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(57) ABSTRACT 

- _ - - The present invention provides a process for preparing a 
(73) Asslgnee' Elsal C0‘ retrovirus to be expressed at a high titer by speci?cally 

(21) APPL NO; 09300520 transferring a desired foreign gene into target cells. A 
pseudotyped retrovirus vector having a high titer can be 

(22) Filed; Man 8, 2001 prepared by transferring a DNA construction Wherein a 
promoter, an loxP sequence, a VSV-G gene and a polyA 
addition signal are arranged in this order is transferred into 

Related US, Application Data cells carrying the retrovirus gag and pol gene expression 
systems, and then transferring a retrovirus vector containing 

(62) Division of application No. 09/214,465, ?led on Jan. the desired foreign gene thereinto, folloWed by the treatment 
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Fig.3 
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PROCESS FOR PREPARING RETROVIRUS 
VECTOR FOR GENE THERAPY 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to a process for 
preparing a retrovirus vector having a high titer and 
employed in gene therapy. 

[0003] 2. Prior Art 

[0004] OWing to the remarkable progress in genetic engi 
neering in recent years, there have been identi?ed genes 
causative of a number of genetic diseases and thus the 
pathological mechanisms of these diseases have been clari 
?ed at the molecular level. Under these circumstances, 
studies on gene therapy have been made to transfer genes 
seemingly capable of ameliorating diseases into cells and 
some of these treatments have been already put into practical 
use. Also, attempts have been made to apply the gene 
therapy to the treatment of cancer, AIDS, etc. In the gene 
therapy, there are knoWn several methods for transferring 
foreign genes. Among all, the most frequently employed 
method at the present stage is the one With the use of 
retrovirus vectors (Miller, A. D., Blood, 76, 271-278, 1990). 
Use of these vectors has the folloWing advantages. Since the 
transferred gene can be surely integrated into chromosomes, 
it can be expressed stably over a long period of time. In 
addition, this method is a highly safe one With little fear of 
cytotoxicity. On the other hand, this method suffers from 
some problems such that no gene can be transferred into 
cells in a number of cases because of the absence of any 
receptor for virus envelope proteins in the target cells, that 
large-siZed DNAs cannot be inserted thereby, and that the 
gene transfer thereby is available exclusively into cells 
Which are capable of dividing. Although gene therapy With 
the use of retroviruses has been frequently employed, no 
sufficient therapeutic effect can be achieved thereby hitherto 
because of the above problems (Marshall, B, Science, 269, 
1050-1055, 1995). 
[0005] To effect the gene therapy, anyWay, it is required to 
satisfy at least the folloWing three conditions: 1) to effi 
ciently transfer a desired gene into the target cells; 2) to 
ensure the continuous expression of the transferred gene; 
and 3) to be safe for the environment including the patient. 

[0006] The conventional process for preparing a retrovirus 
vector comprises transferring a retrovirus genome contain 
ing a desired foreign gene into cells called packaging cells 
Wherein retrovirus gag, pol and env have been expressed 
stably to thereby give a retrovirus containing the foreign 
gene in its vector DNA. HoWever, it is difficult to prepare 
vectors With such high qualities as usable for clinical pur 
poses by this process. Thus, a number of studies have been 
made to prevent the occurrence of a replication competent 
retrovirus (RCR), to produce a retrovirus having a high titer, 
and to elevate the titer of a retrovirus vector by improving 
the vector genome structure or examining the conditions for 
condensation or gene transfer (Vile, R. G., Gene Therapy, 
Churchill Livingstone, 12-30, 1995). In spite of these efforts, 
no technique has been established so far for a vector having 
a broad infection range and a high titer in a large scale stably, 
Which is one of serious obstacles to the gene therapy. 

[0007] MeanWhile, studies have been energetically made 
for a long time by using vesicular stomatitis virus (VSV) as 
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a model of pseudotyped viruses as the joint betWeen retro 
viruses and other viruses (Zavada, 1., Arch. Virol., 50, 1, 
1976). The term “pseudotype” means a phenomenon 
Wherein a virus genome germinates While being surrounded 
by the coat protein of another virus. VSV is a virus having 
a negative single-stranded RNA genome and belonging to 
the family Rhabdovirus. It is considered that the receptors on 
the cell surface of the coat protein (G protein) thereof 
include anionic lipids such as phosphatidylserine. Thus, it is 
knoWn that VSV has an extremely broad host range. It is 
therefore assumed that by preparing a pseudotyped retrovi 
rus having this VSV-G gene product in the coat, genes can 
be efficiently transferred into cells Which can be transduced 
at only a loW or even no infective efficiency With retrovi 
ruses having the inherent envelope protein. In fact, Emi et al. 
(Emi, N., et al., J. Virol., 65, 1202-1207, 1991) and Yee et 
al. (Yee, J. K., et al., Proc. Natl. Acad. Sci. USA, 91, 
9564-9568, 1994) reported a process for preparing a retro 
virus vector having a VSV-G gene product as its envelope 
and pointed out that this pseudotyped virus enabled ef?cient 
gene transfer into cells Which could have been transduced 
only at a loW infective efficiency with a retrovirus having the 
inherent envelope protein. 
[0008] To clinically apply such a VSV-G pseudotyped 
virus vector, it is necessary to establish a method for 
acquiring a virus With a high titer at a high reproducibility. 
HoWever, it is difficult to produce the VSV-G gene product 
at a high level and at a high reproducibility in packaging 
cells, since the VSV-G gene product per se has a cytotox 
icity. This is a serious problem in the development of 
pseudotyped vectors Which are expected to be Widely appli 
cable. Recently, it Was reported that VSV-G pseudotyped 
virus vector-producing cells can be prepared by regulating 
the expression of the VSV-G gene product With the use of 
tetracycline (Yang, Y., et al. Hum. Gene. Ther., 6, 1203 
1213, 1995; Chen, S. T., et al., Prc. Natl. Acad. Sci. USA, 93, 
10057-10062, 1996; and Ory, D. S., et al., Proc. Natl. Acad. 
Sci. USA, 93, 11400-11406, 1996). HoWever, there still 
remain some problems in these reports such that the regu 
lation of the expression of the VSV-G gene product Was not 
completely regulated by tetracycline and, therefore, the 
producing cells might be still re-infected With about 102 to 
104 i.u./ml of the VSV-G pseudotyped virus vector thus 
produced; and that the stability of the packaging cells over 
a long period of time Was still unreliable, since they Were 
made of the co-transfection of a DNA With the VSV-G 
expression and another DNA With the drug-resistance gene 
expression. 
[0009] It is also knoWn that, When a foreign gene to be 
transferred into target cells With the use of a retrovirus 
strongly affects the cells, the virus carrying this foreign gene 
in its virus vector DNA cannot be recovered stably, since the 
foreign gene product affects in the virus-producing cells 
(i.e., the packaging cells containing and expressing the 
vector DNA) per se (Pear, W. S. et al., Proc. Natl. Acad. Sci. 
USA, 90, 8392-8396, 1993). 
[0010] In the present description, the term “pseudotyped 
virus vector” refers to a retrovirus vector having a VSV-G 
gene product in its envelope, While the term “retrovirus 
vector” refers to both a retrovirus vector having the inherent 
envelope protein and a “pseudotyped virus vector”. 

