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Naturally occurring lymphomas of Lake Casitas (LC)
wild mice, and the lymphomas induced by LC murine
leukemia virus (MuLV) in Swiss mice from the Na-
tional Institutes of Health, displayed remarkably
similar gross, microscopic, and functional char-
acteristics. They spared the thymus, arose primarily in
the splenic red pulp, became leukemic, and were com-
prised of stem cells lacking classic T- and B-cell
markers. Cytoplasmic and surface immunoglobulin
were undetectable in 34 of 35 spontaneous LC lym-
phomas and in any of ten LC MuLV-induced lympho-
mas in NIH Swiss mice. Assays for immunoglobulin
secretion, complement (C'3) and Fc receptors, Thy

SPONTANEOUSLY OCCURRING LYMPHOMAS
of inbred mice, such as the AKR and C58 strains,
which express high titers of endogenous murine leu-
kemia virus (MuLV), are mostly of thymic T-cell ori-
gin. 1-3 Radiation- and virus-induced leukemia in
C57BL and C3H strains of mice are also of T-lym-
phocytic origin.4'5 Experimental transmission of well-
characterized laboratory virus strains, such as
Gross-, Kaplan-, and Moloney-MuLV, also cause
lymphomas of mainly T-lymphocytic lineage.6-8
B-lymphocytic tumors have been reported in labora-
tory mice as rare spontaneous events,9 10 and infre-
quently following induction by chemical carcino-
gens' 1 or the Abelson strain of MuLV.12 Recently,
Rauscher-MuLV was also shown to transform imma-
ture B-cells in laboratory mice13 and the Friend helper
virus was found to have selective tropism for more
mature B-cells in the spleen. 14 However, each of these
laboratory models represents, to some extent, an arti-
fact of inbreeding and virus selection. For a balanced
view, it would be helpful to know more about lym-
phoma ands MuLV as they occur under natural con-
ditions in feral wild mice (Mus musculus domesticus),
the progenitor of laboratory mice. Insofar as wild
mice are outbred and not exposed to laboratory
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1.1,2 antigens, Ly 1,2 antigens, and erythroid and
myeloid markers were negative on all of the spon-
taneous and experimental lymphomas. Cell lines were
derived from five spontaneous lymphomas ofLC mice.
Three lines were characterized as null cells, one line as
B cells, and one line as macrophages. All cell lines were
diploid. The wild mouse spontaneous lymphomas, and
lymphomas experimentally induced by LC MuLV in
laboratory mice, provide a useful model for childhood
acute lymphoblastic leukemia and for study of the early
steps of B-lymphocyte differentiation. (Am J Pathol
1981, 104:272-282)

strains of MuLV, they represent a more relevant
model for humans.
We have shown that feral mice from different trap-

ping areas differ in their control of indigenous MuLV
and proneness to spontaneous lymphoma."5 Whereas
most populations express little virus and develop only
a few tumors, several populations express high levels
of virus activity and display a tenfold increased inci-
dence of lymphoma. These mice are also susceptible
to a neuromotor hind leg paralysis caused by the in-
digenous MuLV. 16 An example of the latter mice are
those inhabiting a squab farm near Lake Casitas
(LC) in southern California. LC mice have as much
genetic diversity as other feral mouse populations. 17

These mice thus offer a unique opportunity to ex-
amine the phenotype of spontaneous lymphomas
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caused by MuLV in a genetically heterogenous but
susceptible host. The infectious MuLV of LC wild
mice show either a wide in vitro host range with
growth in cells of both murine and heterologous spe-
cies ("amphotropic"), or their growth is restricted to
murine cells ("ecotropic"). 18-20 Most LC mice are
congenitally infected with the amphotropic class of
MuLV, which persists as a lifelong viremia in the ab-
sence of any detectable immune response to this
virus.2' A few LC mice are also congenitally infected
with, and tolerant to, the ecotropic class of MuLV.
About 18%7o of the naturally infected mice develop
lymphoma and 12%7o develop paralysis after one year
of age.22 The lymphomas are mainly of splenic origin
and lack thymus antigen.23 Upon experimental trans-
mission of purified amphotropic or ecotropic virus
clones in newborn laboratory mice and rats, lympho-
mas are induced in more than 30%o of the recipients
with an average latent period of 8 months.24 25 The
paralytic disease is transmitted only by the ecotropic
MuLV. In laboratory mice, the Fvl genetic locus is
the primary determinant of susceptibility to lym-
phoma induction; only Fv'n genotype mice are per-
missive to replication and tumor induction by the LC
MuLV, which are N-tropic for mouse cells.2526 Un-
der natural conditions, however, a dominent eco-
tropic MuLV restriction gene called AkvrlR, which is
distinct from Fvl and is polymorphic in LC wild
mice, determines susceptibility to the ecotropic virus-
caused lymphoma and paralysis.2"

