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Interaction of retrovirus vectors and endogenous retroviruses present in packaging cell lines and target cells
may result in unwanted events, such as the formation of recombinant viruses and the mobilization of therapeu-
tic vectors. Using sensitive reverse transcriptase PCR assays, we investigated human and murine gene therapy
packaging cell lines for incorporation of endogenous retrovirus transcripts into murine leukemia virus (MLV)
vector particles and, conversely, whether vector genomes are incorporated into human endogenous retrovirus
(HERV) particles. VL30 endogenous retrovirus sequences were efficiently packaged in particles produced by
the murine AM12 packaging system. For every seven MLV-derived b-galactosidase (b-Gal) vector genomes
present in the particles, one copy of VL30 was also packaged. Although human FLY packaging cells expressed
several classes of HERV transcripts (HERV-K, HuRT, type C, and RTVL-H), none was detectable in the MLV
vector particles released from the cells. Nonspecific packaging of the MLV Gag-Pol expression vector tran-
scripts was detected in the FLY virions at a low level (1 in 17,000 sequences). These findings indicate that
human packaging cells produce retrovirus particles far less contaminated by endogenous viral sequences than
murine packaging cells. Human teratocarcinoma cells (GH cells), which produce HERV-K particles, were
transduced with an MLV-derived b-Gal vector. Although both HERV-K and RTVL-H sequences were found in
association with the particles, b-Gal transcripts were not detected, indicating that HERV Gag proteins do not
efficiently package MLV-based vectors.

Although retroviral gene therapy holds promise for the treat-
ment of human disease, the technique also poses a number of
important safety questions. Ideally, a packaging system will pro-
duce high-titer virus containing vector sequences only; once
transduced into target cells, these sequences should not repli-
cate further. Viewed as a significant safety concern of packaging
systems is the possible generation of new replication-compe-
tent retroviruses (RCR) due to the recombination of expres-
sion plasmids (13). Split packaging cell lines, such as GP1E
(11) and FLY (6), which separate the coding regions of virus
structural proteins onto two separate plasmids, have been de-
veloped decreasing the probability of RCR generation. How-
ever, packaging of RNAs coding for packaging functions and
cross-packaging of endogenous retrovirus (ERV) genomes ex-
pressed in packaging cells may result in the transfer of un-
wanted genetic information and its recombination with thera-
peutic vectors. Such recombination may give rise to RCR. The
recent isolation of an RCR from a third-generation murine
packaging cell line serves as a further safety warning (3).

ERVs belong to a diverse family of genetic elements related
to infectious retroviruses, which form part of the genome of all
vertebrates, including humans (27). ERV genomes have the
same basic organization as infectious retrovirus genomes and
possess sequence similarity to gag, pol, and env genes. Human
ERVs (HERVs) constitute up to 0.1% of the human genome
and possess diverse biological activities, including transcrip-
tion, protein synthesis, and in some cases particle production,
although an infectious HERV has yet to be identified (17, 27).
Infectious ERVs have been identified in chickens, mice, cats,
pigs, and baboons. Although not all ERVs are infectious for

the cells of the host species, many can infect and replicate in
cells of other species, a phenomenon called xenotropism (10).
HERVs which show sequence similarity to several retrovirus
families, including the A-type particles (e.g., murine intra-
cisternal A-type particles [IAP]), type B viruses (e.g., mouse
mammary tumor virus), type C viruses (e.g., murine leukemia
viruses [MLV]), type D viruses (e.g., langur and squirrel mon-
key viruses), and foamy viruses, have been identified (4, 17,
27). Classification based on particle morphology is inappropri-
ate for HERVs because particle formation has been detected
for only a few HERVs. Instead, a system based on the identity
of the primer binding site is most commonly used, e.g., with
HERV-K possessing a primer binding site utilizing a lysine
tRNA. Two families of HERVs studied in particular depth
are HERV-K and HERV-H (RTVL-H). The HERV-K family
has been studied for its possession of open reading frames for
gag, pol, and env, while the RTVL-H family has particularly
high transcriptional activity and copy numbers (26).

If ERV RNAs are cross-packaged into vector particles, they
will be more likely than other cellular sequences to recombine
with vector genomes (1). The transfer of two ERV sequences,
VL30 and IAP, has been described for murine packaging cell
lines (2, 8, 19), and the recombination of VL30 and MLV
sequences has been reported (9). Some murine packaging cell
lines have been shown to readily give rise to RCR which can be
transferred to primates (18) and can be pathogenic (7). It is
therefore appropriate to screen human packaging cell lines for
the packaging of HERV sequences.