[0011] The term “prepackaging cells” refers to cells in 
Which gag and pol of a retrovirus can be expressed and env 
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thereof cannot be expressed in usual before recombinase 
Was introduced to cells. The term “prepackaging cells con 
taining a vector DN ” refers to the prepackaging cells as 
de?ned above into Which a vector DNA has been transferred 
Further, the term “packaging cells containing a vector DN ” 
refers to cells capable of producing a virus When a recom 
binase is transferred thereinto. 

[0012] Moreover, the term “drug resistance gene” as used 
herein refers to all of loW-efficient drug resistance genes, 
short-lived transcript drug resistance genes having a base 
sequence of a short-lived mRNA of a drug resistance gene 
and conventional drug resistance genes. 

DISCLOSURE OF INVENTION 

[0013] Under these circumstances, an object of the present 
invention is to establish a process Whereby a retrovirus 
vector for speci?cally transferring foreign genes including 
those affecting cells into target cells over a broad range and 
expressing the genes therein can be stably produced at a high 
titer by strictly regulating, compared With the conventional 
processes, cytotoxic virus structural proteins; to establish a 
process for elevating the recovery yield of a retrovirus 
vector by inhibiting the reinfection of producing cells With 
a pseudotyped retrovirus vector; and to efficiently screen 
high-expression cell clones by using a loW-ef?cient drug 
resistance gene or a short-lived transcript drug resistance 
gene in the transcription of tWo genes by a recombinase With 
the use of the same promoter. 

[0014] To solve the above problems, the present inventors 
have conducted intensive studies. 

[0015] A DNA Wherein an loxP sequence, a drug resis 
tance gene, a polyA addition signal, an loxP sequence, a 
VSV-G gene and a polyA addition signal are arranged in this 
order in the doWnstream of a potent promoter is transferred 
into cells having gag and pol genes of a retrovirus trans 
ferred thereinto. Then the resultant cells are screened With 
the use of the drug to prepare prepackaging cells. The 
prepackaging cells thus prepared are transduced With a 
retrovirus vector containing a desired gene inserted in its 
vector DNA to thereby transfer the gene into the prepack 
aging cells. At the same time, a recombinase is introduced to 
the cell. Thus, the VSV-G gene product can be expressed at 
a high level Within a short period of time With the use of the 
same potent promoter as the one employed for expressing 
the drug resistance gene. As a result, a pseudotyped virus 
vector having a high titer can be successfully prepared in a 
large amount prior to the appearance of the cytotoxicity of 
the VSV-G gene product. The present invention has been 
thus completed. 

[0016] The present inventors have also found out that the 
producing cells are reinfected With the pseudotyped retro 
virus vector and the reinfection can be inhibited by adding 
a negatively charged, high-molecular Weight substance to 
the liquid culture medium, thus enhancing the recovery 
yield. 

