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ABSTRACT

In the AKR./W' congenie strain the Fv-I" alÃeleof the AKR/J mice
was substituted with the /â€¢>-/''alÃele,thereby limiting viral replication and

spread of the endogenous N-tropic murine leukemia virus. As a result of
this genetic change AKR.Fv-/' mice develop a low spontaneous incidence
(7%) of T-cell lymphomas and about 28% of l-y-1* B-cell lymphomas are

observed in old mice. Characteristic changes in thymus subpopulations of
AKR/J mice (related to the formation of the dual tropic mink cell focus
inducing (MCF) type virus in the thymus) were not observed in the
thymus of AKK.f >'-/'' mice. In contrast to the low susceptibility to spon

taneous T-cell lymphoma development, these mice were highly sensitive to
fractionated irradiation or to radiation leukemia virus (a mixture of N-
and B-tropic viruses) induced T-cell lymphoma. Potential lymphoma cells
(that would ultimately develop into I,y-l* B-cell lymphomas) were dem

onstrated in bone marrow and spleens of 16-24-month-old mice. Analysis
of the Ly-1* IgM* B-cell population in spleens of 18-month-old mice

revealed a significant increase in this population (35% venus 2% in young
spleens). The spontaneous Ly-1* B-cell lymphoma incidence could be en

hanced (up to 77%) by in vivo administration of anti-CD8 monoclonal
antibody or IL-4 to 18-month-old mice.

Virologica! analysis of T/B-cell lymphomas for class I MCF viruses
indicated that Class I MCF development was tightly correlated with T-

lymphoma development (except radiation induced tumors that showed no
MCF provirus involvement). In contrast, I.y-T B-cell lymphoma devel

opment was independent of Class I MCF pathogenic virus involvement.

INTRODUCTION

The AKR/J inbred mouse strain displays a high incidence of spon
taneous thymic lymphoma (1). The susceptibility of these mice to
spontaneous T-cell lymphoma development is associated with two

classes of endogenous retroviruses: the ecotropic viruses inherited in
AKR mice at two chromosomal loci (2); and the emergence of the
dual tropic recombinant (MCF2 type) virus (3, 4). A series of genetic

recombinations between endogenous ecotropic virus with endogenous
xenotropic or MCF-like provirai gene sequences occur during the

preleukemic period. Class I MCF virus is generated by two recombi
nation events within the env gene and also the 3' region of ecotropic

and nonecotropic viral genomes (5). The MCF Class II virus found
contains one substituted region, usually encompassing the entire env
gene (6). Class II viruses appear sooner in the spleen of 3-week-old

animals whereas Class I viruses can be found when the mice are about
4 months old (7). MCF Class I and Class II are both detected in
spleens and thymuses of late preleukemic animals. Unlike the ecotro
pic viruses and Class II MCF, most of the Class I MCF viruses
accelerate lymphoma development when injected into young AKR/J
mice (8). Insertional activation of cellular oncogenes by provirus
integration is considered to be responsible for this acceleration phe
nomenon; insertional activation is a common mechanism observed in
tumorigenesis by most retroviruses that lack oncogenes.
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Relative susceptibility to infection of mouse cells by ecotropic
MuLV is regulated by alÃelesat the cellular Fv-1 locus (9). There are
two primary alÃelesat the Fv-1 locus: Fv-1" and Fv-/* (10). The Fv-1"

alÃeleis non-permissive for the replication of B type ecotropic viruses
and Fv-lb is non-permissive for replication of N-type ecotropic vi
ruses. AKR/J mice carry the Fv-1" alÃeleand in the AKR.Fv-lh con-
genie strain the Fv-1" alÃelewas substituted with the Fv-lb alÃeleof
C57BL/6 mice (11). It has been reported that the Fv-lb gene product,

via an intracellular molecule that blocks virus integration (12), causes
a 30-1000-fold reduction in infectivity of N-ecotropic viruses (10).
This Fv-lb substitution was shown to limit the viral replication and

spread of the endogenous N-tropic MuLV in thymocytes, splenocytes,
and bone marrow cells of AKR.Fv-/* mice (13). Further studies

confirmed these findings and demonstrated lack of infectious virus
producing cells in all hematopoietic organs of AKR.Fv-lh mice and

abolishment of gp70 expression in their thymus (14). As a result of
this genetic viral restriction these AKR.Fv-lh mice develop a very low

incidence of spontaneous thymomas.
In this following study we have examined and compared the sus

ceptibility of AKR.Fv-lb mice versus AKR/J mice to T- and B-cell

lymphomagenesis to gain an insight on the role of endogenous MuLV
in their development.

