
WO 03/035879 PCT/GB02/04828  PROMOTERS TO CONTROL CELL DIFFERENTIATION
Field of the Invention The present invention relates to the use of specific
regulatory promoters to control differentiation in mammalian  5 cells.
Background of the Invention There is a growing awareness and understanding
of the  importance of transplantation therapy to treat damage to  tissues
and organs. While organ transplantation is widely 10 practiced, therapies
based on the transplantation of  individual cells are still in a relatively
early phase of  clinical development. For example, there is growing
recognition that the  transplantation of suitable cells into a damaged
brain may  15 improve or correct any sensory, motor, behavioral or
psychological deficits caused by the damage. For cell-based therapies to be
useful, it must be  possible to obtain sufficient cells for
transplantation.  One means for ensuring this is to culture
undifferentiated 20 cells under conditions which allow repeated cell
division  and growth. One difficulty with using undifferentiated  cells is
that unregulated cell division must be switched off  either prior to or on
transplantation into the patient, to  prevent uncontrolled growth at the
site of transplantation. 25 Many different techniques have been developed
to  provide suitable cells for transplantation. With regard to  neural
transplantation, one approach has been to maintain  undifferentiated foetal
cells under culture conditions that  permit cell division to occur, and to
subsequently induce  30 differentiation in vitro, prior to transplantation.
Reynolds and Weiss, Science, 1992;255:1707, disclose  the use of epidermal
growth factor (EGF) to induce the in  vitro proliferation of adult mouse
brain cells. Under  suitable conditions it was thought that the cells could
be  35 induced to differentiate into astrocytes and neurons. International
Patent Application No. WO-A-94/16059  discloses a technique for maintaining
a primary neuronal WO 03/035879 PCT/GB02/04828  



2 cell culture in vitro by culturing the cells in a serum-free  media
supplemented with at least one trophic factor.  International Patent
Application No. WO-A-97/10329 discloses an alternative technique, using a
conditionally- 5 immortalized cell line. This cell line comprises an
immortalizing temperature-sensitive oncogene which, under  permissive
conditions, maintains neuroepithelial stem cells  in the undifferentiated
state. Upon transplantation the  oncogene is switched off due to the higher
temperature of 10 the human body (37C) and the cells differentiate into the
cell types required to repair damage. The advantage of  using the oncogene
is that the cells are maintained in the  undifferentiated state until
transplantation, at which point  the cells differentiate, in response to
the specific damage, 15 into the phenotype of the damaged or lost cells. US
5688692  also discloses cells expressing a non-DNA-binding,
temperature-sensitive T antigen. Nestin is an intermediate filament
protein. Nestin  expression has been used extensively as a marker for stem
20 cells and progenitor cells in the central nervous system. The
down-regulation of nestin in vivo correlates with the  differentiation of
neural stem cells. Summary of the Invention The present invention is based
on the understanding  25 that the regulatory elements that control nestin
expression  can be utilised to regulate expression in cells transfected
with oncogenes. According to a first aspect of the invention, a
recombinant construct comprises a polynucleotide that  30 encodes a
conditionally-inducible oncogene operably linked to the enhancer element of
the second intron of the nestin  gene, or a functional fragment thereof.
According to a second aspect, a cell comprises a  construct as defined
above. 35 According to a third aspect, the constructs of the  invention are
used to conditionally immortalise a cell.  According to a fourth aspect,
the cells of the invention are used in the manufacture of a medicament for 



