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In retroviral gene transduction, the efficiency of viral infection was reduced by the pro-
teoglycans and some other materials secreted by the producer lines. In order to remove
these inhibitors we have developed the rFN-CH-296-facilitated protocol. Because the
rFN-CH-296 molecule has strong ability to bind a retroviral vector, rFN-CH-296 bound
plates are utilized to wash out the unbound putative inhibitors present in a virus super-
natant. The gene transduction efficiencies of human CD34+CD38" BMCs with a GALV-
pseudotyped vector and the rFN-CH-296-facilitated protocol were compared with the
protocol without a coating plate with CH-296, the mean gene transduction efficiencies
being found to be 95.5 and 71.1%, respectively.

Key words: bone marrow cells, CH-296, gene transfer, gibbon ape leukemia virus,
retrovirus vector.

Retroviral vectors are currently one of the most widely
used systems for gene transduction, in both experimental
studies and clinical trials (1, 2). In particular, murine leu-
kemia virus (MLV) has been traditionally used as the vec-
tor of choice for clinical gene therapy protocols, and a
variety of packaging systems (3, 4) and viral production
systems (5, 6) have been developed.

When murine-based packaging cell lines derived from
NIH/3T3 were used for retroviral production, the efficiency
of the viral infection and transduction were reduced by the
proteoglycans secreted by the murine based packaging cell
lines including parental NIH/3T3 cells (7). Forestell et al.
(8) also demonstrated that the amphotropic envelope from
a packaging line contains some materials that inhibit viral
infection. To overcome these problems, a human-derived
packaging cell line that produces a high titer viral superna-
tant has been developed (9). Purification of a retroviral vec-
tor was also attempted using a low speed centrifugation
procedure to remove undesirable substances in the viral
supernatant and to concentrate the retrovirus vector (10,
11).

We and others have already demonstrated that a recom-
binant fibronectin fragment was an efficient tool for en-
hancing gene transfer into hematopoietic stem cells using a
retroviral vector system (12). The recombinant fibronectin
fragment (rFN-CH-296) (13), which contains three func-
tional domains, i.e. the cell-binding domain (C-domain),
heparin-binding domain (H-domain), and CS-1 sequence,
enhances retroviral mediated gene transduction by co-
locating target cells and virions on the rFN-CH-296 mole-
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cules (12). The C-domain and CS-1 sequence interact with
target cells through integrin receptors VLA-5 and VLA-4,
and a virion can be localized upon the H-domain composed
of type III repeats III 12, III 13, and III 14.

Therefore, if we use plates coated with rFN-CH-296 (Ret-
roNectin™), whose H-domain possesses the ability to bind
retrovirus, transferable inhibitors from the producing cell
line can be washed out from the supernatant of a retrovirus
vector (14, 15). We describe here the protocol of optimized
gene transfer into CD34+CD38~ bone marrow cells (BMCs)
utilizing RetroNectin™ plates and gibbon ape leukemia
virus (GALV) envelope pseudotyped retrovirus vector (16)
carrying the red-shift GFP gene.

Retroviral packaging cell line PG13 (ATCC CRL-10686)
carrying the red-shift GFP (Takara Shuzo, Otsu) retrovirus
vector was maintained in Dulbecco's modified Eagle's
medium (DMEM; BioWhittaker, Gaithersburg, MD) sup-
plemented with 10% fetal bovine serum (BioWhittaker),
and 50 U/ml penicillin and 50 |xg/ml streptomycin (Gibco-
BRL, Life Technologies, Gaithersburg, MD). The GALV vec-
tor was prepared by filtering (0.45 jjim) the supernatant of
the culture fluid of this producer line. The viral titer of this
supernatant was 4.6 x 105 infectious-units/ml.

