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Field of the Jnvention 
The present invention relates to a system 

oo~prising a modified bacterial gene for cytosine 
5 deaminase that has been engineered into a eukaryotio 

expression vector and the expression of the gene by 

Dammalian oelle. 
The present invention further relates to 

methods1 gene therapies and vaccines that employ the 
10 negative selectable marker, cytosine deaminase 1 

which nas the ability to produce a toxic 
antimetabolite 5-fluorouracil from 5-fluorocytosine. 

1ack~und InfsnlaatiQn 
Selectable genetic markers are important 

15 tools in the study of the'requlation and function of 
genes and are potentially important in qene transter 
t~erapies. conferring unique resistance or 
sensitivity to cytotoxic aqents enables the skilled 
artisan the ability to select or delete genetically 

20 altered cells from a mixed population. 

25 

The enzyme cytosine deaminase (CD) is 
useful in the present inv@ntion as a selectab]Q 

genetic marker because of its ability to catalyze 
the dea111ination of cytosine to uracil (M. Xilstrup 
et al., J.Bacterlology 171:2124-212? (1989); L. Anderson 
et al., Arch. Mlcroblol. 152: 115-118 (1989)). Bacteria 
and fungi which express this. gene convert 5-
f luorocytosine (SFC} to 5-fluorouracil (SFU) and 

' this metabolite is toxic to the microorganism (A • 
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Polak and H.J. Scholer, Chemotherapy{Basel) 21.:113-130 
(1975)). Mammalian cells do not express significant 
amounts of cytosine deaminase and do not deaminate 
5FC (A. Polak et al., Chemo~ef8PY 22:137-153 (1976); 

5 B.A. Koechlin et al., BiochemlcaJPharmacofogy 15:434-446 

(1966)); 5FC is relatively nontoxic to them (J.B. 
Bennett, in Gocdlnan and Gilman: the Pharmacological 
Basis of Therapeutics. Stb ed., eds. A.G. Gilman, 
T. Rall, A.$, Nies and P. Taylor (Pergamon Press, 

10 New York) pp. 1165-1181). However, 5FU has potent 
cytotoxic effects ·on manimalian cells. SFU is 
subsequently metaboliged to FUTP and FdUMP and 
thereby inhibits both RNA and DNA synthesis and 

kills the cell {P. Calabrisi and B.A. Chabner in 
15 Goodman and Gilman: the Pharmacological Basis of 

Therapeutics. Bth ed., eds. A.G. Gilman, T. Rall, 
A.S. Nies and P. Taylor (Perqamon Press, New York) 

PP• 1209-1263); L.E. Damon et al., Phatma~Th6f. 43:155-

189 (1989)). Thus, intracellular metabolic 
20 conversion of SFC to SFU should be lethal to 

mammalian cells. 
The ~acterial qene for cytosine deaminase 

has recently been isolated and cloned (L. Anderson 

et al., (1989)). The present invention provides a 
25 new neqative selectable marker in which the gene for 

cytosine deaminase from a microorganism, of which 
bacteria is an example, is modified and integrated 
into a eukaryotic expression vector and expressed in . . 

maJDmalian cells conferring upon the transfected 
30 cells a unique susceptibility to the cytotoxic 

effects of SFC. 'l'he present invention also provides 
methods that use the cytosine deaminase negative 
selection system mvltro to selectively elimihate 

~ 008/060 
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• 
subpopulations of cells, and In vivo for gene transfer 
therapies and vaccines. 

SQMMARY OJI' THE ltfVENTlQI 

It is an object of the present invention 
5 to provide a novel expression gene construct 

containing a modified cytosine deaminase (CD) gene 
in mammalian cells and subsequent sensitivity of the 
mammalian cells engineered with the modified CD 9ene 
to 5-fluorocytosine (5FC). 

10 Another object of the present invention is 
to provide methods that require the application of 
the co gene constr.uct or modifications of it in a 
variety of therapeutics including immunotherapy, 
gene therapy and bone marrow transplantation. 

15 Various other objects and advantaqes of 

the present invention will become obvious from the 
drawinqs and the detailed description of the 
invention. 

In one embodiment, the present invention 
20 relates to a DNA construct that comprises a modified 

cytosine deaminase qene from a microorganism and a 
euka~yotic expression vector. Ex:a'Jnpl°es of 
microorganisms are bacteria and funqi. 

In another embodiment, the present 
25 invention relates to the DNA plasmid construct 

designated pCD2 which has the accession #4oggg. 

In a further·e~bOdiment, the present 
invention relates to a mammalian host cell 
comprising the DNA construct of the modified 

30 cytosine deaminase qene and a eukaryotic expression 
veotor. In a further aspect of the invention, 
mammalian host cells comprising the modified 

:: .. -~ . 
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bacterial cytosine deaminase DNA construct expresses 
cytosine deaminase protein. 

In another embodiment, the present 
invention relates to a CD negative selection marker 

5 system that provides a safety system in gene 
transfer therapies comprising the steps of inserting 
the DNA construct comprising a modified CD 9ene, 
eukaryotic expression, and 'exogenous DNA into a host 
or patient genome and treating the host or patient 

10 cells with 5FC in pharmacologically acceptable doses 
that will selectively kill cells that have 
inteqrated the DNA co~struot into their genome. 

In another embodiment, the present 
invention relates to a method of gene therapy that 

15 regulates the gene product expression in a host comprisinq the steps of insertinq a DNA construct 
comprising a modified CD qene, eukaryotic expression 
vector, and a therapeutic gene of interest into a 
host cell resulting in altering the host cell and 

20 treating the altered host cell ~ith periodic doses 
of 5FC in phar~aceutical amounts such that the 
numbers of the host cell is diminished but not 
completely destroyed, In a variation of the method 
of requlating gene product expression in a host the 

25 methods described above is modified such that 
treatment with 5FC is in higher doses such that all 
the altered cells are destroyed. 

The present invention further relates to 
live tumor vaocin.es for mammals comprising the 

30 modified CD gene and eUkaryotic expression vector 
and tumor cells. 

In another aspect, the present invention 
provides a method for treating tumors in a patient 

~010/060 
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comprising the administration of acceptable doses of 

live the vaccine described above to a patient and 
subsequently administerinq a hi9h dose of 5FC that 
will destroy the live cells used as vaccine. 

5 In a further embodi~ent~ the present 
invention relates to a vaccine for mallllDals against a 
microbiologic pathogen comprising a live 
unattenuated virus, bacteria or protozoa, a modified 
co gene and expression vector in amounts sufficient 

10. to induce ilDltlunization a9ainst the virus, bacteria 
or protozoan. 

In a further embodiment, the present 
invention relates to a method of vaccination aqainst 
a microbioloqical pathogen comprising administerinq 

15 the vaccine described above to a host and 

subsequently administering a high dose of 5FC 
sufficient enough to destroy the live immunogen. 

In a further elllbodiment, the preseht 

invention relates to a method of administering an 
20 allogeneic or autoloqous bone marrow transplant into 

a patient comprising the steps of treating the bone 
~arrow transplant with a modified co construct 

packaged into a vector in such a matter that the 
constr~ct will preferentially infect tumor cells or 

25· lymphocytes but not bone marrow stem cells and 
subsequently treatin9 the bone marrow cells with 5FC 
in doses such that the tumor cells or lytnphocytes 
are completely purqed or destroyed and administering 
the treated bone marrow cells in patient. In a 

30 ~edification of the above technique, the 5FC 
treat~ent may be given subsequent to the 
administration of the bone ma~~ow transplant in a 
patient. 

~0111060 
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In yet another embodiment, the present 

invention relates to a double neqative selection 
vector co~prisinq the modified CD qene, and the 
herpes thymidine kinase qene in a eukaryotic 

5 expression vector. 
rn yet another emDodiment, the present 

invention relates to a diagnostic method for 
detecting successful homologous recombination events 
comprising the steps of inserting a modified co DNA 

10 construct into a cell line in vitro, creating a 

deletion mutant that will retain significant 
homology in a DNA sequence of the CD DNA construct 
but render the co gene bioloqically inactive and 
detecting successful homologous recombination by 

15 measuring the loss of sensitivity to 5FC. 
In another embodiment, the present 

invention relates to a method for selectively 
eliminating tissues in an animal comprising the 
steps of inserting a modified CD DNA construct 

20 comprising a modified co gene and a tissue specific 
promoter into an animal cell and subsequently 
treating the animal with SFC to eliminate the tissue 
oorresponding to the tissue specific promoter. 

In yet another embodiment, the present 
is invention relates to a method of cancer therapy in a 

patient comprising the steps of administering to a 
patient a therapeutic dose of a DNA construct 
comprising a ~odified CD gene and a promoter with a 
predilection for transducing cancer cells and 

30 subsequently treating the patient with a toxic dose 
of SFC that will destroy the cancer cells but not 
other cells. 
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The entire contents of all publications 
mentioned herein are hereby incorporated by 
reference. 

BRIEF DESCBI'fTIOH or '1'BB DRAWJHGS 
Figu:ce 1 shows the construction of pCD2. 

cloninq cf the cytosine deaminase gene into 
eukaryotio expression vector pLXSN was performed in 
the following way. The 1.7 kb cytosine deaminase 
fraqment fro~ pMXll6 digested by HincII and BamHI 

10 was ligated into the polycloning site of pLXSN 

digested with HpaI and BamHI, producing pCD1. The 
sequence of pCDl in the 5 1 reqion at the EcoRI site 

near the start site G'l'G is shown. Oliqonucleotide 
directed mutagenesis of pCD1 and recloninq of the 

15 modiried cytosine deaminase gene into pLXSN to 
produce pCD2 were subsequently undertaken. PCR 
primers (Fiqure 1) and pMKll6 (L. Anderson et al., 
(1989)) were used to eliminate upstream ATG's and 
ehanqc CTC t:.o A"l'G a.t the atat-t. codon. The lllodified 

20 cytosine deaminase gene was then cloned into pLXSN. 
The sequence of pCD2 in the 5 1 region of the start 
codon beqinninq at the EcoRI site near is shown. 

Fiqure 2 is a Southern analysis detectinq 
the presence of cytosine deaminase qene in genomic 

25 DNA of cells transfected with pCD2. 
Panel A represants th~ Southern analysis 

on PCR products usinq cellular DNA as -template for 
cytosine deaminase DNA synthesis. l µg cellular DNA 
underwent PCR using p~i~ers corresponding.to the 5' 

30 and 3' ends of the modified cytosine deaminase gene. 
PCR product was electrophoresed, blotted by 
capillary t~ansfer and probed with a 32P-labelled 
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cytosine deaminase probe. The bands seen correspond 
to a 1.7kb fraglnent. 

Panel B represent the Southern analysis of 
cellular DNA. 10 µq cellular DNA was diqested with 

5 sac!, electrophoresed, transferred and probed with 
the same probe. SacI cut$ through both LTR elements 
of pC02 and should generate from unrearranqed DNA a 
4.5 kb fragment containing the cytosine deaminase 
sequence. As a positive control 1 µg 3T3 DNA was 

10 supplemented with JO pg pco2· (3T3+pCD2) prior to 
digestion with Sac I. 

