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Cell line proﬁucing analgesic compounds for treating pain

Eield of the Invention

The present invention relates to a cell line

5 useful for the treatment of pain.

More particularly,

the cell line of this invention has been genetically

engineered to produce at least one analgesic compound

from each of the groups consisting of endorphins,

enkephalins, and catecholamines.

Pain is a common symptom of disease.

The

superficial dorsal horn of the spinal cord, where’

contains enkephalinergic

interneurons and high densities of opiate receptors.

there is a dense concentration of

noradrenergic fibers in the superficial laminae of the

Acute pain arises in response to acute

10 Backaround of the Invention
primary afferent fibers carrying nociceptive
information terminate,
15
In addition,
spinal cord.
20 noxious stimuli.

This
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neuropathic pain is the result of aberrant _
somatosensory processing that can result in increased
sensitivity to a painful stimulus {hyperalgesia) and
pain associated with a stimulus that does not usually
provoke pain (allodynia).

Intrathecal injection of morphine into the
spinal subarachnoid space produces potent analgesia.
Similarly, intrathecal administration of norepinephrine
or noradrenergic agonists alsc produces analgesia.
See, e.g., Sagen et al., Proc, Natl, Acad, Sci, USA,
83, pp. 7522-26 (1986). )

Co-administration of subeffective doses of
opiates, such as enkephalins, and catecholamines, such
as norepinephrine, may synergize to produce analgesia.
Ibid. Chromaffin cells in the adrenal medulla produce
and release several neuroactive.substances including
norepinephrine, epinephrine, met-enkephalin, leu-
enkephalin, neuropeptide Y, vasoactive intestinal
polypeptide, somatostatin, neurotensin, cholecystokinin
and calcitonin gene-related peptide. See, e.g., Sagen
et al., Prgc. Natl. Acad, Sci, USA, 83, pp. 7522-26

(1986); Sagen et al., Joux., Neurochem., 56, pp. 623-27
(1991).

Because chromaffin cells produce both opioid
peptides and catecholamines, one approach to reduction
of nociceptive response or pain sensitivity has
investigated transplanting adrenal medullary tissue, as
well as isolated adrenal chromaffin cells, directly
into CNS pain modulatory regions, in attempts to
provide analgesia. See, e.g., Sagen et al., Brain
Research, 384, pp. 189-94 (1986); Vaguero et al.,
Neuroreport, 2, pp. 149-51 (1991); Ginzberg and
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Seltzer, Brain Research, 523, pp. 147-50 (1990); Sagen
et al., Pain, 42. pp. 69~79 (1990).

Attempts to produce analgesic have been made
using both allogeneic and xenogeneic chromaffin tissue
or cells transplants. Allograft tissue is in limited
supply, and is not readily available, particularly for
in human pain treatment programs. In addition,
allogeneic human tissue carries the risk of pathogenic
contamination. . See e.g., Hama and Sagen, Brain
Research, 651, pp. 183-93 (1994).

Xenogeneic donors may provide large
quantities of material that can be readily obtained.
For this reason, bovine adrenal tissue has been uéed;
See, e.g., Hama and Sagen, Brain Research, 651,

PpP. 183-93 (1994).

However, potentially serious host
consequences, as well as ultimate graft rejection, are
inherent problems in transplantation between disparate
species. Complete graft rejection of whole or
dissociated tissue may occur even in the CNS, normally
thought to be immunologically privileged, due to
presence of highly antigenic cells in the xenografts,
particularly endothelial cells. In addition, the donor
tissue must be carefully screened to avoid introduction
of viral contaminants, or other pathogens, to the host.
To overcome graft rejection, immunosuppression is
required typically using cyclosporine A.

' Some reduction in pain sensitivity has been
reported resulting from these transplants, particularly
for the reduction of low intensity chronic pain. 1In
most reports, significant differences between control
and transplanted animals were noted only after nicotine
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administration to stimulate opioid peptide production.
However, there have been some reports that analgesia
has been observed in a rat chronic pain model from
basal level activity of chromaffin tissue allografts.
See, e.g., Vaquero et al., NeuroReport, 2, pp. 149-51
(1991) and Hama and Sagen, Brain Research, 651, pp.
183-93 (1994).

Bovine adrenal chromaffin cells have been
encapsulated to form a bioartificial organ ("BAO") for
implantation into rats for the. treatment of acute and
chronic pain. See, e.g., Sagen et al., J. Neurosci.,
13, pp. 2415-23 (1993) and Hama et al., Ith World
Congress Pain, Abstract 982, Paris France (1993) .
Initial trials in human subject have been conducted
using encapsulated bovine chromaffin cells. See,
Aebischer et al., Transplantation, 58, pp. 1275-77
(1994) .

There have also been attempts to induce
antinociception using other cells, e.g., AtT-20 cells.
AtT-20 cells were originally derived from a mouse
anterior pituitary tumor. These cells synthesize and
secrete B-endorphin. See, e.g., Wu et al., J. Neural
Iranspl. & Plasticity, 5, pp. 15-26 (1933).
AtT-20/hENK cells are AtT-20 cells that have been
genetically engineered to carry the entire human pro-
enkephalin A gene (i.e. containing 6 met-enkephalin
sequences and one leu-enkephalin sequence) with 200
bases of 5'-flanking sequence and 2.66 kilobases of 3'-
flanking sequence. See Wu et al., supra, Comb et al.,
EMBO J., 4, pp. 3115~-22 (1985).

Wu et al., J. Neural Transpl. & Plasticity,
5, pp. 15-26 (1993) refers to rat hosts transplanted
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with AtT-20 or AtT-20/hENK cells. Unstimulated AtT-
20/hENK cells produced more antinociception (tail flick
test)} than produced by AtT-20 implants. In contrast,
isoproterenol stimulation produced more antinociception
with AtT-20 cells than with AtT-20/hENK cells. Ibid.

In mice hosts, AtT-20 or AtT-20/hENK implants
did not affect basal response to thermal nociceptive
stimuli. Mice receiving AtT-20 implants developed
tolerance to BR-endorphin and a p-opioid agonist
(DAMGO) . Mice receiving AtT-2Q/hENK implants developed
tolerance to an d-opioid agonist (DPDPE). 1In response
to repeated doses of an p opiate agonist, mice : .
receiving AtT-20/hENK implants developed less tolerance
compared to mice receiving AtT-20 cells or controls.

The antinociceptive effect of isoproterenol
treatment appeared equal in mice receiving AtT-20 or
AtT-20/hENK cell implants. See, Wu et al., J.
Neuroscience, 14, pp. 4806-14 (199%4). Wu et al.
speculated that one reason for the absence of
additional antinociception in mice implanted with
enkephalin producing AtT-20/hENK cells may be due to
lack of sensitivity of the behavioral assays. Another
possible reason was that met-enkephalin's known
antagonist effect on morphine induced antinociception
offset the potentiating effect of the single
leu-enkephalin, particularly since there are 6 met-
enkephalin sequences for each leu-enkephalin sequence
in pro-ehkephalin A. '
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Summarv of the Invention

The present invention provides a cell line
that has been genetically engineered to produce at
least one analgesic compound from each of the groups
consisting of endorphins, enkephalins, and
catecholamines. The cell line may be used in the
treatment of pain.

There are advantages to using a cell line
over the use of primary cells. Expensive and time
consuming testing to ensure safety and performance
criteria for cells must be performed for individual
isolations of primary cells. Less testing is reqhired .
of a cell bank. There is no need to isoclate primary
cells. Output of the desired analgesicé may be more
stable since the performance of primary cells may be
dependent on the age, sex, health or hormonal status of
the donor animal. It is also possible to achieve
higher output of the desired products, as well as to
engineer specifically modified peptides into the cell
line. This permits delivery of multiple analgesics
simultaneously. Expression of one or more of the
analgesics can be regulated (by using a regulatable
promoter to drive expression). 1In addition, for
safety, a "suicide" gene can be incorporated into the
cell line. Further, for encapsulation purposes
proliferating cells have the advantage that they divide
to replace dying or dead cells.
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Brief D ipti f the Drawi

Figure 1 is a plasmid map of vector pBS-
hPOMC~-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-ARCTH-
029.

Figure 2 is a plasmid map of vectors pCEP4-
hPOMC-030, pCEP4-hPOMC-031, pcDNA3-hPOMC-034 and
PCDNA3-hPOMC-035.

Figure 3 is a plasmid map of vectors pCEP4-
hPOMC~AACTH~032, pCEP4-hPOMC~AACTH-033, pcDNA3-hPOMC-
AACTH-36 and pcDNA3-hPOMC-AACTH-037. )

Figure 4 is a plasmid map of vectors pcDNA3-
rTH-044, PCDNA3-rTHA-045, and pcDNA3-rTHDKS-075 (also
represented as pcDNA3-rTHAKS~075). '

Figure 5 is a plasmid map of vectors pcDNA3-
rTHA-IRES-bDBH-088 and pcDNA3-rTHAKS-IRES-bDBH-076.

Figure 6 is a plasmid map of vector pZeo-
Pcmv-rTHAKS~IRES-bDBH~088.

Figure 7 is a plasmid map of vector pBS-Pcmv-
rTHAIRES-bDBH-067.

Figure 8 is a plasmid map of vector pBS-
hPOMC-AACTH-IRES~-rTHAIRES-bDBH-068.

Figire 9 is a plasmid map of vector pcDNA3-
hPOMC-ARCTH-IRES-rTHA-IRES-bDBH-069.

Figure 10 is a plasmid map of vector pcDNA3-
IRES~Zeocin-072.

Figure 11 is a plasmid map of vector PCDNA3~-
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin-073.

Figure 12 is a plasmid map of vector pcDNA3-
hPROA+KS-091.
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Detailed T inti f the Inventi

In order that this invention may be more
fully understood, the following detailed description is
set forth.

Any suitable cell may be transformed with the
recombinant DNA molecules of this invention. Among the
contemplated cells are chromaffin cells, including
conditionally immortalized chromaffin cells such as
those described in WO 96/02646, Neuro-2A, PCl2, PCl2a,
SK~N-MC, AtT-20, and RIN cells including RINa and RINb.
Preferably the cell has endogenous prohormone '
convertases and/or dopa decarboxylases. )

SK-N-MC cells, a neuroepithelioma cell line,
co-expresses several neuropeptides, including
enkephalin, cholecystokinin and gastrin-releasing
peptide. See, e.g., Verbeeck et al., J. Biol, Chem.,
265, pp. 18087-090 (1990). The pro-enkephalin A gene
has been expressed in SK-N-MC cells. See, e.gd.,
Folkesson et al., Mol. Brain Res., 3, pp. 147-54
(1988). We prefer AtT-20 and RIN cells, most
preferably RIN cells.

RIN cells are a pancreatic endocrine cell
line derived from rat. See, e.g., Horellou et al.,

J. Phvsiol., 85, pp. 158=70 (1991). RIN cells are
known to endogenously produce GABA and R-endorphin.

Some of the characteristics of various
contemplated cells are shown in Table 1.
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Table 1
Cells Anaigesic Substances Other Components
Chromaffin NE, met-enkephalin TH, DDC, DBH, PC
PC12,PC12a low NE & met-enkephalin DDC, DBH, PC
5 AlT-20 B-endorphin pDbC, PC
RiINa B-endorphin, GABA DDC, PC
RINb p-endorphin DODC, PC
Neuro 2A DDC, DBH, PC
TH= Tyrosine hydroxylase converts tyrosine - l-dopa
100 DDC= Dopamine decarboxylase converts i-dopa - dopamine (DA)
DBH = Dopamine p-Hydroxyiase converts DA ~ norepinephrine {NE)
PC= Prohormone Convertases process POMC to B-endorphin and Pro-
enkephalin A (ProA) to met-enkephalin.
AtT20 = Mouse pituitary corticotroph cell line that endogenously secretes p-endorphin
15 via expression of Pro-opiomelanocortin (POMC).

RIN= Ratinsulinoma
Neuro2A=  Mouse neuroblastoma

The primary delivery products include at

least one each of an endorphin, an enkephalin and a
20 catecholamine.

Enkephalins and endorphins are endogenous
opioid peptides in humans. These opioid peptides
comprise approximately 15 compounds ranging from 5 to
31 amino acids. These compounds bind to and act at

25 least in part via the same u opioid receptor as
morphine, but are chemically unrelated to morphine. 1In
addition, these compounds stimulate other opiate
receptors. Yaksh and Malmberq, Textbook of Pain, 3rd
Ed. (Eds. P. Wall and R. Melzack}, "Central

30 Pharmacology of Nociceptive Transmission," pp. 165-200,
1994 (New York).

The opioid peptides have common chemical
properties, but are synthesized in different pathways.
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B-endorphin, the most abundant endorphin, is
synthesized as part of a larger precursor molecule,
pro-opiomelanocortin ("POMC"). The POMC molecule
contains the full sequence of adrenocorticotrophic
hormone ("ACTH"), a-melanocyte-stimulating hormone
("o~-MSH"), B-MSH, and B-lipotropin. The POMC precursor
molecule also has the potential to generate other
endorphins, including a-endorphin and gamma-endorphin.
Processing of the POMC precursor occurs differently )
within various tissues according to the localization of
cleavage enzymes, such as prohormone convertases, '
within those tissues. o

In the pituitary, POMC is cleaved to prodﬁce
ACTH and B-endorphin, and the ACTH is not further
processed. In contrast, in the hypothalamus, ACTH is
converted to R-MSH. While different cell types may
synthesize the same primary gene product, the final
profile of hormone secretion may differ widely.

This invention contemplates use of a DNA
sequence encoding any suitable endorphin that has
analgesic activity. 1In addition, analogs or fragments
of'these endorphins that have analgesic activity are
also contemplated. Thus the endorphin to be produced
by the cells of this invention may be characterized by
amino acid insertions, deletions, substitutions and
modifications at one or more sites in the naturally
occurring amino acid sequence of the desired endorphin.
We prefer conservative modifications and substitutions
{i.e., those having a minimal effect on the secondary
or tertiary structure of the endorphin and on the
analgesic properties of the endorphin). Such
conservative substitutions include those described by
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Dayhoff in Atlas of Protein Sequence and Structure, 5,
(1978) and by Argos, Embo J., 3, pp. 779-85 (1989).

Techniques for generating such variants of
naturally occurring endorphins are well known. For
example, codons in the DNA sequence encoding the wild
type endorphin may be altered by site specific
mutagenesis.

This invention contemplates using a DNA
sequence encoding the entire POMC precursor molecule.
This embodiment takes advantage of the host cell's
cleavage enzymes (i.e., Prohormone convertase 2) to -
generate a suite of endorphins, some or all of wh;éh
may have analgesic properties. )

This invention also contempldtes use of DNA
fragments of the POMC gene that encode a particular
desired endorphin. )

The DNA and amino acid sequence of POMC are
well known. Cochet et al., Nature, 297, pp. 335-9
(1982); Takahashi et al., Nucl. Acids Res., 11,
pPp. 6847-58 (1983).

We prefer a DNA sequence encoding POMC in
which the ACTH coding region has been deleted. The
preferred endorphin encoded by this construct is
B-endorphin.

Some enkephalins are synthesized in the
adrenal glands as part of a large protein, pro-
enkephalin A, that contains six repeats of the Met-
enkephaiin sequence and one Leu-enkephalin structure.
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and
Met-enkephalin-Arg-Gly-Leu have significant
antinociceptive activity. See, e.g., Sagen et al.,
Brain Res., 502, pp. 1-10 (1989).
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Other enkephalins, i.e., dynorphins and neo-

.endorphins are derived from a distinct molecule, pro-

enkephalin B. Additional "cryptic" peptides are also
encoded within the structure of these precursor
proteins, and may be released by "pro-hormone-type”
cleavage. See, e.g., Harrison's "Principles Of
Internal Medicine”, 12th Edition, pp. 1168-69 (1991).

This invention contemplates use of a DNA
sequence encoding any suitable enkephalin that has
analgesic activity. Analogs and active fragments that
have analgesic properties are also contemplated. Such
analogs or fragments may thus have amino acid . '
insertions, deletions, substitutions at one or more
sites in the naturally occurring amino ‘acid sequence.
Such variants may be generated as described above.

This invention contemplates use of a DNA
sequence encoding a desired enkephalin in its "mature"
form. In addition, this invention contemplates using a
DNA sequence encoding the entire pro-enkephalin A
precursor, or the entire pro-enkephalin B precursor.
Further, we also contemplate using DNA encoding a
fusion, or fragment of these sequences, that upon
expression yields one or more enkephalin-like molecules
that have analgesic properties.

We prefer use of a DNA sequence encoding the
entire pro-enkephalin A precursor molecule. The DNA
and amino acid sequence of pro-enkephalin A are well
known. - Folkesson, supra. This embodiment takes
advantage of the host cell's cleavage enzymes, such as
prohormone convertase, to generate a suite of
enkephalins, some or all of which may have analgesic
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properties. The preferred enkephalin encoded by this
construct is Met-enkephalin.

There are three naturally occurring
‘catecholamines which function as neurotransmitters in
the central nervous system; norepinephrine ("NE"),
epinephrine ("E"), and dopamine. NE is associated with
postganglionic sympathetic nerve endings. NE exerts
its effects locally in the immediate wvicinity of its

release.

Catecholamines are synthesized from the: amino
acid tyrosine, which is sequentially hydroxylated to
form dihydroxyphenylalanine (dopa), decarboxylated to
form dopamine, and then hydroxylated on the beta
position of the side chain by dopamine beta hydroxylase
to form NE. Harrison's, supra, pp. 380. NE is
N-methylated to E by phenylethanolamine-N
methyltransferase ("PNMT").

Hydroxylation of tyrosine by tyrosine
hydroxylase ("TH") is the rate limiting step in NE
synthesis. Regulation of dopa and NE synthesis in the
adrenal medulla may be accomplished by changes in the
amount and the activity of TH.

In addition, regulation of synthesis of E
from NE may occur by changes in the amount and the
activity of phenylethanolamine-N-methyltransferase
("PNMT"). PNMT is inducible by glucocorticoids from
the adrenal cortex. Ibid.

. Catecholamines are maintained in high
concentration in adrenal medullary chromaffin tissue,
mostly as E. Opioid peptides are also stored in the
adrenal gland.
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NE and E have similar affinities at oy
receptors and therefore both potentially contribute to
analgesia. Bylund, EASEB J., 6, PP. 832-39 (1992).
The enkephalin peptides that predominantly include met-
enkephaiin selectively activate delta (8) opioid
receptors. Reisine and Bell, Irends Neurosci., 16,
pp. 506-10 (1993). Activation of a, adrenergic and &
opioid receptors in the spinal cord each result in
antinociception and are potentially synergistic. Yaksh
and Malmberg, Erogress in Pain Research and Management,
Vol. 1, Ed. Fields and Lisbeskind, IASP Press, -:Seattle,
pp. 141-71 (1994). Activation of & wversus (1) opioid
receptors in experimental animals results in fewer
adverse side effects including constipation and
addiction liability (Lee et al., J, Pharmacol. Fxp.
Ther., 267, pp. 883-87 (1993). The combined delivery
of different opioidergic and adrenergic agents may
decrease the magnitude of tolerance that develops to a
single agent and lead to sustained pain relief. Yaksh
and Reddy, Anesthesiol., 54, pp. 451-67 (1981).