CD34+CD38" BMCs were purified by negative immuno-
selection from 4 x 106 human CD34+ BMCs (BioWhittaker)
using anti-CD38 monoclonal antibodies and a MACS sepa-
ration column (Miltenyi Biotec, Bergish Gladbach, Ger-
many). The collected CD38-negative BMCs were suspended
in IMDM (GibcoBRL) supplemented with 20% BIT9500
(Stemcell Technologies, British Columbia, Canada), 10"4

moVliter 2-mercaptoethanol (GibcoBRL), 40 ^g/ml human
low density lipoproteins (Sigma, St Louis, MO), 100 ng/ml
human flt-3/flk-2 ligand (FL; R&D Systems, Minneapolis,
MN), 100 ng/ml human stem cell factor (SCF; Genzyme,
Cambridge, MA), 20 ng/ml human interleukin-3 (IL-3; Gen-
zyme), 100 ng/ml human IL-6 (Pepro Tech EC, London,
England), and 100 ng/ml human soluble IL-6 receptor (sIL-
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6R; R&D Systems). CD34+CD38- BMCs were cultured at
37'C in 5% CO2.

Prior to infection, virus bound plates were prepared. Five
hundred microliters of the GALV vector was pre-loaded
onto a well of a CH-296 (RetroNectdn™; Takara Shuzo)
coated non-tissue culture-treated 24-well plate. The plate
was incubated for 4 h at 32°C. Just prior to infection, the
viral supernatant was washed away and 2-day-prestimu-
lated CD34+CD38- BMCs were added to each wells (1-2 x
104 cells/well) to allow infection. For infection, CD34+CD3&-
BMCs were suspended in 400 pi of the virus supernatant
with fresh cytokines [bound virus (BV) + supernatant (SN)
infection] or serum-free medium with cytokines (BV infec-
tion). As a control, a tissue culture-treated plate was used
(17) with protamine sulfate (5 |ig/ml). Two days after the
infection, the cells were harvested and the gene transfer
efficiencies were assessed by flow cytometric analysis
(FACS Vantage; Becton Dickinson, San Jose, CA) of GFP
expression.

The complex of IL-6 and sIL-6R, or Hyper-IL-6 (the
fusion protein of EL-6 and sIL-6R) in the presence of SCF
significantly stimulates the ex vivo expansion of hematopoi-
etic progenitor and stem cells (17-19). In addition, this
combination strongly induced the GALV envelope receptor
pit-1 expression and enhanced the efficiency of gene trans-
fer by the GALV vector (17). We described here the effect of
the cytokine combination of FL + SCF + IL-3 + IL-6 + sIL-
6R on RetroNectdn™-assisted gene transfer into human
CD34+CD38~ bone marrow cells, and compared the transfer
efficiency of the RetroNectdn™ method and that of the
method of B. Hennemann et al. (17).

At first, infection was carried out with bound virus (BV)
plus supernatant (SN) on a RetroNectin™ plate or tissue
culture plate. There was no significant differences in gene
transfer efficiency between the RetroNectin™ transduction
method and the method of B. Hennemann et al. (p > 0.1.
Fig. 1A). In the cases of both RetroNectin™ and tissue cul-
ture plates, non-diluted SN showed lower transduction effi-
ciency than the 5-times diluted SN. On the other hand, as
shown in Figure IB, 5-times diluted SN infection on
RetroNectin™ plate showed much higher gene transfer effi-
ciency. These results indicate that inhibitory materials as
to infection may exist in this SN prepared from the culture
fluid of a viral producer line. It has been reported that pro-
teoglycans secreted from a murine based packaging line
inhibited viral infection (7). Our observation also indicated
that gene transduction on rFN-CH-296 was inhibited at the
infection process by the conditioned media of amphotropic
packaging line \y CRIP or even by its parental NIH/3T3
cells, but the viral localization process on rFN-CH-296 was
not inhibited (unpublished data). In the case of PG13,
which is also derived from NIH/3T3, this viral supernatant
also contained undesirable substances from the culture
fluid. Next, CD34+ CD38" BMCs were infected only with
BV, Le. without the addition of SN. When a tissue culture
plate was used as a substratum of BV, the gene transfer
efficiency was only 40% that of live cells (Fig. 2). In the case
of a tissue culture plate, however, BV infection still showed
higher efficiency than BV + SN infection.

On the other hand, when infected on RetroNectin1*1, sur-
prisingly, 80% of live cells and 95% of CD34+CD38- cells
expressed the red-shift GFP gene. These data indicated
that some substrates secreted by the GALV vector producer

line inhibit gene transfer and that the inhibitors can be
easily washed out from the RetroNectin™ coated dish. We
have already demonstrated (14, 15) that the RetroNectin™
BV method could effectively remove inhibitors of infection
existing in the culture fluid of a retroviral producer line,
and have enhanced the gene transfer into CD34+ BMCs
using an amphotropic retrovirus vector (25).