[0017] They have also utiliZed the phenomenon that, in the 
preparation of the above-mentioned prepackaging cells, 
cells requiring the expression of a stronger resistance marker 
can be efficiently screened by using as a drug resistance 
marker gene one the function of Which has been deteriorated 
by substitution, insertion or deletion in the base sequence in 
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the coding region, one the translation efficiency of Which has 
been loWered by substitution, insertion or deletion in the 
base sequence in the untranslated region (i.e., a loW-ef?cient 
drug resistance gene), or one the stability of the mRNA 
produced by Which has been loWered (i.e., a short-lived 
transcript drug resistance gene). In the present invention, use 
is made of these short-lived transcript drug resistance genes 
thus devised. Furthermore, it has become possible to estab 
lish the enhanced expression of the VSV-G gene product by 
transferring into the cells a retrovirus vector having the 
desired gene or its DNA inserted thereinto and treating With 
a recombinase. Thus, the present inventors have succeeded 
in the production of a large amount of a pseudotyped vector 
having a high titer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention relates to processes for pre 
paring retrovirus vectors for gene therapy Which comprise 
transferring a DNA construction (hereinafter referred to as a 
DNA construction for regulating the expression of a 
virus structural protein by using a recombinase and its 
recognition sequence and another DNA construction (here 
inafter referred to as a DNA construction for regulating 
the expression of a foreign gene encoded in a vector DNA, 
by using a recombinase and its recognition sequence into 
retrovirus gag-pol-producing cells folloWed by the transfer 
of a DNA With the recombinase expression thereinto. More 
particularly, it relates to: 1) a process for preparing a 
retrovirus vector for gene therapy Which comprises trans 
ferring a DNA construction (A) Wherein a promoter, a 
recombinase recognition sequence, a drug resistance gene, a 
polyA addition signal, a recombinase recognition sequence, 
a virus structural protein gene and a polyA addition signal 
are arranged in this order and another DNA construction (B) 
Wherein the LTR of a retrovirus genome and a packaging 
signal are folloWed by a recombinase recognition sequence, 
a drug resistance gene, a polyA addition signal, a recombi 
nase recognition sequence, a foreign gene and LTR arranged 
in this order into retrovirus gag-pol-producing cells folloWed 
by the transfer of a DNA With the recombinase expression 
thereinto; 2) a process for preparing a retrovirus vector for 
gene therapy Which comprises transferring into retrovirus 
gag-pol-env-producing cells a DNA construction (B) 
Wherein the LTR of a retrovirus genome and a packaging 
signal are folloWed by a recombinase recognition sequence, 
a drug resistance gene, a polyA addition signal, a recombi 
nase recognition sequence, a foreign gene and LTR arranged 
in this order folloWed by the transfer of a DNA With the 
recombinase expression thereinto; 3) a process for preparing 
a retrovirus vector for gene therapy Which comprises trans 
ferring a DNA construction (A) Wherein a promoter, a 
recombinase recognition sequence, a drug resistance gene, a 
polyA addition signal, a recombinase recognition sequence, 
a virus structural protein gene and a polyA addition signal 
are arranged in this order and a retrovirus vector DNA 
encoding a foreign gene into retrovirus gag-pol-producing 
cells folloWed by the transfer of a DNA With the recombi 
nase expression thereinto; 4) a DNA construction (A) 
Wherein a promoter, a recombinase recognition sequence, a 
drug resistance gene, a polyA addition signal, a recombinase 
recognition sequence, a virus structural protein gene and a 
polyA addition signal are arranged in this order; 5) a DNA 
construction (B) Wherein the LTR of a retrovirus genome 
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and a packaging signal are followed by a recombinase 
recognition sequence, a drug resistance gene, a polyA addi 
tion signal, a recombinase recognition sequence, a foreign 
gene and LTR arranged in this order; 6) a DNA construction 
(A) Wherein the promoter is CAG; 7) a DNA construction 
(A) or a DNA construction (B) Wherein the recombinase and 
its recognition sequence are Cre recombinase and loXP 
sequence respectively; 8) a DNA construction (A) or a DNA 
construction (B) Wherein the drug resistance gene is a 
neomycin-resistance gene, a puromycin-resistance gene or a 
hygromycin-resistance gene; 9) a DNA construction (A) or 
a DNA construction (B) Wherein the drug resistance gene is 
a loW-ef?cient drug resistance gene or a short-lived tran 
script drug resistance gene having a short-lived mRNA base 
sequence; 10) a DNA construction (A) or a DNA construc 
tion (B) Wherein the loW-ef?cient drug resistance gene or the 
short-lived transcript drug resistance gene is one originating 
in a neomycin resistance gene, a puromycin resistance gene 
or a hygromycin resistance gene; 11) a short-lived transcript 
drug resistance gene characterized by having a short-lived 
mRNA base sequence of a neomycin resistance gene, a 
puromycin resistance gene or a hygromycin resistance gene; 
12) a short-lived transcript drug resistance gene Wherein the 
mRNA has been made short-lived With an mRNA-unstabi 
liZing signal originating in c-fos; 13) a DNA construction 
(A) or a DNA construction (B) Wherein the polyA addition 
signal is one originating in SV40 or [3-globin; 14) a DNA 
construction (A) Wherein the virus structural protein gene is 
a DNA encoding vesicular stomatitis virus (VSV) G protein 
(VSV-G); 15) the DNA construction (B) as set forth in claim 
2, Wherein the retrovirus genome is one originating in 
Moloney murine leukemia virus (MoMLV); 16) a DNA 
construction (B) Wherein the retrovirus genome is one 
originating in a lentivirus; 17) a DNA construction (B) 
Wherein the foreign gene is a gene aiming at cell transfer for 
gene therapy; 18) a DNA construction (B) Wherein the 
foreign gene is a gene of a cytotoxic protein; 19) a DNA 
construction (A) Wherein a CAG promoter, an loXP 
sequence, a drug resistance gene, a polyA addition signal, an 
loXP sequence, a VSV-G gene and a polyA addition signal 
are arranged in this order; 20) a DNA construction (B) 
Wherein the LTR of a retrovirus genome and a packaging 
signal are folloWed by an loXP sequence, a drug resistance 
gene, a polyA addition signal, an loXP sequence, a foreign 
gene and LTR arranged in this order; 21) a prepackaging cell 
for producing a retrovirus vector Wherein a DNA construc 
tion (A) has been transferred into a retrovirus gag-pol 
producing cell; 22) a virus vector DNA-containing prepack 
aging cell for producing a retrovirus vector Wherein a DNA 
construction (B) has been transferred into a retrovirus gag 
pol-env-producing cell; 23) a virus vector DNA-containing 
prepackaging cell for producing a retrovirus vector Wherein 
a DNA construction (A) and a DNA construction (B) have 
been transferred into a retrovirus gag-pol-producing cell; 24) 
a virus vector DNA-containing prepackaging cell for pro 
ducing a retrovirus vector Wherein a DNA construction (A) 
and a virus vector DNA encoding a foreign gene have been 
transferred into a retrovirus gag-pol-producing cell; 25) a 
prepackaging cell for producing a retrovirus vector Wherein 
the retrovirus is murine leukemia virus (MLV); 26) a process 
for preparing a pseudotyped retrovirus Wherein a negatively 
charged, high-molecular Weight substance is contained in 
the liquid culture medium; and 27) a process for producing 
a pseudotyped retrovirus Wherein the negatively charged, 
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high-molecular Weight substance is one selected from 
among heparin, heparan sulfate and chondroitin sulfate. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] FIG. 1 schematically illustrates a system for pro 
ducing a pseudotyped retrovirus by prepackaging cells. 

[0020] FIG. 2 shoWs the construction of pCALNLG and 
pCALNdLG. 
[0021] FIG. 3 shoWs the construction of pBabe and pBa 
beloXpuro. 
[0022] FIG. 4 shoWs the detection of VSV-G by the 
Western blotting method. 

[0023] FIG. 5 shoWs the stability of PtG-L1 as prepack 
aging cells. 

[0024] FIG. 6 shoWs a change in the virus productivity of 
PtG-L1 With the passage of time. 

[0025] FIG. 7 shoWs a change in the pseudotyped retro 
virus productivity of PtG-S2 With the passage of time. 

[0026] FIG. 8 shoWs a change in the pseudotyped retro 
virus productivity of PtG-L1 With the passage of time. 

[0027] FIG. 9 shoWs an analysis on a change in protein 
synthesis determined by the Western blotting method before 
and after transferring the Cre recombinase. 

[0028] FIG. 10 shoWs an analysis on a change in chro 
mosomes detected by the Southern blotting method before 
and after transferring the Cre recombinase. 

[0029] FIG. 11 shoWs an effect of heparin on the viral 
trnasduction. 

[0030] FIG. 1 summariZes the invention relating to a 
retrovirus vector for gene therapy prepared by the process 
according to the present invention. 

[0031] A recombinase is an enZyme participating in a 
DNA site-speci?c recombination Which catalyZes by itself a 
series of reactions required in the site-speci?c recombina 
tion, i.e., recognition of a speci?c base sequence, cleaving of 
the same, and binding. More particularly, use can be made 
therefor of a recombinase encoded by an FLP gene origi 
nating in a yeast 2 p plasmid, a recombinase originating in 
pSR1 plasmid of Schizosaccharomyces louii, a Cre recom 
binase encoded by a P1 phage of Escherichia coli, etc. each 
combined With the recognition sequence corresponding 
thereto. The Cre recombinase may be proposed as a prefer 
able recombinase. The Cre recombinase is an enZyme Which 
speci?cally recogniZes an loXP sequence of 34 base pairs 
(Fukushige, S., et al., Proc. Natl. Acad. Sci. USA, 89, 
6323-6236, 1992). When a recombinant vector having tWo 
copies of this loXP sequence in the same direction is con 
structed and treated With the Cre recombinase, there arises 
a recombination betWeen these tWo loXP sequences and the 
region located betWeen these sequences is cut off therefrom 
as a cyclic molecule. This process is called the Cre/loXP 
system. 

