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Spleen necrosis virus (SNV) and Reticuloendotheliosis virus strain A (REV-A) belong to the family of reticuloendotheliosis viruses and are 90% sequence related. SNV-derived retroviral vectors produced by the REVA-based D17.2G packaging cell line were shown to infect human cells (H.-M. Koo, A. M. C. Brown, Y. Ron, and
J. P. Dougherty, J. Virol. 65:4769–4776, 1991), while similar vectors produced by another SNV-based packaging
cell line, DSH134G, are not infectious in human cells (reviewed by R. Dornburg, Gene Ther. 2:301–310, 1995).
Here we describe a careful reevaluation of the infectivity of vectors produced from the most commonly used
REV-A- or SNV-based packaging cells obtained from various sources with, among them, one batch of D17.2G
packaging cells obtained from the American Type Culture Collection. None of these packaging cells produced
vectors able to infect human cells. Thus, contrary to previously published data, we conclude that REV-based
vectors are not infectious in human cells.
Spleen necrosis virus (SNV) and Reticuloendotheliosis virus
strain A (REV-A) belong to the family of reticuloendotheliosis
viruses (REVs), a group of closely related amphotropic retroviruses all of which were isolated from birds (3, 29, 35, 37, 40).
REVs include chicken syncytial virus, duck infectious anemia
virus, SNV, REV-A, and its acutely transforming variant
REV-T, which contains the rel oncogene (3, 42).
SNV and REV-A share more than 90% sequence homology,
their cis- and trans-acting sequences appear to be exchangeable
without impairment of virus replication (10), and they have the
same receptor (9, 16, 27). Although originally isolated from
avian species, REVs are more closely related to mammalian
oncoretroviruses than to other avian retroviruses by sequence
homology (21, 22, 38, 39, 43) and serological cross-reactivity (2,
4). Superinfection experiments have shown that SNV and
REV-A belong to the same interference subgroup as the simian type D viruses (23, 27).
Using the REV-A-based packaging cell line D17.2G (12),
Koo et al. (26) showed that REV-A-based vectors could infect
human cells as efficiently as amphotropic murine leukemia
virus (ampho-MLV). Contrary to this finding, when the SNVbased packaging cell line DSH134G (30) was used, no infection
of human cells was observed (6). Because D17.2G and
DSH134G produce REV-A and SNV envelopes, respectively,
it was not clear whether the difference in human cell infectivity
resulted from sequence differences between the two envelopes
or from a special feature imparted to the viral particles produced from D17.2G cells.
To reevaluate the tropism of REV-based vectors, we have
compared the infectivity of vectors produced from the most
commonly used SNV- or REV-A-based packaging cell lines in
human cells, i.e., the C3A2 (40) and D17.2G (12) packaging
cell lines, which express the REV-A envelope, and DSN (13)
and DSH134G (30) helper cells, which express the SNV enve-

lope. We demonstrate that none of these packaging cell-produced SNV vectors was able to infect human cells. Thus, the
ability of D17.2G-produced vectors to infect human cells is
probably a special feature of some batches. The discrepancies
between our results and those from other labs are precisely
discussed.
Infection of human cells with nonreplicative SNV-lacZ vectors produced by various SNV- or REV-A-based packaging
cells. The tropism of REV-based vectors was determined by
using an SNV-based gene transfer vector which transduced the
bacterial ␤-galactosidase gene (lacZ) (in the vector pCXL; 32)
or very similar SNV-based vectors carrying either a fusion gene
between the phleomycin resistance gene and the lacZ gene
(SNV-Sh ble::lacZ) (R. Gautier and T. Jaffredo, unpublished
data) or a fusion gene consisting of the drosophila alcohol
dehydrogenase gene and the phleomycin resistance gene (17).
The vectors were transfected into the four most commonly
used SNV- or REV-A-based helper cells. These were the SNVbased helper cell lines DSN (obtained from H. Temin’s laboratory, University of Wisconsin; reference 13) and DSH134G
(30) and the REV-A-based helper cell lines C3A2 (obtained
from H. Temin’s laboratory; reference 41) and D17.2G (CRL
8468; obtained from the American Type Culture Collection
[ATCC]; reference 12). As a control, we also used a helper cell
line which expressed the SNV Gag-Pol proteins and the envelope of ampho-MLV (termed DSH-ampho-MLV-env). Vectors were harvested from stably transfected helper cell clones,
and infectivity was tested in various human cell lines, e.g.,
HeLa (18) or HOS (31), or the canine cell line D17 (36). The
best producer clones were selected and tested for absence of
replication-competent (RC) virus by using QT6 cells (33), an
immortalized quail cell line, as naive recipient cells. Virus was
harvested from nearly confluent monolayers of packaging cells
16 to 18 h after the medium was changed. The harvested
medium was centrifuged at 3,500 ⫻ g for 10 min to remove
cells and cell debris, and the virus was used for infection of
various cells.
No infection of HeLa or HOS cells was detected with vectors
produced from C3A2, D17.2G, DSN, or DSH134G helper cells
(Table 1). In contrast, DSH-ampho-MLV-env-produced vec-
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TABLE 1. Titers of SNV vectorsa packaged by different REV-A- or
SNV-based helper cell lines on D17, HeLa, or HOS cells

