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Cell line producing analgesic compounds for treating pain 

Field of the Invention 

The present invention relates ~o 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. 

10 Background of the Invention 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrener.gic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 
20 noxious stimuli. Chronic pain is predominantly due to 

neuropathies of central or peripheral origin. 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 

s provoke.pain (allodynia). 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly, intrathecal administration of norepinephrine 
or noradrenerqic agonists also produces analgesia. 

10 See, e.g., Sagen et al., Proc. Natl. Acad. Sci. U§A, 

83, pp. 7522-26 (1986). 

Co-administration of subeffective doses of 
opiates, such as enkephalins, and catec~olamines, such 
as norepinephrine, may synergize to produce analgesia. 

15 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 

20 and calcitonin gene-related peptide. See, e.g., Sagen 
et al., Proc. Natl. Acad. Sci. USA, 83, pp. 7522-26 
(1986); Sagen et al., Jour. Neurocbem,, 56, pp. 623-27 
(1991). 

Because chromaf fin cells produce both opioid 
25 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 

30 provide analqesia. See, e.g., Sagen et al., Brain 
Research, 384, pp. 189-94 (1986); Vaquero 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., .fain, 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 

using both allogeneic and xenogeneic chromaffin tissue 

s or cells transplants. Allo~raft 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 

10 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 used~ 

See, e.g., Hama and Sagen, Brain Research, 651, 

15 pp. 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 

20 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 

25 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 

30 for the reduction of low intensity chronic pain. In 

most reports, significant differences between control 

and transplanted animals were noted only after nicotine 

SUBml"UIESHEEI' (RULE28) 



W096140959 PCT/US96/09629 

- 4 -

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. 

s 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 chromaff in cells have been 

encapsulated to form a bioartificial organ ("BAO") for 

lo 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., 7th World 

Congress Pain, Abstract.982, Paris France (1993). 

Initial trials in human subject have been conducted 

15 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. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 

secrete ~-endorphin. See, e.g., Wu et al., J. Neural 

Transpl. & Plasticity, 5, pp. 15-26 (1993). 

AtT-20/hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro­

enkephalin A gene (i.e. containing 6 met-enkephalin 

sequence_s and one leu-enkephalin sequence) with 200 

bases of 5'-flanking sequence and 2.66 kilobases of 3'­

flanking sequence. See Wu et al., sJlPra, Comb et al., 

30 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 antinocicept1on 
s with AtT-20 cells than with AtT-20/hENK cells. .Il:2.iJi. 

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 fi-endorphin and a·µ-opiaid agonist 

10 (DAMGO) • Mice receiving AtT-2Q/hENK implants developed 

tolerance to an 5-opioid agonist (DPDPE) . In tespo~se 

to repeated doses of an µ opiate agonist, mice 

receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells· or controls. 

15 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 (1994). Wu et al. 

speculated that one reason for the absence of 

20 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 
2s offset the potentiating effect of the single 

leu-enkephalin, particularly since there are 6 met­

enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 
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Summary 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 

5 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 

10 consuming testing to ensure safety and performance 

criteria for cells must be performed for individual 

isolations of primary cells. Less testing is required 

of a cell bank. There is no need to isolate p~imary 

cells. Output of the desired analgesics may be more 

15 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 

20 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). In addition, for 

safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 

to repla~e dying or dead cells . 
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Brief Description of the Drawing 

Figure 1 is a plasmid map of vector pBS­
hPOMC-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-.6.ACTH-
029. 

5 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-aA.CTH-032, pCEP4-hPOMC-~CTH-033, pcDNA3-hPOMC-

10 6ACTH-36 and pcDNA3-hPOMC-.6ACTH-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-
15 rTHA-IRES-bDBH-088 and pcDNA3-rTHAKS-IRES-bDBH-076. 

20 

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-.6.ACTH-IRES-rTHAIRES-bDBH-068. 

Figure 9 is a plasmid map of vector pcDNA3-
hPOMC-.6ACTH-IRES-rTHA-IRES-bDBH-069. 

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

Figure ll is a plasmid map of vector pcDNA3-
hPOMC-aA.CTH-IRES-rTHA-IRES-bDBH- IRES-Zeocin-073. 

Figure 12 is a plasmid map of vector pcDNA3-
hPROA+KS-091. 
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Detailed Description of the Invention 

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 chromaff in cells, including 

conditionall¥ immortalized chromaffin cells such as 

those described in WO 96/02646, Neuro-2A, PC12, PC12a, 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 

Preferably the cell has en~ogenous prohormone 

convertases and/or dopa decarboxylases. 

SK-N-MC cells, a neuroepithel~oma cell line, 

co-expresses several neuropeptides, including 

15 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.g., 

Folkesson et al., Mal. Brain Res., 3, pp. 147-54 

20 (1988). We prefer AtT-20 and RIN cells, most 

p7eferably 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 

25 known to endogenously produce GABA and B-endorphin. 

Some of the characteristics of various 

contemplated cells are shown in Table l. 
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Table 1 

Anatqesjc Substances 

NE, met-enkephalin 

low NE & met-enkephalin 

p..endorphin 

13-&ndorphin, GABA 

a-endorphin 

Tyrosine hydroxy!ase converts tyrosine - I-dopa 

PCT/US96/09629 

Other Components 

TH,OOC,013H,PC 

DOC, Df3H, PC 

DOC, PC 

DOC, PC 

DOC, PC 

DOC, D13H, PC 

Dopamine decarboxytase converts I-dopa - dopamine (DA) 

Dopamine 13-Hydroxylase converts DA - norepinephrine (NE) 
Prohonnone Convertases process POMC to 13-endorphin and Pro­
enkephalin A (ProA) to met-enkephalin. 
Mouse pituitary corticotroph cell line that endogenously secretes 13-endorphin 
via expression of Pro-opiomelanocortin (POMC). 
Rat insulinoma 
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 µ opioid receptor as 

morphine, but are chemically unrelated to morphine. In 

addition, these compounds stimulate other opiate 

receptors. Yaksh and Malmberg, 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 

5 hormone ("ACTH"), a-melanocyte-stimulatinq hormone 
("a-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 

10 within various tissues according to the localization pf 
cleavage enzymes, such as prohormone convertases, 
within those tissues. 

In the pituitary, POMC is cleaved to produce 
ACTH and B-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus, ACTH is 
converted to B-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 
20 sequence encoding any suitable endorphin that has 

analgesic activity. In 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 

25 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 

30 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 

5 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. 

10 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~e~ 
may have analgesic properties. 

This invention also contemplates use of DNA 

15 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, 

20 pp. 6847-58 (1983). 

25 

We pref er 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
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and 

30 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 nee­

.endorphins are derived from a distinct molecule, pro­

enkephalin B. Additional "cryptic" peptides are also 

encoded within the structure of these precursor 

5 proteins, and may be released by 11 pro-hormone-type 11 

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 

10 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. 

15 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 

20 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. 

25 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.· "rolkesson, slJPra. This embodiment takes 

advantage of the host cell's cleavage enzymes, such as 

30 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 

s the central nervous system; norepinephrine ("NE"), 
epinephrine ("E"), and dopamine. NE is associated with 
postqanqlionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the· amino 
acid tyrosine, which is sequentially hydroxyla~ed to 
form dihydroxyphenylalanine (dopa), decarboxylated to 
form dopamine, and then hydroxylated on the beta 
position of the side chain by dopamine· beta hydroxylase 

15 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 

20 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 

25 activity of phenylethanolamine-N-methyltransferase 
("PNMT"). PNMT is inducible by glucocorticoids from 
the adrenal cortex. .ll2,1.Q. 

Catecholamines are maintained in high 
concentration in adrenal medullary chromaffin tissue, 

30 mostly as E. Opioid peptides are also stored in the 
adrenal gland. 

SUBSTllUIE SHm (ROLE21) 



W096140959 PCTIUS96109629 

- 14 -

NE and E have similar affinities at a 2 
receptors and therefore both potentially contribute to 
analgesia. Bylund, FASEB J., 6, PP. 832-39 (1992). 

The enkephalin peptides that predominantly include met-

s enkephalin selectively activate delta (5) opioid 

receptors. Reisine and Bell, Trends Neurosci., 16, 

pp. 506-10 (1993). Activation of a 2 adrenergic and 5 

opioid receptors in the spinal cord each result in 

antinociceptio~ and are potentially synergistic. Yaksh 

10 and Malmberg, Progress in Pain Research and Management, 

Vol. 1, Ed. Fields and Lisbeskind, IASP Press,,Seattle, 

pp. 141-71 (1994). Activation of 5 versus (µ) opioid 
receptors in experimental animals results in fewer 

adverse side effects including constipation and 
15 addiction liability {Lee et al., J. Phapnacol. Exp. 

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 

20 and Reddy, ADesthesiol., 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 

25 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 

30 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 ("DOC"). If the desired catecholamine is 

E, then the gene encoding PNMT is also required. The 

s 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. 

io United States patent S,300,436. In addition, truncated 

versions of TH that contain the nec~ssary 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 
is type TH, as well as various TH muteins. See, e.g., Wu 

et al., J. Biol. Chem., 267, pp. 25754-758 (1992). 

20 

The sequence of the DBH gene is also well 

known. See, e.g., Lamoreux 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 

25 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 

30 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 sequenc~ 
s 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 

10 desired polypeptide may be synthesized and then 
ligated. The individual oligonucleotides typically 
contain 5' or 3' overhangs for ~ssembly. 

The DNA sequence encoding each desired 
analgesic compound, may or may not also include DNA 

15 sequences that encode a signal sequence. 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 

20 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 

25 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 

30 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. 

s 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 

io comprisinq expression control sequences from SV40, 
bovine papilloma virus, adenovirus and cytomegalovi~us. 

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

Any of a wide variety of expression control 
15 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 

20 early and late promoters of SV40 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof. 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 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 
5 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 sequence, 

10 a variety of factors should also 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 

15 secondary structures. Host cells should be selected by 

consideration of their compatibility with the chosen 
vector, the toxic.ity of the product coded for by the 

DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 

20 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 

25 sequence/host combinations that will express the 

desired DNA sequences in culture. 
In one embodiment, cells (e.g., RIN cells) 

are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 

30 gene, the TH gene and the DBH qene. 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 

s 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 v~ctor contains the pro-enkephalin 

10 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 

15 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 

20 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 

25 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 achievinq 

expression of multiple genes from a single eukaryotic 

30 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 immunoqlobulin heavy chain 

5 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 

io 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 
is same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 

preferably, the cell carries the TK (thymidine kinase) 
gene as a safety measure, permitting the host cell to 

20 be killed .in xi,XQ 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 
25 provides a first level of protection from adverse 

reacti_ons to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory. The 

presence of the TK gene (or other suicide gene) in the 

expression construct adds an additional level of safety 

30 to the recipient of the implanted cells. 
Pref erred 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 

s 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 

10 5, 122, 464 and European published application 338, 94·1) • 
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 

15 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. 

20 Another technique for increasing the output 
of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155). Some truncated forms of TH have 4-6 times 

25 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 
ao 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 hy~roxylase cDNA in various cell lines; 

regulated release of dopamine in mouse anterior 

pituitary AtT-20 cells", Proc. Natl. Acad. Sci. USA, 

86, pp. 7233-37 (1989). 

5 Preferably, the output of B-endorphin ranges 

between 1 and 10,000 pg/10~ cells/hr. Preferably, the 

output of met-enkephalin ranqes between 1 and 10,000 

pg/106 cells/hr. Preferably, the output of 

catecholamines ranges between 1 and 1,000 pmoles/106 

10 cells/hr. 

The cells- of this invention may be implant"ed 

into a mammal, includinq a· human, for the treatment. ·of 

pain. If implanted unencapsulated, any suitable 

implantation protocol may be used, including those 

15 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 

20 bioartificial organ ("BAO"). 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 surf ace 

membrane or jacket surrounding a cell-containing core. 

25 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 

30 molecular effectors of inununoloqical 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 inununosuppression. If 

bi~logically active molecules are released from the 

isolated cells, they pass through the surrounding 

semipermeable membrane into the recipient's body. If 

s 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 

10 used in the construction of BAOs. Generally, the .. 

membranes used in BAOs are either microporous o~ 

ultrafiltration grade membranes. A variety of membrane 

materials have been suggested for use in BAOs, 

including PAN/PVC, polyurethanes, polysufones, 

15 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 

20 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 

25 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 

30 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 lonq term survival of the encapsulated cells. 

