PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION

International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4

A61K 37/00, C12N 5/00, 15/00

(11) International Publication Number:

Al

WO 88/ 08306

(43) International Publication Date: 3 November 1988 (03.11.88)

(21) International Application Number:

- (22) International Filing Date:

(31) Priority Application Number:
(32) Priority Date:
(33) Priority Country:

Cambridge, MA 02140 (US).

2 May 1988 (02.05.88)

1 May 1987 (01.05.87)

(71) Applicant: THE GENERAL HOSPITAL CORPORA-
TION [US/US}; Fruit Street, Boston, MA 02114 (US).

(72) Inventor: SELDEN, Richard, F. ; 123 Reed Street,
(74) Agents: GOLDSTEIN, Jorge, A. et al.; Saidman,

Sterne, Kessler & Goldstein, 1225 Connecticut Ave-
nue, N.W., Suite 300, Washington, DC 20036 (US).

PCT/US88/01448

Published
With international search report.

044,719

us

(81) Designated States: AU, DK, FI, JP, KR.

(57) Abstract .

| (54) Title: TRANSKARYOTIC IMPLANTATION

 TRANSKARYOTIC IMPLANTATION

CO-TRANSFECT WITH

RNA. PROTEIN,
IMMUNOHIS TOCHEMISTRY
REGULATION

OEMIERRLT D -
Alﬁ §‘ SELECTIVE MARKER Mi§ ADD SELECTION V4
W 4 5 Q O
T v
CELLSIN .
CULTURE ISOLATE AND CLONE
CHARACTERIZE CELLS: INDIVIDUAL COLONY
DNA, RNA, PROTEIN, i
REGULATION {\ 441 .é
-\ 4%
Yo
TRYPSINIZE,
RESUSPEND CELLS
INTRODUCE CELLS
INTO DESIRED ANATOMICAL
LOCATION CHARACTERIZE
TRANSKARYOTIC ANIMAL:

The present invention provides a method of altering the concentration or level of expression of a desired gene pro-
duct in a recipient subject which involves administering to a recipient a transkaryotic cell capable of expressing a desired
gene when the cell is present within the subject. The invention further pertains to compounds produced by such cells, by
transkaryotic animals in response to such cells, and to the uses of such compounds.




FOR THE PURPOSES OFVINFORMAHON ONLY

Codes used to identify States partyto the PCT onthe frontpages of pamphlets pubhshmg mtematlonal appli- '

cations under the PCT.

AT  Austria FR France ' ML Mali

AU Australia GA Gabon MR Mauritania

BB Barbados GB  United Kingdom MW Malawi
"BE Belgium HU Hungary NL Netherlands

BG Bulgaria IT Ttaly NO Norway

BJ Benin . . JP  Japan ’ RO Romania

BR Brazil KP Democratic People’s Republic =~ SD  Sudan

CF  Central African Republic o of Korea SE Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland LI  Liechtenstein SU Soviet Union
- CM Cameroon LK SriLanka TD Chad

DE Germany, Federal Republic of LU Luxembourg - TG Togo .

DK Denmark MC Monaco . US  United States of America

FI  Finland MG Madagascar

”

5



WO 88/08306 PCT/US88/01448

TRANSKARYOTIC IMPLANTATION

FIELD OF THE INVENTION

This invention relates to a technique for altering
the level of gene expression which involves the intro-
duction of a genetically engineered cell into a recipi-
ent individual. The invention further relates to
compounds, especially antibodies, produced by such
cells, and to the uses of such compounds.

BACKGRQUND ART

Diseases which are inherited from an individual’s
parents are known as genetic diseases. At least 1,500
distinguishable human diseases are already known to be
genetically determined (McKusick, V.A., Mendelian
Inheritance in Man (Johns Hopkins Press, Baltimore,
3rd. Ed., 1971). The specific molecular basis for most
of these diseases 1is not yet understood; however, in
many cases the basis of the disease has been determined
to be a specific enzyme deficiency (McKusick, V.A., Ann
Rev. Genet. 4:1 (1870)).
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At present, no wholly acceptable method of gene
therapy is known. Human genetic diseases are usually
treated either by dietary therapy (such as the avoid-
ance of phenylalanine by individuals who suffer from
phenylketonuria), by drug therapy (such as the use of
inhibitors of the enzyme xanthine oxidase (i.e.,
allopurinol), to reduce the accumulation of uric acid
associated with gout and Lesch-Nyhan syndrome), or

- through gene product replacement therapy (such as by

~administering factor VIII to individuals who suffer
from hemophilia).

Unfortunately, many genetic dlseases do not yet
respond to any of the above treatments. For example,

- genetic disorders of amino acid metabolism cannot
generally be well controlled by dietary therapy.
Storage diseases associated with lysosomal enzyme
deficiencies have not thus far been found to respond to
enzyme'ﬁherapy. In addition, even where a disease may | 7
be controlled through any of the above methods, disease
management is seldom perfect. .

In response to the deficiencies of the above

- techniques, investigators have attempted to apply
recombinant DNA technology to the treatment of genetic

- diseases. Such,gehe'therapy can be broadly defined as
a medical/surgical intervention in which the genome of
the patient is purposely altered to ameliorate a
pathophysiologic condition, and as such the term can be
sub-divided into germ 1line and somatic cell gene
therapy; Based on both ethical and practical criteria,
it is not fea51ble to attempt germ-line gene therapy on
human subjects. From an ethical perspective, modlfylng
the germ line would change, albeit slightly, subsequent
generations of humans, with the longterm effects not
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entirely predictable. Somatic cell gene therapy, in
contrast, would only affect the individual subjected to
the therapy, and the new gene would not enter the gene
pool. From a practical perspective, germ line gene
transfer is relatively inefficient, the fate of the
injected genes cannot be predicted, and, perhaps most
importantly, with few exception it would not be possi-
ble to determine the future phenotype (with respect to
a given disease) of a single cell or early cleavage
embryo.

Somatic cell gene therapy, however, does seem to
be a reasonable approach to the treatment and cure of
certain disorders in human beings. In a somatic cell
gene delivery system, cells froﬁ the patient are
removed, cultured in vitro, transfected, and reimplant-
ed. Modifications of this basic scheme include, but
are not limited to, choices of the cell type and cell
donor (not necessarily the patient), the transfection
protocol, and the site of reimplantation.

Several techniques have thus far been developed
which offer promise as means for delivering DNA into an
individual. A well-described technique involves
retroviral vectors (Varmus, H., et al., in: RNA Tumor
Viruses, Weiss et al., Eds.'(Ccld Spring Harbor Labora-
tory, New York, 1982); Varmus, H., Science 216:812
(1982); Risser, R., et al., Ann. Rev. Genet. 17:85

(1983)). In this approach, a particular gene is
inserted into a retrovirus which is then introduced
into an individual. Retroviruses store their genetic

information in RNA, and, on entering a cell, reverse
transcribe (hence the name “retro”) this information
into DNA, which can then become integrated and ex-
pressed in the host cell’s genome. In practice, a
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recombinant retrovirus containing the gene of interest
~and a portion of the retroviral genome (some retroviral
genes are removed so that the virus cannot replicate)
is constructed using gehetic engineering methodologies.
This artificial virus is utilized to infect marrow
cells jn vitro, and these cells are injected intra-
venously into lethally irradiated recipient mice, where
they ultimately make their way to the marrow and
spleen. Using this approach, genes encoding neomycin
'phosphotransferase (Williams, -D.A., et al., Nature,
310:476~-481 (1984)), adenosine deaminase (Williams,
D.A., et al., Proc. Natl. Acad. Sc. USA, 83:2566-2570
(1986)), and hypoxanthine' phosphoribosyltransferase
(Miiler, A.D. et al., Science 225:630-632 (1984)) have
been expressed in mice.
In the past few years, it has become apparent that
the implementation of retroviral based gene delivery

systems in humans will face major obstacles, primarily
related to properties of retroviruses themselves
- (Robertson, M., Nature 320:213-214 (1986), Marx, J.L.,
Science 232:824-825 (1986)). First, it has not been
generally possible to achieve expression of mammalian
genes in the retroviral vectors used to infect human
cells,'and until this problem is solved, the issue of
regulated gene expression cannot be addressed. Second,
when retroviruses are used to infect marrow cells in
batch, essentially every cell is infected, and the site
of retroviral integration into the host’s genome varies
from cell to cell. Since the infected cells are not
characterized before reintroduction, the possibility of
a deleterious intergration event cannot be eliminated.
Third, as recombination between the replication-
deficient retroviruses utilized for the infection and
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the endogenous retroviruses present in mammalian
genomes is known to occur (Hock, R.A. et al., Nature
320:275-277 (1986)), there is the potential of initia-
ting a chronic retroviral infection in the host animal.
Fourth, marrow is probably not the optimal site of
expression for many (if not most) genes of therapeutic
import.

An alternative approach for gene therapy involves
introducing DNA into a cell by chemical, as opposed to
viral, techniques. In this approach, DNA is introduced
into a recipient call by calcium phosphate-mediated
transfection. In general, the recipient cells are
first removed from an individual and incubated in the
presence of a DNA solution containing the gene whose
introduction is desired. After the gene has been
introduced into the cell, the cell is returned to the
individual. At present, the only cells which may be
removed from an individual, treated, and subsequently
reintroduced are bone marrow stem cells and skin
fibroblasts (Anderson,  W.F., Science 226:401-409
(1984)). Cline, M.J., et al. (Nature 284:422 (1982))
disclosed the successful transfer of a functional
dihydrofolate reductase gene into the bone marrow of
mice. ,

.Present chemical techniques suffer from substan-
tial drawback of low efficiency. Transfection has been
found to occur in only one of lO6 or 107 cells. Thus,
since only approximately 107 or 108 cells may be
routinely obtained from an individual by bone marrow
transplantation, the chemical technique would mean that
10 to 100 stem cells would be transfected. In addi-
tion, the difficulty of culturing such cells for more
than a few days is a substantial 1limitation to this
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method. It is currently believed that the presence of
so few modified cells, when compared to the total
number of cells in the bone marrow population, would
~ have little.therapeutic value.
7 A third major current approach to gene therapy
involves the use of physical techniques such as micro-
iﬁjection or electroporation. Microinjection involves
the injection of DNA into isolated, individual cells.
The technique,rthough extremely efficient, suffers from
the disadvantage that only one cell at a time can be
injected. This technique has been most successful in
the introduction of DNA into fertilized mouse eggs
(Gordon, J.W., et_al., Science 214:1244 (1981); Wagner,
E.F., et al., Proc. Natl. Acad. Sci. USA 78:5016
(1981); Wagner, T.E., et al., Proc. Natl. Acad. Sci.
USA 78:6376 (1981); Palmiter, R.D., et al., Nature
. 300:611 (1982)). Hammer, R.E., et al., (Nature 311:65
(1984)), used this technique to partially correct a
mouse with a defect in its growth hormone production.
- Electroporation involves the transport of DNA directly
across a cell membrane through the use of an electric
current. It has been used to transfer DNA into B
lymphocytes (Neumann, E., et al., EMBO J. 1:841
(1982)). , ,
In summary, various conventional and recombinant
techniques have been proposed for the treatment of
. genetic - diseases. At present, however, no single
technique appears to be wholly satisfactory. The use
of viral vectors suffers from their ‘potential for
rearrangement of endogenous genes, as well as their
potential for inducing carcinogenesis. Physical
‘techniques, though highly efficient, are at present
incapable of application to the large numbers of cells

