Germany), reverse transcribed with oligo-dT18 using Super
script II (Invitrogen, Carlsbad, Calif., USA), and subjected to
real-time quantitative analysis on ABI PRISM 7700
Sequence Detection System instrument and software (Ap
plied Biosystems, Foster City, Calif., USA) using the Quan
tiTect SYBR Green PCR Kit (Qiagen). Reactions were per
formed in triplicates with primer amplifying a specific region
of the codon optimized
0285 OCT4 (OCT4-s: 5'-ACCTGGAAAACCTGTTC
CTGC-3' (SEQ ID NO: 14); OCT4-as: 5'-AGCTCGGATC
CTCATCAGTTG-3' (SEQ ID NO: 15)),
0286 SOX2 (SOX2-s: 5'-AACCAGCGGATGGACAGC
TAC-3' (SEQ ID NO: 16); SOX2-as: 5'-GCTTTTCAC
CACGCTGCCCAT-3' (SEQID NO:17)),
0287 KLF4 (KLF4-s: 5'-AAGACCTACACCAAGAG
CAGC-3' (SEQ ID NO: 18); KLF4-as: 5'-AGGTGGTCA
GATCTGCTGAAG-3' (SEQ ID NO: 19)) and
0288

cMYC

(cMYC-s:

5'-CCCCTGAACGA

CAGCTCTAGC-3' (SEQID NO:20); cMYC-as: 5'-TTCTC
CACGGACACCACGTCG-3 (SEQ ID NO: 21)) or
0289 the endogenous transcripts of
0290 IFNo. (IFNo-s: 5'-AAATACAGCCCTTGTGC
CTGG-3 (SEQ ID NO: 22); IFNo-as: 5'-GGTGAGCTG
GCATACGAATCA-3' (SEQID NO. 23)),
0291 IFNB (IFNB-s: 5'-AAGGCCAAGGAGTACAGTC
3' (SEQID NO:24); IFNB-as: 5-ATCTTCAGTTTCGGAG
GTAA-3' (SEQID NO: 25)),
0292

GDF3

(GDF3-s:

5-TCCCAGACCAAG

GTTTCTTTC-3' (SEQ ID NO: 26); GDF3-as: 5'-TTAC
CTGGCTTAGGGGTGGTC-3' (SEQID NO: 27)) and
0293 TERT (TERT-s: 5'-CCTGCTCAAGCTGACTC
GACACCGTG-3' (SEQ ID NO: 28); TERT-as:
5'-GGAAAAGCTGGCCCTGGGGTGGAGC-3' (SEQ ID
NO: 29)) (each 333 nM)
0294 with initial denaturation/activation for 15 minat 95°
C., and 40 cycles of 30s at 95°C., 30s at primer specific
annealing temperature (OCT4, cMYC, IFNC, IFNB, GDF3,
TERT: 60° C.; SOX2: 64° C. KLF4:58° C) and 30s at 72°
C. Expression of transcripts was quantified using AACt cal

culation relative to HPRT-encoding RNA as internal standard
(HPRT-s, 5'-TGACACTGGCAAAACAATGCA-3' (SEQID
NO:30); HPRT-as: 5'-GGTCCTTTTCACCAGCAAGCT-3'
(SEQ ID NO: 31): PCR conditions as above with 62° C. as
annealing temperature) to normalize for variances in the qual
ity of RNA and the amount of input complementary DNA.
0295 Intracellular FACS Staining for OCT4, SOX2 and
NANOG

0296 Intracellular FACS staining of OCT4, SOX2 and
NANOG was done using the human pluripotent stem cell
transcription factor analysis kit following the manufacturers

instructions (BDBioscience). Briefly,3-5x10 cells were har

vested, washed twice with PBS and fixed for 20 min in 250 ul
BD Cytofix Buffer (BD Biosciences) at room temperature.
After the incubation cells were washed twice with PBS and

permeabilized by washing twice with 1x Perm/Wash Buffer
(BD Bioscience) followed by 10 minutes incubation in 50 ul
1x Perm/Wash at room temperature. Staining with isotype
control and specific antibodies was performed for 30 min at
room temperature in the dark followed by washing two times
with 1x Perm/Wash. Cells were resuspended in PBS supple
mented with 2% formaldehyde and analyzed by flow cytom
etry as described above.
Example 2
0297 Primary human foreskin fibroblasts (CCD1079SK)
were electroporated with 1 lug IVT RNA encoding for firefly
luciferase and 5ug IVT RNA encoding for destabilized GFP
(luc--GFP). Electroporations were performed in 2 mm gap
cuvettes using optimized parameters. The cells were plated in
6-well-plates at a density of 300000 cells/well and either left
untreated or incubated with 2 uMCHNOS (PKR-inhibi
tor). 24h later cells were harvested for total RNA extraction
and reverse transcription. The induction of type-I interferons
was assessed by qRT-PCR using specific primer for IFNC. or
IFNB in the presence or absence of PKR-inhibitor as indi
cated in FIG. 1. Panels A and C show the same samples as B
and D with reduced values of the y-axis.
0298 Upregulation of interferon transcripts in human
fibroblasts induced by RNA electroporation was observed
(FIGS. 1A and 1C). Surprisingly, the inhibition of PKR using
CHN4OS resulted in an overwhelming increase of inter
feron transcripts (FIGS. 1B and 1D): IFN-O. was induced even
in the absence of RNA. IFN-?3 was induced by CHNOS
only in the presence of RNA. These data show that the inhi
bition of PKR using a small molecule inhibitor does not
abrogate the interferon response pathway.
Example 3
0299 Human and mouse primary fibroblasts were elec
troporated with IVT RNA encoding the reporter genes firefly
luciferase and GFP. Electroporations were performed in 2
mm gap cuvettes using optimized parameters for each cell
type. Immediately after electroporation the cells were plated
in absence or presence of increasing concentrations of the
CHNOS PKR-inhibitor.
0300. As depicted in FIGS. 2 and 3 a dose dependent
increase of the reporter genes luciferase and GFP in human
and mouse fibroblasts was observed. In the presence of the
highest concentration used (2 uM), a high level of Stabiliza
tion of luciferase and GFP expression was observed.
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Example 4
0301 Primary human umbilical vein endothelial cells
(HUVECs) were electroporated with IVT RNA and the effect
of PKR inhibition on reporter gene expression was analysed
in similar experimental settings as described above. Elec
troporations were performed in 2 mm gap cuvettes using
optimized parameters for HUVECs. Luciferase expression
was enhanced in HUVECs in a dose dependent manner. How
ever, the expression is not as long lasting as observed in
fibroblasts (FIG. 4).
0302) Next similar experiments were performed with
human CD4 and CD8-positive T-cells as well as immature
dendritic cells (iDCs). Electroporations were performed
using optimized parameters for each cell type. In contrast to
our previous observations in fibroblasts and endothelial cells,
neither in T-cells nor in iDCs PKR inhibition led to an