WO 03/035879 PCT/GB02/04828  3 transplantation to treat a disease caused by
cell loss or  damage. The enhancer is functional when the host cell is in
the  undifferentiated state, and so cell proliferation proceeds  5 by the
action of the oncogene. When the cell environment is switched to
non-permissive conditions, i.e. elevated  temperature, the oncogene is not,
or weakly, expressed and  the cell differentiates. The enhancer is also
non- functional on differentiation, and this provides a further 10
mechanism preventing unregulated expression of the oncogene.  Brief
Description of the Drawings The invention is described with reference to
the  accompanying drawings, wherein: Figure 1 is the pNes7l4/tk-HygroEGFP
construct where  15 a human nestin promoter containing the 714bp fragment
of the  nestin secondary intron is followed by the 160bp of the  basic HSV
tk promoter with a HygroEGFP gene acting as a  reporter gene, and a
selection marker; Figure 2 is the pNes374/tk-HygroEGFP construct where  20
a human nestin promoter containing the 374bp fragment of the  nestin
secondary intron is followed by the 160bp of the  basic HSV tk promoter, a
HygroEGFP gene acts as a report  gene, and a selection marker; Figure 3 is
the viral construct of pNes7l4/tk- 25 LTU19tsA58 where the U19tsA58
mutation of Large T gene is  driven by the nestin promoter Nes714/tk, the
neomycin  resistance gene is driven by a Long Terminal Repeat LTR, the
expression of the large T protein is controlled by a  regulatory promoter
of Nes714/tk and a temperature-sensitive  30 gene of the U19tsA58; Figure 4
is the viral construct of pNes374/tk- LTU19tsA58 where the U19tsA58
mutation of the Large T gene  is driven by the nestin promoter Nes374/tk,
the neomycin  resistance gene is driven by the Long Terminal Repeat LTR, 35
the expression of the large T protein is controlled by a  regulatory
promoter of Nes374/tk and a temperature-sensitive  gene of the U19tsA58; 



WO 03/035879 PCT/GB02/04828  4 Figure 5 is the viral construct of
pNes7l4/tk- SVU19tsA58 where the U19tsA58 mutation of the SV40gene is
driven by the nestin promoter Nes714/tk, the neomycin- resistance gene is
driven by the Long Terminal Repeat LTR, 5 the expression of the SV40 gene
is controlled by a  regulatory promoter of Nes714/tk, and a temperature-
sensitive gene of the U19tsA58 controls the large T protein  expression;
Figure 6 is the viral construct of pNes374/tk- 10 SVU19tsA58 where the
U19tsA58 mutation of the SV40 gene is  driven by the nestin promoter
Nes374/tk, the neomycin- resistance gene is driven by the Long Terminal
Repeat LTR,  the expression of the SV40 gene is controlled by a  regulatory
promoter of Nes374/tk, and a temperature 15 sensitive gene of the U19tsA58
controls the large T protein  expression; Figure 7 is the viral construct
of pNes7l4/tk- LTU19tsA58-IRES-C-myc where the nestin promoter Nes714/tk
drives both a mutated large T gene LTU19tsA58 and a C-myc 20 gene, an
internal ribosome entry site (IRES) is placed  between the two genes and
the neomycin-resistance gene is  driven by a Long Terminal Repeat LTR;
Figure 8 is the viral construct of pNes374/tk- LTU19tsA58-IRES-C-myc where
the nestin promoter Nes374/tk  25 drives both a mutated large T gene
LTU19tsA58 and a C-myc gene, an internal ribosome entry site (IRES) is
placed  between the two genes and the neomycin-resistance gene is  driven
by a Long Terminal Repeat LTR; Figure 9 is the viral construct of
pNes7l4/tk- 30 LTU19tsA58-IRES-hTERT where the nestin promoter Nes714/tk
drives both a mutated large T gene LTU19tsA58 and an hTERT  gene, an
internal ribosome entry site (IRES) is placed  between the two genes and
the neomycin-resistance gene is  driven by a Long Terminal Repeat LTR; 35
Figure 10 is the viral construct of pNes374/tk- LTU19tsA58-IRES-hTERT where
the nestin promoter Nes374/tk  drives both a mutated large T gene
LTU19tsA58 and an hTERT  