Pl
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which would need to be transfected in order to provide
a reasonable therapy. Chemical procedures involve the
introduction of DNA into a cell which had previously
been extracted from a subject individual. At present,
the technique is 1limited to bone marrow cells and
fibroblasts, and is not efficient enough to constitute
a viable therapy. The state of this field is reviewed
by Friedman, T., et al. (Science 175:949-955) (1972)
and Anderson, W.F. (Science 226:401-~409 (1984)).
’ Binding proteins, such as antibodies, are widely
used to assay for the presence or concentration of
particular molecules, such as antigens or haptens. An
antigen is a molecule which, when introduced into an
animal, provokes the animal to produce antibodies which
are capable of binding to it. In contrast, a hapten
molecule is capable of binding to antibodies, but is
incapable of eliciting their production. Antibodies
bind to both haptens and antigens by identifying
particular structural regions (known as ”epitopes”) of
the molecules. A hapten or antigen molecule may
contain more than one epitope region. _
Preparations of antibodies may be broadly divided
into two classes. Polyclonal antibody preparations are
obtained by injecting (or otherwise presenting) an
antigen molecule into an animal. The presence of the
antigen molecule stimulates antibody-producing cells to
produce species of antibodies capable of binding to the
epitopes of the antigen. Different antibody-producing
cells are capable of producing different antibody
molecules. Thus, the introduction of an antigen into
an animal results in the production of an array of
different antibody molecules which includes antibodies
capable of binding to each of the epitopes of the
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antigen molecule. Because such a preparation includes
‘antibodies which were produced from different producer
‘cells, it is termed a “polyclonal” antibody prepara-
tion. - '

Excellent reviews of the methods and techniques
for preparing polyclonal antibodies can be found in
Eicrobiologx, 2nd Edition; Davis, B.D., et al.; Harper
& Row, New York (1973), pp. 352-358; and Remington'’s
Pharmaceutical Sciences, 16th Edition, Osol, aA., Ed.,
Mack Publishing, Easton, Pa. (1980), pp. 1315-1351.

The fact that individual antibody-producing cells
are capable of producing only a single species of
antibody is h;ghly'51gn1f1cant.r Such individual cells
‘can be 'Clonally ‘purified and fused to immortalized
myeloma cells, thereby producing an immortalized cell
which is capable of producing a single antibody spe-
cies. Such fusion cells are known as “hybridoma”
cells, and the antibodies which they produce are known
as "monoclonal” antibodies. The protedures for produc-

 ing monoclonal antibodies are disclosed in U.S. Patent
No. 4,172,124 (Koprowski, H., et al.) and in Monoclonal
Antibodies"Hybfidomés: A New Dimension in Biological

' Ahalyses, Kennett, R.H., et al. (Eds.), Plenum Press,
NY (1980). : '

7 - The distinction between monoclonal and polyclonal
antlbodles does not lle in their individual specificity
or binding affinity. Both types of antibody molecules
exhibit equivalent specificity and -binding affinity
toward antigen molecules. Preparatlons of polyclonal
antibeodies comprlse either an unfractlonated mixture,
or purified mixtures of 1IgG molecules, of different
antibody species, many of which are capable of binding
to different epitopes. In contrast, a preparation of
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monoclonal antibodies contains only a single antibody
species. Because they are composed of a single
species, preparations of monoclonal antibodies (though
not necessarily the antibodies themselves) may possess
greater specificity than can a preparation of poly-
clonal antibodies. _

Significantly, in order to produce either mono-
clonal or polyclonal antibodies, it is generally
necessary for one to present substantial amounts of the
antigen to the antibody-producing cells. Thus, in
general, it 1is necessary to isolate and purify the
antigen molecules before antibody production can be
induced. In practice, however, it is often difficult
to isolate and purify particular antigen molecules.
This is especially true if the antigen molecules are
hormones, membrane proteins, or other molecules which
are present at only very low concentrations in source
materials. Thus, for such molecules, it is often
difficult or not possible to obtain antibodies. Hence,
a need exists for a method of producing antibodies
which does not require the prior isolation or purifica-
tion of the antigen molecule.

SUMMARY OF THE TNVENTION

The present invention provides a method of alter-
ing the concentration of a desired gene product in a
recipient subject. The invention also provides a means
for compensating for a possible defect in the subject’s
expression of a particular gene, or for providing a
means for increasing or decreasing the subject’s
expression of a particular gene.
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In detail, the invention provides a method of
altering the concentration of a desired gene product in
a recipient subject which comprises providing to the
‘recipient subject a transfected cell preparation, the
preparation containing at least one transfected cell
which contains a desired gene sequence, wherein the
cell, when provided to the subject, will direct the
expression of the desired gene sequence, thereby
céusing the production of a desired gene product.

The invention also provides a method of altering
the concentration of a desired gene product in a
recipient subject which comprises providing to the
recipient subject a transfected cell preparation, the
:preparation containing at least one transfected cell
which contains an effector gene sequence, wherein the
cell, when proVided to the subject, will direct the

- expression of the effector gene sequence, thereby
causing the production of a desired gene product.

The invention further pertains to a method for
inducing the production of a biological compound which
comprises providing to a recipient subject an effective
amount of a-tran§fécted cell preparation, the prepara-
tion containing at least one transfected cell which
contains a desired gene sequence, wherein the cell,
when provided to the subject, will direct the expres-
sion of the desired gene sequence, thereby causing the
production of a desired gene product (I); the expres-

. sion of the desired gene sequence being sufficient to
induce a non-transfected ceil_of the recipient subject
to produce the biological compound. :

The invention additionally pertains to a method
~ for determining the concentration of a desired gene
product (II) in a sample which comprises:
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(a) incubating the sample in the presence of a
biological compound capable of binding the desired gene
product (II), the production of the biological compound
being induced by a method which comprises providing to
a recipient subject an effective amount of a trans-
fected cell preparation, the preparation containing at
least one transfected cell which contains a desired
gene sequence, wherein the cell, when provided to the
subject, will direct the expression of the desired gene
sequence, thereby causing the production of a desired
gene product (I); the expression of the desired gene
sequence being sufficient to induce a non-transfected
cell of the recipient subject to produce the biclogical
compound,

(b) determining the concentration of the desired
gene sequence by measuring the amount of the biological
molecule bound to the desired gene product (II).

The invention also includes a method for determin-
ing the concentration of a desired gene product (II) in
a sample which comprises:

(a) incubating the sample in the presence of two
different biological compounds capable of binding the
desired gene product (II), the production of at 1least
one of the biological compounds being induced by a
method which comprises providing to a recipient subject
an effective amount of a transfected cell preparation,
the preparation containing at least one transfected
cell which contains a desired gene sequence, wherein
the cell, when provided to the subject, will direct the
expression of the desired gene sequence, thereby
causing the production of a desired gene product (I):;
the expression of the desired gene sequence being
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sufficient to induce a non-transfected cell of the
recipient subject to produce the biclogical compound,

(b) determining the concentration of the desired
gene product (II) by measuring the amount of the
biological compounds'bqund to the desired gene product
(I1). ,

The invention also includes a method for evaluat-
ing an agent suspected of having immunosuppressive
activity which comprises

(a) introducing a transfected cell prepara-
tion which expresses an antigen into a recipient
subject, ,
(b) . administering the agent to be evaluated
to the recipient subject, and

(c) determining whether the administration
of the agent affected the ability of the recipient
subject to produce antibodies capable of binding to the
antigen. '

' The invention also includes an implant which
comﬁrises a transfected cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Figurewl shows a diagramatic representation of one
-embodiment of transkaryotic 'implantation.rr Cultured
cells are co-transfected with the gene of therapeutic
interest and a gene encoding a selectable marker.
Stably transfected cells are identified by their
ability to express the marker gene as evidenced by
‘their ability to survive the selection regimen (cells
that have not taken up the marker gene are destroyed by
this regimen). Invididuals colonies of stably trans-
fected cells are then multiplied and characterized with
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respect to the expression and regulation of the gene of
thérapeutic interest. A clonal line possessiﬁg the
desired expression properties 1is then introduced into
one of a variety of anatomical locations in the host
animal, which is itself characterized with respect to
expression of the gene of interest.

Figure 2 shows the amount of human growth hormone
detected in the bloodstream of mice which had received
intraperitoneal injections of either transiently
transfected (dashed lines) or stably transfected (solid
lines) cells.

Figure 3 shows the amount of human growth hormone
present in the bloodstream of mice which had received
either subcutaneous transfected cells (solid lines,
triangles) or had received the transfected cells by
subcapsular implantation (solid line, circles). The
dashed line shows the data for subcapsular transkary-
otic implants normalized to the number of cells im-
planted.

Fiéure 4 shows the effect of zinc administration
on the levels of growth hormone in a mouse containing
transfected cells in which growth hormone gene was
controlled by the metallothionein-I promoter.

Figure 5 shows the detection of mouse metallothio-
nein-I/human growth hormone mRNA in transfected «cells
recovered from a subcapsular implant. ,

Figure 6 shows the levels of human growth hormone
as a function of the days post-implantation of stably
transfected cells into a recipient mouse which had
previously received a transkaryotic implant. '

Figure 7 shows the 1levels of growth hormone
expressed by a a transfected implant in allogeneic mice
(solid line). The dashed line shows expression of
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growth hormone resulting from a second subsequent
implantation.

Figure 8 shows the delivery of functional insulin
genes to normal and diabetic mice using transkaryotic
implantation. The Ltk Ins cell line was selected after
co~transfection with a mouse metallothionien-I/human
7 Ltk+Ins.
cells were injected intraperitoneally intoc ten nude
mice. Mice were bled after two hour fasting on indi-
cated days post-transfection. Serum glucose levels
(solid line) were determined as recommended by the
manufacturer (Worthington), and average levels and
standard error bars are shown. Average serum insulin
levels (daéhed line) were determined by pooling serum
samples from the mice and were performed as recommended
by the manufacturer (Diagnostic Products).

Figure 9 shows the ability of transkaryotic
implants to provide ?hysiologically significant 1levels

insulin fusion gene.(inSet). Approximately 10

of insulin. Ten C3H mnice were immunosuppressed ' and
. injected intraperitoneally as described above. Mice
were bled after two hour fasting and serum glucose
levels were  determined. Five of the mice showed

prolonged declines of serum glucose levels (solid line)

and ultimately became hypoglycemic. Serum glucose

levels from a group of five diabetic mice that did not

undergo transkaryotic implantation were monitored as a
 control (dashed line).

- . . DESCRIPTION OF THE PREFERRED EMBODIMENT

The compositions and methods of the present
invention can be used in two different manners. In the
first embodiment, the purpose of the compositions and
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methods is to provide gene therapy to a recipient
subject. In the second embodiment the purpose of the
compositions and methods is to induce the recipient
subject to produce a specific biological compound in
response to the presence of compounds produced by a

transfected cell.
I. Terminology of the Invention.

The present invention provides a novel method for
accomplishing the alteration of the concentration of a
desired gene product in a recipient subject. This
alteration involves the introduction of a transfected
cell which carries either a desired gene sequence or an
effector.gene sequence into the recipient subject. To
be used in accord of the present invention the intro-
duced desired gene sequence must be capable of being
expressed in the recipient subject. Figure 1 shows a
schematic diagram of transkaryotic implantation.-

The ”subject recipient” with which the present
invention may be employed include animals, as well as
humans; and the term ”“subject recipient” as used herein
is meant to refer to the recipient of the transfected
cell containing the desired gene.