5 For example, WO 92/19195 refers to implantable 
immunoisolatory 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 

io core, or it may be made of a different material. In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired. The 

15 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, 

20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surf aces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 

25 polyurethanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulfones, 
polyphosphazenes, polyacrylonitriles, 
poly(acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 

30 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 bioloqical tissue fragments, orqanelles, 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, 

s 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 t~e polymer 
solution as it is co-extruded. A double-skinned hollow 

10 fiber may be produced by quenching both surf aces 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 
15 that determines the nominal molecular weight cut off 

CnMWCO} 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 

20 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 

25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD, preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 

30 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, 
s the core can comprise a qel matrix. The gel matrix may 

be composed of hydrogel (alginate, "Vitrogen™", etc.) 
or extracellular matrix components. See, e.g., Dionne 

WO 92/19195. 

Compos_itions that form hydroqels fall into 

10 three general classes. The first class carries a net 

negative charge (e.g., alginate). The second class 

carries a net positive charge (e.g., collagen and 

laminin). Examples of commercially available 

extracellular matrix components include Matrigel™ and 

15 Vitroqen™. The third class is net neutral in charge 
(e.g., highly crosslinked polyethylene oxide, or 
polyvinylalcohol). 

Any suitable method of sealing the BAO may be 
used, including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

sealing techniques are known in the art. 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 
25 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 yitro assays are preferably 

30 used to establish functionality of the BAO prior to 
implantation in vivo. Assays or diagnostic tests well 

known in the art can be used for these purposes. See, 
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e.g., Methods In Enzymology, Abelson [EdJ, Academic 

Press, 1993. For example, an ELISA (enzyme-linked 

immunosorbent assay), chromatographic or enzymatic 

assay, or bioassay specific for the secreted product 

5 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. 

10 The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon· 

implantation is determined by the amount of biolo~ical 

activity required for the particular application. In 

the case of secretory cells releasing therapeutic 

15 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 

20 sterile conditions. Generally, the BAO 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 

25 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 

30 cord, and aqueous 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 

s 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, 

10 and are not to be construed as limiting the scope of 
this invention in any manner. 

15 

Examples 

Construction of Polycistronic Expressioh vectors 

Construction of IgSP-POMC Fusion 

The SmaI-SalI fragment containing the human 
POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene}. See Takahashi, supra; Cachet, supra. 

The resulting plasmid was named as pBS-hPOMC-027. See 
Fig. 1. 

20 A PCR fragment was generated using two 
oligonucleotide 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 Baetqe 
et al., Proc. Natl. Acad. Sci. USA, 83, pp. 5454-58 

25 (1986). Both primers oCNTF-003 and oigSP-018, contain 
synthetic BamHI and SmaI restriction sites, 
respectively, at the 5' ends. 

The 196 base pair (bp) PCR fragment was 
digested with restriction endonucleases BamHI and the 

30 SmaI-isoschizomer XmaI, arid electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp HindIII/XmaI DNA 
fragment was excised and purified using the EMC 
SpinBind DNA purification kit (FMC BioProducts, 
Rockland, ME) • · 

pBS-hPOMc-027 was also digested with BamHI 
and XmaI and purified from 1% SeaPlaque agarose using 
the EMC SpinBind DNA purification kit (FMC BioProducts, 
Rockland, ME). The ligation mixture was transformed 
into E.coli DH5a (Gibco BRL, Gaithersburg, MD). 

Positive sub-clones were initially identified 
by the cracking gel procedure (Promeqa Protocols an? 
Applications Guide, 1991). Minilysate DNA was then 
prepared using the EMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) and subject to BamHI 

is and SrnaI restriction digestions. The positive sub­
clone was named as·pBS-IgSP-hPOMC-028. See Fig. 1. 
The nucleotide sequence of the fusion junction in pBS­
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 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., 

25 San Diego, CA) and pCEP4 (Invitroqen Corp., San Diego, 
CA) in sense and anti-sense orientations. 

The NotI-SalI IgSP-hPOMC fragment from pBS­
IgSP-hPOMC-028 was ligated with the NotI-XhoI digested 
pCEP4 resulting in the sense orientation clone named as 

30 pCEP4-hPOMC-030. Fig. 2. The BamHI-SalI IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI 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, Not!, Sal! and NotI/SalI 

5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) • 

The BamHI-SalI IgSP-hPOMC fragment from pBS­
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
. as pcDNA3-hPOMC-034. Fig. 2. The NotI-HindIII ·IgSP­

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

15 Fig. 2. Restriction digestion using SmaI, BamHI, 
EcoRI, and BamHI/EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas HindIII, Not! 
and SalI were used for pcDNA3-hPOMC-035. 

Construction of ACTH Deleted IgSP-POMC 

20 The ACTH coding region in the POMC gene in 
pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmat restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI). The 
XmaI-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI 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 DH5a 
(Gibco BRL, Gaithersburg, MD). Positive sub-clones 

30 were identified by BamHI/HindIII restriction digestion 
and named as pBS-IgSP-hPOMC6ACTH-029. See Fig. 1. The 
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nucleotide sequence of the ACTH deletion region in pBS­

IgSP-hPOMC-AACTH-029 ~as ·confirmed by the 
dideoxynucleotide sequence determination. The sequence 

of the IgSP-hPOMC-6ACTH fusion is shown in SEQ ID 
5 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 
10 {Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen 

Corp., San Diego~ CA) in sense and anti-sense 

orientations. The NotI-SalI IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-aACTH-029 was ligated with the 

NotI-XhoI digested pCEP4 resulting in the sense 
15 orientation clone named as pCEP4-hPOMC-AACTH-032 

(Fig. 3). The BamHI-SalI 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 
20 (Fig. 3). The insert orientation in pCEP4-hPOMC-aACTH-

032 and -033 was confirmed by Baro.HI and EcoRI 
restriction digestions as well as by dideoxynucleotide 

sequence determination using the Sequenase kit {USBC, 
Cleveland) • 

25 The BamHI-SalI IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-~CTH-029 was ligated with the BamHI­

XhoI digested pcDNA3 resulting in the sense orientation 

clone named as pcDNA3-hPOM~CTH-036 (Fig. 3). The 
NotI-HindIII IgSP-hPOMC-~CTH fragment from pBS-IgSP-

30 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-~CTH-037 (Fig. 3). 
Restriction digestion using PvuII and EcoRI 

was used to confirm the insert orientation in pcDNA3-
s hPOMC-AACTH-036, whereas SalI and EcoRI were used for 

pcDNA3-hPOMC-~CTH-037. 

Cloning of Full Length and Truncated Tn cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 

io (Molecular Research Center, Inc., Cincinnati, O~). 

Five hundred ng of PC12 total RNA was reverse 

transcribed at 42°C for 30 minutes in a 20µ1 reaction 

volume containing 10 mM Tris.HCl (pH 8.3), 50 mM KCl, 
4 mM of each dNTP, 5 mM MgC12 , 1.25 µM oliqo (dT) 15-

15 mer, 1.25 µM 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 µl PCR 
20 reaction mixture containing 10 mM Tris.Rel (pH 8.3), 

50 mM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of Thermus aquaticus 

(Taq) DNA polymerase (Boehringer Mannheim, Germany) . 
To generate the full length TH cDNA, 

25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were 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 

30 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 Hind~II restriction site. 

at the 5' end where orTH-053 has Barn.HI at the 5' end. 

The PCR reaction mixtures were subject to 30 

s amplification cycles consisted of: denaturation, 94°C 

30 seconds (first cycle 2 minutes); annealing, S0°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 fraqm.ents were digested with 

10 restriction endonucleases BamHI and HindIII and 

resolved on an 1% SeaPlaque agarose gel. The 1531-op· 

and 1081-bp HindIII/BamHI DNA fraqm.ents were excised 

and purified using the FMC SpinBind DNA purification 

kit (EMC BioProducts, Rockland, ME) • 

15 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 DH5a (Gibco BRL, 

20 Gaithersburg, MD). 

Cracking gel procedure (Promega Protocols and 

Applications Gµide, 1991) was used to screen out the 

positive sub-clones. The identity of the correct 

clones was further verified by BamHI/HindIII double 

25 digestion. 

The positive sub-clones for the full-length 

and truncated rat TH in pcDNA3 were named as pcDNA3-

rTH-044 (Fig. 4) and pcDNA3-rTH~-045 (Fig. 4), 

respectively. The nucleotide sequence of both full-

30 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: 16. 
To optimize the translation efficiency of the 

truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 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 µl PCR 

reaction mixture with reagent composition identical to 

the one described above with the exception that the 

10 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-clone ·was 

named pcDNA3-rTHAKS-75 (Fig 4). The sequence of the 

15 rTHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTB-IRES-bDBH Fusion Gene 

Recombinant PCR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 

Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 
20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 

sequences, respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5 • end, respe_cti vely. 

Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 

oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 

25 each other. Furthermore, oligonucleotide primer oIRES­
bDBH-064 (SEQ ID NO: 11) has its 5' 16 nucleotides 

identicai 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). 
30 Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 

SllBmm SBEEr (RULE26) 



··----···----

W096/40959 PCT/US96/09629 

- 35 -

and oIRES-bDBH-064/obDBH-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, 

s Lamoreux et al., EHBO J., 6, pp. 3931-37 (1987)) 
plasmids, respectively. One hundred ng of template DNA 
was added to a 50 µl PCR reaction mixture containing 
10 mM Tris.HCl {pH 8.3), 50 mM KCl, 800 of each nM 
dNTP, 2 mM MgC12, 400 nM of primers #1 and #2, and 2.5 

· 10 units of Thermus aguaticus (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, 

1s 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 µ1 of PCR reaction 

20 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 

25 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-rTH~-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the EMC 
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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 bDBH 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 (F~g. 5), where the start codon ATG in 

10 rT~ is preceded with a consensus Kozak sequence. The 
sequence of the rTHA-IRES-bDBH construct is show~ in 
SEQ ID NO: 18. The sequence of the rTHAKS-IRES-bDBH 
construct is shown in SEQ ID NO: 19. The ligation 
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, SmaI 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 Seal 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
rT~-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 

5 construct to whic~ the recombinant PCR IqSP-hPOMCDACTH­
IRES fragment would be inserted. 

Oliqonucleotide oigSP-068 (SEQ ID NO: 13), 
containing a synthetic EcoRV restriction site, is 
specific for the IqSP sequence. 

10 Oligonucleotide primer orTHA-073 (SEQ ID .. 
NO: 14) is specific for the rTHA sequence and contains 
an endogenous SmaI restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEO 
ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are 

15 complementary to each other. Furthermore, 
oligonucleotide primer ohPOMC-IRES-069 has its 5', 18 
nucleotides identical to the hPOMC sequence and its 3' 
12 nucleotides identical to the IRES sequence; and vice 
versa for ohPOMC-IRES-070. 

20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 
ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 
complementary to each other. In addi~ion, 
oligonucleotide primer oIRES-rTHA-071 has its 5' 15 
nucleotides identical to the rTHA sequence and its 3' 

25 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, 
30 oliqonucleotides oTgSP-068/ohPOMC-IRES-069; 

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

The three sets of first PCR reactions were 
carried in 50 µl PCR reaction mixture containing 100 ng 

5 of template DNA, 10 mM Tris. HCl (pH 8.3), 50 mM KCl, 
800 of each nM dNTP, 2 mM MgC123, 400nM of primers #1 
and #2, and 2.5 units of Thermus aguaticus (Taq) DNA 
polymerase (Boehringer Mannheim, Germany). 

The PCR reaction mixtures were subject to 30 
10 amplification cycles consiste~ of: denaturation, 94 °C 

for 30 seconds (first cycle 2 minutes); annealing, 
50 °C 1 minute; and extension, 72 °C 30 seconds (.Hist 
cycle 5 minutes}. 

The PCR products were resolved on 1% 
15 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 µ1 of PCR reaction mixtures identical to the one 
described above with the exception that the 

20 oligonucleotides ohPOMC-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, 

25 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 

30 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 IqSP-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 
XmaI restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using the EMC SpinBind DNA 

5 purification kit (EMC 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 

io restriction digestions using EcoRI, KpnI and NotI. The 
resulting clone was named as pBS-IgSP-hPOMCAACTff~IRES­
rTHA-IRES-bDBH-068. Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23. 

