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for their use as vectors are technical ease and

I. INTRODUCTION effectiveness of gene transfer. This is due to
their infectivity for certain target cells resulting

The most important features of retroviruses in gene transfer. Once the cells are infected by
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retroviruses, the resultant viral DNA, after re-
verse transcription and integration, becomes
part of the host cell genome, and the stability of
transgene formation maintenance (Temin, 1989)
is far superior to other gene transfer systems,
Despite the high potency of the retroviral vec-
tor system in gene transfer, however, there is
still no report of successful application in dom-
estic mammals. One of the main drawbacks in
the application of retrovirus vector system to
the transgenic livestock production is difficulty
In preparing highly concentrated virus stock.
This is caused by the limited efforts expended
to develop retroviral vector systems specific for
domestic mammals, Most of the retroviral vec-
tor systems currently available are based on
mouse leukemia virus, hence the recombinant
retroviruses produced from these systems are
very little infectious to target cells derived from
ungulates including bovine, sheep, and pig.
Several solutions reported so far for the low
titer problem include boosting virus production
by treating virus-producing cells with sodium
butyrate (Olsen and Sechelski, 1995), and con-
centration of virus stock by either centrifugal fil-
tration (Olsen et al., 1994) or ultracentrifugation
(Beddington et al., 1989). In addition, Yee et al.
(1994) reported a new pseudotyped retrovirus
vector system, in which the produced viruses
were designed to be packaged by vesicular stom-
atitis virus glycoprotein G (VSV-G). Two main
advantages of the VSV-G pseudotyped retrov-
irus vector system over other counterparts are:
first, high and pantropic infectivity of the prod-
uced viruses which can infect cells derived from
almost all vertebrates, and second, feasibility of
ultracentrifugal concentration of virus stock wit-
hout loss of virus infectivity. Tests of this new
virus vector system, however, have been al-
lowed only to the limited research groups mainly

due to commercial reasons. Moreover, one re-

port argued that high titer of the VSV-G pseud-
otyped retrovirus vector system was not due to
real gene transfer to the target cell genome but
caused by carry-over of the reporter gene prod-
uct encapsidated by VSV-G (Liu et al., 1996).

In this study, we tried to amplify titers of the
viruses produced from PG13 packaging cells
(Miller et al., 1991) by three methods: (i), boos
ting of virus productivity from the sodium bu-
tyrate-treated virus-producing cells; (ii) and
(iii), concentrations of virus stock by either fil-
tration or ultracentrifugation. The major differ-
ence of PG13 cell line compared to other general
mouse leukemia virus (MLV)-based packaging
cell line is encapsidation of the produced viruses
with GALV (Gibbon ape leukemia virus) envel-
ope. We have previously reported that viruses
encapsidated with GALV envelope protein is
more infectious to bovine cells than viruses pac-
kaged with either xenotropic or amphotropic
MLV envelope (Kim et al., 1992a, b).

. MATERIALS AND METHODS

1. Retrovirus vector-producing cell

Construction of GALV pseudotyped retrovirus
vector-producing cells (designated as PG13-LNg
Z) was made by infecting PG13 packaging cells
(Miller et al., 1991) with the LNBZ retrovirus
vector produced from amphotropic PA317 (Mil-
ler and Buttimore, 1986) virus-producing cells
(designated as PA317-pLNAZ), followed by
G418 (800 pg/ml) selection for 2 weeks.
PA317-pLNAZ cells were made by transient tran
sfection of PA317 cells with the plasmid pLNgZ
(Kim et al., 1993b) whose structure is shown at
Fig. 1.

The virus-producing cells (PG13-LNgZ) and
EBTr (bovine embryonic trachea) target cell
line (American Type Culture Collection, CCL44)
were maintained in Dulbecco’s Modified Eagle
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Fig. 1. Structure of pLLNAZ retrovirus vector.
LTR, long terminal repeat; (gag), 5' por-
tion of of Molony murine leukemia vi-
rus; neo, G418 resistant gene; 2-actin,
rat S-actin promoter; LacZ, E coli 8-gal-
actosidase gene.