Recently, Hennemann et al. claimed that gene transfer
occurred efficiently on a tissue culture plate without coat-
ing with native FN or rFN-CH-296 (17,20), and that a pos-
itively charged surface, like that of a tissue culture plate,
could capture a retrovirus vector on its surface as effec-
tively as native FN (20). Although they only used native
FN in their experiments, they claimed that rFN-CH-296
did not work, assuming that native FN and rFN-CH-296
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Fig. 1. Analysis of gene transfer efficiency by BV+SN infec-
tion. Purified CD34*CD38~ bone marrow cells were prestimulated
with FL + SCF + EL-3 + IL-6 + sIL-6R for 2 days and then infected
with non-diluted (A) or 5-times diluted GALV retrovirus SN (B).
Stimulated CD34*CD38" cells were suspended in viral SN and then
infected in a tissue culture plate or RetroNectin™ plate to which vi-
rus had previously been bound (BV + SN infection). Two days after
the infection, GFP* total live cells, GFP* CD34* cells, and GFP*
CD34*CD38- cells were assessed by FACS. Black bars represent the
gene transfer efficiency on tissue culture plates (HennemannlB proto-
col). Hatched bars represent the gene transfer efficiency on Ret-
roNectin™ plates. Values shown are means ± SD.'
< 0.001.
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Fig. 2. Analysis of gene transfer efficiency by BV infection.
Non-diluted GALV retrovirus SN was bound to a tissue culture plate
or a RetroNectin™ plate. After binding, the SN was discarded and
then 2-day-prestimulated CD34+CD38" BMCs were placed in the
wells of both plates in serum-free medium supplemented with FL +
SCF + IL-3 + IL-6 + sIL-6R. Hennemann's protocol was performed in
parallel. Two days after the infection, GFP* total live cells, GFP*
CD34* cells, and GFP* CD34+CD38" cells were assessed by FACS.
Black bars represent the gene transfer efficiency with Hennemann's
protocol (BV + SN infection). Open bars represent the gene transfer
efficiency with BV infection on a tissue culture plate. Hatched bars
represent the gene transfer efficiency with BV infection on a Ret-
roNectin™ plate. Values shown are means * SD. * p < 0.05, ** p <
0.005.

work equally well. However, it has already been well docu-
mented by us and other research groups that the native FN
does not help as to the transduction efficiency of CD34+

BMCs (21, 22). The CS-1 sequence of HICS, the VLA-4
ligand, is completely buried within the folded conformation
of native FN. The proteolytdc digestion of native FN with
some selected proteases induced the expression of the CS-1
sequence (23). Proteolytic fragment FN3Q/35 showed
higher retroviral gene transfer efficiency than intact FN
(22), maybe because of the efficient exposure of the CS-1 se-
quence on the surface of its molecule. Recombinant frag-
ment FN-CH-296, which also showed higher performance
as to retroviral gene transfer, is superior to full-length FN
and many protocols involving rFN-CH-296 have been re-
ported (24-26). In addition, most protocols involving rFN-
CH-296 reported by many other researchers do not include
bound virus infection, although the heparin-binding do-
main of FN is essential for retrovirus binding on its mole-
cule (12, 27, 28). Here, in the case of the GALV pseudot-
yped retrovirus vector, our data showed that the efficiency
of gene transfer into CD34+CD38~ BMCs on a tissue cul-
ture plate was adequately satisfactory, as Hennemann et
al. indicated (17), but we demonstrated that a Retro-
Nectin™ plate could capture the GALV vector more
strongly on the rFN-CH-296 molecule and that the Ret-
roNectin™ BV method could remove inhibitors of infection

in a viral supernatant more effectively, and allow more effi-
cient gene transfer through the co-localization of target
BMCs and the GALV vector. Thus, this RetroNectin™ BV
method would provide the most useful protocol including
clinical trials for introducing genes into CD34*CD38~
BMCs.
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