gene, an internal ribosome entry site (IRES) is placed WO 03/035879
PCT/GB02/04828  5 between two genes, and the neomycin-resistance gene is
driven by a Long Terminal Repeat LTR; Figure 11 illustrates the construct
pNes714/tk-myc- ERtam, where the nestin promoter Nes 714/tk is used to
drive  5 expression of c-myc and an estrogen receptor gene ERtam; and
Figure 12 illustrates the construct pNes374/tk-myc- ERtam, where the nestin
promoter Nes374/tk is used to drive  expression of c-myc and an estrogen
receptor gene ERtam.  Description of the Invention 10 The present invention
discloses methods for preparing  cells which are suitable for
transplantation therapy and  which are immortal up to the time of
transplantation. In general, the preparation of the cells, including the
preparation -of genetic constructs to be included in the  15 cells, is
based on conventional techniques known to those skilled in the art.
Suitable methods are also disclosed in  Sambrook et al, Molecular Cloning,
A Laboratory Manual  (1989), and Ausubel et al, Current Protocols in
Molecular  Biology (1995), John Wiley & Sons Inc. 20 The cells according to
the invention require a  conditionally-inducible oncogene to be present.
The term  "conditionally-inducible" is used herein to refer to  oncogenes,
the expression of which can be regulated under  certain conditions. The
oncogene will undergo expression 25 when so-called permissive conditions
are applied. For  example, some oncogenes are temperature-sensitive and are
only expressed when the temperature of their environment is  below a
certain value. The oncogenes are therefore not  unregulated, and can be
switched on and off, depending on 30 the environmental conditions. In one
embodiment of the  invention, the oncogene that is used is a
non-DNA-binding,  temperature-sensitive, mutant of the SV-40
large-T-antigen  gene (Ul9tsA58). Suitable alternatives are also known and
include the oncogene of the polyoma T-antigen. 35 Other methods for
preparing "conditionally-inducible"  oncogenes are well-known in the art
and include, for  



example, the fusion of the c-myc oncogene with various forms  of the
estrogen receptor (ER) gene. In one example WO 03/035879 PCT/GB02/04828  6
(Littlewood et al. Nucleic Acids Res., 1995; 23(10): 1686- 90), the human
c-myc gene is fused with the 4- hydroxytamoxifen-responsive mutant murine
estrogen receptor  gene (myc-ERtam). The fusion protein is only activated
when  5 4-hydroxytamoxifen is present. The oncogene is comprised on a
recombinant DNA or  retroviral vector or construct used to transduce/infect
the  cells. The terms "vector" and "construct" are used  interchangeably
herein. The vectors or constructs of the 10 invention further comprise the
enhancer element of the  second intron of the nestin gene. The enhancer and
oncogene  are operably linked so that the enhancer provides control  over
the expression of the oncogene. The enhancer is  therefore preferably
located upstream of the oncogene  15 sequence. The enhancer is preferably
that corresponding to the  human enhancer. In a further preferred
embodiment the  enhancer is either the 714bp or 374bp enhancer element of
the 3' portion of the second intron of the human nestin 20 gene. These are
identified in Lothian et al, Exp. Cell  Res., 1999; 248: 509-519. Suitable
enhancers are also  disclosed in Yasorsky et al, Developmental Biology,
1999;  205: 309-321 and Muller et al, Development, 1998; 125(16):
3087-3100. The content of each of these publications is  25 incorporated
herein by reference. Functional fragments of the enhancer element are also
within the scope of the invention. The term "functional  fragment" means
that a portion of the enhancer is present,  which can still exert a
regulatory effect. The use of the 30 term "fragment" includes substitutions
or additions to the  sequence of the enhancer. For example, single base
substitutions may be made without altering the ability of  the enhancer to
exert a regulatory effect. Suitable  fragments will have the ability to
hybridise to the 35 complement of the enhancer sequence under stringent  



hybridisation conditions and also exert a regulatory effect.  The
"stringent hybridisation conditions" are overnight incubation at 42C in a
solution comprising: 50% formamide, WO 03/035879 PCT/GB02/04828  7 5 x SSC
(150 mM NaCl, 15 mM trisodium citrate) , 50 mM sodium  phosphate (pH 7.6),
5 x Denhardt's solution, 10% dextran  sulphate, and 20 gg/ml denatured
sheared salmon sperm DNA,  followed by washing the filters in 0.1 x SSC at
about 65C. 5 The cells may also use a regulatable system at the  protein
level. The Myc-ERtam construct is the human c-Myc  protein fused with
4-hydroxytamoxifen responsive mutant  murine estrogen receptor. The fusion
protein is only  activated when 4-hydroxytamoxifen is presence. Additional
10 regulatory element Nes714/tk or Nes374/tk will be located  upstream of
the myc-ERtam gene. The dual control of gene  expression and protein
regulation enhances the tight control  of immortalisation of the cells. The
cells may also comprise an exogenous polynucleotide  15 that encodes at
least the catalytic sub-unit of the  telomerase complex. The term
"exogenous" is used herein in  its normal context to refer to the
polynucleotide introduced  into the cell, and distinguish from
naturally-occurring  endogenous polynucleotides. The catalytic sub-unit of
the 20 telomerase complex is an enzyme that acts like a reverse
transcriptase, and is known in the art. The human sub-unit  is disclosed in
GB-A-2317891. Additional regulatory  elements may also be present. For
example, additional  promoters may be located on the construct. A promoter
may 25 be present to regulate expression of the telomerase gene,  or may be
present as part of the construct to aid expression  of the oncogene.
Regulation of expression may be carried out by methods  known to the
skilled person. For example, regulation may  30, be effected using the long
terminal repeat (LTR) promoter. Alternative promoters will be apparent to
the skilled  person. For example, regulation may be effected using the
cytomegalovirus (CMV) promoter. The CMV promoter is a very  strong
promoter, and may be preferred when the cells are  