MATERIALS AND METHODS

Mice

AKR/J mice were obtained from The Jackson Laboratory (Bar Harbor, ME).
Breeding pairs of AKR.Fv-ih congenie mice, derived from AKR/J x C57BL/6
F, hybrids (AKR = Fv-1", C57BL/6 = Fv-ib) serially back-crossed to AKR/J
mice to produce an AKR congenie line with the Fv-lh alÃeleof C57BL/6 mice

(11), were kindly provided by Dr. E. Boyse (Sloan-Kettering Memorial Insti
tute, New York, NY) and bred at the Weizmann Institute of Science. Thymec-
tomy was performed on 6-8-week-old mice, as described previously (15).

Lymphoma Induction

AKR/J mice or AKR.Fv-/*' mice (1 month old) were exposed to whole body

y-ray doses of 170 R once a week for 4 consecutive weeks (250-kV peak 15

mA 0.5 mmCu and 0.1 mmAC added filtration source to a target distance of 50
cm and exposure rate of 60 R/min in a revolving Lucite chamber). The
A-RadLV preparation and the intrathymic injection procedure (into 1-month-

old mice) were performed as described previously (16).

Antibodies

Hybridoma. Hybridoma 53-6.7 producing anti-CD8 mAb (American Type

Culture Collection, Rockville, MD) was grown as ascites in the pristane (0.3
ml i.p. 10 days before cell challenge) primed peritoneal cavity of CD\-nu/nu

mice. About 2 weeks after cell challenge ascitic fluid was collected and the cell
free fluid obtained, containing 15-20 mg/ml antibodies, was stored at -20Â°C.

Anti-CD8 mAb mediated in vivo depletion of T-cells was achieved by 0.1 mg

antibody, i.p. injection every second day within 30 days. The staining proce
dure of thymocytes and B-lymphoma cells and fluorescence activated cell

sorter analysis were performed as described previously (17).
IL-4. We used the supernatant of the IL-4 producing cell line LT-1 [a

plasmacytoma tumor line transfected with the expression vector carrying the
IL-4 gene (18)], kindly provided by Dr. P. Leder. The activity of IL-4 in the
supernatant was bioassayed using the CT4S indicator cell line which is IL-4
responsive (19). The potency of the supernatant was 20,000 units/ml of IO6

cells/48 h, secreted into the medium.
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Southern Blot Analysis

Southern blot analysis for Class I MCF provirus was performed as described
previously (15) using the Akv-5 ecotropic-specific probe (kindly provided by

Arifa Khan). This probe recognizes pl5 E envelope sequences from ecotropic
Akv MuLV. These sequences are retained in Class I MCF viruses, but not Class
II MCFs. A combination of MCF-specific restriction digests plus hybridization
with the Akv-5 probe allows specific detection of Class 1 MCF proviruses on

Southern blots (15).

RESULTS

Thymic Lymphoma Development. AKR/J mice display a high
incidence of spontaneous T-cell lymphomas (90%) at a mean average
age of 250 days. In AKR.Fv-/'' mice spontaneous T-cell lymphoma

was observed in 7% (5 of 70) of mice (including similar incidence
among females and males) at a mean latency of 470 days. B-cell
lymphoma developed in 28% (20 of 70) of AKR.Fv-/'' mice at a mean

latency of 680 days versus sporadic cases in very old AKR/J mice
(Fig. 1). Inoculation of MCF-247 (that is N-tropic) (kindly provided
by Dr. Janet W. Hartley, NIH) into the thymus of 14-21-day-old
AKR.Fv-/'' mice increased T-cell lymphoma incidence to 32% (14 of

43) at a mean latency of 372 Â±74 (SD) days (Fig. 1); similar
treatment to young AKR/J mice yielded 100% T-cell lymphoma at an
average age of 110 Â±21 days. Infection with MCF-247 exerted no
effect on B-cell incidence in AKR.Fv-/'' mice.