DETAILED DESCRIPTION OF THE INVElfl'IOlf 
The present invention relates, in part, to 

the insertion of the a cytosine deaminase (CD) gene 
15 derived from a microorganism into a euka~yotic 

~xpr•eeion vector. A p~inciplo ombodi•~nt of th~= 

aspect of the present invention relates to the 
successful expression of the CD qene in mammalian 
cells and the subsequent sensitivity of cells 

20 expressing the gene to the toxic effect of 5-

f luorocytosine, an agent nontoxic to unaltered 
manunalian cells. The present invention also relates 
to methods that apply to the above CD gene 

selectable ~arker in gene transfer studies and 
25 thera~ies. 

The cytosine dea~inase (CD) gene underwent 
modification in and around the start site for 
eukaryotic expression. Without these modifications 
the cytosine deaminase was poorly expressed in 

30 mammalian cells even when cloned into a stronq 
expression vector like pLXSN. In particular, the 
present invention ~elates to the constructed 

,. . 

..... ·: ·-~. 
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bacterial qene for CD in an eukaryotic expression 
veotort for QxamplQt pCD2 and the e~pres~ion of th@ 
qene in mammalian cells, for example, murine 
fibroblasts. 

The cytosine deaminase gene is found and 
expressed in a variety of microorganisms. Examples 
include the fungi Cryptococcus neoformans, Candida alb/cans, 

Torulopsls glabrata. Sporothrix schenckll. Aspergillus, Cladosporium, and 
Phlalaphora (J.E. Bennett, Chapter 50: Antifungal 

10 Agents, in Goodman and Gilman 1 s the Pharmacological Basis of 

Therapeutics 8th ed., AG Gilman, ed., Pergamon Press, 
New York, 1990) and the bacteria Escherichia cofl and 
Salmonella typhimurlum ( L. Andersen, et a 1. , A/chives of 

Microbiology, 152; 115-118, 1989) • In these 
15 microorqanisms the qenetically encoded enzyme serves 

the same purpose; to help provide uracil from 
cytosine for nucleic acid synthesis. The E. coll 

enzyme and gene are representative of the qroup. 
The distinquishinq feature of the present 

20 invention is the expression of the co gene in higher 
eukaryotic cells for the purpose of creating a 
negative selection system. One skilled in the art of 
molecular biology may express the modified CD gene 
in a variety of other eukaryotic expression vectors 

25 to achieve the sa•e purposes as those disclosed 
herein. 

Introduction of the gene into mammalian 
cells results in the ability of transfected cells to 
convert cytosine to uracil; normally maJ!l11lalian cells 

30 do not contain the enzyme cytosine deaminase. mvltro 
conversion of radiolabelled cytosine to uracil is 
consistently seen with transfected cells. The 
presence and expression of the qene has no apparent 

• 
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deleterious effects upon the cells if they are not 
exposed to SFC. However, when such cells were 

exposed to SFC they cease proliferation and die as 

judged by their failu~e to produce colonies in 
5 olonogenic assays and impaired proliferation in ,H­

thYJllidine uptake assays (See Example 3). The 

toxicity was due to the deamination of 5FC to 5FU 

by the cells. Normal cells were not inhibited by 

SFC and only those cell lines with demonstrable 

10 cytosine deaminase activity in Vitro were sensitive to 
SFC toxicity. 

The ability to render cells selectively 

susceptible to the toxic effects of SFC is important 

in imp~ementing the present invention of the CD 

15 neqative selection system in a var~ety of 
therapeutic assays and vaccines described below. 

The present invention describes the novel 

expression of the modifieQ cytosine deaminase qene 

in mammalian cells and subsequent sensitivity of 
20 cells engineered with the modified en gene to SFC. 

The inventions described below involve either direct 

application of the plasmid pC02 or modifications of 

it that would be easily performed by an individual 

skilled in the art of ~olecular biology given the 

25 information applicants have provided about the 

cytosine deaminase negative selection system and 

knowledge and ~aterials regarding other eukaryotic 
9ene expression promoters/enhancers and retroviral 

packaging cell lines that are in the public domain. 

30 The present invention ia the first to 

demonstrate that the bacterial enzyme for cytosine 
deaminase when appropriately modified in sequence 

and placed under control of a eukaryotic promoter 
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can be inserted into the genome by transfection or 
retroviral transduction and render cells selectively 
sensitive to SFC. By providing the present 

invention of rendering mammalian cells sensitive to 
5 SFC through engineering of the cytosine deaminase 

qene, one skilled in the art will be enabled to 
apply the cytosine deaminase ne9ative selection 
~y~Lem (CDNSS) to a variety er tissues ~y simply 
applying known techniques in molecular biology and 

10 retrovirology. Multiple tissue-specific 

promoter/enhancer sequences have been described. As 

representative examples of these promoter/enhancer 
elements the following references are listed: Muse~ 

andnf1Uraf: E. Barnea et al. Ne"ron 5';881-888 {1990); 
15 Thyroid:C. Ledent et al., Proc.Natf.Acad.Scl.USA 87:6176-

oiso(i''o); LympnoR:J; G.P. cook & M.~. ~eu:t>erqer, 

Nucleic Acids Res. 18: 3665-3671 (1990); hepatic P. Hertiomel 

et al., Mol.Blol. 9:4750-4758 (1989) and M.G. Izban et 

al., J. Biol. Chem. 264: 9171-9199 (1989): Bone Marrow: J. 

20 Magran et al., Mol. Celt Biol. 9:4750-4758 (1989). 

Usinq cloninq techniques described herein 
and elsewhere a tissue-specific promoter/enhancer 
could be inserted in pCD2 resulting in activation of 
the cytosine deaminase gene in a specific tissue. 

25 One example of this would be use of the 

immunoglobulin heavy chain promoter/enhancer to 
activate the qene in B-cells (S. Eccles et al. New 

Biol. 2:ao1-s11 (1990); J. Wanq et al. Mo(Ce/18/ol. 11:75-

83 (1991); B. Porton et al. Mo/. Cell Biol. 10: 1076-83 

30 (1990); c. Queen & D. Baltimore, Cell 33:717-728 

(1983); £.E. Max. 11 Immunoglobulins: molecular 

Genetics" in W.E. Paul (ed.) Fundamental Immunology 
(2nd. ed.) Raven Press, NY, pp.235-290 (1989)). 

'·.· 
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Another way to confer tissue specificity 
may be to deliver the CDNSS using the pCD2 plasmid 

in different packaging cell lines, an example of 
which is the cell line PA317 we describe here. A 

5 variety of retrovirus packaginq lines which have 
different cell-type and species tropisms have been 

de$cribed (A.D. Miller Human Gene Therapy 1:5-14 (1990)). 

One skilled in the art of molecular ~iology would 
have no difficulty takin9 the invention and 

10 transfecting it by calcium phosphate precipitation 
into a different packaging cell line which would 
then chanqe the target cell specificity of the 
CDNSS, 

In one embodiment, the present invention 

15 relates to a CD negative selection marker syatem 
~hat ~ay provide a safety system 1n qene transfer 
therapies. Because gene therapy involves insertion 
of exogenous DNA into a host's or patient's genome, 

it is possible that ~alignant transformation of the 
20 target cells will ~e5ult. The CD syst~m may be used 

to destroy the malignant cells. 
'!'his application could be achieved in 

several ways given the present invention described 
herein about the cytosine deaminase negative 

25 selection system (CDNSS). First, tarqet cells for 
gene therapy could first be treated with CDNSS and 
only cells that have incorporated the sequence as 
judged by neomycin resistance could then be subject 
to gene therapy with a second vector carrying a 

30 therapeutic gene. This two-step process would 
ensure that any cells altered by the therapeutic 
qene vector would also have the CDNSS present. 

~018/060 
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Second, the CDNSS could be ~odif ied by 
someone skilled in the art of molecular biology to 
incorporate the CDNSS and the therapeutic gene in 
the same vector. The number of ways of 

S acco•plishing this is qreat. One example would be 

to clone a therapeutic gene and a promoter element 
into pCD2, either replacing the neomycin resistance 
gene or by adding a third gene to pcn2. Another 
example ~ould be excision with restriction 

10 endonucleases of the unique element of the CDNSS, 
the modified cytosine deaminase 9ene 1 and its 
cloning into another plasmid or retrovir~s that 
harbors the therapeutic gene. Any oell altered by 
the vector would then contain the CD qene. If that 

15 cell or its progeny became malignant, the patient or 

host could be treated with SFC (5-fluorocytosine) 
and the cells would be killed. 

Si~ilarly, the CD gene could be used to 
destroy cells altered by gene therapy if they 

20 produced a substance that ~as toxic to the patient. 
For example, if tumor necrosis factor was to be used 
in gene therapy, the CDNSS of modified cytosine 
deaminase qene could be included in the vector. 
Then if the transferred cells made amounts of TNF 

25 that ~ere toxic to the host, the patient could 
receive 5FC. The transferred cells would be 
destroyed and the TNF production would cease. This 
approach •ay be used with any therapeutic gene that 
may have unforeseen or unacceptable side-effects. 

30 The present invention further relates to a 
method for controllinq the gene expression in gene 
therapy by applyinq the CD negative selection 

system. The CD system of the present invention may 

~019/060 
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be used to regulate the amount of qene product the 
host or patient receives. 

The CDNSS could be used to requlate qene 

dosage in a manner similar to that described above 
5 in the discussion of controllinq mali9nant cells or 

cells that ~ere produing unacceptable side-effects. 
That is, target cells could first be enqineered with 
the unmodified CDNSS and only oells that had first 
been modified with it could then be subjected to a 

10 second manipulation with a vector containing a 
therapuetic gene. Or an individual skilled in the 
art of molecular bioloqy could move the essential 
ele~ent of the CDNSS, the modified CD gene, into 
another vector that harbored the therapeutic qene 

15 and use a single vector to transfer the CONSS and 
the therapeutic qene. An exa~ple of the application 
follows. For example, a qene for erythropoietin and 
CD may be cloned into the same vector used in qene 
therapy to treat anemia. After infusion of many 

zo vector containinq cells, a high serum level of 
hormone nay be achieved. Low doses of 5FC could be 
given periodically to the patient to diminish in 
size the pool of cells p~oducinq hormone and thus 
reduce the serum level of the hormone to the level 

25 desired. Similarly, if one wished to expose a 
patient to qene therapy for only short periods of 
time instead of permanently keeping gene altered 
cells in the patient, hiqh doses of 5FC could be 
qiven to the patient at the end of the prescribed 

30 period and destroy all the producin~ cells. This 
method may be used with any therapeutic gene, for 
example, insulin, growth hormone, clotting factors 
or qrowth factor. 