According to the present invention, a ”transfected
cell” is a cell which has been manipulated in vitro so
that it contains a particular gene whose expression in
a recipient subject is desired. Thus, for example, if
it is desired to express the growth hormone gene in a
particular subject, then one would introduce the gene
for growth hormone into a cell (thereby forming a
transfected cell) in such a manner that the cell would
express this gene when introduced into the recipient
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subject. Typically; although not necessarily, this
gene sequence will be identical to the normal gene
sequence of the species to which the recipient subject
belongs. Thus, if one desired to provide additional
growth hormone to an animal, one could employ a trans-
fected cell which contained either that animal’s growth
hormone gene or, alternatively, the hormone gene of a
different species as long'as,the growth hormone gene
employed would be éapable of expression in the recipi-
ent subject.

A'recipient.§ubject which contains such a trans-
fected cell is said to be a "transkaryotic” recipient
subject. A transkaryotic animal differs substantially
from'a'transgenic animal. In a transgenic animal, all
of the animal’s cells contain a gene éequence which is
not naturally present in other animals of the same
species. In a tfanskaryotic animal, only the intro-
duced transfected cells contain such a sequence; the
vast preponderance of cells of the animal are unal-
tered. Thus, transgenic therapy inVolves,altering an
animal’s germ line in a manner which changes the
genetid cohteht 'of each of the animal’s cells. In
rcontrast, transkaryotic therapy involves somatic cells
and does not alter the genetic content of the animal’s
cells. _ '

The introduction of a transfected cell into a
recipient subject is' herein referred to as *trans-
karyotic implantation.” .

A "transfected cell preparation” is a suspension
of cells, which contains at least one transfected cell,
either (1) in a physiologically acceptable buffer or

 carrier or (2) within a physiologically acceptable
container. Phosphate-buffered saline is an example of
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such a suitable carrier. A ”transkaryotic implant” is
an implant which contains at 1least one transfected

cell.

II. The Expression of Transfected Cells in a Recipient
Subject

The present invention provides a means of provid-
ing gene therapy to a recipient subject. Such therapy
is provided through the introduction of a transfected
cell (capable of expressing a particular gene sequence
into the subject). The specific sequence, or nature of
the genetic sequence to be introduced into the subject
will be chosen depending upon the specific gene product
whose concentration in the recipient subject one wishes
to alter. The introduced gene sequence may alter the
concentration of the desired gene product by being
capable of expressing the desired gene product (or an
equivalent or mutant form of the desired gene product)
in which case the introduced gene sequence is termed a
"desired gene sequence.” The introduced gene sequence
may alternatively alter the concentration of the
desired gene product by effecting the expression of the
desired gene product by the non-transfected (i.e.,
native) cells of the recipient subject, in which case
the gene sequence 1is termed an “effector gene se-
guence.” Thus, if one wished to alter the concentra-
tion of growth hormone, one could introduce genetic
sequehces capable of directly effecting the - concentra-
tion of the growth hormone by providing a transfected
cell which expresses growth hormone or indirectly by
inducing the expression of growth hormone by a non-
transfected cell of the animal. In a similar manner,
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any gene which can be isolated and cloned may be used
 in accord of the present invention.
| The term "expression” as used herein refers to the
ability of a cell to direct the transcription of a
genetic sequence into mRNA, the translation of the mRNA
into protein and the secretion of the protein out of
the cell. Secretion of gene products may occur natu-
rally or may be obtained by operably 1linking the
desired or effector gene to a secretory signal se-
quence. Expression is said to be ”“normal” if it occurs
at a level within accepted norms for that particular
gene product in a particular species, or if the level
- of expression is essentially equivalént to that ob-
served in untreated subjects of the same species as the
recipient subject. -”Non-normal expression” typically
‘refers to expfession which is 1less than that found in
normal members of the subject’s species, although it
may also describe the overexpressibn, of a particular
gene product. Expression.is considered to be _”thsio-
logically significant” if it results in a change in the
physiology of the recipient subject. Thus, expression
which is of so low a 1level as to not have any physio-
logical'import to the recipient subject would not be
considered to be physiologically significant. Con-
-versely, if expression effects the gross physioclogy of
a recipient subject, it is physiologically significant,
as that term is used herein. 7
In order to accomplish gene eXpression, it is
necessary that the structural sequences of the desired
of effector gene be operably linked to a promoter
region. A promoter region is a DNA sequence recognized
by the transfected cell as a site at which to commence
the transcription of a gene sequence. A gene sequence

o
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is said to be operably 1linked to a promoter region 1if
the linkage is sufficient to enable the gene sequences
to be transcribed due to the presence of the promoter
region. In one embodiment of the present invention,
the desired or effector DNA sequences are introduced
into the transfected cell linked to their normal and
natural promoter regions. Such transfected cells are
capable of producing the product of the desired or
effector gene under that gene’s normal regulatory
control. Alternatively, in a preferred embodimént, it
is possible to 1link a particular desired or effector
gene sequence to a promoter region with which it is not
normally associated. Thus, any promoter capable of
functioning in the transfected cell can be operably
linked to the desired or effector gene sequence and
used to express the gene in the transkaryotic cell.

The promoter region may either be constitutive

(i.e., continually capable of expressing a gene only in
response to certain conditions and being otherwise
substantially incapable of promoting such expression).
Among the preferred regulatable promoter regions which
may be employed is . the mouse metallothionein promoter
region. This promoter region directs transcription of
operably linked genetic sequences in direct response to
the concentration of certain heavy metals (i.e., zinc
or cadmium) or glucocorticoids. Thus, by administering
such ions to the recipient subject, one can control the
level of expression of the operably 1linked gene se-
quences. ,
Alternatively, promoter regions which are regu-
latable by temperature (such as the Droéophila heat
shock promoter), sugars (such as the yeast gal=4
promoter), double-stranded RNA, etc., may be employed.
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The utility of gene therapy extends beyond the
treatment of classic genetic disorders, those heritable

‘diseases caused by a missing or mutant gene which

results in an absent or aberrant protein product. A
vafiety of pathophysiologic conditions can be treated
by the delivery of a specific protein, exemplified by
the application of gene therapy to diabetes. Although
both Types I and II diabetes may have a genetic compo-
nent, in the vast majority of cases the insulin gene

itself is unaffected. Also in this category fall

various témporary interventions - that are not geared
towards the replacement of a defective gene. For
example, tissue plasminogen activator, which is quite
difficult to produce in large quantities, is currently
being evaluated for treatment of patienté who have
suffered recent myocardial infarctions. Cells taken
from such a pdtient could be engineered to express
tissue plasminogen activator and reimplanted, reducing
the possibility of subsequent 1life-threatening clot
formation. Similarly, transkaryotic implantation may
be utilized to deliver a product designed to destroy
certain malignaﬁcies. Transkaryotic implantation may
be used to proVide temporary therapy to trauma or burn
victims.

Several features are desirable in a gene therapy
which employs transkaryotic implantation: I) The
transfected cells should be fully characterized before
implantation into the patiént; II) The gene(s) should
be delivered efficiently and the desired 1level of
regulated expression achieved; III) It should be
possible to utilize cells derived from different
tissues for transfection and to reimplant them into
different anatomical locations depending upon clinical

w
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considerations; IV) It should be possible to detect,
monitor, and perhaps modulate the function of the
transfected cells post-implantation; V) The implanted
cells should be engineered so that they can be com-
pletely destroyed or inactivated, if necessary, at any
time after implantation; VI) The system must have clear
therapeutic benefits and must not subject the patient
or the population to undue risk. As indicated above,
this alteration may provide to a recipient subject a
new gene which had not previously been present in the
recipient subject’s genome. In such a case, the
recipient subject would, for the first time, be capable
of expressing the introduced gene sequence. Alterna-
tively, the present invention provides a means for
increasing the level of gene expression in the recipi-

ent subject.

III. Use of Transkaryotic Implantation to Provide Gene
Therapy .

The present invention provides a means for alter-
ing the level of gehe expression in a subject recipi-
ent. This alteration may either increase or decrease
gene expression. i

Gene expression may be increased by providing to
the subject recipient a transfected cell which contains
a gene substantially identical or equivalent to that
gene of the recipient subject whose amplified expres-
sion is desired. The.expression of such a. gene by the
transfected cell thereby causes an increase in the
concentration of the desired gene product in the
recipient subject. As used above, an ”“equivalent gene”
is a gene similar to that of the recipient subject, but
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derived from a different species. For example, the

gene for bovine growth hormone would be equivalent to

" the human growth hormone gene. An ”identical gene” is
a gene which is substantially similar to the gene
sequence normally and naturally present in the recipi-
ent subject. An *equivalent” or ~identical” gene
sequence may be either a “desired gene sequence” or ”"an
effector gene sequence.”

It is possible to increase gene expression in
accordance with the present invention by providing to
the recipient subject a transfected cell which_gontaihs

an "effector gene sequence” (i.e., one which effects
“the regulation of a gene whose increased expression is
~desired). Thus, for example, the level of expression
‘of a particular gene in a recipient subject may be in-
creased by providing to that subject a transfected cell
which éxpresses a gene whose product stimulates the

endogenous expreéssion of a second, desired gene se-

quence in the recipient subject. For example, gene
expression could be increased by providing to a recipi-
ent subject, a transfected cell which expressed a gene
whose product induced the subject to secrete elevated
levels of growth hormone. '
The present invention may also be used to decrease
the level of gene expression in the recipient subject.
A decrease in gene expression may be obtained by
providing to the recipient subject a transfected cell
-which expresses an effector gene sequence whose product
represses the expression of an endogenous gene in the
recipient subject. Thus, for example, by providing a
transfected cell'which expresses a gene whose product
represses growth hormone expression (i.e., somato-
Statin), one could 1limit the amount of endogenous

.
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expression of the growth hormone gene in a recipient
subject. Alternatively, one could obtain a decrease in
gene expression by providing to the recipient subject a
transfected cell which expressed a gene product which
interfered with the normal activity or functioning of a
particular gene. For example, the transfected cell
might provide a gene product capable of complexing with
a particular endogenous gene product, and thereby

attenuate that gene product’s activity.
An additional way of either increasing or decreas-

ing gene expression in a recipient subject involves the
use of a transfected cell to alter the physiologically
significant concentration of the desired gene product
in the recipient subject. Such a transfected cell may
express a mutant allele of either (1) the gene whose
expression one desires to alter, or (2) a gene whose
expression effects the level of expression of the gene
sequence of interest. Thus, for example, one means for
increasing the 1level of expression of the growth
hormone gene would be to provide to a recipient subject
a transfected cell which expressed a mutant éllele of
the growth hormone gene capable of producing a mutant
growth hormone having enhanced activity. Similarly, by
providing a recipient subject with a transfected cell
capable of producing a mutant human growth hormone
product (having substantially impaired activity), one
would decrease the number of growth hormone receptor
molecules available to pair with the endogenous, normal
growth hormone of the recipient subject. Such an
occurrence would be essentially equivalent to decreas-
ing the amount of endogenous growth hormone, and would
result in a decrease in the physiological effect of the
endogenous gene expression.
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It is to be understood that the desired gene
sequence present in the transfected cell may have been
derived either from the recipient subject itself, from
an animal of the same species as the recipient subject;
from an animal of a different species, or it may be a
sYnthetic gene. In choosing the source of the desired
or effector gene sequence of the transfected cell, it
is important to consider whether the expressed gene
product of the transfected cell would be perceived as
an antigen in the recipient subject. Thus, to avoid
aﬁy'possible immunological rejection of the expressed
product of the transfected cell, it is desirable to
obtain the desired or effector gene sequence from a
species which is closely related to that of the subject
individual and it is preferable to obtain this sequence
 from an animal of the same species as the receipient
subject. It is most preferable to employ a gene
sequence;which was derived from the recipient subject
itself. The possible antigenicity of the gene sequence
expressed by the transkaryotic cell may be readily
determined by ascertaining whether the sera of the
recipient'subject has, or can be primed to have,
antibodies capable of specifically reacting with the
expressed gene product. Techniques for determining the
antigenicity of a protein are widely known by those of
ordinary skill in the art.