In contrast to the low susceptibility of AKR.Fv-/* mice to sponta

neous T-cell lymphoma development, these mice were highly sensi
tive to X-ray or A-RadLV [shown to be a mixture of N- and B-tropic
viruses (20)| induced T-cell lymphomas. Exposure of AKR/J mice to
whole body -y-ray doses of 170 R once a week for 4 consecutive weeks

induced T-cell lymphoma in 92% ( 13 of 14) of mice and 100% (17 of
17) in similarly treated AKR.Fv-/'' mice. As shown in Fig. 2, the

incidence and latency were similar in both groups. Injection of the
radiation leukemia virus variant A-RadLV (16) into the thymus of
20-day-old AKR/J mice induced 66% ( 16 of 24) thymomas at a mean
latency of 95 days versus 100% (15 of 15) in AKR.Fv-/'' mice at a

mean latency of 75 days (Fig. 2). Since A-RadLV contained both N-
and B-tropic MuLVs, permissive infection with one of these compo

nents was presumably responsible for the accelerated disease observed
on A-RadLV injection in either AKR/J mice or AKR.Fv-/'' mice.

Age Related Changes in Thymus Subpopulations of AKR.Fv-/''

Mice and Their Patterns in Spontaneous or Radiation Induced
Thymomas. Characteristic changes in thymus subpopulations of
AKR/J mice preceding overt T-cell lymphoma development were
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Fig. I. Cumulative incidence of spontaneous T- and B-cell lymphoma in
mice. A, spontaneous T cell lymphoma in AKR/J mice; fi, spontaneous T-cell lymphoma
in AKR.Fv-/'' mice; C, spontaneous B-cell lymphoma in AKR.Fv-/'' mice; D. T-cell
lymphoma incidence in AKR.Fv-/'' mice given injections of MCF247; E, B-cell lym
phoma incidere in AKR.Fv-/'' mice given injections of MCF247. MCF247 was injected
intrathymically in 14-day-old mice.
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Fig. 2. Cumulative incidence of induced T-cell lymphoma in AKR/J and AKR.Fv-/''
strains of mice. A, T-cell lymphoma induced by exposure of AKR/J mice to 4 doses of 170
R; fi. T-cell lymphoma induced by exposure of AKR.Fv-/'' mice to 4 doses of 170 R; C,
A-RadLV induced lymphoma in AKR/J mice; D, A-RadLV induced lymphoma in AKR.
Fv-/'1 mice. For details see "Materials and Methods."

described previously (21 ). These alterations were shown to be related
to the formation of the dual tropic (MCF type) virus in the thymus of
5-6-month-old AKR/J mice. The changes could be triggered in the
thy mi of younger mice by injecting into the thymus of 14-30-day-old
mice the dual tropic isolates MCF-247 (8) or DTV-70 (22). It seemed
of interest to analyze the thymus subpopulation patterns of AKR.Fv-/*

mice which have restricted ecotropic virus replication and lack of the
xenotropic and MCF viruses (14). Thus, thymuses taken from mice at
different ages were analyzed. The expression of MCF antigen using
the mAb 18-5 [with specificity for ecotropic and MCF virus envelope

glycoprotein (23) and 514 (MCF specific mAb, kindly provided by Dr.
M. Cloyd] or a polyclonal anti-Mol-MuLV antiserum (24) revealed
that at the different ages tested, no expression of 18-5 or 514 surface

antigen was detected and the pattern to the polyclonal antiserum was
similar to that seen in the thymus of 2-month-old AKR/J mice. In the
sporadic spontaneous thymomas developing in AKR.Fv-/'' mice and

in those induced by radiation, no expression of 18-5 and 514 antigens
was detected and marginal expression to anti-Mol-MuLV was noted.

In contrast, in radiation induced thymomas in AKR/J mice all tumors
tested (10 of 10) were strongly positive with mAb 18-5.