This invention contemplates use of a DNA
sequence encoding catecholamine biosynthetic enzymes or
analogs or fragments thereof to obtain catecholamines
that have analgesic properties. The preferred
catecholamines in this invention are NE and E.

. In one embodiment, the host cell is
transformed with the genes necessary to accomplish
production of NE or E, as desired. The selection of
heterologous gene sequences required depends upon the
complement of catecholamine synthesizing enzymes
normally occurring in the host cell. For example, RIN
cells, and AtT-20 cells lack tyrosine hydroxylase
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("TH") and dopamine beta hydroxylase ("DBH"). However,
RIN and AtT-20 cells contain endogenous dopa
decarboxylase ("DDC"). If the desired catecholamine is
E, then the gene encoding PNMT is also required. The
gene encoding PNMT is known. Baetge et al., Proc.
Nat'l Acad, Sci,, 83, pp. 5455-58 (1986).

The gene encoding TH is known. See, e.g.,
United States patent 5,300,436, incorporated herein by
reference. Modified TH variants are also known.

United States patent 5,300,436. In addition, truncated
versions of TH that contain the necessary C-terminal
catalytic domains are also known. See, e.g., Daubner
et al., Protein Science, 2, pp. 1452-60 (1993).

AtT-20 cells have been transformed with wild
type TH, as well as various TH muteins. See, e.g., Wu
et al., J. Biol. Chem., 267, pp. 25754-758 (1992).

The sequence of the DBH gene is also well
known. See, e.g., Lamoroux et al., EMBO J,, 6,
pp. 3931-37 (1987).

It will be appreciated that in addition to
the preferred DNA sequences described herein, there
will be many degenerate DNA sequences that code for the
desired analgesics.

Secondary compounds with potential analgesic
action may also be produced by the cells of this
invention. Such compounds include galanin and
somatostatin. In addition, neuropeptide Y, neurotensin
and cholecystokinin may be produced by the transformed
cells of this invention. The cells of this invention
may normally produce some or all of these compounds, or
may be genetically engineered to do so using standard
techniques.
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Standard methods may be used to obtain or
synthesize the genes encoding the analgesic compounds
to be produced by the cells of this invention.

For example, the complete amino acid sequence
of the desired compound may be used to construct a
back-translated gene. A DNA oligomer containing a
nucleotide sequence coding for the desired analgesic
compound may be synthesized. For example, several
small oligonucleotides coding for portions of each
desired polypeptide may be synthesized and then
ligated. The individual oligonucleotides typically
contain 5' or 3' overhangs for assembly.

The DNA sequence encoding each desired
analgesic compound, may or may not also include DNA
sequences that encode a signal segquence. Such signal
sequence, if present, should be one recognized by the
cell chosen for expression of the analgesic compound.
It may be prokaryotic, eukaryotic or a combination of
the two. It may also be the signal sequence of the
native compound. It generally is preferred that a
signal sequence be encoded and most preferably that the
native signal sequence be used.

Once assembled, the DNA sequences encoding
the desired compounds will be inserted into one or more
expression vectors and operatively linked to expression
control sequences appropriate for expression in the
desired_transformed cell.

Proper assembly may be confirmed by
nucleotide sequencing, restriction mapping, and
expression of a biologically active polypeptide in the
transformed cell. As is well known in the art, in
order to obtain high expression levels of a transfected
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gene in a host, the gene must be operatively linked to
transcriptional and translational expression control
sequences that are functional in the chosen expression
cell.

The choice of expression control sequence and
expression vector will depend upon the choice of cell.
A wide variety of expression host/vector combinations
may be employed. Useful expression vectors for
eukaryotic hosts, include, for example, vectors
comprising expression control sequences from SV40,
bovine papilloma virus, adenovirus and cytomegalovirus:

We prefer pcDNA3, pCEP4, pZeoSV (InVitroéen,
San Diego) and pNUT.

Any of a wide variety of expression control
sequences may be used in these vectors. Such useful
expression control sequences include the expression
control sequences associated with structural genes of
the foregoing expression vectors. Examples of useful
expression control sequences include, for example, the
early and late promoters of SV40 or adenovirus, the
promoter for 3-phosphoglycerate kinase or other
glycolytic enzymes, the promoters of acid phosphatase,
e.dg., Pho5, the promoters of the yeast a-mating system
and other sequences known to control the expression of
genes of eukaryotic cells or their viruses, and various
combinations thereof.

It should of course be understood that not
all vecfors and expression control sequences will
function equally well to express the DNA sequences
described herein. Neither will all cells function
equally well with the same expression system. However,
one of skill in the art may make a selection among
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these vectors, expression control sequences and cells
without undue experimentation. For example, in
selecting a vector, the host cell must be considered
because the vector must replicate in it. The vector's
copy number, the ability to control that copy number,
and the expression of any other proteins encoded by the
vector, such as antibiotic markers, should also be
considered.

In selecting an expression control seguence,
a variety of factors should alsoc be considered. These
include, for example, the relative strength of the
sequence, its controllability, and its compatibility
with the actual DNA sequence encoding the desired
analgesic compounds, particularly as regards potential
secondary structures. Host cells should be selected by
consideration of their compatibility with the chosen
vector, the toxicity of the product coded for by the
DNA sequences, their secretion characteristics, their
ability to fold the polypeptides correctly, and their
culture requirements. If the host cell is to be
encapsulated, cell viability when encapsulated and
implanted in a recipient should also be considered.

Within these parameters, one of skill in the
art may select various vector/expression control
sequence/host combinations that will express the
desired DNA sequences in culture.

In one embodiment, cells (e.g., RIN cells)
are seqﬁentially transformed with 4 separate expression
vectors containing the POMC gene, the pro-enkephalin A
gene, the TH gene and the DBH gene. In such a
transformed host cell, amplification of copy number of

the heterologous genes is more difficult to achieve.
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Thus use of fewer expression vectors is preferred. Most
preferably, a single expression vector, containing all
4 heterologous genes, is used.

In a particular embodiment RIN cells are
sequentially transformed with 3 expression vectors.

The first vector contains the POMC gene operably linked
to the CMV promoter. Preferably a truncated version of
the POMC gene is used, having the ACTH coding region
deleted. The second vector contains the pro-enkephalin
A gene operably linked to the CMV promoter. Preferably
the proA construct contains the Kozak sequence - -
immediately upstream of the start codon. The third
vector contains both the TH gene (preferably truncated
and having the Kozak consensus sequence immediately
upstream of the start codon) and the DBH gene. In this
embodiment, the TH gene is operably linked to the CMV
promoter. The DBH gene is operably linked to an
internal ribosome entry site promoter sequence. RIN
cells are then transformed sequentially with each
expression vector according to known protocols.

In another embodiment, a single expression
vector containing the pro-enkephalin A gene, the POMC
gene, the TH gene, and the DBH gene is constructed.
Preferably, the ACTH region of the POMC gene is
deleted. Preferably the TH gene is truncated.

Multiple gene expression from a single
transcript is preferred over expression from multiple
transcription units. One approach for achieving
expression of multiple genes from a single eukaryotic
transcript takes advantage of sequences in picorna
viral mRNAs known as internal ribosome entry sites
("IRES"). These sites function to facilitate protein
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translation from sequences located downstream from the
first AUG of the mRNA.

Macejak and Sarnow reported that the 5'
untranslated sequence of the immunoglobulin heavy chain
binding protein (BiP, also known as CRP 78, the
glucose-regulated protein of molecular weight 78,000}
mRNA can directly confer internal ribosome binding to
an mRNA in mammalian cells, in a 5'-cap independent
manner, indicating that translation initiation by an
internal ribosome binding mechanism is used by this’
cellular mRNA. Nature 353, pp. 90-94 (1991). '

WO 94/24870 refers to use of more than two
IRES for translation initiation from a single.
transcript, as well as to use of multiple copies of the
same IRES in a single construct.

This invention also contemplates use of a
"suicide" gene in the transformed cells. Most
prefefably, the cell carries the TK (thymidine kinase)
gene as a safety measure, permitting the host cell to
be killed jin yivo by treatment with gancyclovir.

Use of a "suicide" gene is known in the -art.
See, e.g., Anderson, published PCT application
WO 93/10218; Hamre, published PCT application
WO 93/02556. The recipient's own immune system
provides a first level of protection from adverse
reactions to the implanted cells. If encapsulated, the
polymer cépsule itself may be immuno-isolatory. The
presencé of the TK gene (or other suicide gene) in the
expression construct adds an additional level of safety
to the recipient of the implanted cells.

Preferred vectors for use in this invention
include those that allow the DNA encoding the analgesic
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compounds to be amplified in copy number. Such
amplifiable vectors are well known in the art. They
include, for example, vectors able to be amplified by
DHFR amplification (see, e.g., Kaufman, United States
Patent 4,470,461, Kaufman and Sharp, "Construction Of A
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of
Signals Utilized For Efficient Expression”, Mol. Cell.
Biol,, 2, pp. 1304-19 (1982)) or glutamine synthetase
("GS") amplification (see, e.g., United States patent
5,122,464 and European published application 338,841).
Such amplification can be used to increase output of
the desired analgesic compounds.

Other techniques for increasing the output of
the desired analgesic compounds are contemplated. For
example, subcloning existing polyclonal cell lines is
contemplated. Cells are cloned by limiting dilution to
a single cell in each well. Cell clones are cultures,
and the clones are tested to select the clone with the
highest output of analgesic substances.

Another technique for increasing the output
of the desired analgesic compounds involves cloning
altered forms of biosynthetic enzymes with higher
activity thaﬁ the wild type form (i.e., the truncated
TH 1-155). Some truncated forms of TH have 4-6 times
increased activity over the wild type form of TH. See,
e.g., Daubner et al., "Expression and characterization
of catalytic and regulatory domains of rat tyrosine
hydroxylase” Protein Science, 2, pp. 1452-60 (1993).

In addition, use of tyrosine-free media to
select to increase tetrahydrobiopterin cofactor levels
may potentially increase tyrosine hydroxylase activity.
See, e.g., Horellou et al., "Retroviral transfer of a
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human tyrosine hydroxylase c¢DNA in various cell lines;
regulated release of dopamine in mouse anterior
pituitary AtT-20 cellé“, Proc, Natl. Acad. Sci. USA,
86, pp. 7233-37 (1989).

Preferably, the output of R-endorphin ranges
between 1 and 10,000 pg/10° cells/hr. Preferably, the
output of met-enkephalin ranges between 1 and 10, 000
pg/10% cells/hr. Preferably, the output of
catecholamines ranges between 1 and 1,000 pmoles/10°
cells/hr.

The cells of this invention may be implanted
into a mammal, including a human, for the treatment.of
pain. If implanted unencapsulated, any suitable e
implantation protocol may be used, including those
outlined by Sagen et al., United States patent
4,753,635, incorporated herein by reference.

It may be desirable to encapsulate the
genetically modified cells of this invention before
implantation. Such encapsulated cells form a
biocartificial organ ("BRAO"). BAOs may be designed for
implantation in a recipient or can be made to function
extra-corporeally. The BAOs useful in this invention
typically have at least one semipermeable outer surface
membrane or jacket surrounding a cell-containing core.
The jacket permits the diffusion of nutrients,
biologically active molecules and other selected
products through the BAO. The BAO is biocompatible.

" In some cases, the membrane may serve to also
immunoisolate the cells by blocking the cellular and
molecular effectors of immunological rejection. The
use of immunoisolatory membranes allows for the
implantation of allo and xenogeneic cells into an
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individual without the use of immunosuppression. If
biologically active molecules are released from the
isolated cells, they pass through the surrounding
semipermeable membrane into the recipient's body. If
metabolic functions are provided by the isolated cells,
the substances to be metabolized enter the BAO from the
recipient's body through the membrane to be acted on by
the cells.

A variety of types of membranes have been
used in the construction of BAOs. Generally, the |
membranes used in BAOs are either microporous ot
ultrafiltration grade membranes. A variety of membrane
materials have been suggested for use in BAOs,
including PAN/PVC, polyurethanes, polysufones,
polyvinylidienes, and polystyrenes. Typical membrane
geometries include flat sheets, which may be fabricated
into "sandwich" type constructions, having a layer of
living cells positioned between two essentially planar
membranes with seals formed around the perimeter of the
device. Alternatively, hollow fiber devices may be
used, where the living cells are located in the
interior of a tubular membrane. Hollow fiber BAOs may
be formed step-wise by loading living cells in the
lumen of the hollow fiber and providing seals on the
ends of the fiber. Hollow fiber BAOs may also be
formed by a coextrusion process, where living cells are
coextruded with a polymeric solution which forms a
membrane'around the cells.

BAOs have been described, for example, in
United States patent Nos. 4,892,538, 5,106,627,
5,156,844, 5,158,881, and 5,182,111, and PCT
Application Nos. PCT/US/94/07015, WO 92/19195, WO
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93/03901, and WO 91/00119, all of which are
incorporated herein by reference.

BAOs may contain other components that
promote long term survival of the encapsulated cells.
For example, WO 82/19195 refers to implantable
immunocisolatory biocompatible vehicles having a
hydrogel matrix for enhancing cell viability.

The encapsulating membrane of the BAO may be
made of a material which is the same as that of the
core, or it may be made of a different material. In
elther case, a surrounding or péripheral membrane
region of the BAO which is permselective and
biocompatible will be formed. The membrane may aiso be
constructed to be immunoisolatory, if desired. The
core contains isolated cells, either suspended in a
liquid medium or immobilized within a hydrogel matrix.

The choice of materials used to construct the
BAO is determined by a number of factors and is
described in detail in Dionne WO 92/19195. Briefly,
various polymers and polymer blends can be used to
manufacture the capsule jacket. Polymeric membranes
forming the BAO and the growth surfaces therein may
include polyacrylates (including acrylic copolymers),
polyvinylidenes, polyvinyl chloride copolymers,
polyurethanes, polystyrenes, polyamides, cellulose
acetates, cellulose nitrates, polysulfones,
polyphosphazenes, polyacrylonitriles,
poly(acrylonitrile/covinyl chloride), as well as
derivatives, copolymers and mixtures thereof.

BAOs may be formed by any suitable method
known in the art. One such method involves coextrusion
of a polymeric casting solution and a coagulant which
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can include biological tissue fragments, organelles, or
suspensions of cells and/or other therapeutic agents,
as described in Dionne, WO 92/19195 and United States

‘Patents 5,158,881, 5,283,187 and 5,284,761,

incorporated herein by reference.

The jacket may have a single skin or a double
skin. A single-skinned hollow fiber may be produced by
quenching only one of the surfaces of the polymer
solution as it is co-extruded. A double-skinned hollow
fiber may be produced by quenching both surfaces of the
polymer solution as it is co-extruded.

Numerous capsule configurations, such.as
cylindrical, disk-shaped or spherical are possible.

The jacket of the BAO will have a pore size
that determines the nominal molecular weight cut off
(nMWCO} of the permselective membrane. Molecules
larger than the nMWCO are physically impeded from
traversing the membrane. Nominal molecular weight cut
off is defined as 90% rejection under convective
conditions. In situations where it is desirable that
the BAO is immunoisolatory, the membrane pore size is
chosen to permit the particular factors being produced
by the cells to diffuse out of the vehicle, but to
exclude the entry of host immune response factors into
the BAO. Typically the nMWCO ranges between 50 and 200
kD, preferably bétween 90 gnd 150 kD. The most
suitable membrane composition will also minimize
reactivify between host immune effector molecules known
to be present at the selected implantation site, and
the BAO's outer membrane components.

The core of the BAO is constructed to provide
a suitable local environment for the particular cells
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isolated therein. The core can comprise a liquid
medium sufficient to maintain cell growth. Liquid
cores are particularly suitable for maintaining
transformed cell lines like PC12 cells. Alternatively,
the core can comprise a gel matrix. The gel matrix may
be composed of hydrogel (alginate, "Vitrogen™", etc.)
or extracellular matrix components. See, e.g., Dionne
WO 92/19195.

Compositions that form hydrogels fall into
three general classes. The first class carries a pet
negative charge (e.g., alginate). The second c;asé
carries a net positive charge (e.g., collagen and
laminin). Examples of commercially available
extracellular matrix components include Matrigel™ énd
Vitrogen™. The third class is net neutral in charge
(e.g., highly crosslinked polyethylene oxide, or
polyvinylalcohol).

Any suitable method of sealing the BAOC may be
used, including the employment of polymer adhesives
and/or crimping, knotting and heat sealing. These
sealing techniques are known in the ért. In addition,
any suitable "dry" sealing method can also be used. In
such methods, a substantially non-porous fitting is
provided through which the cell-containing solution is
introduced. Subsequent to filling, the BAO is sealed.
Such a.method is described in copending United States
application Serial No. 08/082,407, herein incorporated
by reference.

One or more in vitro assays are preferably
used to establish functiomnality of the BAO prior to
implantation in vive. Assays or diagnostic tests well
known in the art can be used for these purposes. See,
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e.g., Methods In Enzvmologv, Abelson ([Ed], Academic
Press, 1993. For example, an ELISA (enzyme-linked
immunosorbent assay), chromatographic or enzymatic
assay, or bioassay specifié for the secreted product
can be used. If desired, secretory function of an
implant can be monitored over time by collecting
appropriate samples (e.g., serum) from the recipient
and assaying them. If the recipient is a primate,
microdialysis may be used.

The number of BAOs and BAO size should be
sufficient to produce a therapeutic effect upon
implantation is determined by the amount of biologibﬁl '
activity required for the particular application. 1In
the case of secretory cells releasing therapeutic
substances, standard dosage considerations and criteria
known to the art are used to determine the amount of
secretory substance required. Factors to be considered
are discussed in Dionne, WO 92/19195.

Implantation of the BAO is performed under
sterile conditions. Generally, the BARO is implanted at
a site in the host which will allow appropriate
delivery of the secreted product or function to the
host and of nutrients to the encapsulated cells or
tissue, and will also allow access to the BAO for
retrieval and/or replacement. The preferred host is a
primate, most preferably a human.

A number of different implantation sites are
contemplated. These implantation sites include the
central nervous system, including the brain, spinal
cord, and agqueous and vitreous humors of the eye.
Preferred sites in the brain include the striatum, the

cerebral cortex, subthalamic nuclei and nucleus Basalis
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of Meynert. Other preferred sites are the
cerebrospinal fluid, most preferably the subarachnoid
space and the lateral ventricles. This invention also
contemplates implantation into the kidney subcapsular
site, and intraperitoneal and subcutaneous sites, or
any other therapeutically beneficial site.

In order that this invention may be better
understood, the following examples are set forth.
These examples are for purposes of illustration only,
and are not to be construed as limiting the scope of
this invention in any manner.

Examples
Cons ] £ Polvcist ic E .

Construction of IgSP-POMC Fusion

The SmalI-Sall fragment containing the human
POMC exon 3 was subcloned into pBS cloning vector
(Stratagene). See Takahashi, supra; Cochet, supra.
The resulting plasmid was named as pBS-hPOMC-027. See
Fig. 1.

A PCR fragment was generated using two
cligonucleotide primers, termed oCNTF-003 (SEQ ID
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT
plasmid containing the human CNTF gene. See Baetge
et al., Proc, Natl, Acad. Sci. USA, 83, pp. 5454-58
(1986) . Both primers oCNTF-003 and olIgSP-018, contain
synthetic BamHI and Smal restriction sites,
respectively, at the 5' ends.