[0032] A DNA construction (A) Which regulates the 
expression of a virus structural protein gene by using a 
recombinase and its recognition sequence carries a pro 
moter, the recombinase recognition sequence, a drug resis 
tance gene, a polyA addition signal, the recombinase rec 
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ognition sequence, the virus structural protein gene and a 
polyA addition signal arranged in this order. On the other 
hand, a DNA construction (B) Which regulates the expres 
sion of a foreign gene by using a recombinase and its 
recognition sequence carries the LTR of a retrovirus genome 
and a packaging signal folloWed by the recombinase recog 
nition sequence, a drug resistance gene, a polyA addition 
signal, the recombinase recognition sequence, the foreign 
gene and LTR arranged in this order. In these cases, the drug 
resistance gene alone is transcribed in the promoter (or LTR 
in the DNA construction When such a construction is 
transferred into cells, therefore, the cells can be selected by 
using the drug resistance. When the cells thus screened are 
treated by introducing of the Cre recombinase, there arises 
the recombination betWeen tWo loxPs in the construction 
and the region located betWeen them is cut off therefrom as 
a cyclic molecule. Thus, the virus structural protein gene (or 
the foreign gene) is expressed for the ?rst time. A large 
characteristic of the present invention resides in that tWo 
functions, i.e., the expression of a drug resistance marker 
gene and the expression of a virus structural protein gene 
(for example, VSV-G) after the treatment With the Cre 
recombinase are established by a single promoter With the 
use of the Cre/loxP system as described above. Therefore, 
the present invention makes it possible to prepare a clini 
cally applicable vector having a high titer by using the 
Cre/loxP system even in a case Where a retrovirus vector 
With a high titer can be hardly constructed at a high 
reproducibility due to the cytotoxicity, etc. of the desired 
foreign gene or virus structural protein gene. 

[0033] Although the recombinase recognition sequences 
are inserted in the regular order in the DNA constructions 
(A) and (B), those having the recombinase recognition 
sequences inserted in the opposite order also fall Within the 
scope of the present invention. In the case of the DNA 
construction (B), the packaging signal may be folloWed by 
a promoter or the polyA sequence folloWing the drug 
resistance gene may be deleted. The present invention 
involves any DNA constructions carrying the constituents of 
the DNA construction (B) arranged in the order as de?ned 
above regardless of the presence of the promoter and the 
polyA sequence as described above. A DNA construction 
free from the polyA signal can serve as a virus vector DNA 
even When it is not treated With the Cre recombinase. Thus 
the expression of the foreign gene can be initiated by 
transferring the Cre recombinase after the transduction of 
the target cells thereWith. By using a speci?c promoter, the 
post-transductive expression of the foreign gene can be 
speci?cally regulated. Although another DNA may be 
inserted betWeen the above genes (DNA constructions) in 
the constitutions of the DNA constructions (A) and (B), the 
present invention involves any DNA constructions aiming at 
the same objects as those of the present invention and having 
the same arrangements as the ones de?ned above. 

[0034] As the drug resistance gene, use can be made of a 
neomycin resistance gene, a puromycin resistance gene, a 
hygromycin resistance gene, etc. Which have been com 
monly employed in the art. Preferable examples thereof 
include a drug resistance gene the function of Which has 
been deteriorated by substitution, insertion or deletion in the 
base sequence in the coding region thereof, a drug resistance 
gene the translation ef?ciency of Which has been loWered by 
substitution, insertion or deletion in the base sequence in the 
untranslated region thereof (i.e., loW-efficient drug resis 
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tance genes) and a drug resistance gene the stability of the 
mRNA produced by Which has been loWered (i.e., a short 
lived transcript drug resistance gene). It is still preferable to 
use therefor a short-lived mRNA neomycin resistance gene 
Which is a short-lived transcript drug resistance gene 
obtained by transferring an mRNA unstabiliZing sequence 
(ARE: AU-rich element) observed in the 3‘-untranslated 
region of c-fos gene (Chen, C. A., Shyu, A., Mol. Cell. Biol., 
14, 8471-8482, 1994) into the 3‘-untranslated region of a 
publicly knoWn resistance gene. 

[0035] Another large characteristic of the present inven 
tion resides in that use of such a devised drug resistance gene 
makes it possible to ef?ciently screen cells With particularly 
high expression from the promoter transferred normally into 
chromosomes and to further elevate the screening ef?ciency 
of prepackaging cells for preparing a vector With a high titer. 
In the present invention, use is made of a neomycin resis 
tance gene Which can be screened With the use of G418 

(mfd. by Schering AG). 
[0036] The negatively charged high-molecular Weight 
substance to be used as a reinfection inhibitor for elevating 
the recovery yield of the pseudotyped retrovirus is not 
particularly restricted. Examples thereof include heparin, 
heparan sulfate and chondroitin sulfate. It is preferable to 
use heparin therefor. 

[0037] The virus structural protein may originate in any 
virus Without restriction. As an envelope for preparing a 
pseudotyped virus, it is preferable to use a VSV-G gene 
Which is the sequence of the VSV-G (indiana) species 
containing the full-length translated region (Gallione, C. J ., 
46, 162-169, 1983). 
[0038] The foreign gene is not particularly restricted, so 
long as it is a gene aiming at cell transfer for gene therapy. 
HoWever, the process of the present invention With the use 
of the Cre/loxP system is particularly ef?cacious in the cases 
of cytotoxic proteins. This is because such a protein doesn’t 
undergo expression before the treatment With the recombi 
nase and after treating With the recombinase, the protein is 
expressed Within a short period of time by the same pro 
moter, Which makes it possible to prepare a retrovirus vector 
before the cytotoxicity is exhibited. 

[0039] The virus genome to be used in the present inven 
tion may be an arbitrary one, so long as it is a genome 
originating in a retrovirus. Preferable examples thereof 
include those originating in oncoviruses such as Moloney 
murine leukemia virus (MoMLV) and in lentiviruses such as 
human immunode?ciency virus (HIV). 

[0040] Although use may be made of promoters com 
monly employed in the art as the promoter of the DNA 
construction (A), it is preferable to use one With a high titer 
capable of expressing a virus protein Within a short period of 
time. As an example thereof, a CAG promoter reported by 
NiWa et al. may be proposed (NiWa, H., Yamamura, K., 
MiyaZaki, J., Gene, 108, 193-200, 1991). 