increased GFP expression (FIG.5A, B). In iDCs, the inhibi
tion of PKR resulted in loss of luciferase expression (FIG.
5C).
Example 5
0303. In order to investigate whether the observed stabili
Zation of reporter gene expression is due to an irreversible
inhibition of PKR by high concentrations of CHNOS we
decided to perform transient treatments of electroporated
cells. Furthermore a second PKR inhibitor, 2-aminopurine
(2-AP) was included into this experiment. Both inhibitors
were used at 2 uM final concentrations. As depicted in FIG. 6,
increased protein translation from IVT RNA is dependent on
the incubation time with both inhibitors. A 7 h incubation

period with either PKR inhibitor did not results in a signifi
cant increase of luciferase expression and a 24 h treatment
was rapidly reversed after removal of the inhibitors. Even a 48
h treatment was less efficient than a permanent treatment.
These data show that PKR inhibition is reversible. Permanent

inhibition results in high expression levels for 5 days.
Example 6
0304 Viral protein which are known to inhibit PKR,
namely the vaccinia virus proteins E3 and K3, were investi
gated. Both proteins were encoded by IVT RNA and cotrans
ferred by electroporation into fibroblasts, together with IVT
RNA encoding reporter genes. In addition, we incubated a
part of the cells with 2 uMCHNOS to investigate additive
effects. Both viral proteins led to a 2 fold increase in
luciferase expression 24 h after electroporation. There was no
additive effect of the two proteins. Also, the expression was
not stabilized as observed with the small molecule inhibitors,

but rapidly declined to the same level as the controls without
viral proteins (FIG. 7A). The additional application of
CHNOS resulted in an additive increase of luciferase
expression and a stabilization compared to untreated controls
as seen before with the small molecule inhibition of PKR
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iDCs, viral proteins—as observed before with the inhibitor—
decreased the luciferase expression. Also, E3 and K3 did not
revert the negative effect of CHNOS on luciferase expres
sion (FIG. 8C).
Example 7
0306 Similar experiments as described above were per
formed using IVT RNA composed of unmodified nucleotides
as before, and IVT RNA that was composed of 5mC and PU
instead of cytidine and uridine. As depicted in FIG. 9.
luciferase expression in cells electroporated with unmodified
IVT-RNA is greatly enhanced and stabilized by 2 LM
CHNOS and recapitulates our previous findings. The
incorporation of 5mC and PU into the transcripts increases
the luciferase expression by about 2-fold as compared to the
unmodified control. The use of 2 uM CHNOS further
increases and stabilizes the expression of luciferase encoded
by modified IVT RNA.
Example 8
0307 We investigated the stability of reprogramming
transcription factor expression upon IVT RNA transfer. In
similar experiments described above, we treated electropo
rated cells either permanently with increasing concentrations
of CHNOS, or transiently with 2 uM CHNOS. As
demonstrated in FIG. 10, the expression of the transcription
factors OCT4. Nanog and SOX2 was strongly increased and
stabilized in treated cells in a dose and time dependent man
.

0308 A direct consequence of reprogramming transcrip
tion factor expression is the induction of pluripotency marker
genes at the transcriptional level. In order to investigate
whether stabilized and increased transcription factor expres
sion by PKR inhibition facilitates marker induction, we elec
troporated CCD1079Sk fibroblasts with IVT RNA encoding
largeT, HPV 16-E6, p53DD, OCT4, SOX2, KLF4, CMYC,
Nanog and LIN28 (TEP-OSKMLN). As depicted in FIG. 11,
GDF3 and hTERT induction was increased by the treatment
72 h after electroporation.
Example 9
0309. In order to investigate whether the observed stabi
lized protein expression is related to an increased half life of
the transfected IVT RNA, we assessed the pace of intracel
lular IVT RNA degradation. To this aim, we investigated the
intracellular level of transferred IVT RNA 72 h after elec

troporation in transiently treated and untreated cells. As
shown in FIG. 12A, the transient treatment of cells with 2 uM
CHNOS increased the abundance of IVT RNA for 72 h.
In accordance to this data, the half life of the IVT RNA

constructs OCT4, SOX2, KLF4 and cMYC is prolonged for
1-2.5 h under PKR-Inhibition as seen in FIG. 12B. Stabiliza

tion of reporter expression under PKR-inhibition is therefore

(FIG. 7B). Similar experiments with HUVEC cells revealed

to some extent based on stabilization of IVT-RNA constructs.

that the combination of E3 and K3 increased luciferase

Example 10
0310 Primary human foreskin fibroblasts (HFF) were
electroporated with IVT RNA encoding eGFP (10 ug) either
unmodified or modified (mod.) with 5-methylcytidine (5mC)
and pseudouridine (PU) or unmodifiedeCFP (10 ug) and with
3 ug of modified (5mC and PU) E3 and K3 as indicated in
FIG. 13. Electroporations were performed in 2 mm gap
cuvettes using optimized parameters for HFFs. 300000 cells/

expression, which was additively enhanced by CHNOS
in a dose dependent fashion (FIG. 7C).
0305. In a similar set of experiments we investigated
whether viral proteins could rescue the nonexisting effects of
CHNOS in T-cells or revert the inhibitory effects in den
dritic cells. As depicted in FIGS. 8A and 8B, viral proteins
inhibiting PKR did not increase reporter gene expression in
T-cells, neither in presence nor in absence of CHNOS. In
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well were plated into 6-well-plates and cells were either left
untreated or incubated with 2 uM CHNOS. After 24h
supernatants were harvested and measured for IFN-secretion
using the human IFNC. and B Kit from PBL Interferon Source.
0311 IVT-RNA induces the secretion of IFNB after elec
troporation. The secretion is remarkably enhanced when cells
are incubated with CHNOS. These results are in concor
dance with the results from the qRT-PCR. As expected, induc
tion of IFNB is reduced when IVT-RNA is modified with 5mC
and PU. Addition of E3 and K3-IVT-RNA has no effect.