·--··· ------~-------· .. ----·~·--·----.-.------·- ---· .. ·- ··- ............ ·-· .... ___ , __ ... _ 
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The present invention further relates to 
live tumor vaccines containing the CD gene. 
Immunotberapy of malignancy may involve using a 
vaccine of a host•s tmaor extracts or cells to 

5 enhance the host's iJDJllune response to the tumor (B. 
Gansbacher et al., J.~.Med. 1'12:1217-1224 (1990)). 
Live vaccines are more effective than killed cells 
or cell extracts as has been shown by vaccine 
develo~ment in the areas of viroloqy and 

10 bacteriology. However, administering live tumor as 
vaccine to patients is dangerous because the early 
immune ~esponse to it may not complete destroy it; 
the tumor still would have the potential to invade 
locally and metastasize. However, introducing the 

15 CDNSS into live tumor cells by transfection, .by 

retroviral transduction or other qen~ transfer 
techniques using the same methods used with 3T3 or 
PA317 cells would then make the tumor sensitive to 
SFC. This may allow safe use of a live tumor 

20 vaccine. For example, two weeks after inoculation 
ot tumor the patient or host could receive 5FC. 
This would destroy the tumor inoculum but lea¥e the 
immune cells of the host undamaged. 

The present invention further relates to 
25 novel live vaccines and novel methods ~or producing 

11attenuated11 or controllable pathogens as 
immunoqens. Some viruses, bacteria and protozoa are 
quite virulent and cannot be used in iDllllunization. 
Traditional methods of developing attenuated strain 

30 can result in organisms that are not optimally 
immunogenic. · The CD syste~ of the present ~nvention 
may be used to produce a contrpllable pathogen for 
immunization. The unique feature of the CDNSS in 

... ·- ·-· - ··-·· --~--·-----· -·· ... . . 
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this context is its ability to destroy with SFC 
cells that harbor intracellular pathogens. Using 
the t~f.hniques described herein to clone the 
modified cytosine deaminase sequence gene into 

5 pLXSN, the CONSS could be modified to contain the 
cytosine deaminase qene and elements of other 
viruses. For example, elements of the HIV qenome 
(the agent responsible for AIDS and for ~hich 
techniques of live virus immunization are currently 

10 unsafe) could be cloned into the CONSS. The 
~odif ied gene expression system would express 
cytosine deaminase and HIV. The modified CDNSS 
could then be qiven to patients and after the 
innoculation had initiated An immuno response to tbc 

15 HIV elements SFC could be administe~ed to and 
inhibit further transcription and translation of the 
HIV elements. This would be analoqous to treatment 
of herpes simplex infections with acyclovir or 
ganciclovir (R.G. Douglas, "Antiviral Agents11 In 

20 A.G. GilJnan (ed) Goodman and Gilman's the Pharmacological Basis of 

TherapeUtJ'cs (8th ed), pp. 1184-1887 (1990)). 
In yet another_embodi~ent, the present 

invention relates to a method of therapy of human 
immunodeficiency virus (HIV) infection using the CD 

25 negative selection system. As noted in other parts 
of this application, the CDNSS could be altered by 

someone skilled in the art of molecular biology in a 
variety of ways. one alteration would be the 
replacement of the promoter driving expression of 

30 the cytosine deaminase qene with another promoter. 
Promoter/enhancer elements from the HIV genome 
responsive to HIV transaotivation could be inserted 
upstream of the cytosine deaminase gene (KA Jones 

G!I 022/060 
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New Biol. 1:127-135 (1989)), Intracellular HIV 
activity would then result in activation Of the 
cytosine deaminase gene. This would provide a novel 
therapy for HIV infection. White blood cells from 

5 an HIV positive individual could be removed by 
standard leukapheresis, infected In vitro with the CDNSS 
and returned to the patient ~ho would then receive 
5FC. Cells that contained HIV would then activate 
the CONSS via transactivation and be eliminated by 

10 SFC. The propagation of the HIV infection ~ould 
thus be curtailed in the patient. 

In another embodi~ent, the present 
invention relates to a therapeutic method for use in 
allogeneio or autologous bone marrow 

15 transplantation. It is often desirable in bone 
•arro~ transplantation to eliminate certain cells 
fro~ the bone marrow before they are infused into a 
patient. For example, one may want to purqe 
residual tu~or cells or eliminate certain cells that 

20 could cause graf t-ve~sus-host disease in the bone 
marrow recipient. The co system of the present 
invention may be used in such purging strategies. 
For example, it could be packaged into a vector that 
will preferentially infect tumor cells but not the 

25 bone ~arrow stem cells. The tumor calls but not the 
stem cells will be sensitive to 5FC. 

It has been documented that retroviral 
gene insertion will not occur in cells that are not 
replicatinq, i.e., those that remain in G0 of the 

30 cell cycle (D.G. Miller, et al. Mo/. Cell Biol. 9:1426-
1434 (1990)). This phenomenon provides a basis for 
selective infection of tumor cells in bone ~arrow 
infiltrated with tumor, The bone marrow stem cells 

~023/060 
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without specific hormonal stimulation In vitro remain 
quiescent while the tumor oells naturally cycle. 
Exposure of this infiltrated marrow to retrovirus 
carrying the CDNSS will then result in insertion of 

5 the CD qene into the tumor cells but not the 
quiescent bone marrow ste~ cells. Pretreatment of 

.the bone marrow prior to infusion or administration 
of 5FC to the patient after bone marrow infusion 
will result in purginq of tne infected tumor cells. 

10 Similarly. the CD qene of the present invention may 
be packaged in a vector that will preferentially 
infect lymphocytes but not stem cells and SFC used 
to purge the marrow of lymphocytes prior to 
infusion, or administered to the patient to prevent 

15 or treat graft-versus-host-disease. 

20 

25 

1n a further embodiment, as a diagnostic 
aasay, the CD system of the present invention may be 
used as a reporter marker tor successful homoloqous 
recoll'bination. Using methods identical to those 
described to insert the CDNSS system into the 3T3 or 
PA317 cells, one could stably integrate the CDNSS 
tnto a cell line lnvltro.:. .One skilled in the art or 

, • II •"1 ', 

molecular biology coula use the present invention 

regarding the restriction s~es in the CDNSS to 
create a deletion mutant which would retain 

.. . . 
considerable homology to the DNA sequence of the 
CDNSS but would not yield biC°~oCjical active·~osine 
deaminase. This teohn·i~e · is· ·'~mmonly used in ;; '· 

iai 024/060 

':.", 

. •' :..· .. 

. . .::"'·~. 

. ··.f. 

. : .. .'::~ . 

30 :::3".::1:1~~;., ~:/~~c:ti:=\~i'.:;;.t.icm f;~(::; ;", · 
trials with loss Of senslti~l't·~·: to. ~FC 'as ~:'iarker' 

.. ; .... 

. . 

for successful recombination. Such homologous 
recombination trials hQVe been performed wl~h otbe:r:'··<;.,._.:~~>: ... , .. 

·• ·.·~ o; · • ·' '~;.·.·::)J.:lfi: ·. :!.~ · -~~\2..c:i.""~'=i . .,,· : --~ .. ~ .. ~~ .. -r~ ... ~ .. :~:-..;,,..:; ... , ;..:':."' ... ~~ .~ ·· r~~;.-* ~9l-~ ·· .. ~. 
' ' .... ·, .. . ., ...•.. , . . ···;_.' _·::;.:::..< . .. - ·;r:,,·.,:~.~1i1·-:· ,/;; ... : .• 

. ::. ff: ~~~ ••. 

.• . ' .. ,., 

. • 
',I .: ;: ~ • • 
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selectble markers or reporter 9enes in studies of 
targeted gene insei-tion (R.J. Bollaf, et al., Annu. Rev. 
Genet 23; 199-225 (1989)). 

Xn another einbodiment, the CD system of 
5 the present invention may be used in co-cultivation 

transduction methods with viral vectors. 
. A known technique in ~olecular biology and 

r~troviral gene transfer-studies is cocultivation m 
vitro of target cells and the retrovirus producer cell 

10 line. This results in intimate contact of target 
cells with supernatant whose retroviJ:Us content is 
continuously being rene~ed (M.A. Eqlitis, et al., 
Sc~nc:e 230:1395-1398 (1985); M.A. Eglitis & W.P. 
Anderson, BloTechnlqUes &: 608-614 ( 1988) ) • In vir~l · 

15 

20 

25 

30 

transduction techniques of gene transfer, oe~l-free 
viral supernatant is harvested from virus producer ) ·.·.· 

. . . '···. 
cell lines that produce virus. Tarqet cells are.:':.t . , .. : · ·:. >::-: _:·;·,'. 
then exposed to the supernatant. However, the vir~l 

... ti.".'.· .. : . supernatant is unstable at temperatures used fo~<-~." .. :.'. ·. : . ~~-···· .:. ·_ 
transduction and los.es ~11 its _activity in_·a :f.~·':~·:< . .t·:··><· ·Jf;~~~<~;:· 
hours. An alternate strateqy. is to mix in ·culture .. :,::- ., . ·. ·:·· ::~•#..·-~~-~-. .. ':. .·· • .. . .· •; . . : .. :i::.; •. i\ .••. ..: ... • •. :·_•.. . • .-!.~... ,'=-.... ·- :ill' 

live virus producer line~~a.nd;. t~rge~_.C?;,~1~~.:· . .. -~~~:;, . .'.;. : .. ~.:\itl· ~ 
can be cocultivated tor a l.~rig :time result;intJ ~nf· .... ·~~~< .-.,~:.:.~_'·{-:.'·"' ·· ·1:­
much more efficient transduct!ti~ of. the t~~g~t<~~;~:i· )"<·.· .. }{(.{;~,~ · .. ~-. 

- {;· ;.:.::. ~ • ~ • ..t· •••• '"; 0,.;~~t::~-· .} . ~:.. ~ ···,;:t: ... .: ,·" 
cells. 'l'hif" is because ~e P.~~~~e~· Ji~e .:'1.s·;-{~H/.~-:';~~ ._.;t:. ~: . .-: · .. _;:)~"'i:./ 

. . . . . -·· :"- •· " .. :. .#/. ':'''' ':'~ ....... ii'.:· •I!'' • \ !1 :i~ continuously making live ,_vir,u•...;. This <;;.~Jlnot .. ~~- 4one. · · ... -~.-o;;;\. ' ;,, .. 1•: .• -.. fl '!"•'••!I l'. f: •• 0 ••• •• -.\.'"1)••"• •"''•i~"Z'~ :. "j• I • ol ~ .. •.,:' -';o".t.~•"" 

for qene therapy currentif~~F.~~s.e ... ,i~ J~ ·v:(iey· /.l:''f..~: .·.! -~~-:-.,:'.°".:::'.;;~'.:ii·; 
difficult to separate the producer ~nd_· tar~~t ~~i,i -~~:~· ·.=:·. ~--:. ,: '.,;_~:··.-·~·;4_ 

• • • • • • • . ' • .. ... '!!; ••• ";, .~·. .. • 

line~.~l·~~ have only pu:r:i~:~.~f:\.~~.;;g~t.)r~lls ~~-·:_~fy~,.-~~-'. ::· .~.·. ·... · 
the patient. However, if t~e .<?~- ,g~~~ .. aystem ~f: :.~hE( 
present invention were transfeoted into the producer 
line in a form that would not result in packaginq or 

. ;,. 
the CD gene, the virus }lroducer c.ells oould be· . · · ... · ·~r~h ,, . . ·. . ··: .·1.~;_;r.,_:_:~-·~-·.\_ .. :;_~_-.:_ ... _:.~.~.'~.:~t.~1.:_t_:. ~ . ~.~~·~~:~:~,k(~\~~;·.t~~1r.;~-~-~·:::-r~-·~r: .. 

