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ABSTRACT Recombinants of amphotropic murine leu-
kemia virus (A-MuLV) have found widespread use in retro-
viral vector systems due to their ability to efficiently and stably
infect cells of several different species, including human.
Previous work has shown that replication-competent recom-
binants containing the amphotropic env gene, encoding the
major SU envelope glycoprotein that determines host tropism,
induce lymphomas in vivo. We show here that these viruses
also induce a spongiform encephalomyelopathy in mice inoc-
ulated perinatally. This fatal central nervous system disease
is characterized by noninflammatory spongiform lesions of
nerve and glial cells and their processes, and is associated with
moderate astro- and microgliosis. The first clinical symptoms
are ataxia, tremor, and spasticity, progressing to complete
tetraparesis and incontinence, and finally death of the animal.
Sequences within the amphotropic env gene are necessary for
disease induction. Coinfection of A-MuLV recombinants with
nonneuropathogenic ecotropic or polytropic MuLV drasti-
cally increases the incidence, degree, and distribution of the
neurodegenerative disorder. The consequence of these results
in view of the use of A-MuLV recombinants in the clinic is
discussed.

As early as 1982 murine leukemia virus (MuLV) genomes have
been usurped to generate powerful gene transfer systems (1,
2). More recently, these retroviral vector systems have been the
system of choice for several gene therapy approaches currently
being used in the majority of approved clinical trials (3). The
best characterizedMuLV belong to the type C subgenus. These
viruses can be further divided into several different host range
or interference classes (4–6), determined by the env-coded
major surface glycoprotein (SUgp70) expressed by the different
viral isolates. Binding of the SUgp70 to its specific cell surface
receptor triggers endocytosis and entry into the host cell.
Amphotropic (A)-MuLV can efficiently infect a wide range of
cell types from many different species including human (5, 7),
and thus have been used as the basis of retroviral systems for
clinical trials.
A-MuLV-based transfer systems are currently being used in

over 70% of the approved gene marking and gene therapy
protocols in the United States and Europe. These protocols
primarily involve ex vivo retroviral-mediated transfer into
normal or tumorigenic cells of patients using replication-
incompetent packaging systems and reintroduction into the
donor; however, several protocols have been approved and
initiated in which the virus-producing packaging cells are

directly injected in vivo in the diseased tissue (e.g., glioblas-
toma, ovarian, and breast cancers) (8). The aim of these latter
protocols is the in situ infection of all or most of the tumori-
genic tissue with vectors carrying ‘‘suicide’’ genes (e.g., herpes
simplex-thymidine kinase) that render the cells susceptible to
nontoxic pharmacologic agents (9). Strategies are also being
developed that allow direct administration of high titer retro-
viral particles in vivo, eliminating the complexity and costs of
ex vivo manipulations (10, 11). Significantly, although ad-
vanced packaging systems have been developed that limit the
chance of replication-competent virus release due to recom-
bination, these systems are not always tight (3, 12, 13).
Despite the already wide use of A-MuLV recombinants in

both the research and clinical setting, only a few limited studies
have examined the pathogenicity of either the wild-type A-
MuLV or Moloney (Mo)-AmphoV. The latter is a recombi-
nant carrying the amphotropic env gene in a Mo-MuLV
background and is the basis of the majority of retroviral
packaging cell lines used to date. The studies performed have
shown that these viruses induce lymphatic leukemias at a 25
and 60% incidence, respectively, in both wild-type and inbred
mice (NIH Swiss) after a relatively long latency period (7–15
months) (14–16). A high incidence of myeloid leukemia 2–6
months after infection of DBAy2 mice undergoing a chronic
inflammatory response has also been observed (17). Inadver-
tent infection of immunosuppressed rhesus macaques with
high titers of replication-competent Mo-AmphoV also re-
sulted in lymphoma induction in 3 out of 10 macaques (13, 18),
in contrast to earlier reports in which no disease induction was
observed (19), presumably due to virus inactivation by the
complement system.
In the course of assaying several MuLV recombinants for

altered disease specificity, we observed a rather high incidence
(20 to 30%) of a neurological disorder in mice, not previously
described, 5 to 10 months after perinatal infection with
Mo-AmphoV. The studies described here were performed to
determine histopathological changes in the central nervous
system (CNS) in infected mice and to define the viral deter-
minants of disease induction.