Secretion of IFNC. was not observed in these experiments
(data not shown).
Example 11
0312 Primary human foreskin fibroblasts (CCD1079Sk)
were electroporated with an increasing amount of a siRNA
mix targeting PKR (Santa Cruz; sc-36263) ranging from 20
nM to 80 nM. Electroporations were performed in 2 mm gap
cuvettes using optimized parameters for CDDs.
0313 Cells were plated into 6 wells and 24 h or 48 h later
harvested for total RNA extraction and reverse transcription.
The expression level of PKR was assessed by qRT-PCR using
specific primer. Depicted are the relative expression levels
compared to wildtyp cells. It was found that PKR is knocked
down to 5-10% with all concentrations of siRNA-mix 24 h.

post electroporation. Only 80 nM are sufficient to knock
down PKR over 48 h; cf. FIG. 14(A).
0314 Primary human foreskin fibroblasts (CCD1079Sk)
were electroporated with IVT RNA encoding unmodified
eGFP (1.5 ug) either alone or with an increasing amount of a
siRNA-mix targeting PKR ranging from 20 nM to 80 nM.
Electroporations were performed in 2 mm gap cuvettes using
optimized parameters for CCDs. Cells were plated into 6
wells and 24 h later harvested for total RNA extraction and

reverse transcription. The expression level of the IFN-re
sponse genes OAS1 and OAS2 was assessed by qRT-PCR
using specific primer. Depicted in FIG. 14(B) are the relative
expression levels compared to wildtyp cells. It was found that
expression levels of OAS1 and OAS2 are not significantly
altered by addition of siRNA-mix indicating that the siRNA is
not inducing IFNs after electroporation. (On the contrary it
seems that there is a tendency to reduce IFN response by
application of high doses of PKR siRNA-mix.)
0315 Primary human foreskin fibroblasts (CCD1079Sk)
were electroporated with or without 80 nM of siRNA-mix
targeting PKR. 48 h later cells were harvested and electropo
rated a second time with 1 lug IVT RNA encoding for firefly
luciferase and for eGFP (2.5 lug). All electroporations were

performed in 2 mm gap cuvettes using optimized parameters
for CCDs. Cells were plated in duplicates into 96-well-plates
at a density of 10000 cells/well and either left untreated or
incubated with 2 uM of CHNOS. Luciferase activity was
measured at the time points indicated in FIG. 14(C). Mean
values of the duplicates are given. It was found that electropo
ration of cells preincubated with siRNA targeting PKR and
therefore being in a state of lacking PKR leads to a quite
similar kinetic and increase of reporter gene expression as
incubation with 2 uM of the PKR-inhibitor CHNOS with
a slightly lower stabilizing effect. Combination of preincuba
tion with siRNA-mix targeting PKR and the use of the inhibi
tor leads to an even higher expression level of the reporter
transcript but is not that much stabilized as in the presence of
the inhibitor alone.

Example 12
0316 To study whether CHNOS could also enhance
translation upon liposomal IVT RNA transfer, 1.2 Lug 5'-triph
osphorylated and non-modified IVT RNA (0.8 ug encoding
luciferase, 0.4 ug GFP) was packaged with 6 ul RNAiMAX
transfection reagent (Invitrogen) and transfected into human
foreskin fibroblasts. After 3 hincubation with the transfection

mixture, the medium was renewed and Supplemented with
increasing concentrations of CHNOS. At the time points
indicated in FIG. 15 the cells were lysed using luciferase
stabilizing passive lysis buffer (Promega) according to the
manufacturers instructions. By the end of the time course,
luciferase activity of all lysates was measured. CHNOS
had a stabilizing effect on translation of luciferase. This effect
was dose-dependent. One of three independently performed
experiments is shown. Thus, the effect of CHNOS on
translation of IVT RNA is not restricted to the delivery via
electroporation. CHNOS is also enhancing translation of
luciferase when IVT RNA is brought into the cells by lipo
somes. The effect of CHNOS is therefore independently
from the route of delivery.
Example 13
0317 Human foreskin fibroblasts were electroporated
with 2 ug IVT RNA coding for firefly luciferase and 5ug IVT
RNA coding for GFP. After electroporation the cells were
plated in the presence of increasing concentrations of 2-AP as
indicated in the panel legend in FIG. 16. 2 uMCHNOS
served as positive control. Luciferase expression was fol
lowed for 72 h. GFP expression proved that all electropora
tions were successful (data not shown). 10 mM to 20 mM
2-AP lead to a similar increase of translation as 2 uM
CHNOS.

SEQUENCE LISTING
<16 Os NUMBER OF SEO ID NOS: 32
<21 Os SEQ ID NO 1
&211s LENGTH: 1411
&212s. TYPE: DNA

<213> ORGANISM: Homo sapiens
<4 OOs SEQUENCE: 1

cct tcgcaag cc ct catttic accaggc.ccc cqgcttgggg cqcct tcctt coccatggcg

60

gga cacctgg ctitcggattt cqcct tctcg cc cc ct C cag gtggtggagg tatgggc.ca

12O
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Lieu. Glu Glin Asn. Pro Glu Glu Ser Glin Asp Ile Lys Ala Lieu. Glin Lys
13 O