The consequences to the recipient of exposure to an RCR
will depend ultimately upon the precise genetic structure of the
virus. Although some primates exposed to RCR have not de-
veloped disease (5), others have (7). In vivo, RCR can give rise
to chronic viremia and in the long term to neoplasia due to
insertional mutagenesis next to host oncogenes (14). This risk
has been highlighted by the development of lymphomas in
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monkeys exposed to an RCR. Tumors developed in 3 of 10
animals (7) and murine ERV (VL30) sequences were also
detected in the tissues of these animals (25).

While there has been much concern about the safety of
retrovirus vector packaging cell lines, particularly over the gen-
eration of RCR by recombination events between vector ge-
nomes and packaging plasmids, less attention has been paid to
mobilization by ERV elements and to the possible generation
of RCR by recombination of vector genomes with ERV se-
quences. In this study, we tested whether various families of
murine and human ERV sequences are packaged into particles
and, if so, whether they are transferred to and expressed in
target cells. We quantified the packaged ERV sequences in
comparison to the vector genomes designed to be packaged.

The mobilization of vector sequences by HERV proteins in
human cells transduced with a retrovirus vector also has safety
consequences. It is desirable that, after transduction of a target
cell, no further vector replication occurs. If expressed vector
sequences were to be repackaged by endogenous Gag proteins
in target cells, further replicative cycles might occur, resulting
in an increased risk of mobilization, insertional mutagenesis,
and generation of RCR. Therefore, the packaging of MLV-
based vector genomes by HERV core proteins was also tested.

MATERIALS AND METHODS

Cells. Human and murine packaging cell lines FLY, FLYA4, and FLYA4L3
(previously named FLYA4LacZ3) (6) and AM12Lac25 (previously named GP1
EAM12LacZ25) (11) have been described previously. FLYA4L3 and AM12
Lac25 produce amphotropic retrovirus vectors encoding MFGnlsLacZ vector
genomes. GH cells were kindly provided by Roswitha Löwer (Paul-Ehrlich In-
stitute, Langen, Germany). GHLacZ and RDLacZ cells were produced by high-
multiplicity transduction of the parental cell lines, GH and RD/TE671, respec-
tively, with FLYA4L3 supernatant. RDLacZ-MPMV cells were obtained by
infection of RDLacZ cells with cell-free Mason-Pfizer monkey virus. Other cells
are as described previously (16, 22). b-Galactosidase (b-Gal) expression from the
MFGnlsLacZ vector was determined by 5-bromo-4-chloro-3-indolyl-b-D-galac-
topyranoside (X-Gal) staining techniques (23). DNA and RNA were prepared
from mink lung cells (Mv-1-Lu) 72 h after transduction at a high multiplicity of
infection with a filtered (0.45-mm-pore-size filter) packaging cell line supernatant
in the presence of 8 mg of Polybrene per ml. Replication-competent virus was not
detected in the supernatant of the packaging cell lines, as determined by the
inability of the supernatant to rescue an MLV vector from TELacZ cells (6).

Sucrose density gradients. The overnight culture supernatant or cell lysate
from 3 3 106 to 4 3 106 cells (at confluency) was fractionated by centrifugation
through 40-ml linear sucrose density gradients (20 to 65%) at 100,000 3 g and
4°C for 16 h in an SW28 rotor (Beckman). Cell preparations were lysed by three
rapid freeze-thaw cycles in 1 ml of virus preparation buffer (50 mM Tris-HCl [pH
7.9], 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, 20% glycerol),
and cell debris was removed by centrifugation at 17,500 3 g and 4°C for 20 min
prior to loading. Supernatants were filtered (0.45-mm-pore-size filter). The gra-
dients were collected in 1-ml serial fractions and analyzed for reverse transcrip-
tase (RT) activity and viral genomes by RT PCR.

RT assays. The RT activity of gradient fractions was determined with a PCR-
based RT assay as previously described (15).