The 126 base pair (bp) PCR fragment was
digested with restriction endonucleases BamHI and the
Smal-isoschizomer Xmal, and electrophoresed through an
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1% SeaPlaque agarose. The 193 bp HindIII/XmaI DNA
fragment was excised and purified using the FMC
SpinBind DNA purification kit (FMC BioProducts,
Rockland, ME). -

pBS~-hPOMc-027 was also digested with BamHI
and Xmal and purified from 1% SeaPlaque agarose using
the FMC SpinBind DNA purification kit (FMC BioProducts,
Rockland, ME). The ligation mixture was transformed
into E. coli DHS5x (Gibco BRL, Gaithersburg, MD).

Positive sub-clones were initially identified
by the cracking gel procedure (Promega Protocols and
Applications Guide, 1991). Minilysate DNA was then
prepared using the FMC SpinBind DNA purification kit
(FMC BioProducts, Rockland, ME) and subject to BamHI
and Smal restriction digestions. The positive sub-
clone was named as pBS-IgSP-hPOMC-028. See Fig. 1.
The nucleotide sequence of the fusion junction in pPBS~
IgSP-hPOMC-028 was determined by the dideoxynucleotide
sequence determination using the Sequenase kit (USBC,
Cleveland). The sequence of the IgSP-hPOMC fusion is
shown in SEQ ID NO: 3.

Construction of IgSP-POMC Expression Vectors "

The IgSP-hPOMC DNA fragment in pBS-IgSP-
hPOMC-028 was subcloned into pcDNA3 (Invitrogen Corp.,
San Diego, CA) and pCEP4 (Invitrogen Corp., San Diego,
CA} in sense and anti-sense orientations.

' The NotI-Sall IgSP-hPOMC fragment from pBS-
1gSP-hPOMC-028 was ligated with the NotI-Xhol digested
PCEP4 resulting in the sense orientation clone named as
PCEP4~-hPOMC-030. Fig. 2. The BamHI-Sall IgSP-hPOMC
fragment from pBS-IgSP-hPOMC-028 was ligated with the
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BamHI~-Xhol digested pCEP4 resulting in the anti-sense
orientation clone named as pCEP4~hPOMC-031. Fig. 2.
The insert orientation in pCEP4-hPOMC-030 and -031 was
confirmed by BamHI, NotI, Sall and NotI/Sall
restriction digestions as well as by dideoxynucleotide
sequence determination using the Sequenase kit (USBC,
Cleveland).

The BamHI-Sall IgSP-hPOMC fragment from pBS-
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested
PcDNA3 resulting in the sense orientation clone named

- as pcDNA3-hPOMC-034. Fig. 2. The NotI-HindIII IgSP-

hPOMC fragment from pBS-IgSP-hPOMC~028 was ligated with
the NotI-HindIII digested pcDNA3 resulting in the anti-
sense orientation clone named as pCDNA34hP0MC-035.

Fig. 2. Restriction digestion using SmaI, BamHI,
EcoRI, and BamHI/EcoRI was used to confirm the insert
orientation in pcDNA3-hPOMC-034, whereas HindIII, NotI
and Sall were used for pcDNA3-hPOMC-035.

Construction of ACTH Deleted IgSP-POMC

The ACTH coding region in the POMC gene in
PBS~-IgSP~-hPCMC-028 was deleted. pBS~-IgSP-hPOMC-028 was
first digested with Xmal restriction enzyme and treated
with pfu DNA polymerase (Promega, Madison, WI). The
XmaI-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was
then digested with Stul restriction enzyme and purified
from 1% SeaPlaque agarose using the FMC SpinBind DNA
purification kit (FMC BioProducts, Rockland, ME). The
self-ligation mixture was transformed into E. coli DH5ax
(Gibco BRL, Gaithersburg, MD). Positive sub-clones
were identified by BamHI/HindIII restriction digestion
and named as pBS-IgSP-hPOMCAACTH-029. See Fig. 1. The
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nucleotide sequence of the ACTH deletion region in pBS-
IgSP-hPOMC-AACTH-029 was confirmed by the
dideoxynucleotide sequence determination. The sequence
of the IgSP-hPOMC-AACTH fusion is shown in SEQ ID

NO: 4.

Construction of ACTH Deleted IgSP-POMC
Expression Vectors

The IgSP~hPOMC-AACTH DNA fragment in pBS-
IgSP-hPOMC-AACTH-029 was subcloned into pcDNA3
(Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen .
Corp., San Diego, CAR) in sense and anti~-sense ’
orientations. The NotI—SalI.IgSP-hPOMC-AACTH fragﬁeﬂt
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the
NotI-Xhol digested pCEP4 resulting in the sense -
orientation clone named as pCEP4-hPOMC-AACTH-032
(Fig. 3). The BamHI-Sall IgSP-hPOMC-AACTH fragment
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the
BamHI-XhoI digested pCEP4 resulting in the anti-sense
orientation clone named as pCEP4-hPOMC-AACTH-033
(Fig. 3). The insert orientation in pCEP4-hPOMC~AACTH-
032 and -033 was confirmed by BamHI and EcoRI
restriction digestions as well as by dideoxynucleotide
sequence determination using the Sequenase kit (USBC,
Cleveland).

The BamHI-Sall IgSP-hPOMC-AACTH fragment from
pBS-IgSP-hPOMC-AACTH-029 was ligated with the BamHI-
XhoIl digested pcDNA3 resulting in the sense orientation
clone named as pcDNA3-hPOMAACTH-036 (Fig. 3). The
NotI-HindIII IgSP-hPOMC-AACTH fragment from pBS-IgSP-
hPOMC-AACTH-029 was ligated with the NotI-HindIII
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digested pcDNA3 resulting in the anti-sense orientation
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3).

Restriction digestion using Pvull and EcoRI
was used to confirm the insert orientation in pcDNA3-
hPOMC-AACTH-036, whereas Sall and EcoRI were used for
PCcDNA3~-hPOMC-AACTH-~037.

Cloning of Full Length and Truncated TH cDNA

Total RNA from PCl2 cells was prepared using
the guanidinium thiocyanate-based TRI reagent
(Molecular Research Center, Inc., Cincinnati, OH).
Five hundred ng of PCl2 total RNA was reverse
transcribed at 42°C for 30 minutes in a 20ul reaction
volume containing 10 mM Tris.HCl (pH 8.3), 50 mM KC1,
4 mM of each dNTP, 5 mM MgCl,, 1.25 pM oligo {(dT) 15-
mer, 1.25 pM random hexamers, 31 units of RNase Guard
RNase Inhibitor (Pharmacia, Sweden) and 200 units of
SuperScript II reverse transcriptase (Gibco BRL,
Gaithersburg, MD)}. Two micro-liters of the above
reverse transcribed cDNA was added to a 25 pl PCR
reaction mixture containing 10 mM Tris.HCl (pH 8.3),
50 mM KC1, 800 of each nM dNTP, 2 mM MgCl2, 400 nM of
primers #1 and #2, and 2.5 units of Thermus aquatjicus
{Tag) DNA polymerase (Boehringer Mannheim, Germany).

To generate the full length TH cDNA,
oligonucleotide primers orTH-052 (SEQ ID NO: 5) and
orTH-053.(SEQ ID NO: 6} wére used. For the truncated
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ
ID NO: 6) were used instead. These oligonucleotides
were constructed based on published TH sequence
information in Grima et al., Nature, 326, pp. 707-11
(1987); US patent 5,300,436, and Daubner, supra.
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Primers orTH-052 (SEQ ID NO: 5) and orTH-054
(SEQ ID NO: 7) have synthetic HindIII restriction site.
at the 5' end where orTH-053 has BamHI at the 5' end.
The PCR reaction mixtures were subject to 30
amplification cycles consisted of: denaturation, 94°C
30 seconds (first cycle 2 minutes); annealing, 50°C 1
minute; and extension, 72°C 3.5 minutes (last cycle 5
minutes). The 1537 bp full .length and 1087 bp
truncated rat TH PCR fragments were digested with
restriction endonucleases BamHI and HindIII and
resolved on an 1% SeaPlaque agarose gel. The 1531-bp:
and 1081-bp HindIII/BamHI DNA fragments were excised
and purified using the FMC SpinBind DNA purifiéation
kit (FMC BioProducts, Rockland, ME).

pcDNA3 expression vector was also digested
with BamHI and HindIII and purified from 1% SeaPlaque
agarose using the FMC SpinBind DNA purification kit
(EMC BioProducts, Rockland, ME). The ligation mixture
was transformed into E.coli DHSa (Gibco BRL,
Gaithersburg, MD)}.

Cracking gel procedure (Promega Protocols and
Applications Guide, 1991) was used to screen out the
positive sub-clones. The identity of the correct
clones was further verified by BamHI/HindIII double
digestion.

The positive sub-clones for the full—léngth
and truncated rat TH in pcDNA3 were named as pcDNA3-
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4),
respectively. The nucleotide sequence of both full-
length and truncated rat TH PCR clones was determined
by the dideoxynucleotide sequence determination using
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the Sequenase kit {USBC, Cleveland). The sequence of
the rTHA construct is shown in SEQ ID NO: 1l6.

To optimize.the translation efficiency of the
truncated rat TH, oligonucleotide primer orTH-078 (SEQ
ID NO: 8) was designed so that the consensus Kozak
sequence is immediate up stream to the start codon ATG.
PCDNA3-rTHA-45 was used as the template in a 50 pl PCR
reaction mixture with reagent composition identical to
the one described above with the exception that the
oligonucleotide primers were replaced with orTH-078
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6). The 1097
bp PCR product was cloned into pcDNA3 in the same .-
manner as described above. The resulting sub-cloné'ﬁas
named pcDNA3-rTHAKS-75 (Fig 4). The sequence of the
rTHAKS construct is shown in SEQ ID NO: 17.

Construction of rTH-IRES-bDBH Fusion Gene

Recombinant PCR methodology was used to
generate the rTH-IRES-bDBH fusion gene.
Oligonuclectides oIRES-057 (SEQ ID NO: 9) and obDBH-065
(SEQ ID NO: 10) are specific for IRES and bDBH gene
sequences, respectively, and contain synthetic BamHI
and Notl restriction sites at the 5' end, respectively.
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and
OIRES-bDBH-066 (SEQ ID NO: 12) are complementary to
each other. Furthermore, oligonucleotide primer oIRES-
bDBH~-064 (SEQ ID NO: 1l1) has its 5' 16 nucleotides
identical to the IRES sequence and its 3' 18
nucleotides identical to the bDBH sequence; and vice
versa for oIRES-bDBH-066 (SEQ ID NO: 12).

Two first PCR reactions were carried out
using oligonucleotide pairs 0IRES-057/0IRES-bDBH-066
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and oIRES-bDBH-064/0bDBH~065 on templates pCTI-001
(with an insert containing the IRES sequence shown in
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine
DBH gene cloned from bovine adrenal chromaffin cells,
Lamoroux et al., EMBO J,, 6, pp. 3931-37 (1987))
plasmids, respectively. One hundred ng of template DNA
was added to a 50 ul PCR reaction mixture containing
10 mM Tris.HCl (pH 8.3), 50 mM KC1, 800 of each nM
dNTP, 2 mM MgCl2, 400 nM of primers #1 and #2, and 2.5
units of Thermus aquaticus (Taq) DNA polymerase
(Boehringer Mannheim, German).

The PCR reaction mixtures were subject.to 30
amplification cycles consisted of: denaturation, 94 °C
for 30 seconds (first cycle 2 minutes); -annealing,

50 °C 1 minute; and extension, 72 °C 30 seconds (last
cycle 5 minutes). The PCR products were resolved on 1%
TrivieGel 500 (TrivieGen). Two agarose plugs
containing each one of the first PCR products were
transfer to a tube containing 50 pl of PCR reaction
mixtures identical to the one described above with the
exception that the oligonucleotides oIRES-057 and
ObDBH-065 were used.

The second PCR reaction was subject to 30
amplification cycles consisted of: denaturation, 94 °C
for 30 seconds (first cycle 2 minutes); annealing,

60 °C 30 seconds {second to fourth cycles 37 °C 2
minutes); and extension, 72 °C 30 seconds (last cycle 2
minutes). The 2407 bp IRES-bDBH fusion PCR product and
the cloning vector pcDNA3-rTHA-45 were digested with
BamHI and NotI restriction enzymes and subsequently
purified from 1% SeaPlaque agarose gel using the FMC
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SpinBind DNA purification kit (FMC BioProducts,
Rockland, ME).
The ligation of IRES-bDBH/BamHI/Notl and
PCDNA3-rTHA-045/BamHI/NotI would generate a rTHA-IRES-
5 DbDBH expression vector named as pcDNA3-rTHA-IRES-bDBH-
066 (Fig. 5) whereas that of IRES-bDBH/BamHI/NotI and
pcDNA3~rTHAKS-075/BamHI/NotI would generate a rTHAKS-
IRES-bDBH expression vector, named as pcDNA3-rTHAKS-
IRES-bDBH~076 (Fig. 5), where the start codon ATG in

10 rTHA is preceded with a consensus Kozak sequence. The
sequence of the rTHA-IRES-bDBH construct is shown in
SEQ ID NO: 18. The sequence of the rTHAKS-IRES-bDBH
construct is shown in SEQ ID NO: 19. The ligationf
mixture was transformed into DHSa (Gibco BRL,

15 Gaithersburg, MD). The positive clones were identified
by the cracking gel procedure (Promega, Madison, WI)
and restriction digestions using HindIII, BamHI,
HindIII/BamHI, Smal and NotI.

The 4114 bp NruI-XhoI fragment containing the

20 CMV promoter-rTHAKS-IRES~-bDBH was excised out of
PcDNA3-rTHAKS-IRES~-bDBH~076 and subcloned into pZeoSV
cloning vector (Invitrogen Corp., San Diego, CA)
digested with ScalI and XhoI in the multiple cloning
site. The resulting expression vector was named as

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6).

Construction of IgSP-hPOMC ACTH-
rTHD~-IRES~bDBH Fusion Gene

The 4100 bp NruI-NotI fragment containing the
CMV promoter, rTHD-IRES-bDBH fusion gene, and BGH
30 polyadenylation sequence was excised out of pcDNA3-
]
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rTHA-IRES-bDBH-066 and subcloned into the pBS
(Stratagene, La Jolla, CA) cloning vector.
The resulting plasmid pBS-Pcmv-rTHA-IRES-

‘bDBH-067 {Fig. 7) was used as the intermediary

construct to which the recombinant PCR IgSP-hPOMCDACTH-
IRES fragment would be inserted.

Oligonucleotide oIgSP-068 (SEQ ID NO: 13),
containing a synthetic EcoRV restriction site, is
specific for the IgSP sequence.

Oligonucleotide primer orTHA-073 (SEQ ID.

NO: 14) is specific for the rTHA sequence and céntains
an endogenous Smal restriction site. ‘

Oligonucleotide primers ohPOMC-IRES~069 (SEQ
ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are
complementary to each other. Furthermore,
oligonucleotide primer ohPOMC-IRES~069 has its 5', 18
nﬁcleotides identical to the hPOMC sequence and its 3'
12 nucleotides identical to the IRES sequence; and vice
versa for ohPOMC-IRES-070.

Oligonucleotide primers oIRES-rTHA-071 (SEQ
ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are
complementary to each other. In addition,
oligonucleotide primer oIRES-rTHA-071 has its 5' 15
nucleotides identical to the rTHA sequence and its 3°
18 nucleotide identical to the IRES sequence; and vice
versa for oRIRES-rTHA-072.

Three sets of first PCR reactions were
carried out.

PCR reaction A: template pBS-IgSP-hPOMCDACTH~029,
oligonucleotides oTgSP~068/0hPOMC-IRES-069;

PCR reaction B: template pCTI-001,
oligonucleotides ohPOMC-IRES-070/0IRES-rTHA-071; and
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PCR reaction C: template pcDNA3-rTHA-045,
oligonucleotides orIRES-rTHA-072/0rTHA-073.

The three sets of first PCR reactions were
carried in 50 pl PCR reaction mixture containing 100 ng
of template DNA, 10 mM Tris. HCl (pH 8.3), 50 mM KCl,
800 of each nM dNTP, 2 mM MgCl23, 400nM of primefs #1
and #2, and 2.5 units of Thermus aguaticus (Taq) DNA
polymerase (Boehringer Mannheim, Germany).

The PCR reaction mixtures were subject to 30
amplification cycles consisted of: denaturation, 94 °C
for 30 seconds (first cycle 2 minutes); annealing,_

50 °C 1 minute; and extension, 72 °C 30 seconds (last
cycle 5 minutes).

The PCR products were resolved on 1%
TrivieGel 500 (TrivieGen). Two agarose plugs
containing each one of the PCR products from PCR
reactions B and C were transferred to a tube containing
50 pl of PCR reaction mixtures identical to the one
described above with the exception that the
oligonucleotides ochPOMC-IRES-070 and orTHA-073 were
used.

The second PCR reaction was subject to 30
amplification cycles consisted of: denaturation, 94 °C
for 30 seconds (first cycle 2 minutes); annealing,

60 °C 30 seconds (second to fourth cycles 37 °C 2
minutes); and extension, 72 °C 30 seconds (last cycle 2
minutes) .

" The PCR products were treated as described
above. Agarose plugs containing the PCR products from
the second PCR reaction and the PCR reaction A were
combined and subjected to a third PCR amplification
using oIgSP-068/rTHA-073. The 1203 bp IgSP-hPOMC-IRES-~
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rTHA fusion PCR product and the cloning vector pBS-
Pcmv-rTHA-IRES-bDBH-067 were digested with EcoRV and
Xmal restriction enzymes and subsequently purified from
1% SeaPlaque agarose gel using the FMC SpinBind DNA
purification kit (FMC BioProducts, Rockland, ME). The
ligation mixture was transformed into DH5a {Gibco BRL,
Gaithersburg, MD).

The positive clones were identified by the
cracking gel procedure (Promega, Madison, WI) and
restriction digestions using EcoRI, KpnI and NotI. The
resulting clone was named as pBS-IgSP-hPOMCAACTH-IRES-
rTHA-IRES-bDBH-068. Fig. 8. The sequence of this
construct is shown in SEQ ID NO: 23.

Construction of IgSP-hPOMCACTH-IRES-
rTHA~IRES-bDBH Expression Vectors
The 4491 bp NotI fragment containing the

IgSP-hPOMCAACTH~IRES-rTHA~-IRES~bDBH gene was excised
out of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068
and subcloned into the pcDNA3 (Invitrogen Corp., San
Diego, CA) at the NotI site in the multiple cloning
site. Restriction digestion using NotI and Smal
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH
gene was inserted in the sense orientation resulting in
PCDNA3-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-069. See
Fig. 9.

Construction of IgSP-hPOMCAACTH-IRES-rTHA-IRES~-
bDBH~IRES-Zeocine Expression Vector

Recombinant PCR methodology was used to
generate the IRES-Zeocine fusion gene.
Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin-
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin
gene sequences, respectively, and contain synthetic
NotI and Xhol restriction sites at the 5' end,
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ
ID NO: 26) and oIRES~Zeocin-076 (SEQ ID NO: 27) are
complementary to each other., Furthermore,
oligonucleotide oIRES-Zeocin-075 has its 5'15
nuclectides identical to the Zeocin sequence and its 3°'
18 nucleotides identical to the IRES sequence; and vice
versa for oIRES-Zeocin-076. )

Two first PCR reactions were carried out
using cligonucleotide pairs oIRES-074/0IRES-Zeocin-075
and oIRES-Zeocin-076/0Zeocin-075 on templates ﬁCTI-001
and pZeoSV (Invitrogen Corp., San Diego, CA) plasmids,
respettively.