In this paper we present the morphologic and func-
tional characteristics of the naturally occurring and
virus-induced experimental lymphomas. Both display
remarkably similar gross and microscopic features.
They spare the thymus, arise primarily in the splenic
red pulp and bone marrow, and progress to leukemia
early in the disease process. The tumors are composed
primarily of stem cells lacking classic T- and B-cell
markers. A few tumors, however, give evidence of
B-cell differentiation. Thus, this wild mouse model
system should be helpful in elucidating the mecha-
nism by which MuLV induces malignancy of lymphoid
stem cells at a very early stage of differentiation.

Materials and Methods
Mice

LC feral mice were trapped, brought to the labo-
ratory, and either killed for collection of tissues or in-
dividually housed in mason jars and observed for
spontaneous lymphoma.22 Lymphomas were experi-
mentally induced in susceptible NIH Swiss mice by
intraperitoneal inoculation of LC MuLV.24 All mice

were routinely observed and palpated for splenomeg-
aly and lymphadenopathy. Complete necropsy, in-
cluding microscopic study, was performed on each
mouse with possible lymphoma. Peripheral blood
smears and touch preparations (imprints) of enlarged
spleens were used for preliminary pathological diag-
nosis and further histopathology. Sections of tumor
and major visceral organs were prepared for diagnos-
tic light microscopy by fixation in 10% neutral
buffered formalin, and 5-,I paraffin-embedded sec-
tions were stained with hematoxylin and eosin.

Cell Suspensions

Single-cell suspensions were prepared from por-
tions of fresh spleens removed from lymphomatous
mice and normal controls. Red blood cells were lysed
with 0.83%70 ammonium chloride or removed by
Ficoll-Hypaque gradient separation.28 A fraction of
the spleen cell preparations was maintained in sus-
pension culture, and colonies were established in
semisolid agar.29 A second fraction was used for
morphologic and functional characterization of the
lymphoid cell populations. Cell viability was deter-
mined by trypan blue exclusion, and cell morphology
was studied in detail using Wright-Geimsa-stained
cytocentrifuged preparations.30 The remainder was
frozen in RPMI-1640 medium, containing 1007o DMSO
and 20% fetal calf serum, and stored at - 90 C.

Detection of Surface and Cytoplasmic
Immunoglobulin (Ig) by Immunofluorescence

Each viable lymphocyte preparation was screened
by the indirect and direct fluorescent antibody method3'
for surface membrane Ig (SmIg), using goat anti-
mouse polyvalent Ig antiserum. In addition, most
preparations were studied in more detail using rabbit
anti-mouse heavy-chain-specific serums, including
anti-mu, anti-gamma, and anti-alpha and rabbit anti-
mouse light-chain-specific serums, including anti-
kappa and anti-lambda (Bionetics, Kensington, Md).
The same antiserums were used to detect cytoplasmic
Ig in cytocentrifuged preparations of the various
lymphoma preparations. In all assays, a continuous
suspension cell line, derived from a T-lymphoid
tumor of a cat (FL74),32 was used as a negative con-
trol. Routine positive controls included normal wild
mouse and NIH Swiss mouse spleen cell preparations.

Immunoperoxidase Detection of Cytoplasmic Ig

Paraffin-embedded sections (5 IA) of various tissues
were heated at 60 C for 1 hour, passed through
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xylene, and rehydrated through alcohol to water. En-
dogenous peroxidase activity was blocked with a
fresh 0.610o solution of hydrogen peroxide in meth-
anol for 20 minutes. Nonspecific background stain-
ing was reduced by incubation of the paraffin sec-
tions with nonimmune, nonconjugated swine serum
(Accurate Chemical and Scientific Corp., Hicksville,
NY), diluted 1:20 for 15-20 minutes. Sections were
then treated for 30 minutes with rabbit anti-mouse
polyvalent Ig antiserums or antiserums specific for
heavy chains (gamma,,2, alpha, mu) or light chains
(kappa, lambda). Unlabeled swine anti-rabbit Ig an-
tiserum, diluted 1:30, was added for 30 minutes, fol-
lowed by rabbit anti-peroxidase-peroxidase complex
(PAP, Cappel Labs, Cochransville, Pa) (1:100) for
30 minutes. Sections were developed by the diamino-
benzidine reaction33 for 3-5 minutes and counter-
stained with hematoxylin. Tris-saline buffer (pH 7.6)
was used for reactions, dilutions, and washings.