therapeutic abortions performed in compliance with French
legislation after informed consent was obtained from the parents.
Coinciding with earlier observations (5–7, 19), no or only
background (up to 10 LFU) infectivity in the human cells was
observed with vectors produced by DSH134G packaging cells.
Dog D17 cells, which served as a positive control, were infected
with titers of 106 LFU (Table 2). However, CXL vectors
pseudotyped with ampho-MLV Env infected all of the human
nonhematopoietic cell lines investigated with titers ranging
from 4 䡠 103 to 105 LFU/ml (Table 2). The hematopoietic cell
lines KG1a (24) and Daudi (25) were poorly infected. These
cells are known to express low levels of ampho-MLV receptors
(34). Thus, low levels of infectivity of these hematopoietic cells
correlate with low-level receptor expression, coinciding with
other reports (34). This conclusion is further supported by
recent findings that human hematopoietic cells can be efficiently infected with SNV when a targeting envelope capable
of binding to a cell surface protein is expressed on the viral
surface (19). For example, KG1a cells which express the CD34
receptor were infected with SNV vectors displaying anti-CD34
single-chain antibodies with titers above 105 (19). It is worthy
of note that D17.2G-produced vectors (obtained from reference 26) infected HeLa and HPF cells with titers similar to
those obtained with ampho-MLV Env-pseudotyped SNV vectors, e.g., 104 and 5 䡠 105 LFU/ml, while the same vector
produced by D17.2G cells originating from the ATCC did not
(data not shown).
Amphotropic envelope detection on SNV-based helper cells:
FACS and immunocytochemical analyses. Since we wanted to
be sure that the packaging cells we used were free of amphotropic contamination, we tested the cells for the presence of
ampho-MLV Env at the cell surface by immunocytochemistry
analysis. psi CRIP, an ampho-MLV-based packaging cell line
(8); D17.2G; DSH134G; and D17 cells were plated on eightwell Lab Tek chamber slides (Nunc) with appropriate culture
media. The next day, they were fixed with 4% paraformaldehyde in phosphate-buffered saline and incubated overnight
with a 1/500 dilution of a goat polyclonal antibody directed
against ampho-MLV (Quality Biotech) revealed with a sheep
anti-goat peroxidase-coupled secondary antibody (Biosys).
Tyramide Signal Amplification (NEN Life Science) was used
to increase the signal-to-noise ratio in accordance with the
manufacturer’s recommendations. No staining was found on
D17.2G, DSH134G, or D17 cells. As expected, the psi CRIP
cells were strongly stained (Fig. 1).
To further corroborate this finding, fluorescence-activated
cell sorter (FACS) analysis by the method of Kadan et al. (20)
was performed. This assay is based on the use of two different
cell lines: a naive one which expresses neither SNV nor amphoMLV receptors (28) and another expressing the ampho-MLV

Virus titer (LFU/ml of virus stock)
Cell lineb

D17
HeLa
HOS

C3A2

D17.2G (ATCC
CRL 8468)