Cne hundred ng of template DNA was added to a
50 nl PCR reaction mixture containing 10mM Tris.HCl (pH
8.3), 50 mM KC1, 800 of each nM dNTP, 2 mM MgCl2, 400
nM of primers #1 and #2, and 2.5 units of Thermus
aquaticus (Taq) DNA polymerase (Boshringer Mannheim,
Germany) .

The PCR reaction mixtures were subject teo 30
amplification cycles consisted of: denaturation, 94 °C
for 30 seconds (first cycle 2 minutes); annealing,

50 °C 1 minute; and extension, 72 °C 30 seconds (last
cycle 5 minutes).

The PCR products were resolved on 1%
TrivieGel 500 (TrivieGen). Two agarose plugs
containing each one of the first PCR products were

.transfer to a tube containing 50 nl of PCR reaction

mixtures identical to the one described above with the

SUBSTITUTE SHEET (RULE 26)



WO 96/40959 PCT/US96/09629

10

15

20

25

30

- 41 -

exception that the oligonucleotides oIRES-074 and
oZeocin-077 were used.

The second PCR reaction was subject to 30
amplification cycles consisted of: denaturation, 94 °C
for 30 seconds (first cycle 2 minutes); annealing,

50 °C 30 seconds (second to fourth cycles 37 °C 2
minutes); and extension, 72 °C 30 seconds (last cycle 2
minutes).

The 974 bp IRES-Zeocin fusion PCR product and
the cloning vector pcDNA3 were digested with NotI and’
XhoI restriction enzymes and subsequently purified. from
1% SeaPlaque agarose gel using the FMC SpinBind DNA
purification kit (FMC BioProducts, Rockland, ME}.

The ligation of IRES-Zeocin/NotI/XhoIl and
PcDNA3/NotI/XhoI would generate an intermediate cloning
vector named as pcDNA3-IRES-Zeocin-072. Fig. 10.

The positive clones were identified by the
cracking gel procedure (Promega, Madison, WI) and
restriction digestions using HindIII, Smal, XhoI, Notl
and NotI/Xhol.

To generate the final IgSP~-hPOMCDACTH-IRES-
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491
bp NotI fragment containing the IgSP-hPOMCAACTH-IRES-
rTHA-IRES-bDBH gene was excised out of the pBS-IgSP-
hPOMCAACTH- IRES-rTHA-IRES-bDBH-068 (Fig. 8; SEQ ID
NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072
(Fig. 10) at the Notl site in the multiple cloning
site. -

Restriction digestion using NotI and Smal
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH
gene was inserted in the sense orientation resulting in
PCDNA3-IgSP~-hPOMCAACTH-IRES-rTHA-IRES~-bDBH-IRES-Zeocin-

SUBSTITUTE SHEET (Rlll.EZS) |



WO 96/40959 PCT/US96/09629

10

15

20

25

- 42 -

073. The sequence of this construct is shown in SEQ ID
NO: 28. Fig. 11.

Construction of ProA+KS Fusion

A construct containing the coding region of
the human pro-enkephalin A gene with the consensus
Kozak sequence immediately upstream teo the start codon
ATG. The sequence of this construct is shown in SEQ ID
NO: 29.

Construction of hProA+Ks Expression Vector

The HindIII/BamHI fragment containing the
hProA+KS fusion was ligated into BamHI and Hind III
digested pcDNA3 expression vector substantially as
described above. After screening as described above, a
positive sub-clone was named pcDNA3-hProA+KS-091.
Fig. 12. Construction of the pBS-CMV Pro A vector is
detailed in Mothis, J. and Lindberg, I., Endocrinology,
131, pp. 2287-96 (199%92).

Transformation of Cells

RIN and AtT-20 cells were transformed as
follows.

The RINa and AtT-20 based cell lines were
grown in DMEM (Gibco) with 10% fetal bovine serum and
pen-strep-fungizone (Gibco)} base media. The cells were
plated out in Pl0O petri dishes (750,000 cells/dish) in
10 ml of base media. 18-24 hours later, the cells were
transfected using calcium phosphate method with a kit
made by Stratagene (San Diego, CA). A 10 pg amount of
the plasmid vector DNA was diluted in 450 nl of
deionized sterile water. Then, 50 nl of a 10x buffer
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{solution #l)} was added to the plasmid DNA. A 500 nl
amount of solution #2 was immediately added to the DNA
containing solution and mixed gently. This was
incubated at room temperature for 20 minutes and then
the 1.0 ml solution was added to the cells in the petri
dish. The cells were incubated overnight and 18-24
hours later the cells were washed 2x with Hanks
balanced salt solution without calcium and magnesium.
Then, the cells were cultured in base media + selection
drugs. The cells were selected in either 600 pg/ml
geneticin (Gibco) or 400 pg/ml hygromycin (Boehringéf
Mannheim) or 500 png/ml Zeocin (In Vitrogen, San'Diego,
CA). Cells were sequentially transfected and selected
to obtain the final cell line.

The RINa cells were transfected with plasmid
PCEP4-hPOMC-030 containing the POMC gene. This is a
hygromycin resistant vector. The cells were also
transformed with plasmid pcDNA3-hProA+KS-091. This is
a geneticin resistant vector. Finally, the cells were
transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088
which conferred Zeocin resistance.

The AtT-20 cells were transfected with
plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which
conferred geneticin and hygromycin resistance,
respectively. Finally, the cells were transfected with
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-088.

We have tested a number of media for cell
growth. 'Surprisingly we have found that in certain
serum-free medias, the above cell lines have enhanced
neurotransmitter output, compared to serum-containing
media. We prefer CHO-Ultra (Biowhitaker) for the
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growth of AtT-20 cells, and Ultra-Culture (Biowhitaker)
for the growth of RINa cells.

Output of various analgesics from one
transformed RINa cell line (RINa/ProA/P030/P088} is
shown in Table 2. All values represent unstimulated
cells. Output of B-endorphin and met-enkephalin is in
pg/lO6 cells/hr. B-endorphin and met-enkephalin were
measured by radioimmunoassay using Incstar kits
{Stillwater, Minnesota). Catecholamine output is in
pmoles/lO6 cells/hr. The numbers in parentheses ]
represent values from cells that were preincubated';e
hours with 100 pM tetrahydrobiopterin. Catecholamires
were measured by high performance liquid chromatograﬁhy
as described in Lavoie et al., "Two PC12
rheochromocytoma lines sealed in hollow fiber-based
capsules tonically release l-dopa in vitro", Cell

transplantation, 2, pp. 163-73 (1993). GABA output
from these RINa cells was 28 ng/lO6 cells/hrs.

Table 2
Cell Line Endogenous B-endorphin Met-enk DA E
Analgesic
Substances
. RIN a/ProA/ B-endorphin 22 17 3 0
POMC/ GABA ©) @

TH-IRES-DgH

There are encrypted enkephalin fragments which are not
fully processed from the pro-enkephalin precursor
molecule. These encrypted enkephalins have opioid
receptor binding activity. We digested these encrypted
enkephalins to measure opioid activity. The trypsin
digest protocol is as follows. A 2 pg/ml trypsin
(Worthington #34E470) solution is added to media
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samples on ice. Samples are vortexed, then incubated
for 20 minutes in a 37°C waterbath. After the 20
minute digest, samples are returned to ice and 100
ng/ml carboxypeptidase B (Sigma #C-7011) is added.
Samples are mixed by vortexing, and returned to the
37°C waterbath for 15 minutes. Samples are placed on
ice once more and 10 ug/ml trypsin inhibitor is added.
At this stage, samples are either extracted for met-
enkephalin or immediately frozen for future extraction.
This results in the full enzymatic cleavade to free all
met-enkaphalin from the longer encrypted fragmentsl_:A
met-enkaphalin radioimmunoassay of the digested sample
gives total met-enkaphalin from the supermatant. The
transformed RINa cells appear to have greater than 5
fold more encrypted enkaphalins compared to fully
processed met-enkaphalin.

Fiber capsule formation and characteristics
Hollow fibers are spun from a 12.5-13.53%
poly(acrylonitrile vinylchloride) solution by a wet

spinning technique. Cabasso, Hollow Fiber Membranes,
vol. 12, Kirk-Othmer Encyvclopedia of Chemical

Iechnology, Wiley, New York, 3rd Ed. pp. 492-517
{1980), Unites States patent 5,158,881, incorporated
herein by reference.

The resulting membrane fibers may either be
double skinned or single skinned PAN/PVC fibers. In
order to.make implantable capsules, lengths of fiber
are first cut into 5 cm long segments and the distal
extremity of each segment sealed with an acrylic glue.
Encapsulation hub assemblies are prepared by providing
lengths of the membrane described above, sealing one

SUBSTITUTE SHEET (RULE 26)



WO 96/40959 PCT/US96/09629

10

15

20

25

30

- 46 -

end of the fiber with a single drop of LCM 24 (Light
curable acrylate glue, available from ICI), curing the
glue with blue light, and repeating the step with a
second drop. The opposite end is previously attached
to a frangible necked hub assembly, having a silicone
septum through which the cell solution may be
introduced. The fiber is glued to the hub assembly by
applying LCM 22 to the outer diameter of the hub
assembly, pulling the fiber up over it, and curing with
blue light. The hub/fiber assemblies are placed in
sterilization bags and are ETO sterilized. )

Following sterilization with ethylene oxide
and outgassing, the fibers are deglycerinated by
ultrafiltering first 70% EtOH, and then HEPES buffered
saline solution through the walls of the fiber under
vacuum.

Preparation and Encapsulation of Transformed Cells

The transformed cells are prepared and
encapsulated as follows:

A matrix solution is prepared using a
commercially available alginate, collagen or other
suitable matrix material. The cell solution was
diluted in the ratio of two parts matrix solution to
one part cell solution containing the transformed cells
described above. We prefer Vitrogen (Celtix, Santa
Clara) as a matrix for AtT-20 cells.

We prefer Organogen (Organogenesis, Canton,
MA}) as a matrix for RINa cells. The RINa based cells
are prepared for encapsulation by the following method.
The cells are grown in base media of DMEM + 10% fetal
bovine serum during the proliferation phase. These
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cells can be removed from the tissue culture flasks by
two washes in Hanks balanced salt solution without
calcium and magnesium. Then the cells are incubated in
0.25% trypéin +.EDTA for 1 minute. This is removed and
the cells are rinsed free of the flask using Hanks
balanced salt solution without calcium and magnesium
solution. The cells are placed in 10 mls of base media.
and centrifuged at 100 x g for 2 minutes. The cells
are resuspended in 10 mls of the preferred serum free
media (Ultra culture, Biowhitaker, Walkersville, MD).
Surprisingly, the RINa cells secrete more analgesic .
substances when cultured in this serum free media .
relative to serum continuing base media.

The cells are centrifuged at 100 g twice in
the preferred serum free media before the cells are
concentrated 1:1 with the preferred Organogen matrix.
Organogen is a 1% bovine tendon collagen obtained as a
sterile solution. B8 parts of this solution are mixed
with 1 part 10X DPBS. 0.5 N sodium hydroxide is added
until physiological pH is attained (approximately
250 nls).

The final concentration of the cell + matrix
solution used for encapsulation can range from 20,000 -
50,000 cells/pl. The cells are counted in a standard
manner on a hemocytometer. '

The cell/matrix suspension is placed in a
1 ml syringe. A Hamilton 1800 Series 50 microliter
syringe is set for a 15 microliter air bubble, is
inserted into a 1 ml syringe containing the cell
solution and 30 microliters are drawn up. The cell
solution is injected through the silicone seal of the
hub/fiber assembly into the lumen of a modacrylic
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hollow fiber membrane with a molecular weight cutoff of
approximately 50,000-100,000 daltons. Ultrafiltration
should be observed along the entire length of the
fiber. After one minute, the hub is snapped off the
sub-hub, exposing a fresh surface, unwet by cell
solution. A single drop of LCM 24 is applied and the
adhesive cured with blue light. The device is placed
first in HEPES buffered NaCl solution and then in CaCl,
solution for five minutes to cross-link the alginate.
Each implant is about 5 cm long, 1 mm in diameter, and
contained approximately 2.5 million cells. .

After the devices are filled and sealed, a
silicone tether (Speciality Silcone Fabrication, Paso
Robles, CR) (ID: 0.69, OD: 1.25) is then placed over
the proximal end of the fiber. A radiopaque titanium
plug is inserted in the lumen of the silicone tether to
act as a radiographic marker. The devices are then
placed in 100 mm tissue culture dishes in 1.5 ml PC-1
medium, and stored at 37°C, in a 5% CO. incubator for
in vitro analysis and for storage until implantation.

The encapsulated cells are then implanted
into the human sub-arachnoid space as follows:

Surgical Procedure

After establishing IV access and
administering prophylactic antibiotics (cefazolin
sodium, 1 gram IV), the patient is positioned on the
operating table, generally in either the lateral
decubitus or genu-pectoral position, with the lumbar
spine flexed anteriorly. The operative field is

sterily prepared and draped exposing the midline dorsal
lumbar region from the levels of S-1 to L-1, and
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allowing for intraoperative imaging of the lumbar spine
with C-arm fluoroscopy. Local infiltration with 1.0%
lidocaine is used to establish anesthesia of the skin
as well as the periosteum and other deep connective
tissue structures down to and including the ligamentum
flavum.

A 3-5 cm skin incision is made in the
parasagital plane 1-2 cm to the right or left of the
midline and is continued down to the lumbodorsal
fascia using electrocautery for hemostasis. Using
traditional bony landmarks including the iliac ‘crests
and the lumbar spinous processes, as well as .
fluoroscopic guidance, and 18 gauge Touhy needle is
introduced into the subarachnoid space between L-3 and
L-4 via an cblique paramedian -approach. The needle is
directed so that it enters the space at a shallow,
superiorly directed angle that is no greater than 30-
35° with respect to the spinal cord in either the
sagittal or transverse plane. Appropriate position of
the tip of the needle is confirmed by withdrawal of
several ml of cerebrospinal fluid (CSF) for
preimplantation catecholamine, enkephalin, glucose, and
protein levels and cell counts.

The Touhy needle hub is reexamined to confirm
that the opening at the tip is oriented superiorly
(opening direction is marked by the indexing notch for
the obturator on the needle hub), and the guide wire is
passed down the lumen of the needle until it extends 4-
5 cm into the subarachnoid space (determined by
premeasuring). Care is taken during passage of the
wire that there is not resistance to advancement of the
wire out of the needle and that the patient does not
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complain of significant neurogenic symptoms, either of
which observations might indicate misdirection of the

guide wire and possible impending nerve root or spinal
cord injury.

After the guide wire appears to be
appropriately placed in the subarachnoid space, the
Touhy needle is separately withdrawn and removed from
the wire. The position of the wire in the midline of
the spinal canal, anterior to the expected location of
the caud equina, and without kinks or unexplainable
bends is then confirmed with fluoroscopy. After .
removal of the Touhy needle the guide wire should be
able to be moved freely into and out of the space with
only very slight resistance due to the rough surface of
the wire running through the dense and fibrous
ligamentum flavum.

The 7 French dilator is then placed over the
guide wire and the wire is used to direct the dilator
as it is gently but firmly pushed through the fascia,
paraspinous muscle, and ligamentum flavum, following
the track of the wire toward the subarachnoid space.
Advancement of the 7 French dilator is stopped and the
dilator removed from the wire as soon as a loss of
resistance is detected after passing the ligamentum
flavum. This is done in order to avoid advancing and
manipulating this relatively rigid dilator within the
subarachnoid space to any significant degree.

"After the wire track is "overdilated” by the
7 French dilator, the 6 French dilator and cannula
sheath are assembled and placed over the guide wire.
The 6 French dilator and cannula are advanced carefully
into the subarachnoid space until the opening tip of
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the cannula is positioned 7 cm within the space. As
with the 7 French dilator, the assembled 6 French
dilator and cannula are directed by the wire within the
lumen of the dilator. Position within the subarachnoid
space is determined by premeasuring the device and is
grossly confirmed by fluoroscopy. Great care is taken
with manipulation of the dilators and cannula within
the subarachnoid space to avoid misdirection and
possible neurologic injury.

When appropriate positioning of the cannula’
is assured, the guide wire and the 6 French dilator are
gently removed from the lumen of the cannula in '
sequence. Depending on the patient's position on the
operating table, CSF flow through the cannula at this
point should be noticeable and may be. very brisk,
requiring capping the cannula or very prompt placement
of the capsule implant in order to prevent excessive
CSF.

The encapsulated (transformed cells) is
provided in a sterile, double envelope container,
bathed in transport medium, and fully assembled
including a tubular silicone tether. Prior to
implantation through the cannula and into the
subarachnoid space, the capsule is transferred to the
insertion kit tray where it is positioned in a location
that allowed the capsule to be maintained in transport
medium while it is grossly examined for damage or major
defects,‘and while the silicone tether is trimmed,
adjusting its length to the pusher and removing the
hemaclip™ that plugs its external end.

The tether portion of the capsule is mounted
onto the stainless steel pusher by inserting the small
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diameter wire portion of the pusher as the membrane
portion of the device is carefully introduced into the
cannula. The capsule is advanced until the tip of the
membrane reaches a point that is 2-10 mm within the
cranial tip of the cannula in the subarachnoid space.
This placement is achieved by premeasuring the cannula
and the capsule-tether-pusher assembly, and it assures
that the membrane portion of the capsule is protected
by the cannula for the entire time that it is being
advanced into position.

After the capsule is positioned within the
cannula, the pusher is used to hold the capsule in
position (without advancing or withdrawing) in the
subarachnoid space while the cannula is completely
withdrawn from over the capsule and pusher. The pusher
is then removed from the capsule by sliding its wire
portion out of the silicone tether. Using this method
the final placement of the capsule is such that the 5
cm long membrane portion of the device lay entirely
within the CSF containing subarachnoid space ventral to
the cauda equina. It is anchored at its caudal end by
a roughly 1-2 cm length of silicone tether that runs
within the subarachnoid space before the tether exits
through the dura and ligamentum flavum. The tether
continues externally from this_level through the
paraspinous muscle and emerges from the lumbodorsal
fascia leaving generally 10-12 cm of free tether
material-that is available for securing the device.

CSF leakage is minimized by injecting fibrin
glue (Tissel®) into the track occupied by the tether in
the paraspinous muscle, and by firmly closing the
superficial fascial opening of the track with a purse-
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string suture. Tﬁe free end of the tether is then
anchored with non-absorbable suture and completely
covered with a 2 layer clqsure of the skin and
subcutaneous tissue.

The patient is then transferred to the
neurosurgical recovery area and kept at strict bed
rest, recumbent, for 24 hours postoperatively.
Antibiotic prophylaxis is also continued for 24 hours
following the implantation procedure.