35 neural cells, e.g. neuroepithelial stem cells. Methods for introducing
suitable constructs into cells,  are known to the skilled person. WO
03/035879 PCT/GB02/04828  8 Any mammalian cell may be used in the present
invention. For example, the cell may be an endothelial  cell, and may be
used for the revascularisation of the leg,  heart and other organs.
Preferably, the cell is a human S somatic cell, e.g. human epithelial stem
cell, which is  capable of differentiation into a specific cell type. A
particularly preferred cell is an undifferentiated (or  precursor) human
neuroepithelial pluripotent cell which may  be used in neural
transplantation to repair cell loss or 10 damage and correct behavioral or
psychological deficits.  Alternatively, the cell may be a differentiated
cell, e.g.  the (3 cells of Islets of Langerhans. Additional cells may
include, but are not limited to, those obtainable from the  endocrine
glands, retinal cells, pancreatic cells, cochlear 15 cells, liver cells,
osteoblast and osteoclasts, myoblasts  and keratinocytes. Preferably, the
constructs are incorporated into the  cell during the early culture phase,
usually within the  first 10 cell divisions. 20 The transduced or infected
cells may be cultured under  conditions known to those skilled in the art.
It is  preferable that the cells are cultured under non-stressed
conditions. A skilled person will appreciate the conditions  suitable for
each particular cell type, based on  25 conventional culture techniques.
The recombinant cells of the invention may have use in  therapy. Methods
for the preparation of formulations for  delivery to a patient will be
apparent to the skilled  person. Suitable excipients, diluents etc, will
again be 30 apparent based on current practice in preparing cell-based
therapies. The amount of cells required for delivery will  vary depending
on the form of treatment, the severity of the  disease/damage, and the need
for applying multiple doses  over a treatment period. However, the skilled
person can 



35 readily determine the appropriate treatment based on  existing cell
transplantation therapies. The following Example further illustrates the
invention. WO 03/035879 PCT/GB02/04828  9  Example In this Example, the
regulation of Nes714/tk and  Nes374/tk promoters in neural precursor cells
is provided.  Nes714/tk and Nes374/tk promoters were constructed with 5
green fluorescent protein (GFP) acting as a reporter gene,  and
hygromycin-resistance gene (Hygror) functions as a  selection marker (see
Figure 1 and Figure 2). Nes714/tk and  Nes374/tk fragments were isolated
from pNes7l4/tk-LacZ and  pNes374/tk-LacZ constructs (Lothian et al., Eur.
J. 10 Neurosci, 1997; 9: 452-462 and Lothian, et al., 1999, supra)  by Not
I and Hind III restriction digestion. The pHygEGFP  construct (Clontech)
was digested with Bgl II and Nhe I to  remove the CMV promoter. All three
fragments, Nes714/tk,  Nes374/tk and pHygEGFP were treated with T4 DNA
polymerase 15 to generate blunt-ends. pNes7l4/tk-HygroGFP and pNes374/tk-
HygroEGFP constructs were generated by ligating Nes714/tk  and Nes374/tk
fragments into the blunt-end (Bgl II and Nhe  I sites) of pHygEGFP.
Constructs of the pNes7l4/tk-HygroGFP and pNes374/tk- 20 HygroGFP were
transfected into conditionally immortalized  human neural precursor cell
lines generated as described in  WO-A-97/10329 (the content of which is
incorporated herein  by reference), grown at the permissive temperature,
33C.  Transfected cells were subsequently selected under 25 hygromycin to
generate human neural precursor cell lines  containing pNes7l4/tk-HygroGFP
and pNes374/tk-HygroGFP  constructs. Pure GFP positive cells were cultured
for 3-7  days at 37C (with or without 10% serum) for a  differentiation
assay and at 33C (control) . At 37C, the 30 human neural precursor cell
lines start to differentiate and  down-regulation of GFP in these cells was
observed,  indicating that the pNes7l4/tk and pNes374/tk promoters are
regulated during the transition of human neural precursor  