135

14 O

Glu Lieu. Glu Glin Phe Ala Lys Lieu. Lieu Lys Glin Lys Arg Ile Thr Lieu.
145

150

155

160

Gly Tyr Thr Glin Ala Asp Val Gly Lieu. Thir Lieu. Gly Val Lieu. Phe Gly
1.65

17O

17s

Llys Val Phe Ser Glin Thir Thr Ile Cys Arg Phe Glu Ala Leu Gln Leu
18O

185

19 O

Ser Phe Lys Asn Met Cys Llys Lieu. Arg Pro Lieu. Lieu Gln Lys Trp Val
195

2OO

2O5

Glu Glu Ala Asp Asn. Asn. Glu Asn Lieu. Glin Glu Ile Cys Lys Ala Glu
21 O

215

22O

Thir Lieu Val Glin Ala Arg Lys Arg Lys Arg Thir Ser Ile Glu Asn Arg
225

23 O

235

24 O

Val Arg Gly Asn Lieu. Glu Asn Lieu. Phe Lieu. Glin Cys Pro Llys Pro Thr
245

250

255

Lieu. Glin Glin Ile Ser His Ile Ala Glin Glin Lieu. Gly Lieu. Glu Lys Asp
26 O

265

27 O

Val Val Arg Val Trp Phe Cys Asn Arg Arg Glin Lys Gly Lys Arg Ser
27s

28O

285

Ser Ser Asp Tyr Ala Glin Arg Glu Asp Phe Glu Ala Ala Gly Ser Pro
29 O

295

3 OO

Phe Ser Gly Gly Pro Val Ser Phe Pro Leu Ala Pro Gly Pro His Phe
3. OS

310

315

32O

Gly Thr Pro Gly Tyr Gly Ser Pro His Phe Thr Ala Lieu. Tyr Ser Ser
3.25

330

335

Val Pro Phe Pro Glu Gly Glu Ala Phe Pro Pro Val Ser Val Thir Thr
34 O

345

35. O

Lieu. Gly Ser Pro Met His Ser Asn
355

360

<210s, SEQ ID NO 3
&211s LENGTH: 1085
&212s. TYPE: DNA

<213> ORGANISM: Homo sapiens
<4 OOs, SEQUENCE: 3
Cacagcgc.cc gcatgtacaa catgatggag acggagctga agcc.gc.cggg ccc.gcagcaa.

6O

actt.cggggg gcggcggcgg caact coacc gcggcggcgg ccggcggcaa C cagaaaaac

12 O

agc.ccggacc gcgtcaag.cg gcc catgaat gcctt catgg ttggtc.ccg cgggcagcgg

18O

cgcaagatgg CCC aggagaa ccc.calagatg cacaact cqg agat cagcaa gcgc.ctgggc

24 O

gcc.gagtgga aactitttgtc. g.gagacggag aag.cggc.cgt to atcgacga ggctaag.cgg

3OO

Ctgcgagcgc tigCacatgaa ggagcacccg gattataaat accggcc.ccg gcggaaaac C

360

alagacgctica taagaagga taagtacacg Ctgc.ccggcg ggctgctggc ccc.cggcggc

42O

atggacagtt acgc.gcacat gaacggctgg agcaacggca gct acagcat gatgcaggac

54 O

Cagctgggct accc.gcagca ccc.gggcctic aatgcgcacg gcgcagcgca gatgcagcc C

6OO

atgcaccgct acgacgtgag cqC cctgcag tacaact coa taccagctic gcagacctac

660

atgaacggct cqc coaccta cagcatgtcc tact.cgcagc agggc acccc tdgcatggct

72 O
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Cttggcticca tdgttcggt ggt caagt cc gaggc.ca.gct C cagc.cccCC titggitt acc

78O

tctt Cotic cc act coagggc gcc ctgc.cag gcc.ggggacc ticcggga cat gat cagcatg

84 O

tat citcc.ccg gcgc.cgaggit gcc.ggaac cc gcc.gc.ccc.ca gcagact tca catgtcc cag

9 OO

Cactaccaga gcggc.ccggit gcc.cggcacg gcc attalacg gCacactgcc cct ct cacac

96.O

atgtgagggc cqgacagcga actggaggggggagaaattt toaaagaaaa acgagggaaa

1 O2O

tgggaggggit gcaaaagagg agagtaagaa acagcatgga gaaaacccgg tacgctcaaa

108 O

aaaaa.

1085

<210s, SEQ ID NO 4
&211s LENGTH: 317
212. TYPE: PRT

<213> ORGANISM: Homo sapiens
<4 OOs, SEQUENCE: 4

Met Tyr Asn Met Met Glu Thr Glu Lieu Lys Pro Pro Gly Pro Glin Glin
1.

5

1O

15

Thir Ser Gly Gly Gly Gly Gly Asn. Ser Thr Ala Ala Ala Ala Gly Gly
2O

25

3O

Asn Gln Lys Asn. Ser Pro Asp Arg Val Lys Arg Pro Met Asn Ala Phe
35

4O

45

Met Val Trp Ser Arg Gly Glin Arg Arg Llys Met Ala Glin Glu Asn Pro
SO

55

6O

Llys Met His Asn. Ser Glu Ile Ser Lys Arg Lieu. Gly Ala Glu Trp Llys
65

70

7s

8O

Lieu. Lieu. Ser Glu Thr Glu Lys Arg Pro Phe Ile Asp Glu Ala Lys Arg
85

90

95

Lieu. Arg Ala Lieu. His Met Lys Glu. His Pro Asp Tyr Llys Tyr Arg Pro
1OO

105

11 O

Arg Arg Llys Thir Lys Thr Lieu Met Lys Lys Asp Llys Tyr Thr Lieu Pro
115

12 O

125

Gly Gly Lieu. Lieu Ala Pro Gly Gly Asn. Ser Met Ala Ser Gly Val Gly
13 O

135

14 O

Val Gly Ala Gly Lieu. Gly Ala Gly Val Asin Glin Arg Met Asp Ser Tyr
145

150

155

160

Ala His Met Asn Gly Trp Ser Asn Gly Ser Tyr Ser Met Met Glin Asp
1.65

17O

17s

Glin Lieu. Gly Tyr Pro Gln His Pro Gly Lieu. Asn Ala His Gly Ala Ala
18O

185

19 O

Gln Met Gln Pro Met His Arg Tyr Asp Val Ser Ala Leu Glin Tyr Asn
195

2OO

2O5

Ser Met Thr Ser Ser Glin Thr Tyr Met Asin Gly Ser Pro Thr Tyr Ser
21 O

215

22O

Met Ser Tyr Ser Glin Glin Gly Thr Pro Gly Met Ala Lieu. Gly Ser Met
225

23 O

235

24 O

Gly Ser Val Val Lys Ser Glu Ala Ser Ser Ser Pro Pro Val Val Thr
245

250

255

Ser Ser Ser His Ser Arg Ala Pro Cys Glin Ala Gly Asp Lieu. Arg Asp
26 O

265

27 O

Met Ile Ser Met Tyr Lieu Pro Gly Ala Glu Val Pro Glu Pro Ala Ala
27s

28O

285

Pro Ser Arg Lieu. His Met Ser Gln His Tyr Glin Ser Gly Pro Val Pro
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taatttgttg gttgttgctaa totttgtaga aagaggit citc gitatttgct g catcgtaatg