MATERIALS AND METHODS

Mouse Strains and Infection Protocol. With the exception
of NIH (NIHyOlaHsd, inbred) and NMRI (HsdWin:NMRI,
outbred), which were purchased from Harlan–Winkelmann
(Borchen, Germany), all mice were bred in the Heinrich-Pette-
Institut animal quarters. DBAy2J (Rmcfr), BalbycJ, and 129y
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SvJ were originally obtained from Jackson Laboratories, and
DDD (Fv-2s, inbred) were obtained fromT.Odaka (University
of Tokyo, Tokyo). Mice were infected intraperitoneally either
within 24–48 hr or 8 days after birth with 50 ml virus-
containing supernatant with a virus titer between 3 3 105 and
1 3 106yml.
Construction of Recombinant Virus Genomes. The basis of

all proviral constructs was a plasmid containing theMo-MuLV
cl MLV-K (20). The plasmids pAM and pAMS (differing in
flanking sequences) encodingMo-AmphoVwere generated by
exchanging a SalI–ClaI fragment containing 39 pol sequences
and all except 35 bp of the env-coding region with an equivalent
fragment from a molecular clone of A-MuLV cl 4070 and were
kindly provided by A. D. Miller (Fred Hutchinson Cancer
Research Center). To generate the plasmid R275 encoding
Mo-AmphoV-MP, a ClaI fragment of plasmid pAMS contain-
ing the entire Mo-AmphoV provirus except the 39 long ter-
minal repeat (LTR) was inserted in a plasmid containing the
39 LTR of the myeloproliferative virus (MPSV) (21). The
plasmid encoding MES-AmphoV-MP (R320) was generated
by substituting a KpnI–PstI fragment containing the U5 LTR
and leader sequence of R275 with that frommurine embryonic
stem cell virus (MESV) (plasmid p5Gneo) (22).
Virus Production and Titration. Recombinant viruses were

generated by transfecting recombinant plasmidDNA of cloned
proviral genomes into SC1 fibroblasts or MS-5 stroma cells
(23). Virus spread was monitored by a reverse transcriptase
assay (24). SC1 cells producing the Mirand strain of F-MuLV
cloned by end-point dilution (cl 643y22N) (24) were provided
by W. Ostertag (Heinrich-Pette-Institut). NIH 3T3 cells pro-
ducing either mink cell focus-forming virus (F-MCFV) cl1 (25)
or Mo-MuLV (26) were kindly provided by R. Friedrich
(Universität Giessen, Giessen, Germany) and C. Löliger (Uni-
versität Krankenhaus Eppendorf, Hamburg, Germany), re-
spectively.
Virus titers were measured by end-point dilution on SC1

cells. Eight weeks after infection, virus-positive cells were
detected by PCR of genomic DNA or reverse transcriptase
activity of the supernatant, and is expressed as infectious units
(i.u.) per ml. The PCR was performed in a final volume of 25
ml in the buffer provided by the manufacturer with 200 ng
genomic DNA, 1.0 mM oligonucleotide primers, 0.2 mM
dNTP, 1.5 mM Mg2Cl2, and 0.625 units of Taq Polymerase
(GIBCOyBRL). Thirty cycles were performed (1 min at 948;
1 min at 658; and 2 min at 728). To detect amphotropic viruses
the primer pairs 59-CGTATGTCGGGTATGGCTGCA and
59-GCTGTGGGACACTTGGACTTGTAG spanning posi-
tions 266 to 883 of the amphotropic env gene were used,
whereas the primer pair 59-CACCCTCTGTGGACTTGGTG
and 59-CAGCTTAAGCTGTTCCAGGC spanning 193 to 417
of the ecotropic env sequence was used to detect ecotropic
virus.
Histopathology of Infected Mice. Brains were fixed in situ in