Changes of thymus subpopulations in terms of expression of thy
mus differentiation antigens were evaluated in thymuses from 2-, 18-,
and 24-month-old mice (average of 3-6 thymi/group were tested). The
percentage of the four subpopulations CD4+CD8*, CD4~CD8 +,
CD4 ' CDS', and CD4~CD8- were determined by a FACScan analysis

(Table 1). Changes beyond the levels of the different subpopulations
in 2-month-old thymuses were observed in thymuses of 24-month-old

mice, including a drop in the double positive population and an
increase in the CD4+ CDS" population. Spontaneously occurring and

radiation induced thymomas were also analyzed for CD4 and CDS
expression. Three of 5 of the spontaneously developing thymomas
expressed CDS antigen, 1 of 5 expressed the CD4 antigen, and 1 of 5
expressed both CD4 and CDS. Among the thymomas induced by
fractionated irradiation 4 of 7 expressed CD4CD8, 1 of 7 expressed
CD4 antigen only, 1 of 7 was CD8 +, and 1 of 7 was phenotyped as
CD4-CD8-.

Potential Lymphoma Cells in AKR.Fv-lh Mice. We have previ

ously shown (by transplantation studies) that PLC that would ulti
mately develop into T-cell lymphomas were present among bone
marrow cells of young intact AKR/J mice (22). In 10-12-month old
AKR/J mice, thymectomized at the age of 6-8 weeks, a high incidence
of PLC that progressed to overt B-cell lymphomas (following transfer

to a young compatible recipient) was observed (25). The possible
occurrence of PLC among bone marrow or spleen cells of old AKR.
Fv-/* mice was tested by transfer experiments. In the first experiment
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Table I Age related thymocyte subset distribution

% of positive cells +SDStrainAKR-Fv-/*AKR-Fv-/

*AKR-Fv-
/AAKRAKRAge

(mo)2182429CD4+CD8*77.5

Â±271.0+
160.0
Â±673.5

Â±0.569.5
Â±1CD4-CD8-1

1 Â±0.510
Â±0.510

Â±2.55.0
Â±2.88.5

Â±0.5CD4*CD8-5.5

Â±15.2
Â±0.3319.8
Â±1.616.5

Â±0.910.0
Â±0.5CD4-CD8*5.6

Â±0.512.3
Â±0.210.0

Â±1.95.0
Â±0.612.0
Â±0.5

bone marrow or spleen cells from the same 10 donors, 24-month-old
AKR.TV/* female mice, were transferred into 2-month-old AKR/J X

DBA/2 FI recipients. Cells from one donor were injected i.v. into one
recipient. Thirty % (3 of 10) of mice receiving bone marrow cells and
40% (4 of 10) of spleen cell recipients developed B-cell lymphoma of

donor origin (Table 2). In the second experiment bone marrow and
spleen cells from 16-month-old AKR.Fv-]h mice were injected into
AKR.fv-/fc X BL/6) F, recipients exposed to 400 R 1-3 h before cell

transfer. A similar low incidence of B-cell lymphoma (20-40%) of

donor origin was observed. In the third experiment bone marrow and
spleen cells of 21-month-old donors were transferred into 6-week-old
AKR.Fv-7fc mice. A 50-70% incidence of Ly-1 + B-cell lymphomas at

a mean latency of 190 days was observed (Table 2). Since spontaneous
B-lymphomas in untreated AKR.Fv-ih mice develop at the age of 400
days onwards, the developing Ly-1 + B-lymphomas could be consid

ered of donor origin.
Enhanced B-Cell Lymphoma Development in AKR.fV-/'1 Mice.

In previous studies we demonstrated that in vivo elimination of T-cell
subsets by administration of anti-CD8 monoclonal antibodies to 12-
month-old thymectomized AKR/J mice enhanced markedly Ly-l +
B-cell lymphoma development (15). Since AKR.Fv-/fc mice develop
spontaneously, late in life, about 30% Ly-1+ B-cell lymphomas, we

attempted to enhance tumor development by in vivo treatment of
18-month-old intact AKR./â€¢W*mice with anti-CD8 mAb (every sec

ond day, a total of 15 injections). This treatment increased B-lym-
phoma incidence. Fourteen of 18 mice (77%) developed Ly-1 + B-cell

lymphomas at a mean latency of 140 days after start of treatment,
versus 28% in the control untreated mice (Fig. 3). We also tested the
effect of IL-4 when administered to 18-month-old mice that had been

thymectomized when 2 months old (two i.p. daily injections, five
injections a week, during 2 weeks). IL-4 administration triggered
Ly-l + B-cell lymphoma development in 76% (13 of 17) at a mean

latent period of 100 days in comparison to 36% (8 of 22) in the
thymectomized control group (Fig. 3). The phenotype of the B-cell

lymphomas developing spontaneously or triggered by the different
treatments described above resembled those found in thymectomized
AKR/J mice (25). All tumors were Thy-1.1 negative and were positive
for CDS (Ly-l+), 14.8, 6C3, 6B2, Pgp-1, K, Sjx, and I-a.