RT-PCR. RNA was purified from gradient fractions as previously described
(21). DNA-free cellular mRNA was purified with RNAsolB (Biogenesis) and a
PolyAtract kit (Promega) following the manufacturers’ instructions. The purity
of the RNA was confirmed by PCR analysis of RNA which had not been sub-
jected to reverse transcription, and the quality of the RNA was confirmed by
amplification of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) se-
quences. Oligonucleotide primer pairs designed to amplify conserved Pol regions
of retroviruses and control sequences were as follows. The pan-retrovirus (20)
59 primer was TGGAAAGTGYTRCCMCARGG, and the 39 primer was GGM
GGCCAGSAKGTCATCCAYGTA. The type B or D virus (12) 59 primer was
TCCCCTTGGAATACTCCTGTTTTYGT, and the 39 primer was CATTCCTT
GTGGTAAAACTTTCCAYTG. The type C virus 59 primer was ACCAAIGAY
TAYMGRCCWGTICARGA, and the 39 primer was TTGAAMCCYTGKGGI
ARYCKIGTCCA. The RTVL-H (26) 59 primer was CCTCACCCTGATCACR
YTTG, and the 39 primer was GAATTATGTCTGACAGAAGGG. The VL30
59 primer was GTTGACATCTGCAGAGAAAGACC, and the 39 primer was
TCTGAGGTCTGTACACACAATGG. The b-Gal 59 primer was CTCTGGCT
CACAGTACGCGTAG, and the 39 primer was CCATCAATCCGGTAGGTT
TTCCG. The GAPDH 59 primer was TGGATATTGTTGCCATCAATGACC,
and the 39 primer was GATGGCATGGACTGTGGTCATG. The type C virus-
specific primers were designed to conserve motifs of type C retrovirus pol genes.

Following reverse transcription of RNA with the 39 primers, PCR amplifica-
tion was performed on a Omnigene thermal cycler (Hybaid) with the following
conditions for all reactions except for RTVL-H for which a 1-min extension was
used: 92°C for 4 min, 1 cycle; 94°C for 30 s, annealing for 45 s, and 72°C for 30 s,
30 cycles; and 72°C for 5 min, 1 cycle. Annealing temperatures were as follows:
pan-retrovirus, 45°C; type B or D virus, 50°C; type C virus, 50°C; RTVL-H, 52°C;
VL30, 62°C; b-Gal, 63°C; and GAPDH, 63°C. PCR products were visualized by
ethidium bromide-agarose gel electrophoresis. Following T-tailed cloning into
the pBluescript KS2 vector EcoRV site, automated sequencing was performed
on several clones and products were analyzed by a FASTA search of the Gen-
Bank and EMBL databases.

RT PCR sensitivity. Clones of KS2 containing ERV sequences were linear-
ized with NotI or SalI to prevent runoff transcripts, and DNA-free RNA was
produced by T3/T7 in vitro transcription following the manufacturer’s instruc-
tions (Riboprobe kit; Promega). The quality of the RNA was confirmed by gel
electrophoresis and quantification against brome mosaic virus RNA (Promega)
by ethidium bromide-ammonium acetate gel spotting. Known amounts of the
transcribed RNA were titrated into the RT PCR mixtures, enabling the sensi-
tivity of the assays to be determined. The combination of these data, along with
the dilution to which test samples could be taken and still provide a positive RT
PCR signal, allowed calculation of the concentration of RNA in the test samples.

RESULTS

ERV expression in murine and human cell lines. Human
cells not only contain several classes of ERV sequence but also
express several as RNA transcripts. Table 1 lists the types of
ERV that we found to be transcribed by RT PCR in a number
of human cell lines as well as murine NIH 3T3 cells. We
examined in more detail FLYA4L3 packaging cells (derived
from HT1080 cells) and AM12Lac25 packaging cells (derived
from murine NIH 3T3 cells), which express the MFGnlsLacZ
vector and produce amphotropic LacZ particles. ERV and
MFGnlsLacZ transcripts were detected in both AM12Lac25
and FLYA4L3 cells at levels comparable to those of the
GAPDH housekeeping gene (Fig. 1). RT PCR products were
cloned and sequenced. Sequences were identified by nucleo-
tide sequence analysis and comparison with the GenBank and
EMBL data bases (Table 2). The results indicated that
FLYA4L3 cells, like AM12Lac25 cells, express significant lev-

TABLE 1. ERV RNA expression in human and murine cells

Cells
ERV RNA expressiona:

Type B or D virus Type C virus RTVL-H VL30

RD 1 1 1 2
HT1080 1 1 1 2
HeLa 1 1 1 2
GH 1 1 1 2
T47D 1 1 1 2
PBMC 1 1 1 2
NIH 3T3 1 1 2 1

a 1, expression; 2, no expression. PCR analysis with pan-retrovirus primers
was not applicable due to nonspecific amplification of ribosomal sequences and
therefore is not presented.