the dissected neurocrania by use of 4% paraformaldehyde
solution containing 1% acetic acid. For better penetration of
the fixative, the occipital bones of the skull were removed.
After fixation, vertebral columns containing the spinal cords
were decalcified in a saturated EDTA buffer solution (pH 7.2)
prior to embedding. Embedding in paraffin and staining of
sections (hematoxylin-eosin, cresyl violet, elastica-van Gieson)
was according to standard procedures.
Screening for Viral Recombinants. Cell-free brain homo-

genants of diseased mice were used to infect SC1 mouse cells.
One week p.i. genomic DNA was extracted and subjected to
Southern analysis. Genomic DNA was digested with HindIII,
BamHI, XbaI, PvuII, EcoRV, and EcoRI restriction enzymes.
Probes specific for ecotropic (nucleotides 194–949) or ampho-
tropic (nucleotides 266–883 and an EcoRI–ClaI fragment)
SUgp70 sequences were used for hybridization.

RESULTS

The Amphotropic Mo-AmphoV Recombinant Induces a
Spongiform Encephalomyelopathy in Infected Mice. To de-
termine the pathogenic potential of Mo-AmphoV, mice were
infected 24–48 hr after birth. Because the immune system is
still poorly developed in neonates, infection during this time
frame maximizes virus spread and thus detection of disease.
The Mo-AmphoV recombinant used in these studies is de-
picted in Fig. 1. As expected, the majority of infected mice
succumbed to a lymphatic leukemia within a mean latency of
6 months, confirming the results of others (15, 16). However,
unexpectedly, in 22% of the infected mice, we observed overt
signs of a complex neurological syndrome, including tremor,
ataxia, hindleg paralysis, and spasticity. The clinical symptoms
progressed to complete tetraparesis and incontinence, and
finally death of the animals at a mean age of 8 months.
Histological examination confirmed a CNS disorder, reveal-

ing marked, noninflammatory spongiform degeneration of
predominantly white matter tracts in the spinal cord and
cerebellum, whereas in the medulla oblongata and more
rostrally white and gray matter structures were equally affected
(Fig. 2 A and B). No signs of inflammation or disturbances of
the blood–brain barrier could be detected. Furthermore, the
vacuolar changes of the glial and neuronal cells were associated
with moderate astro- and microgliosis (Fig. 2C).
Significantly, both the incidence and latency of the neu-

rological disease was drastically altered when newborn mice
were coinfected with nonneuropathogenic ecotropic Friend
(F)-MuLV (cl 643y22N) (24). Between 25 and 107 days after
infection, greater than 90% of the infected mice had suc-
cumbed to a spongiform encephalomyelopathy when coin-
fected with Mo-AmphoV and F-MuLV (Fig. 3). Two other
A-MuLV recombinants incorporating sequences from
MPSV or MESV (Fig. 1), Mo-MuLV derivatives that exhibit
increase transcription efficiency in both hematopoietic and
embryonic stem cells (27–29), were also tested. These two
recombinants produced similar results as Mo-AmphoV when
coinfected with F-MuLV (Fig. 3), indicating that the CNS
lesioning was not a particularity of the Mo-AmphoV con-
struct. None of the 19 control mice infected with F-MuLV
alone exhibited neurological symptoms over an observation
period of 125 days.
In addition to decreasing the latency and increasing the

incidence of the spongiform encephalomyelopathy in mice
coinfected with F-MuLV, the topographical distribution of the
neurological lesions was much more widespread (Fig. 2 D and
E). Gray and white matter of the spinal cord, cerebellum, and
brain stem exhibited extensive spongiform lesions, and the
cerebral cortex and white matter structures also were involved.