[0041] Although the polyA addition sequence is not par 
ticularly restricted, it is preferable to use one originating in 
a rabbit [3-globin gene or the SV40 virus. 

[0042] The cells into Which the DNA constructions (A) 
and (B) are to be transferred may be arbitrary ones, so long 
as the gag and pol genes encoding structural proteins can be 
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expressed therein. As a preferable example thereof, FLY 
cells (Cosset, et al., J. Viol., 69, 7430-7436, 1995) may be 
porposed. 

[0043] The above-mentioned retrovirus gag, pol-produc 
ing cells having a DNA construction (A), in particular, those 
containing a VSV-G gene are useful in preparing prepack 
aging cells for the production of virus vectors, in particular, 
pseudotyped virus vectors. These cells are involved in the 
scope of the present invention. The retrovirus gag, pol 
producing cells having a DNA construction (A) and a DNA 
construction (B) or a retrovirus vector DNA encoding a 
conventional type foreign gene transferred thereinto are 
useful as prepackaging cells containing a virus vector DNA 
for the production of retrovirus vectors, in particular, those 
of the pseudotypes. These cells are also involved in the 
scope of the present invention. Prepackaging cells for the 
production of retroviruses having ecotropic envelope pro 
teins capable of exclusively transducing rodent cells or 
amphotropic envelope proteins capable of transducing vari 
ous cells including human ones, namely, retrovirus gag-pol 
env-producing cells having a DNA construction (B) trans 
ferred thereinto are useful as prepackaging cells containing 
a virus genome for the production of usual retrovirus vectors 
containing a desired foreign gene to be transferred. These 
prepackaging cells are particularly useful When the desired 
foreign gene to be transferred is a cytotoxic one. These cells 
are also involved in the scope of the present invention. 

[0044] To transfer into cells a Cre recombinase expression 
system for making the Cre recombinase to act in the cells, 
use can be made of retrovirus vectors, adenovirus vectors, 
etc. A preferable example thereof is an adenovirus vector 

(JP-A 8-84589). 
[0045] The present invention is largely characteriZed in 
that tWo functions, i.e., the expression of a drug resistance 
marker gene and the expression of VSV-G gene (or foreign 
gene) after the treatment With the Cre recombinase can be 
established by using a single promoter, and that the screen 
ing efficiency of prepackaging cells for preparing a vector 
With a high titer can be elevated by using deteriorated drug 
resistant marker. It is expected that the process of the present 
invention is effective particularly in a case Where a retrovirus 
vector having a high titer can be hardly prepared at a high 
reproducibility due to the cytotoxicity etc. of a desired 
foreign gene, etc. 

MODE FOR CARRYING OUT THE INVENTION 

[0046] In the present invention, preparation of each DNA 
construction, handling of viruses and cells, etc. may be 
effected by Well knoWn methods commonly employed in the 
art. For example, use can be made of the procedures 
described in “Shin-seikagaku Jikken KoZa, vol. 18, Saibo 
Baiyo Gijutsu” (1990), Tokyo Kagaku Dojin; “Idenshi 
Chiryo no Kiso Gijutsu”, Yodosha (1996); and “Molecular 
Cloning. A Laboratory Manual”, ed. by T. Manitis et al. 
(1989), Cold Spring Harbor Laboratory. 

[0047] Next, a process for preparing a DNA construction 
(pCALNLG) having a drug resistance gene for inducing the 
expression of the VSV-G gene product by the Cre recom 
binase and a process for preparing another DNA construc 
tion (pCALNdLG) having a sequence transferred thereinto 
for making short-lived the transcript of the drug resistance 
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gene contained in the former DNA construction (hereinafter 
referred to as the short-lived transcript sequence) Will be 
described. 

[0048] To prepare pCALNLG, the code sequence of the G 
protein of VSV (Indiana: serum type) (Rose, J. K., Cell, 30, 
753-762, 1982) is inserted into the SWaI-cleavage site of 
pCALNLW Which has been constructed by deleting a lacZ 
gene from pCALNZ (Kanegae, Y., et al., Nucl. Acids, Res. 
23, 3816-3821, 1995) and transferring the SWaI-cleavage 
site thereinto and Wherein the loxP sequences are located on 
both sides of the neomycin resistance gene in the regular 
order (FIG. 2). 
[0049] To transfer the short-lived mRNA sequence into the 
3‘-untranslated region of the drug resistance gene in 
pCALNLG, a sequence of 414 bps Which is the short-lived 
mRNA sequence of chicken c-fos (AU Rich Element: ARE) 
having been cleaved With ClaI and BglII (the BglII site 
having been blunt-ended With klenoW ?ll in) is inserted into 
the NspV, ClaI-cleavage sites (the ClaI site having been 
blunt-ended by creating an NruI-site by blunting With kle 
noW ?ll in and then cleaving With by NruI) by using the 
adhesion of the NspV-site to the ClaI-sites, thus constructing 
pCALNdLG (FIG. 2). 
[0050] As a retrovirus vector DNA originating in Moloney 
murine leukemia virus (MoMLV) for transferring a foreign 
gene, use is made of pBabe (Morgenstennm, J. P. and 
Hartmut, L., Nucleic Acids Res., 18, 3587-3596, 1990), etc. 
FIG. 3 shoWs the one prepared and used as a retrovirus 
genome. 

[0051] The retrovirus vector DNA pBabe loxPuro for 
cutting off the drug resistance gene as a cyclic molecule by 
treating With the Cre recombinase to thereby initiate the 
expression of the foreign gene is constructed in the folloW 
ing manner. As a multicloning site for inserting a foreign 
gene, the folloWing oligo DNA is designed and ordered. 
Thus, this DNA is purchased from Greiner Japan. Restric 
tion enZyme recognition sites are underlined. 

[0052] 5‘-tcgac gc agatct cacgtg atttaaat at -3‘ 

[0053] SalI BglII PmlI SWaI ClaI 

[0054] 3‘- g cg tctaga gtgcac taaattta tagc-5‘. 