Sequences

The following is a summary of the seguences
set forth in the Sequence Listiné:
SEQ ID NO:1 ~- DNA sequence of oligo oCNTF-003
SEQ ID NO:2 -- DNA sequence of oligo oIgSP-018
SEQ ID NO:3 -- DNA sequence of IgSP-hPOMC fusion
SEQ ID NO:4 -- DNA sequence of IgSP-hPOMC-AACTH fusion
SEQ ID NO:5 -~ DNA sequence of oligo orTH-052
SEQ ID NO:6 —-- DNA sequence of cligo orTH-053
SEQ ID NO:7 -- DNA sequence of oligo orTH-054
SEQ ID NO:8 -- DNA sequence of oligo orTH-078
SEQ ID NO:9 -- DNA sequence of oligo oIRES-~057
SEQ ID NO:10 -- DNA sequence of oligo obDBH-065
SEQ ID NO:11 -~ DNA sequence of oligo oIRES-bDBH-064
SEQ ID NO:12 -- DNA seguence of oligo oIRES-bDBH-066
SEQ ID NO:13 ~-~ DNA sequence of oligo ¢cIRE-068
SEQ ID NO:14 -- DNA sequence of oligo orTHA-073
SEQ ID NO:15 -- DNA sequence of oligo ohPOMC-IRES-069
SEQ ID NO:16 -- DNA sequence of rTHAl1-155
SEQ ID NO:17 ~-- DNA sequence of rTHA+KS
SEQ ID NO:18 -- DNA sequence of rTHA-IRES-bDBH
SEQ ID NO:19 -- DNA sequence of rTHAKS-~-IRES-bDBH
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SEQ ID NO:20 -- DNA sequence of oligo ohPOMC-IRES=-070

SEQ ID NO:21 ~- DNA sequence of oligo oIRES-rTHA-071

SEQ ID NO:22 -- DNA sequence of oligo orIRES-rTHA-072

SEQ ID NO:23 -- DNA sequence of IgSP-hPOMCAARCTH-IRES-
rTHA-IRES-bDBH-068 fusion

SEQ ID NO:24 -- DNA sequence oIRES-074

SEQ ID NO:25 -- DNA sequence of oligo oZeocin-077

SEQ ID NO:26 -- DNA sequence of oligo oIRES-Zeocin-075

SEQ ID NO:27 -- DNA sequence of oligo oIRES-Zeocin-076

SEQ ID NO:28 -- DNA sequence IgSP-hPOMCAACTH-IRES-rTHA
-IRES-bDBH~IRES-Zeocin-073 ’

SEQ ID NO:29 ~- DNA sequence of proA+KS

SEQ ID NO:30 -- DNA sequence of IRES fragment -

Deposits

RINa/ProA/POMC/TH-IRES-DBH cells, transformed
to produce a catecholamine, an enkephalin and an
endorphin, as described above in the example (and in
Table 2}, named RINa/ProA/P030/P088, have been
deposited. The deposit was made in accordance with the
Budapest Treaty and was deposited at the American Type
Culture Collection, Rockville, Maryland, U.S.A. on June
7, 1985. The aeposit received accession number
CRL 11921.

The foregoing description has been for the
purpose of illustration and description only. This
description is not intended to limit the invention to
the precise form exemplified. It is intended that the
scope of the invention be defined by the claims

appended hereto.
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SBENCE LISTING
(1) G2NERAL INFCRATICN:
(i) APFLICANT: CytoTherspeutics, Inc. (For parposes of all
designated states excespt US)
Shou Wong (For purposes of US anly)
Joel Sayboff {For purposes of US anly)

(ii) TITIE OF INVENTICN: FAIN CELL LINE
(iii) NOMBER OF SEQUENCES: 30

(iv) OCRRESPCONCENCE ALTRESS:
(3) AIIFESSEE: Jares F. Haley, Jr./Ivor R. Elrifi
FISH & NEAVE
(B) SIREET: 1251 Awve. of the Arericas
(C) CITY: New York
(D) STATE: New York
(E) CNIRY: USA
(F) ZIP: 10020-1104

(v} OOMEUTER REATPEIE FORM:
{A) MEDIIM TYEE: Floopy disk
{B) COMFUIER: IBM EC carpatible
(C) CPERATING SYSTEM: PC-DOS/MS-DCS
(D) SOFIWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATICN DRTA:
(A) APPLICATICN NUMEER:
(B) FILING [RIE:
{C) CIASSIFICATICN:

(vii) PRICR APPLICATION [RTA:
(A) RPFLICATICN NOMBER: US 08/481,917
(B) FILING [ATE: 07-JNE~1995

(viii) ATTORNEY/AGENT INFCRMATION:
@A) NME: Elrifi, Iwor R
{B) REGISTRATION NIMBER: 39,529
{C) REFERENCE/DOCKET NOMEBER: CTI~-29 CIP ECT

(ix) TEIBOMINICATION INFCRETION:

(A} TEIEPHNE: 212 596-9000
(B) IEIEFRX: 212 596-9090
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{2) INFORMATION FCR SEQ ID NO:1:

5 (i) SEOENCE CHARRCTERISTICS:
(&) IENGTH: 33 base pairs
(B) TYEE: nxcleic acid
(C) SIRANLEINESS: single
(D) TCECIOGY: linear

10
(i) MIBOLE TYPE: cINA
(1ii) HYPCTHETICAL; NO
15 (iv) ANTT-SENSE: NO
(vii) IMEDIATE SOURCE:
(B) CLONE: oONTF-003
20
(xl) SEXENCE [ESCRIPTIN: SEQ ID NO:1:
COOEGATOOG CETCANOCCT AGAGTAGAGC TGT
25

(2) INFCRMATION KR SBQ ID NO:2:

(1) SEQENCE CHPRACTERISTICS:
(A) IENGTH: 23 base pairs
30 B) TYFE: nucleic acid
(C) STRAN[EDNESS: sirgle
(D) TORCLOGY: linear

{(ii} MIBQIE TYPE: INA

35
(1ii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
40
(vii) IMEDIATE SCURCE:
{B) CLONE: oIgSP-018
45 (xi) SBOJENCE IESCRIPTION: SED ID NO:2:

TTTO00GEA. AACOOGRRIT CAC

SUBSTITUTE SHEET (RULE 26)

PCT/US96/09629

23



WO 96/40959
- 57 -

(2) INFCRMATION FCR SEQ ID NO:3:

(1) SEQUENCE CHRRRCTERISTICS:
5 (A) IENGTH: 8492 base pairs
(B) TYEE: nixleic acid
(C) SIRANLEINESS: single
(D) TORQLOGY: linear

10 (ii) MIROIE TYPE: INA (gencmic)
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
15

{(vii) IMEDIRTE SOUKCE:
(B) CILNE: IgSP-hPQMC

20 (ix) FEATURE:
(A) NAVE/KEY: 5'UIR
(B} LOCATION: 1..43

(ixX) FEATURE:
25 (3) NBME/KEY: exon
(B) LOCATICN: 44..89

(ix) FEATURE:
(A} NRVE/KEY: intron
30 {B) LOCATICN: 90..168

(ix) FEATURE:
(A) NRME/KEY: 3'UIR
(B) LOCATICN: 807..849

35

(ix) FEAIRE:
(A) NRVE/KEY: misc feature
(B) LOCATICN: 43..186
(D) OTHER INFCRMATION: /product= "IgSp region

(ix) FEAIURE:
(A) NRVE/KEY: misc feature
(B) LOCATICN: 187..806
(D) OTHER INFCRVATION: /prodict= "hEOMC region"

40

45

(xi) SEQUENCE CESCRIPTION: SBQ ID NO:3:
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GEATONEET CAOOOCTAGA GTOGAGCTGT GAOGGTOCTT ACARTGARAT GCAGCTGEGT
TAICTTCTIC CIGATGRAG TGGTIACAGSG TAAGEGEGCTC CCAAGIUNCA AACTTCAGES
TOCATARACT CTGTGRACAGT GECARTCACT TIGOCTTICT TICTACAGRS GIGRATTARS
CITTOOOESG ARATGEIAC GAECAGCCTC TROOGAGRA CO0CCGARG TROGTCATAG
GACTTAG CIESEA00EA. TTOEEI030C GCRACAGTRG CAECAAOEC ARCAGIEG
CRAEECARAA. GO0EAGERC GTCTCAGNGG GUERAGACTG O330003CTG OCTEAAIXG
GO330EAGE0C OACAACEAT GETCCCAAGC 0333000306 CRAGIXCARG CQECTOCTACT
CCATEERACA. CTTOECTAG GECARGIOEG TERECARGAR. GOEE0G0CA. GTGRAGGTGT
MIOCTAROE CA0ICAGERC GRGTORAING AGICTTOC CCTAAGTIC AAGAGREAC
TECTE3A QIECTONSE GACSEAGRTG GCO00EACESE QOCTEOOEAT GAOE0ACAG
G3300AGC CACTARAG CACAGOCTCC TEETEE0EEC ORAGRAGANG GAOCAGEEC
CCIACAGEAT GRRACACTTC OECTGEEGCA GOOOGRCOTAA. GERRCAAGOEC TACGOTGIT
TCATGOCTC CRAGRRFGC CAEAORTII0C TEGTCACECT GTTCARRANC GUCATCATCA
AGAACOCTA. CARAGAR(IRIAC GAGTGAREEC ACACOEERIC CCAGAACTAC GCTA000CAG
GAGGTOGRC
(2) INFCRVATION ECR SED ID NO:4:
(i) SEUENCE CHARACIERISTICS:

() IENGTH: 525 base pairs

(B) TYFE: nxleic acid

{C) STRAN[EINESS: single

(D) TCROLOGY: linear

(id) NH.E!IJIETYE INA (genamic)
(iiji) HYPOIHETTCAL: NO

{iv) ANTI-SENSE: NO

(vii) IMVEDIATE SOURCE:
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B) CIONE: IgSP-hPQXTACTH

{(ix) FEATIRE:
{A) NRME/KEY: 5'UIR
(B) IOCATICN: 1..43

(ix) FERATURE:
A) NAE/KEY: exn
(B) LOCATICN: 44..89
{ix) FEATURE:

(A) NAME/KEY: intron
(B) LOCATICN: 90..168

(ix) FEATURE:
B) NRE/KEY: excn
{B} LOCATICN: 169..482
(ix) FEATURE:
(&) NME/KEY: 3'UIR
(B} IOCATICN: 483..525
(ix) FEATURE:
(A) NAVE/KEY: misc feature
{B) LOCATICN: 44..188
(D) OIHER INFCRVATION: /produict= "IgSP region”
(ix) FEATURE:
A) NAE/KEY: misc_feature
(B) LOCATICN: 189..482
(D) OHER INFCRARTION: /produict= "hPQC region”
{(xi) SBENCE [ESCRIPTION: SEQ ID NO:4:
GEATOOEIGT CAOOUCTAGA. GICGAGCTGT GROEGTOCTIT ACARTGRARAT GCRGCTESGT
TAICTTCITC CTGATARAG TEETTACAGG TAAGISACIC OCARGTOCA RACTTCARSG
TCCATARRCT CTGTGACAGT GECARTCACT TTEXCTTICT TICTACAGES GIGRATICTS
CITTOO03GEC CTTO0OCTG GAGTTCARGA. GIAGCTEAC TEROCAGOA. CTOOEERAS
GAGRTGEOCC CEA0EE00CT GOOGRTGAG GUECAREEEC CCAGSIOEAC CIGEAGACA

GOCTECIGET GEIEE00ERG AAGAREEAOG AGEIIOOCTA CAGERTGRAG CACTTOOCT
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EREXACIC EXAAGRC ANORCTANS GUESTTICAT GALCTONGRAG ARGRACAGA
CEOOOCTGET GOCIGTTC AAARNIITA. TCATCAARA OCTACAAG ANTIIAGT
5 GAERCACAG (EOAG GCTACOCTC OOOCAGGEAGG TOAC
{2) INFCRVATICN FCR SED ID NO:5:
(i) SEQENCE CGHARACTERISTICS:
10 (A} IBGTH: 30 base pairs
(B) TYEE: nxleic acid
(C) STRANCEINESS: sirgle
(D) TORCLOGY: linear
15 (ii) MIBJQIE TYEE: cINA
(iii) BYPOTHETICAL: NO

(iv) ANTI-SENEE: NO
20

{vii) IMEDIATE SCURCE:
(B) AOE: orTH-052

25
(xi) SEENCE DESCRIPTION: SEO ID NO:5:

O02ACCTTG CACTATAOCC AJOOCAIG
30 (2) INFCRMATION FCR SEQ ID ND:6:
(1) SBQUENE CHERACTERISTICS:
() IENGTH: 30 base pairs
(B) TYEE: nucleic acid
35 (C) SIRANTEINESS: single
D) TCRCLOGY: linear
{ii) MIBQIE TYEE: cINA
40 (iii) HYPOTHETICAL: NO
(iv} ANTI-SENSE: ND

45 (vii) IMVEDIRTE SOURCE:
B) CONE: orTH-053
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(xi) SEIENCE IESCRIPTION: SEQ ID NO:6:

OOOTEATOCT ATGCATTTAG CIRATACAC 30
5
"(2) INFCRMATION KRR SEQ ID NO:7:

{1) SEOENE CPRACTERISTICS:
{A) IENGTH: 30 base pairs
10 B) TYEE: nicleic acid
(C) STRANIEINESS: single
(D) TORCIOGY: linear

(ii) MOIECULE TYPE: cINA
15
(iii) HYPOTHETICAL: NO

(iv) ENTI-SENSE: NO

20
(vii) IMMEDTATE SOURCE:
(B) CIONE: orTH-054

25 (xi) SECQUENCE IESCRIPTICN: SEQ ID NO:7:
OOCRAAGCTTA. TGEICCACTG GTTOXAARA 30

(2) INFORMATION ECR SEQ ID NO:8:
30
(1) SEIENCE CHARRCTERISTICS:
() IENGTH: 33 base pairs
B) TYPE: nxleic acid
(C) STRANLEINESS: single
35 (D) TORLOGY: linear

(il) MIEQUIE TYEE: dNA
(iii) EYFOTHETICAL: NO

40
(iv) ANTT-SENSE: NO

(vii) IMVEDIATE SOURCE:
45 (B) CLNE: orTH-078
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(xi) SBOENCE DESCRIPTION: SED ID NO:8:
QUCARECTIC GCACCATES TOOOCIGGIT O 33
5 (2) INFCRMATTION ECR SEQ ID NO:9:
(1) SEIENCE CHARACTERISTICS:
(A) IENGIH: 30 base pairs
(B) TYFE: mxcleic acid
10 {C) STRANCEINESS: single
(D} TCRCLOGY: linear
{ii) MIBJIE TYFE: cIMNA
15 (iii) HYPOTHETICAL: NO
(iv) ANTI-SEXESE: NO

20 (vii) IMVEDIATE SOURCE:
: (B) CLONE: oIRES-057

(xi) SEQUENCE MESCRIPTION: SEQ ID NO:9:
25

ARAFEATOOG COOCTCTOOC TOO00aI0C 30
(2) INFCRMATION FCR SEQ ID NO:10:

30 (1) SEOENCE CHARACTERISTICS:
(A) IENGIH: 30 base pairs
(B) TYEE: nxcleic acid
(C) STRANLEIMNESS: single
(D) TORCIOGY: linear
35
(ii) MIBRJIE TYPE: cMA

(iii) HYPOTHETTCAL: NO
40 (iv) ANTT-SENSE: NO
(vii) IMVEDIATE SORCE:
{B) CLINE: IB-065

45

(xi) SEQUENCE IESCRIPTICN: SEQ ID NO:10:
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ARAOAIG OOCACGTTCA GOCTTTSOC 30
(2) INFCRMATTION FCR SEQ ID NO:11:
(i) SEENCE CHARACTERISTICS:
(A) IENGTH: 30 base pairs
(B) TYFE: nxleic acid
(C} STRANCEDNESS: single
10 (D) TORCIOGY: linear
(ii) MIIOIE TYFE: A
{iii) BYROTHETICAL: NO

15
(iv) ANTI-SENSE: NO

(vii) IMEDIATE SORCE:
20 (B) CIONE: OIRES-HIBEH-064
(xi) SPIENCE [ESCRIPTION: SO ID NO:11:
25 CTTACACRA OCATGTAOSS CAOOGOEIG 30
(2) INECRMATTCON EFCR SEQ ID NO:12:
(i) SEOENCE CHARACTFRISTICS:
30 (&) IENGIH: 30 base pairs
(B) TYFE: mx-leic acid
(C) STRANLEINESS: single
(D) TORIOGY: linear
35 (ii) MIBXIE TYPE: cINA
(iii) HYPCTHEITCAL: NO

{iv) ANTI-SENSE: NO
40 :

(vii) IMEDIATE SORCE:
(B) CNE: oIRES-HIBH-066

45
(xi) SEQUENCE IESCRIPTION: SEQ ID NO:12:
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QEXGEII0G TACATAETTIG TGECARGCTT 30
(2) INFCRMATTICN FCR SEQ ID NO:13:

S (1) SEOENE CHARRCTERISTICS:
(A} IENGIH: 30 base pairs
(B) TYFE: nucleic acid
(C) SIRANCEINESS: single
(D) TORIOGY: linear

10

{(ii) MIEJIE TYFE: cINA

(iii) HYFOTHETICAL: NO
15 (iv) ANTI-SENSE: NO

(vii) IMEDIATE SOURCE:

(B) CLONE: oIgSP-068

20

(xi) SEIENCE DESCRIPTION: SEQ ID NO:13:

AARMATATOS OORIGIC XOOCTAGRG 30

25

{2) INFORPATICN FCR SEQ ID NO:14:

(1) SEOENCE CHARACTERISTICS:
(A) IENGTH: 25 base pairs
30 (B) TYEE: nxcleic acid
(C) SIRANLEINESS: single
(D) TORLOGY: linear

{(ii) MIBEIE TYFE: INA

35
(iii) HYPOTHETICAL: NO
(iv) ANTT-SENSE: NO
40
(vii) IMEDIATE SCURCE:
(B) CIONE: orTHD-073
45 (i) SBUENCE DESCRIPTION: SEQ ID NO:14:

ATACAOCTSS TCRGAGRARC Q5 25
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(2) INFCRMATIQN ECR SED ID NO:15:
(i) SEENCE CGHARACIERTSTICS:
5 {A) IENGTH: 30 bese pairs
(B} TYEE: mxcleic acid
(C} STRANCEINESS: single
(D) TORIOGY: linear
10 (ii) MIBOIE TYFE: IR
(iii) BYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
15

(vii) IMMEDIATE SORE:
B CLE: ohPEQMC-IRES-069

20
(xi) SEOENCE DESCRIPTION: SEQ ID NO:15!

eeccceecep.ciccecsealicedlciLeesoly
25 (2) INFCRVATTON FCR SEQ ID NO:16:
(i) SEOUENCE CHARRCTERISTICS:
) (A} LENGIH: 1030 hase pairs
(B) TYPE: nxleic acid
30 (C) STRANIEINESS: single
(D) TORCLOGY: linear
(ii) MIBJIE TYPE: INA (gencmic)
35 (iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
40 (vii) IMEDIATE SORCE:
B) CIOE: D
(ix) FEATURE:
(A) NAVE/KEY: 5'UIR
45 (B) LOCATION: 1..6

(ix) FEATURE:
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(&) NAME/KEY: exon

(B) LOCATICN: 7..1017

(ix) FEATURE:
A NAE/KEY: 3'UIR
{B) LOCATIQN: 1018..1030
(xdi) Mrzsmmm: SED ID NO:16:

AACCTTATGG TOUCCTGEIT COCAAGARPA GIGTORAT TEACRAGTG TCACCACCTG
GICAOCAAGT ‘TTGRAOCCTEA. TCIGEACCTG GAOCAOTNSG (CTTCICTGA. (CAGGTGIAT
CECARIGTC GERAGCTCAT TGCAGAGATT GOCTIOCAGT ACARGCAOSS TGRACCARTT
COCATGTES ARTACACARC GERRGAGATT GCTRCCTGRA AGGAGGIATA TGICAOECIG
AAEIICICT ATGCIAOTCA. TACTEONGG GAGCACCTAS AGGGITIOMR GOTTCIGEA
OGGIACTGIG GCTACOGAGA. GERACARCATC OCACAGCTAG AGGAOGIGIC COCTICTIG
APERGITA. CIGCTICCA GCIG0GACIC GIGEIIEGTC TACTGIONE: COGTGATTTT
CIGEIAGIC TEECTIOG CEIGITICAA. TECACOCAGT ATATOOGICA TAOCTOCTCA
CCTATGCATT CACCTGAGIC GEACTECTAS CATGAGCIGT TGEEACATGT ACXCATGTIG
GCIGAOUAA. CATTTEOXCA GTTCTOUCAG GACATTAAC TIGCATCICT GEESICTCA
GATGAAGAPA. TIGAAPARCT CTOCAGGIG ‘TACTGGTICA CIGTGGAATT CEEECTATGT
ARACAGAATG GEGAGCTERA. GECTTATUGT GEAGHECTEC TGICTICCTA GERGARCIC
CIGCACTONC ‘TGICAGAGEA. GOCTGAGEIC CCAGICTTIG ACCCAGACAC AGCAGCTGIG
CAGOCTAC BAGATCARRC CTACCAGOCT GIGIACTTIG TGICORGAG CTTCAATERC
QXPAEFCA ACCTCAGFA CTATACICT (GTATOCAGC GOOCATICIC TGTGRAGTTT
GAOOOGTACA. CACTGRXCAT TEACGIACTG GACAGIOCTC ACACATCRA. GOECTOCTTG
GAGIEEGTOC AGGATEAGCT GEACACCTG GOOCACGCAC TEAGIGOCAT TAGCTARATG
CATAGEATCC
(2) INFCRATION RR SEQ ID NO:17:
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(i) SEIENCE CHRRACTERISTICS:
() IENGIH: 1037 base pairs
B) TYEE: nxleic acid
(C) STRANCEINESS: single
(D) TOPCLOGY: linear
(ii) MIRQIE TYEE: DNA (gencmic)
(iii) HYPOINETICAL: NO
{iv) ANTI-SENSE: NO
(vii) IMVEDIATE SOURCE:
(B) CIONE: rTHIKS
(ix) FEATURE:
(Aa) ME/KEY: 5'UIR
{B) IOCATICN: 1..13
{ix) FEATURE:
(a) NAVE/KEY: exon
(B) IOCATION: 14..1024
(ix) FEATURE:
@A) NMVESREY: 3'UIR
(B) IOCATION: 1025..1037
(3¢i) SEJENE ITESCRIPTION: SEQ ID NO:17:
AXNICTTOOC ACATEETOC OCTGETITOC AAARARGTG TORRATTYS AZAGICICR
CCAOCTAEEIC ACCAAGTTIG AOCTGRICT GEACTARAC CAOOEEATT TCICTERCCA.
GETGTATO CAAUGTORRA. ATERTTE. ARGATIANC TTOCAGTACA AR
NI2ATTOC CATGTGRAT ACACAIIA AGAGATTCT AXCTEEANTG AGTATATGT
CAOGCTERAG GIOCTCTRIG CTAOOCATAC CTEIOGERG CACCTAATS CITTO AT
TCTEAORG TACTGIGECT ARG CAGCATOXA. CARCTEAGE XGTGIONG
CTTCTTGAAG GAEIOEZACIG GCTTOCAGCT GUEAUIETG GOEGICTAS TETOos

TRATTTICTG GXCAGICIEE CCTTAORNGT GITTCAATEC ACUCAGTATA TOORCATGE
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CICCTCACCT ATGCATTCAC CTGRGUOEEA CTECTGOCAT GAGCTGTIGG GACATGIACC 540

CATGTTGECT GACOGCACAT TTEOCCAGTT CTOUCAGEAC ATTGERCTTG CAICTCTAEG 600

GICTCAGRAT GRAGRAATTG ARRRACTCIC CAOGIGTAC TGGITCACTG TGAATTONG 660

GCIATGTARA. CALARTGEEG AECIGAARSC TTATGETACA GEACTACTET CTICCTASG 720

10 AGGCTOCTG CACTOOCIGT CARRGERAEOC TEAGEETOOEA GCTTIGACC CAGPCACAGT 780

ASTTGIGAG COCTAOCARG ATCRAACOCTA, OCRAUCTGTG TACTTTGTGT CORGRAGCTT 840

15

GRAGTTTGAC (OGTACACAC TAIXCATTGEA OGTACTGEGAC AGCOCTCACA CCATOAGG -960

CICCTTOERAG GE3GTOCAGG ATGAGCTECA CAOCTAEC CAOGCACTGA GTGOCATTAG 1020

20 CTARATGCAT AGGATCC

(2) INFORMATION FCR SED ID NO:18:

25

30

35

40

45

(i) SEJENCE CHARACTERISTICS:
(A) IENGIH: 3425 base pairs
{B) TYEE: micleic acid
(C) STRANLEINESS: single
(D) TORCLOGY: linear

(ii) MIRCUIE TYPE: DNA (genamic)
(iii) BYEOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vii) IMEDIRTE SOURCE:

(B) CIONE: rTH-IRES-HIEH
(ix) FEATURE:

@A) NME/KEY: 5'UIR

(B) LOCATION: 1..6
{ix) FEATURE:

() NAVE/KEY: exon
{B) LOCATION: 7..1017
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{(ix) FEATURE:
A) NAVE/KEY: intron
{B) LOCATION: 1018..16l7
(ix) FEATURE:
(A) NAE/KEY: exn
{B) -LOCATICON: 1618,.3411
(ix) FEATURE:
{A) NAVE/KEY: 3'UIR
(B) LOCATION: 3412..3425
(ix) FEATURE:
(A) NAVME/KEY: misc feature
(B) LOCATION: 1025..1617
(D) OIHER INFCRRTICN: /prodixct= "IRES sequence"
(xi) SEQUENCE TESCRIPTION: SEQ ID NO:18:
GICAOCAAGT TTGRACCCTGA TCTEEACCTG GAOCACOOEG GCTTCTCTGA. CCAGGTGTAT
OEXRQETC GEAACTGAT TCAGRGATT GOCTTOCAGT ACAAGCRAORG TGRACCARTT
QOXCATGTSG ARTACACAGC GRARGRGATT GUTACCTARA AGGAGSTATA. TETCAOECTG
ANIIICTICT ATCCTAOOA. TECTEOOEG GACACCTES AGSGTTIOCA CTTCIGRA
OGGTACTGIG GCTROCGAGA. GRACAGCATC OCACAGCTAS AGGAOGIGTC OUOCTICTIG
ARFFAEIEEA. CTECTTOCA GCTEIEA0OC GTEEIOEETC TACTGIONGEC COGTGATTIT
CIGIXAGIC TAXCTTONG OGTGITICAA, TACACOCAGT ATATOOGXA TACIXCICA
CCIATGATT CAOCTGRAC GERCTIGCTEC CATGAGCIGT TESERCATGT ACCATGTTG
CCIACXCA. CATTTEOIA GITCIOXAG GACATTASAC TTGCRICICT GAS3ICCA
GRIGAAAA. TTGRARARCT CTOCAOSGTG TACTEGITCA CIGIGGRATT OSGECTATGT
RARRCAGRATG GEAGCTERA GECTTATGET GCAGICTAEC TGICTTOCTA OERGARCTC
CTAZACTONC TEICAGRGEA. GOCTCAGETC OGAGOCTTIG AJOCAGACAC ASCAGCIGTG

CAGOOCTACC ARGRICARRC CTROCAGCCT GIGIACTTIG TGIUURAGAG CTTCARIGRC
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GOPAGECA AGCICAGEAA CTATGOCICT CRTATOCARS GOOCATICIC TGIGAAGTTT
OOGTACA CACTGIXAT TEACETACTG GACAIIICTC ACAOCATOCA. GUACICCTTG
CAGIIIIICC AGATEAGTT GACAOYXTG GIOCAORAC TRAGIGXCAT TACCTRAATG
CATAGIATOE GOOOCTCTCS, CTOOOOOO0E QCTARCGTTA CTGEINGRAG COGCTTARA
TAAGGIOEET GIGIGTTTGT CTATATGTTA TITIOACCA TATIGIOGIC TTTTGECRAT
GIPGEINC GANCCTE QOCTGICTIC TIGAOGAGA TIOCTAGEG TCTTIOCT
CICEIARAG GAATGCHAT: TCTGTTGRAT GIOGIGRAGS AAGCAGTTCC TCTGERAGCT
TCITAGC FACRICEIC TEIAGIRC CTTIGIAGH: ARG COCACCTGR:
@CAGEIET TCTEIS0A ARRGICACGT GIATARGATA CACCTGIARA GROREACAR
CUOCAGIGNC ACGTIGIEAG TIGEATAGTT GIGGARAGG TCAAATGACT CTOCTCRAGE
GIATICANA 2AGTITTEAA GRATAOXCAG AAGETAOCC ATTGIATESG ATCIGAICIG
GEEOCIOEET GCACATCIT TACATGIGIT TAGIOGAGGT TARARANIGT CTAG3OIIC
ORNITAOIG GEAOETEEIT TTOCTTTGRA AANCAOGATG ATAACCTTGC CACAAOCATG
TR (I CITCCTGETC ATOCIIGIGS CTIGPCTGIA GACTTEET
CUOECIEAGA. GOIOCTTOC CTTOCACATC COCCIGRAOC OORAGIERAC CCTEERACTG
TOCTGRANCA. TOAGCTATA: GEAGERGACE ATCTACTTOC AGCIOCTGGT GORIEGCIC
AACTEETG TOCIGITING GATGIOEEAC OEAGEEEACC TAAGRATEC TGACTIGETG
GIECTCTEA CTEACAGEA CEE0ACTEC TTTGERAIG CCTGRGIGA CCAGRAGE
CAGTOCAOC TEEACTOOCA. GCAGGATTAC CAGTTTICTAC GE3CACARG GRCTOCACRA
@ECTGICC TECICTICRA. GAGECTTTT GERACCTGIG ACTOCRACEA CIRCCTCATC
PGROFTA OIEIOACT GEIGTATGEA. TIOCTGEAS AGIIECTG GIUECIGEG
mmmmmm

ATOOXAAC QaE0CTRAC CEOEGACAOG CECACCATSS AGATOOSOEC COOOEAGTC
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CICATOOI0G GIAGCAGRC CACGTACTEG TACTACGTGA O0GAGCTONC GRAOGECTIC
QOO0EECAOC ACATOGTCAT GIAOEAGIIC ATUGTCAONG AGIARIRA GEISCIEIG
CAOCACATEG AGGTCTTOCA GIUIXI0EIC GAGTTOGAGA. OCATOUONCA. CTTCAGOEG
COCTEEACT QCAAGRTGRA. GIOECAGOSG CTCARCTTCT GOOGTCACGT GCTEE0I T
TCEEIICTEE GOECAAGEC CTTTTACTAC QCAGAGEAAG CRAEEOCTEREC CITOGREESG
QO03CTACT OCAGRTTICT COECCTEGAA. GTTCACTAOC ACAAOICACT GGIGATRACA
GE0IEE00E ACTOCTOESG CATCOSCTG TACTACAORS CTEOGCTENG GOECTTORC
GUEEECATCA. TEEAGCTEEG CCTEE0GTAC AQGOUOGIGA. TGRUCATOOC COORCAGERG

AOSIOCTTOG TOCICACDGS CTACTGCACG GACRAGTACA. OXCACTE jseiicecscaoiy

TCAGIATIC ACATCTTORC CICICAGCTC CACACECACC TERACIEEIG GRAGGTGGIC
ACRGTIGCTGEE OCAGIEAOGE COEEAGRCA GAGRATUGTGA. ACAGSACRA. (CACTACAC
CCACACTTCC AGEAGATONG (CATGTTGRAG AAGGTCGTGT CTGIOCAGIC GEEAEATGIG
CTCATCACCT CTTGCACATA. CARCAUIAA. GACAGGAGEC TABOCATOGT GEIIETIC
GEEATCCTAES AGAGRTGIG (GTCAACTAT GIGCACTACT AJOOOCARRC GCACTARG
CICTGCARGA. GUEI0GTERA QOCTEECTTC CIGCACAAGT ACTTCOGEICT OGTGRACATS
TICRACAGTG AGARGICTG CACCTEIO0C CAARIGTCIG TOOCIGAGCA. GITTAOCTOC
GIGCTEA ACTOCTTCRA. QOSIAGETG CTCARGAXC TGIACGECTT CEACCAIC
TOCATGCACT GCAACAGGIC CTOEEOIGIC QECTTOCAGS GOGAGTGRA TOSAGYC
CTGCTGAGA. TOGTGTOCAG GITGRARG CUCACOICTC ACTGOOCARC (RGOCAGTT
CAGRGIO00G COEE000CAC QETECTGRRAC ATCAGTEERG QCARRGECTG AROGTERSSG
caace

(2) INFCRVATION FCR SEQ ID ND:19:
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(C) SIRANLEINESS: single
(D) TCRLOGY: linear

(ii) MIRJIE TYEE: INA (genamic)
(iii) HYPODHETICAL: NO

(iv) ANTI-SENSE: NO

(vii) IMMEDIAIE SORCE:
(B) CIQE: rTHIKS-IRES-IEH

(ix) FEATURE:
() NRE/KEY: 5'UIR
(B) IOCATICN: 1..13

(ix) FEATURE:
(d) NAE/KEY: exon
{B) IOCATICON: 14..1024

(ix) FEAIURE:
(A) NMVE/KEY: intron -
(B} LOCATICN: 1025..1624

{ix) FERAIURE:
(A) NOVE/KEY: excn
(B) LOCATICON: 1625..3418

(ix) FEATURE:
(A) NRVE/KEY: 3'UIR
(B) LOCATICN: 3419..3432

(ix) FEATURE:
(A NRME/KEY: misc feature
(B) LOCATION: 1032..1624
(D) OTHER INFURVATION: /product= "IRES sequence"

(xi) SBIENCE DESCRIPTION: SEQ ID NO:19:

ANTTTOC ATCATGEICC OCTGETTONC AAGRRRAGIG TOGRRTIGG ACAAGIGTCA

OCACTASTC ACCRAGTTIG AOCCTGRICT GROCTGEAC CAOCCEEACT TCTCTGROCA

45

GEIGTATORC CAGIGTOGEA AGCTGATTGC ACAGATTGIC TICCAGTACA AGCAOISTGA
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ACCARTIONC CATGTGPAT ACACAGORA AGRGATTOCT ACCTGGRAGG AGGIATATGT
CAOTIGANG GICTCTATG CIACCCATGC CTGCOCEAG CAOCTGEREG GITIOCAGCT
TCIGRAEG TACTGIACT AOTGAGATEA CAGCATOOCA. CAGCTGRAGG AGTGTONG
CTICTTGAAG GAAORFCTG GCTTOCAGCT GUEAOCIGTG GOORGTCTAC TGOS0
TEATTTICIG GUCAGICTGSG CCTTOCAIGT GITTCARTGT ACUCAGTATA. TOOSICATGC
CTCCTCACT ATGCATTCAC CTGAGI0GA. CTACTGOCAT GAGCTGITGS GACATGTIAC
CATGITAXT GAOICACAT TTGUOZRGIT CTCOCRGEFRC ATIGEACTTG CATCICIAES

GEOCTCAGAT GRAGRRATTG ARRRACTCTC CAOSGTGIAC TGGITCACTG TERATTONG

GCTATGTARA. CAGRATGESG AGCTGRAGC TTATGSIGCA GICTGCIGT CTTOCTAOG -

ACPCCTOCTG CACTOOCTGT CAGAGRAGC TGAGSTOOGA GUCTTTRACC CAGRCACREC
AOCTGIGAG QOCTOCARG ATCARACCTA QCARCIGIG TRCTTTGIGT COGAGRAGCTT
CANTGACC PAGCACAAGT TCAGRZCTA TAOCTCIOGT ATOCAGIEIC CATTCICTGT
@PACTTIGRC QUGTACACAC TAXYATTGA CGIACTREAC ACOOCTCACA. (CATORGTG
CICCTIGEG GIIGIOCAGS ATGECTEA CACTERC CAIGRACTGA GIGICATIRG
CIARATGCAT AGEATCOEX QCICTOOCTC COOCHOOOCT AACGTTACTG GOOGRAGRTG
CTTGERATIA GIOGGIGIG CGITIGICIA TATGTTATTT TOCACCATAT ‘TG0GICTTT
TEXPAATCIG AGIEI00EEA AACCTAXXC TGICTICTTG ACGAGCATTC CTAGEGGICT
TIOXCTCIC GTARAGERA TARAGGICT GTTGRATGIC GIGAAGRAG CAGTICCICT
GEARGCTICT TCRAGACARA. CAACGICTGT AGUEROCCTT TAGECAGC GRARCTOOC

AOCIGE0ERC AGGIGICICT GOEEICARRA. GOCROGTGTA TAAGRTACAC CTGCARAGC

GEACANIXC (AGIGXCAG TTGIGAGTIG GATAGTIGIG GAARGRGICA AATGCICTC

CICARGOGTA. TICAACRAAGG GECTGRAGGA. TAUCAGARG GTACOOCATT GTATGEEATC
TERICTEE3G CCICREIACA CATQCTTTAC ATGIGITTAG TOGAGGTTAA ARAROGTICTA

000000 AOCAO3I3GA. OGTGGTTTTC CITTGRARRA. CRAOGRTGATA. AGCTTEOCAC
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RACATGTAC GICACTENES TO0GTCTT CCIGETCAIC CTCGTARCTG CACTACAGS
CTORETOC GOOGAGAGTS OCTTOOOCTT CCACATONNC CTAGACINNG AGEGACCT
GRACIGI TIRAATCA GCTATEIA. GRAGACATC TACTTOCAGT TOCTGETAS
GRAECICAAG QTSGR TTTTGIAT GIOEACA GIGARCTGS AGAATGCIGA
CTTEGEIEGSIG CICIGECTG ACKIXACES QOCTACTTT GOIATACT GRAGTEAA
GRAGEIERG GIOTACCTAS ACTOOCAGIA, GRATTRAOTAG CITCTRES CACAGAGRC
TOCAGAGEC CIGIACCTGS TCTTCRARG GICTTTTOA ACCTGIGACE (CAACGACTA
CCTCATORAG GROGEAOT; TOCACCTAST GIATGEATTC CTEAGEAR. QCTOOGEIC

