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Case Study

Poliomyelitis in MuLV-Infected ICR-SCID
Mice after Injection of Basement
Membrane Matrix Contaminated with Lactate
Dehydrogenase-Elevating Virus

Jodi A Carlson Scholz,'* Rohit Garg,>* Susan R Compton,’ Heather G Allore,® Caroline J Zeiss,' and Edward M Uchio®

The arterivirus lactate dehydrogenase-elevating virus (LDV) causes life-long viremia in mice. Although LDV infection generally
does not cause disease, infected mice that are homozygous for the Fv1" allele are prone to develop poliomyelitis when immunosup-
pressed, a condition known as age-dependent poliomyelitis. The development of age-dependent poliomyelitis requires coinfection
with endogenous murine leukemia virus. Even though LDV is a common contaminant of transplantable tumors, clinical signs of
poliomyelitis after inadvertent exposure to LDV have not been described in recent literature. In addition, LDV-induced poliomy-
elitis has not been reported in SCID or ICR mice. Here we describe the occurrence of poliomyelitis in ICR-SCID mice resulting
from injection of LDV-contaminated basement membrane matrix. After exposure to LDV, a subset of mice presented with clinical
signs including paresis, which was associated with atrophy of the hindlimb musculature, and tachypnea; in addition, some mice
died suddenly with or without premonitory signs. Mice presenting within the first 6 mo after infection had regions of spongiosis,
neuronal necrosis and astrocytosis of the ventral spinal cord, and less commonly, brainstem. Axonal degeneration of ventral roots
prevailed in more chronically infected mice. LDV was identified by RT-PCR in 12 of 15 mice with typical neuropathology; positive
antiLDV immunolabeling was identified in all PCR-positive animals (n = 7) tested. Three of 8 mice with neuropathology but no
clinical signs were LDV negative by RT-PCR. RT-PCR yielded murine leukemia virus in spinal cords of all mice tested, regardless

of clinical presentation or neuropathology.

Abbreviations: GFAP, glial fibrillary acidic protein; LDV, lactate dehydrogenase-elevating virus; MuLV, murine leukemia virus.

Lactate dehydrogenase-elevating virus (LDV) is an enveloped
RNA virus belonging to the family Arteriviridae. Originally iden-
tified as a contaminant of transplantable tumors,* LDV remains
a common contaminant of experimental biologic materials.***
The virus was so named because it reliably causes an acute rise
in serum LDH after infection; consequently, measurement of se-
rum LDH after inoculation of biologic materials into mice has
historically been used as the classic method for detection of LDV
contamination.>* LDV has a highly specific tropism for a small
subset of mature mouse macrophages that express F4/80 cell
surface antigen, and infection results in life-long viremia.?¢64
LDV strains are classified as neuropathogenic (strains C and v)
or nonneuropathogenic (strains P and vx), and stocks of LDV
contain a mixture of these strains or quaispecies.”'*% Infection
with LDV interferes with the normal immune response, including
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elevation of plasma IgG,'®1%%05! qutoantibody production,'*® im-
mune complex formation,”*"*” and enhancement or suppression
of tumor development.”?* Despite these alterations in immune
function, most mice infected with LDV remain asymptomatic.
However, mouse strains that are homozygous for the Fvl" allele,
such as AKR and C58, are prone to the development of LDV-in-
duced poliomyelitis when immunosuppressed.”’#? The Fv1 is one
of multiple genes that restricts replication of endogenous murine
leukemia virus (MuLV), and mice with 2 copies of the Fv1" al-
lele are permissive to infection with N-tropic ecotropic MuLV.*!
Through an unknown mechanism, this expression of MuLV ren-
ders spinal cord anterior horn neurons susceptible to cytolytic
infection with LDV.145%” The resultant disease, commonly known
as age-dependent poliomyelitis, has been studied as a model for
amyotrophic lateral sclerosis.®*® Experiments in mice using this
model have demonstrated that both CD4+ and CD8+ T cells play
an essential role in the protection against paralysis in susceptible
strains.**** ICR-SCID mice have significantly decreased numbers
of circulating T cells, although previous studies involving LDV
infection in SCID mice have not reported the development of po-
liomyelitis.®?** 34 Indeed, this condition has previously been
reported only in C58, AKR, C3H/Fg, and PL/] mice.'>1617414749



Despite the fact that LDV is a common contaminant of trans-
plantable tumors, the occurrence of clinical signs of poliomyelitis
after inadvertent exposure to LDV has not been described in re-
cent literature and has not been described in ICR or SCID mice.
Here we report the occurrence of poliomyelitis in ICR-SCID mice
resulting from injection of LDV-contaminated basement mem-
brane matrix.