The development of Ly-l+ B-cell lymphomas in thymectomized
AKR/J mice and AKR.Fv-/* mice and the demonstration of PLC

among spleen cells of old normal mice raised the question whether the
number of Ly-1+ IgM+ B-cell population was increased in the spleens
of these older mice. Analysis of the Ly-1+ IgM+ B-cell population in
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Fig. 3. Enhancement of B-cell lymphoma development in intact and thymectomized
AKR.Fv-/* mice. A, spontaneous B-cell lymphoma in AKR.Fi1-/* mice; B, B-cell lym
phoma in AKR.Fv-/'' mice treated with anti-CD8 mAb; C, spontaneous B-cell lymphoma
in thymectomized AKR.Fv-/'' mice. Thymectomy was performed at the age of 40-60
days. D, B-cell lymphoma in AKR.Fv-/* mice treated with IL-4. Anti-CD8 mAb or IL-4
administration was performed on 540-day-old mice.

11 healthy spleens of 14-month-old thymectomized AKR/J mice re
vealed a substantial increase-in this population. It reached a mean
level of 45% among the total B-cells and about 35% among spleen
cells of 18-month-old AKR.Fv-/'' mice. The proportion of Ly-l +

B-cells in spleens of young thymectomized mice was about 5 and 2%
in spleens of 6-month-old AKR.Fv- 7* mice. FACScan analysis of such

spleens is represented in Fig. 4.
Virologica! Characterization of AKR.Fv-7fc Tumors. We also

examined the virological status of normal tissues and tumors arising in
AKR.Fv- /* mice. This approach was important because while these

mice are resistant to N-tropic MuLVs, such as the endogenous Akv

virus, resistance is not absolute. Moreover, since Class I MCF recom
binant viruses play an important role in lymphomagenesis in AKR/J
mice mice, it was important to test if MCF viruses were involved in
development of either the B- or T-lymphomas. For these studies, we

used Southern blot hybridizations as described previously (15). The
principle of the analysis is that Class I MCF proviruses carry an EcoRl
restriction site in the envelope gp70 surface protein coding region
from polytropic env sequences, and they retain pl5E (TM protein) env
sequences from ecotropic (e.g. Akv) MuLV (Fig. 5A ). DNA from
tissues infected with a Class I MCF virus will yield a diagnostic
1.4-kilobase fragment when digested with Pstl plus EcoRI and ana

lyzed by Southern blot hybridization with an ecotropic pl5E region

Table 2 PLC among bone marrow and spleen cells of aged AKR~Fv~lb mice

Age of
cell donors

(mo)24

24
16
16
21
21CellstransferredBone

marrow
Spleen
Bone marrow
Spleen
Bone marrow
SpleenCell

recipients"AKR

X DBA/2 F,

AKR-Fv-/* X C57BL/6 F, + 400rAKR-Fv-

/*
AKR-Fv-/ *B-lymphoma

development of donor originLatency

Incidence(days)3/10(30)*

145 Â±55

4/10(40) 100 Â±18
2/10(20) 189; 232
4/10(40) 245 Â±24
5/10(50) 190 Â±42
7/10(70) 190 Â±42

' Recipients (6-8 weeks old) were given i.v. injections of donor's bone marrow or spleen cells in 1:1 transfer.
' Numbers in parentheses, percentage.
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probe. Representative tissues containing or lacking Class I MCF
proviruses are shown in Fig. 5ÃŸ.