IV. Use of Transkaryotic Implants to Induce the
Pro@uction of Biological Compounds in a Recipient
Subject '

- One embodiment of the present invention involves
the use of transfected cells to induce the production
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of a biological compound by the non-transfected cells
normally present in a reciﬁient subject. Examples of
biological compounds which may be produced in accor-
dance of this embodiment include antibodies, cellular
receptor molecules, hormones, enzymes, etc. By im-
planting a particular transfected cell, capable of
expressing an “effective amount” of a particular
desired gene product, it is possible to induce the
synthesis of a second particular gene product (by the
non-transfected cells of the recipient subject). The
term "effective amount” is intended to refer to an
amount of expression which is physiologically signifi-
cant. Thus, if an effective amount of a hormone gene
is expressed in a recipient subject, then the level of
hormone will be high enough to have a detectable effect
on the physiology of the subject. If an effective
amount of an antigenic substance is expressed in a
subject recipient, then the level of the substance will
be high enough to induce antibody production. Thus,
for example, if the transfected cell "expresses an
antigen, then the recipient subject will be induced to
produce antibodies capable of binding to it. Alterna-
tively, if the transfected cell expresses a non-
antigenic hormone or hormonal receptors, then the
non-transfected cells of the subject recipient will be
induced to produce hormonal receptor or hormone mole-
cules through standard physiological mechanisms.
Importantly, the above-described embodiment of the
present invention permits one to -recover biological
compounds produced in response to the presence of the
expression product of the transfected cell without
first having to purify the expression product molecule.
At present, for example, high affinity, specific
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polyclonal antibodies can be produced only by providing
substantial amounts of purified antigen. Often,
because of the difficulty of purifying the antigen
molecules, the production of polyclonal antibodies is
an exceedingly difficult task. In contrast, it is
frequently a simple matter to isolate a gene which
encodes the antigen of interést, By introducing such a
gene into a cell, it is possible to produce a trans-
fected cell which expresses the antigen. This expres-
sion, in turn, leads to the production of antibodies by
the subject recipient which are capable of specifically
binding to the expressed antigen. Hence, the present
invention provides a means for producing polyclonal
antibodies which overcomes the existing requirement for
purified antigen moleculés.

Significantly,-the expressed antigen need not be
the production of an intact and entire gene. It may,
alternatively, be the expression product of a “gene
fragment.” A ”gene fragment” is a DNA sequence, which,
when expressed, results in the production'of a polypep-
tide which comprises only a fragment of an intact and
entire gene. For example, if one desired to induce the

~ production of antibodies capable of recognizing a
hormone, it would not be necessary to employ a trans-
fected cell which expressed the complete hormone
‘molecule could alternatively be employed (i.e., a cell
containing a gene fragment of the hormone molecule
gene). '

 The possibility of using a gene fragment to induce
antibody production provides a substantial advance in
the art. . The procedure may'advantageously'be employed
in the cloning of genes, even when neither the gene
poroduct nor the-,full-length gene has been isolated.
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The method also permits the isolation of region-
specific polyclonal antibodies which are of substantial
importance in immunodiagnostics and immunotherapy.

V. Uses of the Antibodies of the Present Invention

The desired gene product expressed in a trans-
fected cell will very frequently be ”antigenic” to the
recipient subject (i.e., <capable of inducing the
expression of antibodies) unless immunosuppressive
therapy is provided. A gene product is antigenic
(f.e., is an antigen) if it contains an ”epitope.” an
"epitope” is that portion of a molecule which is
recognized by the recipient subject, and to which the
induced antibodies of the recipient subject can bind.
An antigen may be composed of one or more than one
epitope. ,

The use of the present invention permits the
production of two different types of antibody mole-
cules: “polyclonal antibodies” and “region-specific
polyclonal antibodies.”  ”Polyclonal antibodies” are
produced by a subject in response to the presence of
the product of a complete (i.e. entire or natural)
gene. *Region-specific polyclonal antibodies” are
produced by a subject in response to the presence of a
fragment of a complete gene product. For example, if
the human insulin protein were expressed in an immuno-
competent mouse, the mouse would produce a set of
polyclonal antibodies capable of binding to the insulin
epitopes. Although each particular antibody would, in
general, be capable of binding to only one insulin
epitope, the set would include antibodies capable of
binding to each of the different insulin epitopes. In



WO 88/08306 ' PCT/US88/01448

-28-

contrast, if only one-half of the human insulin protein
was expressed in the mouse, the mouse would produce a
set of polyclonal antibodies capable of binding only
those insulin epitopes present on the expressed insulin
fragment. ‘Although such antibodies are #polyclonal
antibodies” with respect ¢to the expressed fragment,
they are ”"region-specific polyclonal antibodies” with
respect to the cbmplete insulin molecule. :
In summary, if a sample of polyclonal antibodies
is capable of binding to only some of the epitopes
naturally present on a complete gene product, then the
antibodies are region-specific polyclonal antibodies
with respect to that complete gene product. Alterna-
tively, if all of the epitopes of an antigen can be
bound by the antibodies present in the sample, then the
sample contains polyclonal antibodies with respect to
that antigen. In accordance with the present inven-
tion,~ an antibody capable of binding a complete gene
product is said to be a region-specific antibody if it
is derived from, or present in, antisera which con-
tained region-specific antibodies capable of binding
that complete gene product. _
The transfected cells of the present invention may
contain either the gene sequence of an entire antigen
~or a gene sequence of a fragment of an entire antigen,
and, thus, may be used to produce transkaryotic recipi-
~ents that produce either polyclonal antibodies or
region-specific pochlonal antibodies. These anti-
bodies may be utilized for any of the immunoassays
" wherein antibodies have been previously used.  The
‘region-specific polyclonal antibodies of the invention
may be used in any immunoassay wherein monoclonal
antibodies have ©been previously used. In one
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embodiment, the antibodies are detectably 1labeled,
utilizing conventional labeling techniques well known
to the art. Thus, the binding molecules may be radio-
labeled using, for example, radioactive isotopes such
as 3H, 1251, 131I, and 355.

The antibodies may also be labeled using fluores-
cent labels, enzyme labels, free radical 1labels, or
bacteriophage labels, using techniques known in the
art. '

Typical fluorescent labels include fluorescein
isothiocyanate, rhodamine, phycoerythrin, phycocyanin,
alphycocyanin, and Texas Red. ,

Suitable enzymes include alkaline phosphatase,
urease, beta-galactosidase, glucose-6-phosphate dehydro-
genase, malate dehydrogenase, and peroxidase. ,

Two principal types of enzyme immunoassays are the

enzyme-linked immunosorbent assay (ELISA), and the
homogeneous enzyme immunoassay, also known as enzyme-
multipled immunoassay (EMIT). In the ELISA systenm,

separations may be achieved, e.g., by use of antibodies
coupled to a solid phase. The EMIT system depends on
deactivation of the enzyme in the tracer-antibody
complex; the activity can thus be measured without the
need for a separation step.

Additionally, chemiluminescent compounds may be
used as labels. Typical chemiluminescent compounds
include 1luminol, isoluminel, aromatic acridinium
esters, imidazoles, acridinium salts, and oxalate
esters. Similarly, bioluminescent compounds including
luciferin, luciferase, and aequorin.

Once labeled, the binding molecule may be employed
to detect, i.e., to identify and/or quantify immuno-
logic counterparts utilizing techniques well-known to
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the art. Thus in the present invention the term
- #detect” includes identification of the presence of the
molecule or functional group and also includes gquanti-
fying same. ' : '
A good description of a radioimmune assay (RIA)
may be found in Lgborgﬁo;y iechnigges and Biochemistry

in Molecular Biology, by Work, T.S., et al., with
particular reference to the chapter entitled #an

Introduction to Radioimmune Assay and Related Tech-
niques” by Chard, T., North Holland Publishing Company,
New York, New York (1978), incorporated by reference
herein. ,

The polyclonal antibodies (and in particular the

. region-specific polyclonal antibodies) of the present
invention may also be adapted for utilization in an
immunometric assay, also known as *2-site” or “*sand-
wich” assays. In a typical immunometric assay, a
quantity of unlabeled antibody is bound to a solid
support that is insoluble in the fluid being tested and
a quantity of soluble antibody bearing a label that
permits detection and/or quantitation of a ternary
complex formed betwéen solid phase antibody, antigen,
and labeled antibody is added.

Typical immunometric assays include “forward”
assays in which the antibody' bound to the solid phase
is first contacted with the sample being tested to
extract the antigen from the sample by formation of a
binary solid-phase antibody-antigen complex. After a
suitable incubation period, the solid support is washed
to remove the residue of the fluid sample, including
unreacted antigen, if any, and then contacted with the
solution containing an unknown quantity of labeled
antibody. After a second incubation period to permit
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the labeled antibody to complex with the antigen bound
to the solid support through the unlabeled antibody,
the solid support is washed a second time to remove the
unreacted labeled antibody. This type of forward
sandwich assay may be a simple “yes/no” assay to
determine whether antigen is present or may be made
quantitative by comparing the measure of labeled
antibody with that obtained for a standard sample
containing known quantities of antigen. These #~two-
site” or “sandwich” assays are described by Wide at
pages 199-206 of "Radioimmune Assay Method,” edited by
Kirkham and Hunter, E. & S. Livingstone, Edinburgh,
1970. '

In another type of #“sandwich” assay, which may
also be useful with the antigens of the present inven-
tion, the so-called ”simultaneous” and “reverse” assays
are used. A simultaneous assay involves a single
incubation step as the antibody bound to the solid
supﬁsrt and labeled antibody are both added to the
sample being tested at the same time. After the
incubation is completed, the solid support is washed to
remove the residue of fluid sample and uncomplex
labeled antibody. The presence of 1labeled antibody
associated with the solid support is then determined as
it would be in a conventional ”"forward” sandwich assay.

.In the reverse assay, stepwise addition first of a
solution of labeled antibody to the £fluid sample
followed by the addition of unlabeled antibody bound to
a solid support after suitable incubation period is
utilized. After a second incubation, the solid phase
is washed in conventional fashion to free it of the
residue of the sample being tested and the solution of
unreacted labeled antibody. The determination of
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labeled antibody associated with a solid support is
then determined as in the simultaneous and forward
assaYs.

