INFECTION AND IMMUNITY, Jan. 1979, p. 45-48
0019-9567/79/01-0045/04$02.00/0

Vol. 23, No. 1

Histocompatibility-Linked Genetic Control of Susceptibility to

Age-Dependent Polioencephalomyelitis in Mice

DOUGLAS MARTINEZ

Division of Virus and Cell Biology Research, Merck Institute for Therapeutic Research, West Point,

Pennsylvania 19486
Received for publication 23 October 1978

Susceptibility to induction of immune polioencephalomyelitis (IPE) was found
to be controlled by a 2§ene that is closely linked to the H-2 complex. Whereas
mice of the AKR (H-2*) strain were susceptible to IPE induction, H-2-congenic
mice, AKR.H-2* (H-2* from C57BL/6) and AKR.M (H-2"), were resistant. How-
ever, susceptibility to IPE may be under additional control by a gene(s) outside
of the H-2 region, since both C57BL/6 (H-2°) mice and congenic B6.H-2* mice
(H-2* from AKR) were resistant to IPE induction. F; hybrid mice derived from
AKR (susceptible) and DBA/2 (resistant) mice were susceptible to IPE induction,
indicating that susceptibility is dominant in at least one gene, but susceptibility
developed at a later age in the hybrid mice than in AKR mice. B6.PL-Ly-2°Ly-
3%/Cy, C57BR, C57L, PL, and RF strain mice were resistant to IPE induction.
Thus, of the 12 inbred strains tested so far, only two (C58 and AKR) are

susceptible to IPE.

During studies of the immune response of C58
mice to syngenic line I, leukemia (I, cells), Mur-
phy et al. (10) found that the injection of inac-
tivated I, cells induces a paralytic central nerv-
ous system disease in old (9 months or older)
C58 mice. Histopathologically, the disease is
characterized by a mononuclear cell infiltration
in the gray matter of the spinal cord and brain
stem (5, 7). The disease was thought to result
from an autoimmune response of old C58 mice
to an antigen common to central nervous system
tissue and I, cells (10, 11). Therefore, it was
designated immune polioencephalomyelitis
(IPE). However, it was later determined that
IPE is induced by a filterable replicating agent
that is probably a virus (9). That is to say, IPE
was serially transmitted in immunosuppressed
C58 mice with filtered extracts of spleens from
diseased animals. Moreover, extracts of I,, cells
and of spinal cords from mice with IPE con-
tained a virus-like particle, 40 nm in diameter,
which may be the IPE agent.

Susceptibility of mice to the induction of IPE
was found to be very strain specific (3, 11),
suggesting a genetic control. Of the seven stan-
dard inbred mouse strains tested, only C58 and
AKR/J mice were susceptible to IPE induction
(3). In the current study, a survey for suscepti-
bility to IPE was performed on additional se-
lected inbred mouse strains, including congenic
strains that differ from either the AKR (suscep-
tible) or C57BL/6 (resistant) strain only at the
H-2 region. The data presented indicate that

susceptibility to IPE is controlled, at least in
part, by a gene closely linked to the H-2 complex.

MATERIALS AND METHODS

Mice. AKR/J, C57BL/6J, C57BR/cdJ, C57L/J,
C58/J, DBA/2J, and (AKR/J X DBA/2J)F; mice
were purchased from The Jackson Laboratory, Bar
Harbor, Maine. Congenic AKR.M/nSn mice, congenic
B6.PL-Ly-2°Ly-3°/Cy mice and PL/J mice (obtained
from The Jackson Laboratory), and C58/Wm mice
(obtained from W. H. Murphy, The University of
Michigan, Ann Arbor) were maintained as a closed
colony for Merck & Co. by Buckshire Corp., Perkasie,
Penn. AKR/Cum mice were purchased from the Cum-
berland View Farms, Clinton, Tenn. Caesarian-origi-
nated, barrier-sustained C3H/HeNCr1BR mice were
purchased from Charles River Breeding Laboratories,
Inc., Wilmington, Mass. C58/Boy and congenic strains,
AKR/Boy, AKR.H-2, C57BL/6Boy, and B6.H-2*,
were obtained from E. A. Boyse, Memorial Sloan-
Kettering Cancer Center, New York, N.Y.

Immunosuppression. Mice were given a single
intraperitoneal injection of cyclophosphamide (Cy-
toxan, Meade-Johnson & Co., Evansville, Ind.) at 150
mg/kg. The average weight of each group of mice was
determined, and then the concentration of cyclophos-
phamide (freshly dissolved in water) was adjusted with
phosphate-buffered saline (pH 7.2) to deliver the ap-
propriate dose in 1 ml.