DSN

DSH134G

DSH-amphoMLV-env

106
⬍1
⬍1

106
⬍1
NDc

103
⬍1
⬍1

106
⬍1
⬍1

105
105
5 䡠 104
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a
The vectors were SNV-CXL, SNV-Sh ble::lacZ, and SNV-ADH::Sh ble. No
difference in either tropism or expression was detected.
b
Cell lines are described in the text.
c
ND, not done.

tors give titers ranging from 5 ⫻ 104 to 1 ⫻ 105 LacZ-forming
units (LFU)/ml, respectively (Table 1). D17 cells permissive
for SNV and ampho-MLV infection served as positive controls. In this cell type, vector virus titers ranged from 105 to 106
LFU/ml (Table 1), except for DSN cells, which are known to
give lower vector virus titers than C3A2 or D17.2G cells (13).
LacZ staining was never detected in mock-infected D17, HeLa,
or HOS cells.
C3A2-produced vectors express the REV-A envelope from a
plasmid identical to that present in D17.2G cells. Neither of
these cell lines produced a vector displaying human cell tropism. Thus, the differences in human cell infectivity between
our results and those of Koo et al. (26) is likely due to a special
feature imparted by some batches of D17.2G packaging cells
and certainly did not result from differences between the
REV-A and SNV envelope proteins. In addition, when using
an RC strain of SNV, those investigators (26) did not find
productive infection of human cells and concluded that a posttranscriptional block in SNV replication occurred in these
cells. However, they did not investigate whether the virus was
integrated. Since the SNV promoter is very strong in human
cells, it is very unlikely that the lack of sufficient gene expression accounted for the lack of productive infection.
Comparison of DSH134G- and DSH-ampho-MLV-env-produced SNV-lacZ vector tropism for various human cells. To
further evaluate the tropism of SNV-based vectors for human
cells, we compared the infectivity of CXL vectors produced
from the solely SNV-based DSH helper cell line with that of
vectors produced from the DSH-ampho-MLV-env helper cell
line (19), which contains SNV Gag-Pol and the ampho-MLV
envelope. Vector particles produced from both packaging lines
encapsidated the SNV-based lacZ vector pCXL. Infectivity was
determined in human cell lines from various origins (Table 2),
as well as human embryo skin primary fibroblasts from a week
21 of amenorrhea female fetus used at the third passage in
culture. Human embryo tissue was obtained from voluntary or

TABLE 2. Comparison of infection of human cells from various origins by DSH134G- and DSH-ampho-Env-produced SNV-lacZa
Virus titer (LFU/ml of virus stock)

Packaging cell line
producing
SNV-lacZ

HeLa

SK BRK-3

COLO 320DM

MDAMB453

KG1a

Daudi

HPFc

D17

DSH134G
DSH-ampho-Env

1b
NDd

⬍10
6 䡠 104

⬍10
4 䡠 104

⬍10
4 䡠 103

⬍1
1 䡠 102

⬍1
4 䡠 102

1
ND

106
1 䡠 105

a
The vector was either SNV-CXL or SNV-Sh ble::lacZ. No difference in expression or viral titer was detected. Cell lines: HeLa, epithelium-like cervical carcinoma
(18); SK BRK-3, human breast cancer (1); COLO 320DM, colon carcinoma (36); MDA-MB453, human breast cancer (ATCC HTB131); KG1a, hematopoietic B
lymphoma (24); Daudi, hematopoietic B lymphoma (25); D17, dog osteosarcoma.
b
Virus titers were obtained from at least two independent experiments with no significant variation.
c
Human embryo skin primary fibroblasts.
d
ND, not done.
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FIG. 1. Immunohistochemical detection of an MLV-related amphotropic envelope on different cell types. Tyramide amplification and diaminobenzidine staining
were used. Panels: A, psi CRIP cells; B, D17.2G cells (ATCC); C, DSH134G cells; D, D17 cells. Only psi CRIP cells were strongly immunostained. Bar, 60 m.