FIG. 1. Structure of the proviral genome of MuLV recombinants
assayed in newborn mice. Mo-AmphoV differs from Mo-MuLV by a
SalI–ClaI fragment encoding SUgp70. Recombinant Mo-AmphoV-MP
is identical to Mo-AmphoV, except that the U3 region of the Mo-
MuLV LTR has been replaced with that of MPSV (21). MES-
AmphoV-MP differs from Mo-Ampho-MP in 354 bp of ‘‘leader’’
sequences immediately downstream of the 59 LTR but upstream of the
p65gag start codon derived from MESV (22).
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Moribund animals exhibited a nearly complete loss of neurons
in affected areas. Destruction of nerve cells apparently oc-
curred due to extensive cellular swelling and vacuolization or
a shrinking process similar to ischemic nerve cell alteration
(Fig. 2F).
Amphotropic-Derived Sequence Are Responsible for Dis-

ease Induction. To confirm that sequences derived from
A-MuLV and not other components of the Mo-AmphoV
recombinant are responsible for the induction of spongiform
encephalomyelopathy, newborn mice were infected with su-

pernatants containing wild-typeMo-MuLV.Mo-AmphoV dif-
fers from Mo-MuLV in sequences encoding the SUgp70 (Fig.
1). No signs of neurological disease were observed in a total of
20 infected mice over a 4-month observation period, even
when coinfected with F-MuLV. Instead, within this period, all
mice succumbed to lymphoid leukemias typical of these two
viral strains (Table 1). Taken together with the fact that
Mo-AmphoV alone was sufficient to induce neurodegenera-
tion in infected mice, these results clearly assign a causal role
to the amphotropic SUgp70 sequences.

FIG. 2. Neuropathology of DDD mice infected with Mo-AmphoV alone (A–C), or coinfected with Mo-AmphoV and F-MuLV (D–F). (A)
Schematic presentation of distribution and severity of spongiform alterations along the neuraxis and hemispheres. Dark-blue shading denotes
extreme; medium-blue shading, severe; and light-blue shading, moderate to mild tissue damage. (B) Overview of frontal sections of the medulla
oblongata at the level of the foramina of Luschka demonstrating circumscribed foci of spongiform tissue lesions. Ependymum of the fourth ventricle
floor is indicated by an arrowhead (340). (C) Higher magnification (3245) reveals isolated single, large vacuoles of the neuropil, perikaryal swelling,
and vacuolization of oligodendrocytes and astrocytes (thin arrows) and two hypertropic, swollen neurons (thick arrows) with pale nuclei and loss
of Nissl substance in the cytoplasm. (D–F) Same as A–C, respectively, but mice were coinfected with Mo-AmphoV and F-MuLV. (D) Note lesions
aggravate, extend more rostrally, and also involve the hemispheres. (E) In contrast to mice infected with Mo-AmphoV alone, widespread lesioning
is observed. (F) Lesions in mice coinfected with F-MuLV are characterized by a higher degree of spongiform degeneration with confluent
vacuolization and loss of neurons; the arrows point to shrunken, degenerated neurons.
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To further collaborate these results, experiments were per-
formed to confirm the presence of Mo-AmphoV in the dis-
eased tissue. Staining using monospecific antibodies that rec-
ognize the gag-encoded CAp30 and the env-encoded SUgp70
demonstrated a striking correlation between affected tissue
and viral protein expression, with microglial and capilliary
endothelial cells as the most prominent positive cell type (J.L.,
unpublished results). However, as no antibodies are available
that are specific for Mo-AmphoV, the detected antigens may
be attributed to activated endogenous retrovirus. PCR analysis
using primers specific for amphotropic env sequences was thus
used to confirm the presence of amphotropic SUgp70 sequences
in the brain. In all diseased mice infected with either Mo-
AmphoV alone or Mo-AmphoV plus F-MuLV, but not in
F-MuLV-infected control mice, amphotropic sequences were
readily detected in the brain (data not shown).
Genetic Background and Age Influence Mice Susceptibility