Assay for Ig Secretion

A modification of the Jerne hemolytic plaque assay
using protein A-coated sheep red cells (SRBC)34 was
used to detect lymphoid cells secreting Ig. A mixture
of protein A-SRBC and 106 lymphocytes/ml were
plated in agar (Difco Laboratories, Detroit, Mich)
with guinea pig complement (Grand Island Biologi-
cals, Grand Island, NY) and either goat anti-mouse
polyvalent Ig antiserum or rabbit anti-mouse chain-
specific serums described above. After the agar had
solidified, the plates were incubated overnight at 37 C
in a humidified atmosphere. Single-cell suspensions
prepared from normal NIH Swiss and wild mouse
spleens served as positive controls.

Detection of Thy 1.2, Ly 1,2, and T-200
Surface Antigens

Direct cytotoxicity, using rabbit anti-mouse brain
(Cedarlane Laboratories, Ltd., Accurate Chemical
and Scientific Corp., Hicksville, NY) and rabbit com-
plement (1:10), was used for the detection of Thy 1.1
and Thy 1.2 antigens on the surface of lympho-
cytes.23 Normal mouse thymocytes from young LC
or NIH Swiss mice were used as positive controls.
Briefly, 10 A of the lymphoid cell suspension (2 x 106
cells/ml) was added to microtiter wells, containing 10
A of serially diluted anti-Thy serum, and incubated at
room temperature for 30 minutes. Following wash-
ing, the cells were incubated at 37 C with 10 A of com-
plement for 30 minutes. One drop of 0.4Oo trypan
blue was added to each well, and the cytotoxicity in-
dex was calculated. In addition, indirect immuno-

fluorescence, using monoclonal anti-Thy 1.2 serum
(New England Nuclear, Boston, Mass), was used to
detect this T-cell antigen. Expression of lymphocyte
differentiation antigens, Ly 1,2 and T-200, was de-
tected by direct cytotoxicity35 and monoclonal anti-
body techniques.36

EA and EAC Rosette Assays

Washed sheep red blood cells (SRBC) were in-
cubated for 30-45 minutes with an equal volume of
rabbit anti-SRBC (1:100) (Cordis Labs, Miami, Fla).
A 19S IgM anti-SRBC was used in the complement
receptor assay (EAC test), and a 7S IgG anti-SRBC
was used to test for the Fc receptor (EA test). Com-
plement-coated SRBC were prepared by incubating
IgM-SRBC with fresh mouse complement (1:20) for
20 minutes at room temperature. Washed and centri-
fuged EA or EAC reagents were resuspended in
RPMI-1640 medium and incubated with an equal
volume of spleen cell suspension (5 x 106 cells/ml) at
37 C for 30-45 minutes. The EA-lymphocyte suspen-
sion was centrifuged at 200g and allowed to remain at
4 C for 15 minutes. Cell mixtures were counted in the
presence of trypan blue; viable mononuclear cells
binding four or more SRBC were considered rosette-
forming cells.

Derivation of Lymphoid Cell Lines

Lymphoid cell lines were derived from lympho-
matous spleens of LC mice by gently teasing apart the
stromal component in RPMI-1640 medium (Grand
Island Biologicals) and harvesting the single cells re-
maining in suspension after the connective tissue had
settled. Red blood cells were removed by Ficoll-
Hypaque gradient separation.27 The viable lymphoid
cells were maintained at a density of 0.5-1.0 x 106
cells/ml in RPMI-1640 medium, supplemented with
2 mM glutamine, 50 jg/ml gentamicin, and 10-20%
fetal calf serum (Grand Island Biologicals). Initially,
0.005 mM 2-mercaptoethanol (Eastman Kodak Co.,
Rochester, NY) was added to the culture medium,
but it was later discontinued as no growth advantage
could be detected.