Construction of IgSP-hPOMCACTH-IRES-
15 rTHA-IRES-bDBH Expression Vectors 

The 4491 bp Natl fragment containing the 
IgSP-hPOMCAACTH-IRES-rTH8-IRES-bDBH gene was excised 
out of the pBS-IgSP-hPOMCAACTH-IRES-rTH8-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp., San 

20 Diego, CA) at the Not! site in the multiple cloning 
site. Restriction digesti.on using NotI and SmaI 
confirmed that the IgSP-hPOMC6ACTH-IRES-rTH8-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTH6-IRES-bDBH-069. See 

25 Fig. 9. 

30 

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

Recombinant PCR methodoloqy was used to 
qenerate 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 

s ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 

complementary to each other. Furthermore, 

oliqonucleotide oIRES-Zeocin-075 has its 5'15 

nucleotides identical to the Zeocin sequence and its 3' 

18 nucleotides identical to the IRES sequence; and vice 

10 versa for oIRES-Zeocin-076. 

Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 

and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 

and pZeoSV (Invitrogen Corp., San Diego,· CA) plasmids, 

15 respectively. 

One hundred nq of template DNA was added to a 
50 µl PCR reaction mixture containing lOmM Tris.HCl (pH 

8.3), 50 mM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 
nM of primers #1 and #2, and .2.5 units of Thermus 

20 aquaticus (Taq) DNA polymerase (Boehringer Mannheim, 

Germany). 

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

25 50 °C 1 minute; and extension, 72 °C 30 seconds (last 

cycle 5 minutes) • 

The PCR products were resolved on ii 

TrivieGel 500 (TrivieGen). Two aqarose plugs 

containing each one of the first PCR products were 

30 transfer to a tube containing 50 µl of PCR reaction 

mixtures identical to the one described above with the 
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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 

s 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 
10 the cloning vector pcDNA3 were digested with Not! 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/XhoI and 
15 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, SmaI, XhoI, NotI 

20 and NotI/XhoI. 
To generate the final IgSP-hPOMCDACTH-IRES­

rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 

bp NotI fragment containing the IgSP-hPOMCAACTH-IRES­
rTH~-IRES-bDBH gene was excised out of the pBS-IqSP-

25 hPOMCl\ACTH-IRES-rTH~-IRES-bDBH-068 (Fig. 8; SEQ ID 
NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig. 10) at the Not! site in the multiple cloning 
site. 

Restriction diqestion using Natl and SmaI 
30 confirmed that the IgSP-hPOMC~CTH-IRES-rTH~-IRES-bDBH 

gene was inserted in the sense orientation resulting in 
pcDNA3-IqSP-hPOMC~CTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin-
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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 

5 the human pro-enkephalin A gene with the consensus 

Kozak sequence immediately upstream to the start codon 

ATG. The sequence of this construct is shown in SEQ ID 

NO: 29. 

10 

Construction of hProA+KS Expression Vector 

The HindIII/BamHI fragm~nt 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. 

15 Fig. 12. Construction of the pBS-CMV Pro A vector is 

detailed in Mothis, J. and Lindberg, I., Endocrinology, 

131, pp. 2287-96 (1992). 

Transformation of Cells 

RIN and AtT-20 cells were transformed as 
20 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 PlOO petri dishes (750,000 cells/dish) in 

25 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 µg amount of 

the plasmid vector DNA was diluted in 450 µl of 

deionized sterile water. Then, SO µl of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 µl 
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 

5 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 

lO drugs. The cells were selected in either 600 µq/ml 
geneticin (Gibco) or 400 µg/ml hygromycin (Boehringer 
Mannheim) or 500 µg/ml Zeocin (In Vitrogen, San·Diego, 
CA). Cells were sequentially transfected and selected 
to obtain the final cell line. 

15 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 

20 transfected with plasmid pZeo-PCMV-rTH~KS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The ;A.tT-20 cells were transfected with 
plasmid pBS-CMV-ProA and pCEP4-POMC-~CTH-32 which 
conferred geneticin and hygromycin resistance, 

2s respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTH~KS-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 

30 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 CRINa/ProA/P030/P088) is 

5 shown in Table 2. All values represent unstimulated 

cells. Output of a-endorphin and met-enkephalin is in 
pg/106 cells/hr. a-endorphin and met-enkephalin were 

measured by radioimmunoassay using Incstar kits 

lO 

(Stillwater, ·Minnesota) • Catecholamine output is in 
6 . 

pmoles/10 cells/hr. The numbers in parentheses 
represent values from cells that were preincubated·~~ 

hours with 100 µM tetrahydrobiopterin. Catecholamines 

were measured by high performance liquid chromatography 

as described in Lavoie et al., "Two PC12 
15 pheochromocytoma lines sealed in hollow fiber-based 

capsules· tonically release 1-dopa in vitro", ~ 
transplantation, 2, pp. 163-73 (1993) . GABA output 

6 from these RINa cells was 28 ng/10 cells/hrs. 

20 Cell Line 

. RIN a/ ProA/ 
POMCI 

25 TH-IRES-DPH 

Endogenous 
Analqesjc 
Substances 

P-endorphin 
GABA 

Table2 

B-endorphin 

22 

M@t-enk 

17 3 0 
(6) (2) 

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 

30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 µg/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. 

s 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. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from· the longer encrypted fragments~ ·A 
met-enkaphalin radioimm.unoassay of the digested sa~p~e 
gives total met-enkaphalin from the supermatant. The 
transformed RINa cells appear to have greater than 5 

15 fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber capsule formation and characteristics 

Hollow fibers are spun from a 12.5-13.5% 
poly(acrylonitrile vinylchloride) solution by a wet 

20 spinning technique. Cabasso, Hollow Fiber Membranes, 
vol. 12, Kirk-Othmer Encyclopedia of Chemical 
Technology, Wiley, New York, 3rd Ed. pp. 492-517 
(1980), Unites States patent 5,158,881, incorporated 
herein by reference. 

25 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. 

30 Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 

SllBSTll1JJE SHES (IULE21) 



W096/40959 PCTIUS96/09629 

- 46 -

end of the fiber with a sinqle drop of LCM 24 (Light 
curable acrylate glue, available from ICI), curing the 
glue with blue light, and repeatinq the step with a 
second drop. The opposite end is previously attached 

s 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 

io blue light. The hub/fiber assemblies are placed in 
sterilization bags and are ETO sterilized. 

Followinq sterilization with ethylene oxide 
and outgassing, the fibers are deqlycerinated by 

ultrafiltering first 70% EtOH, and then HEPES buffered 
15 saline solution through the walls of the fiber under 

vacuum. 

20 

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 containinq the transformed cells 

25 described above. We prefer Vitrogen {Celtix, Santa 
Clara) as a matrix for AtT-20 cells. 

We pref er Organoqen (Organogenesis, Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 

30 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% trypsin + EDTA for 1 minute. This is removed and 

5 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 

10 media (Ultra culture, Biowhitaker, Walkersville, MD) • 

Surprisingly, the RINa cells secrete more analg.esic . 

substances when cultured in this serum free media . 
relative to serum continuing base media. 

The cells are centrifuged at iOO g twice in 

15 the preferred serum free media before the cells are 

concentrated 1:1 with the preferred Organogen matrix. 
Orqanogen is a 1% bovine tendon collagen obtained as a 

sterile solution. 8 parts of this solution are mixed 

with 1 part lOX DPBS. 0.5 N sodium hydroxide is added 

20 until physiological pH is attained (approximately 

250 µls) • 

The final concentration of the cell + matrix 
solution used for encapsulation can range from 20,000 -

50,000 cells/µl. The cells are counted in a standard 

25 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 

lo 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 

5 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 CaCl2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and 
contained approximately 2.5 million cells. 

lS 

After the devices are filled and sealed; a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (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 

20 in vitro analysis and for storage until implantation. 
The encapsulated cells are then implanted 

into the human sub-arachnoid space as follows: 

Surgisal Progedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 

sodium, 1 gram IV), the patient is positioned on the 
operatinq table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 

30 sterily prepared and draped exposinq 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 

s 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 

io fascia using electrocautery for hemostasis. Usinq 
traditional bony landmarks including the iliac'~rests 
and the lumbar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle ~s · 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian·approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than 30-
350 with respect to the spinal cord in either the 
saqittal or transverse plane. Appropriate position of 

20 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 
25 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 

30 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 

io the caud equina, and without ki~ks 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 surf ace of 

15 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, 

20 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 

25 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 

30 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 wi thi_n the 
lumen of the dilator. Position within the subarachnoid 

5 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. 

10 When appropriate positioning of the cannula· 
is assured, the guide wire and the 6 French dilate~ 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 

15 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 
20 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 

2s 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 lenqth to the pusher and removing the 

30 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 

10 advanced into position. 

After the capsule is positioned within the 

cannula, the pusher is used to ho~d the capsule in 

position (without advancing or withdrawing) in the 

subarachnoid space while the cannula is ·completely 

15 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 

20 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 f lavum. The tether 

25 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 

30 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. The free end of the tether is then 

anchored with non-absorbable sutu7e and completely 

covered with a 2 layer closure of the skin and 

subcutaneous tissue. 

s 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. 

10 Sequences 

The following is a summary of the sequences 

set forth in the Sequence Listing: 

SEQ ID NO:l DNA sequence of oligo oCNTF-003 

SEQ ID N0:2 DNA sequence of oligo oiqSP-018 

15 SEQ ID N0:3 DNA sequence of IgSP-hPOMC fusion 

SEQ ID N0:4 

SEQ ID N0:5 

SEQ ID N0:6 

SEQ ID N0:7 

20 SEQ ID NO: B 

SEQ ID N0:9 

SEQ ID NO:lO 

SEQ ID NO:ll 

SEQ ID NO:l2 

25 SEQ ID NO: 13 

SEQ ID N0:14 

SEQ ID NO:lS 
SEQ ID NO:l6 

SEQ ID N0:17 

30 SEQ ID NO:l8 

SEQ ID NO:l9 

DNA sequence of IgSP-hPOMC-~CTH fusion 

DNA sequence of oligo orTH-052 

DNA sequence of oligo orTH-053 

DNA sequence of oligo orTH-054 

DNA sequence of oligo orTH-078 

DNA sequence of oligo oIRES-057 
DNA sequence of oligo obDBH-065 

DNA sequence of oligo oIRES-bDBH-064 

DNA sequence of oligo oIRES-bDBH-066 

DNA sequence of oligo oIRE-068 

DNA sequence of oligo orTHA-073 

DNA sequence of oligo ohPOMC-IRES-069 

DNA sequence of rTHAl-155 

DNA sequence of rTHA+KS 

DNA sequence of rTHA-IRES-bDBH 

DNA sequence of rTHAKS-IRES-bDBH 
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SEQ ID N0:20 

SEQ ID N0:21 

SEQ ID N0:22 

SEQ ID N0:23 

5 

SEQ ID N0:24 

SEQ ID N0:25 

SEQ ID N0:26 

SEQ ID N0:27 

10 SEQ ID N0:28 

SEQ ID N0:29 

SEQ ID N0:30 

Cmz1:21it1 

- 54 -

DNA sequence of oligo ohPOMC-IRES-070 

DNA sequence of oligo oIRES-rTHA-071 

DNA sequence of oligo orIRES-rTH~-072 

DNA sequence of IgSP-hPOMCAACTH-IRES­

rTHa-IRES-bDBH-068 fusion 

DNA sequence oIRES-074 

DNA sequence of oligo oZeocin-077 

DNA sequence of oligo oIRES-Zeocin-075 

DNA sequence of oligo oIRES-Zeocin-076 

DNA sequence IgSP-hPOMCAACTH-IRES-rTHA 

-IRES-bDBH-IRES-Zeocin-073 

DNA sequence of proA+KS 

DNA sequence of IRES fragment 

15 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 

20 Budapest Treaty and was deposited at the American Type 

Culture Collection, Rockville, Maryland, U.S.A. on June 

7, 1995. The deposit receive0 accession number 

CRL 11921. 