Medium (DMEM) with 4.5 g /1 of glucose (Sig-
ma Chemical Co., St. Louis, MO) supplemented
with FCS (10%), gentamycin (50 mg/1;
Gibco). All cells were grown in a 37¢C, 5% CO,
incubator. To maximize virus-production, the
PG13-LNBZ cells were maintained in the me-
dium containing G418 (600 pg /ml) (Emerman
and Temin, 1984b).

2. Transfection and infection

Polybrene /DMSO (dimethyl sulfoxide) med-
iated DNA transfection (Kawai and Nishizawa,
1984) was performed following the established
protocols of our laboratory, Briefly, 10 ug of pla-
smid DNA in 1 ml of medium supplemented with
polybrene (30 ug/ml) was added to NIH3T3-
based packaging cells plated on the previous
day (5x10°* cells /60 mm dish). After 6 hours of
incubation at 37C with 5% CO, in air, the
DNA-medium mixture was aspirated, and DMSO
shock was applied by adding 2 mi of 2525 DMSO
in medium to a 60 mm dish for 1 min, Following
3 washes with medium, cells were fed with 4 or
5 mi of medium and incubated overnight before
trypsinization to split the transfected cells. Sel-
ection medium was added on the next day of
splitting. Fresh selection medium was provided
every 2 or 3 days.

Infection of target cells was performed follow-

ing the procedure of Miller and Rosman (1989).
Briefly, 4 ml of the mixture of non-selection me-
dium, various amounts of virus-containing me-
dium (filtered through a 0.22 um pore-size fil-
ter), and polybrene (5 pg/mi of final concen-
tration) was added to target cells which were
plated on the previous day. The virus-containing
medium was harvested from the virus-producing
cells which had been fed with non-selection me-
dium on the previous day. Following one day of
culture, infected cells were trypsinized and split
in non-selection medium, Addition of selection
medium (G418) or X-gal staining of the cells
was done on the next day of splitting. Counting
of LacZ™ cells was done with the aid of dissect-
ing microscope at 80X magnification, Two or
more adjacent LacZ™ cells were counted as one
LacZ™ cell under the assumption that a cell can
replicate during the time between infection and
staining, Virus titer in LacZ* TU /ml (transfor-
ming unit per ml) was calculated by the dilution
factor (one ml divided by the volume of virus-
containing medium) and splitting factor.

3. Boosting titer by sodium butyrate treat-
ment

To boost virus production, confluent PG13-
LNBZ cells were cultured in the medium supple-
mented with various concentrations of sodium
butyrate (1~30 mM). After 24 hours of sodium
butyrate treatment, the medium was harvested
and applied to the EBTr target cells after fil-
tration through a 0.22 um pore size filter to re-
move cells and cell debris,

4. Concentration of the virus stock by cen-
trifugal filtration

15 ml of the virus (0.2-um filtered) was added
to a NanoSpin filter (100,000 MW cut-off, Gel-
man Sciences) prerinsed by 15 ml of H,O-throu-
gh filtration device for 20 min., then centrifuged
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in a fixed angle rotor at 500g at 4. Every 30
min., centrifugation was stopped to discard the
filtrate until the volume of retentate containing
the virus reaches the desired reduction in vol-
ume. The harvested retentate was filtered
through 0.2-um syringe filter before applying to
the EBTr target cells,

5. Concentration of the virus stock by ultra-
centrifugation

Using swinging bucket rotor (Beckman SW 41
Ti), 0.2-um filtered virus filled in a polyallomer
tube was centrifuged at 100,000g for 2 hours at
4°C. The resulting pellet was resuspended in a
small volume of Hank’s Balanced Salt Solution
(HBSS: 0.4 g KCI, 0.06 g KH,PO,, 8 g NaCl, 0.
048 g Na,HPQ,, and 1 g D-glucose /liter), and
then filtered through 0.2-um syringe filter be-
fore applying to the EBTr target cells.