. · ... :_: .•. ;:·: ~·: .. . .. , .. ,- '~.' r; ••. ~,~ ~ ; :.~~· i:f '. :;£~!~I;;_~j) . 
...... , ... . . ..- (..:._···'.: ~·-~:·: ·_:';_~_j ~ •. :,;_:.:··· :~_-,_:_~.t.1~.r.~ .. : __ f,·:.~ .. :.~_-_·-~_:: __ ~,·.:.·~-~~_?.::·~:'·: -~·_;_;,_·-~-~,-.;;_._·.· ... ·;.·--~ ...... · .. ·. _;_;_::_:.~ __ :_:_.·-~---.·-~-- .· ~ , -.:._~:~,.-!~ .. 

• 
• • 

;"'~;: .. _;;_:.:··:_ •• :-.:.,~~~,~.::: :._ .• •• •• • .. :_~·· ... •• - •• ~ •• : ~·- .... ~9'.I . ._·~~~'i/t.:w.a;,.- -.'Jatlf.,;.!;/t: •: I~ -' 0 """"''n.•/-fl! -!°1';"'~-"-~'I· ~·~• .. '"-1~-- .:•::.~L• • 10 ': ~-;:,;..-~:;, .. .., fl-"? • • • . .r . . • •. . .• . ~ 

-----------~--~--------· ---·---······ ...................... ___ .. 
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purged froa the co-cultivation culture by adding SPC 

to the medium after the desired period of virus 
exposure was complete. Then only the desired target 
cells would survive and may then be qiven to the 

S host. 
The present inYcntion further re1bt8s to 

novel methods that create double neqative selection 
vectors. . The CD gene system of the present 
invention may be inserted along with the herpes 

10 thymidine kinase gene into a qene transfer vector 
along with other qenes. '.l'hen the cells receivinq 
the vector inay be sensitive to both 5FC and 
ganc!clovir or acyclovir, providinq a double. 
negative selection system tor eliminating qene . 

15 

20 

25 

30 

modiried cells. This may be advantageous as ·~o~~ 
cells may not be eliJDina~ed with CD/5FC or · · ·: .. ,.. · 

. .~ . ··~ . 

TK/ganciolovir alone (F.L. Moi.:i1tan ' J.M. We:ii·~. 
JoumaloltheNatl. Cancer Inst 821297-300 (1990).). J:n 

combination they may provide additive or possibly 
even synerqistic toxicity. _ 

.... 
.... ·"' .. · .. , . ... ~ 

The present invention also relates·to 
: • 4•" • • . .•• • ·;; •••• •' •• • 

methods for producing transqe~ic ~nimals ·by ; .. · · 
. • . · ......... · -.:.9;. ..• ~, .. ~,.ti:· •;;.*' ri': .Lt· i 

incorporating the en gene o~ the present Invention 
into the gena.-line of an -~~°lmai. '·Thi'i!o .:ijfn'.ia: !Jyst~~ 

• • .··•· 1,_.:.•_;, !"::· /~··.:-.~. : . • ~·~:~·:;;i,:._··t~:.:-· .. -;-i:;·:.:l·:"t'.,_1:;~·-:-: .. ·· :. ·. ·=?I· 
of the present invention may· be, inse;:i;-tE!ld .. ~~:t;~- .. ~e -·t, 

, •• !'• 1 I. • 'o , ~ . • • : ,!_·,• · 1 ''"'';'./'• ; ;:.._ • ·~·,;\,'11111 .,\.,I;.• . ••• • 

germ-line of an animal, for e>c:ainple,. a.~:1no.use·~. ''the 
. . ~. . . . -· . .. . ::-. '\ \.:; ·• . . . . . "'· . . . 

CD gene :inay be combined .wlt;h ·a ·variety")>f ·tissue-
.,-!' .... ,,,,.. .~ .. - ••. (~' ·'~ • • • ;·· • 

specific p:ro~oters, which· 'will result., in· CD. being · · 
• •• • , " , ••I :o o o.'• ••'!fi\1; •• , .. ,• 0 ." 

expressed only in these t-1s§µe$~···i:n ·:wliicili .the .· · .. -, =~ . 

prom~ter i~ ·active/ f·o~ ~~'~!.}'71-ii:: ~±#~{t~if°'.'a:~" ::,·-. 
· · · · .. r · 11 .. ~ .• ~: ··: f:- · 1·~~~ · • : .. •· . ·". ·. . 

i~un0g1obulin promoter is used (E. Borrelli et al~, 
Proc. Na1J.kad. Sci. USA 85:7572-7576 (1988)). The SFC may 

be used to selectively eliminate these tissues • 

.... . 
:. . : . ~ .· .. ~~·;-~. ;,-.. : . . ;:.·.:.;.-. 

. · ... ;:,' ·.. .... .· . ;..:;,~··· ... . .·( 
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This will be ot usa in studies of organ and tissue 
development. 

In a further ellbodiment, the present 
invention relates to a therapeutic method tor the 

5 treatment ot cancer. As currently contiqured the 
CDNSS of the present invention will have a 
preailection for transduction of cancerous tissues 
as opposed to normal, nonneoplastie tissue. As 
discussed above, it has been sh9wn that replicating 

10 cells permit retrovirus mediated gene insertion but 
~ui~aoent cells do not (A.D. Miller, 1990). A 

patient c:ould then be treated ln\INo with the CDNSS of 
the present invention in retrovirus fora and the 
patient 1 s cancerous cells would be pre.ferentially 

15 tranduoed and become sensitive to 5FC. One skilled 
in the art of molecular biology would be able to 
increase the tissue specificity of the CDHSS by 
taking the information provided by the.present 
invention of t.he. cnNss regarding tba °"::t?ility to 

If!! 027 /060 

. ~ :. 

' 

. -~ ;.:, . '· ~- :' .. , 
20 render ee1le. ·selectively· sensitive to :5FC and by . 

inserting known tlssue-s~cifio promotere ·into the .~;~.~~~~{ . ._.". 

CPNSS u~~n~ ~~~~~~rd .. ~-:~~-~~es. :i·n m~,~~oui.ar .. : . . . < ... ;: )'.~~~-~1%~ 
biology. (see earlier discussion of tissue-specific · :.'.°"-~ :~·:. ·. :·· 

25 

30 

:) . 

~! '•!" •" I 
0 

.. ~ ;/i•O 'I.. ' .. '•' , ' ·~~ ',t\',J! 0~ ~t~; 
promot~z::S. tor references) .. ' For·· example, one could . . .,:;. ,:·: ·::·; .. · 

. ·•. -::· - : . . . . . .. ·r ., . ., .. . .• ·-~:~~.:: .. ~·~·~r:{: 

rearran9~. ~~e- ~~-~ments ~.~)the CDN~S .~n .... th-:i .. t~llo~in~ .. »t~.~;i/)~~~ 
way to· make the. CDNSS act;ive. in· ~ lympho~ytes which · ·· ~ • :· • · 

·:: o o =~"'' ::~'"' ,:' 1'#' o I ·:~ •,: ' W': 'f. ' " '; o' ".i,,~>·.~:':.:~-.. ~: ,· 
would be usefu1 ~n the traat.mont·of·B-oell leuke?Q.iac 

' ' f I•• ~= ' I .r.,V. {-. ....... -. 111" :: ·,.:•. •" ' • • ... .• '• -: '.". :::h l=ph~:::· us::1~: ;::n::::t::~iE:·:··::a:~!:u::e ., .);.f.·.·:.·'.·\~. :.~:. 
coQld move the ··n~omycin.,phb~ph~tra~:s,~£a';;~':~erie··:·· ::·/ . ~~- :·; ::··· 

immediately . 3 ' tr; the LorR pro~oter, i~s-ert i· the 
promote/enhancer for the immunoqlobulin heavy chain 
qene 3' to the n~omycin.phosphotransferase gene and 

. . ' :;~~~~~;"i~f~~~~··'.q.i ·i:~?#!::~~ ..... ~.!":,::-p:~;j. Ji.~"fta"b.i~t\~,:; .. f~~~~~ .. ~~··-·~ . 
.• ~ 'IJ·~· ... ~-· f~;'-.·.;·.· -'· '·lr-m ~~t':X•·•~, ,:.~iJ~-~~,.~~~~·: ·:·":·•"·;:\' ·: , · ., ,~;~~,~·2 ·~",- ·~w, • · · ::-·· •·• 1Yr';W$.:~.l~:. 

... ::. 

·_ .i) .. ;;,~~t;:t·: .. : . 
•": • '~., ~.'•,: • ".";:...•.T~' 

. ~·.fl! .. . - ,;,;.. ,.. . .. ~. ""· .. : . . ., ... .. 
: .··· =··,: :;~ i~~~t""·~"'~;..; .. 
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5 1 to the modified cytosine deaminase gene, and then 
delete the SV40 pro~oter. As the 1mmunoqlobulin 
pro~oters are prete~entially active in cells of the 
B-lymphocytA lineage (S. Eccles et al. NawBlol. 2:801-

5 811 (1990); J. wanq et al. Mot. Ce/IB/o/. 11:75-83 

(1991) i B. Porten et al. Mo/. Cell 8101. 10: 1076-1083 
(1990) i c. Queen & D. Baltimore, Ce// 33:717-7·28 

(J.983); E.E. Max 11 lmmunoqlobu.lins: Molecular 
Genetics: in W. E. Paul (ed. ) Eunctamontallmmunofogy (2nd. 

10 ed) Raven Press, NY, pp. 235-290 (1989)), the 
rearranged CDNSS would be useful in treatment of B­
cell leukemias and lymphomas. The specificity .fo~ 
the tumor cells would be twofold: retroviral 
preference for proliferat~n9 cells for gene transfer 

15 and activation of the qene in cells of B-lymphocyte 
lineaqe. 

• 

The invention is, de$aribed in further 
detail in the following non-limiting examples • 

• ·, .. :J,I' 

... 
I•• -. 

.. 
I 1l.. 
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EXAHPLES 

Tbe followinq materials and methods were 
used throughout the Examples. 

Holegular technigyes 
The plasmid pMK116 contains a 1.7 kb 

fraqment from E.coli which contains the coding 
reqion for cytosine deaminase in the polyeloning 
site of the vector pTZ18U (D.A. Mead et al., Protein 

Engmoerill{l 1:67-74 (1986)). The plasmid pLXSN contains 

. v::._· . .. ~- -:, 

10 eukaryotic expression elements: (5') Moloney murine 
sarcoma viru$ LTR promoter, polyoloning site, SV40 
early promoter, neomycin phosphotransferase gene, 
and Moloney 111urine leukemia virus promoter. ( 3 • ) 

(A.D. Miller and G.J. Rosl!l.an, BloTechn/quea 7:980.-990 . , 
15 (1989)). The neomycin phosphotransferase gene 

20 

25 

30 

allows cells to survive in the presence Of ~B 

protein synthesis inhibitor neo~ycin or its analogue 
G418 (F. Colbere-Garapin et al., J. Mo/. Biol. 1~0:1-14 . .. . . 
(1981)). These vectors and the subsequent · .. 