to the Virus-Induced Neurodegenerative Disorder. To deter-
mine whether susceptibility to Mo-AmphoV-induced neuro-
degeneration is lost with age, DDD mice were infected 8 days
after birth with one of the A-MuLV recombinants together
with F-MuLV. In a total of 46 infected mice, no symptoms of
the CNS disorder were observed; rather, all mice became
leukemic after a mean latency of 139 days. Similar results have
been reported with the ecotropic CAS-BrE MuLV and its
recombinants, as well as two other ecotropic MuLV variants
that induce CNS degeneration (30–32).

To determine whether the induction of spongiform en-
cephalomyelopathy by Mo-AmphoV was due to a unique
genetic background of DDDmice, five other mice strains were
tested. To decrease the latency period, newborn mice were
infected with both Mo-AmphoV and F-MuLV. All BalbycJ
and NMRI mice (n 5 31 and n 5 19, respectively) succumbed
to leukemia within a relatively short (2- to 4-month) latency
period without any clinical signs of neurological disorders.
Similarly, NIH mice (n 5 16) also developed leukemias
(latency 2–3 months, unpublished results); however, histolog-
ical analysis of three diseased animals showed clear signs of
concurrent spongiform lesions in the CNS, representative of
early stages of the disease. Of the strains tested, neuropathol-
ogy was most prevalent in DBAy2J and 129ySvJ mice. Three
to four months after infection, 68% and 100% of the moribund
DBAy2J (n 5 25) and 129ySvJ (n 5 7) mice, respectively, had
clear clinical symptoms (tremor, ataxia, and spasticity) of the
CNS disorder. No significant differences in the histopathology
or topographical distribution of spongiform degeneration was
observed in the different mouse strains. These results dem-
onstrate that induction of spongiform encephalomyelopathy by
Mo-AmphoV is not unique to DDDmice; however, the genetic
background does contribute to the latency and degree of
disease. Significantly, the disease is often masked by severe
leukemias in some mice strains.
Coinfection of Mo-AmphoV with Either Polytropic or Eco-

tropic Retrovirus Increases Incidence and Degree of Disease.
It can be envisaged that the enhanced degree and incidence of
spongiform encephalomyelopathy caused by coinfection with
F-MuLV could be due to either the synergistic action of
proteins expressed by both viruses or, alternatively, pseudotyp-
ing of the A-MuLV recombinant genome by F-MuLV viral
capsids, increasing the efficiency of viral spread into regions of
the CNS. To determine which component of the F-MuLV
contributed to the increased neuropathogenicity, newborn
mice were coinfected with Mo-AmphoV and either the eco-
tropic Mo-MuLV or a polytropic F-MCFV (Table 1). Some-
what surprisingly, both viruses increased the incidence and
degree of spongiform degeneration to similar levels observed
when Mo-AmphoV was coinfected with F-MuLV. Again,
neither virus alone or together with F-MuLV induced neuro-
pathological alterations in infected mice (Table 1).
A Recombination Event Between Mo-AmphoV and Coinfec-

tant Is Unlikely to Contribute to Altered Pathogenicity. To
rule out the possibility that recombinants between the coin-
fectants were generated that contributed to the disease induc-
tion, proviral DNA from virus released from diseased brain
from mice coinfected with Mo-AmphoV and Mo-MuLV was
examined by Southern blot analysis. Recombinants were ob-
served in the brain of two independent mice; however, the
recombination junction in both instances was within pol.