Cytochemical and Cytogenetic Assays

All histochemical procedures were performed us-
ing touch imprints of lymphomatous spleens, cyto-
centrifuged preparations of both fresh and in vitro
cultured lymphoid cells, and peripheral blood smears.
Nonspecific esterase (a-naphthylbutyrate esterase) in
monocytes and macrophages, and a-chloroacetate
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esterase in neutrophilic granulocytes, were detected
using the methods of Yam et al.37 Kulenkampff's38
modification of the esterase technique was used to de-
tect immunoblastic cells. Also applied were a simplified
myeloperoxidase stain, using benzidine dihydro-
chloride,38 to identify intracellular leukocyte peroxi-
dase activity and Sudan black B stain40 for lipid-con-
taining granules. Ralph's41 benzidine technique was
used for the demonstration of hemoglobin. Chromo-
some preparation and karyotype determination were
done according to conventional trypsin-Geimsa band-
ing techniques.42

Detection of Virus

The production of MuLV by the lymphoma cell
lines was detected by the RNA-dependent DNA poly-
merase (RDP) assay, using synthetic template primer
poly(rA) * oligo(dT).43 Virus infectivity was deter-
mined using the fluorescent focus induction method
on wild mouse (SC-1) and rabbit (SIRC) cells.18

Latex Bead Uptake

Phagocytosis by macrophages was measured by a
minor modification of the method of Oren et al.44
One drop (0.02 ml) of a 5% suspension of latex par-
ticles (1.1 , in diameter) was added to 106 cells/ml in
Hanks' buffered salt solution (HBSS). Following in-
cubation at 37 C for 45 minutes, the cells were
washed three times in HBSS and observed under a
coverslip for cytoplasmic-ingested latex particles.

Mitogenic Stimulation

Lymphoid cells (105) were incubated at 37 C in
RPMI-1640 medium (with and without 10% fetal
calf serum) containing 10-2 to 102,Mg/ml of each of
the following agents: lipopolysaccharide (LPS)
(Escherichia coli 0127:B8, Sigma Chemical Co., St.
Louis, Mo, or Salmonella typhosa 0901, Difco Labo-
ratories, Detroit, Mich), concanavalin A (Con A)
(Pharmacia, Uppsala, Sweden), phytohemagglutinin
M (PHA) (Difco Laboratories), and dextran sul-
phate (DxS) (Pharmacia). After 24 hours, 1 li.Ci
3H-thymidine was added, and the cells were incubated
at 37 C overnight, lysed with 5% sodium dodecyl sul-
fate (SDS), collected on a 0.45-.i Millipore filter by
suction, and washed with 20 ml cold 5% trichloro-
acetic acid (TCA), containing 1 /o sodium pyrophos-
phate (NaPP). The dried filters were counted in a
Beckman liquid scintillation counter for 20 minutes.
Control samples were incubated for the first 24 hours

in the appropriate medium without mitogen. Viable
cell counts were determined by trypan blue exclusion.

Deoxynucleotidyl Terminal Transferase (TdT) and
Natural Killer (NK) Cell Assays

Deoxynucleotidyl terminal transferase (TdT) as-
says were performed as previously described.45 The
natural killer (NK) cell activity of the lymphoma cell
lines was determined using the method of Scott et al.46

Results
Histopathology of Lymphomas

The spontaneous lymphomas of LC wild mice and
the lymphomas induced by LC MuLV in NIH Swiss
mice were remarkably similar in gross and micro-
scopic features. They had a diffuse pattern made up
almost entirely of poorly differentiated mononuclear
cells (Figure 1 a). They showed a generalized distribu-
tion with involvement of the spleen, liver, kidneys,
systemic lymph nodes, bone marrow, and an accom-
panying leukemia (Figure lb). However, the thymus
was spared. The earliest involvement was usually in
the spleen, where malignant cells were observed in
the red pulp, with sparing of the follicles and periar-
teriolar T-cell zones (Figures 1 and lc,d,e). More
than 9007o of the cells derived from lymphomatous
spleens of both LC and NIH Swiss mice were rela-
tively monomorphic undifferentiated lymphoblastoid
cells, with large round vesicular nuclei (nuclear/cyto-
plasmic ratio approximately 5:1) containing diffuse
heterochromatin and large nucleoli (Figure 1f). By
light microscopy of Zenker's fixed conventionally
stained tissue sections, the tumor cells resembled
hematocytoblasts or immunoblasts, which are vir-
tually indistinguishable on the basis of morphology
alone (R. Lukes, personal communication). In a pre-
vious electron microscopic study,47 the tumor cell
nuclei had regular or slightly indented contours, and
the cytoplasm contained abundant free ribosomes
but only sparse rough endoplasmic reticulum. Nu-
merous budding and extracellular type C particles
were present.