. . ... ,,;_ 
constructs are depicted in Figure 1.. pM19-~,.~- .... was 
digested with the restricti~n enzymes Hlri~"j.=f_'·:and ·. ;·- · 
BamHI. pLXSN was diqested··~ith HpaI' ;:;d ·-;~~I .. :. : The ~··· .... ::t...::~·< .!~, 

• • · ·.. ··"7 ... "":':"~'i'·.: 1~-· ~-• • ":.~·~"j.r 

l. 7kb fragment from pMKl_l~ and .. th_a s. 7~ -~?::.~~~nt ... , ...... -~:f5·-· J~·~ 
from pJ,XSN we::,e. separated .and i.~olated b~_;\~:-_:.:.::· .:-·. .. -.. ; :·· ·&}, 
electrophoresis in a low-mel tin9 point aga:tos_e. The · : ; . ~.;· :· 

. . . . .. ·. ~··· ,. 'e .. ,. .· "" .... ,::· . ·: ·:.~· .... ~~ 
fra911lents were then ligated wi~. T4 li~ai_~,~-~~-:~. ~. . .. · . ..-. 
transformation competent E. coli were trl'.l~•f.~~ed . . .. .. 

. . . 1~-~t . .. . !\' .• • :..~ . ' ... • .: 

~~==~;~~ P::~::e!:1~ o:~i::i~1:l7~:i~nt~lf.~f~~:~~:;·.~-~-~-~~-(·. >ft.- ~-!/ 
•• ·.: ..... j·. _,.. ., .... • ..:~::· 

transfonaants were screened for insertion and proper 
• •'JI • 

orientation of the cytosine deaminase gene "in pLXSN. 
by restriction digest analysis. Large soale :, . ·· · . 

. ' ..• • ,·/·• • . . ' ·:_,_···.:::~·~1-~f ~;--:~.·~:.·=.\?·'·"_ ..•.. :·=.r.:,~.~-~.~.t_f,:_._·.·;··.'_·:E~::;'· .. ~.· .. _~."':.~··.·.:.· .. ··.·.·.'. .•. :.-.:·~~·~i~;,~~ 
.'. - . , ... -. . ' .· .'. ~·- . :.:.~~~-~~~~·~·\~.~--~ 

I • .... '~ ; ' • • '. o 

· ....... ... 

.... -­. ,. 
•;,.I, .• 

... ·:~· 
·:,·· 

. ~.· 

.~ :· • .• . ... • . . • .•. a.:-~~. : .... 
" • :~ 'l' : •• ~ • .:: .... • • 

~·~-.. ~~~- . .. -._ .. ·-~'J~r~ ... ~ ...... ~. . . . .. 
..... :r.-.... . .... ~,,_ •, . . • . ' 

. /J>·,: . 
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preparations of plasmids were produced by standard 
~ethods and the plasmids purified by cesium chloride 
gradient centrifugation or_ by Quiaqen columns (J. 
Sambrook et al., Molecular Cloning: A laboratory 

5 manual. 2nd ed. (Cold Spring Harbor Laboratory 
Press, Cold Spring Ha~bor, NY (1989)). pCDl 

represented the insertion of the unmodified 

bacterial cytosine deaminase sequence into pLXSN. 

Oliqonuc1eot;ide directed mutagenesis of pCD&· 

10 Oliqonuoleotides were synthesized on an 

15 

20 

25 

30 

Applied BiQsystems 381A DNA Synthesizer and purified 
by polyacrylamide gel electrophoresis (J. Sambrook 
et al., (1989)). Oli9onuoleotides 5 1 ~GA CGC GAA. TTc· 
AGG CTA GCA ATG TCG 3' (corresponding to the 5' end 
of the cytosine deaminase sequence) a.net. s • c!Ac ACA · 
TTC CAC AGC GGATCc3' (antisense to the·3~ r.;.g..:i.o~ 
flanking the gene) were used as pril'llera and"~~Dl was 

used as template i~ a polymerase ohain reaction 
usinq a Perkin Blmer Cetus DNA thenull cycier-. · The 

• I ' • •. • J.,:;~, • • 

. -· ... 
.. ·-.·.::- . 

! , r·'f 

resulting 1.7kb fragment and pLXSN were diqeste~ · 

with ico~:r and.~~' el_~~t~~pho~e~i~~1(1! .~~+§~~~:d . j~:./~'.-"·4~~~-
and ligated with T4 liqase. E. ooli w~r- · .. ._ ·, :~;.__ ·: -- --- ·· - .. 
transformed and plasmids a·creen~~ as -'_'aftve~~·, -~-:i£h'i·'. . . ·. -.::'~ ·:~~~I~i~;: 
~=~:!:: :::~iw!:" c~·e:1=r:?iR~, o~ ,)' ~t:, :; 
the qene wa~ · s~qu~ced .i,,y ·th~ did~ox;J~~~i~:~i~~'~?~· · ' ·\- .: {_·:~ .. :.:,:.:t;_t_ ... ~'.-':. 

. t .;- !I-. I- · - . ...: : . - .. "' -¥,·~".':":·.;:. ·· • 
chain termination 'method :to· verify the· des'ired. ·~:/. ' ' ,_. • +· ' • :. '"'.".Q; r~"\·tT.;.••,• ;'.: 

sequence (J. salDbrook et al~,, (1989)). ~:-Tl\e"~isa'lllii PCR · 
' ••:...•'• •_'• t.~, .. ~. • I • ~·, ••• • .. ~~ ... .:' ":.~ -.: ,:'!:·,:::r-1 :: 

prb:iers mentioned" abOv~ ·w~e- us~d t;o.'.~,P'j.i~y~~\"·:,:~'.~... · '·· 
••. ' • .. ·. •• . ·". ~~- ...... -~ J,:.:. ••• •.. :, ... 

cytosine deaminase seqliences in" 1 µg' o(.'P.~-~~ied 
qeno~ic DNA from transfected cells; the PCR product 

underwent Southern analysis using standard · 

... . : 
.. ·- ~ 

.• .· 

:.-. ·-.-
•· .... 

' ·. ·-;·~ . ·. 

~~··. ··:: . ~:" _ ...... 
._, 

i;. •• ! . ..... 
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.techniques (J •. Sambrook et al., (1989)) and a np­

labelled probe oorrespondinq to the 1.7 kb cytosine 
deaminase gene found between the EcoRI and BamHI 
sites in pCD2 (J. Slll!lbrook et al., (1989)) Southern 

5 blots using the same probe were also performed on 
SacI digests of 10 µg samples of purified qenomie 
DNA from cell lines. 

ce11ular tecbnigyes 
Cells were grown in 010, i.e, DMEM 

10 supplemented with 10% vol. heat-inactivated f~tal 
calf serum, 2 mK qluta~ine, 50 U/ml penicillin and 
50 µg/~l streptomycin, and incubated at 37• and 5~ 
C01 • NIH-3T3 cells and PAl17 gells are •ouse 
tibroblast cell lines which have been previously 

15 described (A.D. Miller and c. Buttumore, Mo/. Cell.Bio/. 

20. 

25 

. . 
6:2895-3903 (1986)). PAJ17 has been derived fro~ . . 
NIH-3T3 cells and contains a stably inteqrated 
rep11cation incompetent retroviral qenome; it 
functions as a retroviral packagi~g·li~e wh~~· . 
trans:teoted with plasmids containi~g· af"s'equ~ho~~· 

. 1. ,•· .f' .•. · 

encodinq a retrovirus wl~ an ii;~C:t_· packf9.in9 . 
• • ' I'· 

0
·1 f: I~ .. , : ' 

0
•"- •."' .i_(.' ·\·;: -':' ·. •.·'.·:-..· 

signal. Plasmids pLXSN, pCDl and pco2·oontain. 
retroviral LTR's and an·· intact p~cka~inq sig~al.~ 
Cells were transfected ~ith. 'pu~'i:i~~~i·vlas~id .. DNA_· 

.. .. • ··,': . . :i" .•; .. , ·r. ·:·1 ··:· ·~-·= .. · ·.:.i· ... ~~- -· ·~--. 

usinq a standard.oalciwn phosphate~~ecipitation . 
• ... • • • • ., • ':•' • • • .i:: • ._ ,. •••• ;,-:: : ~:· .:-_ ;- •• • -~~ ~-i~ :.. '"": .•• 

111ethod (J. Sambrook et al., (1989))".~.The procedure 
• •. , -'•r' 1.'· , • ' ,.r- ! , ·-~ . ~- . ~ 

for Yiral transduction has been previously described 
(IC. Cornett~ and: W. F. Aflderson, J. Vl~ol. Meth. 23:,.is6~l94 

• I '·~.:. ' • 

(1988)). 3T3 cells were qrown in supernatant from. 
30 packaging lines and protamina 5 µq/ml for 24 hours 

and then DlO medium was substituted. 72 hours after 
trans~ect1on or 4~ hours a~ter transduction G41U ~ 

: ... ~ • • I ·;: >·~1('~l;~~4f~;~;;i;·; ;. ' . 
.. •:...;;r.~~~1?•"'·'-· 

!. : .• 

. ~'.)·~- . ... :;·~~· :: :::-.1~ . 
... ·.· 

@0311060 

.'.~~~·.~~:: 
. ::' ~ 

. ~ :rr.";;. 
. ''· . .::. .. 
·.:· ~~::'.-:- . 

•.,.-- :.;·..;;.~ ': 

;; : ;ii • 
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~g/ml was added to the medimn and cells were 
selected in this medium for 7 days. Thereafter the 
cells were maintained in 010 medium only. 
Clonoqenic assays were performed as follows. Cells 

S were diluted to 104 /ml and 0.1 ml were placed into 4 
cm flat-bottomed wells of a 6 well costar tissue 
culture dish along with 5 ml of medium with SFC 
and/or G418 at concentrations described in the 
examples below and tables. They were incubated for 

10 5 days at which time the wells were stained with 
Geimsa stain and colonies of greater than 25 cells 
were examined and counted with the aid of a 40X 
microscope. Proliferation assays were performed as 
follows. 101 cells were placed in flat bottomed 

15 wells of a 96 well plates containing 0.2 ml mediWll 
with additives 8$ described in the tables and text. 
At the time indicated the wells were pulsed with 25 
pl 3H-thymidine in RPMI with an activity of o.s 
µCi/25~1. They were harvested 4 hours later with an 

20 automated cell harvester and counted in a 
scintillation counter. 12 replicates of each 
condition were performed. Standard t-test 
statistical •ethods were etnployed (G.W. Snedecor and 
W.G. Cochran, Statistical Methods_ed.7. Iowa State 

25 University press, Ames, Iowa pp. 89-98, 124-128 
(1980)). 

' BnZD@ assay .·. ; 

In wiro assa.y f o:i- cytosine deaii:tinas_~. was 
performed usinq a ll\Odlf ication of pr~viousiy 

30 described methods (L. Anderson et al., (1989)) •. 1 x 
10• cells_._ ~ere centrifuged in a lllicrofuge, w~~hed 
oncd in normal saline, centrifuqed aqain and· .. 