198O

acatgagtac togctittagtt ggtttaagtt caaatgaatgaaacaactat ttitt.cctitta

2O4. O

gttgattitta ccctgatttic accoagtgtt totaatgagta aatatacago ttaaacat

2098

<210s, SEQ ID NO 6
&211s LENGTH: 305
212. TYPE: PRT

<213> ORGANISM: Homo sapiens
<4 OOs, SEQUENCE: 6

Met Ser Val Asp Pro Ala Cys Pro Glin Ser Leu Pro Cys Phe Glu Ala
1.

5

1O

15

Ser Asp Cys Lys Glu Ser Ser Pro Met Pro Val Ile Cys Gly Pro Glu
2O

25

3O

Glu Asn Tyr Pro Ser Leu Gln Met Ser Ser Ala Glu Met Pro His Thr
35

4O

45

Glu Thr Val Ser Pro Leu Pro Ser Ser Met Asp Leu Lleu. Ile Glin Asp
SO

55

6O

Ser Pro Asp Ser Ser Thr Ser Pro Lys Gly Lys Gln Pro Thr Ser Ala
65

70

7s

8O

Glu Lys Ser Val Ala Lys Lys Glu Asp Llys Val Pro Wall Lys Lys Glin
85

90

95

Lys Thr Arg Thr Val Phe Ser Ser Thr Glin Lieu. Cys Val Lieu. Asn Asp
1OO

105

11 O

Arg Phe Glin Arg Glin Llys Tyr Lieu. Ser Lieu. Glin Gln Met Glin Glu Lieu
115

12 O

125

Ser Asn Ile Lieu. Asn Lieu Ser Tyr Lys Glin Val Lys Thr Trp Phe Glin
13 O

135

14 O

Asn Glin Arg Met Lys Ser Lys Arg Trp Gln Lys Asn. Asn Trp Pro Llys
145

150

155

160

Asn Ser Asn Gly Val Thr Gln Lys Ala Ser Ala Pro Thr Tyr Pro Ser
1.65

17O

17s

Lieu. Tyr Ser Ser Tyr His Glin Gly Cys Lieu Val Asn Pro Thr Gly Asn
18O

185

19 O

Lieu Pro Met Trp Ser Asn Gln Thr Trp Asin Asn Ser Thr Trp Ser Asn
195

2OO

2O5

Gln Thr Glin Asn Ile Glin Ser Trp Ser Asn His Ser Trp Asn Thr Glin
21 O

215

22O

Thir Trp Cys Thr Glin Ser Trp Asn Asn Glin Ala Trp Asn Ser Pro Phe
225

23 O

235

24 O

Tyr Asn Cys Gly Glu Glu Ser Leu Glin Ser Cys Met Glin Phe Glin Pro
245

250

255

Asn Ser Pro Ala Ser Asp Lieu. Glu Ala Ala Lieu. Glu Ala Ala Gly Glu
26 O

265

27 O

Gly Lieu. Asn Val Ile Glin Gln Thr Thr Arg Tyr Phe Ser Thr Pro Glin
27s

28O

285

Thr Met Asp Leu Phe Lieu. Asn Tyr Ser Met Asn Met Gln Pro Glu Asp
29 O

295

Wall
3. OS

<210s, SEQ ID NO 7
&211s LENGTH:

78O

3 OO
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acttgaat at tcc tigacitt acaaaatgcc aagggggtga Ctggaagttg tdgatat cag

2O4. O

ggtataaatt at atcc.gtga gttgggggag ggalagaccag aattic ccttgaattgttgtat

21OO

tgatgcaata taa.gcatalaa agat caccitt g tatt ct citt tacct tctaa aagcc attat

216 O

tatgatgtta gaagaagagg aagaaattica ggtacagaala acatgtttala at agcct aaa

222 O

tgatggtgct tdtgagt ct tdttctaaa ggtaccaaac aaggaagcca aagttitt Caa

228O

actgctgcat actittgacaa gogaaaatcta tatttgtc.tt ccgat caa.ca tttatgacct

234 O

aagt caggta atatacctgg titt acttctt tag catttitt atgcagacag totgttatgc

24 OO

actgtggttt cagatgtgca ataatttgta caatggittta titcc.caagta togc cittaagc

246 O

agaacaaatg tdtttittcta tatagttcct tcc cittaata aatatgtaat ataaatttaa

252O

gcaaacgt.ct attttgtata tttgtaaact acaaagtaaa atgaacattt tdtggagttt

2580

gtattittgca tact caaggit gagaattaag ttittaaataa acctataata ttittatctg

2639

<210s, SEQ ID NO 10
&211s LENGTH: 470
212. TYPE: PRT

<213> ORGANISM: Homo sapiens
<4 OOs, SEQUENCE: 10

Met Ala Val Ser Asp Ala Lieu. Leu Pro Ser Phe Ser Thr Phe Ala Ser
1.