The foregoing description has been for the 

25 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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{l) ~ INRlM\TICN: 
5 

10 

(i) APJ?L.IC11Nl': ~' Inc. 

stni 'N:n;1 
'1Jel Sa}d:>ff 

(ii) T1'liE OF INVENl'ICN: PAIN CEil. LM: 

(ill) NMm CF SEXJ,EQS: 30 

15 {iv) ~ l"ilIHES: 

PCT/US96/09629 

(Rlr~ofall 
cesignate::i states ~ IB) 
(Ebr PJif:OSeS of tE all.y) 
(Rlr p.lIJXlSeS of l5 ally) 

(A) ALUQiSEE: Jams F. Haley, Jr ./Ivar: R. Elrifi 
!I.Si & NtAVE 

(B) smEEl': 1251 Ave. of til:! Jlneric:as 
(C) CI'!Y: New York 

2 o (D) srA'.IE: New York 
(E) Cll.NIRY: t5A. 
(F) ZIP: 10020-l104 

(v) CIMtJim ~ RIM: 
25 (A) MEDlXM '!YEE: E1qpy disk 

(B) a:mm:R: lIM EC o::npatible 
(C) ~ SYSIEM: EC-IXB/MH:X:S 
(D) SCE'lWARE: Patentln :Eel.ease #1.0, Versiai #1.30 

· 30 (vi) CXF.RENl' MIPLICATICN I:1m\: 
(A) M'PL!CMICN N.M!ER: 
(B) F.ILlN3 I.J\'.IE: 
(C) ClASSIFICATICN: 

(vii) HUCR APPLICATICN 0\'.17-\: 
35 (A) APE'L.ICATICN :tit.MER: U5 08/481, 917 

(B) m...m:; mm: 07-JU.E-1995 

(viii) ATRRE,Y/JIQNl' INEaff.\TICN: 
(A) NH:: Elrifi, Ivor R 

40 (B) ~CN?D&R: 39,529 
(C) ~ l\IMER: Cl'I-29 CIP EG' 

(ix) 'lEI.EIDHMOO'ICN INR.JMmCN: 
(A) 'IEIEEHNt: 212 596-9000 

45 (B) '11!:tEm{: 212 596-9090 
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(2) JNEtJM\TICN EtR SEO ID N>: 1: 

5 (i) S!CENE CHAF1CimISl'ICS: 
(A) IEmIH: 33 blse pa.il:s 
(B) 'l"tEE: nJX:leic acid 
(C) ~: siD;Jle 
(D) ~= l.ir&lr 

10 
(ii) M]'WJIE 'l"tEE: a:m, 

(iii)~;W 

15 {iv) JINI'I-SENSE: ID 

(vii) nHD1A'.IE SlKE: 
CB> aoo: c!Nl'F-003 

20 

(Xi) SEXllN:E mrnIPI'ICN: SEO ID W:l: 

~ cman::o:r ~ 'IGI' 33 
25 

(2) lNEtlMn'ICN EtR SEO ID N'.>:2: 

· (i) ~ CHAF1CimISl'ICS: 
(AJ IEmIH: 23 blse pa.il:s 

30 (a) 'IYPE: :ru::lei.c acid 
(C) SlPJ'NIEHSS: s.in;Jle 
(D) '1tRl[a;':{: linear 

(ii) MXJOCUIE 'ME: c::1'.Nl 
35 

(iii) HYRmEI'IO\L: ID 

(iV) J.Wr.I-sEmE: ID 

40 

(vii) DHDJME s:IRE: 
(B) Cl:QE: oI~lB 

45 (Xi) SElJ.Ea rm::RIPl'ICN: SEO ID N.'.>:2: 

23 
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(i) SEU.Dt:E ~CS: 
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5 Q\) IEGIH: 849 l:Bse pilrs 
(B) T.aE: rnrleic acid 
(C) ~: slllqle 
(D) ~= linear 

10 (ii) MTJ!On:E '!'YEE: ~ (gerx:mi.c) 

(iii) IMUIHE:l'ICAL: ID 

15 

(vii) nMDmlE Sl.RE: 
(B) CIQE: IgSP-l1lUC 

2 0 (ix) Em\'.l't.FE: 
(A)~: S'UlR 
(B) r.a:ATICN: 1 •• 43 

(ix) mmPE: 
25 (A) ~: excn 

(Bl UX'.M'ICN: 44 •• 89 

(ix) EEA'nFE: 
(A) m£/I<E'f: intrcn 

30 (B) I.O:M'ICN: 90 •• 168 

35 

40 

45 

(ix) E:E2-\itFE: 
(A) 1'R£11<E:Y': 3 'UIR 
(B) Ia:M'ICN: 807 •• 849 

(ix) Em'l.tPE: 
(A) 1'R£/E<EY: misc feature 
(B) I..O:M'!Ql: 43 •• l86 
CD) 01HER INRIM\TICN: /pnxb:t= "IgSp :regim" 

(ix) mmFE: 
(A) ~: misc feature 
IB> ICO\TICN: 187 .:-ao6 
(D) 01HER ~CN: /pn:x:b:::t= ''hR:M: z:egic:n" 

(Xi) SE0DtE LalUE'!'ICN: SEO ID ID:3: 

SUBSmUIE SHm (RULE 26) 

PCT/US96/0!Hi29 



W096/409S9 PCT/US96/09629 

- 58 -

5 

15 

540 

25 

30 ~ 849 

(2) JNEt:IM!\TICN RR SEO ID ID: 4: 

(i) SEXlDtE ~: 
3 5 (1\) IENJIH: 525 l:.:ase pail:s 

(B) 'ME: IU:leic acid 

40 

45 

(C) ~: s:inqle 
(D) 'laa03'i: linear 

(iv) mrI-sEN:E: ro 

(vii) lM£DIA'IE SIRE: 

~SHEEr (RULE28) 
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(B) C[QE: 'Ig:Sl?-hB:M:I1Cl 

(ix) :mm.FE: 
(A) 1@£/l€f: 5'UIR 

5 (B) I..CXXI'ICN: 1 •• 43 

10 

(ix) EOOUE: 
(A)~= excn 
(B) I.CCATICN: 44 •• 89 

(ix) mmFE: 
(A) m£/I<B:Y: int:r;m 
(B) I.!X:Al'I(]'{: 90 •• 168 

15 (ix) EEMt.H:: 
(A) m£1I<E:Y: excn 
(B) I.!X:Al'ICN: 169 • • 4.82 

(ix) EJ!MtEE: 
20 (A) ~: 3'UIR 

(B} :r..a:ATICN: 483 •• 525 

(:ix)~= 
(A) NZ't£1I<EY: mi.sc: feature 

25 tBl :r..a:ATICN: 44 •• res 
(D) cmmR l.NEOMATICN: /pro:ilct= "Ig.5P J:egial" 

(:ix) EFA'llFE: 
(A) m£1.E<E:Y: misc feature 

30 (B) I.CCATICN: 189.:-482 
(D) cmmR INEtJMl.TICN: /prcxi.lct= ''hRN: z:egial" 

(xi) s:ontE IES:RIPl'ICN: SEO ID N:>:4: 
35 

PCTIUS96/09629 

40 ~ ClGlGOIGl' CDJ1A'.lOlCI' 'l'ru::c:ITICI' ~ ~ 180 

45 
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i o <Al umm: 30 l:::ase pa:i.J:s 
{B) 'IYI!:: nrleic acid 
(C) ~: s:irrJle 
(D) ~: limar 

15 (ii) MYFUJTE T'iEE: cim 

20 

25 

(ill} lMUIHE:l'IO\L: NJ 

(iv) ~-s&N:E: N.:l 

(vii) l?+EDlA'.IE SlKE: 
{B) Cl.OE: oI'IH-052 

(Xi) SEXlEN'.E IES:RIJ?l'ICN: SEO ID ID:S: 

~ O'CD\'.ltllX: ~ 

30 (2) ~RR SEO lD NJ:6: 

(i) SEUlENE ~CS: 
(A) !EmIH: 30 base pa:i.J:s 
(B) T.iEE: rnr:leic acid 

35 (C) ~: s.inqle 
(D) 'laa.a;{: linear 

4 0 (iii) HYRmEl'IC:M.: N> 

45 (vii) nHDIME SlKE: 
(B) C!QE: orIH-053 

summm: SHES (RULE 28) 

PCT/US96/09629 

525 

30 
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(Xi) SE0EN:E ImRIE'l'ICN: SEO ID ID:6: 

~ ~ CJM'.ItIDlC 30 

5 
(2) lNEtlMn'ICN RR SEO m ID: 7: 

(i) SEaEKE ~cs: 
(A) mam: 30 base pW:s 

10 (B) '.ME: Ill.cleic acid 
(C) SIP.11N1El£SS: single 
(D) ~= linear 

(ii) MJ{FXJJIE TiEE: cIN>i. 
15 

(iii) am:mETICAL: ID 

(iv) JINl'I-SENE: ID 

20 
{vii) lME:>!ME s:IKE: 

(B) cr.aE: orm-o54 

25 (xi) SEDEN:E Il!S:RIPI'ICN: SEO ID ID: 7: 

~ 'IWlUl:Cffi ~ 30 

(2) :INEaMn'ICN RR SEO ID ID:8: 
30 

(i) SEXlENE CliARPCIERISTICS: 
(A) IEmIH: 33 b3se pW:s 
[B) '!YEE: ru::leic acid 
(C) ~: sin;Jle 

35 (D) . 'laOt!Xi'i: linear 

(ii) mrmJIE Tl'!E: c:tm 

(iii) HYrollEI'ICAL: ID 
40 

(iv) JINl'I-sENE: ID 

(vii) Jt.HDlME Sl.R:E: 
45 (B) c:laE: OI'IH-078 

smmm:mr (IUlE28) 
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(Xi) SEOEN:E Im:mE'l'Irn: SEO ID ID: 8: 

o::rJl1G::l"1t c:nxnmI; ro::o:IG3l'l' en:: 33 

5 (2} :INEtDm'ICN EtR SEO ID ID:9: 

(i) 5m';lEN'.E ~CS: 
(A) IEN31H: 30 base pa:iis 
(B) T.aE: nncl eic acid 

10 (C) ~: sinJ].e 
(D) ~= linear 

(ii) MXFUJIE '!YEE: ~ 

15 (iii) HYrollEI'IOlL: N'.) 

(iv) JINl'I-sEN:E: NJ 

20 (vil) JME:>IA'IE &IKE: 
(B) aaE: omEE-057 

{xi) SEUEN:E Im:mE'l'Irn: SEO ID ID: 9: 
25 
~ a::xx::n:rur: ro:o::x:t I I I: 30 

(2) INEt:lM-\TICN RR SEO ID ID: 10: 

30 (i} SEXlECE ~= 
(A) mGIH: 30 base pllrs 
(B) Tm:: mci.eic acid 
(C) ~: sin;Jle 
(D) ~= linear 

35 
(ii) MXEXJR.E Tm:: c::rm. 

(ill) :H'lEOlJErICm..: N) 

40 (iv) JINl'I-sENSE: N> 

(vii) n+.mIA1.E SIRE: 
(B) c:tem: c::i:il&065 

45 

(xi) SEXJ,Ea ~: SEl'J IDN>:lO: 
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~ ~cn:.r·rimr 30 

{2) INroM\TICN FCR 5'EQ ID ID: 11: 
5 

(i) SEOl!N:E CHlPJlCIERISTICS: 
(A) IEmlH: 30 l:ase pWs 
(B) 'ME: nx:Jeic acid 
(C) ~: sID1le 

10 (D) ~: l:ir&i.t" 

(ii) Ml'J<IIJIE Tm:: dN\. 

(iii) HYEUnErICAL: N:> 
15 

(iv) J\NrI-sm:E: ID 

(vii) JMEJIA'.IE &IKE: 
20 (B) ClOE: oIRES-tiEH--064 

(xi) SEXlJEN'.:E I:ES:IUPr!CN: SErJ ID N:>: 11: 

25 30 

(2) :nmJM.\TICN EtR SErJ ID ID:l2: 

(i) SEUBCE CHlPJlCIERISTICS: 
30 CA> mrnH: 30 mse p:rirs 

(B) 'ME: m::leic acid 
(C) S'lPJNENSS: sirYJle 
(0) 'l\'.R:l!X;Y': linear 

35 (ii) M"!frTJIE T'fEE: dNA. 