Immunopathology of Lymphomas

A three-step immunoperoxidase procedure was used
to detect cytoplasmic immunoglobulin (heavy and
light chains) in formalin-fixed, paraffin-embedded
necropsy specimens. Lymphomatous spleens and
lymph nodes were the primary tissues assayed; how-
ever, leukemic infiltrates of various other organs
were also examined. Cytoplasmic Ig could not be
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Figure la-Lymphomatous spleen from an LC wild mouse showing a diffuse pattern of poorly differentiated cells. The large cells are mega-
karyocytes. (H&E, x 160) b-Lymphoblastoid cells present in peripheral blood of lymphomatous wild mouse. (Wright-Geimsa, x 1000)
c-Lymphomatous spleen from an LC wild mouse. Note sparing of the periarteriolarT-cell zone and invasion of the red pulp. The enclosed area
is shown under higher magnification in e. (H&E, x 160) d-Red pulp from c, containing malignant lymphoid cells. (H&E, x 650) e-
Periarteriolar area outlined in c showing residual T-cell zone. (H&E, x650) f-Touch imprint of lymphomatous spleen from an LC wild
mouse. (Wright-Geimsa, x 1000)

identified using polyvalent Ig antiserum and mono-
specific anti-heavy-chain (gamma,,2, alpha, mu) and
anti-light-chain (kappa, lambda) serums in any of 26
spontaneous LC lymphomas (Figure 2a), nor in any
of 10 LC virus-induced lymphomas in NIH Swiss
mice (Table 1). A reactive lymph node from a wild
mouse, in which immunoperoxidase positive plasma
cells were readily identified (Figure 2b), was used as a
positive control. Direct and indirect immunofluores-
cence methods, using the same antiserums, also failed
to detect cytoplasmic Ig in fresh fixed suspension or
cyto-centrifuged preparations of splenic lymphoid
cells from any of 18 LC and 25 NIH Swiss mice with
lymphoma.

Surface Marker Expression and Functional
Studies of the Lymphomas

The presence of SmIg on viable lymphoma and
normal spleen cell preparations was studied using
polyvalent Ig antiserums or antiserum specific for
heavy and light Ig chains. Normal wild mouse and
NIH Swiss mouse spleen cell preparations served as
positive immunofluorescent controls; 5-40o of the
splenic lymphocytes were stained, depending on
which antiserum was employed. SmIg was detected
by immunofluorescence in none of 25 experimental
lymphomas and in one of 18 naturally occurring LC
lymphomas (Table 1). The SmIg-positive lymphoma
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Figure 2a-Lymphomatous lymph node from an LC wild mouse stained by immunoperoxidase (IPx) technique, using rabbit anti-mouse polyva-
lent 1g antiserum. Note absence of any positive cells. (x 1000) b-Reactive lymph node from an LC wild mouse stained by IPx technique
using rabbit anti-mouse polyvalent 1g antiserum; arrows indicate several IPx-positive plasma cells. (x 1000)

expressed kappa light chains and gamma 2b heavy
chains, but appeared negative for cytoplastic Ig by
immunoperoxidase and immunofluorescent staining.
Complement (C'3) receptors and Fc receptors were

negative on all of the spontaneous and experimental
lymphoma preparations. Approximately 20-30% of
the normal spleen cell populations from either wild
mice or NIH Swiss mice were rosette positive for
both complement receptors and Fc receptors. T-cells
(LC and NIH Swiss thymocytes) were readily detected
by indirect immunofluorescence, using monoclonal
anti-Thy 1.2 antibody, and direct cytotoxicity, using
anti-Thy 1.1,2 serum plus complement. However,
these reactions were consistently negative with the
wild mouse and NIH Swiss mouse lymphoma cell
preparations described above (Table 1). Each of the
lymphoma cell preparations was also screened for
secretion of Ig, using a modification of the Jerne pro-

tein A hemolytic plaque assay and polyvalent Ig an-

tiserum. Whereas the normal LC and NIH Swiss
spleens were positive, all the lymphomas, spontane-
ous or experimentally induced, were negative in this
in vitro bioassay. However, the single SmIg-positive
spontaneous lymphoma was not tested. None of the
spontaneous or experimental lymphomas tested
showed histologic evidence of erythroid or myeloid
differentiation.