FIG. 1. ERV expression in FLYA4L3 and AM12Lac25 cells. Lanes: M, mo-
lecular size markers; L, b-Gal; C, type C virus; D, type B or D virus; R, RTVL-H;
V, VL30; G, GAPDH.
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els of ERV RNA and confirm the need to test for packaging of
HERV sequences in viral vector particles released by these
cells.

RT PCR sensitivities. ERV and b-Gal RNAs were produced
by in vitro transcription and quantified. Known amounts of
RNA were diluted into RT PCR mixtures, and the sensitivity
of the reactions was determined (Table 3). The possibility that
template DNA present in the transcription reactions contam-
inated the RT PCRs was excluded, as amplifications performed
in the absence of RT did not yield any products.

Packaging of ERV by packaging cell lines. Virus produced
by AM12Lac25 cells was purified on sucrose gradients. As
shown in Fig. 2A, RT activity and b-Gal vector RNA banded at
a density of 1.170 g/ml, appropriate for retrovirus particles. In
addition, significant levels of packaged ERV (VL30) RNA
were also detected in these fractions. RT PCRs with pan-
retrovirus, type C virus, and type B or D virus primers were
negative (data not shown).

Analysis of FLYA4L3 supernatants revealed higher levels of
packaged RT activity and b-Gal RNA than in AM12Lac25
supernatants (Fig. 2B and C). This result was expected, as the
infectious titer of FLYA4L3 supernatants (4.2 3 106 IU/ml)
was found to be approximately 30-fold higher than that of
AM12Lac25 supernatants (1.5 3 105 IU/ml). Despite the in-
creased virus titer, we were unable to detect the presence of
viral sequences in any FLYA4L3 gradient fractions using pan-
retrovirus, type B or D virus, or RTVL-H primers. In addition,

supernatants from parental “empty” FLYA4 cells, which pro-
duce virus particles with no vector genome, did not contain
detectable levels of HERV sequences (data not shown), ruling
out the possibility that packaging of the lacZ genome at a high
titer was competing HERV RNA from virus particles. How-
ever, RT PCR with primers for type C virus sequences gave a
weak positive signal. Following sequencing, the product was
identified as MLV and represents packaging RNA transcribed
from an MLV Gag-Pol expression plasmid. This result is con-
sistent with the observation that LacZ particles produced by
human packaging cells TELCeb6/AF7 (6) and FLYA4L3 (23a)
can transfer Gag-Pol function to target cells. Packaging of
endogenous human type C virus sequences was not detected.
The RT level in FLYA4 cells was very similar to that in
FLYA4L3 cells, indicating that similar levels of virus particles
were produced (results not shown). These results indicate that
the packaging of HERV sequences by FLY cell lines, if it
occurred at all, occurred at a frequency much lower than that
observed for VL30 sequences in murine cells.

The concentrations of b-Gal and ERV RNAs in the peak
gradient fractions of FLYA4L3 and AM12Lac25 cells were
estimated by titration (Fig. 2C). Table 3 shows the estimated
RNA concentrations and the vector/ERV molar ratios, indi-
cating a much improved specificity of packaging of FLYA4L3
cells over AM12Lac25 cells.

Transfer of ERV to target cells. DNA and RNA extracted
from mink Mv-1-Lu cells which had been exposed to vector
supernatants were analyzed in order to confirm previous re-
ports that VL30 can be transferred from murine packaging
cells to target cells (2, 8, 19) and to test if any transfer of
HERV from human packaging cells to target cells can be
detected. Mv-1-Lu cells, which had been transduced with
AM12Lac25 supernatant and were more than 90% LacZ pos-
itive, contained and expressed VL30 sequences, as demon-
strated by PCR analyses with the same primers and conditions
as those described above. This observation confirmed that at
least some types of ERV can be mobilized by vector virions
and expressed in target cells. In contrast, exposure of Mv-1-Lu
cells to supernatants from either FLYA4L3 or empty FLYA4
cells resulted in no detectable transfer of RTVL-H or type B or
D virus sequences, consistent with the absence of detectable
packaging of these sequences.