Test for susceptibility to IPE. A previous study
showed that old C58 mice are normally susceptible to
IPE induction, whereas old AKR mice and young C58
mice are susceptible only when immunosuppressed
(3). Accordingly, groups of 20 mice each were given
cyclophosphamide intraperitoneally 24 h before intra-
peritoneal challenge with IPE agent. Mice were chal-
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lenged with a suspension of 10° y-irradiated (10,000 R)
I,, cells in 0.1 ml Hanks balanced salt solution, which
contained ca. 10° IPE-inducing units. Each strain was
tested at 6 months and 12 months of age. C58/Wm or
C58/J were used as positive controls. Mice were ob-
served 35 days for paralysis (IPE).

RESULTS

Strain specificity of IPE induction. The
two strains of mice that were known to be sus-
ceptible to IPE induction, C58 and AKR, have
a high incidence of spontaneous leukemia. These
strains also have a common non-H-2 histocom-
patibility antigen, Ly-3.1, which is not present in
the resistant strains that had been tested (3).
Therefore, other mouse strains that have a rel-
atively high incidence of spontaneous leukemia
(PL and RF) or have the Ly-3.1 antigen (PL,
RF, and B6.PL-Ly-2°Ly-3°) were tested for sus-
ceptibility to IPE induction. Mice were immu-
nosuppressed and then challenged with IPE
agent. None of these mice were susceptible to
IPE induction. C3H/He mice, DBA/2 mice, and
mice that have a common, but distant, ancestry
to C58 mice (C57BL/6, C57BR/cd, and C57L)
were also resistant to IPE induction. Mice of the
substrain AKR/Cum, which differ from AKR/J
and AKR/Boy at the Thy-1 locus, were suscep-
tible. Like AKR/J and AKR/Boy, AKR/Cum
mice were susceptible only when immunosup-
pressed. F; hybrid mice derived from AKR/J
(susceptible) and DBA/2J (resistant) mice were
also susceptible to IPE induction when immu-
nosuppressed, but not as early as the AKR/J
mice. At 6 months of age, hybrid mice had only
a 40% incidence of IPE instead of the 90 to 100%
usually obtained with AKR/J mice. At 12
months of age, the hybrid mice also had a 100%
incidence. These results and previous studies are
summarized in Table 1.

H-2-linked genetic control of IPE suscep-
tibility. Since resistance of mice to several vi-
ruses has been found to be regulated, in part, by
H-2-linked genes (6), the relationship of the H-
2 region to susceptibility to IPE was investi-
gated. Congenic mouse strains (1, 6), differing
from either the AKR (susceptible) or C57BL/6
(resistant) strain only at the H-2 region, were
tested for susceptibility to IPE induction. Mice
were immunosuppressed and then challenged
with IPE agent. Unlike mice of the parental
AKR/J and AKR/Boy (H-2*) strains, the con-
genic AKR.M (H-2™) and AKR.H-2° (H-2* from
C57BL/6Boy) mice were resistant to IPE induc-
tion. With the congenic strains used, there is a
strong probability of AKR-contributed homo-
zygosity at loci that are relatively close to the
H-2 complex (6). For instance, a locus that is
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TaBLE 1. Strain specificity of IPE induction in
immunosuppressed mice®

Mouse strain

AKR/Boy, AKR/Cum, AKR/J &
BALB/cWm d
CBA/J k
C3H/Hed, C3H/HeNCr1BR k
C57BL/6Boy, C57BL/6J b
B6.PL-Ly-2°Ly-3°/Cy
C57BR/cdJ ]I:
k
d
d
u

H-2type IPESorR*

C57L/J

C58/Boy, C58/J, C58/Wm

DBA/2J

NZB

PL/J

RF/J k

% Summary of the current and previous (3) studies.
Six- to twelve-month-old mice of the indicated strains
were X-irradiated (3) or given cyclophosphamide 24 h
before the intraperitoneal injection of IPE agent. Mice
that developed paralysis (IPE) are referred to as sus-
ceptible.

® S, Susceptible; R, resistant.
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only 20 map units away from the H-2 complex
would have a probability of AKR-contributed
homozygosity equal to 0.914 in the AKR.M
strain (11 backcrosses) and 0.965 in the AKR.H-
2° strain (15 backcrosses). Therefore, the com-
bined probability that the resistance gene intro-
duced into these congenic strains lies farther
than 20 map units from the H-2 region is <0.003
(26 backcrosses total). Thus, the results obtained
with the congenic mice indicate that susceptibil-
ity to IPE is controlled by a gene which is closely
linked to the H-2 complex. Congenic B6.H-2*
mice (15 backcrosses), like mice of the parental
C57BL/6Boy strain, were resistant to IPE in-
duction, although they received the H-2* from
the susceptible AKR/Boy strain. These results
indicate that susceptibility to IPE is either con-
trolled by more than one gene or is controlled
by a single passenger gene that, by chance, re-
mained with the H-2 complex during the devel-
opment of the AKR.M and AKR.H-2’ congenic
strains, but was separated from the H-2 complex
by recombination during the development of the
B6.H-2* congenic strain. These two possibilities
are illustrated in Fig. 1.