[0055] DNA containing the puromycin resistance gene 
and the SV40 polyA signal is cut off from PPUR (mfd. by 
GIBCO) With HindIII and BamHI and then inserted into the 
HindIII, BamHI-sites of pBS246 (mfd. by GIBCO) Which is 
a plasmid for integrating the loxP sequence. Next, a frag 
ment loxP/puromycin resistance gene/SV40 poly A/loxP 
sequence is cut off therefrom With EcoRI and ScaI and 
blunt-ended by a KlenoW fragment to give a loxpuro insert. 
Separately, the SV40 promoter and the drug resistance gene 
are deleted from pBabe With the use of SalI and ClaI and the 
above-mentioned oligo DNA for transferring the multiclon 
ing site is inserted thereinto. Then the loxpuro insert is 
inserted into the site having been cleaved With SnaBI to give 
pBabe loxpuro. At the same time, construction is made of 
another DNA construction (pBabe loxpuroDpA) Which is 
free from the SV40 polyA signal and thus can serve as a 
virus vector DNA Without the treatment With the Cre recom 
binase so as to initiate the expression of the foreign gene 
When it transduces target cells folloWed by the transfer of the 
Cre recombinase thereinto. 
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[0056] The nlslacZ cut off from pCALNZ (Kanegae, Y. et 
al., Nucl. Acids, Res., 23, 3816-3821, 1995) is inserted into 
pBabe or pBabe loxpuro and then employed in the prepa 
ration of a retrovirus genome With [3-galactosidase (nlslacZ) 
having a nuclear transport signal for measuring the virus 
titer. 

[0057] The virus titer is measured in the folloWing man 
ner. One day before the infection, rat ?broblasts 3Y1 are 
transferred into a 96-Well plate to give a cell density of 
1.5><103/96 Wells. Samples are thaWed and diluted With the 
liquid culture medium at various levels. Then the rat ?bro 
blasts 3Y1 are transduced thereWith together With 0.5 mg/ 96 
Wells of polybrene. After three days, the infected cells are 
?xed With 1.25% glutaraldehyde and the lacZ-transduced 
cells are stained by using X-gal in accordance With the 
method described above. The colonies thus stained blue are 
counted and it is con?rmed that the colony count varies 
depending on the dilution level, thus calculating the titer. 
The titer is expressed in the number of the infectious units 
(hereinafter referred to simply as i.u.) per ml, namely, 
i.u./ml. 

[0058] The VSV-G gene product and MLV gag p12 are 
immunologically stained by using VECTASTAIN (mfd. by 
VECTOR) in the folloWing manner. The cells are ?xed in 
PBS containing 3% of p-formaldehyde and 0.1% TritonX 
100 at room temperature for 15 minutes. After Washing With 
PBS tWice, primary antibody solutions diluted 1,000- to 
3,000-fold are prepared by using Hank’s buffered salt solu 
tion (HBSS) containing goat serum and bonded thereto at 
room temperature for tWo hours. After Washing With PBS 
tWice, a biotin-labeled secondary antibody against mice, 
Which is the primary antibody-producing animal, is diluted 
1,000-fold With HBSS containing caprine serum and bonded 
at room temperature for 30 minutes. Subsequently, staining 
is effected according to the manufacturer’s instructions of 
VECTASTAIN. 

EXAMPLES 

[0059] To further illustrate the present invention in greater 
detail, and not by Way of limitation, the folloWing Examples 
Will be given. 

Example 1 

Transfer of pCALNLG Into FLY Cells and Primary 
Screening of Prepackaging Cell Lines Inducing the 

Expression of VSV-G Gene Product 

[0060] A DNA construction pCALNLG (FIG. 2) having a 
neomycin resistance gene for inducing the expression of the 
VSV-G gene product by the Cre recombinase Was trans 
fected in the folloWing manner into FLY cells (Cosset, et al., 
J. Virol., 69, 7430-7436, 1995) capable of expressing the gag 
and pol gene products of MoMLV stably. 

[0061] 10 to 30 pg of pCALNLG Was transfected into FLY 
cells, Which had been transferred on the previous day to give 
a density of 5><105 cells/10 cm dish, by the calcium phos 
phate method (Chen, C. and Okayama, H., Mol. Cell. 
Biol.,7, 2745-2752, 1987). On the next day, the calcium 
phosphate Was eliminated and the cultured cells Were 
divided one or tWo days thereafter. On the next day, 1 mg/ml 
of G418 (mfd. by GIBCO) Which is a neomycin derivative 
Was added thereto to screen stable strains. The screening Was 
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continued for about 14 days. When G418-resistant colonies 
attained such a siZe as alloWing ?shing, the colonies Were 
individually transferred into a 96-Well plate by using a 
cloning cylinder and then cultured therein. 

[0062] Each colony Was divided into tWo. One of these 
sections Was infected With an adenovirus (AxCANCre) for 
the expression of the Cre recombinase (Kanegae, et al., 
Nucleic Acids Res., 23, 3816-3821, 1995) at a multiplicity 
of infection (hereinafter referred to simply as moi.) of 30. 
Thus the Cre recombinase Was transferred thereinto and 
G418 Was removed from the liquid culture medium. Another 
section of the colony Was not subjected to any treatment but 
cultured as such to store the cells in liquid nitrogen. Three 
days after the infection, the expression of the VSV-G gene 
product in the one infected With AxCANCre Was detected by 
the above-mentioned immunological staining method With 
the use of a VSV-G antibody (P5D4, Sigma V5504). Among 
11 clones thus obtained, tWo (PtG-Ll and PtG-L2) shoWed 
the expression of the VSV-G gene product under the action 
of AxCANCre. When these colonies Were compared With 
each other, PtG-Ll shoWed much stronger staining than 
PtG-L2. On the other hand, none of the clones not infected 
With AxCANCre shoWed any expression of the VSV-G gene 
product. 

Example 2 

Detection of VSV-G Gene Product Produced By 
PtG-Ll Cells By Western Blotting Method 

[0063] The VSV-G gene product produced by PtG-Ll, i.e., 
the prepackaging cells strongly stained in Example 1, Was 
detected by using the anti-VSV-G antibody (P5D4) recog 
niZing the C-terminal part thereof in the folloWing manner. 

[0064] The PtG-Ll cells Were transferred into tWo dishes 
(10 cm) to give a density of 5><105 cells/dish. On the next 
day, the cells in one dish Were infected With AxCANCre at 
an moi. of 30, While those in another dish Were not infected. 
After four days, the cell constituents Were solubiliZed With 
500 pl of a sample buffer (61.2 mM Tris/HCl, pH=6.8, 1.6% 
SDS, 2.5% [3-mercaptoethanol, 9.8% glycerol), then treated 
at 100° C. for 5 minutes and stored at —20° C. The protein 
contained in the sample thus obtained Was determined by 
using a protein assay solution (mfd. by BIORAD) and 
SDS-PAGE Was carried out in such a manner as to give 20 

pg of the protein per lane. The electrophoretic gel Was 
electrotransferred onto Immobilon (mfd. by Millipore) and 
bonded to a primary antibody Which Was the VSV-G anti 

body (P5D4, Sigma V5504) diluted 3,000-fold and a sec 
ondary antibody Which Was a biotin-labeled antibody against 
mice IgG, Which Were the primary antibody-immune animal, 
diluted 1,000-fold. Then detection Was performed by using 
an ECL kit (mfd. by Amersham). As a result, the sample 
treated With AxCANCre shoWed a band at 70 kDa Which 
Was seemingly assignable to the VSV-G gene product, While 
the uninfected one shoWed no band. These results agreed 
With the results of the immunological staining. Namely, the 
sample not treated With AxCANCre shoWed no expression 
of the VSV-G gene product While the Cre recombinase 
transferred by AxCANCre induced the expression of the 
VSV-G gene product. FIG. 4 shoWs the results. 