As ekplained above, the immunometric assays for
antigen require that the particular binding molecule be
labeled with a “reporter molecule.” These reporter
molecules or labels, as identified above, are conven-
tional and well known to the art. In the practice of
the present invention, enzyme labels are a preferred
embodiment. No single enzyme is ideal for use as a
label in every conceivable immunometric  assay. In-
stead, one must determine which enzyme is suitable for
a particular assay system. Criteria important for the
choice of enzymes are turnover number of the pure
enzyme (the number of substrate molecules converted to
product per enzyme site per unit of time), purity of
the enzyme preparation, sensitivity of detection of its
product, ease and speed of detectionrof the enzyme
réaction, absence of interfering factors or of enzyme-
‘like activity in the test fluid, stability of the
enzyme and its conjugate, availability and cost of the
enzyme and its conjugate, and the like. Included among
the enzymes used as 1labels in the immunometric assays
of the present invention are horseradish peroxidase,
alkaline phosphatase, beta-d-galactosidase, urease,
glucose oxidase, glycomylase, carbonic anhydrase,
acetylcholinesterase, lysozyme, malate dehydrogenase,

* and glucbse46-phosphate dehydrogenase. Urease is among
the preferred enzyme labels, particularly because of
chromogenic pH indicators which make its activity
readily visible to the naked eye.

The antibodies of the present invention may be
labeled using techniques well known in the art.
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Typical techniques are described by Kennedy, J.H., et
al., Clin. Chim. Acta 70:1-31 (1976) and Schuurs,
A.H.W.M., et al., Clin. Chim. Acta 81:1-40 (1977).
Coupling techniques mentioned in the latter are the
glutaraldehyde method, the periodate method, the
dimaleimide method, the m-maleimidobenzyl-N-hydroxy-
succinimide ester method. All these methods are
incorporated by reference herein.

VI. The Production of the Transfected Cells of the
Present Invention

A transkaryotic cell is produced through the
in vitro introduction of additional genetic sequences
into a cell (Figure 1). If such sequences integrate
into the chromosome of the transfected cell or are able
to replicate as extrachromosomal plasmids, <then the
cell may acquire the permanent capacity to direct the
expression of the introduced genetic sequence. Such a
cell is said to be ”stably transfected.” Since such
cells acquire the permanent capacity to express the
introduced genetic sequence, it would be preferable to
employ stably transfected cells in situations in which
one desired +to provide the recipient subject with a
prolonged capacity to produce the desired or effector-
gene product.

It is also possible to employ transfected cells in
which the desired or effector gene seguences have not
integrated into the cell’s chromosome or are not
extrachromosomally replicated. Such cells only tran-
siently retain the capacity to express the desired gene
sequences. Cells which possess genetic sequences which
will only transiently express the desired (gene
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‘sequences are termed “transiently transfected.” The
level of such transient expression may be increased by
providing additional copies of the desired or effector
gene sequence to the transfected cell. Thus, ‘although
stably transfected cells are able to express the
desired or effector gene sequence for a longer period
of time than transiently transfected cells, both
transiently and stably transfected cells are capable of
expressing such sequences at substantial levels.
Indeed, if the number of copies of a gene sequence
‘which may be introduced into a cell (transient trans-
fection) exceeds the number of copies which can be
stably maintained, then the transiently transfected
cells would exhibit a higher level of expression than
would stably’infected cells. Thus, it is preferable to
employ traﬁsiently’ transfected cells in the subject
either when one desires expression to be of short
duration or when one wishes to provide a 1level of
expression which is different from that attainable
using stably transfected cells.

To obtain stably transfected cells, one can employ
~ the téchnique of Wigler, M., et al., (Cell 11:223
(1977)). According to this technique, a suspension of
' DNA (containing the desired or effector gene seguences)
is complexed into small precipitates using calcium
'phosphate. These precipitates are added to a monolayer
of cells growing in a tissue culture dish at 37°c.

The desired or effector gene sequence is prefer--

ably isclated and cloned onto a plasmid prior to being
‘incubated with the cells. It is, however, also pos-
sible to incubate the cells &ith an unfractionated
collection of plasmids,each of which contains a differ~
ent gene sequence or solely with the desired or
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effector gene sequence. If unfractionated plasmids are
used, it is desirable to screen the resulting trans-
fected cells for a cell which contains and expresses
the desired gene sequences. Such a cell would then
preferably be purified from the other transfected cells
by known and commonly used techniques prior to being
introduced into the subject recipient. Techniques for
cell culture are extensiVely disclosed by Freshney,
R.I. (In: Culture of Animal Cells, A Manual of Basic
Technigque) (Aln R. Liss, Inc., NY, pp. 55-78 (1983))
and Lambert, K.J., et al. (In: Animal Cell Biotech-
nolegy, Vol. 1, Spier, R.E., et al., Eds., Academic
Press, NY, pp. 86-122 (1985)), which references are
hereby incorporated by reference.

In order to identify stably transfected cells, it
is, in géneral, necessary to screen or select such
cells from the total culture of transfected cells.
Thus, it is desirable to co-transfect the transfected
cell with a second gene sequence capable of conferring
a selectable property to the cell. This second se-
quence may be either on a separate molecule or may be
linked to the molecule having the desired gene se-
quences. The selectable property conferred by this
second sequence may be, for example, drug resistance
such as to G418, or the capacity to grow in the pres-
ence of metabolites such as hypoxanthine or 8-azaguani-
dine or in the absence of nucleotides such as thymi-
dine. It is preferred to employ a transfected cell
which is deficient in the expression of the thymidine
kinase gene and to employ as the second, selectable
gene sequence the thymidine kinase gene of the Herpes
simplex virus. A transfected cell which exhibits the
stable expression of the selectable property is
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 examined to determine whether it also expresses the
 desired gene sequences. This examination is done by
asSaying for the prbtein product résulting from such
‘expression. The particular assay used will, of course,
vary depending upon the nature and function of the
protein product. '
Procedures for performing stable or transient
 transfection reactions are well known in the art
‘(Pasleau, F., et al., Gene 38:227-232 (1985); Kopchick,
J., et al., DNA 4:23-31 (1985); Lopata, M.A., et al.,
‘Nucleic Acid Research 12:5707-5717 (1984); Gynheung,
A., et al., Mol. Cell Biol. 2:1628-1632 (1982), all of
which references are hereby incorporated by reference.)
_ When performing transient transfection experiments
it is preferable to provide between 10-50 ug of DNA
containing the desired or effector genetic sequences to
between 5 x 105 -5 106 cells. In stable transfec-
tion experiments, it is preferable to provide between
1-20 ug of DNA containing the desired or effector gene
sequences to between 5 x 10° - 5 'x 10% cells. If the
gene sequence which confers the selectable property is
not present on the same molecule as that containing the
desired gene Sequence, then it must be separately
provided.to'thevcells. In such a case, it is prefer-
" able to provide between 1.0-100 ug of this genetic
seqnence per 5 x 10° - 5 x 10° recipient cells: After
'transfection, it is preferable to allow the transfected
cells to proliferate and to then provide between 10° -
1010 cells to each recipient subject. The number .of
cells introduced into the recipient will be determined
based upon criteria such as the expression of the
desired or effector gene’s product, the turnover of the
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product, and the amount of product required for the
desired degree of physiological activity.

The transfected cells of the present invention may
be introduced into a recipient subject, either by
introduction into the peritoneal cavity of the subject,
or subdermally (i.e., subcutaneously or submuscularly),
intradermally, intramuscularly, or, preferably, by the
insertion of a subcapsular implant into the capsule
that surrounds the kidney. Introduction may addition-
ally be by intracranial implant, or by intrahepatic,
intravenous, intraperitoneal, intrapulmonary, intra-
ocular, intratesticular, or intrasplanchnic means.
Introduction may either be accomplished by injection or
by implantation (i.e., where the cells are enclosed by
a material which restricts their ability to diffuse or
migrate from the site of introduction). 1In a preferred
embodiment, the implant is a renal subcapsular, or
similar, implant which may be easily recovered from the
recipient and studied.

The present invention may be practiced with a
transkaryotic «cell derived from a wide number of
diverse tissues, as long as the cell is (1) capable of
receiving and expressing the introduced gene sequences,
and (2) being cultured in vitro and re-introduced into
the recipient subject. For example, the present
invention may be practiced using fibroblasts, myocytes,
hepatocytes, kidney capsular cells, endothelial cells,
epithelial cells of the gut, pituitary cells, etc. The
invention may be practiced using either primary cells
or transfected cells. Preferred cell types include
mouse L cells, kidney capsular cells, and AtT-20 cells.
It is, however, most preferable to employ as the
transfected cell a fibroblast cell. If one desires to
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minimize any possible immunological reaction of the
recipient subject to the transkaryotic cell, it is
desirable to employ a cell from a species which is
closely related to the species of the recipient sub-
ject, and it is preferable to employ a cell from the
same species as the recipient subject. To avoid an’
immunological response it is most preferable to employ
a cell which was originally obtained from the recipient
subject itself. ' Alternatively, an immunosuppressive
drug (such as, for example, dexamethasome or anti-
thymocyte antisera) may be administered to the recipi-
ent subject at a dosage sufficient to prevent or
attenuate the recipient subject’s rejection or destruc-
tion of the transkaryotic implant. If, alternatively,
one desires to provoker an immunological response (for
example, to induce-'productidn of " an antibody), one
could introduce a transkaryotic implant containing
either stabiy or transiently transfected cells of
either the same species or a diverse species.

Thus, the present invention begins with . the
in vitro cultivation of a tissue culture cell or a
primary cell from an organ explant. A desired or
effector gene sequence is then incubated in the pres-
ence of the cell under conditions which permit it to be
adsorbed into the cell. The réSulting transfected cell
may then be introduced into a recipient subject by any
of a variety of means. Once within the recipient
subject, the transfected cell’s jn vitro-introduced
gene sequences can then be expressed and provide the
- recipient subject with the desired gene product.

In the examples below, transfected  cells which
express human growth hormone or insulin have been
employed. It is to be understood that the present
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invention is not limited to the use of such transfected
cells, but rather encompasses the use of any trans-
fected cell capable of expressing any gene in a recipi-
ent subject. Examples of other genes which could
alternatively have been employed include genes for
hormones, enzymes, antibodies, and the like. ,

Additionally, although the fibroblast and pitui-
tary cells employed in the examples below were not
derived from the particular mice which served as the
recipient subjects, it 1is alternatively possible to
have employed transfected cells which are derived from
the subject recipient itself. The experiments pre-
sented below indicate that several sites for implanta-
tion of genetically engineered cells are satisfactory
and permit the vigorous function of such cells after
their transference into the recipient subjects.

The use of human growth hormone has practical
significance in that the growth of recipient subject
mice receiving subcapsular implants of transfected
cells were found to grow more rapidly than control mice
for at least seven days post-implantation. Hence, the
administration of transfected cells resulted in a
physiologically significant level of expression. Such
implants can be employed to promote rapid growth of
newborn animals (it may be necessary to tolerize the
animals to the transfected cells in order to avoid
immunosuppressive therapy). Similarly, the expression
of insulin was found to be physiologically significant.