The results of virologica! analysis are shown in Table 3. When
normal spleens (from 11-month-old thymectomized AKR.Fv-/'' mice)

were examined, none (0 of 3) showed evidence of Class I MCF
infection. This finding was consistent with the presumed low virolog-
ical load in these animals. Likewise, when B-lymphoid tumors spon
taneously arising in thymectomized AKR.Fv-/fc mice or in those

treated with anti-CD8 serum were examined, Class I MCFs were
infrequently detected. In addition, spleens from old AKR.Fv-/fr mice
showing high percentages of Ly-1 * B-cells also showed no evidence

of Class I MCFs, yet 3 of 3 mice developing B-lymphoma after
thymectomy and IL-4 treatment showed evidence for Class I MCFs
(see below). Thus, with the exception of thymectomy plus IL-4 treat
ment. B-lymphomas arising in AKR.Fv-/'' mice appear to result from

a mechanism independent of Class I MCF formation.
In contrast to these observations, many of the T-lymphomas arising

in AKR.Fv-/'' mice showed evidence of Class I MCF infection. In

particular, T-lymphomas arising with long latency in untreated or
thymectomized AKR.Fv-/'' mice showed evidence of Class I MCFs

by Southern blots in three of four cases examined, even though the
antibody staining experiments have not revealed detectable MCF env
protein on the surface of such tumor cells. Similarly, all the acceler
ated T-lymphomas resulting from MCF247 infection or intrathymic
A-RadLV injection also showed Class I MCF. In the case of the

MCF247 accelerated tumors, the finding of Class I MCFs would not
be particularly surprising, since MCF247 is itself a Class I MCF.
However, in two of the three tumors examined, the Class I MCF
detected was distinguishable from MCF247 by size differences in the
diagnostic restriction fragments. Thus, for these tumors, the high
frequency of Class I MCFs suggested a causal role in T-lymphoma
development. From this perspective, the B-lymphomas arising from
thymectomy plus IL-4 were also interesting. All three tumors exam-
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Fig. 5. Soulhern blot analysis for Class I MCF. A, restriction map expected for Class
I MCF showing akv-5 ecotropic specific probe used to detect EcoRl-PsÃ®l1.4-kilobase

diagnostic bend; ÃŸ,autoradiogram of Southern blot showing MCF247 producer cell line
yielding expected diagnostic band (arrow) and seven representative tumor DNAs from
mice treated as indicated. Spleen from an untreated 2-month-old AKR/J mouse was used

as normal control.

O
O
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Fig. 4. FACS analysis for the expression of n and Ly-1 (CDS) antigens on spleen cells
from grossly normal thymectomized AKR/J or intact AKR.Fv-/6 mice. Cells were stained
with biotinylated Ly-1 mAb (Beckton-Dickinsonl followed by streptavidin-PE and goat
anti-mouse n-fluorescein isothiocyanate (FITO (Sigma). A. spleen from 6-month-old
AKR.Fv-/* mouse; B. spleen from 16-month-old AKR.Fv-/* mouse; C. spleen from
6-month-old thymectomized AKR/J mouse; D. spleen from 12-month-old thymectomized

AKR/J mouse.

ined contained Class I MCFs; interestingly, when two of the tumors
were transplanted into recipient animals, T-lymphomas instead of
B-lymphomas developed in both. This result was not observed after
transplant of B-lymphomas arising from other treatments. Thus, direct
correlation of Class I MCFs with T-lymphomas was observed from
these studies of B-cell tumors as well.

In contrast to the T-lymphomas described in the previous paragraph,
those induced by fractionated irradiation of AKR.Fv-/'' mice showed

barely detectable MCF provirus in only one of six tumors examined.
Thus, these T-lymphomas appear to arise without the involvement of

Class I MCF viruses.

DISCUSSION

The AKR.Fv-/fc congenie subline was established by substitution of
the Fv-1 alÃeleof AKR/J mice with the Fv-7* alÃeleof C57BL/6 mice,

thereby limiting viral replication and spread of the endogenous N-
tropic MuLV. As a result of this virus restriction AKR.Fv-/'' mice

develop a low spontaneous incidence of T-cell lymphomas. Moreover,

the characteristic changes in thymus subpopulations of AKR/J mice
preceding overt T-cell lymphoma development, associated with the
formation of the dual tropic virus in the thymus of 5-6-month-old
mice (21), was not observed in thymi of 2-18-month-old AKR.Fv-/*

mice. Furthermore, the acceleration of T-cell lymphoma development
following intrathymic inoculation of MCF247 (N-tropic) into young
AKR/J mice could not be demonstrated as effectively in AKR.Fv-./*