Table 1. Infection of newborn DDD mice with Mo-AmphoV alone or together with F-MuLV, Mo-MuLV, or F-MCFV

Virus and
coninfectant* No. of mice

Spongiform degeneration† Leukemia‡

Incidence, % Latency (mean) Incidence, % Latency (mean)

Mo-AmphoV
Alone 16 22 250 78 188
F-MuLV 10 90 53 10 44
Mo-MuLV 16 100 64 0 —
F-MCFV 10 100 41 0 —

F-MuLV
Alone 19 0 — 100 110
Mo-MuLV 16 0 — 100 95
F-MCFV 10 0 — 100 96

*DDD mice were infected i.p. between 24 and 48 hr after birth with 50 ml of virus supernatant with titers between 3 3 105
and 1 3 106 unitsyml.
†Onset of spongiform encephalomyelopathy was determined by penetrance of hindleg paralysis, and, in most cases, the disease
was confirmed by histopathology.
‡Leukemias were morphologically classified as lymphatic leukemias (cells were Thy11).

FIG. 3. Cumulative total mortality of DDD neonates infected with
three different amphotropic recombinants together with F-MuLV.
The mortality curve for mice infected with Mo-AmphoV alone (Ç),
Mo-AmphoV and F-MuLV (å), Mo-AmphoV-MP and F-MuLV (m),
and Mes-AmphoV-MP and F-MuLV (F) are shown. The percentage
of mice dying with spongiform encephalomyelopathy (SE) is given.
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Because these sequences share 97% amino acid identity (33)
(C.S. and P. Lührs, unpublished results), these recombinant
viruses are practically identical to the original inoculants and
are thus unlikely to contribute to the increased neurodegen-
eration. Furthermore, the prerequisite to generate polytropic
MCF recombinants for CNS disease induction can be ruled out
because DBAy2J mice, which carry the Rmcfr locus inhibiting
the spread of MCFV (34), succumb to the Mo-AmphoV-
induced spongiform encephalomyelopathy.

DISCUSSION

The results presented here clearly demonstrate that A-MuLV
recombinants expressing the amphotropic env-encoded SUgp70
induce a fatal degenerative CNS disorder in mice. Although
four independent ecotropic variants have also been shown to
induce a similar pathological process (30–32), none of these
viruses induces a CNS disturbance with such a wide topo-
graphical distribution, even when the same viral transcrip-
tional machinery is used to express the env gene.
Substitution of a SalI–ClaI fragment, containing 39 pol and

env sequences of A-MuLV 4070, was sufficient to confer the
altered pathogenicity to Mo-MuLV. Although we cannot
entirely exclude that the subtle differences in the pol-encoded
RT and IN proteins contribute to the pathogenicity, the
env-encoded SUgp70 is the most probable pathogenic determi-
nant. Previous analysis of ecotropic retroviruses that induce
neurodegeneration have also confirmed a causal role of env-
derived sequences, although the mechanism is still unclear (30,
35, 36). Because the SUgp70 glycoprotein is a surface protein,
it could be envisaged that its interaction with cellular receptors
may trigger the neurodegenerative process. A sodium phos-
phate transporter ubiquitously expressed on the cell mem-
brane has been shown to bind the amphotropic SUgp70 and
enable cell entry. Interestingly, this receptor is expressed at
high levels in the brain and is well conserved between human
and rodents (37–39). Alternatively, there may exist other
surface proteins that bind with the amphotropic SUgp70 but
have not yet been identified. Although the neurodegeneration
may be due to a direct interaction of the env product with
neurons, evidence is accumulating in studies of other viral-
induced spongiform disorders that supporting cells in the CNS
(e.g., microglial or endothelial capillary cells) may be the target
cell of the virus (31, 36). Interference with their function or
release of noxious factors may indirectly trigger neuron killing.
Although A-MuLV recombinants have been widely used, no

group has previously demonstrated an association between
amphotropic SUgp70 expression and CNS degeneration. This
can most likely be attributed to several factors. First, neuro-
logical disease symptoms are only visible after a rather long
latency (5 to 10months) and at a low incidence (20 to 30%) and
thus are probably often masked by the coincident or more
quickly appearing symptoms of lymphoid leukemias. Second,
mouse strains vary in their susceptibility to the neurodegen-
erating property of A-MuLV. Finally, there exists a rather
limited susceptibility window to the virus-induced spongiform
encephalomyelopathy.
Remarkably, coinfection of A-MuLV recombinants with