DISCUSSION

In a previous study (3), mice from only two of
the four H-2* strains challenged with IPE agent
(C58 and AKR) developed clinical and histo-
pathologic signs of IPE. Thus, it was suggested
that susceptibility to IPE is H-2*-linked, but not
H-2*limited. The results obtained from the H-
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PARENTAL STRAINS

C57BL/6
(RESISTANT)
H-2> R

(SUSCEPTIBLE)

AGE-DEPENDENT POLIOENCEPHALOMYELITIS

CONGENIC STRAINS
B6.H-2%
(Res1 s{mr)
H-2% R

— ><
AKR AKR.H-2b

(RESISTANT)

PARENTAL STRAINS CONGENIC STRAINS
C57BL/6 B6.H-2%
(RESISTANT) (RESISTANT)

-2b - W1
H-2 R...R><H2 S...R
AKR AKR.H-2b
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A H-2 § H-2b R

(susc&on BLE) (Res 1'» STANT)
B H-2% S...S H-2® R...S

F1G6. 1. Two possible explanations for resistance of the H-2-congenic mouse strains to IPE induction (A
and B). Each parental strain was used both as gene donor and recipient (1). The brackets indicate the genes
that were transferred. (A) One gene codes for resistance (R) or susceptibility (S) and is closely linked to the H-
2 complex. The gene remained with the H-2 complex during the development of the AKR.H-2® congenic strain,
but was separated by recombination from the H-2 complex during the development of the B6.H-2* congenic
strain. (B) Two or more genes code for R or S, one of which is closely linked to the H-2 complex. Only mice
that have S at each gene are susceptible. The H-2-linked gene remained with the H-2 complex during the
development of both the AKR.H-2" and B6.H-2* congenic strains.

2-congenic strains, in the present study, indicate
that susceptibility to IPE is controlled, at least
in part, by a gene that is closely linked to the H-
2 complex (Fig. 1). The probability of there
being a map distance of greater than 20 units
between the IPE resistance gene and H-2 is
small (<0.003); the probability of no linkage at
all is minute (<10~°). Appropriate cross-breeding
experiments could be used to confirm this link-
age and to estimate linkage strength and the
number of genes involved (6). If the genetic
control of IPE susceptibility follows the pattern
of other investigated viral systems (6), it will be
found to be controlled by two or more genes.
Whatever the number of genes, susceptibility is
dominant in at least one gene, since F, hybrid
mice derived from AKR (susceptible) and
DBA/2 (resistant) mice are susceptible to IPE
induction.

So far, the inbred mouse strains tested for
susceptibility to IPE induction (12 total) fall into
three categories: those that become susceptible
by aging or by immunosuppression (C58), those
that become susceptible only by immuno-
suppression (AKR), and those that are resistant
even when immunosuppressed (e.g., C57BL/6).
The existence of these categories may be ex-
plained as follows: upon aging, C58 mice lose the
ability to immunologically suppress the amount
of IPE agent in the central nervous system tissue
(unpublished data), and, therefore, are suscep-
tible to induction of the paralytic disease. Simi-
larly, after immunosuppressive (lympholytic)
therapy, young C58 mice and AKR mice lose
the ability to suppress the amount of IPE agent
in the central nervous system tissue (9). On the
other hand, the mouse strains that are com-
pletely resistant to IPE induction apparently are
not dependent on immunological (lymphocyte-
mediated) restriction of the IPE agent for resist-
ance to disease induction, since the resistance of
these strains is unaffected by immunosuppres-

sion. Therefore, the resistant strains must pos-
sess a genetically determined resistance factor(s)
that is non-immunological in nature. The H-2-
linked gene that controls susceptibility to IPE
induction probably governs such a non-immu-
nological resistance factor, since the AKR.H-2°
and AKR.M strains are resistant to the immu-
nosuppression-challenge regimen.

Resistance to IPE induction in C58 mice is
thymus dependent. This is substantiated by the
fact that neonatal thymectomy makes young
C58 mice susceptible to IPE induction (2). More-
over, old C58 mice are deficient in T-cell func-
tions (8, 10). Since C58 mice make antibodies
against the IPE agent (9), susceptibility to IPE
induction may be the result of loss of thymus-
dependent antibody production. Although the
thymus-dependent functions of normal old AKR
mice are depressed (4), apparently the loss in
thymus-dependent resistance to IPE, whatever
its source, is not sufficient to make them fully
susceptible. However, after challenge these mice
do have incipient disease which can be detected
histopathologically and produces a slight loss in
their spreading reflex (3).

Much remains to be answered concerning the
genetics of IPE susceptibility, e.g., the number
of genes involved, the dominance of susceptibil-
ity or resistance, the location of the genes in-
volved, and the possible relationship of high
spontaneous leukemia incidence to IPE suscep-
tibility. The genetic study of the various strains
may also provide a useful tool for identifying the
mechanisms of resistance and disease induction.
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