GCTGEAGICC ATCANCACAT CORECTTECA CAOGEARCTG CAGARRGIGC AGCTACTGRA

GOOCAGCATC COCAAGODRG COCTRO0NGEC GREACACHORC ACCATARAGA. TOGIEIT
QEACGTOCIC. ATA000EIC ASCAGACCAC GIACTEEIGS TACGIGANG AGCTOOOEA
CEECTTONCC OGECACCACA. TOGTCATGIA CRAGIICATC GICACORRGG GCAACGRGEC
GCTGGTOCAC CACAIGEGE TCTTUCAGTG CEXOGINEG TICERGAOCA. TOOIICACTT
CABIEEIIY TAYACTOCA AGKTGARIIC GRAGCARCIC AACTTICTNC GICACETGCT
GEO0GE0CTAG GOOCTREESG CCARGEOCTT TTACTAOOCA GAGERAGCAG GICTGRXCTT
OEEEEEAI0C GECTOCRCA GATTICTONG CCTGGRAGTT CACTACCACA AOXCACTGGT
CATPACAGC COXOOIECT CCICEEEAT COROCTGIAC TACACEECTG CRCTEIREM
CTTUGAOGIG GRCATCATGG AGCTGEACT GEOGIACACG COCGTGATRG CCRTOINC
GAGEAGACS GICTTOGIOC TCACCGECTA. CTACACGAC, ARGTGCACOC AGCTEEICT
GOOTGOCTCA. GEGATICACA. TCTTOGICTC ‘TCAGCTOCAC ACCRCCTCA. COGEI0EFA
GEIGGTCACA. GIGCIGICA GIEAIGE0NG GEAGACAGAG ATCGTAACA GERCARIA
CTACAGOOCA. CACTTOCASG AGATOORCAT GTTGRAGRAG GICGIGICIG TOCAGIIRES

AEAOGIACTC ATCAOCTCTT GCACATACAA. CACGGARGRC AGGAGECTGRG CCAOTGTAEEG
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GETIOEEG ATCCTGRAGS ACRTGIGOET CAACTRTGTG CACTACTAT OOCAOEA
GCIGEAGCIC TACARGAGTS OOGTEROC TEECTIONIG CACAAGTACT TOOXCTOGT
GAACAGGTTC ANPGRS AAGICTEAC CIEOO0AG GOGTCTGINC CTGAGCAGIT
TAOCTONGIG OOCTGGRACT OCTTCANG CRAGGTGCTC AASEIOCTGT AOGECTION
AQCATCTOC ATCACTACA. AAGGIONTC GROGTONS. TIOCAGERS ACTARARTOG
GRAGIICIG CCIGGATOS TETOCAGETT GRAARGINC MOOOCTCACT GOOCAIIEG
OAGECTCAG 200005 GIOOCAONGT GCTERRCATC AGTEASIEA AAGTTGRAC
lciiccceccaolice
(2) INFCRMATION FCR SEQ ID NO:20:
(i) SEQENCE CHRRACTRRISTICS:
{A) IENGTH: 30 base pairs
B) TYEE: nicleic acid
(C) STRANCEINESS: single
(D) TORCLOGY: linear
{ii) MIEUIE TYEE: dINA
(1ii) HYPOTHETICAL: ND
(iv) ANTI-SENSE: NO
{vii) mmmﬁam:'
(B) CIONE: chBMC~IRES-070
{xi) SEIENCE CESCRIPTION: SEQ ID ND:20:
b 'ceeolv'coffcccesniioifsasiisscaces
(2) INFORMATION FCR SEQ ID NO:21:
(i) SEXENCE CHPRACTERISTICS:
(A) IENGIH: 30 base pairs
(B) TYEE: nixcleic acid

(C) SIRANLEINESS: single
(D) TOPCLOGY: linear
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(ii) MIBCULE TYFE: cINA
(iii) HYPOIHETICAL: NO

5 (iv) ANTI-SENSE: NO

(vii) IMEDIATE SOURCE:
(B) CIONE: oIRES-rTHD-071
10

{xi) SEUENCE TESCRTPTICN: SEQ ID NO:21:

GAACAGEIE AOCATAGTTG TGECRAGCTT .30
15
(2) INFCRATION FCR SEQ ID NO:22:

(i) SEXENCE CHARACTERISTICS:
(A) IENSTH: 30 base pairs
20 (B) TYFE: nixleic acid
(C) STRANLEINESS: single
(D) TCEOLOGY: linear

(ii) MIBJIE TYEE: cINA
25
(iii) HYPCOTHETICRL: NO

{iv) ANTI-SENSE: NO

30
(vii) IMVEDIATE SOURCE:
(B) CLNE: oIRES-YTHD-072

35 (xi) SEXENCE IESCRIPTION: SEQ ID NO:22:
CITAOCARA. OCATGGTOOC CTEGETIO0A 30

(2) INFORMATICN FCR SEQ ID NO:23:
40
(i) SEOENCE CHRRACTERISTICS:
(A) LENGIH: 4499 base pairs
{B) TYFE: mxleic acid
(C) STRANCEINESS: single
45 (D) TORCLOGY: linear

(ii) MIEXIE TYPE: INA (gencmic)
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(iii) HYPOHETICAL: NO

(iv) ANTT-SENSE: NO

{vii) IMEDIATE SORCE:
B) C(IONE: panc-th~dbh fusion

10 (ix) FEATURE:
A} NRE/KEY: 5'UIR
(B) LOCATICN: 1..43

(ix} FEATURE:
15 (A) NAME/KEY: esxn
(B) LOCATION: 44..89

(ix) FEATURE:
(A) NRVE/KEY: introen
20 (B) IOCATTON: 90..168

(ix) FEATURE:
(A) NAVE/KEY: exon
{B) IOCATION: 169..482
25
(ix) FEATURE:
(A) NAVE/KEY: intron
{B) LOCATICN: 483..1080

30 {ix) FEATURE:
(A) NAVE/KEY: exon
(B) IOCATION: 1081..2091

(ix) EFEATURE:
35 A NAVE/KEY: intron
(B) IOCATION: 2092..2691

(ix) FEAT(RE:
&) NAE/KEY: exton
40 {B) LOCATICN: 2692..4485

(ix) FEATURE:
A) NAE/KEY: 3'UIR
(B) IOCATIQN: 4486, .4499
45

(xi) SEQUENCE TESCRIPTI(N: SHEQ ID NO:23:
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GUGEO0EGET CAOOOCTAGA. GIOGAGCTGT GROGGICCIT ACRATGARAT GCAGCTARST
TOCATARACT CTGIGACAGT GECAATCRCT TIGOCITICT TICTACAGSG GIGARTTORG
CTTTOOOEEC CTIOOCTG GRGITCARGA. GIAGCTERC TOACAGKGEA. CIOUEEEAGE
GERATGEIIC CRACIICT GOIEAIGRS GUEAGEEEC OCAGEINEC CTGRGACA
GOCTECTEST GREIIAG AAAARE AGSIIOCTA (AGATGRG CACTIOUET
GEGGCARIOC GOOCAAGZC, ARGUGCTACG GOIGITICAT GACCTOUGG AAGAGICAGA
CEOCTEGT GACGCIGTTC ARARRCGICA. TCATCRAGRA OECCTACRAG ARGEAOGAGT
GAGIRCACAG (EEE0IOCTC TOOCTOOOC CONOCTAAG TIACTGENG ARGIIECTTG
GRATRAGIC GGIGIGGIT TCICTATAIG TIATTTTOCA CCATATTGXC GICITTIGHS
PATGIGAGEG COOGGRRRCC TEIIOCTGIC TICTIGARA GRATIOCTAG GEGICTTICC
CCICTORXCA. AAGGRATACA AGGICTGITG ARTGTOGTGA AGRRAGCAGT TOCICIGRA
GCTICTIGRA. GRCARACRAC GICTGIRGG ACOCTTTECA. GEAGOGERA. COOCOCACCT
GEIGACRGST GOCICIGNEG (CARARGICA CGIGIATAAG ATACACCTGC ARAGAIGGEA
CRACCOCAGT GOCACGTTGT GRGTTERTA GTTGTGRAA GAGICARATG GCICTOCTCA
ACCGTRTICA ACAAGEEACT GRAGRAIGNC CAGRAAGGTAC COCATTGTAT GRGATCTGAT
CTGEIECTC AEIECACATG CTTIACATGT GITIAGIOGA GGITARARAA CGICTAGEC
COOOGRACCA. CRSEFOGTG GITTICCTTT GRAARACACG ATGATANCT TGOCACARCC
ATGGTOOCT GETTOXAAG ARAAGIGIOS GRATTGEACA AGTGTCACCA. QCTGEIACS
FAGTTIGAOC CIGATCIGRA CCTGR0CAC QOGECTICT CIGAOCAGST GIATEIRG
CGTCRAGC TEATTGAGA GATTGCCTTC CAGTACRAG AQGETGRAC ARTIOOOCAT
GTGEARTACA CAAOSRAGA GATTGCTACC TORARGEAGS TATATGICAC GCIGAAEIEC
CICTATGCTA OOCAIGICTG CISEFGEEAC CIGGRAGHGTT TOCAGCTTCT GRANREIRAC
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TETGECTACC GREGEACAG CATUICACAG CTGRGEG TGICOORCTT CTTCAATAG
CEEACTEECT TOCAGCTEOS AXOGISEX GEICTACTGT COIO0GIGA. TITTCTART
ACTCTECT TOURIGIGTT TCRATGRACK CAGTATATOS GICATEICTC CICACCTRIG
CATTCACCTG AGOGECTG CIAXAIGS CTGTTAERAC ATGIACKAT GITGACIES
CBACATTIG COGITCIC CCAGEACATT GRCTTAAT CICTGIEEC CICAGATEAA
GAAATTGRAA. AACTCTOCAC GGIGIACTAG TICACTGRGG FATTOGHCT ATGTARACHG
AATOIREAGC TGRAGECTIA. TRETACAGHS CTGCTGICIT CCTACGRAGA. GCICCTACAC
TOOCTGICAG 2GRAGCTA GETOIRGX TTTROIAG AACAGCA TEIAAGIT
TACCRAGATC. ARAOCTROCA GCIGIGIAC TTTGIGIONG ACACTTCRA TEAOGIRAG
GARRGCTCA. GAACTAT. CTCIUGTATC CAGTEIICAT TCICTGIGAR. GITTGOIG
TACACACTGG QCATTGAOGST ACTEACARC CCTCACACCA. TOAGOCTC CTTRAGES.
GTOCAGRATG AGCTACACAC OCTAIICAC GRACTAGTG QCATTAGCTA. FRIGEATAGS
ATO0GIOCCT CITOCTONNC COOOCTARC GITACTRR GAGICTT CRANTRAGE:
CGGETGIGGT TIGICIATAT GITATITIOC ACCATATTGC CGTCTTTICS CAATGIGAGS
GOOOGGEARAC CIGEOCTGT CTICTIGATG AGCATICCTA. GIEEICTTIC COCTCTORE
RAACEANIGE APGGICTGIT GARTGIOGIG AAGFAGCAG TICCICIGEA AGCTICTTGA
ACFCANCPA. CQGICTGTAGC GACOCTTTRS AGECAGIERA ACOCA: TRIGACAGS
TEOCTCTENG GOCARRAGOC ACGTGIATAA, GATACACCTG (AAREIONAC ACAACICAG
TEOCACGTTG TGAGTTGEAT AGTTGTGRA ARGICARAT GECTCICCIC AMGGIATIC
AACAGEIC TGAAGERTGC CCAGRAGITA. COOTATIGTA. TRRAATCTCA TCTGRIICT
CGGTECACAT GCTTTACATG TGITIAGIOS AGGTTARRAA ACGICTAGAS COCCCGRACC
AOGGEEAOGT GGITTTCCTT TCARANCAC GATGRTARGC TIGUCACAAC CATGIRCEE

AO30E6TE5 QOGTCTIOCT GEICATCCTC GIEECTACAC TATAGECIC GrTO3

GAGAGIOCCT TOJOCTTOCA. CATOOOCTG GROOOTEARE GRAOXCTERA QCIGICTEG
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APCATCAGCT ATGOSAGEA GAOCATCIAC TTOCAGCTOC TAGTG0ESEA. GCTCAAGECT
GETCIOCTGT TTAIRIGIC QARG GGCTERGA ATCTECTT GEIGETECIC
TERCTECA CRANIIE CTACTTTEN GATAOCTARA GIGACAGNA. GIIECAGSIC
CACCTGEACT COCAGCAGRA. TTACCAGCTT CIGIGEEAC AQGRCTCC ASPGITTG
TAOCTECTCT TCRAGAART TTTTACACC TGIGAOKICA ACRCTACCT CATORAGERC
EXACGIC ATTEEIGIA TEEATICTG GRG0 TOMGEI0ET GRAGTOTATC
AACACATONG GUTTAACAC GEEGCTACRAG AGTGTECA TCTGAART CAGCRTOOC
AAGOOEENC TEOOOEIGEA. CACGORTACC ATGRAGATOC GOE0O00NGA. CGICCTCAIC
COOEEICAGC ACACCACGTA. CTGSTACTAC GIGROURAGC TOUOGEACRS CTTO0TNEG
CACCACAIS TCATGIRCGA GOOCATOSTC ACTRGATA ACAGEO0GCT GRTRACC
ATGRGGEICT TOCAGTEIR CE0IEAGTTIC GAGACCATUC COCACTTCAG CEEIICTEC
@CTORAGA. TEAGTIEA GIGXCTCAAC TICIEEIC ACGIGETAE QE0CTGEIT
CTEEIIA AGICITTIA CTACICAGRS GRGCAGEYC TAICTIONS GREXIONEE
TCICCAGAT TICICUECT GRRAGTTCAC TACCACARC CACTASTAT ARCAGIIIEG
CUEACTOCT CERGCATONG CCTGIACTAC ACGACTEORC TAUGEIGCTT CRAIG0EET
ATCATGEAGC ‘TERECTG GIACACEONC GIGATGAICA TO00O0ECA. GRAGACEIT
TIOETOCICA. CORGCIACTG CACBRACRRAG TECACOCAGC TAICTA CECTCAGE
ATTCACATCT TORCCICICA. GETOCACAS CAOCTGAO0G GUOGEAGGT GRICACAGTG
CTEE0CARES ACGEORE, GACAGAGATC GIGAACAGEG ACRRCCACTA. CAGOOCACEC
TICCRAGEAGA. TOOGCRIGTT GRAGRAGEIC GIGICTGIOC AGTIRIGAGA. (GTACTCAIC
ACCTCTTGNA. CATACRACAC GRAAGACAGS AGGCTGI0CA. QOGTGRIEG CTTOGIATS
CIGRGEAGA TEIGIGICAA CTATGTACAC TACTACIONC ACAORCAGCT GEAGCTCTAS
AAGACO TAAOOCTGS CTIOCIGC ZAGTACTION GOCTOGIGAA. CAGGTTCRAC
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. PEOFREERAG TCTACACTG GO0OCAGENS TCTGTOXCTG AGCAGTTTEC CTOOGIEIC
TERRCTOCT TCANCOEIEA. GETOCTCAAG GOCCTGIANG GCTTORCACC CATCTOCATG

5 CACTIAACA GEIOCTOEIC OGTO0RCTTC CAGIETEAGT GRRATOETA GOOOCTEXCT

GAGATOGTGT OCARGTTARA ACAGOICAOC CCTCACTAEIC CAGICAGICA. GRCTCAGAT

QOOE00EE3C OCAOOGTGCT GRACATCAGT GEIEECARAG GCTGARCGTG GEOEEI03C
10

(2) INFCRMATION FOR SBQ ID NO:24:

(1) SEUENCE CRRACTERISTICS:
(A) IENGIH: 30 base pairs
15 (B) TYFE: nixcleic acid
(C) STRANIEINESS: single
(D) TORCIOGY: linear

(ii) MIECILE TYPE: cINA
20
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

25
(vii) IMEDIATE SORCE:
(B) CANE: oIRES-074

30 (xi) SEENCE DESCRIPTION: SBEQ ID NO:24:
AARGIEE00G QOOCTICTONC TO0aaoaasC

(2) INFCRMRITON FCR SEQ ID NO:25:
35
(i) SEXENCE CHARACTERISTICS:
(A) IENGIH: 30 base pairs
(B) TYFE: nucleic acid
{C) STRANCEINESS: single
40 (D) TORCLOGY: linear

(ii) MIBJIE TYFE: cINA
{1ii) HYPOTHETICAL: NO

45
(iv) ANTI-SENSE: NO

SUBSTITUTE SHEET (RULE 26)

4260

4380

4440

30



WO 96/40959

- 82 -

(vii) IMVEDIATE SOURCE:
(B) CIONE: oZeocin—0T7

(xi) SEJUENCE TESCRIPTICN: SFD ID NO:25:

RARCTOAGT CAGTOCTECT CCTOECAC
10 (2) INFCRVMATTCN FCR SBD ID ND:26:
(1) SEJIENCE CHARRCTERISTICS:
{8) IENGTH:. 30 base pairs
(B) TYEE: nxcieic acid
15 (C) SIRANIEINESS: single
(D) TORCLOGY: linear
(i1} MIBIE TYFE: cINA
20 (iii) HYPOTHETICAL: NO
(iv) ANTT-SENSE: NO

25 (vii) IMMEDIATE SOKE:
(B) CIOE: OIRES-Zeocin-075

{xi) SECUENCE DESCRIPTION: SEQ ID NO:26:

30
GGICARCTTG GOCATGETIG TASCRAGCIT

(2) INFCRVATION R SEQ ID NO:27:

35 (1) SEXENCE CHRRACTERISTICS:
{A) IENGTH: 30 base pairs
(B) TYEE: nxleic acid
(C) STRANLEINESS: single
(D) TORCHLOGY: linear
40
(ii) MIROIE TYEE: dMNA

(iii) HYFOTHETICAL: NO

45 (iv) ANTT-SENSE: NO
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(vii) DMMEDIATE SORCE:
(B) CIOE: oIRES-Zeocin-076

5 (xi) SEQUENCE [ESCRIPTION: SEQ ID NO:27:
CTTGOCACRA. CCATGAOCAR. GTTGRAOCAGT

(2) INFURMATION FCR SEQ ID NO:28:
10
(1) SEOENCE (FARACTERISTICS:
{A) IENGTH: 5540 base pairs
(B) TYFE: nucleic acid
(C) SIREANLEINESS: single
15 (D) TORCLOGY: linear

(ii) MIPRONE TYPE: INA (gencmic)

(iii) HYFCTHETICAL: NO
20
(iv) ANTI-SENSE: NO

(vii) IMMEDIATE SCURCE:
25 (B) CLONE: POMCTRCTH-IRES~-THD-IRES-TEH-IRES~Zeocin

(ix) FERTURE:
(A) NBME/KEY: S'UIR
(B LOCATION: 1..118
30
(ix) FEATURE:
(A) NAVE/KEY: exon
(B) LOCATICN: 119..1é4

35 (ix) FEATURE:
() NAME/KEY: intron
(B) LOCATTION: 165..243
(ix) FFATURE:
40 A) NAVE/KEY: exon
(B) LOCATION: 244..557
(ix) FERTURE:
() NAVE/KEY: intron
45 (B) IOCATION: 558..1155

(ix) FEATURE:
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(A) NMVE/KEY: excn
(B) IOCATION: 1156..2166
{ix) FEATURE:
(A) NAME/KEY: intron
(B) LOCATION: 2167..2766
{ix) FEATURE:
(A} NAE/KEY: exxn
(B) LOCATICN: 2767..4560
(ix) FEATURE:
(A NAE/KEY: intron
(B) LOCATICN: 4561..5159
(ix) FEATURE:
(A) NAME/KEY: exon
(B) 1OCATION: 5160..5534
{ix) FEATURE:
{3) N\AVE/KEY: 3'UIR
{B) LOCATICN: 5535..5540
{xi) SEENCE IESCRIPTION: SEQ ID NO:28:
ARCCTTGETA QOGAGCTOEG ATOCACTAGT ANOEEO0EC AGTGTGCTAE AATICTA ARG
ATATOATCA CACTEEEC QUGICACC CTAGRGTIOGA. GCIGTGAEG TOCTTACART
GRRATECARC TEEGITAICT TCTICCIGAT GECAGTEEIT ACHIGTANSG GTTOARG
TOXAARCTT GAGESTOCAT ARECTCIGTIG ACAGTEECAA. TCACTTICOC TTICITICTA
CAIEIAA TTOECTTIC OOEEICTTOC OOCTEAGIT CAAGAASEAG CTAACTEIC
ACRCTONG GRGTAGAT GEOOEAG GOCTHOOA TRROSEUEA. GIEOAG
QOEACCTREA GCACARCTG CTAETE30EE COGAGRRGRA, (RACGAREAC QOCTACATRA
TEEAEACTT U0TTEEEEC AGOEICA AACANIG CTAOR3XIGT TICATGAOCT
QURERARG CCAROEIC CIGETEAOEC TCTTCARARA. (JIICATCATC ARGANIICT
AAMGRIGTS OEAGIGAES CACRGIRIET COCTCTONCT OO TRAOGTTACT

GIOGAAC GCTTERARTA AGGICEGTGT GOGITIGICT ATATGITATT TTCCACCATA
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TIGOGICTT TIGIARTGT GAGEEINTEG ARACCTEENC CIGICTICTT GROGRAATT
OCTAGGEGIC TITOXCICT OGOCARAGEA ATACAAGGIC TGTIGRATGT (CTGRAGPA
QRGTIOCIC TEAACTIC TIGRAGRCAA ACARCGICTG TRGIGACICT TICCAGERG
OCTERAAATG OSECACAROC QCAGTGOCAC GTTGTGAGTT GEATAGTIGT GARAGAGIC
APATIICTCT CCTCARAGIGT ATTCRACAAG GEGCTGRAGG ATGOOCAGRA. GETACCOCAT
TEIATATAT CTEATCTSRS GOCTOSGIEC ACATGCTTTA CAIGIGTITA GIOERAGGTIA

ARPARCIGTCT 2630000306 AAOCROGEES AOGIGGTTTT CCTTIGRRRA. ACACGATGAT

AACTTGYA CANCATGET GIOCTGGTTC QCAAGRARAG TGTOGERATT GACAAGTGT .