(iii) lMUI!ErlO\L: ID 

(iV) J\NrI-SEN:E: ID 
40 

(vii) nHDIA'.IE SCl.KE: 
(B) a.a£: 0~066 

45 
(xi) SEo:Ei[E IES:RIPl'ICN: 5'EQ ID NJ:l2: 

SUBSTllUIE smr (RULE28) 



W096/40959 PCT/US96/09629 

- 64 -

a:rmmr 'lPD\'.Lrm'lG ~ 30 

(2) lNE"C.RmICN RR SEO ID ID:l3: 

5 (i) SEXlllN:E ~CS: 
(A) I.EmIH: 30 base ~ 
(B) '!YE: :rucleic acid 
(C) ~: sinJJ..e 
(D) m:aa:;'f: linear 

10 

(ill)~: ID 

15 (iv) 1'.Nl'I-sm:E: ID 

(vii) l?+EDl'ME &XKE: 
(B) craE: oigSP-068 

20 

(Xi) 5EXlEN:E IESlUPl'ICN: SEIJ ID 1'0:13: 

~ CG:t:CI~ t;n:: KIIrlllGG 30 
25 

(2) INEaM\T.ICN RR SEO ID NJ: 14: 

(i} SEUEN:E ~CS: 
(A) IEmIH: 25 :tsse i:airs 

30 (B) 'ME: rnx:Jeic acid 
(C) ~: single 
(D) 'IO:QI.CGli: linear 

35 
(iii) ~::ID 

(iv) JmI-sENE: N:> 

40 
(vii) lM£DIME s.:m:E: 

(B) C[QE: OI'IHD-073 

45 (xi) ~ ImmPI'ICN: SElJ ID ID:14: 

~~a:rn; 25 
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(2) :INEt:Rm'ICN Em 5tO ID NJ:lS: 

(i) SEJ;lm:E CHARPCIERrSrICS: 
5 (A) llliGIH: 30 b:tse pril:s 

(B) '!YEE: rnr:leic acid 
(C} S'lPJNE.'.N$: sllYJ,le 
(D) 'laO[!X;Y': linear 

10 (ii) MTFXllIE T.iPE: ~ 

(iii) JM:ODEl'ICAL: ID 

(iv} JINI'I-sENE: NJ 
15 

(vii) nM!DIME SlRE: 
(B) cum: chKM:HPJ:S-069 

20 
(xi) SEXlDt:E mnmTICN: SEO ID N'.>:15! 

mm;~ G:.1GIC:UCI' 30 

25 (2) ~CN Em SEO ID NJ:l6: 

{i) sm»n: ~= 
CA> I.EN:mI: io30 :mse p:Urs 
(B) '!YEE: Ill.Cleic acid 

30 {C) ~: sjzgle 
(D) 'ltlaaii: linear 

(ii) MXWUE 'ME: !NA. (ger.mj.c) 

35 (iii) ~:ID 

(iv) PNl'I-saE: ID 

40 (vii) ltffDIA'.IE s::IRE: 
fB) Cl.QE: ?:'nID 

(ix) m:m.EE: 
{A)~: 5'UIR 

45 (B) ~CN: 1 •• 6 

(ix) EElmFE: 
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(A)~= EH:ll 
(B) UD\TICN: 7 •• 1017 

(ix) mmm:: 
5 (A) NlMYI<E:'f: 3'UlR 

(B) UXM'ICN: 1018 •• 1030 

(Xi) SEJJ,EN:E IEi:RIPl'ICN: SEO ID ID:16: 
10 

15 ~ ~ ~ cn:rra::JlG1' ~ 'lG\1lCDlMT 180 

CIIrA!Gro:; ~ ~ ~~ !G'ltMI:'fG 240 

20 

30 

40 

45 ~ 1030 

(2) INmH\TICN EtR SEQ ID N:>:17: 

SUBSlllUIE SHEET (IULE28) 
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(i} SErJEN:E ~= 
(A) lll'GH: 1037 l:ase i;:a:b:s 
(B) '!YEE: nr:leic acid 

s (C) ~: s:inJ].e 
(D) 'ICR!lLY: linear 

(ii) M'IIDD'E T'LEE: I»s. (gerrmi.c) 

10 (iii) HYIUDEl'IO\L: ID 

(iv) Rrn:-sae;: ID 

15 (vil) :nHDIA'.lE s:tKE: 
(B) c::IDE: :r:'lHll<S 

(ix) mm.!€: 
(A) m£:1l<EY: S'UIR 

20 (B) I!Xl\TICN: 1 •• 13 

(ix) EEA'.J:tPE: 
(A) mE!I<E'f: e>al 

(B) ~CN: 14 •• 1024 
25 

(ix) :rnmm: 
(A) mEII<E'i: 3'UIR 
(B) ra:MICN: 1025 •• 1037 

30 
(xi.) SEXlEN:E J::E9:RIPl'ICN: SEO lD 1'0:17: 

40. 

sumrrm SHEEr (RUlE 26) 

PCT/US96/09629 

60 

300 
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5 

15 

CitCl'1t:GIG cn:ma:ra; ~ CPaX:IG3X ~ ~ 1020 

20 cmM'ltrAT ~ im 

(2) INEaM\.TICN EtR SEO m ID:l8: 

(i) SEO.Ea CHARllCIERISTIC: 
25 (A) InGIH: 3425 l:Bse p!irs 

(B) 'r.lEE: mx:leic acid 
(C) ~: single 
(D) 'l'CRJUXi'f: lin:m" 

30 (ii) M'X&ln:E '!'YEE: rm. (gen:mi.c) 

(iii) liYRJIHmCAL: N:) 

35 

(vii) lM£DlME roR:E: 
<B> cum: rIH-IP.ES-l:ilH 

40 (ix) nmt.R: 
(A) m£/l<E'i: S'UIR 
(B) LCX:ll!l'ICN: 1. .6 

(ix} :eEA!tK: 
45 (A) ~: excn 

(B) I.0:1m:CN: 7 •• 1017 

SUBSTmRE SHm (RULE 26) 
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{:ix} EEMmE: 
(A) ~= :i.nt:Ial 
(B) I!XM'!CN: 1018 •• 1617 

5 (:ix) EEA'ltK: 
(A)~: EKl'1 
(B) -I!XM'!CN: 1618 •• 3411 

(:ix) mm.H:: 
10 (A) 1'R£!I€l: 3'UIR 

(B) I..aM'ICN: 3412 •• 3425 

(:ix) EFA'.ltK: 
(A) ~= misc feature 

15 (B} I.CXM'ICN: 1025..1617 
(D) Oil-IER ~CN: /pmcix:t== "IRES ~" 

(xi) S1!UDtE IES:RIP!'ICN: SEl;J ID ID:l8: 
20 

NG:l'm1\33 'IOXCKGI'I' ~ ~ 'IrnllGIG ~ 60 

Grol!D\.1IGr ~ 'lClmroG rnmr G:1'IClC1tA o:ro3IGim' 120 

25 arnrc ~ 'lt'DlmT1' ~ PCNG::l!JXs 'fGlK:O\AT1' 1so 

30 

35 cn:n:rAGR: 'ltGX!l'ltlli CEM'l'ICM. 'RDl£IDIGI' .A'.IM<lllXA ~ 480 

~ CA'l1'1GllA GI'ICIOl1lG ~ TnDm:1CT GJJJrn 600 
40 
~~ cra:xm.IG~~ crnrmmr 660 

~ ~ rn1ml' ~ '.lGICTl\'.rm ~ 720 

45 cm:PClOX ~ GXlGlm1C ~ HrJ:PGlC.PC, JllDlG:IGlG 780 

~ Jl1!Gm:Nl1C ~ GIGDO'l'l'G 'IGltlnlGlG ~ 840 

SUllSD1UlE SIEEr (RUlE 26) 
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GamlXA ~ ~ mmx:rt: J.lOl!Dl.'.ltO\ cm;I(Cl'IG 960 
5 

GPG:n:Gro: ~ a:x:PO:ClG <rJIKrrK:, 'IGIGrnT ~ 1020 

Gil'.rnI: ~ artUICl'IC ~ r:ra::rPnni '.LCI't!ULC'l' 1200 

15 .. 
1320 

25 

35 

45 

SUllSlllUrE SHEEI" (RUlE 26) 
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5 ~ JUiltl'IUA GIG Gt G C GIGl'rn a:mo:x:o::A crrcrn 2400 

10 

~~ ~ CJCPa:rJl(X, ~~ 2820 
20 
~~~~~crx:rJOG:, 2880 

30 

~JIC!tC'™ ~ crrArn ~ cn:::PaI:AlC 3240 

35 ~ ~ C1033'.lL'IC ~ ~ '10D'.:M:O: 3300 

40 

(2) INEtBm'ICN RR SEQ ID ID: 19: 

45 (i) SEllDt:E ~: 
(A) IEm!H: 3432 base pUrs 
(B) 'l"IEE: nu:l.eic acid 

SUBSTllUIE SHEEr (RULE 26) 

3425 
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5 

10 

- 72 -

(C) ~: s:in1le 
(D) 'ltIOl:£:G'i: llllaar 

(ii) M"lIEOJ[E T.iEE: IN\ (gemnj.c) 

{iii) :EMOIHEl'ICAL: N:> 

(iv) JINl'I-sEN:E: NJ 

(vii) ntEXmE &IKE: 
(B) Cl(}.E: r!ECRS-lP!S-l:iER 

(ix) mm.EE: 
15 (A) m£n€i: S'UlR 

(B) ta:ro'ICN: 1. .13 

(ix} mmH:: 
(A)~: ext11 

20 (B) ta:M'ICN: 14 •• 1024 

(ix) mm.H:: 
(A) ~= intial . 
(B} I.O:ATICN: 1025 •• 1624 

25 
(ix) mmH: 

(A)~: excn 
(B} I.O:ATICN: 1625 •• 3418 

30 (ix) :s:Mtl€: 
(A)~: 3'UIR 
(B) J:.a.l\TICN: 3419 •• 3432 

(ix) Em'.ltFE: 
35 (A) NH:/I<E:Y: misc feature 

(B) UD\TICN: 1032:-.1624 

PCT/US96/09629 

(D) OJliR INEtl'M\TIQl: /pm:ix:t= "IP.ES seqµerx:E11 

40 (Xi) SEO.ENE IES:B!Pl'Ial: ~ID ID:l9: 

45 

summ sm (RULE 26) 
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.KO\AT10I: ~ ~~ xr::r<r»m ~ 240 

300 

5 ~ 'OCIG:n:J:rr ~~ ~KDIGn'.XD3 360 

Cl'ICl"lGW3 ~ ~ ~ cn:rorcoc 'IGII x uax; 420 

lO 
Cl1XlOla:.'7.' ~ ~ Citriru:AT GDG'.:IGt!Q;j ~ 540 

<X.tGl'lG3:1' ~ 'l'm'.lX1G1T ~ ATJ:mG CMClC'1rm 600 

15 ~ ~ »»K:!CTC. ~ 'IGJI'lOlCIG ~ 660 

~~~~~~ ;.·120· 

20 
1!CC'IG1™ ~ ~ co:a:x:rolG 'D'Cl'l'IGIGl' ~ 840 

~ ~ ~ 'IGJ:TCICLT ATCI:1Gl3'X CATrCIClGI 900 

25 G\1IG1TlGPC ~ '.ltllim'lG\ CJmlCIWIC PaJI:IX:1lCA ~ 960 

CIO:.'l'lG:ilG ~ ~ au::crw:x:: om:x:rcA ~ 1020 

cmAA'.ll3:AT ~ a:n::ro:rrc <JXOJ I (CT~ ~ 1080 

30 
~ ™1GIG CDl'l'IG.lCIA TA.'.IGl'mTIT !m\TAT 'Itll:GICl'l'I' 1140 

'ltIDlATGIG NnJ I I Ia;A AlliCClrm:C 'IGICl'lCl'IG ~ c.m:lD3J.'CT 1200 

35 TICD:C!ClC ~ ~ ~ ~ QlGl'IWCI' 1260 

~~~-~~~ 1320 

Jl0:1™ JlJ.'.DIGXICT CD33'.I7IAM cn::xrnGrA ~ ~ 1380 
40 

rnl!£lX; ·OIG!GlJlm TrGlOOl'I.G ~ ~ Yi.'.IGXlCIC 1440 