:-- ~ .. . 
. · ..... . 

.·.: 
,. 

'• .. t_ . , ... , • 

··: : : 
. . .:. · .. 

·' ... ,:..;:..: .... ~ . ·:-· 
. - ~ ") . . / 

.. . ... i.t;· • .. ' ... -~.-:_ •. ~~ ·. ·' 
.J<' ~~~ .. · -~ ... ~. --•.. . :.··:·., 

.~· ' .: . ~.~,;=_-· 

-------·-----------· .. ····-- ·-·· . -·····----··· 
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resuspended in 10 ~l of 100 mM Tris pH 7.8, 1 mM 

EDTA and llllM dithiothreitol. They were then 
subjected to 5 cycles of rapid freezinq and thawing. 
The material was cent~ifuged 5 min. in a tabletop 

5 microfuqe. 10 µ1 of supernatant was combined with 
10 pl 3H-cytosine (5mM cytosine in lOOll1M Tris pH 7.8 
with an activity of o.5 ·µc! per 10 µl) and incubated 
for 4 hours. lD~l of sainple and 10µ1 of a marker 

solution containing unlabelled cytosine 0.4 mq/ml 
10 

15 

20 

and unl~bel1ed uracil 0.4 mg/ml in water were ~l~ced 

.. · . .:. on thin layer chromatography sheets (Kodak 
Chromatoqral!1 Sheet 13254) and developed in a ~.lletu,.:i:-e 
of 1-butanol (86\) and water (14%). Afte~ Clrii~g, 

spots correspondinq to. cytosine and uracil were· "out 
out under short wave UV iliumiriation.and ass~t~: in. 

a scintillation counter. The radioactivity_ ·· 
recoverea from the cytosine and uracil band~f 
accounted for essentially all the label introduced 
to the sample as judged by countin9 the activity of 
10 pl of label not subjected to chromatogiaphic 
separation. 

141033/060 

... 

.: '\ 



''' 

02122196 13:50 '5'415 5435043 TOWNSEND SF 

This Sheet Has Been Replaced 

1111111111111111111111111 
28 

Analysis of the ~rotein in bacteria revealed that 
translation be~an at the GTG codon. As described in 
the material and method section above and outlined 
in Figure 1, the 5 1 upstream sequence was altered 

5 using oligonucleotida d~reoted mutaqenesis and the 
gene was cloned into pLXSN under the LTR promoter 
upstrealn of the polyclon1nq site. The resultinq 
plasmid containing the enqineered sequenoe is oalled 
pCD2. This construct has been deposited at the 

10 l.111Al'"i~ain 'l'ypA CU1tnl'"A ~n11Rr.t:inn 4n 'Rl'.'eokvi11o, .:. 
Maryland on April 11, 1991 under the terms of .. the 
Budapest Treaty. The plastnid has been 9.i~e·~ th~.-. . . . 
accession nulllber of 40999. sequencinq of the ·5': . . 
region of the cytosine d.c:=a•ina~c gone ve.r:l.£i..ed. the. " 

15 desired sequence and deletion of as ba~e pa.i:X:~"· ··' · 
upsti:-eam of t:.he start P:lte in pCD1, the unmoei'i~'ied 
plasmid containing the bacterial gene~ · Pi~r. ~: 
summarizes the salient sequences from pCDl (the 
unmodified sequence) and pC02. pC02 contains t:h& 

20 following eUkaryotic e>cpression elemen~.si LTR 
promoter promoting the cytosine deaminase gen~·::.r~<.:.·· 

~034/060 

followed by the SV40 early pr01noter promoting ~~. o> ,. " .,'; ·.:·~ 
gene encoding neomycin ph'osphotransferase. r· ··:·:.:~•-:?r:·::·'.· ·~~- .?~;t:~~ .•. 

, . . {.: .. ~: ... ::(J;j~~~ir;;lh:·~: .. ~=·"i·~k;l~~.;.;:,.,: 
Bxalnple 2. Trans~!'.?~~~J¥, ~-f mammalian ~~~1.S.:!!.~~-~;,t~~~,,¥. :;:'.· :::::.~;.~+/: ... 

25 pCD2 ;-esults in expresst.on of the cytosine deaminase · · " t ·: :t,:: 
. :~ , , · :···. ',,( ·:J~;.r-· i · ·· ~·~:: :;.;_ :: .. 

gm@ . ·r~ .... ,· . ..; ... =;·;: .. :~.~j;~:· --: :.1~1 .. ( ~· :,- · • 
3T3 and PA3~'7 .~!lls ~ere tra~~;~~t'F.~ .. ~~~t;~:-,,: .. :~~:·;'.·:·· >.r.-.: 

pCD2 and 72 houra later .were pla~ed in ... :~~di~;t:--_~ .... :,-:}fr.::·~:~;~t '-"·>··!·~.":i;;,:: . 
containinq G418 1 m~r/mi;!',:.f' The:'·.~·~·11~·~·,;,E!t"?iri~$~t~ci~f~~~<-: ... :~.;:,~ :'.-'>:~,.· 

• . •.. ·· .... ·~'"r. ~·· ., •• , •.• 1r.,,\. r::· .:\~·~r.·, .~ ::~:·:~-~:.;:~·:·: ., . ·:·.·. · ·:.· -~ ~;-· ·· ~ ... ·~ .. 
30 in G418 for 7 days· an~:. the~. ~~.~~taJn~d ~~n .. re~lar ,:!~'.~:,~·:" "~ . ' . 

medium. Resistance to the. neomycin analogue_.G418 ·=- .. ,, ... -. 
· . .· ~ . .'L -·~:... .......... ,._~;~. ·. ··:·~~-1~::.:-it·.~~:·~~~:.;.ir.,L.::...~ .. ·. -~ __ : allowed for enrichment of the. popul~ p. -.o~;.; l.la'._'~:! .. ; .. ~'-i:.::. ·.::;,/: .... 

~h:;~~'. -"'.' .:,,~,~;.~~!~~:~:;"- " ... '~ ,,,,~' ' . . 
':;;:, , . : ' i.::· .. ~.,.,,,.'= .: .. :; ;'...;.i:1.;-.. ~; .... ; . ..,, ·:-.:·;;;'~'\" "'r•.' 
. • • • . ' • • . . >.'<""!'!\ .. ~. '. ,, ~~-~~. l~~ .. ~.:r-.Jl ji:0.;1·:1;;m.- .... . . ' ... . ."~.,~ r..if:!i~ h~f}~;~;~.,~.~~1:'.;~~ ..... , .. . . ,.,·,;-.~,.\. ~: ~ .. ,'):.:~.·'.~· .-.;~ .. ~'·· " . :· '.:'.:.~:.;;::·~~. ·=:~.~~:. . -·''?'.~$;~~·~}_:;;_., .. '<; .;. ., •• 
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with those that had taken up and incorporated 
plasmid seauences. LinA 1~~-~D rQpracQnta a 

ti:~uu:~£11:$\;LJ.un ur JTJ; PA-(;U-A and PA-CD-B represent 

separate transfections of PA317. Incorporation of 
5 the cytosine deaminase gene into the genome wae 

demonstrated in two ways. First, P«;m reactions 

employing primers corresponding to the 5 '---~~d 3 • 
ends of the cytosine dea~inase qene {see Figure l) 

were used to a~plify the qene; Southern blot using a 

10 full length.cytosine deaminase ONA probe 
demonstrated the 1.7 kb qene in 3T3-CD~ PA-CD-A ~nd . . ... 

15 

20 

PA-CD-B DNA but not in control 3'1'3 or-PA317 (Figure 
2). second, southern analysis or genomi'c 'o:N'A. · 

. . . . ~ . 

digected with Sac I U$ing the Sallle probe 
demonstrated the.gene. {Flqure 2). 

. I 

These cell populations was assayed tor 
expression of .the cytosin~ deaminase gene. An mvltro. 

enzY?De assay measured the conversion o~ 
radiolabelled cytosine to uracil by lysates of 
cells. Cell lines 3T3-Co, PA-CD-A a~d PA~co2B 
demonstrated cytosine deaniinase activity by ,, ' 

oonverting cytosine to.uracil while the . 
'· •'. ,.:. ~· ir ;•.·..,: , .. ; · . 

nontransfected contro1:1Ines did not (Table 1) • . ~- .. ~-
. •!' 

. '···. ;;. 

"-' 

. .-: '::t·i.~:.;;~· .. •'i' 

... 

· .. ·· 
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Table 1: Conversion of cytosine to uracil mvltro by lysates o~ 
cell lines oontaininq the cytosine deaminase qene. 

Cell line lysate 

Buff er only 

3T3 

~T3-CD 

PA317 

PA-CD-A 

PA-CD-B 

3T3-CD ... V1 

3T3-CD-V2 

Cytosine 
Exp. 1 

0.2 

0.6 

5.6 

• 
13.3 

deaminase activity, Unitsc 11 

Exg. 2 Exp. 3 Exp.4 

0.1 0.1 0.1 

0.1 0.1 0.1 

1.7 3.4 

0.1 0.1 

17.0 15.7 17.1 

18.3 16.1 

17.5 

16.4 

141036/060 

(1) Values represent conversion ot radiolabeled cytosine 
to iraci l by cell lysates In vtrro. l unit of cytosine deaminase 
activity is defined as 1U = 1 p•ole uracil produced/101 

cells/11in. 

(-) = not clone. 

: . . · . ... -... 

.-.-·.------~ 
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Example 3. Cell lines ~XPressing :ttie cytosine 
deqminase gene ate sensitive to 5FC toxicity 

Clonogenic assays were performe~ to assess 
the sensitivity of cells to 5FC. ioa cells were 

5 inoculated into 4 cm wells and afte~ 5 days the 
number of colonies resulting froa the inocul\Ull were 
counted. Individual cells that can survive and 
proliferate in that environment can qive rise to 
individual colonies. The inoculum was dilute enough 

10 to allow easy identification and enumeration ot 
individual colonies. one would predict that cells 
expressing the cytosine deaminase gene could not 
give rise to colonies in the presence of SFC as they 
would pr.oduce toxic 5FTJ. Sblilarly cells not 

15 eXpressing the neo~ycin Tesistance gene ought not to 
cirow in the presence o~ G41A. 