Case Report

Clinical history. A cohort of 50 female IcrTac:ICR-Prkdc< (ICR-
SCID; age, 6 to 7 wk) mice were injected subcutaneously in the
caudal flank with 2 x 10° HeLa cells suspended in 100 uL. PBS and
basement membrane matrix (BD Matrigel Basement Membrane
Matrix, BD Biosciences, San Jose, CA) as part of a carcinogen-
esis study approved by the West Haven Veterans Affairs IACUC.
Approximately 6 mo after inoculation, a mouse was presented
to Veterinary Services for evaluation of hindlimb paresis and
tachypnea. Consultation with the laboratory staff revealed that
the basement membrane matrix vials used to suspend the cells
were contaminated with LDV; however, when the laboratory was
informed of the contamination, the mice had already been in-
jected, so the study proceeded as planned. At the time this case
was identified, 32 mice remained in the study. Eighteen mice had
been euthanized previously due to experimental endpoints. To
determine whether the clinical signs observed were induced by
LDV, the mice remaining in the study were submitted for necrop-
sy at the time of experimental endpoint (tumor size or ulceration)
or when clinical signs of paralysis or tachypnea developed. The
endpoint criteria included tumor size greater than 10% of ani-
mal body weight or any signs of sickness or distress (weight loss
greater than 20% of total body weight, skin ulceration over the tu-
mor, tumor interference with normal gait or movement, abnormal
feeding or drinking behaviors, and dehydration not responsive to
fluid resuscitation).

Husbandry. Mice were housed in static autoclaved cages with
corncob bedding on a 12:12-h photocycle and were offered free
access to rodent chow (no. 2018, Harlan Teklad, Madison, WI)
and autoclaved water. All mice were free of epizootic diarrhea of
infant mice virus, lymphocytic choriomeningitis virus, ectromelia
virus, mouse hepatitis virus, pneumonia virus of mice, mouse
parvovirus, Sendai virus, mouse encephalomyelitis virus, mouse
minute virus, Mycoplasma spp., and endo- and ectoparasites based
upon sentinel data.

Necropsy. After transport to the necropsy suite, mice were eu-
thanized by carbon dioxide exposure and blood was collected
by cardiac puncture. Serum was submitted for measurement of
serum lactate dehydrogenase (LDH) concentration (Antech Di-
agnostics, Lake Success, NY). The remaining blood and samples
of spinal cord, brain, spleen, liver, and kidney were frozen and
stored at —80 °C for RT-PCR analysis. Remaining tissues were
fixed in 10% formalin or Bouin fixative for histopathologic analy-
sis.

Histopathology and immunohistochemistry. After fixation, tis-
sues were embedded in paraffin, sectioned, and stained with he-
matoxylin and eosin. All organs systems, including the brain,
brainstem, multiple segments of spinal cord, and sciatic nerve,
were examined in each mouse. Qualitative abnormalities in the
CNS (such spongiosis, neuronal necrosis, astrocytosis, astro-
cytic hyperplasia, and axonal degeneration) were recorded and
their distribution noted. Immunohistochemical detection of glial
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fibrillary acidic protein (GFAP) was performed by using rabbit
polyclonal antihuman GFAP primary antibody (1:100; BioCare,
Concord, CA). Antigen retrieval was not performed. Secondary
antibody and horseradish peroxidase application was combined
by using the Rat-and-Mouse Double-Stain Polymer Detection
Kit (BioCare) as indicated by the manufacturer. Staining was vi-
sualized by using diaminobenzidine (BioCare). To detect LDV, a
mouse antiLDV monoclonal antibody (a kind gift from Dr Peter
Plagemann; University of Minnesota) was applied to spinal cord
sections of 8 mice (of which 2 were paretic and all had spinal neu-
ropathology) at a concentration of 1:100 after antigen retrieval
(microwaving of tissues in 10 mM sodium citrate pH 6). Subse-
quent steps were similar to those for GFAP immunohistochem-
istry. In both reactions, negative controls omitting the primary
antibody were used. Counterstaining with hematoxylin was used
only on the negative control slide. Immunoreactivity was scored
as negative (similar intensity to negative control) or positive
(greater staining intensity than negative control).