mice (Fig. 1) due to N-tropic viral replication restriction. In contrast
to the low susceptibility of AKR.Fv-7'1 mice to spontaneous T-cell

lymphoma development they were highly sensitive to X-ray or A-Ra-
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TreatmentThx"NoneThxCDS

mAb to 10 montholdThx
+ IL-4 to 18 montholdNoneThxMCF-247dA-RadLV

i.t. to 3 daysold^Fractionated
irradiation (30-day-old mice)LYMPHOMAOENESIS

IN AKR./n--;*MICETable

3 Presence of Class I MCFs in AKR F\-lbmicePathologyNormal

spleen ( 11 moold)Dormant
Ly-l+ B cells (20 moold)Ly-l+

B-lymphomaLy-l+
B-lymphomaLy-l*
B-lymphoma'T-lymphomaT-lymphomaT-lymphomaT-lymphomaT-lymphomaClass

IMCF0/30/33/9"0/23/32/31/13/3'2/21/6*

" Thx, thymectomized at the age of 6-8 weeks; i.t., intrathymic inoculation.
* Class I diagnostic PsiRl band in one tumor was of novel size and for a minor subpopulation; a 2nd Class T tumor gave rise to T-lymphoma on transplant.
' Two of 3 Class I"*"tumors gave rise to T-lymphoma on transplant; Class I+ band for third was of novel size.

d Injected into the thymus of 14-21-day-old mice.
' One Class I+ band was of novel size.

one tumor with diagnostic PstRl fragment showed very low but detectable concentration of Class I MCF.

dLV induced T-cell lymphomagenesis. Inoculation of the radiation
leukemia virus variant A-RadLV, which contains viruses with N- and
B-tropism (20), into the thymus of young AKR.Fv-!h or AKR/J mice

resulted in a high thymoma incidence (66-100%) with a short mean
latency (75-95 days) (Fig. 2). Similarly, susceptibility to T-cell lym
phomagenesis was observed both in young AKR/J and AKR.Fv-./*

mice exposed to fractionated whole body irradiation (Fig. 2).
AKR.Fv-./'' mice were found to be carriers of potential lymphoma

cells (PLCs). Transplantation of spleen or bone marrow cells from
16-24-month-old grossly normal AKR.Fv-/'' mice into susceptible
recipients yielded 20-70% Ly-l+ B-cell lymphomas of donor origin.

Thus, these B-PLCs could be triggered to develop into overt B-cell
lymphomas after their removal from a "restrictive host environment"

to appropriate compatible young recipients. The wide variable range
of PLCs demonstrated in old AKR.Fv-/* mice (Table 2), in contrast to

high PLC level (80-100%) in intact or thymectomized (when 6-8

weeks old) AKR/J mice, might be related to lower or lack of infectious
virus producing cells in the bone marrow of AKR.Fv-/fc mice (14).

Recently we demonstrated termination of the PLC dormant state in
12-month-old thymectomized AKR/J mice by in vivo elimination of
T-cell subsets (15); 90-100% of such treated mice developed Ly-l +

B-cell lymphomas. Similarly, in the present studies in vivo treatment
of 18-month-old AKR.Fv-/fc mice with anti-CD8 mAb yielded 77%
(14 of 18) Ly-l+ B-cell lymphomas within 140 days after start of

treatment (Fig. 3). The enhancing effect of anti-CD8 mAb on B-cell
lymphoma development could be due to clonal expansion of Ly-1+
B-cells shown to be high in spleens of old AKR.Fv-/* mice (35%) in
contrast to their low level in other strains (26). Because Ly-1+ B-cells

are long lived and have self-renewal properties, they may have an

increased tendency to become malignant through a time dependent
accumulation of mutations (27). The large Ly-1+ B-population ob
served in "normal" spleens of old mice might already represent the

preleukemic cells. Following stimulation by certain growth factors
Ly-l+ B-cells might grow unrestrictively and undergo further dereg

ulation terminated with neoplastic transformation. The increased in
cidence of Ly-l+ B-cell lymphomas following in vivo anti-CD8 mAb

treatment may perhaps be related to the recent observation that a
cytokine produced by one class of mouse Th cells could inhibit
synthesis of cytokines by other cells (28). Elimination of CD8+ T-
cells could modify the function of CD4+ cells or other cells, thereby
producing cytokines more effective for Ly-l+ B-cell proliferation.
IL-IO, a mediator of Ly-l+ B-cell function (29), could be considered