. RESULTS

1. Boosting titer by sodium butyrate treat-
ment

To boost virus production from the PG13-LNg
Z virus-producing cells, various concentrations
of the sodium butyrate were added to the cul-
ture medium. As shown in Table 1, 5 mM con-
centration of sodium butyrate in the medium res-
ulted in the best virus productivity. Compared
to the titer of the control (0 mM sodium butyr-
ate), treatment of virus-producing cells with
5mM sodium butyrate increased virus pro-
duction more than three folds.

2. Amplication of virus titer by centrifugal
filtration

Initial 15 ml of virus was concentrated to 1.5
ml after centrifugal filtration. The titer of the
10X concentrated virus stock after 10X reduc-
tion in volume was 3.2%10* Lac*TU /ml result-
ing in 3.6 folds of titer increase, while recovery
of total infectivity was 36% {3.2x10*/(8.8x
10%) X 10)} (Table 2).

3. Boosting titer by ultracentrifugation
The pellet resulting from centrifugation of vi-

rus-containing medium (30 ml), was resuspen-

Table 1. Boosting virus production by sodium butyrate treatment

Sodium butyrate (mM)

Titer (*(LacZ* TU /ml) (°*SE)

Fold(s) of increase

0 5.5%10% (6.6x10?) 1

1 1.0x10* (1.7x10%) 1.8
5 1.7x10* (8.2x10?) 3.1
10 7.9%10% (9.9x102) 1.4
20 6.0x10* (.2x10%) 1.1
30 5.6x10% (5.7x10%) 1.0

2 acZ* TU /ml, LacZ* transforming unit /ml; "SE;
standard error

Table 2. Boosting titer by centrifugal filtration

Treatment

Titer (*LacZ* TU /ml) (*SE)

Fold(s) of increase Rate of recovery

8.8x10° (6.5x10%)
3.2x10*(3.6x10%)

no filtration
filtration

1 1
3.6 0.36

3l acZ*t TU /ml, LacZ* transforming unit /ml; *SE; standard error
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Table 3. Boosting titer by ultracentrifugation

Treatment

Titer ((LacZ* TU /ml) (*SE)

Fold(s) of increase Rate of recovery

8.0x10% (7.5x10%)
1.0x10% (3.6x10%)

no centrifugation
centrifugation

1 1
12.5 0.083

alacZ* TU /ml, LacZ* transforming unit /ml; "SE; standard error

Table 4. Ultracentrifugal concentration of the viruses harvested from PG13-LNSZ cells treated
with sodium butyrate boosting titer by ultracentrifugation

Titer Fold(s) of
Treatment (LacZ* TU /ml) (*SE) increase Rate of recovery
no treatment 1.1x10* (1.5%10*) 1 1
sodium butyrate (5 mM) 2.9%10* (2.4x10%) 2.6
sodium butyrate (5 mM)-+
2.1x10°% (2.7x10%) 19 0.13

ultracentrifugation

2LacZ* TU /ml, LacZ* transforming unit /ml; *SE; standard error

ded in 200 ul of HBSS. The titer of the concen-
trated virus stock after 150X reduction in vol-
ume was 1.0x10° LacZ*TU /ml on EBTr target

cells, resulting in 12.5 fold increase in titer. How-

ever, recovery rate of total infectivity was only
8.3% {1.0x10° /(8.0x 10%) x 150)} (Table 3).

4. Ultracentrifugal concentration of the vir-
uses produced from the PG13-LNAZ cells treat-
ed with sodium butyrate

To maximize virus titer, viruses harvested
from the PG13-LNAZ treated with 5 mM of so-
dium butyrate were centrifuged. The titer of
the concentrated virus stock after 150X re-
duction in volume was 2.1x10° LacZ*TU /ml on
EBTr target cells (Table 4). Two fold increase
in titer compared to centrifugal concentration
alone (Table 3), seems to be due to increased
virus productivity by sodium butyrate treatment
which contributed about three fold increase in
virus titer (Table 1). Recovery rate of total in-
fectivity was very low also (13 %, Table 4).