PCR analysis. Tissue samples collected at necropsy were ana-
lyzed by RT-PCR for LDV or MuLV RNA. In addition, the 2 cell
lines used in the study and 1 of 2 vials of the basement membrane
matrix (the other vial was unavailable for testing) were analyzed
by PCR and RT-PCR for common biologic contaminants: lym-
phocytic choriomeningitis virus, minute virus of mice, mouse
parvovirus, mouse hepatitis virus, Mycoplasma, reovirus, Sen-
dai, Theiler murine encephalomyelitis virus, pneumonia virus
of mice, epzootic diarrhea of infant mice virus, mouse norovi-
rus, and LDV. Spleen, liver, kidney, brain, spinal cord, and tumor
were homogenized in Dulbecco media. RNA was isolated from
50 pL of tissue homogenates (10% w/v) or whole blood by using
RNeasy kits (Qiagen, Valencia, CA) according to the manufac-
turer’s instructions. LDV RT-PCR was performed by using 2 uL
RNA, Brilliant SYBR Green qRT-PCR kit (Agilent Technologies,
Cedar Creek, TX), and primers specific for LDV open reading
frame 5/6 (LDV12943: 5" CCT TCA TTT TCT TCT GCT GT 3" and
LDV13478: 5" GGG GCT AGG ATG TAA CTT CT 3’). Reaction
conditions were 30 min at 50 °C, 10 min at 95 °C, and 40 cycles
of 94 °C for 30 s, 57 °C for 1 min, and 72 °C for 1 min. A 1130-bp
fragment of the LDV genome spanning from the 3’ end of the
GP3 gene through the N gene amplified from spinal cords from
7 mice was sequenced by the WM Keck Foundation Biotech-
nology Resource Laboratory at Yale University. Prior to MuLV
RT-PCR, RNA samples were treated with RNase-free DNase
(Qiagen) to remove any integrated MuLV DNA. Samples were
considered to be actively infected with MuLV if RT-PCR, but not
PCR, yielded a product. MuLV primers used were MLV1579 (5
AAC GTC CCG ATT GGG ATT ACA CCA 3’) and MLV 2089 (5
TGT CCA CTA ACT ACG GTG GCC AA 3"). PCR primers were
obtained from the WM Keck Foundation Biotechnology Resource
Laboratory at Yale University. All assays included positive and
negative controls.

Statistical analysis. Because LDH values were not normally
distributed, we performed a nonparametric Wilcoxon rank sum
test to determine whether the median values of LDH differed
between mice that were PCR-negative and PCR-positive for LDV.
Nonnormally distributed values ranges are presented as the inter-
quartile range (25th to 75th percentile of the data). To test whether
the presence of LDV was associated with neurologic lesions, we
performed a y? test of association and used a Fisher exact test to
correct for the small sample size. All statistical tests were 2-tailed,
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and a P value of less than 0.05 was used to denote statistical sig-
nificance. Analyses were performed by using SAS version 9.2
(SAS Institute, Cary, NC).

Results

Clinical and gross findings. Of the 32 mice remaining in the
study, a total of 23 mice (age, 7 to 15 mo) were submitted for
pathologic evaluation (Table 1). Mice found dead (n = 9) were
not analyzed. Mice were submitted due to hindlimb paresis or
paralysis with or without forelimb involvement (1 = 7), severe
tachypnea (n = 2), and experimental endpoint (n = 14). Gross
findings included atrophy of the limb musculature in all mice
demonstrating paresis or paralysis and severe enlargement of the
thymus consistent with thymic lymphoma in both mice that pre-
sented with severe dyspnea. Additional gross findings included
multicentric organ enlargement consistent with lymphoma (1 = 4)
and lack of tumor development at inoculation site (1 = 8).