as a factor affecting enhancement of B-cell lymphoma development in
old AKR.Fv-7* treated mice. Enhancement of Ly-l+ B-cell lym
phoma development in thymectomized AKR.Fv-/* mice was also

observed following treatment with IL-4 (Fig. 3). This cytokine has
been shown to modulate B-cell responses, trigger resting B-cells, and
cause proliferation of activated B-cells and B-cell tumors, as well as

to increase B-cell maintenance in vitro and promote long term survival
and expansion of B-cell colonies in soft agar (30-32).

Virologica! analysis of the T/B-cell lymphomas developing in
AKR.Fv-/* mice for Class I MCF viruses provided some noteworthy
observations. B-lymphomas in thymectomized AKR.Fv-/'' mice

showed an extremely low frequency of Class I MCFs. Thus, B-lym

phoma development is apparently independent of this pathogenic
MCF virus involvement. Presumably, other genetic features of these
mice are responsible for the propensity to develop B-lymphoma. In
this regard, we have shown previously that if T-lymphoma is pre

vented in AKR/J mice by thymectomy, these animals can develop
B-lymphoma that does not result from the development and infection

by pathogenic Class I mink cell focus inducing virus (15).
Another finding arising from the virological studies was that Class

I MCF development tightly correlated with T-lymphoma development
in AKR.Fv-/* mice except those induced by fractionated irradiation.

Most spontaneously developing T-lymphomas in untreated or thymec

tomized mice showed Class I MCFs, as did all those infected with
MCF247 or A-RadLV. (This result was expected for A-RadLV in

fected mice, since viruses in the complex could infect either AKR/J
mice or AKR.Fv-/fc mice, leading to normal MCF generation.) Thus,
as for normal AKR/J mice, in AKR.Fv-/'' mice. Class I MCFs appear

to play a role in T-cell lymphomagenesis. The low frequency and long
latency of T-lymphomas in these mice might be explained at least in
part by the inefficiency of N-tropic virus spread (Akv and AKR
MCFs) in Fv-lh animals. It seems possible that the Class I MCFs or

their precursors in these tumors might have had to undergo a second
ary mutation to render them B-tropic or NB-tropic. Development of
B-tropic MuLVs from endogenous N-tropic MuLV has been observed
in old BALB/c (B-tropic) mice (33). Virus recovery from the tumors
and N-B tropism tests were beyond the scope of this study. Class I
MCFs might contribute to T-lymphomagenesis by proviral activation
of adjacent cellular protooncogenes in the tumor cells (34-38). Alter

natively, it has recently been shown that MCF gp70 binds to and
activates hematopoietic growth factor receptors, including the IL-2

receptor (39, 40). Thus, MCF gp70 might establish an autocrine loop
in the developing T-lymphoma cells.

In contrast to the other T-lymphomas, those induced by fractionated
irradiation in AKR.Fv- Â¡bmice were not associated with Class I MCF

viruses. These results indicate that in the AKR genetic background,
potentially leukemic cells of the T-lymphoid lineage also exist, but

their expression is not dependent upon the presence of Class I MCF
viruses. Similarly, recent studies by Ritchie et al. (41) showed that a
high T-cell lymphoma incidence induced in AKR.Fv-/'' mice by N-

methyl-/V-nitrosourea did not involve MCF provirus insertion. As for
the B-lymphomas, other factors in AKR.Fv-/'' mice are apparently

involved in establishing and expressing the potentially leukemic cells.
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The virologica! studies in this report were focused on Class I MCF
viruses, since they are the most strongly implicated pathogenic agents
in the AKR mouse. However, we did not use our Southern blot
hybridizations to test for infection of tumors with endogenous Akv
MuLV. In fact, it is formally possible that the other genetic factor in
AKR mice responsible for establishing potentially leukemic B- and
T-lymphoma cells is the endogenous Akv MuLV itself. In this regard,

Class I MCF pathogenicity is typically measured by the ability of
these viruses to accelerate spontaneous leukemia in AKR mice. If
Class I AKR MCFs are injected into mice which do not express the
endogenous Akv MuLVs (e.g., NIH Swiss), then they do not induce
disease (42).
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