Wild Mouse Lymphoma Cell Lines

We attempted to establish lymphoid cell cultures
from 14 natural and ten experimental lymphomas.
As determined by trypan blue exclusion, the majority
(more than 90%7o) of the lymphoid cells in each cul-
ture remained viable for at least 1 week in suspension
culture. However, in general, only about 20% were

Table 1-Immunopathologic Characteristics of Natural and Experimental Lymphomas

Immunologic assay*

Number Cyto 1g
of mice - 19 Thy

Cell preparation tested IPx IFA SmIg secretion C'3R FcR 1.1,2
Spontaneous LC wild mouse lymphomat 35 0/26t 0/18 1/18 0/9 0/18 0/18 0/18
Experimentally induced lymphoma§ 25 0/10 0/25 0/25 0/25 0/25 0/25 0/25
Normal or reactive spleen; LC 5 5/5 5/5 5/5 5/5 5/5 5/5 0/5
Normal spleen; NIH Swiss 5 NT 5/5 5/5 5/5 5/5 5/5 0/5
Thymocytes; LC and NIH Swiss 5 NT 0/5 0/5 0/5 0/5 0/5 5/5

* Described in Materials and Methods.
t Lake Casitas (LC) mice trapped with spontaneous lymphoma or developing lymphoma while housed in laboratory colonies.
t Number positive/number tested.
§ Lymphomas induced in NIH Swiss mice using cloned MuLV derived from LC mice.
IPx = immunoperoxidase, IFA = immunofluorescence, SmIg = surface membrane immunoglobulin, 1g secretion = immunoglobulin secre-

tion, C'3R = complement receptor, FcR = immunoglobulin Fc receptor, NT = not tested.
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Table 2-Functional and Cytochemical Characteristics of Wild Mouse Lymphoma Cell Lines

Cell line designation*
Assay 11235 29298 29308 29292 27687

Smig (immunofluorescence) polyvalent and monospecific + (alpha; kappa) - - - -
Cytolg (immunofluorescence) polyvalent and monospecific + (alpha; kappa)
Cytoig (RIA-mu chain) _- - NT
Ig secretion (polyvalent)
Fc receptor - - - NT
C'3 receptor - - - NT
Thy 1.1,2 - - -

Ly 1, Ly 2 - - - NT NT
T-200 + + NT NT NT
a-naphthylbutyrate esterase - - - - +
a-chloroacetate esterase - - - NT
Myeloperoxidase
Sudan black B
Hemoglobin
Tdt activity - - - NT
NK activity - - - NT
Latex bead uptake - - - +
MuLV production + + + + +
Mitogenic stimulationt - - NT
Transplantation in nude mice + + + NT NT
Diploid karyotype + + + + +

* Cell line designation corresponds with the number given to the mouse developing the lymphoma. Clonal cell lines have been derived from
the original lymphomas and all display characteristics identical to those presented here.

t See text for various mitogenic agents used.
Smig = surface membrane immunoglobulin, Cytolg = cytoplasmic immunoglobulin, Fc receptor = immunoglobulin Fc receptor, C'3 recep-

tor = complement receptor, RIA = radioimmunoassay (sensitivity, 1 ng/mg cell protein), Tdt = terminal deoxynucleotidyl transferase, NK =
natural killer cell, NT = not tested.

alive after 2 weeks, and by 4 weeks most cells had
died. Those cells that survived were allowed to prolif-
erate without the addition of conditioned media or
use of feeder layers. To date, cell lines from five na-
turally occurring LC lymphomas and none from the
experimental NIH lymphomas have been adapted to
continuous tissue culture. The LC lymphomas and
numerous subclones derived from them in soft agar
have continued to propagate as homogeneous popu-
lations for more than a year, with doubling times
ranging from 12 to 48 hours. Surface marker and
functional characteristics of these cell lines are sum-
marized in Table 2.
Two of the cell lines (29298, 29308) were mor-

phologically indistinguishable from the original wild
mouse lymphoma cells and have retained the parental
null (non-T, non-B) phenotype. They possessed none
of the classic B-cell or T-cell surface markers, nor did
they display Fc or complement receptors. Neither of
these two cell lines showed any evidence of erythroid
(hemoglobin synthesis) or myeloid (a-naphthylbuty-
rate esterase, a-chloroacetate esterase, myeloperoxi-
dase, Sudan black B stain, phagocytosis) differentia-
tion. One of these cell lines, however, did express the
T-200 antigen, as defined by monoclonal antibodies
(I. Trowbridge, personal communication), consistent
with an origin from lymphoid stem cells.36 Both cell
lines were negative for mu heavy chain by a radioim-

munoassay capable of detecting 1 ng of this protein
(S. Aaronson, personal communication). Recently,
another wild mouse lymphoma, 29292, with surface
marker and functional characteristics identical to
these two null cell lines has been adapted to tissue
culture (Table 2).
One of the lymphoma cell lines (11235), estab-