CAGGIGIATC GOCAGIETOG GRAGCTGATT GCAGAATTG CCTTACAGTA CRAGCAOEGT
GANICARTTC COCRIGTGRA ATACACAGSG GRAGRGATTG CTACCTAEAA GRGGIATAT
GICATECTGA. AGSIICTCTA TACTAJOCAT GICTAO0EEG AGCACCTERA GAGTTIORG
CTICTGRAC GETACTCIGS CTAOUGAGAG GACACATCC CACRGCTGGA. GRACGTGIOC
OCTTCTTGA 2CEAG0EEAC TASCTTOCAG CIE0EA000G TAE0EEICT ACTGIANEC
QEIGATTTIC TGIXAGICT GEOCTTONEC GIGITICAAT GCACCCAGIA TATOS3ICAT
GICCCZC CTATGCATIC ACCTGAGINS GACTGCTGIC ATGAGCTGTT GIFCATGIA
QCATGTTES CIEOIECAC ATTTGICAG TICTOCAGE ACATTGEACT TACATCICIG
GIILAG ATRAGRART TGARRRACTC TACAOGGTGT ACTGGTTCAC TGIGEFATIC
GREECIC TEACTOCT GICAGASERG OCTARGGETOC GAGCCTTTIGA COCAGACACA
CAXTICIGC AGCTACCA. AGRTCAANC TAOCAGICTG TGIACTTIGE GIOOGAGAC

TICAATGAOS CCARGRACPA GCTCATRAC TATGOCTCTC GIATOCAGSG CCCATICICT
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GIGAAGTTTG AIGIACAC ACTASXATT GAOGTACTGG ACAGOICICA. CROCATORG
OECIOCTTGS AGEEEEICA. GRATGEARCTG CACACICTAS COCAGCRACT GAGIGICATT
POCTANATGC RIAGERTONG COOCTCIONS ‘TOO00XG CIRACGTIAC TROUGANT
OECTTEERAT AAGETEEIG TAGITIGIC TATATGITAT TTTOCACCRT ATTGOOGICT
TTTERAATG TEAGIII0G GARACCTGE CCIGICTICT TEAIGAGTAT TOCTAGIEGT
CITICOXCIC TORICARAGS ARTGCRAGST CIGTTGRATG TOGTGAAGGA, AGAGTTCCT

CTGERAGCTT CTTGRAGRCA AACANGICT GTAGOGROOC TITACAGICA. GOIRAACOC

GUGETACRAC COCAGTGOCA QGTTIGIGAGT TGRATAGTTG TRAAGAGT CARATGELTC
TOCTCAAGG ‘TATTCRACRA GOGECTGRAG GRIGOOCAGA. AGGTACOCA TIGTATGEEA
TCIRATCTES GXCIOEIG CACATGCTTT ACATGIGTIT AGICGAGGIT ARARAAIGIC
TAGETON GRACCAORSG GACGTEGTTT TOCTTTGARA ANCACGATCA. TRAGCTTEC
AANOCATGT AC03IA00GEC GETGEE0NGIC TIOCTGGICA. TOCTORTGRC TACACTGEAG
GLTOEXTC QARG COOCTTON TIOCACATC QOCTARC CEAGEEGAC
CTGFGCIGT CCIGRACAT CAGCTATGS CAGEACAOCA. TCTACTTOCA. GUINCTGGTG
CGEEAGCTCA. AGECTGGIGT CCTGITIEES ATCTOIAC GREIEAACT GAGRATACT
GACTTAGTES TETCIGRAC TEACASGEAC GIUGRICTACT TIGEREATGS CTAGAGIGAC
CAGAPOOGEC AGSTOCAOCT GRACTOOCAG CAGGATTACC AGCTICTANG GRCACKRGS
ACTOCRGARG GOCTGTACCT GCTCTTCAAG AGOCTTTTG GIACCTGIGA. COOCAACGERC
TACCTCATOS AGFOGECAC OGTOCACCTG GIGIATGRAT TOCTERAGEA GUUECTONEG
TOSCTIAGT QCATCAACAC. ATCOSECTTG CACACGAEREC TGCAGAGRGET GCAGCTACTG
ARGICAGCA. TOCOCRAGCC GEOOCTAI0C GOGGACACGC GCACCATEGA. GATOOEIEC
COUEAOGTOC TCATOO00GEG CCAGCAGACC. ACGTACTGET GCTACGIGAC CRAGCTONGG

GROICTTOC O0OGECACA CATOGICATG TAOGRGOOCA. TOGTCAOCGEA. GAGCRACFG
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QILTAEIEC ACACATGEA GEICTIONAG TE3E00800G AGTTOGRGAC CATOOO0CAC
CTE0ECT GEEICTGRG CEOCRAGEY TTTTACTACC CAGARERAGC AGGOCTAIXC
TTOEGIEEEC COECTOCIC CAGATTICIC CEOCTGEAG TICACTAXA CRROCCACTG
GIGATARCAG GOOEE0E0GA CTOCTORGEC ATOORCTGT ACTACACSEC TEOECTENSS
OTTOGANG CEE3CATCAT GRAGCTARRC CTAE0GTACA. CEO00GTGAT GEOCATCOOXC
OOFAGRGA QICTICET CCTCAONEC TACTACAOEG ACAPGTGIAC OCAGCTAEX
CTEIECT CAGIATICA CATCTTORC TCTCRAGCTOC ACAOICAOCT GROCEE00EG
AAGETGGICA I CAEIRAIE CGEAGACG AGKTOGIGHA CAGGGACTAC
CACTACAGT. CACACTTOCA GERGATOURC ATGTTGRAGA AGGTOGIGIC TCTCCAGITS
EERFOGETC TCATCAOCTC TTGCRCATAC AACROSARAG ACAGGRGECT GEICACUGIG
GEEETTOG GERTOCTEA GRAGRTGTAC GICRACTATG TACACTACTA. COO0CRGAOG
CACCTAEAR. TCTACARGAG CEOUGIGRC CCTEACTTOC TAACAAGTA CTTOORCIC
GTEAACAEET TCRACAGTRA GEARGICTE. ACCTEIN0NC AGEIGICIGT OOCTGAGRG
TITEICTONG TEXCTAERA CTCCTTCAR. CROEAGETRC TCAAGEIOCT GIAOEACTIC
CEEAGIC TACTEAGAT CGTGTORAGE TTEERRGAGC (CAOXCCTCA CIGCAGC
ACAGECIC AFRGI00NEC CREICACC GTGCTGRACA TCAGTGE33G CARAGECTGA
AQGIGEE0GEG OOGOCTCT COCTOONC COOCTAAGGT TACTGE00GA. AGOOGCTIGS
AATARARIOG GIGIGGITT GICIATATGT TATTTTOCAC CATATTGONG TCTITIGEKA
ATGIGAGEE. (OSGAAACCT GEOCCIGICT TCTIGRORG CATTOCTAGG GRICTTION
CICTOSYRA. AGARTERA. GEICTGITGA ATGIOGTGRA GEARCAGIT CCTCTAERAG

CTICTIGRAG XCARACANG TCTIGIAGCGA OOCTTTOCAG GCAGUEEARC GUOOCACTG
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GURACAGEIG CCTCTEOREC CRAAAAGCAC GTGIATANA TACAOCTIGA AAEEEICRC
2A000AGTG OCAOGTIGIG AGTTAEATAG TIGIGERAAG AGTCARATSG CICTOCICAA
GOETATTCAA. CAAEICTG PAGGATEOC AGRARSTAC CCATTGIRIG GRATCIEATC
TEEEECTOG GICACATG. TTIACATGIG TTIAGTOGAG GITARAARRC GICTAGC
COGANICAC GEERAOGTEG TITTCCITIG ARARNAGA TEATANGCTT GOCACANTA
TEXANGTT GAOCACETAXC GIMOUGEETEC TCAIEEG CRAOGTUEIC GRAGOGING
AGTTCTEEAC ORAIOERCTC G3EITCIOC GRRCTTAST GRARACFEC TIOSXIEEIG
TEETOOEEA CRACSTEACC CTGTTCATCA GURORGETNCA GACAGIG GTOOEACA
TOSTGICCAC GRACTTOOE: GAOAOCTOOG G3UEE0CAT GROURAGRTC GEOGAGCARC
FOERECAGEA, CTGRCTORAG
(2) INFCRMRATION FCR SEQ ID ND:29:
(i) SOENE CGRRACTERISTICS:
{A) IENGIH: 829 base pairs
(B) TYFE: nmxleic acid
{C) STRANCEINESS: single
(D) TOREOGY: linear
(ii) MIRXIE TYPE: INA (gencmic)
{iii) HYPOTHETICRL: NO
(iv) INTI-SENSE: NO
{vii) IMEDIAE SORCE:
(B) CIONE: Prodks
(ix) EEATURE:
(Aa) NAVE/KEY: 5'UIR
{B) IOCATION: 1..16
{ix) FEATURE:
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{(A) NAVE/KEY: exen
{B) IOCATION: 17..820

5 (A) NAVE/KEY: 3'UIR
(B) IOCATICN: 821..829

(xi) SBJENCE [ESCRIPTION: SEQ ID NO:29:
" CCRAGCTTC GUPCTATES CROGGTIOCT GACACTTIGS ACTIGECI: TETTACIOE: 60
COOOGECCTC CIGEURACNG TAOGI0EA ATGCAGOCAG GATTGOGORA (GTGCAGCTA. 120
15  COOOCIAGIG CEOO003EIG ACRICAACTT CCTGACTTG: GIARIGEAT GIGRAGGTRA _iso
ACTGOCTICT CIGRARATTT GEARACCTG CRAGGAGCTC CIGCAGCIGT CCRRROCAGR. - 240
ECTTOCTCRA. QATGECACCA. GLACICTCRAG AGRRRRTAGC AAACOGRAG ARAGCCRITT  * 300
%0 CTAGTEA AAIGET GCTICAIEA AAGSTATORA GOCTICHIG AGAATGE. 360
TRGCTTTAT COCATGRARC CAGRAGRAGR GEOCAATGGA ACIGRGATCC TOROCRAAXS 420
25 GIATGEX TICRIGAAGA AGATGRAGA GRAGFOPC TOECTGXA ATIOCICAGR. 460
CCTGCTARRA. GACCTTCTGG AARCAGEEA CANIGAGAG CGIRGOCACT AOCAGERIGG 540
CACTCATAAT GAGRANZEG TRGRANFG ATATGOXIE TICAIGAGAG GCTIRRAGRG 600
>®  AAGOITCRA CTCRAGIG APCOCARACA CCTOCAGRAG CATAIGNT GCTICRIGES. 660
AAPGTAGET COOOCACPGT GEIGEATGRA CIROCAGRAA OGTRIGEAG GTTICCIGRA. 720
35 GXECTTICC GARXICIG: CCTOURGA ACARGOIGRA AGTTRACTOCA PAGIRGTTC 780
TGARATGGAA ARAAGATACG GAGGATTTAT GAGATTTTRA GEATUOEES 829
(2) INKRMATION RR SED ID No:30:
- (i) SEQUENCE CHARACTERISTICS:
(A) IENGTH: 598 base pairs
(B) TYEE: nixcleic acid
(C) STRENLEINESS: single
45 (D) TORCIOGY: linear

(i) MIBJIE TYPE: INA (gencmic)
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(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
(vii) IMEDIATE SCURCE:
(B) CLONE: IRES sequence
(ix) FEATURE:
(A) NAE/KEY: intron
(B) IOCATION: 1..598
(i) SEQUENCE [ESCRIPTICN: SBQ ID NO:30:
GXOEICIG QGITIGICTA TATGTTATTT TOCACCATAT TAOOGICTIT TGECRATGIG
AGEE000A. ARCCTAE0NC TGICTICTTG A0RGCATTC CTAGARGTCT TIOXCICIC
GOCARAGA. TACAAGSICT GTTGAATGIC GTERAAAAG CAGTIOCICT GERACGCTICT
TCARGACARA. CAROGICTGT AGTGACCOCTT TAAGICAGC GERARIOOSIC ACCTEIIRC
AGCTAOCTICT GOGECARRA. GUCACGIGIA TAAGATACRC CTGCARAGEC GECACAROCC
CAGTAOCAOG TIGIACGTIG GATAGTTGIG GRAAGAGICA AATEECICIC CICAAGIGTA
TTCAACRAGE GECTGRAREA. TAOUAGRAG GTACICCAIT GIATGRATC TEATCTESSE
CCIORETIECA. CATACTTIAC RIGIGITIAG TOFGGITAA ARRAOGTCTA GI0O0COCA
AX2OIITA CGRETTTIC CITIGARRRA CAUGRTGATA. AGCTTEOCAC AACATGS
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Singapore

_
E. SEPARATE FURNISHING OF INDICATIONS (lcave dlank if not applicabic)

Theindications listedbelow will be submitted to the Inlermational Burcs ter (specfy the gencrel naiure of thsindicatons €, Accommon
Nl-ghaolbquu‘)

For Intemnationai Buresu ussonly oy
] Tuis sheet was received by the intemationsl Buresu on:

For ng Offica use only
This sheet was received with the imiernational application
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WE CLAIM:

1. A cell stably transformed to produce at
least one analgesic compound from each of the groups
' consisting of endorphins, enkephalins, and
catecholamines.

2, The cell of claim 1, wherein the
endorphin is B-endorphin.

3. The cell of claim 1, wherein the
enkephalin is met~enkephalin.

4. The cell of claim 1, wherein the
catecholamine is norepinephrine or epinephrine.

5. The cell of any one of claims 1-4
wherein the cell is a RIN cell.

6. The cell of any one of claims 1-4
wherein the cell is an AtT-20 cell.

7. The cell of any one of claims 1-6
wherein the cell additionally produces a compound
selected from the group consisting of galanin, .
somatostatin, neuropeptide Y, neurotensin, or
cholecystokinin.

8. A cell transformed with a DNA encoding
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA
encoding ProA, each DNA molecule operably linked to an
expression control sequence.
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9. The cell of claim 8 wherein the cell is
transformed with pCEP4-POMC-030, pcDNA3-hproA+KS-091,
and pZeo~-pCMV-rTHAKS-IRES-bDBH-088.

10. The cell of claim 8 wherein the cell is
transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proh,
and pZeo~pCMV~-rTHAKS-IRES-bDBH-088.

11. The cell of claim 8 wherein the cell is
transformed with pcDNA3-hPOMCDACTH-IRES-rTHD-IRES-bDBH-
IRES~Zeocin-073 and pcDNA3-proA+KS-091. '

12. A transformed cell producing at least
one enkephalin, one endorphin and one catecholamine,
wherein the cell is transformed with:

a first vector containing a DNA encoding
POMC operably linked to an expression control sequence,

a second vector containing a DNA
encoding pro-enkephalin A operably linked to an
expression control sequence,

a third vector containing a DNA encoding
TH operably linked to an expression control sequence
and a DNA encoding dopamine beta hydroxylase operably
linked to an expression control sequence.

13. A method for treating pain comprising
implanting at an implantation site in a patient a
therapeutically effective number of the cells of any of
claims 1-12.
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14. The method of claim 13 wherein the cells
are encapsulated in a semi-permeable membrane to form a
bioartificial organ.

15. The method of claim 14 wherein the
biocartificial organ is immunoisolatory.

16. The method of any one of claims 13-15
wherein the implantation site is the CNS.

17. The method of any one of claims 13-i5
wherein the implantation site is the sub-arachnoid
space.

18. A method of producing a cell that
secretes at least one enkephalin, one endorphin and one
catecholamine, comprising transforming the cell with a
DNA encoding POMC operably linked to a first expression
control sequence, a DNA encoding pro-enkephalin A
operably linked to a second expression control
sequence, and a DNA encoding TH operably linked to a
third expression control sequence and a DNA encoding
dopamine beta hydroxylase operably linked to a fourth

expression control sequence.

19. The method of claim 18 wherein said
first, second, third and fourth expression control
sequences are identical.
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20. The use of the cells of any of claims 1~
12 to manufacture a medicant for treatment of pain.

21. The cells of claim 20 wherein the cells
are implanted.

22. The cells of any one of claims 21-22
wherein the cells are encapsulated in a semi-permeabie
membrane to form a biocartificial organ.

23. The cells of claim 22 wherein the
bicartificial organ is immunoisolatory.

24. The cells of any one of claims 21-23
wherein the implantation site is the CNS.

25. The cells of any one of claims 21-23
wherein the implantation site is the sub-arachnoid
space.

26. A bicartificial organ comprising:
(a) a biocompatible, permeable jacket
surrounding a core; and
(b} said core comprising at least one
living cell transformed to produce at least one
analgesic compound from each of the groups consisting
of endorphins, enkephalins, and catecholamines.

27. The bicartificial organ ¢f claim 26 for
use in treating pain.
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28. A method of making a bicartificial organ
comprising encapsulating a core comprising at least one
living cell transformed to produce at least one
analgesic compound from each of the groups consisting
of endorphins, enkephalins, and catecholamines, with a
biocompatible, permeable jacket.

29. The use of a bicartificial organ
comprising the cells of claims 1-12 in manufacture of a
medicament for treating of pain.
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