Lactate dehydrogenase. LDH concentration was measured in
serum samples from 20 mice. Concentrations were highly vari-
able, with a median of 2649 U/L (interquartile range, 0 to 5824
U/L) in mice PCR-negative for LDV and 7425 U/L (interquartile
range, 2881 to 9990 U/L) in mice PCR-positive for LDV. LDH
values showed a trend (2.8 times higher concentrations; P = 0.09)
toward higher values in mice that were PCR-positive for LDV.

Histopathology. Of the 23 mice submitted for pathologic exami-
nation, 15 demonstrated histologic lesions within the brainstem
and spinal cord (Table 1). Of the 15 mice with neurologic lesions,
8 were submitted for necropsy approximately 6 mo after inocula-
tion. Lesions in these mice were characterized by variably sized,
asymmetric, and well-defined regions of spongiosis affecting ven-
tral and lateral horns of the spinal cord, associated funiculi, and
to a lesser extent, the brainstem (Figure 1). Spongiosis resulted
from both intraneuronal vacuolation and vacuolation of neuropil
and was accompanied by neuronal necrosis and loss, with in-
tense astrocytic hyperplasia and hypertrophy. Lateral and ventral
funiculi were affected by axonal degeneration, spongiosis, and
a similar astrocytic response. Axonal degeneration was also evi-
dent in ventral roots and the sciatic nerve. No leukocytic response
was present at this stage. The remaining 7 mice were presented
over the next 8 mo and displayed much more subtle histologic
lesions. Those with clinical evidence of paresis (1 = 4) all had axo-
nal degeneration of ventral nerve roots accompanied by modest
predominantly mononuclear infiltration (Figure 2). Astrocytosis
and spongiosis were mild to undetectable. Seven of the 23 mice
presented with paresis—of these, all but one demonstrated his-
topathology as described above. The remaining paretic mouse
had meningeal lymphoma and lacked spinal cord lesions. An ad-
ditional 7 mice had lymphoma. Tumors arising from HeLa cells
were localized to the subcutis as circumscribed masses. There
was no evidence of an infiltrative growth pattern or metastasis
in any mouse.

Immunohistochemistry. GFAP immunohistochemistry was per-
formed on representative sections of spinal cord of the 8 mice sub-
mitted during the first 6 mo. GFAP immunoreactivity was limited
to ventral horn or brainstem regions displaying astrogliosis and
astrocytic hypertrophy on sections stained with hematoxylin and
eosin (Figure 1 A through F). The spinal cords of the same 8 mice
were immunolabeled for LDV. Of these, 6 demonstrated cytoplas-
mic immunolabeling of neurons and astrocytes. Immunolabeling
was evident in affected ventral or intermediate horn regions, but
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Table 1. Summary of clinicopathologic findings in 23 mice submitted
for pathologic evaluation after injection with basement membrane
matrix contaminated with LDV

Clinicopathologic findings

Paresis LDVPCR  Neuropathology No. of mice
+ + + 6
4 — — 1
— — + 3
— + + 6
— + — 3
— — — 4

“Paresis developed secondary to meningeal lymphoma

not dorsal horns, thus corresponding to the pattern of astrocytosis
noted on GFAP immunolabeling (Figure 1 G through H). All 6
mice with LDV immunolabeling were also positive for LDV by
RT-PCR. The 2 mice that were negative for LDV immunostain-
ing were negative for LDV by RT-PCR but had neuropathologic
lesions.