~~~~~~ 1500 

45 1560 

GD 0 crG\ ~ U31Wl'l1'1C ~ CXGmMA .PG:l'IG'DlC 1620 

SUBS111UJE SHm (RULE28) 
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~ ~ ·rmcrr a::mooc c.tmIG:cIG ~ 1680 

cnmr; ~ a:I'IUD:Tl' COIQ\'Irn: cm:;zia:rn; ma::r:r 1140 
5 

mGlt:I: ~~~ 'OCTIO::M:: ~ 1800 

mO\J'G ™1GIO: 1GI'l'IWAT ~ mrtI; ~ 1860 

l·O ~IG ~~ crn:::rPaIT rnro:r:r ~ 1920 

~~~~Cl'l'Citmr~ 1980 

~ crom:rm: 'Kl'lOl1GG cttl'l'l'ltn:: ~ ~ 2040 
15 

cr:romJ7G GILlrn 'RlXI:lG3l' Grmtn\'.l'lt: cnma:: c:x:DX:.t:mIC 2100 

CO"G:.iPGlO: AT.C»CJJCAT crn:rlW\ OIJ:cnn::J'G crnm: ~. 2160 

20 ~ ~ ax::ro:o::u:: mmr ~mm: 2220 

cm:ma::rc MO a:nn:: KDGCrPC rnmm: ~ Jl£Om 2280 

cxn:naxc an::xxJIO\ ~ am:rom:; ~ ~ 2340 
25 
~ ~ 'lCTitOIG1G aDJlX:GG ~ '1t:XDDICl'r 2400 

Ql!D:UD::C ~~ ~ J\l.ICI'ICittt ~ 2460 

30 WI a:cn:G c.n:x::n:n:a; rn:c.rr TOClKXIA ~ o:x::n:rm' 2520 

35 

CIH:J:Ul:CC GG:lcx:rrD\. ~rrcro:r; ~ crcrKDCA HJrPCm 2580 

~ an GG1Cl' a:Immr an:crol7lC ~ w::m:rn:r; 2640 

~ ~~ ~ c:x:n:;rr;:mn a:mm 2700 

~ w:;no:;ra; TC10J'33:rA CltDl!mr AllGrn Jl!3:IG3XCT Z760 

40 GI IQ 1 :ID\, tmTm 'ICl'ltm:lt: ~ Jm:KCTG\. Cl'.l33 QJ1lA 2820 

~Gm:Irn~~~~ 2880 

CIPC/lllIXA ocrn:xM.i ~ ~ GimIGlUG 'ltXMilD3 2940 
45 
~ A'.lO'a::1Cl'1' (DlCA17JQ1A. CPD:QKK; ~ ~ 3000 

suasmm SHEET (RULE 28) 
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G:lmt; ~ cmn:rn:x: nn1tLTG r:x:HGrJ'Cr :n:x:n:cro:;r 3120 

5 G¥laG3l'!C ~ ~ ~ cnm:m:ro:; CitmrorI' 3180 

10 

15 ™ mx:: G: 3432 

(2) INRlMn'ICN RR SEO ID ID:20: 

(i) SE0EN:E CH\PJlCIERISTICS: 
20 (A) !Em!H: 30 k:ese pairs 

(B) TYIE: ru:l.eic acid 
(C) ~: single 
(D) ~: linear 

25 {ii) MXEUlTE '!YEE: c::I:m. 

(iii) HYIDIHE:l'IO\L: ID 

(iv) JINI'I-SER:iE: ID 
30 

(vii) JMtmIA'.IE SCXJOCE: 
(B} a.a£: OORM::-IRES-070 

35 

(Xi) SEJ'Jl!N:E ~CN: SEO ID ID:20: 

JILD3Jla'G: cnn x x :icr ar:ra:m:c 30 

40 (2) IN&lM1m:CN RR SEO ID N:>:21: 

(i) SEJJ.!N:E CH\PJlCIERISTICS: 
(A) :tm:ml: 30 tese pairs 
(B) Tm:!: nx:l.eic acid 

45 (C) ~: sirYJle 
(D) 'ltKUX;'i: l.:inear 

suasmm SHEEf (RULE 26) 



W096/40959 

(ii} MXFD:JIE Tlff:: dNA. 

(iii} HnUIHE:l'ICAL: N:> 

- 76 -

5 {iv} .AN!'I-sENSE: NJ 

10 

15 

(vii) lM£DIA'.lE &IR:E: 
(B) aaE: oIRES-.t'IHD-071 

(xi} SEUEn: llS:RIPl'ICN: SEQ ID N:>:21: 

~~~ 

(2) INRIM'a'ICN EtR SEQ ID NJ:22: 

(i) SErJ,IN:E ~CS: 
(AJ I.EN3IH: 30 mse J2i.rs 

20 (B} '!YEE: nrJeic acid 
(C) ~: single 
(D} 'lOrotmY: linear 

25 

30 

(ii) Miro:XE T'iEE: dNA. 

(iii) HYRmm'ICAL: ID 

(iv) PN!'I-sEN:iE: NJ 

(vii) JME:>lME s:IR:E: 
(B) CJ:OE: olF.ES-I'IHl)-072 

35 (xi) SEXlEN:E tm:RIPl'ICN: SEO ID NJ:22: 

40 

cr.tro:X7lA. a::mmra:x:; ClIDI'IWA 

(2) :rmt:Rm'ICN EtR SEO ID NJ:23: 

(i) SEXlEN:E CliAPJlCIERISl'CS: 
(AJ IEN:mi: 4499 l:Ese p:rlrs 
(B) '!'YEE: nu::::leic acid 
(C) ~: sin:}le 

45 (D) '!aOtCX:i'f: linear 

(ii) MIFOJIE T.il:E: IN\ (genani.c) 

SUBSlllUIE SHEEf (RULE 26) 

PCT/US96/09629 

.30 

30 
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(iii) IMUnETICAL: NJ 

(iv) JNI'I-~: ID 
5 

(vii) nMDIME s:IKE: 
(B) CUNE: p:nc-t:h-dil fusial 

10 (ix) EEA'll.H:: 
(A)~: S'UIR 
(B) Ieaa'ICN: 1 •• 43 

(ix) E'l!2mH:: 
15 (AJ m£/I<E:Y: excn 

(BJ I!O\TICN: 44 •• 89 

(ix) EEM:mE: 
(AJ ~= .intttn 

20 (B) r.a:ATICN: 90 •• 168 

(ix) mm.FE: 
(AJ ~: excn 
(B) IO:ATICN: 169 •• 482 

25 
(ix) E:1m.PE: 

(A) ~: .intttn 
(B) I!O\TICN: 483 •• 1080 

30 (ix) m.\'.l'tl€: 
(A)~: eoo:n 
(B) ICCATICN: 1081. .2091 

(ix} :EEA.'.ltH:: 
35 (A) m£/I<EY: intial 

(B) ~CN: 2092 •• 2691 

(ix) EEMWE: 
(A)~: excn 

40 (B) u:o\TICN: 2692 •• 4485 

(ix)~= 
(A) ~: 3'UIR 
(B} u:o\TICN: 4486 •• 4499 

45 

(xi) SEO.Ea IES:RIP.r!CN: SEO ID ID:23: 

SUBS111111I SREB' (RULE26) 

PCTIUS96/09629 
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Clllll:G GI'~ Gro:M:lGl' ~ ~ mrml' 60 

'JMCI"lU'lt CIGmlD'G ~ ~ ~~ 120 
5 
~ CIGlGOGr m::AA'.lOICl' Tlw:.L'l'ICl' ~ GirnTirm 180 

Cl'l'lt t D:n: Cl'lO:X:tCro ~ ~ ~ Clcan:ta; 240 

10 ~~~~~~ 300 

15 

GX!\'.D:ml' 1;; t:ZI:t:GIG ~ KU3 I o:TA ~ O\CT!Wl::r 360 

Cllll:1mI! ~~ c:Ltllil'ICAT ~~ 420 

13111 ::ttGI' ™Gl'lt ~ ~ ~ »mGr 480 

~ O:UD t CIC roxrcm:c ~ TOC:Irm:I; .1Wlll3:'l'lG ... 540 

2 o ~ OOIGltD1.I'l' 'IGlt:mm'.IG TrA.'.ITl'ltD\. ~ GICI'ITIGa: 600 

660 

crnrn NG:M1IrA. m'IG.l'1G .M'.lGirn ~ 'ItClCltlAt\ 120 
25 

c:c11Cl'IG\A. ~ GIC1GIP.l3J:; mm~~ 100 

~cmcm:m~~~~ 840 

30 900 

Jl1mIM'D:A~ ~ ~ a:x::MlGmT ~ 960 

Cltllll x:rc ~ ~ GrITPGm. ~ CGICm 1020 
35 
~ ~ G1'11'1CC11'1' ~~ '1GX1CWl: 1080 

MtimIX:Cr c:Gl'lOXNG .ll.ll»GIG1tG GlATrn~ ~ 1140 

40 ~ Clm!Crm ectmm:: 1 x rm ::r·1cr ~ G.rA'.ltJ3DIG 1200 

c:x;rorn:: 'IGn'lm ~ CPGrK:JWr. KmlG\PO: MTitXXI:AT 1260 

~ cxm::N<!A. ~ ~ 'l1m\'.IGrC1C ~ 1320 
45 

crcmm:m cx:om:D:1G crm:;pGJ!C ~ ~ ~ 1380 

· SllSlllUIEllm (RULE 28) 
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~~~~ 'IGIUXl'.01r ~ 1440 

~ '10J!G:1rm xrmnnx:: oorcocror an rn 'ITl1™ 1soo 
5 lGlCltDXI' '™lGl'l' 'IO\A'.Il'Dl!l: ~ ~ C1alCClMG 1560 