cells into the differentiated state. The Nes714/tk and 35 Nes374/tk
promoters therefore serve as inducible promoters  that drive gene
expression exclusively in neural precursor  cells, but not in
differentiated cells. WO 03/035879 PCT/GB02/04828  10 A recent study has
indicated that no expression in CNS  in vivo was seen in the Nes714tk/lacZ
mice, however,  expression of the reporter gene was detected when CNS stem
cells were cultured ex vivo (J. Neurosci Res, 2002; 15: 784 5 794). It is
possible to expect further down-regulation of  GFP when nes714 tk-HygroGFP
is used in vivo. The difference  between in vitro and in vivo regulation of
Nes714tk may give  further advantage for the therapeutic application of the
described Nestin enhancer regulation system. 10 In another aspect of the
invention, the Nes714/tk and  Nes374/tk promoters were used to construct
various viral  constructs such as pNes7l4/tk-LTU19tasA58, pNes374/tk-
LTU19tsA58, pNes7l4/tk-SVU19tsA58, pNes374/tk-SVU19tsA58,
pNes7l4/tk-LTU19tsA58-IRES-C-myc, pNes374/tk-LTU19tsA58 15 IRES-C-myc,
pNes7l4/tk-LTU19tsA58-IRES-hTERT and pNes374/tk- LTU19tsA58-IRES-hTERT,
pNes7l4/tk-myc-ERtam and pNes374/tk- myc-ERtam (Figures 3 to 12). The
genes, LTU19tsA58,  SVU19tsA58, C-myc, myc-ERtam and hTERT used in these
constructs are used as the immortalising genes. LTU19tsA58 20 refers to the
temperature-sensitive Large T gene.  SVU19tsA58 refers to a
temperature-sensitive SV40 gene.  hTERT refers to the catalytic subunit of
the human  telomerase reverse transcriptase. Myc-ERtam refers to c-Myc
fused with 4-hydroxytamoxifen-responsive mutant murine  25 estrogen
receptor domain. The constructs provide dual control of gene expression
via both a regulatory promoter and a temperature-sensitive  mutation of the
gene or a pharmaceutically inducible gene.  In some constructs, two genes,
e.g. LTU19tsA58 and C-myc or 30 LTU19tsA58 and hTERT, were used. In this
case, LTU19tsA58  acts as an immortalising gene while C-myc and hTERT
function  as genes which stabilize the chromosome. WO 03/035879
PCT/GB02/04828  



11  CLAIMS 1. A construct comprising a polynucleotide that encodes  a
conditionally-inducible oncogene operably linked to the  enhancer element
of the second intron of the nestin gene,  5 or a functional fragment
thereof. 2. A construct according to claim 1, wherein the element  is
either the 714bp or 374bp element of the 3' portion of  the second intron
of the human nestin gene. 3. A construct according to claim 1, wherein the
oncogene  10 is c-myc or the temperature-sensitive mutant of the SV40
large T-antigen. 4. A construct according to any preceding claim, further
comprising a polynucleotide that acts as a promoter of the  oncogene. 15 5.
A construct according to claim 4, wherein the promoter  is the HSV tk
promoter. 6. A construct according to any preceding claim, further
comprising the catalytic sub-unit of the telomerase complex.  7. A
construct according to any of claims 1 to 5, further  20 comprising a myc
oncogene. 8. A cell comprising a construct according to any  preceding
claim. 9. A cell according to claim 8, which is a mammalian
undifferentiated pluripotent cell. 25 10. A cell according to claim 8 or
claim 9, which is an  undifferentiated, pluripotent human neuroepithelial
cell.  11. A cell according to any of claims 8 to 10, for  therapeutic use.
12. Use of a construct according to any of claims 1 to 7,  30 to
conditionally immortalise a cell. 13. Use according to claim 12, wherein -
the cell is as  defined in claim 9 or claim 10. 14. Use of a cell according
to any of claims 8 to 10, in  the manufacture of a medicament for
transplantation to treat  35 a disease caused by cell loss or damage. 