PCR analysis of tissues, cells, and basement membrane matrix.
RT-PCR analysis for LDV was performed on multiple tissues
including spleen, liver, kidney, brain, spinal cord, and blood.
Testing of the first 9 mice revealed 100% correlation between
multiple tissues of the same mice, and thereafter RT-PCR analysis
was performed on spinal cord samples only. All negative results
were confirmed by testing multiple tissues. Fifteen of the 23 mice
evaluated tested positive for LDV by RT-PCR. All 6 paretic mice
with typical neuropathologic lesions were LDV-positive. Of the
15 mice with typical neuropathology described earlier, 12 were
LDV-positive and 3 were LDV-negative. Of the 8 animals with no
neuropathology, 5 were LDV-negative, and 3 were LDV-positive
(Table 1). The Fisher exact y? test of association showed that the
odds of neurologic lesions in LDV-positive mice were 6.7 times
higher than those that are LDV-negative, but this finding was
not statistically significant (P = 0.07). A 1130-bp fragment of the
LDV genome spanning from the 3’ end of the GP3 gene through
the N gene was amplified from spinal cords from 7 mice. The
fragment was sequenced and was found to have the highest ho-
mology with the nonneuropathogenic LDV-P virus® (91% at the
nucleotide level and 96% at the amino acid level).

DNase-treated MuLV RNA was amplified by RT-PCR from the
spinal cords of all mice, confirming the presence of actively repli-
cating retrovirus within spinal tissue. The amplified product was
sequenced and was found to have 100% homology with MuLV
isolates AKV and SL3-3. PCR and RT-PCR analysis of the 2 cell
lines inoculated into the mice were negative for all pathogens
tested. A representative vial of basement membrane matrix used
in the mouse study was positive for LDV by RT-PCR and was
negative for all other pathogens by RT-PCR and PCR. The other
vial of basement membrane matrix was unavailable for testing.

Discussion
This case report presents an outbreak of hindlimb paresis in
a cohort of immunodeficient mice exposed to basement mem-
brane matrix harboring LDV. Because LDV can induce age-de-
pendent poliomyelitis in immunosuppressed C58 and AKR
mice,” this agent became an immediate suspect as the cause
of the syndrome. Age-dependent poliomyelitis is characterized by
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Figure 1. Histopathology of mice presenting with paresis (mice presenting in the first 6 mo) (A) Cross-section of caudal lumbar spinal cord. A focal
well-circumscribed region of malacia is present in the ventral horn (arrows). Hematoxylin and eosin stain; bar, 20 um. (B) Cross-section of midlumbar
spinal cord. Immunoreactive astrocytes are limited to regions corresponding to malacia in the ventral horns (arrows). AntiGFAP immunohistochemis-
try; bar, 20 pm. (C) Ventral horn, spinal cord. A dying neuron with swollen granular cytoplasm and a pale nucleus is indicated (arrow). Hematoxylin
and eosin stain; bar, 5 um. (D) Ventral horn, spinal cord. Numerous hypertrophic astrocytes with dense eosinophilic cytoplasm are indicated (arrows).
Hematoxylin and eosin stain; bar, 5 um. (E) Ventral horn, spinal cord. Strongly immunoreactive hypertrophic astrocytes with thick processes and abun-
dant cytoplasm are indicated (arrows). AntiGFAP immunohistochemistry; bar, 5 um. (F) Ventral horn, spinal cord. Omission of the primary antibody
confirms lack of nonspecific immunoreactivity from the secondary antibody. Negative control, antiLDV immunohistochemistry; bar, 5 um. (G) Dorsal
horn, spinal cord. Dorsal horn regions lacking evidence of pathology also fail to demonstrate antiLDV immunoreactivity. AntiLDV immunohistochem-
istry; bar, 5 um. (H) Ventral horn, spinal cord. AntiLDV immunoreactivity is noted within vacuolated cytoplasm of a degenerating neuron (thick arrow)
as well as within astrocytes (small arrows). AntiLDV immunohistochemistry; bar, 5 um.
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Figure 2. Histopathology of mice presenting with paresis (mice presenting after 6 mo) (A) Ventral horn, spinal cord. Marked regional axonal degenera-
tion of ventral roots is evident (arrow). Hematoxylin and eosin stain; bar, 50 um. (B) Ventral root, spinal cord: boxed area from A. Small numbers of
mononuclear cells admixed with occasional neutrophils infiltrate degenerate ventral roots (arrow). Hematoxylin and eosin stain; bar, 50 pm.