lished more than five years ago, is a monoclonal
B-cell line expressing surface and cytoplasmic IgA
(alpha, kappa) as determined by the immunofluores-
cence and immunoperoxidase methods (Figure 3). No
cytoplasmic Ig was found by the immunoperoxidase
technique on paraffin-embedded sections of the origi-
nal tumor. Assays for additional heavy chains (mu,
gamma) and light chains (lambda) have been consis-
tently negative.
The other cell line (27687), which initially had the

in vivo and in vitro appearance and immunologic
characteristics of a typical LC null cell lymphoma,
began, after several weeks in tissue culture, to display
detectable Fc receptors. After nearly a year in vitro,
the entire cell population, as well as cloned deriva-
tives, expressed nonspecific esterase activity (Figure
4), Fc receptors and phagocytosed latex beads; it thus
apparently consists entirely of macrophages.
Each of the lymphoid cell lines tested produced

progressively growing tumors within 3 weeks after
transplantation subcutaneously in weanling Balb/c
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Figure 3-Indirect immunofluores-
cence of surface membrane immuno-
globulin of lymphoma cell line 11235,
rabbit anti-mouse immunoglobulin
chain-specific serums. a-Anti-
alpha. b-Anti-kappa. c-Anti-
mu. d-Anti-lambda. (x 640)

nude mice. Microscopically and immunologically,
these tumors were identical to their parent cell cul-
tures. In addition, each cell line produced ampho-
tropic MuLV. Virus harvested from the B-lymphoid
culture (11235) supernatant and null cell lymphoma
cell lines induced the typical null cell lymphomas in
NIH Swiss mice, after a latent period of 4 months.

The response of the wild mouse lymphoma cell lines
to various mitogenic agents (LPS, PWM, PHA, Con
A, and DxS at 10-2 to 102 ig/ml, and DMSO, 200
mM), with respect to DNA synthesis, changes in sur-
face markers, and synthesis and secretion of Ig, was
examined. We observed a 50% block in growth, as
measured by 3H-thymidine incorporation, and viable

b

Figure 4-Nonspecific esterase stain of cytocentrifuged macrophage cell line 27687.
trol. b-With substrate-positive reaction. (Giemsa, x 650)

a-Without substrate (alpha-napthal)-negative con-
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cell counts when the null cell lines (29298 and 29308)
were treated with LPS (10 ,Ag/ml), but we did not
detect evidence of B-cell differentiation. Cytoplasmic
and surface Ig, measured by immunofluorescence,
antibody secretion, and the presence of C'3 receptors
and Fc receptors, remained undetectable. Addition-
ally, the growth characteristics of the Ig-positive and
macrophage lines-were not detectably altered follow-
ing exposure to PHA, PWM, and con A, DxS, or
DMSO. The B-lymphoid culture (11235) could not be
induced by these methods to secrete detectable heavy
or light Ig chains.
None of the lymphoid cell lines had detectable ter-

minal deoxynucleotidyl transferase activity, and
none displayed natural killer cell activity in 4-hour
51Cr release assays using YAC-1 cells as targets.46
Preliminary chromosome analysis of the lymphoid
and macrophage cell lines revealed a diploid karyo-
type (modal chromosome number of 40).

Discussion

Most of the LC lymphomas were apparently de-
rived from lymphoid stem cells that lacked classic
T-and B-cell markers (ie, null cells). The tumors in-
duced by LC MuLV in newborn NIH Swiss mice were
also of null cell character. The uniformity of the lym-
phoma phenotype suggests that the LC MuLV inter-
acts in both feral and laboratory mice with a similar
hematopoietic stem cell. The only hematopoietic de-
terminant detected on the Ig-negative tumor cells was
the T-200 antigen, indicating a lymphoid origin.36
More deteminants than the T-200 antigen must be
identified, however, before the target cells(s) can be
more precisely defined. Further studies of these cell
lines, using additional B-cell-specific monoclonal an-
tibodies,48 are now in progress. In earlier work, the
cytologic and fine structural features of the lym-
phoma cells, and the sparing of thymus and splenic
periarteriolar T-cell zones, suggested a B-cell origin.49
The more recent detection by immunofluorescence of
SmIg in one of the primary LC lymphomas, and de-
rivation of one Ig-positive cell line, indicate that at
least a few of these tumors are, indeed, of B-cell line-
age. It is, of course, possible that low levels of Ig syn-
thesis might be detected in some of the other appar-
ent null cell tumors by sensitive metabolic labeling or
radioimmunoassay (RIA). Very recently, we found
that two primary tumor cell suspensions were weakly
positive for cytoplasmic mu chains by RIA. How-
ever, by immunoperoxidase staining of the fixed
tumor sections, we observed that they contained
varying numbers of reactive plasma cells among the
negative staining tumor cells. Furthermore, even
careful washing might not rid these fresh cell suspen-