receptor PIT-2. When added to these cells, ampho-MLV envelope proteins or virions bind to the receptor. Material bound
to the cells is recognized by incubation with monoclonal antibody 83A25 (15) against the MLV envelope for 45 min at 4°C.
Cells are then incubated with anti-rat immunoglobulin fluorescein isothiocyanate-conjugated antibodies (Dako) and
subjected to FACS analysis. Incubation of CERD9 (negative
control) and CEAR13 (expressing PIT-2) cells with the supernatant from D17, D17.2G, or DSH134G cells or that of the
viral MLV envelope 4070A was followed by detection of ampho-MLV Env. This test enables the detection of ampho-MLV
Env present in the culture medium. No FACS signal could be
detected at any time with CERD9. CEAR13 gave a very strong
signal with the 4070A envelope (positive control), but no signal
was detected with D17, D17.2G, or DSH134G-conditioned
medium (Fig. 2). Surprisingly, D17.2G cells, from reference 26,
displayed a strong signal in both tests which should be correlated with the ability of these cells to produce virus able to
infect human cells (data not shown).
Taken together, these results indicate that some batches of
D17.2G cells produce an ampho-MLV Env glycoprotein which
confers the characteristics of an amphotropic packaging cell
line on D17.2G, thus enabling infection of human cells. This
finding is further supported by the fact that D17.2G and psi
CRIP cells display strong inhibition of infection by, respectively, psi CRIP- and D17.2G-produced virus (superinfection
interference; data not shown). Since (i) SNV and REV-A and
(ii) ampho-MLV belong to different interference subgroups
(37), this indicates the presence of an envelope different from

that of REVs in some D17.2G helper cell stocks. Therefore, we
conclude that the ability of some batches of D17.2G-produced
vectors to efficiently infect human cells is due to contamination
with ampho-MLV Env.
The nature of the envelope present on some batches D17.2G
cells has remained elusive. It might be a fragment of amphoMLV Env inserted into the SNV wild-type envelope, a complete envelope together with that of SNV, or a fully RC ampho-MLV. Furthermore, we do not know whether the D17.2G
samples distributed in various laboratories are equally contaminated. In this respect, it is important to note that infection
experiments performed by different groups with the same cell
types have yielded different results. For instance, Mikawa et al.
(32) found that infection of NIH 3T3 cells by D17.2G-CXL
(bearing a lacZ gene) was negligible, as previously reported
(14). Koo et al. (26) reported a titer of 6 䡠 103 transducing
vectors per ml of viral supernatant. Both groups, however,
found similar titers on D17 dog cells and on HeLa cells (23,
26).
The SNV envelope displays 42 to 49% amino acid sequence
identity with a prototype simian D-type virus envelope (23, 27).
Interference experiments using molecular clones of RC strains
of SNV and REV-A have shown that SNV and simian D-type
viruses belong to a single receptor interference subgroup.
Thus, they appear to use the same receptor (23, 27). However,
it has been shown that the other members of this interference
subgroup can infect human cells (37). Considering these findings, how can the lack of human cell infection by SNV be
explained? REVs may use the same cell surface protein as
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other D-type viruses for envelope docking but may use other
protein domains for binding. This would explain why simian
D-type virus-infected cells are resistant to SNV infection.
Moreover, Dornburg and coworkers have found that the infectivity of SNV particles displaying single-chain antibodies
was greatly enhanced when the SNV wild-type envelope was
also present (5, 7). It was hypothesized that a cellular receptor
for the wild-type SNV envelope that is homologous to that
expressed on dog D17 cells is present on human cells but that
the human receptor is mutated, preventing high-affinity binding and virus entry. The single-chain antibodies displayed on
the viral surface may anchor the vector to the cell surface,
hence mediating interaction with the envelope and the wildtype receptor, enabling membrane fusion (11). Since all members of the simian D-type interference subgroup except SNV
infect human cells, this hypothesis appears the most likely.
Cloning of the receptor should help to elucidate this problem.
In summary, the present study clearly shows that the REVs
REV-A and SNV do not infect human cells due to the inability
to bind to a cell surface receptor. However, vectors derived
from these viruses can infect human cells when they are
pseudotyped with envelopes that mediate receptor binding and
membrane fusion, e.g., that of ampho-MLV. Thus, SNV or
REV-A is suitable for the development of a powerful, hazardfree vector for gene transduction.
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