hindlimb paresis and neuronal necrosis, gliosis, and myelopathy
affecting the ventral gray matter and funiculi.**° Two additional
components are essential for development of LDV-induced po-
liomyelitis: the presence of multiple proviral copies of N-tropic
endogenous murine leukemia viruses (MuLV) and homozygosity
of the permissive allele for N-tropic viral replication (Fv1/m).115
Therefore, LDV-associated poliomyelitis is a complex disease re-
quiring immunosuppression (due to age or by genetic or chemi-
cal means), the presence of 2 viruses (LDV and MuLV), and the
presence of a replication permissive allele of Fv1™™. In the case
reported here, all 3 of these requirements were met: the mice were
genetically immunosuppressed; we demonstrated the presence of
LDV in the majority of mice; we were able to identify MuLV by
RT-PCR from spinal tissue of all animals, implying the presence
of active MuLV replication; and ICR mice, based on their origina-
tion from Swiss mice, are homozygous for the Fv1® allele.®

The LDV-negative mice described in this case report showed
elevated and varied levels of serum lactate dehydrogenase. In
normal mice, lactate dehydrogenase levels are reported to be in
the general range of 360 to 550 U/L,"** whereas the LDV-nega-
tive mice we report here had a median serum LDH level of 2649
U/L . LDH levels can be elevated falsely by hemolysis; however,
in the serum samples we analyzed, hemolysis was minimal or
absent. In mice infected with LDV, LDH becomes acutely elevated
secondary to destruction of a subset of macrophages involved
in clearance of LDH from the blood.” However, because LDH
is a leakage enzyme, serum levels can be elevated secondary to
cell destruction in a variety of tissues, including skeletal tissue.
Tumors can cause cellular lysis in adjacent tissues, including skel-
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etal muscle, as the tumors progress in size; all mice in this study
were inoculated with tumor cells, and 7 mice had lymphoma.
Therefore, in these particular mice, LDH levels would not have
been a reliable indicator of which mice were infected with LDV.
However, as we report in the results, LDH concentrations were
2.8 times higher in mice that were PCR-positive compared with
negative for LDV, although this difference was not statistically
significant (P = 0.07).

The standard tumor xenograft models in this carcinogenesis
study use human tumor cell lines with rapid growth and there-
fore reach endpoint criteria quickly. The mice included in our case
report were from a cohort of xenografts with genetically altered
tumors displaying much slower growth curves. The additional
latency in these aging mice allowed the presentation of the char-
acteristic neurologic symptoms of age-dependent poliomyelitis,
which would normally not be seen in rapid tumor models. How-
ever, some inconsistencies in our findings need to be addressed.

First, although LDV was retrieved from all paretic mice (with
the exception of one with meningeal lymphoma), tissues from
8 mice did not amplify LDV by RT-PCR, including 3 that had
evidence of typical neuropathology. One potential explanation for
this finding is that exposure to LDV was not controlled in every
mouse. Although a representative vial of the infected lot num-
bers were verified to be contaminated with LDV, one of the vials
was unavailable for testing, and the primary emphasis of this
carcinogenesis study was to standardize the number of tumor
cells implanted and not the viral load. Therefore, we considered
the possibility that mice that were LDV-negative by RT-PCR were
not equally exposed to LDV, and the viral load may not have been



high enough to result in an active infection. However, this pos-
sibility is unlikely, because mice become highly viremic regard-
less of the infectious dose.* We also considered the possibility of
false-negative RT-PCR results; however, this outcome is unlikely
also, as supported by an earlier study.®® In the cited study, even
though PCR was not as sensitive as the mouse bioassay in de-
tecting very low levels of infection 3 d after inoculation, it was
100% successful in detecting infections in mice 1 and 3 wk after
inoculation. Another potential cause for negative RT-PCR find-
ings in virus-inoculated mice is viral neutralization; however, in
this case, neutralization is not expected to occur, because SCID
mice have no active B cells, and ICR-SCID mice in particular do
not exhibit ‘leakiness’ (that is, the development of small num-
bers of antibody-producing B cells) as they age, as can occur with
SCID mice on a C.B-17 background .*? Similarly, viral clearance
is unlikely, given that LDV infection results in lifelong viremia
with persistence in multiple organs, including the spleen and
liver.2#0°! In addition, to be certain, we tested multiple tissues
on all LDV-negative mice, including the spleen. Moreover, vi-
ral levels appear to be even higher in SCID mice compared with
immunocompetent mice;**” however, the effect of synchronous
tumor development on the immune biology of LDV in SCID mice
is unknown. Taken together, we are confident that that the LDV-
negative mice truly were negative.