CA.TJ.OO:IG~ ~ ~ ~ GITQXIOC 1620 

Cl'.3:PDn'l'lG ~ ~ ~ cicm:lllI:: ~ 1680 
10 
~~~~MT!Crm:.T~ 1740 

M'I.rnI: ~ ~ cm:IGICl'I' ~mwc 1000 

15 'lw::::LGlUG ~ a;ro::mr Trmr '1ClCJlG::K1:, 'l'GimI: .. 1860 

~ N«:J::rKrA cn:roI'GOC 1'11G!Gltm ~ ~ J,920 

~ ~ CICltGm'.IC CACm::IIm' 'ICICIGI~ ~ 1980 
20 

~ JG::mCPC, ~ CDICIGPGlG ~~ 2100 

25 A'.IQJ3 X CCl' Cicx:cn::o::c o:o::x:L'IM: G.rnl.Cl\33'.l: ~ ~ 2160 

cmmt£GT TrGrn'.IM' GTmTITrO: ~ a:ncrrnm CM'.lGD:M; 2220 

cn:r::mA.¥C cmrr c:.Tl.t.:J.'RKG ~ mrnc co:.-rcran; 2200 
30 
~ 1WmClGI'l' G\MGlmlG ~ no:rcm ro:rn::l'l't:A 2340 

JJGlONCNA. OOICIGn:a: m:rrn:c ~ KllXIlJl!l:: ~ 2400 

35 nncrrm ~ .P.03lGlMM. ~ CPHm. ~ 2460 

m:x:J.lml'lG ~ JIGl'lGim:iA JlGGit1W1:r G::CICILClC ~ 2520 

~ ~ ~a:o:M'lm. ~ 'l'CI™1' 2580 
40 

ia:mrr oorr1·1u:i·r ~ ~ ~ o:aGIXGX 2100 

4s .P.cmrn cwrcrro:r ~ Gn3r!llDlC 'ICDlG33:IC cn::irn 2100 

~ 'IWOCl'IUA CAruXXX:IG mIIm ~ ~ 2820 

SUBST11111E SHEEI' (RUlE 28) 
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~ ~ ~ 'l'ltDlD:10: Mrm crrovm::r 2a00 

G3IGIO:lGI' ~ rnx;m:; ~~ <ntmt: 2940 
5 

'ltnlCrn G:nm:m: C!PCl'l'ltD3 ~ ~ ~ 3000 

~ CDJGJGA '1'IP.CDl!rrr CIGJ3IUC JJGG:K:I.rX ~ 3060 

10 3l20 

15 

~ Fa!LWIGlA ~ GD£mm:: 'ICimltG:T G3IG1a:A'.D: 3180 

~ G:l'DrlO'C <:rn:.l(Dl£; ~ ~ ~ 3240 

AJ!GJ:GD C 'IG: lD3J3'.A Ol!lllDO:: Arn1tC Cill:CXDXA mom:: 3300 

ca xn on:: J!G!O'rol7.\. CIGG.IG:OC GIGnrn: 'Imr Cl'D 1 a Cffi . 3360 

20 ~ 'l'C'MGlXm cnommt:: ~J.!!mIDXI' ~ 3420 

~ 'l0:1GltDJ:. CIImlGl'K: ~ CXD1CI'IOlG a.nnx::.rc:c 3480 

~ ~ cnn:rcP1C rrcmrrt: ~ an::n:m:r:: 3540 
25 

c.•1n:::iot G:X'.7-\.JlJ.l'.ll!l'ITJA ~ ~ 'D3!:Cl'Im; cmm: 3600 

~ TIClUlll!I' ™1'10lC ~ ~ ~ 3660 

30 ~ ann:mn; ~ ~ TCI:GD3.:l!' a;icrnm:: 3720 

~ miw: ~ mrnm. m:CU\. mm: 31ao 

TlCGru::::rtA am:::ocIG ~ ~ TG'.D:CTCU: ~ 3840 
35 

ATl'OlaaCT 'ICXlL'ICJXA a:ro.:xxx; ~ ~ G3mr 3900 

ClmlMI21'W 03IA ~ GIGAm H:JiPCCPCrA. CJ<nrH:JC. 3960 

40 ~ rnGlT ~ GTGIL'IGIO:: ~ CGm:.'10\lC 4020 

1CCICL'lGA c::KIK»CFC ~ Jl!ll:lQIXA cmrn Cl'IO'IIA'IC 4000 

~ 'l'GIGllltM CIMGitDJC ~ HKirJlG::r ~ 4140 
45 

SUBSlllUIE sem (RULE 26) 
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~ 'lt:'lt'D'!OG o:o:o:ian; 'IC1G1UX!lG Jl13'.:1GITIG: cn:mm:n: 4260 

~ 'IC2Wlltm c:G.1'G:)lAZIG cnrroma:; CI::1'ICG::P.O: ~ 4320 

t 11 GI G:J I: mm:::f ~ ClllID'JIJlG G:ItM:GlG CD 03.Xll: 4499 
10 

(2) ~ RR SEQ ID ID:24: 

(i) SEJJEa <JMl!ClmISTICS: 
(A) IEmlH: 30 tEse pairs 

15 (B) TB: rurleic ac:i.d 
(C) ~: siI¢e 
(D) 'ltRUX,;Y: linear 

(ii) mrmtt Tm:: d:NA. 
20 

(iii) HYJ:OllEl'ICX.: ID 

(iv) llNl'I-SEN:E: ID 

25 
(vii} lME:>IA'.lE s::xK.E: 

(B) CUN!!: ol.BES-074 

30 (xi) 5ErJ»tE !ES:lcrPrICN: SEQ ID ID:24: 

35 
c2> INEaM\TICN RR sm m ro:2s: 

(i) SElJEiLE ~= 
(A) llm!H: 30 k;ase palls 
(B) n:EE: ru rJ eic ac:i.d 
(C) ~: siixfte 

40 (D) 'laa.mY: linear 

45 

(ii) MJTFOJIE T'fEE: dN\ 

(iii) :mEOJEE:rIO\L: NJ 

(iv) llNl'I-seNE: ID 

smmUIE SHEEr (RULE 28) 

30 
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(vii) DMDIA1E &IKE: 
(B} cu::m: o'lsxlir-077 

5 
(xi) SEJJEi[E IES:RIPI'ICN: SEO lD ID:25: 

~ CMKCIG:.T ccn:mnc 30 

10 {2) INR:IM\TICN R:R SEO ID ID:26: 

{i) SErJEa Oi\PJlCIERISr!CS: 
(Al IEmlH:. 30 base ~ 
(B) 'ME: m::leic acid 

15 (C) SIRPN:ECN!SS: single 
(D) 'ltRJ[O;'f: linear 

(ii) M'lTFOEE 'm:E: ~ 

20 {iii) mronEXICAL: ID 

(iv) mr.r-SENE: m 

25 (vii) JME)!A'.IE s:ua:: 
(B) a!R:: OIRES-Zsx::i.n-075 

(xi) SEXllENE IES:RIPl'ICN: SE1,;2 lD NJ:26: 
30 

G:1lO\PC1'IG G:J:A'.lG:mG ~ 30 

(2) ~ RR SEO ID ID:27: 

35 (i) s&JJDa: ClJPP1.'Cl!RIST: 
.(Al I.ElGIH: 30 tBse pms 
(B) '!YIE: nx:leic acid 
(C) S'JRl.INENSS: single 
(D) ~: linear 

40 
(ii) MXIDlIE '!YEE: ciN\. 

(iii) HYro!EE'l'ICAL: ID 

45 (iv) mrI-sEmE: NJ 

suasmm SHEET (RULE 28) 
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(vii) JM.E)IA'.lE s:IR:E: 
(B) CUR:: o:IFES-Zeocin-076 

s (xi) sa1EN:E Im.RIP'.I'ICN: SEO ID N:>:27: 

10 

~comnDIA~ 

(2) ~RR SEQ ID N:>:28: 

(i) SElJEa ClilPJlCIERIS'lCS: 
- (A) llm!H: 5540 ~ ~ 

(B} '.ME: ru::leic acid 
(C) ~: single 

15 (D} 'ltla(l'.;Y: llllear 

20 

(ii) MXMD'E '!YEE: rm (gemnic) 

(iii) lMOIFEl'ICAL: ID 

(iv) mrI-sEN:E: ID 

(vii) JMIJEDIA'.JE s::ua::: 

PCT/US96/0962!> 

2 5 (B) ClOE: RMD!CIH-IRES-'!Hlr IRES-Im-IRES-Zeocin 

(ix) mm.m:: 
(A)~: S'UIR 
(B) ID:ATICN: 1. .118 

30 
(ix)~= 

(A) m£/I<E'i: e:xcn 
(B) 1£D\TICN: 119 •• 164 

35 (ix) nmmE: 
(A) ~= .inttm 
(B) la:m'ICN: 165 •• 243 

(ix) mmm:: 
4 0 (A) m£1I<E'i: e:xcn 

(B) I.CIATICN: 244 •• 501 

(ix} :EE:MtK: 
(A)~= :inmn 

45 (B) I.CIM'ICN: 558 •• 1155 

(:ix) Emm: 

SUBS1111JTE SHEET (RULE26) 
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(A)~= excn 
(B) ux::ATICN: 1156 •• 2166 

(ix) :mntl!E: 
s (A) m£/FE'!: mmn 

(B) IOJ.\TICN: 2167 •• 2766 

(ix) mm.H:: 
(A) ~= EH:rl 

10 (B) I.CXM'ICN: 2767 •• 4560 

(ix) mntm:: 
(A) :tR£/REY: .intr:ai 
(B) I!O\TICN: 4561 •• 5159 

15 
(ix) E'EA.'.Jl.E: 

(A)~: excn 
(B) IOJ.\TICN: 5160 •• 5534 

20 {ix) mmH:: 
(A)~: 3'UIR 
(B) IOJ.\TICN: 5535 •• 5540 

25 {xi) SElJ,EN:E Im:RIPl'ICN: SEQ ID ID:28: 

~~cn::GRXXI: ~a:rom ~ 120 
30 
~ '.ttD3l'D\'ICT 'lCITCCIG\T GrPGltnIT ~ ~ 180 

'.l'\'.lDW'ClT ~ A¥aClGIG ~ 'IOl.Cl'rn3:J: 'l'l'ICl'l'ICm 240 

35 O!CJm'.lG\A T1Ull!l'l1C (I w Cl'ro::: ~ CJl.1lGlrnG crmrm: 300 

40 

45 ~ ~ <JlCllGJ333: co:::ICTO.'.l:I OJ:t:X:X]] t C ~ 600 
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TI<ll:GIC!T 'l'm3:J.IA1GI' G!G'.3:nm; ~ CIGICl'ICTT ~ 720 

~ l'l'Iun:rcr ~~ TG'1'1mTG1' ~ 780 

5 
CDlGrltClC ~ ~~ ~ TnlJlG:DlG 840 

900 

10 ~ CllD0\1la: CDIGnlDC Gl"lG1GlG.l'l' CilmlGI'lGl' ~ 960 

~~.M'ICAPCA?G~~~ 1020 

'IGmrnT ClG\'.Icrrm CD:ICmitC ~ CMGIGI'l'lA ~ 1080 
15 
~ IG'.1IIc1 (G ~ AG:KGl'l'l'I' o:::rnGAAPA ~ .1140 

~~o:::o:tml'IC ~ ~rnrGro'l' 1200 

20 c::xr.ra::m::; ~ 'lGlaOG\T ~ Jl£Dl!!lJ3'3:ii CtlClClGC 1260 

~ ~ ~~ cr:rn::DlGIA~ 1320 

~~~~~~ 1380 

25 
~ .1G'.llL"lt:.IA '.Il3'.:::ml' o:rro::xxn:; ~ c:rurrJXIX; 1440 

crICKGW:: ~ ~ ~ aa:a::m QXGIGIOC 1500 

30 w:T.lCI'RA :J!G?JlGJ3:lJlC 'Ic::.G:.T:ltUIG Cimx::o:; 'IrmT .PCron:m::r: 1560 

CG1G\TlTIC '1timrl'Cl' rnran:: GIGI'nl™' mrm ooo:m:M' 1620 

rnrac cmm:ATR: ~ ~ A'.IGl!OGl'l' rnTGIA 1680 

35 
a::cm:;rm:; ~ A'.I'l'ro'.llJl '11CTCXDlffi PrnTirn 'lG::A'.IClOG 1740 

mrm ~ ~ 'lmlGI' .PCro3l'J.'C.1C ~ iaoo 

4 0 ~ ~ crn::1G.AG G:1'lMtmG ~ G'ICT.OCI:!OC 1860 

~ mJ!CltICT ~ ~ G!i3l!L1'1G\ cr:DGGCA 1920 

~ ~JlGl.'JrJWl!r, ~ '1tmOTIGl' ~ 1980 

45 
~ cr:HG::K:PA ~ "JMG:Crcrc GIMO:m:G ~ 2040 
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~~JlCitllDl!IT ~~~ 2100 