IV. DISCUSSION

Considering the small size of bovine blasto-
cyst (~180 um in diameter), we estimated that
the medium taken from virus-producing cells
should contain at least 106 LacZ TU /ml of vir-
uses to infect bovine embryos efficiently. To
meet this requirement, we tried to amplify titers
of the viruses produced from PG13 packaging
cells (Miller et al., 1991) by three methods: (i),
boosting of virus productivity from the sodium
butyrate-treated virus-producing cells; (ii) and
(iii), concentration of virus stock by either fil-
tration or ultracentrifugation, All three methods
we tested contributed real increase in virus tit-
er, but even the highest titer resulting from
ultracentrifugal concentration was only one ten-
th of our expectation (1.0x10° LacZ* TU /ml).
Possible causes for this low titer are: (i) Ad-
dition of LacZ gene in the retroviral vector mig-
ht contribute decrease in titer (Soriano et al.,
1991; Adam et al,, 1991): (ii) EBTr cells might
be inadequate for target cells because growth
and morphological characteristics of the cells
tend to decline as the passage increases (ATCC
cell line manual); (iii) Inhibitory interaction be-
tween LTR and g-actin promoter in a retrovirus



vector (Emerman and Temin, 1984a,b, 1986):
(iv) Subcloning of PG13-LNBZ virus-producing
cells might increase virus productivity.

In terms of recovery rate, centrifugal fil-
tration method was better than ultracentrifuged
one (36% vs 8.3%). However, application of
this method to transgenic animal production
seems to be inadequate, The titer of the virus
stock harvested after centrifugal filtration is far
lower than that of the virus stock prepared by
ultracentrifugation (3.2x10* Lac*TU /ml vs 1.
0x10° LacZ*TU /ml). Moreover, preparation of
concentrated virus stock by centrifugal fil-
tration was too laborious and sticky (data not
shown). In retrovirus vector-mediated transgen-
ic animal production, stickiness of virus-contain-
ing medium might be serious problem because
high osmolarity of the sticky virus stock in whic-
h the embryo to be cultured during infection is
detrimental to the embryo viability.

Application of the retroviruses harvested
from the sodium butyrate-treated virus-produc-
ing cells in transgenic animal production seems
to be problematic because sodium butyrate treat-
ment contributed only two or three folds of in-
crease in titer (Tables of 1 and 4) and butyrate
in the virus stock might affect embryo viability.

Combined with observations in this study,
ultracentrifugation-mediated boosting of virus
titer seems to be the best choice in retrovirus
vector-mediated transgenic animal production.
Of course, mainly due to inherent instability of
the retrovirus envelope protein, ultracentrifuga-
tion method resulted in very low row recovery
rate in total infectivy, substitution of the retrov-
irus envelope protein with other appropriate
protein such as VSV-G will solve this problem
(Yee et al., 1994). Based on the experiences ac-
cumulated in this study, we are developing
VSV-G pseudotyped retrovirus vector system,

V.SUMMARY

For the ultimate goal of efficient retrovirus
vector-mediated transgenic animal production,
we tried to increase virus titer by employing
three methods; boosting virus production by
treating virus-producing cells with sodium bu-
tyrate, concentration of virus stock by either fil-
tration or ultracentrifugation. Compared to the
control, applications of sodium butyrate (5 mM)
treatment and filtration resulted in only 3 and 3.
6 folds of titerincreases on bovine EBTr target
cells, respectively. However, concentration of
virus-containing medium by ultracentrifugation
showed 12.5 folds of titer increase compared to
the control (1.0x10°* LacZ* TU /ml), indicating
the best method which can enhance retrovirus
vector-mediated transgenic animal production.
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