5

1O

15

Gly Pro Ala Gly Arg Glu, Llys Thr Lieu. Arg Glin Ala Gly Ala Pro ASn
2O

25

3O

Asn Arg Trp Arg Glu Glu Lieu. Ser His Met Lys Arg Lieu Pro Pro Val
35

4O

45

Lieu Pro Gly Arg Pro Tyr Asp Lieu Ala Ala Ala Thr Val Ala Thr Asp
SO

55

6O

Lieu. Glu Ser Gly Gly Ala Gly Ala Ala Cys Gly Gly Ser Asn Lieu Ala
65

70

7s

8O

Pro Lieu Pro Arg Arg Glu Thr Glu Glu Phe Asn Asp Lieu. Lieu. Asp Lieu.
85

90

95

Asp Phe Ile Leu Ser Asn Ser Lieu. Thr His Pro Pro Glu Ser Val Ala
1OO

105

11 O

Ala Thir Wal Ser Ser Ser Ala Ser Ala Ser Ser Ser Ser Ser Pro Ser
115

12 O

125

Ser Ser Gly Pro Ala Ser Ala Pro Ser Thr Cys Ser Phe Thr Tyr Pro
13 O

135

14 O

Ile Arg Ala Gly Asn Asp Pro Gly Val Ala Pro Gly Gly Thr Gly Gly
145

150

155

160

Gly Lieu. Leu Tyr Gly Arg Glu Ser Ala Pro Pro Pro Thr Ala Pro Phe
1.65

17O

17s

Asn Lieu Ala Asp Ile Asn Asp Val Ser Pro Ser Gly Gly Phe Val Ala
18O

185

19 O

Glu Lieu. Lieu. Arg Pro Glu Lieu. Asp Pro Val Tyr Ile Pro Pro Glin Glin
195

2OO

2O5

Pro Gln Pro Pro Gly Gly Gly Lieu Met Gly Llys Phe Val Lieu Lys Ala
21 O

215

22O

Ser Leu Ser Ala Pro Gly Ser Glu Tyr Gly Ser Pro Ser Val Ile Ser
225

23 O

235

24 O

Val Ser Lys Gly Ser Pro Asp Gly Ser His Pro Val Val Val Ala Pro
245

250

255
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Arg Ser Gly Lieu. Cys Ser Pro Ser Tyr Val Ala Val Thr Pro Phe Ser
85

90

95

Lieu. Arg Gly Asp Asn Asp Gly Gly Gly Gly Ser Phe Ser Thir Ala Asp
1OO

105

11 O

Glin Lieu. Glu Met Val Thr Glu Lieu. Lieu. Gly Gly Asp Met Val Asn Glin
115

12 O

125

Ser Phe Ile Cys Asp Pro Asp Asp Glu Thir Phe Ile Lys Asn. Ile Ile
13 O

135

14 O

Ile Glin Asp Cys Met Trp Ser Gly Phe Ser Ala Ala Ala Lys Lieu Val
145

150

155

160

Ser Glu Lys Lieu Ala Ser Tyr Glin Ala Ala Arg Lys Asp Ser Gly Ser
1.65

17O

17s

Pro Asn Pro Ala Arg Gly His Ser Val Cys Ser Thr Ser Ser Leu Tyr
18O

185

19 O

Lieu. Glin Asp Lieu. Ser Ala Ala Ala Ser Glu. Cys Ile Asp Pro Ser Val
195

2OO

2O5

Val Phe Pro Tyr Pro Lieu. Asn Asp Ser Ser Ser Pro Llys Ser Cys Ala
21 O

215

22O

Ser Glin Asp Ser Ser Ala Phe Ser Pro Ser Ser Asp Ser Lieu. Leu Ser
225

23 O

235

24 O

Ser Thr Glu Ser Ser Pro Glin Gly Ser Pro Glu Pro Leu Val Lieu. His
245

250

255

Glu Glu Thr Pro Pro Thr Thr Ser Ser Asp Ser Glu Glu Glu Gln Glu
26 O

265

27 O

Asp Glu Glu Glu Ile Asp Val Val Ser Val Glu Lys Arg Glin Ala Pro
27s

28O

285

Gly Lys Arg Ser Glu Ser Gly Ser Pro Ser Ala Gly Gly His Ser Lys
29 O

295

3 OO

Pro Pro His Ser Pro Leu Val Lieu Lys Arg Cys His Val Ser Thr His
3. OS

310

315

32O

Gln His Asn Tyr Ala Ala Pro Pro Ser Thr Arg Lys Asp Tyr Pro Ala
3.25

330

335

Ala Lys Arg Val Llys Lieu. Asp Ser Val Arg Val Lieu. Arg Glin Ile Ser
34 O

345

35. O

Asn Asn Arg Lys Cys Thir Ser Pro Arg Ser Ser Asp Thr Glu Glu Asn
355

360

365

Val Lys Arg Arg Thr His Asn Val Lieu. Glu Arg Glin Arg Arg Asn. Glu
37 O

375

38O

Lieu Lys Arg Ser Phe Phe Ala Lieu. Arg Asp Glin Ile Pro Glu Lieu. Glu
385

390

395

4 OO

Asn Asn. Glu Lys Ala Pro Llys Val Val Ile Lieu Lys Lys Ala Thir Ala
4 OS

41O

415

Tyr Ile Lieu. Ser Val Glin Ala Glu Glu Gln Lys Lieu. Ile Ser Glu Glu
42O

425

43 O

Asp Lieu. Lieu. Arg Lys Arg Arg Glu Gln Lieu Lys His Llys Lieu. Glu Glin
435

Lieu. Arg Asn. Ser Cys Ala
450

<210s, SEQ ID NO 13
&211s LENGTH: 551
212. TYPE: PRT

<213> ORGANISM: Homo sapiens

44 O

445
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<4 OOs, SEQUENCE: 13

Met Ala Gly Asp Lieu. Ser Ala Gly Phe Phe Met Glu Glu Lieu. Asn. Thir
1.