Second, apart from mild predominantly mononuclear radicu-
loneuritis in mice evaluated toward the end of the study, neuro-
pathology was conspicuous by its lack of inflammation. LDV can
induce a variable lymphohistiocytic inflammatory response that
can vary from intense perivascular cuffing or leptomeningeal
infiltration to a noninflammatory spongiform myelopathy of the
ventral spinal cord.® The genotype of these mice (SCID) may ex-
plain the general lack of inflammation in our cohort; however, an
alternative hypothesis is that active MuLV was the primary agent
driving neuropathology and that LDV coinfection increased the
pathology caused by MuLV.*** This hypothesis is supported by
the presence of lymphoma in 8 of 25 mice, a finding consistent
with MuLV pathogenesis, although SCID mice are known to de-
velop lymphoma in later life.” Aside from induction of lympho-
ma, MuLV infection can result in other pathology such as CNS
disease.***3*¢ The most widely studied example of MuLV-induced
neuropathology is the syndrome seen in feral Lake Casitas mice.*”
The Cas-Br-E strain of MuLV originates from these wild mice that
exhibit spontaneous hindlimb paresis or lymphoma or both.?*
Neuropathology is limited to the latero-ventral spinal cord and
brainstem, and is characterized by neuronal necrosis, intense as-
trogliosis, and spongiform change of both gray matter and ven-
trolateral funiculi.? Described lesions in this syndrome closely
resemble those seen in our cohort. Transmission of the disease
in the wild is vertical. It can be reproduced experimentally by
inoculation of newborn mice with cloned Cas-Br-E MuLV de-
rived from wild mice**?* or by transgenic expression of either
Cas-Br-E MulLV or its env gene.*® Genetic control of the naturally
occurring disease in wild mice is achieved by segregation of a de-
fective endogenous ecotropic virus restriction gene, Akvr1®/Fv4®,
which is found in wild and strain G mice only.***?! In addition
to this classic example of MuLV-induced neuropathology, other
strains of MuLV have been shown to induce neurodegenerative
disease in mice.****¢ Although we detected active MuLV infec-
tion in all mice, not all of the mice developed neurologic lesions.
This outcome is not surprising, given that experimental infection
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with some MuLV strains has resulted in a low incidence of dis-
ease or development of disease over a long period of time after
inoculation.®** Another possibility is that the mice in the current
report that did not develop neurologic disease would eventually
have done so had they not been euthanized due to experimental
endpoints.

Failure to amplify LDV from 3 mice with neuropathology and
lack of neuropathology in 3 LDV-positive mice suggests that LDV
infection alone does not fully explain the observed syndrome.
We propose the following model of the findings in this cohort
of mice. Given that MuLV was present in all mice and that those
with neuropathology exhibited changes consistent with reports
of Cas-Br-E MuLV pathology, active MuLV infection was likely
necessary for expression of neuropathology in these mice. In ad-
dition, the mice were immunodeficient (SCID) and exposed to
LDV, thus fulfilling known requirements for LDV-associated po-
liomyelitis. Furthermore, LDV was amplified from all mice with
paresis and from most of those with neuropathology. Therefore,
the combined effects of immunodeficiency, active MuLV infec-
tion, and LDV exposure likely contributed to development of
this neurologic syndrome. However, failure to amplify LDV from
some mice with neurologic lesions and the presence of lesions
more consistent with those described for MuLV suggests that
MuLV may be a required cause of neuronal damage, with a vari-
able contribution by LDV.
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