either ecotropic F-MuLV or Mo-MuLV or polytropic F-
MCFV drastically altered the incidence, latency, and distribu-
tion of the disease. Particularly revealing is the synergistic
effect observed with ecotropic Mo-MuLV, as it can be con-
cluded that the enhancing effect must be due to SUgp70
sequences. This was unexpected, because it has been previ-
ously shown that sequences in the LTR and upstream gag
sequences of F-MuLV can greatly increase the neuropatho-
genic capacity of the ecotropic CAS-BrE retrovirus, which also
induces a spongiform encephalomyelopathy in newborn mice
(40–42). Because polytropic and ecotropic SUgp70 proteins
share only 40% similarity in the N terminus (the C terminus

being highly conserved between all three types of virus) (43),
we find it unlikely that these proteins directly synergize with
the amphotropic SUgp70 protein to induce the neurological
lesions. Similarly, as recombinants between A-MuLV and the
coinfectant did not result in the generation of chimeric env
genes or altered transcription controls, we find it unlikely that
generation of a unique recombinant virus is necessary for
disease induction. Rather, the coinfectants most likely act to
target the amphotropic env sequences to the appropriate cells
during early stages of infection through the generation of viral
pseudotypes. A similar mechanism has also been attributed to
polytropicMCF recombinants in the induction of leukemias by
ecotropic MuLV. Conceivably, virus spread is more efficient
when two types of receptors are available (e.g., ecotropic and
amphotropic). Thus, the availability of a second virus receptor
would allow more efficient spread of A-MuLV; amphotropic
spread to the CNS has been previously reported to be quite
inefficient compared with ecotropic variants (44).
The importance of targeting SUgp70 expression in the CNS

for induction of spongiform encephalomyelopathy is also
reflected in the age-dependent restriction observed here and
previously reported for neuropathogenic ecotropic virus. It
has been shown that this restriction is due to the inability of the
virus to mount a productive infection of the CNS. Although
this is most likely mediated by the immune system, other
studies have implicated the importance of the blood–brain
barrier andyor a developmental window in which specific cells
are replicating and thus are still permissive for viral infection
(45–47). Thus, conditions that increase the levels of A-MuLV
in the CNS and thereby enhance the expression of ampho-
tropic SUgp70, will likely increase the incidence and severity of
spongiform neurodegeneration.
Significantly, the Mo-AmphoV recombinant used in these

studies is the basis of all approved packaging cell lines used in
gene therapy trials (3). In light of the results presented here,
the wide use of amphotropic recombinants both in the labo-
ratory as well as in clinical settings needs to be examined.
Although several studies have clearly demonstrated the effec-
tiveness of the human complement system in eliminating
MuLV infection, this protection is not 100% when virus is
released from human cells or when patients are immunodefi-
cient (11, 13). Similarly, direct injection of amphotropic virus-
producing cells or pseudotypes carrying amphotropic se-
quences within the CNS, as proposed in several gene therapy
protocols (9, 48), would occur in an environment in which
plasma complement factors and other elements of the defense
system are normally excluded by the blood–brain barrier.
Perhaps more important, spontaneous or induced immuno-
suppression in patients will also abrogate the immunological
restriction of virus replication and spreading. In addition, it
should be kept in mind that disease processes are frequently
associated with re- or de novo expression of cellular determi-
nants or functions that are normally developmentally regulat-
ed—such changes may enable viral entry into cells normally
restrictive to infection in adults. Significantly, it has been
demonstrated in the mouse system that direct introduction of
cell-associated, neuropathogenic retrovirus in the adult CNS is
sufficient to induce spongiform neurodegeneration (46).
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