5

1O

15

Tyr Arg Gln Lys Glin Gly Val Val Lieu Lys Tyr Glin Glu Lieu Pro Asn
2O

25

3O

Ser Gly Pro Pro His Asp Arg Arg Phe Thr Phe Glin Val Ile Ile Asp
35

4O

45

Gly Arg Glu Phe Pro Glu Gly Glu Gly Arg Ser Llys Lys Glu Ala Lys
SO

55

6O

Asn Ala Ala Ala Lys Lieu Ala Val Glu Ile Lieu. Asn Lys Glu Lys Llys
65

70

7s

8O

Ala Val Ser Pro Leu Lleu Lleu. Thir Thr Thr Asn Ser Ser Glu Gly Lieu.
85

90

95

Ser Met Gly Asn Tyr Ile Gly Lieu. Ile Asn Arg Ile Ala Glin Llys Llys
1OO

105

11 O

Arg Lieu. Thr Val Asn Tyr Glu Gln Cys Ala Ser Gly Val His Gly Pro
115

12 O

125

Glu Gly Phe His Tyr Lys Cys Llys Met Gly Gln Lys Glu Tyr Ser Ile
13 O

135

14 O

Gly Thr Gly Ser Thr Lys Glin Glu Ala Lys Glin Lieu Ala Ala Lys Lieu.
145

150

155

160

Ala Tyr Lieu. Glin Ile Lieu. Ser Glu Glu. Thir Ser Val Llys Ser Asp Tyr
1.65

17O

17s

Lieu. Ser Ser Gly Ser Phe Ala Thr Thr Cys Glu Ser Glin Ser Asn Ser
18O

185

19 O

Lieu Val Thr Ser Thr Lieu Ala Ser Glu Ser Ser Ser Glu Gly Asp Phe
195

2OO

2O5

Ser Ala Asp Thir Ser Glu Ile Asin Ser Asn. Ser Asp Ser Lieu. Asn. Ser
21 O

215

22O

Ser Ser Lieu. Lieu Met Asn Gly Lieu. Arg Asn. Asn. Glin Arg Lys Ala Lys
225

23 O

235

24 O

Arg Ser Lieu Ala Pro Arg Phe Asp Lieu Pro Asp Met Lys Glu Thir Lys
245

250

255

Tyr Thr Val Asp Lys Arg Phe Gly Met Asp Phe Lys Glu Ile Glu Lieu.
26 O

265

27 O

Ile Gly Ser Gly Gly Phe Gly Glin Val Phe Lys Ala Lys His Arg Ile
27s

28O

285

Asp Gly Lys Thr Tyr Val Ile Lys Arg Val Lys Tyr Asn. Asn. Glu Lys
29 O

295

3 OO

Ala Glu Arg Glu Val Lys Ala Lieu Ala Lys Lieu. Asp His Val Asn. Ile
3. OS

310

315

32O

Val His Tyr Asn Gly Cys Trp Asp Gly Phe Asp Tyr Asp Pro Glu Thr
3.25

330

335

Ser Asp Asp Ser Lieu. Glu Ser Ser Asp Tyr Asp Pro Glu Asn. Ser Lys
34 O

345

35. O

Asn Ser Ser Arg Ser Lys Thr Lys Cys Lieu Phe Ile Gln Met Glu Phe
355

360

365

Cys Asp Llys Gly Thr Lieu. Glu Gln Trp Ile Glu Lys Arg Arg Gly Glu
37 O

375

38O

Llys Lieu. Asp Llys Val Lieu Ala Lieu. Glu Lieu. Phe Glu Glin Ile Thir Lys
385

390

395

4 OO
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Gly Val Asp Tyr Ile His Ser Lys Llys Lieu. Ile His Arg Asp Lieu Lys
4 OS

41O

415

Pro Ser Asn. Ile Phe Lieu Val Asp Thir Lys Glin Val Lys Ile Gly Asp
42O

425

43 O

Phe Gly Lieu Val Thir Ser Lieu Lys Asn Asp Gly Lys Arg Thr Arg Ser
435

44 O

445

Lys Gly. Thir Lieu. Arg Tyr Met Ser Pro Glu Glin Ile Ser Ser Glin Asp
450

45.5

460

Tyr Gly Lys Glu Val Asp Lieu. Tyr Ala Lieu. Gly Lieu. Ile Lieu Ala Glu
465

470

47s

48O

Lieu. Lieu. His Val Cys Asp Thr Ala Phe Glu Thir Ser Lys Phe Phe Thr
485

490

495

Asp Lieu. Arg Asp Gly Ile Ile Ser Asp Ile Phe Asp Llys Lys Glu Lys
SOO

505

51O

Thir Lieu. Lieu. Glin Llys Lieu Lleu Ser Lys Llys Pro Glu Asp Arg Pro Asn
515

52O

525

Thir Ser Glu Ile Lieu. Arg Thr Lieu. Thr Val Trp Llys Lys Ser Pro Glu
53 O

535

54 O

Lys Asn. Glu Arg His Thr Cys
5.45

550

<210s, SEQ ID NO 14
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 14

acctggaaaa cct gttcc to c

21

<210s, SEQ ID NO 15
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 15

agct cqgatc ct catcagtt g

21

<210s, SEQ ID NO 16
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 16
alaccagcgga tiggacagcta C

<210s, SEQ ID NO 17
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 17

21
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gcttitt cacc acgctg.ccca t

21

<210s, SEQ ID NO 18
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 18

alagacctaca C calaga.gcag C

21

<210s, SEQ ID NO 19
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 19

aggtggtcag atctgctgaa g

21

<210s, SEQ ID NO 2 O
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 2O

cc cctdaacg acagotctag c

21

<210s, SEQ ID NO 21
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 21

ttct coacgg acaccacgtc g

21

<210s, SEQ ID NO 22
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 22

aaatacagcc Cttgttgcctgg

21

<210s, SEQ ID NO 23
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 23

ggtgagctgg catacgaatc a
<210s, SEQ ID NO 24
&211s LENGTH: 19

21
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&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 24

aaggccaagg agtacagtic

19

<210s, SEQ ID NO 25
&211s LENGTH: 2O
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 25

atct tcagtt toggaggtaa
<210s, SEQ ID NO 26
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 26

t cccagacca aggtttctitt c

21

<210s, SEQ ID NO 27
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 27

ttacctggct taggggtggit c

21

<210s, SEQ ID NO 28
&211s LENGTH: 26
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 28

Cctgct Caag Ctgact cac accgtg

26

<210s, SEQ ID NO 29
&211s LENGTH: 25
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide
<4 OOs, SEQUENCE: 29

ggaaaagctg gCCCtggggt gagc
<210s, SEQ ID NO 3 O
&211s LENGTH: 21
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Oligonucleotide