US 2001/0018203 A1 

Example 3 

Transfer of Virus Vector DNA Into PtG-L1 and 
Determination of Virus Production By Cre 

Recombinase 

[0065] Eleven clones Which had not been subjected to any 
treatment but been cultured as such as described in Example 
1 Were stored in liquid nitrogen and a retrovirus vector DNA 
encoding [3-galactosidase (lacZ) Was transferred into a por 
tion of these cells via transduction of amphotropic retrovirus 
encoding nlslacZ. After con?rming that the retrovirus 
genome encoding lacZ had been transferred into most of the 
cells by X-gal staining, each clone Was divided into tWo. 
One section Was not infected but cultured as such, While 
another section Was infected With AxCANCre to thereby 
induce the expression of the VSV-G gene product. Subse 
quently, the liquid culture medium Was replaced by a fresh 
one at intervals of about three days until the day before the 
recovery of the virus. On the next day, the culture superna 
tant Was recovered and centrifuged at 3,000 rpm for 30 
minutes. The supernatant thus obtained Was stored at —80° 
C. as a virus stock. When the titer of each clone Was 
measured by using rat ?broblasts 3Y1 With the use of the 
expression of the lacZ gene as an indication, the virus Was 
detected from four clones infected With AxCANCre includ 
ing the above-mentioned PtG-L1 and PtG-L2. On the other 
hand, those not treated With AxCANCre shoWed no produc 
tion of the virus. TWo clones in Which the expression of the 
VSV-G gene product could not be con?rmed shoWed loW 
titers and the virus production thereof depended on AxCAN 
Cre. These results indicated that the VSV-G gene product 
Was expressed in these clones in such a small amount that it 
could not be detected at the sensitivity of the immunological 
staining employed. Among these colonies, PtG-L1 having 
the Cre recombinase transferred thereinto shoWed a maxi 
mum virus productivity of 4><103 i.u./ml. Since the three 
clones other than PtG-L1 shoWed virus productivities of less 
than 100 i.u./ml, the subsequent studies Were focused on 
PtG-L1 to clarify its properties. 

Example 4 

Properties of Envelope Protein of Virus Vector 
Produced By PtG-L1 

[0066] It Was expected that the envelope of the virus 
produced by PtG-L1 might be VSV-G (Indiana type) origi 
nating in pCALNLG, since the virus Was produced depend 
ing on AxCANCre. To con?rm this point, an anti-VSV-G 
antibody (Indiana type ATCC VR-1238AF) Was purchased 
from ATCC and the folloWing experiment Was carried out 
for inhibiting the transduction. 

[0067] A virus sample produced by treating PtG-L1 With 
AxCANCre Was mixed With 1/10 time (v/v) as much the 
antibody and reacted at 4° C. for one hour. Next, the effect 
on the infection Was examined by the above method by using 
3Y1 With the use of the expression of the lacZ gene as an 
indication (Table 1). As a negative control, use Was made of 
an anti-VSV-G antibody not binding to the Indiana type 
VSV-G (NeW Jersey type ATCC VR-1238AF). When the 
anti-VSV-G antibody (Indiana type) Was used, the infection 
Was completely inhibited at a level of 1/ 10. This effect Was 
also observed at a level of 1/ 1,000. In contrast, the negative 
control anti-VSV-G antibody (NeW Jersey type) exerted no 
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effect on the infection regardless of the dilution level. These 
facts indicated that the envelope of the virus produced by 
PtG-L1 Was VSV-G (Indian type) as expected. 

TABLE 1 

Infectivity titer (i.u./ml) of virus produced by PtG-L1 
after treating With anti-VSV-G antibody 

Antibody dilution level/ No 
Antibody 1/10 1/100 1/1000 anti-body 

anti-VSV-G antibody <10 3.0 X 102 1.4 X 103 3.3 X 103 
(New Jersey type) 
anti-VSV-G antibody 
(New Jersey type) 

3.2 x 103 2.8 x 103 2.8 x 103 3.3 x 103 

Example 5 

Elimination of Neomycin Resistance Gene From 
Chromosome After the Introduction of Cre 

Recombinase 

[0068] After transferring the Cre recombinase into PtG-L1 
by the infection With AxCANCre, G418 Was added to the 
liquid culture medium in one culture While G418 Was 
eliminated from the liquid culture medium in another cul 
ture. Then these cultures Were compared With each other in 
viable count. After nine days, the viable count of the culture 
to Which G418 had been added Was reduced to less than 5% 
of that of the culture from Which G418 had been eliminated. 
It Was thought that the neomycin resistance gene Would be 
continuously expressed so long as it existed in chromosomes 
but its expression Would be ceased When it Was eliminated 
from the chromosomes as a cyclic DNA. Accordingly, it Was 
considered that the fact that the neomycin resistance disap 
peared in PtG-L1 infected With AxCANCre indicated that 
the neomycin resistance gene had been eliminated from the 
chromosome by the Cre recombinase. 

Example 6 

Stability of pCALNLG Gene in PtG-L1 

[0069] To examine Whether or not the pCALNLG gene 
Was sustained in PtG-L1 stably, the folloWing experiment 
Was carried out by using PtG-L1lacZ Which had been 
prepared by transferring the lacZ vector DNA employed in 
Example 3 into PtG-L1 and then stored in liquid nitrogen. 
The Cre recombinase Was transferred by using AxCANCre 
at an moi. of 30 into PtG-L1lacZ-1 neWly taken out from 
liquid nitrogen and thaWed and PtG-L1lacZ-2 Which had 
been continuously cultured for tWo months Without trans 
ferring the Cre recombinase. After continuously culturing 
for {W93 months, the cell count of PtG-L1lacZ-2 became 
8.7><10 times as high as that of the initiation of the culture. 
Then the procedure of Example 1 Was folloWed by using the 
liquid culture medium as a virus stock and thus the virus 
productivity Was measured by using 3Y1 With the use of the 
expression of the lacZ gene as an indication. FIG. 5a shoWs 
the data of the cells Which had been cultured at 37° C. 
starting With the third day after the infection With AxCAN 
Cre, While FIG. 5b shoWs the data of those cultured at 32° 
C. Although PtG-L1lacZ-1 shoWed someWhat loW produc 
tivities on the third day after the AxCANCre-infection, the 
productivities thereafter Were almost comparable to those of 
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ptG-L1lacZ-2. It Was therefore considered that the 
pCALNLG and gag, pol genes Were sustained stably in 
PtG-Ll. 