sions of adsorbed mouse serum. Therefore, more
study of long-term cell lines or transplant tumors
derived from LC lymphomas is required to determine
their potential for differentiation to pre-B cells, in
which only cytoplasmic mu chains are detectable,50
or to more mature Ig-producing B-cells.
Whether the B-cell and macrophage lines were

derived by differentiation of null cells in vitro, or by
selection for growth in vitro of cells that were present
but not recognized in the primary tumor, is unknown.
However, the latter alternative seems most likely be-
cause it has not been possible to convincingly convert
null cells to pre-B cells or macrophages in vitro.5"
However, because LPS has been reported to block in
vitro growth of early macrophages, as well as B-cell
lymphoma cell lines,52'53 one must consider the possi-
bility that these null cells might represent a previously
unrecognized form of macrophage precursor. Mouse
lymphoid cell lines producing IgA are much less com-
mon than are those that produce IgM or IgG. Unfor-
tunately, IgA is not released from the wild mouse
lymphoma cells, and, therefore, the culture cannot
serve as a source of this product. The long-term cul-
ture of pure macrophages is also unusual, although
not without precedent,54"55 and should provide a
valuable source of these cells for further characteri-
zation. Productive infection of each cell line with
amphotropic MuLV is consistent with our previous
finding that almost all lymphomatous LC mice or
virus-inoculated NIH Swiss mice are systemically in-
fected with this virus.'I
Both wild mouse MuLV and the Abelson strain of

laboratory-derived MuLV transform hematopoietic
stem cells at an early stage of maturation. The
Abelson disease involves mainly bone marrow and
meninges and is usually not leukemic,56'57 whereas
the LC wild mouse disease involves mainly the
spleen, spares and meninges, and is usually leukemic.
The Abelson virus transforms a primitive hemato-
poietic stem cell that grows as a null cell in vitro and
also transforms pre-B-cells5' or macrophages.55 In
immunologically primed mice, the virus may also
transform more mature B-cells, leading to plasmacy-
tosis in vivo and Ig-secreting plasma cell lines in
vitro.5' The wild mouse and Abelson lymphoma cells
appear diploid, in contrast to the regular trisomy of
chromosome 15 in certain T- and B-cell murine leu-
kemias.42 58 59 The Abelson virus can transform nor-
mal fibroblasts and null or pre-B cells in vitro but, as
with the wild mouse system, B-cell maturation of true
null cell lines has not been documented. The Abelson
and wild mouse models thus differ from the Friend-
MuLV system, in which it has been consistently pos-
sible to produce further differentiation of trans-
formed erythroid stem cells by in vitro manipula-
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tion.6061 The wild mouse MuLV differ from the
Abelson virus in that they are not defective and do
not transform fibroblast or lymphoid cells in vitro.

Spontaneous lymphomas with leukemia of null cell
or, rarely, B-cell origin is a unique feature of this
wild mouse retrovirus model, differing markedly in
the tumor cell phenotype from the prototype high
lymphoma incidence strains of laboratory mice. As a
model for humans, the LC wild mouse lymphoma
most closely resembles childhood acute lympho-
blastic leukemia, which often consists of a leukemic
proliferation of null or pre-B cells.61-64 This natural
and experimental lymphoma system also affords the
opportunity to further explore the very early steps of
B-lymphocyte maturation and, possibly, to devise
culture conditions to induce further differentiation of
the virus-transformed cells.

Note Added in Proof

The four wild mouse lymphoid cell lines were tested
by Dr. Robert Coffman, Department of Pathology,
Stanford University School of Medicine, with a mo-
noclonal antibody (RA3 2C2) that specifically recog-
nizes B cells and B cell precursors in mice (Coffman
RL, Weissman IL: A monoclonal antibody that rec-
ognizes B cells and B cell precursors. J Exp Med
1981, 153:269-279). Cell lines 11235 and 29292 were
strongly positive, whereas cell lines 29298 and 29308
were negative. He also confirmed that each cell line
was negative by immunofluorescence for cytoplasmic
mu chains. These findings indicate that the wild
mouse and Abelson MuLV-associated lymphomas
consist of the same or closely related two major classes
of cells, viz early Ig-negative B cell precursors and
null cells.
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