Having now generally described this invention, the
same will be better understood by reference to certain
specific examples which are included herein for pur-
poses of illustration only and are not intended to be
limiting of the invention, unless specified.
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 EXAMPIE 1

Formation of Transfected Cells Containing the
B Human Growth Hormone Gene

A. Formation of Transiently Transfected Cells
Cultured mouse Ltk~ fibroblasts were incubated with

plasmid pXGHS5 under conditions sufficient to permit its
uptake into the fibroblast cells. Plasmid pXGH5 which
is a derivative of plasmid pOGH contains the human
growth hormone gene fused to the mouse metallothionein-I
(mMT-I) promoter region. This plasmid is described in

co-pending U.S. Patent Application No. 896,483. Plasmid

POGH is on deposit at the American Type Culture
Collection, Rockville, Maryland, under the Accession
Number ATTC 67180. Plasmid transfection was performed
according to the method of Lopata, M., et al.

B. Formation of Stably Transfected Cells
In order to produce stably transfected cells, mouse

Ltk™ (thyﬁidine kinase &éficient) fibroblasts were co-

Vtraﬁsfected with plasmid pXGH5 and the herpes simplex

virus thymidine kinase gene, and HAT-resistant cell
lines were analyzed for human growth hormone expression.
Stable transfection was performed according to the
method of Wigler, M., et al. (Cell 11:223 (1977)). One
cell 1line found to produce human growth hormone
expression was termed LtkTGH.

' “—EXAMPIE 2 -

Intraperitoneal Implantation of Transientl
~Iransfected Cells

Transiently transfected cells were obtained as
described in Example 1A. Four days after transfection
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with pXGHS DNA, the recipient Ltk cells were typsini-
zed, pelleted, resuspended in phosphate~-buffered
saline, and injected intraperitoneally into a group of
ten C3H mice. These mice were of the same strain as
the original donor of the cultured Ltk  cell line.
Approximately 2 x 107 cells were introduced into each
animal. Within three hours of implantation, human
growth hormone appeared in the serum of the recipient
mice. The mean serum level was 63.1 mg/ml. Serum
human growth hormone levels began to decline during the
next day (mean level 45.1 mg/ml), and the hormone was
barely detectable (mean level 0.6 mg/ml) by four days
post-implantation. The results of this experiment are
shown in Figure 2 (dashed line). This experiment shows
that transkaryotic implantation of transiently trans-
fected cells can deliver a protein product to the serum
of recipient mice for approximately four days post-
implantation (corresponding to days 5-8 post-transfec-
tion). The implanted cells stop producing human growth
hormone because the fecipient has some means to remove
or inactivate the cells.

EXAMPIE 3

Intraperitoneal Implantation of Stably
) Transfected Cells

Stably transfected cells were prepared'as descri-
bed in Example 1B. Cells from cell line Ltk"GH were
introduced intraperitoneally into a group of ten C3H
mice, which were then bled for serum human growth
hormone determinations at various times post-implanta-
tion. The results of this experiment are shown in
Figure 2 (solid line). The functional integrity of the
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implanted cells could be divided into three phases in
- these experiments. As with the transiently transfected
cells of Example 2, serum human growth hormone was
detected within three hours of implantation and de-
clined rapidly for the next two days (*trauma phase”).
Serum human growfh hormone 1levels then increased
dramatically until day 7 ("acclimation days”), and then
declined to barely detectable levels by day 15 ("elimi-
- nation phase”). - 7
A cdmparison of the implantations of transiently
and stablf transfected cells suggested that during the
initial days after implantation, human growth hormone
expfession stops as a result of cell death, presumably
due to a combination of +the damaging effects of hand-
ling the cells and of the growth conditions in the
peritoneum. The stably transfected cells recovered
from this initial shock, but the transiently trans-
fected cells did not, possibly because the manipula-
tions involved in the transient transfection technique
' jeopardized the survival of cells subjected to further
trauma. During the acclimation phase, the surviving
cells thrive as reflected by human growth hormone
production. The decline in human growth hormone levels
after the seventh day was most 1likely due to the
recipient’s response to the implant rather than to an
inherent inability of the transplanted cells to survive
longer.



WO 88/08306 PCT/US88/01448

-f3-

XAMPLE 4

Effect of the Site of Implantation on the
Expression and Longevity of the Transfected Cells

In order to determine the effect of the site of
implantation on the expression and longevity of trans-
fected cells, stably transfected cells obtained as
described in Example 1B were subcutaneously implanted
into various 1locations in C3H nmice. Approximately
2 x 107 cells were introduced per animal. The
results of this experiment are shown in Figure 3.
Subcutaneously implanted transfected cells were found
to produce human growth hormone for up to ten days
(Figure 3, solid line, triangles). Serum human growth
hormone levels fell steadily from day one post-implan-
tation, and the acclimation phase noted with intraperi-
toneal implantation was not seen with subcutaneous
implantation. A similar pattern was found for cells
implanted under the renal capsule (Figure 3, solid

line, circles). The dashed lines show the results for
the éubcapsular implants normalized to the number of
cells implanted. In this experiment, 3 x 10% cells

were infected into each animal. By day seven post-
implantation, these implants produced 1little serum
growth hormone. The subcutaneous implants were removed
and used in histochemical studies. Cells staining
positively for human growth hormone were found to have
been present within the subcapsular implant, and the
morphology of the renal praenchyma was found to have
been normal. As a control for the role, if any, of
human growth hormone and the survival of implanted
cells, nontransfected Ltk cells were also subcapsu-
larly implanted. The fate of these cells was identical
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to that ofi the subcapsularly implanted transfected
cells. ' '

Several factors may have played a role in the
differential ability of the implanted cells to produce
human growth hormone in various locations in the body.
The'profusion of the -implant site could have provided
the cell with vital nutrients'and influenced both the
viability of the cells and the amount of human growth
hormone taken up into the circulatory system. The
hydrostatic pressure to which the cells were subjected
could also have influenced the functioning of the
implant--cells under the renal capsule, for example,
are presumably under significaﬁtly higher hydrostatic
pressure than those in the peritoneum. The cells may
have attached better in certain locations, and finally,
the relative surveillance of the implant by cells of
the immﬁne system may have influenced the amount of
human growth4hofmohe'produced.

EXAMPLE 5

The State of the Implanted Cell

As described above, the plasmid pXGH5 contains the
mouse metallothionein-I promoter. In order to deter-
mine whether the implanted cells were sufficiently
healthy to respond' to their 1local environment, the
ability of zinc to induce higher levels of human growth
‘hormone expression was determined. Stably transfected
cells, prepared as described in -Example 1B, were
implanted.intraperitoneally in mice, some of which were
~given 76 mM 2nSO, in their drinking water. The animals
treated with zinc expressed ten-fold more human growth
hormone in their serum than did those with no
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treatment. The results of this experiment are shown in
Figure 4. This induction was comparable to previously
reported results for metallothionein fusion genes
(Searle, P.F., et al., Molec. Cell Biol. 5:1480-1488

(1985); Selden, R.F., et al., Molec. Cell. Biol.
6:3173-179 (1986)) and indicated that the cells re-
mained responsive in the intraperitoneal milieau.
Furthermore, RNA prepared from cells recovered from
subcapsular implants contained the correct mMT-I/human
growth hormone fusion mRNA (Figure 5). Taken together,
these results strongly suggest that the implanted cells
were healthy and behaved predictably. Of substantial
importance is the fact that the cells, once in place in
the animal, could still be mcdulated by external means.
This result strongly suggests that in a «clinical
setting the expression of a desired or effector gene

product could be modulated of pharmacologic interven-

tion. ,
Whenever human growth hormone was detected in the
serum of a recipient subject, it was possible to detect
the_presénce of transfected <cells. For example, from
days 1 through 7 post-implantation, human growth
hormone-producing cells could be visualized (either
with the naked eye or by 1light microscopy) under the
renal capsule. At the time when serum human growth
hormone disappeared, the implanted cells were no longer
detectable. Once human growth hormone had disappeared
from the serum, it was never found to reappear. In
addition, if the kidney which received the subcapsular
implant was removed from a mouse expressing human
growth hormone (via a transkaryotic implant), all
traces of such expression disappeared within several
hours after the nephrectomy. The transfected cells
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also,appeér to remain localized at the site of intra-
peritoneal and subcutaneous implantation. These
findings indicated that the cessation of human growth
hormone expression resulted from the destruction of the
implanted cells.

- XAMPLE 6
Role of the Immune Sgstem in Transkarvotic Implantation

Since serum human growth hormone levels dropped
precipitously between 7-15 days after intraperitoneal
implantation, it seemed possible that this elimination
phase was mediated by the immune system. As a first
step in studying the potential role of the immune

~system in transkaryotic implantation, six C3H mice (of
the ten mice discussed in Example 2) that had previous-
ly received intraperitoneal implants of stably trans-
fected cells were re-challenged with stably transfected
-~ cells. When first exposed to the new transfected

célls, the pattern of human growth hormone expression
in these mice continued for 15 days (Figure 6, solid
lines), but after the second challenge, human growth
hormone levels were barely detectablerby day 7 and were
absent by day 9 (Figure 6, dashed line). The serum
human growth hormone profile of the re-challenged mice

- also lacked the acclimation phase. These results were
consistent with an anamestic response of the host mice
against the transfected cells. Although the trans-
fected cells were originally derived from C3H mice, it
is likely that either the cells or the mice have
undergone some genetic alteration over +the course of
almost four decades since the cell line was originally
established, and hence, they are no longer fully
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syngeneic with one another. When frankly allogeneic
mice (CS57BL/6; representing both H-2 and non-H-2
determined incompatibilities) received transfected
cells intraperitoneally, their pattern of human growth
hormone expression resembled that of re-challenged C3H
mice (Figure 7, solid line). After a second challenge,
no human growth hormone was detectable in the allogen-
eic recipients after day 4 (Figure 7, dashed 1line).
These experiments suggested that the primary cause of
cessation of human growth hormone expression after
intraperitoneal implantation was cell death due to the

host’s immune system.

EXAMPLE 7
Prolonging the Functional Life of the Implant

If the transfected cells are destroyed by trans-
plant rejection, immunosuppression should prolong the
functional life of the implant. 1In order to test this
hypothesis, mice which had received stably transfected
transkaryotic implants were subjected to three differ-

ent immunosuppressive regimens: rabbit anti-mouse
thymocite serum (Baldamus, C.A., et al., Immunol.
110:1532-1541 (1973), dexamethasone, and a combination
of the two. Transfected cells which expressed human

growth hormone were implanted intraperitoneally into
C3H mice, which were then immunosuppressed and moni-
tored for serum human growth hormone. Mice which had
received anti-mouse thymocyte serum (given 0.25 ml per
mouse on days =1, 1, 0, +1, and +3 with respect to
implantation) showed higher serum human growth hormone
levels and expressed human growth hormone for approxi-
mately two weeks longer than did untreated mice
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(Table I). f%bexaﬁethasone-treated mice also showed
elevated and prolonged exprgssion, with serum human
growth hormone detectable until 48 days post-implanta-
tion. '

Table I. Effects of Immunosuppression on IP Cells

Days Post- No Immuno- : Anti-Lymphocyte

Implantation suppression - Serum Dexamethasone
1 74.1+/- 3.8 89.7+/~18.6 94 .84/~ §.2
2 31.5+/- 5.4 86.6+/-10.5