Assuming a sequence containing both . 
cytosine dealllinase and neomycin resistance qen~~ ,h.~s 
been integrated into the cell'& qenome and that both 

20 genes are expressed, no cell which can survive in 
G41B should survive in SFC and the_relative cloning 

25 

30 

l ~ ·:~ 

efficiency should 'drop to near zero. Table 2. ·· .. _.-;: . 
• · ·. .=!:.oJ_...., .\,."" 1.,dA~ ·,., r.·. · .... demonstrates that this ·is indeed the case for those .. · ·.~~:.:.,;:'''. ... ;·:~ 

•.. ~ .... ·.... ;.;~:;.~.:~'·<:· 
cell lines which expre~s oytosi~e deami~ase;. ~~~ .. lyl~)(· : : .: _ .;:,:i;~ 
In vitro. For 3T3-CD, PA~CD-A and PA~CD-B·, th~· .co':Lo~y/~'.'· ·:·. ; . ·.·~ ~·.:.':: ~:( 

• •"! • • ...... ~... • ,., - l- ··: ... ~··if; ;.:i.::/f.:?-."f. ...... ~: · • .- ...... :.s · .. .:.:· .• ~-1.1·.f.-
counts in G4~8 ·were generally .. greater thet:n : .. t~?i.:;it4:?.·:". .. ·ii<.·:-~.'~:.,. .. 
thirds ot those in medium. only···oontrols i~dj,·d~(fri9::Z1~:·~~.- · ;·.~~~ ;,~.:,;:. ~:· 
considerable enrichment ·~t t!lii··~~p\'iiation·:·.~ith~if'ir~:,. ·-.::, '. \(~~·;:'."'f.:.f 

• · .... '; ·:~ . : "11 ~-.. ·. -~" ~-~·~:-:·.-... ::.·.1P.:~~::J'·. ... . -!~~-· . .;_· ..... 
that had incorporated plasmid ·and expres~ed ·· eti~ . h -!'i[.:;r:; .• ; ·.:·'.~;'.:'~~.;·;.Jj.f:\o; · 

n8c)i~~1~·· phosphotr~ri'Si~~-~e .. :t~~~~J.;;e .' rk:8~1f1i" . ··;,~ ~~;··i(?5)~;:~­
~9i.m1. In SFC a·l~ne th~"··f~l.'at·i~~ct::~~i~~~,;~f~'jw~rif.:·~. ·:·· '.:.· · ... :~~< 
3-15t control counta indicating that the vast ,·' · · '.'t·:: 

111ajority of the transfected cells were ~ensft' ·. 

)f\·;, ·~~!£?~: .. ;~~~~~r~1.~~~i,., ·.·, "i~l.J: A~~ 
... ,. ··,·.~··l~~1J:;:.,~.\;~.:·~- .c ... ,.;i ··1•·~~ft~·.l~'·ii~t;.:i:1.,~ . ·~,.~ .. ~. ··•;u" <•J-, 
.. ·,~-:~:~~if ~r~:~;~~~t~:·t~~~f ·;·:t;,~-~~;~2~:,~~I 

·--· -~-----
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5PC. 5PC did not reduce the gloning erficiency or 

JTJ or PA317 cells and thus the effect could not be 

attributed to the inherent toxicity or 5FC to 
mammalian cells. In mediWll containing both SFC and 

5 G418 almost no colonies of the cytosine dea~inase 
expressinq lines were found. 

. ' 

_r 

·f':· : -· 
·-
.... 

.. . ·~··. ;•1 -· ·~ ~~· .. ·.. • 
,. 

,• 
;. _!,: ·; ": 

j ~· 
-~. . 

.· :~.-;:.~ ~-~ . I• 
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Table 2: Relative cloning efficiency in G418 and/or 
5PC of cell lines containi~9 the cytosine dea•inase 
qene. 

Cell 
(1) 
.l.illi! 

3T3 

3T3-Ct> 

PA317 

PA-CD-A 

PA-CD-B 

3T3-CD-Vl 

Medium 

addit:l,ye 

none 
G (3) 
.,. (4) 
G+P 

none 
G 
F 
C+P 

none 
G 
F 
G+F 

none 
G 
F 
G+F 

none 
G 
F 
G+F 

none 
G 
p 
G+P 

Ave. colony number (sem) 

Exp.l 

171 ± 8.7 
0 ± 0 

160 ± 4.7 
0 ± 0 

131 ± 4/6 
123 ± 3.5 

14 ± 1-4* 
·o ± O* 

84 ± 8.1 
0 ± 0 

80 ± 2 .. 5 
0 ± 0 

187.± 5.8 
123 ± 7.7 

·3 ± 1.4• 
0 ± O* 

161 + 6.0 
112 ± 7.9. 
11 ± 1.1• 

0 ± O* 

EXp.2 

153 ± 10.4 
0 ± 0 

138 ± 6.8 
0 ± 0 

lJO ± 1.7 
100 ± 6.8 

17 ± 1.4• 
0 ± O* 

33 ± 2.3 
0 ± 0 

40 ± 1.3 
0 ± 0 

137 ± 0.9 
77 ± 1.2 

!; ± 1.5• 
0 ± o• 

80 ± 2.9 
38 
15 

0 

Ill 039/060 
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SFC also inhibited In vitro proliferation al!: 

measured by JH-thymidine incorporation assays. 
Table 3 demonstrates nearly complete inhibition of 

3H-thymidine incorporation by SFC in lines JTJ-CD 

S and PA-CD-A at a concentration of o.s mg/ml without 

corresponding effects in the control lines 3T3 and 

PA317• 

• • ...J .... 

.... :.~t;/~)~::/s~.::·_c~ .. -. '·· ' 
.: • i ~ . i ;, 

\, ... •;' ... 
! ' 
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Table 3: Inhibition of ~H-thymidine uptake by 5FC in lines 
expressinq the cytosine deaminase qene. 

.Q!ll Medium111 Ave. cpm + sem121 

' medium alontrn 

3T3 35177 ± 1665 
G 120 ± 14 0.3 
F 50160 ± 1697 142 
C+P' 92 ± 13 0.3 
SFU 880 + 95* 2.5 

3T3-CD 15520 .± 1857 
G 15283 ± 2466 98.5 
F 4425 ± 1182* ~8.5 
G+F 1220 ± 409• 7.9 
SFU 361 ± 33• 2.3 

PA317 28779 ± 1560 
G 175 ± 23 0.6 
F 21287 ± 1456* 74.0 
G+P 120 ± 14* 0.4 
5FU 493 ± 51* 1. ?' 

PA-CD-A 3481J ± 2791 
c 1241~ ± 693 35.7 
F' 250 ± 14• 0.""7 
G+F 178 ± 19• 0.5 
5FU 263 ± 25* o.a 

(1) mediWll was DlO alone (~). or with G418 1 mq/ml(G), 
SFC O.S mg/ml(F), or both G418 and 5FC '(G+G). . 
(2) Wells were pulsed at 72 hours wit;lt_radio1abellecl 
thymidine and harvested 4 hours later. · Values represent 
12 replioatea, · : ' ' 

':'.',_~~:;~. 
:· 

!!!t!o~e!!~U:~~ne = (cpm with mediWll -~dditive) I (cpm ·o·r~~--.~_=.:_~~.·.:,~_';~~-:'~_~,:·.fa_._:·~.·:· * P< 0.01 in comparison of (G+F) vs. (G), (Fl vs. (;;,.f, :. ''? 
(5FU) vs. (:-). . .. ~;, .... ·· · · .-:f~:'.'~j.jt.°~ 

.... .,_ . .. . . ·'' : : ... :". 

.,,~r.:}~~~;~~·'·'f·.:r~:·'i'~i 
. , ~· . . . .. . :- . L. • 

.. ~ .:;._ 
. ~· .. · 
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Table 4 SW!Ullarizes ~he dose response 
relationship between SFC concentration and 
inhibition of cell line PA-CD-A in both clonogenic 
and proliferation ass•ys. Zn line PA-CD-A, 5FC 

s profoundly inhibited both s H-thymidine incorporation 

and colony counts over a concentration ranqe of 62-
500 pg/ml; below that range the effects were 

diminished somewhat but still significant. Ho 
corresponding inhibition of the control PA317 cells 

10 were observed • 

. , .... ·;;. . '. ~ 

141042/060 
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Table 4: SFC selectively eliminates cells expressinq the 
cytosine deaminase gene from mixed population Jn vitro. 

Averaqe colony count ± sam.m 
,Cell§Cll MesUumca1 Exp.1 fCX.Q._.2. 

PA-CD-A 122 ± 5.6 126 ± 1.5 
G 90 + 4.5 85 ± 2.3 
F 7 ± 0.6 14 ± 3.0 
G+F 0.7 ± 0.3 1 ± o.o 

PA317 83 ± 2.0 74 ± 1.5 
G 0 ± 0 0 ± 0 

" 85 ± 3.0 71 + 5.7 
G+F 0 ± 0 0 ± 0 

PA-CD-A 164 ± 5.5 140 ± 5.6 
+ G 83 ± 2.7 72 ± 3.2 

PA317 F 84 ± 1.5 72 ± 1.5 
G+F 0.7 ± 0.3 1 ± 0.3 

(1) in1 'PJ\-~n-a.. 1n3 'PA'n?. or IO~ ?A-t:'O-A plu~ 103 PA.317 
cells were inoculated into wells. 
(2) Medium was 010 with the following additives: (-) 
none, (G) G418 l mg/ml, (F) 5FC 125 µg/ml, (G+F) G418 1 
Mq/~l and 5Fc·125 µ9/ml. 
(3) Values repr~sent average and sem of 3 replicates. 

--
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02/22/96 13:55 "5"415 5435043 TOWNSEND SF 

38 

Table 5 demonstrates the selectivity of 
5FC toxicity in mixed cell populations. Equal 

numbers of PA-CD-A cells (which contain the cytosine 
deaminase qene) and PA317 cells (11Jhich do not) were 

5 mixed and inoculated into wells in clonogenio assays 

and subjected to selection in 5FC, G418 or both. If 
the SFC toxicity were restricted to cells containing 

the cytosine deaminase gene, one would expect 
approximately one-half the cells to be eli•inated 

10 from the mixed population, while nearly all the 
cells in a pure PA-CD-A population and none of the 

cells in a pure PA317 population would be affected 

by SFC. However if there ~ere significant 
"bystander killinq11 by release of cytosine deatninase 

15 a~d/or 5-Fu into the medium one would expect both 
PA-CD-A and PA317 cells in the mixed population to 
be killed. The colony count in SFC was 
approximately one-half the colony count of the mixed 
population in nonseleotive media, while control 

20 PA317 cells were unaffected by 5FC and PA-CO-A cells 
were killed. 

Finally, the presence and expression of 
the cytosine deaminase qene had no deleterious 
effects on cells in the absence of 5FC as judged by 

25 cloninq efficiency, proliferation mvltro, growth rates 
in culture or microscopic morphology. 

--

141044/060 
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Table 5: SFC selectively eliminates cells expressing the 
cytosine cteaminase gene from ?Dixed populations In vitro. 