Example 7 

Examination of Optimal Conditions For Virus 
Production By PtG-Ll 

[0070] The results of Examples 2 to 4 suggested that 
PtG-Ll had the expected properties. To ?nd the optimum 
conditions for the virus production, the folloWing experi 
ment Was carried out. 

[0071] The conditions for the virus production by PtG-Ll 
Were examined from the vieWpoints (a) to (c) as speci?ed 
beloW and changes in the titer of the virus thus produced 
Were monitored With the passage of time: 

[0072] (a) m.o.i. of the infection With AxCANCre: 0, 
3, 10, 30, 100, 300, 1,000 and 3,000 (3, 10, 1,000 and 
3,000 being employed only in some cases); 

[0073] (b) cell count at infection: 1.5><104, 45x103 
and 15x103 per 48 Wells; and 

[0074] (c) culture temperature starting With the third 
day after the AxCANCre-infection: 32 and 37° C. 

[0075] The effect of each condition on the virus titer Was 
examined by the above-mentioned method by using 3Y1 
With the use of the expression of the lacZ gene as an 
indication. Thus the folloWing results Were obtained. 

[0076] (a) When the m.o.i. of the infection With AxCAN 
Cre Was 300 or above, a potent toxicity of adenovirus Was 
exhibited and thus the virus titer Was sustained at a loW level 
until viable cells increased. The maximum productivity Was 
achieved at an m.o.i. of about 30 to 100. No virus production 
Was observed under every condition in the cells not infected 
With AxCANCre (i.e., m.o.i.=0). 

[0077] (b) The cell count at the infection exerted no large 
effect on the virus productivity per cell. When there Were a 
small number of cells at the initiation, only a loW virus 
productivity Was observed in the early stage but a virus 
productivity comparable to the one in the case With a large 
initial cell count could be established after the cell count Was 
increased by continuing the culture. 

[0078] (c) When the maximum titer Was employed as an 
indication, no large difference Was observed betWeen the 
culture effected at 37° C. desirable for cell proliferation and 
the one at 32° C. at Which amphotropic viral particles Would 
be more stable (Kotani, H., et al., Hum. Gene. Ther., 5, 
19-28, 1994). A relatively stabiliZed virus production Was 
observed at 32° C. 

[0079] The maximum virus productivity Was 2><104 i.u./ml 
(initial cell count=4.5><103 cells/48 Wells, m.o.i.=3,000, the 
22nd day after the infection, 37° C.). FIG. 6a shoWs a 
change in the virus productivity With the passage of time 
under the conditions speci?ed above, While FIG. 6b shoWs 
one under the same conditions but the temperature Was 32° 
C. In the case Where the maximum productivity Was 
achieved, the cell count Was ?rst decreased due to the 
cytotoxic effect of the adenovirus virus, since the cells Were 
infected With AxCANCre at a high m.o.i. HoWever, the cells 
reached con?uence on the 22nd day. 
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Example 8 

Detailed Analysis on the Genotype of PtG-Ll 

[0080] As discussed above, a stable cell line PtG-Ll could 
be established by transfecting pCALNLG into FLY cells. 
The virus production completely depended on the transfer of 
the Cre recombinase and the envelop of the virus thus 
produced Was VSV-G (Indiana type). Although the resultant 
virus shoWed the anticipated properties in qualities, the virus 
productivity Which had been 2><104 i.u./ml at the maximum 
level Was still insuf?cient quantitatively. 

[0081] As described above, PtG-Ll shoWed only an insuf 
?cient virus productivity. Accordingly, the folloWing experi 
ments (a) to (c) Were effected to examine the reason for this 
insufficiency: 

[0082] (a) to clarify Whether or not the VSV-G gene 
product Was not expressed in some of the PtG-Ll 
cells; or Whether or not the Cre recombinase transfer 
ef?ciency by the adenovirus suffered from some 
problems; 

[0083] (b) to con?rm the stable sustenance of lacZ by 
the X-gal staining method; and 

[0084] (c) to con?rm the stable sustenance of MLV 
gag by the immunological staining method. 

[0085] PtG-LllacZ, the FLY cells in Which PtG-LllacZ 
originated, and 3Y1 cells employed as a negative control 
Were pipetted into 48-well plates (3 plates for each) at 
densities of 15x104 (PtG-Ll and FLY) and 5x103 (3Y1) 
respectively. On the next day, these cells Were infected With 
AxCANCre at an m.o.i of 0 or 30. By ?xing after ?ve days, 
the folloWing results Were obtained. 

[0086] (a) VSV-G Was immunologically stained by the 
above-mentioned method. As a result, FLY and 3Y1 Were 
never stained regardless of the AxCANCre-infection. In 
contrast, the PtG-LllacZ cells infected With AxCANCre 
Were stained in almost entire populations. These results 
suggested that PtG-Ll Was a uniform cell clone and thus the 
contamination With cells shoWing no expression of the 
VSV-G gene product might not affect the virus production. 
By the gene transfer With the use of the adenovirus vector, 
the Cre recombinase could be transferred into almost all 
cells and it Was suggested that transfer Was folloWed by the 
recombination induced by the Cre recombinase. 

[0087] (b) To con?rm the stable sustenance of the virus 
vector DNA encoding lacZ, PtG-LllacZ Was stained With 
lacZ by the method described above. As a result, all of the 
cells Were stained With lacZ. Based on this result, it Was 
assumed that the virus vector DNA encoding lacZ Was 
sustained stably in PtG-LllacZ and thus did not affect the 
virus production. 

[0088] (c) Hybridomas (CRL-1890) capable of producing 
an antibody against MLVgagp12 Were purchased from 
ATCC and MLVgagp12 Was detected by the above-men 
tioned method With the use of a monoclonal antibody 
prepared from mouse ascites ?uid. As a result, the 3Y1 cells 
Were never stained, While the FLY cells and PtG-LllacZ 
cells all shoWed staining of MLVgagp12. Based on these 
results, it Was considered that MLVgag Was sustained stably 
in PtG-LllacZ and thus did not affect the virus production. 
