3 B4.7+/~20.4
4 BO.0+/-11.4 56.3+/-14.2

5 ) 173.14/-34.6

7 107.5+/-21.6 160.84/-75.4
8 to 10 - 24.3+/- 2.1 38.3+4/- 5.4 99.3+/-48.0
12 to 13 7.44f- 2.1 C 28.3+/- 5.6 32.0+/-15.1
15 to. 17 1.5+/- 0.7 28.8+/~ 7.5 28.3+/-18.1
21 --- 13.9+/- 3.7 28.0+/-13.6
27 . ) -—-- 10.4+/- 6.6 13.94/~ 6.9
34. ) -- -—-- 17.34/-11.7
Al --- --- ' 7.5+/- 6.1
.- 48 ' _ - -——- 2.7+/- 2.2

55 -— --—- -—--

7 For mice receiving dual immunosuppression, anti-
mouse thymocyte serum and dexamethasone were adminis-
tered as described above. These mice expressed human
'growth hormone for over three ~months (Table II). -1In
approximately 20% of the group, human growth hormone
levels rose to approximately 500 mg/ml. Such high
levels of serum human growth hormone for an  extended
period often proved to be 1lethal to the mice--on
lapardtomy, large collections of transfected cells were
found which formed plaques of new tissue distributed
widely on many peritoneal surfaces. Viable cells were
also found to be suspended in the ascites fluid.
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The ultimate death of these mice was not caused by
the increased peritoneal cell mass, since approximately
20% of control C3H mice which were injected with
non-transfected fibroblast cells exhibited similar cell
proliferation. The control mice, however, survived for
over 100 days post-implantation. Thus the death of the
mice which received the transkaryotic implant was
probably attributable to the extremely high serum
levels of growth hormone. ' '

Table II. Effects of Dual Immunosuppression

Days Post- Intraperitoneal Subcapsular
Implantation ALS + DEX ALS + DEX
1 9.4+/- 2.9 © 25.8+/=- 4.5
2 2.9+/- 0.8 11.4+/- 1.6
4 5.8+/- 1.7 17.5+/~- 2.2
7 7.5+/- 3.6 19.4+/- 2.4
10 9.6+/- 3.9 53.4+/-16.2
13 43.7+/- 19.3 26.2+/- 7.2
16 22.0+/- 8.5 7.5+/- 2.1
21 18.3+/- 7.5 6.1+/- 1.7
28 14.1+/- 5.9 12.2+/=- 6.5
35 13.1+/- 6.9 9.2+/=- 2.8
42 9.7+/= 4.9 9.7+/- 5.0
50 12.2+/~- 6.4 7.4+/- 4.6
58 - 8.6+/~- 4.1 2.7+/=- 1.8
66 144.2+/- 84.4 4,0+/- 2.6
73 132.2+/-105.8 3.7+/- 2.4
80 31.7+/- 24.0 3.0+/- 2.4
87 16.9+/- 13.8 4.0+/- 3.3
94 14.0+/- 11.5 6.2+/~ 4.3
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- EXAMPLE 8
- Survival of'Subdagsuiar Implants in

Immunosuppressed Mice

In order to determine whether immunosuppression
would lead to prolonged expression of human growth
hormone by transfected cells of a subcapsular implant,
miéé'which had received such an implant below the
kidney.dapsule were treated with a combination of rat,
anti-mouse thymocyte serum, and dexamethasone and the
levels of human growth hormone expression were moni-
tored. Serum human growth hormone levels peaked after
apprcximatély 10 days post-implantation, declined over
the next six days, and then remained level at approxi-
mately 5-10 mg/ml for more than two months. Although
dexamethasone was administered to these mice for one
week after'implantation of intraperitoneal or subcap-
sular cells, its effects allowed the implant to survive
for several weeks after the cessation of dexamethasone
administration. It is possible that the ultimate
destruction of the cells was related to a dexametha-
sone-sensitive event that occurred soon after implanta-
tion. -This event could not be the only one involved in
the destruction because when C3H mice were treated
continuously with dexamethasone alone, the transfected
cells are eventually destroyed.

e o
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XAMPLE 9

Production of Human Insulin
by a Transkaryotic Implant

Mouse Ltk cells were transfected with a thymidine
kinase gene and a fusion gene designed to express a
human preproinsulin messenger RNA. When transfected
with such fusion genes, mouse Ltk cells constitutively
secrete proinsulin but are unable to produce mature
insulin. One clonal 1line (named Ltk+Ins) which con-
tained several human insulin fusion genes, synthesized
human insulin messenger RNA, and secreted human pro-
insulfh, was chosen for further analyses. -

To circumvent the need for immunosuppression, nude
mice were utilized as recipients for the Ltk Ins cells.
Approximately 107 cells were intraperitoneally injected
into each of 10 mice, and serum samples (after two-hour
fasting) were obtained two. to three times weekly
(Figure 8). For almost one week post-implantation,
serum glucse levels remained at pre-implantation values
(160 mg% +/- standard error of 10 mg%). A precipitious
fall in glucose levels was noted between weeks one and
two (to 77 mg% +/- 4 mg%), and the levels remained 1low
for the duration of the experiment. 1In parallel with
this drop in glucose 1levels, the total insulin levels
rose markedly from preimplantation values of approxi-
mately 17 ulU/ml to almost 60 ulU/ml. Since the total
insulin assay has only 20% cross-reactivity with
proinsulin, the actual proinsulin 1levels in these
animals may be- significantly higher than reflected by
these measurements. These results indicate that
transkaryotic implantation can be utilized to deliver
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functional insulin genes and reduce serum glucose

levels in mice.

EXAMPLE 10
Use of Transkaryotic Imglantation to Treat Diabetes

The potential application of transkaryotic implan-

~ tation to the treatment of diabetes was modelled by

monitoring the effect of intraperitoneally injected
Ltk Ins cells on diabetic mice. To obtain chemically
diabetic animals, C3H mice were treated with strep-
tozotocin (8 mg/mouse), and (two-hour fasting) serum
glucose levels were measured approximately 10 and 15
days later. For the purposes of this study, a mouse
was considered to be diabetic if its fasting serum
glucose level was 400 mg%¥ or greater, and 10 of these
mice received intraperitoneal injections of Ltk'TIns
cells. The C3H mice were immunosuppressed using rabbit
anti-mouse thymocyte serum and dexamethasone. Within
one week post-implantation, a dramatic decline in serum

" glucose levels was noted in five of the mice (Figure 9,

solid line). By two weeks ppst-implantation, normogly-
cemia was restored in these diabetic mice. The remain-
ing five mice showed either a transient decline in

‘serum glucose levels or no decline at all, suggesting

that immunosuppression was not equally effective for

"every mouse (data not showh). Control diabetic mice

(Figure 9, dashed line) showed no reduction in serum

- glucose levels. Serum glucose levels continued to fall

in the group of five responding animals, and ultima-
tely, these diabetic mice succumbed from transkaryotic
implantation-induced hypoglycemia.
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Some diseases may prove to be more tractable than
diabetes, and it is possible that the search for a
regimen of diabetic gene therapy may lead to treatments
of conditions where tight, minute-to-minute regulation
of the delivered protein is not essential. Hemophilia,
for example, might be treated if the missing . clotting
factor could be provided by genetically engineered
cells. Presumably, the requirements for the range of
concentrations of the factor and the type of cell used
to produce it are less rigid than those for the treat-
ment of diabetes.
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EXAMPIE 11

Use of Transkaryotic Implantation to
Obtain Polyclonal Antibodies

Antibodies to human growth hormone were produced
as follows: Approximately 2 X 107, mouse Ltk  cells
were transiently transfected with pXGH5 using the
DEAE-dextran transfection protocol of Selden, R., et
al. (Molec. Cell. Biol. 6:3173-3179 (1986)). Four days
after transfection, the cells were washed, trypsinized,
and implanted into C3H mice intraperitoneally. This
treatment was 'repeafed after two weeks, and animals
were bled weekly to obtain samples for ELISAs. '

Prior to the experiment, the mice contained no
detéctable antibodies to human growth hormone. Within
two weeks of administration of the transiently trans-
fected cells, the anti-hGH titre (by ELISA) averaged
1600 for the five mice. Fifteen days after the first
injection, the animals received a second dose of
transiently transfected cells, and approximately two
weeks later (i.e., day 27 after the first injection)
the average titre was 38,000. All five mice produced
anti-hGH antibodies, and the individual titres ranged
from 12,800 up to 102,400. Unless the animals were
treated with additional cells, the anti-hGH titres

- gradually dropped off, and, by 68 days after the first
injection, they were found to be approximately 4000.

Several variations of the above-described protocol
may;be<:successfﬁllyf:employed. For - example, stably
transfected (instead of transiently transfected) cells
may be used. The transfected Ltk cells have been
utilized to produce antibodies in mice, guinea pigs,
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and rabbits. Antibodiés have also been produced to
human growth hormone, the human growth hormone variant, -
insulin, and proinsulin cells, such as AtT-20 cells may
alternatively be employed.

EXAMPLE 12

Use of AtT-20 Cells in Transkaryvotic Implantation

The AtT-20 cell 1line is a well=-characterized
pituitary tumor cell 1line that was derived from a
spontaneous tumor from a LAFl mouse. These cells were
transfected with pXGH5 (a plasmid containing the
mMT-I/hGH fusion gene) and pKONEO (a plasmid containing
a gene encoding resistance to the drug G418). A clonal
line of stably transfected cells, termed AtT-20 (neo+)
Fé6 was chosen for further analyses. This line expres-
sed significant amounts of hGH, and, since this cell
has reta@ned its secretory apparatus, about two-thirds
of the hGH is secreted and the remaining one-third is
stored in secretory granules.

Approximately 5 x 10° cells were injected intra-
peritoneally into LAFl mice, and these mice were bled
at approximately weekly intervals after implantation to
determine serum hGH levels. During the first few days
after implantation, serum hGH levels were relatively
low (1-3 ng/ml). Over the course of the next month,
these levels gradually rose, reaching approximately 10
ng/ml.

It is worth noting that the pattern of hGH expres-
sion using AtT-20(neo+)F6 cells was quite different
than that found using the Ltk+GH cells (Example 11).
This difference can be used to the <clinician’s
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advantage: a. Different cell types have different
properties. The AtT-20 cells, for example, secrete hGH
in response to cyclic AMP analogues. b. Different cell
types exhibit different behaviors in the  transkaryotic
animal--i.e., time course, level, longevity of
expression. ,

Similar studies have also been done with AtT-20
cells that are stably expressing human insulin. A
clonal line of stably transfedted cells containing
pHINTS (2 mouse metallothionein-I/human insulin fusion
gene) and pKONECO has been prepared. This 1line is
called AtT-ZO(neo+)10a and secretes properly processed
insulin into the medium [in «contrast, L cells
transfected with PpHINTS5 secrete proinsulinj. When
implanted intraperitoneally into nude mice, serum
glucose levels decrease in much the same way as seen
with the pHINT54containing L cells, and serum human
insulin levels were found to increase.

EXAMPLE 13

Production of Region-Specific Polyclonal Antibodies

Through the Use of Transfected Cell Preparations

Transfected cells which express the amino terminal
fragment of a protein molecule are prepared as descri-
bed previously, and implanted into a recipient subject.
No-immunosuppressive agents are provided to the recipi-
ent subject. The transfected cell expresses the amino
terminal fragment of the protein. The presence of this
fragment in the recipient subject induces the subject’s
non—transfectedrcélls to produce polyclonal antibodies
capable of specificaliy'binding'to the expressed amino
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terminal protein fragment. These polyclonal antibodies
are region specific (i.e., capable of binding only to
epitopes present on the expressed amino terminal
fragment).