Interaction of MLV vectors with HERV Gag proteins. GH
cells were transduced with the MFGnlsLacZ retroviral vector.
b-Gal expression in .90% of the cells was confirmed by X-Gal
staining (data not shown). RT PCR of RNA fractionated on

TABLE 2. Identity of packaging cell line RT PCR products

Cell line RT PCR for: Product
size (bp)

Database
sequencea

% Similarity
to database

FLYA4L3 Type B or D virus 295 HERV-K10 90
Type B or D virusb 298 HERV-K10 72
Type B or D virusb 297 HERV-K10 75
Type C virusc 263 HERV 97
RTVL-H 411 RTVL-H2 94
Pan-retrovirus 135 Human RT 66

AM12Lac25 VL30 484 VL30 99
Type B or D virus 298 Murine IAP 95

a GenBank database accession numbers: HERV-K10, gb_pr:m14123; HERV,
gb_pr:m74509; RTVL-H2, gb_pr:m18048; human RT, gb_pr:m25767; VL30,
gb_ro:m21123; and murine IAP, gb_ro:m17551.

b Sequences correspond to the 70A and 70B HERV-K10 families (21).
c RNA transcripts from the CeB plasmid were also detected at approximately

the same frequency as HERV transcripts.

TABLE 3. Presence and quantification of retroviral sequences in gradient-purified virus particlesa

Sequence Sensitivity
(fg)b

AM12Lac25 cell line FLYA4L3 cell line

Peak RNA
level (fg)

LacZ/ERV
ratio

Peak RNA
level (fg)

LacZ/ERV
ratio

LacZ 527 6.3 3 103 NA 171 3 103 NA
VL30 212 848 7.2:1 NA NA
Type B or D virus (murine) 61 ,61 .62:1 NA NA
Pan-retrovirus 1.59 ,1.59 .1,100:1 ,1.59 .29,000:1
Type C virus 4.76 ,4.76 .700:1 4.76 19,000:1
RTVL-H 160 NA NA ,160 .880:1
HERV-K10 family

90 175 NA NA ,175 .580:1
70A 87 NA NA ,87 .1,200:1
70B 160 NA NA ,160 .650:1

a NA, not applicable.
b Minimum input of standard RNA which resulted in a positive RT PCR signal.
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sucrose gradients identified the presence of cell-associated vi-
rus particles containing type B or D virus (HERV-K-related)
and RTVL-H sequences. However, no packaging of b-Gal
vector transcripts into these virus particles was detected, de-
spite their expression in the cells (Fig. 3). Estimation of the
concentration of ERV RNA indicated that the b-Gal/HERV

ratios were ,1:2 for RTVL-H sequences and ,1:7 for HERV-
K10-related sequences.

DISCUSSION

This study addresses two important issues of safety for ret-
roviral gene therapy. First, we compared a human packaging
cell line (FLYA4L3) with a murine cell line (AM12Lac25) for
packaging of ERV sequences into virions. The delivery of ERV
sequences and their subsequent integration are themselves un-
wanted and potentially pathogenic events (25). Copackaging of
ERV and vector sequences could lead to recombination events
between the transcripts and the possible generation of RCR.
Second, we investigated the interaction of HERV with retro-
viral vectors after transduction of target cells. If retroviral
vectors could be repackaged by HERV Gag proteins in human
target cells, mobilization of the vectors might occur, increasing
the risk of less specific cell targeting, insertional mutagenesis of
host genes, and generation of RCR.

The human packaging cell line FLYA4L3 expresses high
levels of MLV Gag-Pol proteins, producing virions at titers 10-
to 100-fold higher than those obtained with murine packaging
cell lines, such as AM12LacZ25. Packaging of murine VL30
sequences was readily detected in AM12Lac25 cells. In com-
parison, although RT PCR confirmed the presence of many
classes of HERV mRNA in FLYA4L3 cells, we were unable to
detect any evidence of packaging of these sequences into viri-
ons produced by these cells. The detection of VL30 packaging
has been reported (2, 8, 19); the packaging sequence of VL30
elements, although divergent from the MLV packaging se-
quence, is known to be compatible with MLV Gag proteins
(24). Although little is known of the packaging specificity of the
various HERV sequences, the RNA packaging signals of the
HERVs investigated in this study may be more divergent from
MLV than that of murine ERV. This possibility could result in
a reduced efficiency of the interaction of HERV RNA tran-
scripts with the MLV Gag proteins expressed in the packaging
cells and hence in the absence of HERV transcripts in the
virions. In a more stringent test of HERV packaging, we also
tested the empty FLYA4 packaging cell line, as FLYA4L3 cells
express high levels of MFGnlsLacZ retroviral vector RNA,
which will efficiently compete with HERV transcripts for pack-
aging into MLV virions. Significantly, even in the absence of

FIG. 2. RT PCR for RT activity and MFGnlsLacZ (b-Gal) or ERV RNA in
sucrose gradient fractions from AM12Lac25 and FLYA4L3 cells. Positive con-
trols (1) were 1024 U of Moloney MLV RT (Gibco) for RT activity; FLYA4L3
total cell RNA for detection of b-Gal, RTVL-H, type B or D virus, or type C
virus RNAs; and in vitro-transcribed human RT for pan-retrovirus (Pan-retro)
RNAs (see Table 1). (A) AM12Lac25 supernatants. (B) FLYA4L3 supernatants.
(C) Titration of peak fractions identified in panels A and B.