25
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Caaggt caaa gactalagtgc

aaatggaatt ctgtgataaa gggacCttgg

168O

aacaatggat tgaaaaaaga agagg.cgaga aac taga caa agttittggct ttggaactict

1740

ttgaacaaat aacaaaaggg gtggattata

Catagagat C

18OO

ttagtagata caaaacaagt aaagattgga gactittggac

1860

ttgtaa catc tctgaaaaat gatggaaagc gaacaaggag taagggaact ttgcgataca

1920

tgagcc caga acagatttct tcqcaagact atggaaagga agtggacct c tacgctttgg

198O

ggctaattict tgctgaactt citt catgitat gtgacactgc ttittgaaaca tcaaagttitt

2O4. O

t cacagacct acgggatggc atcatctgag atatatttga taaaaaagaa

aaaactott C

21OO

tacagaaatt act citcaaag aalacctgagg atcgacctaa cacatctgaa at act aagga

216 O

ccttgactgt gtggaagaaa agcc.ca.gaga aaaatgaacg acacacatgt tagagcc citt

222 O

Ctgaaaaagt atcctgctitc tgatatgcag

titt to cittaa. attat Ctaaa. atctgctagg

228O

gaatat caat agatatttac

aatgttt cot

act atttitta

234 O

ttaa.gc.caag

taatatatto

ct t t t catcc.

ct t t tattitt

taCatticaaa. aaaattaatt

tta attt titt

citaat citt to

tgcagaaa.ca gaaaggttitt cittctttittg

Cttcaaaaac att Cttacat

24 OO

tt tact titt t

cctggct cat

tittaaagaca gagt citcgct

246 O

ctgttgcc.ca ggctggagtg caatgacaca gtc.ttggctic actgcaactt ctgcct cittg

252O

ggttcaagtg att citcctgc cticagoct co tgagtagctg gattacaggc atgtgccacc

2580

citott tatto

tttitt tttitt

CaCCCalacta

attitttgttgt

gac agggittt cac catgttg gcc aggctgg

264 O

totcaaactic

ctgacct caa gtaatccacc tgcct cqgcc tcc caaagtg Ctgggattac

27 OO

ttittaataaa.

agggatgagc caccgc.gc.cc agcct catct Ctttgttcta aagatggaaa

aac CaCCCCC

276 O

at Caatt Cat atctattitat taaattt Cta

282O

cc.gcttittag gccaaaaaaa tgtaagat.cg ttctotgcct cacatagott acaa.gc.ca.gc

288O

aaattitt Ctt tittatact at

tggaga aata tgg tact cat

taatgaatca

taaaaaaaaa.

aaaaaaagtg atgtaca acc

1. A method for expressing RNA in a cell comprising the
step of reducing the activity of RNA-dependent protein
kinase (PKR) in the cell.
2. (canceled)
3. (canceled)
4. The method of claim 1, wherein the RNA is in vitro
transcribed RNA.

5. The method of claim 1, wherein the step of reducing the
activity of PKR in the cell results in an enhancement of
stability and/or an enhancement of expression of the RNA in
the cell.

6. (canceled)
7. The method of claim 1, wherein the step of reducing the
activity of PKR in the cell comprises treating the cell with at
least one PKR inhibitor or silencing expression of the PKR
gene.

8. (canceled)
9. The method of claim 7, wherein the PKR inhibitor inhib

its RNA-induced PKR autophosphorylation.
10. (canceled)
11. The method of claim 7, wherein the PKR inhibitor is an

imidazolo-oxindole compound or a virally derived inhibitor
of PKR.

293 O

12. The method of claim 7, wherein the PKR inhibitor is

6,8-dihydro-8-(1H-imidazol-5-ylmethylene)-7H-pyrrolo2,
3-gbenzothiazol-7-one or 2-aminopurine.
13. (canceled)
14. (canceled)
15. The method of claim 11, wherein the virally derived
inhibitor of PKR is selected from the group consisting of
vaccinia virus E3 and/or K3, or their RNA.

16. (canceled)
17. The method of claim 1, wherein the cell is a cell having
a barrier function.

18. The method of claim 1, wherein the cell is a fibroblast,

a keratinocyte, an epithelial cell, or an endothelial cell.
19. (canceled)
20. (canceled)
21. A method for providing cells having stem cell charac
teristics comprising the steps of(i) providing a cell population
comprising somatic cells, (ii) reducing the activity of RNA
dependent protein kinase (PKR) in the somatic cells, (iii)
introducing RNA capable of expressing one or more factors
allowing the reprogramming of the Somatic cells to cells
having stem cell characteristics into at least a portion of the
Somatic cells, and (iv) allowing the development of cells
having stem cell characteristics.
22. (canceled)
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23. The method of claim 21, wherein the RNA is in vitro
transcribed RNA.

24. The method of claim 21, wherein the one or more

factors comprise OCT4 and SOX2.
25. The method of claim 24, wherein the one or more

factors further comprise KLF4 and/or c-MYC and/or
NANOG and/or LIN28.

26. (canceled)
27. (canceled)
28. (canceled)
29. (canceled)
30. The method of claim 21, wherein the step of reducing
the activity of PKR in the cells results in an enhancement of
stability and/or an enhancement of expression of the RNA in
the cells.

31. (canceled)
32. The method of claim 21, wherein the step of reducing
the activity of PKR in the cells comprises treating the cells
with at least one PKR inhibitor or silencing expression of the
PKR gene.
33. (canceled)
34. The method of claim 32, wherein the PKR inhibitor

inhibits RNA-induced PKR autophosphorylation.
35. (canceled)
36. The method of claim 32, wherein the PKR inhibitor is

an imidazolo-oxindole compound or a virally derived inhibi
tor of PKR.

37. The method of claim 32, wherein the PKR inhibitor is

6,8-dihydro-8-(1H-imidazol-5-ylmethylene)-7H-pyrrolo2,
3-gbenzothiazol-7-one or 2-aminopurine.
38. (canceled)
39. (canceled)
40. The method of claim 32, wherein the virally derived
inhibitor of PKR is selected from the group consisting of
vaccinia virus E3 and/or K3, or their RNA.

41. (canceled)
42. (canceled)
43. (canceled)
44. (canceled)
45. (canceled)
46. (canceled)
47. (canceled)
48. (canceled)

49. The method of claim 21, wherein the somatic cells are

fibroblasts.

50. (canceled)
51. (canceled)
52. A method for providing differentiated cell types com
prising the steps of (i) providing cells having stem cell char
acteristics using the method of claim 21, and (ii) culturing the
cells having stem cell characteristics under conditions that
induce or direct partial or complete differentiation to a differ
entiated cell type.
53. A method of increasing interferon production by a cell
comprising the step of reducing the activity of PKR in the cell.
k

k

k

k

k