w::::rtern:G mICD.. ~ cxxrx:m:; crr:KJrK:r ~ 2160 

5 ~ .m'lrm cnx::::LCiax:; 'l! I I 111 (0: c.rAACGl'OC ~ 2220 

2280 

T.I'lrn'lG ~ ~ a:rGICl'ICT ~ ~ 2340 
to 

CITIUll:lt ~ ~ ~ ~Jl!D!GI'IO:l' 2400 

~ ~Jl1!GK!JICT GrPGimX: T1'lroim:A ~ 2460 

15 a:ACX:ltIII; .rmtD:l' CIGID CM~~~ 2520 

20 

~ ClDlGl13JJ\.~ ~ ~ ~ 2580 

~~~~H13IKJJXA~ 2640 

mmm:c ~ c:;1CGIG311'r 'ItCI'l'IG\llA.~ ~ 2760 

25 ~ ~ G.'.E'.llmlC TlttIWICA '1mr ~ 2820 

cn:rc:oo:rc cm:mG!G w:x:rrcnr: TIO:PCMtr: anm ~ 2000 

~ ~ ~ CK9!KrA 'lt:OCI'Ia:A. ocro:It:G!G 2940 
30 

o::Irn=lO\. JlG'rl'G3IGI' CCIGI'l'Irm ~ ~ ~ 3000 

GllCl'IOOlG3 ~ ~ cm:u::ucr ~ ~ 3060 

35 ~ ~ rntXDlG ~m:rrcro:x; mm; 3120 

~ ~ crrc1ow; JlGll::l'n1G ~ a:rr»a:!PC 3180 

~~ CGlOXOG ~ ro:rm.wn::run; 3240 
40 

'lOl:!LWGr CD\'.IalKX: MtD:lL'I'IG CJlal03m: ~ mrG 3300 

~ ~ W1L'ICIIC ~ ~G\lOJDD: 3360 

45 ~~a::HDGP/X,~~~ 3420 

GIOD:!'IU! CXlllDla:A ~ ~ 'ltGlOlm ~ 3480 

suasmm: SHEET (RULE 28) 



-· ··-·-----==--'"'-'-·o...=··.o.=··=·· =====----------------------

W096/409S9 PCT/US96/09629 

- 87 -

CI:G:IWitC ~ Cl3IC1'1Q11.G TGJ::i:m:m ~ om:xxilX 3540 

TrCM'lD:3: ~ ~ cm:mm:: '1tA2lCI'ICIG c:x:mcxmG 3600 

5 
ClG3l x:u:r GD o::irm ~ TITDICIKI: ~ ~ 3660 

Tl'CGmD:: rmt: ~ a:o::rtmr ~~ 3'720 

10 ~ G:X G~ G Gl CI\'.L'!O:m: JmmrlG1' JJCIX:HJ3X ~ 3780 

~ crm:mt'AT mrm: ~ CliXXGit;\T man: 3840 

CIImG\. a:a::Cl'!Wl' cr:rmrm:: ~ FCJlHJffXiC cr:ro::irn; 3900 

15 
CIG a:GX<T arnTIO\. ~ '.l'CnJlG:lO: ~ ~ 3960 

~aiGIC!.'l'G3:~~~~ 4020 

20 CJlCDOIG:I: OlCPCrro:A man:: ~ J!£Ul\'.:Gl:GlC 'IGKXMm 4080 

~ ~ ~~~CD'D\C03IG 4140 

c:z:uu :11u:; ~ ~ ~ 'ICDICIPCm. an:aGCG 4200 

25 
4260 

~ 'IC:MJm~]IO;lGllXCJl!lll3n:IGT ~ 4320 

30 Tl'lGrlU:G ~ cra:TIO\PC ~ ~ GlXIID.'lC 4380 

G::XXrA'.ICT comrPClG ~ n::m:nna: ~ ~ 4440 

Cl3DG:DX ~ o:;ru1COG:; ~ c:r:xo::ot:A cmr 4500 

35 

1«1:HB::J.'C ~ cm:rr:G:a: ~ n:rorcmr ~ 4560 

4620 

· 4 a ~ GI.GIG::lli11' GlCm1MGl' 'lmTl'RDlC CATATI'Cill3 'IC11'I'IG3:A 4680 

~ mKCI' cm:clG10: ~ ~ GJICl'l'IW: 4740 

CLCJX:IIl:M.~a;JX:'IGI'n'.A~ ~ ~ 4800 
45 

4860 
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a:n;w::aic m:Gm; l'l'l'lW'l'IG ~ 'Im'IMG:lT rrt:K»CrA 5160 
10 

20 

25 (2) INJ:tlMmCN Et:R 5'EO ID ID:29: 

(i) sec:DtE ~CS: 
(A) IEWlH: ~9 l:Bse p:iiis 
(B) TYEE: rn.ci.eic acid 

30 (C) ~:single 
(D) 'IC!a.ai'i: linear 

(ii) MYFOIE Tm:: tm (gemnic} 

35 (iii) HiR:n1£I'ICAL: K> 

(iv) JlNrI-sENSE: ID 

40 (vii) JM.EDD!dE s:x:R:E: 
(B) CIOO: P.co1'l'S 

(ix)~= 
(A)~: S'UIR 

45 (B} I.OCATICN: 1 •• 16 

(ix) mmH:: 

suasmurE SHE (RULE 28) 
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(A)~: B!Cll 

{B) I.CO\TICN: 17 •• 820 

{:ix) mm.PE: 
5 (A)~= 3'UIR 

(B) r.a:::ATICN: 821. .829 

{xi) SEa.DtE IE9:RD?l'ICN: SEO ID N:>:29: 
10 

20 
~Kimmnli G:l."ltMG\2\~ <n::l'ltMG\ ~ 360 

~ ~ c::JGK!N{A ~1GIGG\!CC ~ 420 

30 

35 WO'l'!cn; ~ ~~JIGl'OC!a1\~ 780 

. 40 
(2) JNEtlM!lI'ICN RR SEO ID N:>:30: 

(i) SElJINE ~CS: 
(A) I.DGIH: 598 base i:atrs 
(B) T'fl:E: ntci.eic acid 
(C) ~: s:inlle 

45 ~) 'ICRl[!X;'i: linear 

(ii) M'XFJJJIE 'ME: IN\ (gerxnti.c) 
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(iii) HYEOnEJ.'IO\t,: N'.) 

(iv) JINl'I-sEN:E: ID 

(vii) DHDIA1E &XKE: 

- 90 -

(B) a.GE: IRES sequerx:e 

10 (ix) mmff:: 
CJ.\l ~= mcm 
(B) ICO\TICN: 1 •• 598 

15 (xi} 5EU»tE ~CN: SEO ID 1'0:30: 

G\AT11:Ill:C ~ ca 1 r r cx:cr ~ c:n::G¥£D:G ~ .. ro 

™1GlG W1'11Gl'CTA 'mlGl'IMTl' ~ 'IG1X3ICl'l'I' 'lm:MTGlG 120 
20 

Q!IGlG:O'a; TlUlGlGl'lG GZmlGl'lGlG ~ AA'.lcm'Clt ~ 420 
30 
~~~~~~ 480 

540 
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: ln1ern:111una1 lflpllc:a11011No. 

INDICATIONS RElA TINC TO A DEPOSITED MICROORGANISM 

{PCT Rule llbi.r) 

A. The IAllllllallOftS ma&ill bi:mw R!IHC 10 - 111-PlllSnl rei-d ID lft Ille dlllcri,,._ 
•11111: 54 • line- S 14-23 

D. IDEPn'lnCATION OF DEPOSrT Funber .,..._ _ Hialufmi oa an IUldilillmt .-. 0 
....... DI depmnar!' lllSlllUIM>n 

American Type Culture Collection 

Address ut depos11arv '""'"'uuon , ,,._,_,,.,alt#•• c-1 

12301 Parklawn Drive 
Rockville, Maryland 20852 
United States of America Cell Line, RINa/ProA/ 

Identification Reference bv Denosi +-"..-. P030/P088 
Dall! DI tie-It ~NUIDll9r 

07 June 1995 (07 •. 06.95) CRL 11921 

c. ADDrrlONAL INPlt·A·rmNS1a-...... ;f-.,,,,._., 
nu. iaCanllaPon. ----·· ·····i-1 ..... lil 

In respect of the desi9nation of the EPO, samples of the de· 
posited microorqanisms will ·be made available until the pub-
licaticn of the mention of the qrant of the European patent or 
until the dat:e on which the application is refused or withdrawn 
or is deemed to be uithdrawn, as provided in Rule 28 ( 3) cf the 
Implementing Re9u~ations under the EPC only by the issueof • 
samDle to an exDert nominated bv reauester fRul~ 2Af4l P.~r\ 

D. DESIGN4TED STATES FOR WHICH INDICATIONS ABE MADE lif*----.--~rrrll......_.S.-1 

EPO 

E. SEPARATE FURNISHING OF INDICATIONS 11_.,._if_•~ 

,_ __ ._.illl&Obe1Dww111bo..-.llld10dle ............. B-ulala,,,..,,.,.....,_..,,,..._&fo "Aw ..... .,a.,-., 

..----- For....,,1111 Cll"--md'l' For llllllaalillllll B11n1111U1eaalJ 

l'llil .._,_. ftlllDWed wada 11111 tnBmuoul •pptication CJ l'lliaUeel- nmived bJ Ille lalllluam81Bunn aa: 
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. ln1cma11una1 applt.ClllOl\No. . 

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule l.Jbi.r) 

A. 'lbi: 1nai.:auons maue oi:mw n:1a1e 10 111c m1cruorp111S1D reteneu 10 111 Ille dacnptaa 

<'1tpage 54 .., ,liH S · 14.-23 

O. IDENTlnCATION OF DEPOSIT Furdlcr clepa1i11 ue idcaliried on a11addilimlll .._. 0 
Name ot' clepmigr:w 1ns1111111un 

American Type C,ulture C::;~lection 

Address <>I deposuarv 1n11&11111on uncl_,., po#,,; r:otit6 •M COfUlll!ll .. 
' 

12301 Park lawn Drive 
Rockville, Maryl"lnd 20852 
United States of America Cell Line, RINa/ProA/ 

Identification Reference bv De~ositor: P030/P088 
Oa1e n1 W:pos11 Acc1eU1an N11111ber 

07 June 1995 (07.06.95) - CRL 11921 

C. ADDITIONAL INnlCATJC>N.S 11 ... ,,.,,,,_llilif-•flllliall/dJ Thia ialonaa1ioll ii continued an a11 1dditimi11.-. l!J 
In respect of the de~.;.gnation of Finland, until the 

application has been laid open to public inspection by the 
Finnish Patent Office, or has bee:n finally decided upon by 
the Finnish Patent Office without having been laid open to 
public inspection, samples of the deposited microorganisms 
will be made available only to an expert in the art. 

D. DESIGNATED STAT~ FOR WHICH INDICATIONS ARE MADE fi/IM~•n•ford-...-a..J 

Finland 

E. 5£11'.ARATE FURNlSHING OF INDICATIONS ,,_.,.,,,,i/-•1f11ial*J 
llleilldicl1ianslis1edbel-w11l be subm1ued10die ln1.-110111I Buieaula•f1,.a,,-.,_.J-of"-..._..,. ~ 
N_,,,,,efD..-1 

----- For recc1v1ng OOic:c UH only ----- ·--- For lnlem11ioul a-.. --,, 
This sbeec was ISCl81ved wed! 1be 1nceru11aul 1119lic:alion 0 Tbillbeec - Nmivad by lbe Jalelllaliaal 8-u aa: 
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INDICATIONS REI.A TING TO A DEPOSITED MICROORGANISM 

(PCT Ruic JJbis) 

A. "Jbe •lldat:U1ons ma"c no:mw rc••le ro lhC mn:ruorprusm reicmnl 10 m Ille ducnpltOll , .... ,. .. :H ,line S l~-2.3 

D. IDENTIFICATION OF DEPOSIT Funllcr clepm111 anr idendfied DD ID 1ddililml •beet 0 
N•- 01· dep11111a'!' ins111u1iun 

American Type Culture Collection 

Acldrea cu llcposuarv in•mu11on u111:1MJ111r pos111I ~-""" ~~ .. 
' 12301 Parklawn Drive 

Rockville, Maryland 20852 
United States Of America Cell Line, RINa/ProA/ 

Identification Reference bu Do"'"""' -l ,...,..,.. • P030/P088 
Dale"' &lcpar.11 f "-51an Number 07 June 1995 (07.06.95) I CRL 11921 

c. ADDrrlONAL INDICATIC>NS u ... ~"""'11if-~ This inlanm1ian is canlinued on 1n lllditimml slllct D 
Applicant(s) hereby give notice of my/our intention that samples of the above-identified culture shall be available only to experts in accordance with paragraph 3 of the Fourth Schedule to the Patents Rules 1995. 

D. DF.SIGNATED STATq FOR WHICH INDICATIONS ARE MADE nr•___, __ ,,,, .. ...,_.. ... , 
Singapore 

L SEPARATE FVRNISHJNG OF INDICATIONS 11-blMtifmapJiicUld 

1'll•iadicabonalilllldbelaww•llbelubnultedto1helnaeru11-1 BuraulltetPpiciJ1*,_.,_., • ....._.,.. "A-~.,a.-,, 

----- Fotnceiv1n1 omce use aa1y For lnllllllaliallll e .... u 1118Glll,. 
Tbla 111-WH NCeived w1dl Ille 1niamlional application 0 11aisllule1wuremiwd1'1 die llllamliallll a....1111: 
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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 tne 

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 l-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. 

SUBSTllUIE SHm (RULE 28) 
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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-rT~AKS-IRES-bDBH-088. 

10. The cell of claim 8 wherein the cell is 

transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proA, 

and pZeo-pCMV-rTH~KS-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 

implanti.nq 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 

bioartificial 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-iS 

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 en~oding 
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-permeable 

membrane to form a bioartificial organ. 

23. The cells of claim 22 ·wherein the 

bioartificial 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 bioartificial organ comprising: 

(a) a biocompatible, permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 

living ~ell transformed to produce at least one 

analgesic compound from each of the groups consisting 

of endorphins, enkephalins, and catecholamines. 

27. The bioartificial organ of claim 26 for 
use in treating pain. 

sarnm: sm (RULE 26) 



~-------------··--------·------·-··-·· ..... . 

I lllllll llllll lllll lllll ll llll 
* C L M S * 

W096/40959 PCJ'JUS96/09629 

- 95 -

28. A method of making a bioartificial organ 

comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 

analqesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines, with a 

biocompatible, permeable jacket. 

29. The use of a bioartificial organ 

comprising the cells of claims 1-12 in manufacture of a 

medicament for treating of pain. 

I THIS SHEET HAS BET~N L REPLACED 
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