FIG. 3. RT PCR for b-Gal and ERV RNAs in sucrose gradient fractions
from GH cell lysates. Positive controls (1) represent amplifications from GH
total cell RNA.

2674 PATIENCE ET AL. J. VIROL.



such competing sequences, HERV packaging was undetect-
able.

The concentration of RNA packaged into vector particles
was estimated by RT PCR titration with RNA templates pro-
duced by in vitro transcription. We calculated that the peak
AM12Lac25 fraction contained 6.3 pg of b-Gal RNA and 850
fg of VL30 RNA (Table 3). Converted into molar terms, these
values represent a b-Gal/VL30 ratio of approximately 7:1. The
detection of significant VL30 packaging by murine packaging
cells and the transfer of these sequences to target cells are in
agreement with previously published results (2, 8, 18, 19). The
peak FLYA4L3 fraction contained 171 pg of b-Gal RNA and
undetectable levels of HERV transcripts. Thus, according to
the sensitivity of the assays, for every virion containing b-Gal
RNA, fewer than 1 in 30,000 virions carried sequences identi-
fied with pan-retrovirus primers, fewer than 1 in 600 to 1 in
1,200 carried type B or D virus (HERV-K10-related) se-
quences, and fewer than 1 in 900 carried RTVL-H sequences
(Table 3). HERV sequences were not detected in cells exposed
at a high multiplicity to FLYA4L3 or empty FLYA4 superna-
tants. These results indicate that human packaging cell lines
produce retroviral vectors less contaminated with ERV se-
quences and therefore less likely to give rise to unwanted ERV
mobilization and generation of RCR due to recombination
between ERV and vector genomes than murine packaging cell
lines. The possibility exists that other, as-yet-unknown HERV
families not detected by our RT PCR methods interact with
MLV Gag proteins and are packaged into virions. It will be
important to determine whether such HERV families exist.

MLV sequences were detected with type C virus primers in
the supernatants of FLYA4L3 cells. As the supernatants of
these cells did not contain detectable levels of RCR, the
sequences were most likely derived from the CeB Gag-Pol
expression plasmid. It is possible that cells transduced by
contaminated particles can express MLV proteins (6). The
1:19,000 ratio of packaging is consistent with that observed for
the transfer of Gag-Pol function to target cells by FLYA4L3
supernatants (6, 23a).

Once target cells are transduced with a retroviral vector, it is
desirable that its replication be limited to a single integration
event, as all cycles of retroviral replication carry a risk of
recombination events and of insertional mutagenesis. The sec-
ond safety aspect investigated, therefore, was that of vector
mobilization by HERV Gag proteins. Associated with HERV
Gag expression is the presence of intracellular virus particles.
In vivo, the presence of high levels of HERV particles is a rare
phenomenon. A notable exception is the placenta trophoblast,
which expresses high levels of type B or D virus particles
packaging HERV-K10-related sequences (21). We therefore
examined GH teratocarcinoma cells which, like the tropho-
blast produce HERV-K10-derived particles, for MLV vector
packaging. Despite the presence of virus particles carrying
HERV-K and RTVL-H sequences, we did not detect the pack-
aging of MLV vector transcripts into virions, presumably due
to an inability of the Gag proteins to interact efficiently with
MLV RNA. These results suggest that vector mobilization by
HERV Gag proteins is unlikely to present a significant safety
problem. Furthermore, RDLacZ-MPMV cells producing type
D virions did not cross-package MLV vector sequences into
supernatant particles (data not shown).

In summary, human packaging cell lines such as FLY appear
to be a promising packaging system possessing some significant
advantages over murine-based systems. Not only are serum-
resistant particles produced (6), but also they are less contam-
inated by ERV than particles from murine packaging cells.
In addition, MLV-derived vectors packaged by FLY or GP1

EAM12 cells and transduced into target cells do not interact
with HERV Gag proteins, such as those expressed in GH cells,
and are not recovered by replication-competent type D virus.
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