£,ells''' 

PA-CD-A 

PA317 

PA-CD-A 

G 
F 
G+F 

G 
F' 
G+F 

G 
F 

'G+F 

Average colony count ± seinni 

Exp. 1 

122 ± 5.6 
90 ± 4.5 

7 ± 0.6 
0.7 ± 0.3 

83 ± 2.0 
0 ± 0 

85 ± 3.0 
0 ± 0 

164 ± 5.5 
83 ± 2.7 
84 ± 1. 5* 

0.7 ± 0.3 

Exp. 2 

126 + 1.5 
85 ± 2.3 
14 ± 3.0 

1 ± o.o 

74 ± 1.s 
0 ± 0 

71 ± 5.7 
0 ± 0 

140 ± 5.6 
72 ± 3.2 
72 ± 1.5* 

l ± 0.3 

(1) 10, PA-CO-A, lOi PA317, or 10, PA-CD-A plus 103 PA317 
cells were inoculated into wells. 
(2) Medium was 010 with the following additives: (-) 
none, (G) G418 1 mq/ml, (F) 5FC 125 µq/ml, (G+F) G418 1 
mg/ml and SFC 125 µl/ml. 
(3) Values represent average and sem of 3 replicates. 
* Values do not differ significantly from PA317 colony 
counts in unmodified medium or medium containing SFC. 

141045/060 
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Example 4. Betroyirus mediated gene transfer 

results in successful expression of the cytosine 

deaminase aene 

JTJ cells were transduced by exposure to 

5 the supernatant from cell lines PA-CD-A and PA-CD-B 

and selected in G418 as described above in the 

•aterials and methods section. The resultant cell 

lines were designated 3T3-CD-Vl (transduced with 

retrovirus from PA-CD-B) and 3TJ-CD-V2 (transduced 

10 with retrovirus fro~ PA-CO-A). As seen in Table 1 

lysates of both JTJ-CD-Vl and 3T3-CD-V2 converted 

cytosine to uracil In vitro. They were also sensitive 

to SFC in clonogenic assays (Table 2). 

15 
* * * * 

While the foregoing invention has been 

described in some detail for purposes of clarity and 

understanding, it will be clear to one skilled in 

the art from a reading of this disclosure that 

various chanqes in form and detail can be made 

20 without departinq fro~ the true scope of the 

invention. 
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I lllllll llllll ll\l Ill llll SEQUENCE LISTlNG 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Mullen, Craig A. 
Blaese, R. Michael 

(ii) TITLE OF INVENTION: Cytosine Deaminase Neqative Selection 
System For Gene Transfer Techniques and 
Therapies 

(iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: CUSHMAN, DARBY & CUSHMAN 
(B) STREET: Eleventh Floor, 1615 L. Street, N.W. 
(C) CITY: Washington 
(D) STATE: D.C. 
(E) COUNTRY: USA 
(F) ZIP: 20036-5601 

(V) COMPUTER READABLE FORM:: 
(A) MEDIUM TYPE: Floppy disk 
(B) COMPUTER: IBM PC compatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOF'l'WARE: Patent In Release #1.0, Version #1.25 

(Vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(B) FILING DATE: 
(C) CLASSIFICATION: 
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(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Scott, Watson T. 
(B) REGISTRATION NUMBER: 26,581 
(C) REFERENCE/DOCKET NUMBER: WTS/5683/83833/KIK 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (202)861-JOOO 
(B) TELEFAX: (202)822-0944 
(C) TELEX: 6714627 CUSH 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

@0481060 

GAATTCGTTA ACGCGGTATT AGGTGGCGCG CTGAGCTATC TGATCCTTAA CCCGATTTTG 60 

AATCGTAAAA CGACAGCAGC AATGTCGCAT GTGGAGGCTA ACAGTGTCG 109 
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(2) INFORMATION FOR SEQ 10 N0:21 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleio acid 
(C) STRANDEDNESS: doUble 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

141049/060 

GAAT!'CAGGC TAGCAATGTC G 21 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: singiQ 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:J: 

'!'GACGCGAAT 'l'CAGGC'!'AGC AATGTCG 27 
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(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: sinqle 
(D) 'l'OPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

CACACAT'I'CC ACAGCGGA'l'C C 

141050/060 
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WllAT :IS CLAIMED IS: 
l. A ONA construct that comprises a ~edified 

cytosine deaminase qene fro~ a microrganisM 
and a eUkaryotic expression vector. 

2. The DNA construct according to claim 1 
wherein the •ioroorganism is a bacteria. 

3. The ONA construct desi9nated pCD2 which has 
the accession ATCC #40999. 

4. A •allll!lalian host cell comprising said DNA 
construct according to claim 1, 2 or 3. 

5. The mamlllalian host cell of claim 4 that 
expresses cytosine deaminase protein. 

6. A cytosine deaminase neqative selection 
syste• (CDNSS) that provides a safety system 
in gene transfer therapy comprising the steps 
of: 

(i) insertinq a DNA construct comprising a 
modified CD qene, a eukaryotic 
expression vector and an exogenous DNA 
of interest into the qenome of a host. 
cell and 

(ii) treatinq said host cell if said host 
cell becomes malignant with 5-
fluorocytos~ne (SFC) in 
phartnaooloqically aooeptable doses that 
will kill cells that have genomically 
integrated said DNA construct. 

-

141051/060 
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7. ~he CDNSS according to claim 6 wherein said 

exogenous ONA is a therapeutic gene. .. 

8. A CDNSS that provides a safety system in qene 

transfer therapy co~prising the steps of: 

(i) inserting a ONA oonstruot comprising a 
modified CD 9ne and eukaryotic 
expression vector into the qenome of a 

host cell, 

(ii) 

(iii) 

treating said host cell with neomycin, 

inserting a second construct comprising 

a therapeutic qene into said host cell 
such that all cells that have 
incorporated said therapeutic gene have 

also incorporated said CD gene and, 
(iv) treating said host cell with 5-

fluorocytosine (5FC) if said host cell 

becomes mali~nant in pharmacologically 

acceptable doses that will kill cells 

that genomically integrated said DNA 

construct. 

9. A CDNSS that provides a safety system in gene 

transfer therapy comprising the steps of: 

(i) insertinq a ONA construct comprising a 

modified CD gene, a therapeutic qene 

and eukaryotic expression vector into 
the qeno~e of a host cell and 

(ii) treating said host cell if said host 

cell becomes malignant with 5-
fluorocytosine (5FC) in 
phannacoloqioally acceptable doses that 
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will kill cells that have qenomically 

integrated said DNA construct. 

10. A method of qane therapy that regulates gene 
product expression in a host comprising the 

steps of: 

(i)' inserting a DNA construct comprising a 
modified CO gene, a eukaryotic 
expression vector and a therapeutic 

gene of interest into host cells, 
resulting in an altered host cell, and 

(ii) treating said altered host cell with 
periodic doses of 5~C in pharmacolo9ic 
amounts such that the size of said host 

cell population is diminished but are 
not completely destroyed. 

11. A ~P-~hnrl of requlatinu gene ~roduct ex-pression 
in qene t~ansfer therapy in a host comprising 
the steps of: 

( i) · inserting a DNA construct co:rnprising a 
modified CD gene, eukaryotic expression 
vector and a therapeutic gene of 

interest into host cells resulting in 
an altered host cell, and 

(ii) treating said altered host cell with a 
high dose of 5FC such that all said 

altered cells are destroyed. 

12. A vaccine for mammals against tumors 
comprising a modified CD gene and eukaryotic 
expression vector and tumor extracts or tumor 

cells. 

141053/060 
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13. A method for treating tumors in a patient 
comprisinq administerinq to said patient a 
pharmacologically acceptable dose of the 

vaccine of claim 12 and subsequent 
administration of a high dose of 5PC that will 
destroy the sai~ vaccine. 

14. The method Of claim 13 wherein 5FC is 
administered between 1 day to at least 3 
months after administering said vaccine. 

15. A vaccine for mammals against a microbiologic 
pathogen comprising a live unattenuated virus, 
bacteria or protozoa, modified co gene and 
expression vector in an amount sufficient to 

induce immunization against said virus, 
bacteria or protozoa. 

16. A method of vaccination against a 
microbiologic pathogen comprising 
administering the vaccine of claim 15 into a 
host and subsequent administering a hiqh dose 
of 5FC sufficient to destroy said live 

immunogen. 

17. A method of administering an allogeneic or 
a~tologous bone marrow transplant' in a patient 
comprisinq the steps of: 
(i) treating a bone marrow transplant with 

a CD construct packaged into a vector 
in such a manner that said construct 
will preferentially infect tumor cells 
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or lymphocytes but not bone marrow stem 
cells, 

(ii) treating the bone ~arrow cells 
subsequently with 5FC in doses such 
that tumor cells or lymphocytes are 
completely purged or destroyed and 

(iii) administerinq said treated bone marrow 
cells in a patient. 

18. The method of claim 17 wherein said 5FC 
treatment is given subsequent to 
administration of said bone marrow cell in a 
patient. 

19. A double ne9ative selection vector comprising 
a modified CD qene, the herpes thymidine 
kinase gene and a eukaryotic expression 

vector. 

20. A diaqnostic ~ethod for detecting successfu1 
homologous recombination comprising the steps 

of: 

(i) inserting a modified CO DNA construct 
into a cell line in vitro, 

(ii) creating a deletion mutant that will 
retain si9nif icant homology to the ONA 

sequence of said CD DNA construct but 
render the CD gene biologically 

inactive and 
(iii) detecting successful homologous 

recombination by measuring the loss of 

sensitivity to FC. 

!41055/060 
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21. A method for selectively eli~inating tissue in 
an ani~al host comprising the steps of: 
(i) inserting a CD DNA construct comprising 

a aodified CD qene and a tissue-
specif ic promoter into said animal cell 

and 
(ii) subsequently treating said ani•al host 

with 5FC to eliminate the tissue 
correspondinq to said tissue-specific 
proR'!oter. 

22. A method of cancer therapy in a patient 

oo~prising the steps of 
(i) administering to said patient a 

therapeutic dose of a DNA construct 
comprising a modified co gene and a 
promoter with a predilection for 
transducing cancer cells and 

(ii) subsequently treating said patient with 
a toxic dose of 5FC that will destroy 
said cancer cells but not other cells. 

23. A method of therapy for human immundeficiency 

virus (HIV) infection in patients comprisinq 
the steps of: 
(i) insertinq a ONA construct comprising a 

modified CD gene, a promoter or 
enhancer element from the HIV genome 
and a eukaryotic expression vector into 
the genome of a host white blood cell 
infected with HIV in vitro and 

(ii) treatinq said patient with SFC in 

pharmac~logically acceptable does that 

141056/060 
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will selectively kill cells that 
inteqrated said DNA construct. 

24. A method of treatinq tumors in bone marrow 
stem cells comprising the steps of: 
(i) inserting a DNA cons~ruct comprising a 

modified CD gene and a eukaryotic 
expressing vector into said bone marrow 
ste• cell~ by retroviral transd~ction 
such that only the replicating tumor 
cells will insert the said CD gene but 
not the quiescent bone marrow stem . 
cells and 

(ii) administering of SFC to said cells in 
pharmacoloqically acceptable doses that 
will kill ce!ls that have qenomically 
integrated said DNA construct 

25. A method of producing a transgenic ani~al 
comprising inserting a DNA construct 
¢O~prisin9 a ~edified CD qene and a eukaryotic 
expression veotor into the qerm-line cells of 
said animal. 

26. The method accordinq to claim 25 wherein said 
DNA construct additional comprises a tissue 
specific promoter 

141057 /060 