A gene fragment which encodes the carboxy terminal
fragment of the same protein molecule as described
above is isolated and used to produce a transfected
cell capable of expressing the carboxy terminal frag-
ment of the protein molecule. A preparation is pre-
pared, using this cell, and implanted into a recipient
subject. The expression of the carboxy  terminal
fragment by the transfected cell induces the non-trans-
fected cells of the recipient subject to produce
polyclonal antibodies capable of specifically binding
to epitopes presenf on the carboxy terminal fragment of
the expressed protein molecule. These polyclonal anti-
bodies are region specific.

EXAMPLE 14

Polyclonal Immunoassays

The region specific polyclonal antibodies des-
cribed in Example 12 may be employed in a diverse
variety of immunoassays. For example, the polyclonal
antibody capable of recognizing the amino terminal
fragment of the protein molecule may be bound to a
solid support. A sample, which possibly contains the
protein molecule of Example 12 is incubated in the
presence of the solid support for a time sufficient to
permit any protein molecule present in the sample to
bind to the bound polyclonal antibodies. The poly-
clonal antibodies described in Example 12 which are
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- capable of recognizing the carboxy terminus of the
protein.molecule are detectably labeled and incubated
in the presence of the solid support and sample. After
a time sufficient to permit binding of the carboxy
terminal specific polyclonal antibodies to any protein
molecule present (either free in the sample or bound to
the solid support), the amount of detectably 1labeled
polycloﬁai antibody- bound to the solid support is
measured. The amount of bound carboxy terminal speci-
fic polyclonal antibody is directly proportional to the
concentration of protein molecule in the sample. 7

As would be obvious to those of ordinary skill in
the art, the above—describedrregion-$pecific polyclonal
antibodies may be used in a wide variety of different
immunoassays (i.e., homogeneous, heterogeneous, etc.),
and such use is intended to be included by the present
invention. In general, any existing monoclonal anti-
body immunoassay may be adapted to use the polyclonal
antibodies of the present invention. '

e

EXAMPLE 15

Production of Hybridomas Using
Transkaryotic Implantation

Transkaryotic cells which express a particular
gene product are produced and introduced into a recipi-
ent animal by the methods of any of examples 1-4. The
'presénce of the expressed desired gene product in the
recipient animal stimulates the expression and prolif-
eration of those antibody-producing cells which produce
an antibody capable of binding to the expressed desired
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gene product. The splenocytes of the recipient animal
are removed and cultured by procedures known in the art
(see, for example, the method of Gerhard et al., Eur.
J. Immunol. 5:720-725 (1975)). The removed splenocytes
are then permitted to fuse to myeloma cells according
to the method of Koprowski et al.. (U.S. Patent No.
4,172,124) or Kohler et al. (Nature 256:495-497
(1975)), in order to produce hybridoma cells which
produce a monoclonal antibody'capable of binding to the
desired gene product.

The above-described method of producing hybridoma
cells has several substantial advantages over methods
of immunization of animals which require antigen
molecules. The novel method described above does not
require the initial purification of the antigen mole-
cule, thus permitting its use in those situations in
which such purification is not practical.

The above-described method may be used to facili-
tate the screening oE resultant hybridoma cells for
those which'produce desired monoclonal antibodies. In
conventional hybridoma technology, the hybridoma cells
produced must be screened in order to identify those
which produce antibody against a desired epitope. Such
screening may be avoided in the present invention by
introducing into the recipient animal transkaryotic
cells which contain only a fragment of the antigen gene
(and thus, are capable of producing only a fragment of
the antigen molecule). By preselecting the gene
fragment which is to be expressed by the transkaroytid
cell, it is possible to limit the diversity of the
hybridoma population.
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EXAMPIE 16

Use of Transka;xdtic Imglantation tor
Identify Immunosuppressive Agents

“If, in a transkaryotic implantation experiment,

- the implanted cells and the host animals are not

syngeneic, the immunocompetent host will cause the

rejection of the'implantéd cells. This rejection can

be monitored by assaying for a product of the implanted

cells, preferably'hGH, When the transkaryotic animal

is immunosuppressed, however, this rejection will be

delayed or prevented, depending on the efficacy of the

immunosuppressive regimen. In other words, the immuno-
suppressivé regimen can be quantitatively evaluated by
monitoring the levels and duration of serum hGH expres-

sion. Using this approach, several immunosuppressive
agents have been studied, including cyclosporin,

cyclophosphamide, dexamethasone, rabbit anti-mouse

thymocyte antiserum, and’ anti-mouse thymocyte mono-

clonal antibodies. This technique is a straightfor-
ward, quantitative alternative to current methods of
evaluation of immunosuppression.

While the invention has been described in connec-
tion with specific embodiments thereof, 1t will be
understood that it is capable of further modlflcatlons
and this appllcatlon is intended to cover any varia-
tlons, uses, or adaptatlons of the invention follow1ng,

'in general, the pr1nc1ples of the invention and includ-

1ng'such departures from the present disclosure as come
within known or customary practice within the art to
which the invention pertains and as may be applied to
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the essential features hereinbefore

PCT/US88/01448

set forth as as

follows in the scope of the appended claims.
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WHAT IS C D IS:

1. A method of altering the concentration of a
desired gene product in a recipient subject which
' comprises providing to said recipient subject a trans-
- fected cell preparation, said preparation containing at
least one transfected cell which contains a desired
gene sequence, wherein said cell, when provided to said
-subject, will  direct the expression of said desired
gene sequence thereby causing the production of a
desired gene product.

2. A method of altering the concentration of a
desired gene product in a recipient subject which -
comprises providing to said recipient subject a trans-
fected cell preparation, said preparation containing at
least one transfected cell which contains an effector
gene sequence, wherein said cell, when provided to said
subject, will direct the expression of said effector
gene segquence thereby céusing the production of a

' desired gene product. ' . ’

3. The method of any one of claims 1-2 wherein
said desired or effector gene sequence is operably
linked to a constitutive promoter region.

4. The method of any' one of claims 1-2 wherein
saidrdesiréd or effector gene sequence is operably
linked to a regulatable promoter region.

5. The method of any one of claims 1-2 wherein
said transfected cell was originally obtained from an
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animal of the same species as that of the subject

recipient.

6. The method of claim 5 wherein said trans-
fected cell was originally obtained from said recipient

subject.

7. The method of any one of claims 1-2 wherein
the expression of said desired or effector gene se-
quence provides to said recipient subject a gene
product which had not previously been expressed by said
subject.

8. The method of claim 7 wherein said expressed
desired or effector gene seguence is equivalent to a
native gene of said recipient subject.

9. The method of any one of claims 1-2 wherein
the expression of said desired or effector gene se-
guence in said recipient subject causes an increase in
the level of expression of a gene which is normally
expressed by said subject.

10. The method of claim 9 wherein said expression
of said desired gene sequence compensates for a defi-
ciency of gene expression in said recipient subject.

11. The method of any one of claims 1-2 wherein
the expression of said desired gene sequence in said
recipient subject causes a decrease in  the level of
expression of a gene which is normally expressed by

said subject.
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12. The method of claim 11 wherein said expres-
sion of said desired gene sequence compensates for an
excessive level of gene expression in said subject

recipient.

13. The method of any one of claims 1-2 wherein
said - expression of said desired or effector gene
sequence is physiologically significant.

14. The method of any one of claims 1-2 wherein
said transfected cell preparation 'is provided to said
recipient subject by means selected from the group
consisting of: subcapsular implantation, subdermal
implantation, intraperitoneal implantation, intra-
cranial implantation, intrahepatic implantation,
retroperitoneal implantation, intramuscular implanta-
tion, intrapulmonary iﬁplantation, intraocular implan-
tation, intratesticular,implantation,'or intrasplanch-
nic implantation. )

15. The method of claim 14 Qherein said - trans-
fected cell preparation is provided to said recipient
subject by subcapsular implantation.

--16. The method of claim 14 wherein said trans-
fected cell preparation is provided to said recipient
subject by subdermal implantation.

17. The method of any one of claims 1-2 wherein
said recipient subject suffers from a genetic disease
and said providing of said transfected cell comprises a
therapy for said genétic disease.
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18. The method of any one of claims 1-2 wherein
said recipient subject suffers from a non-genetic
disease and said providing of said transfected cell
comprises a therapy for said non-genetic disease.

19. A method for inducing the production of a
biological compound which comprises providing to a
recipient subject an effective amount of a transfected
cell preparation, said preparation containing at 1least
one transfected cell which contains a desired gene
sequence, wherein said cell, when provided to said
subject, will direct the expression of said desired
gene sequence thereby causing the production of a
desired gene product (I); the expression of said
desired gene sequence being sufficient to induce a
recipient subject to produce said biological compound.

20. The method of claim 19 wherein said biologi-
cal molecule is capable of binding to said desired gene
product.

21. The method of claim 20 wherein said desired
gene product is an antigen, and said biological com-
pound is an antibody.

22. The method of claim 20 wherein said desired
gene product is a fragment of a complete gene product
and said biological compound is a region-specific
antibody with respect to said complete gene product.

23. A method for determining the concentration of
a desired gene product (II) in a sample which com-
prises:
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(a) incubating said sample in the presence
of a rbiological compound capable of binding said
desired gene product (II), the production of said
biological compound being induced by the method of
claim 19, '

: (b) determining the concentration of said
desired gene product (II) by measuring the amount of
said bioiogical compound bound to said desired gene
'product (I1).

24. The method of claim 23 wherein said géne
'produCt (I) and said gene product (II) are - identical
and wherein said biological compound is an antibody.

25.  The method of claim 23 wherein said gene
product (I) is a fragment of said gene product (II) and
wherein said biological compound is a region-specific
antibody with respect to said gene product (II).

~26. A method for determining the concentration of
 a desired gene product (II) in a sample which com-
prises: '
' (a) incubating said sample in the presence
of two different bioclogical compounds capable of
binding said desired gene product (II), the production
of at least one of said biological compounds being
induced by the method of claim 19, '
(b) determining the concentration of said
- desired gene product '(Ii) by measuring the amount of
- said biological-cémpounds bound to said desired gene
"product. '
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27. The method of claim 26 wherein said gene
product (I) and said gene product (II) are identical
and wherein at least one of said biological compounds

is an antibody.

28. The method of claim 27 wherein said gene
product (I) is a fragment of said gene product (II) and
wherein at least one of said biological compounds is a
region-specific antibody with respect to said gene
product (II).

29. An antibody produced by the method of claim
21.

30. A region-specific antibody produced by the
method of.claim 22.

31. A method for evaluating an agent suspected of
having immunosuppressive activity which‘comprises:

(a) introducing a transfected cell prepara-
tion which expresses an antigen into a recipient
subject, v

(b) administering said agent to be evaluated

to said recipient subject, and
(c) determining whether the administration

of said agent affected the ability of the recipient
subject to produce antibodies capable of binding to
said antigen.

32. A method for producing a monoclonal antibody

which comprises:
(a) inducing the production of antibody by

the method of any one of claims 21-22,
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(b) removing a cell from said recipient
- subject, said cell being capable of producing said
- antibody,
' (c) forming a hybridoma between said cell
(b) and an immortalized myeloma cell, wherein said-
hybridoma cell produces said'antibody,

33. An implant which comprises a transfected
cell. '

34. The implant of claim 33 wherein said implant
is a subcapsular implant.

35. The implant of claim 34 wherein said implant
is an intraperitoneal implant.
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