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Mouse strains congenic for ecotropic retrovirus genes have
a much higher frequency ofspontaneous lymphomas than
the background NFS/N strain. In this study, most ofthese
lymphomas have been identified as B-cell in origin by
morphologic features, identification ofimmunoglobulin
class, and cell-surface antigens. The classification sug-
gested by Pattengale and Taylor proved to be applicable
to the lymphomas studied. Most were of large follicular
center cells and are considered typical of the type for-
merly designated as "reticulum cell sarcoma, type B."

MURINE LYMPHOMAS are derived from either T or
B lymphocytes. T-cell lymphomas are more fully un-
derstood than B-cell neoplasms in terms of their his-
topathology and pathogenesis because of their ready
availability- they can be induced at high frequency
with short latent periods by inoculation of newborn
mice with replication-competent murine leukemia
viruses (MuLV), and they are the predominant sponta-
neous neoplasms ofAKR and C58 mice less than 1 year
of age. I In these strains, endogenous ecotropic proviral
sequences are expressed at high levels from early in
life.2 After spreading through the animals, these vi-
ruses recombine with endogenous nonecotropic viral
sequences to produce a new class of MuLV, termed mink
cell focus-inducing (MCF) viruses.3 Some of these re-
combinants are capable of infecting thymocytes and
causing their clonal transformation.4
The role of MuLV in the pathogenesis of B-cell lym-

phomas is less clear because it has only recently been
appreciated that these lymphomas are the predominant
spontaneous neoplasms of aged mice in several strains.
Until recently the designation most applied to these neo-
plasms was that proposed in 1954 by Dunn, namely,
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Many lymphomas contained a large proportion of non-
neoplastic cells which partially obscured their neoplas-
tic component. The role of ecotropic murine leukemia
viruses as etiologic agents for B-cell lymphomas remains
equivocal. However, because the only difference between
the NFS/N and congenic mice is the expression ofviruses
in the latter, it appears that these viruses are somehow
involved in induction ofB-cell lymphomas. (AmJ Pathol
1985, 121:349-360)

the reticulum cell sarcoma, type B (RCS-B). This has
been a useful classification, but it is now apparent that
it includes several different kinds of lymphomas. Thus
immunomorphologic studies of "RCS-B" neoplasms in
aged BALB/c mice and other strains suggested a new
classification system that takes advantage of the dis-
tinguishing features of these lymphomas to define them
as lymphocytic, lymphoblastic, follicular center cell, and
immunoblastic lymphomas of B lymphocytes.67 With
this classification system most of the BALB/c lympho-
mas were found to be follicular center cell lymphomas
of B-cell origin.7 The development of a system for
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clearly defining B-cell lymphomas thus makes it possi-
ble to approach the question of the possible role for
MuLV in B-cell lymphomagenesis.
One system particularly well suited to analyses of this

problem is lymphomas of NFS/N mice congenic for
ecotropic MuLV induction loci from AKR or C58 mice
(V-congenics810). Normal NSF/N mice do not express
ecotropic MuLV because they lack the genetic infor-
mation for this class of virus"1; these mice have a low
frequency (7qo) of spontaneous nonthymic lympho-
mas.9 By comparison, NFS V-congenic mice contain one
or more copies of ecotropic provirus loci, express vary-
ing levels of infectious ecotropic MuLV, and have a high
frequency (25 0o) of nonthymic lymphomas and a lower
frequency (9%) of thymic lymphomas. In earlier
studies, it was shown that these lymphomas appeared
predominantly in mice that expressed high systemic lev-
els of ecotropic virus early in life.9

In the present study, nonthymic lymphomas of NFS
V-congenic mice were studied for determination of
whether they were of B-cell origin. Histologic diagnoses
of the lymphomas were made with the use of the Pat-
tengale-Taylor classification system.6 Lymphomas were
also analyzed by flow microfluorometry (FMF) for a
series of cell-surface markers characteristic of T cells
and B cells. Finally, immunohistochemical staining for
cytoplasmic immunoglobulin (cIg) was used for de-
termination of the clonality of the lymphomas. The
results demonstrate that most of the nonthymic lym-
phomas of NFS V-congenic mice were B-cell lympho-
mas, predominantly of the follicular center cell type.
The combined approaches to diagnosis applied in this
study were essential to clearly establishing the nature
of these lymphomas.

Materials and Methods

Mice

Normal NFS/N mice were obtained from the colonies
of the National Institutes of Health. NFS/N mice con-
genic for ecotropic MuLV induction loci from AKR/N
and C58/Lw (ie, V-congenics) were bred as previously
described.8 9 They included two sublines congenic for
Akv-1, designed NFS.Akv-J (1-4) and NFS-Akv-J (1-2);
one strain congenic for Akv-2, designated NFS.Akv-2
(4-2); and another congenic for C58v-1 designated
NFS.C58v-1 (298, 3-4). Congenic mice of both sexes
with lymphomas, detected by splenic and lymph node
palpation, were sacrificed along with age-matched V-
congenic mice without splenic or nodal enlargement.
Sixteen young, noncongenic NFS/N mice were also used
as controls for assurance of reagent efficacy in the de-
tection of surface markers on the basis of previous ex-
perience with these mice. Thus, there were three sets

of mice studied for the presence of cell surface mark-
ers: V-congenics, ranging in age from 8 to 24 months
(mean, 18 months) with lymphoid cell neoplasms; V-
congenics in the same age range (8-24 months with a
mean of 20) without lymphoid neoplasms; and healthy
young NFS/N mice 1-3 months of age (mean, 2).

Flow Microfluorometry (FMF)

Single-cell suspensions from spleens of normal and
lymphomatous mice were prepared and stained for FMF
analyses as described.12 Cells ranging in number from
2 x 104 to 5 x 104 were analyzed for fluorescence in-
tensity of viable cells (determined by light-scatter gat-
ing) on a fluorescence-activated cell sorter (FACS II,
Becton Dickinson FACS Systems, Mountain View,
Calif) with the use of established techniques.12 Neo-
plastic cells were usually readily distinguishable from
normal or reactive lymphocytes, as judged by narrow
forward-angle light scatter, which correlates with cell
size. Antibodies employed in these assays included 1)
fluorescein-labeled F(ab)2 fragments of goat anti-mouse
Fab (reactive with all cell surface immunoglobulins;
provided by Dr. R. Asofsky and Dr. B. J. Fowlkes, Na-
tional Institute of Allergy and Infectious Diseases, Na-
tional Institutes of Health); 2) mouse monoclonal anti-
Lyb-2.1 (reactive with all B cells and pre-B cells; pur-
chased from New England Nuclear Corp., Boston,
Mass); 3) rat monoclonal anti-ThB (reactive with all B
cells and some pre-B cells; a gift from Dr. Jeffrey Led-
better, Stanford University); 4) mouse monoclonal anti-
Iak (cross-reactive with Tas of NFS/N and reactive with
all B cells; purchased from Becton Dickinson Mono-
clonal Antibodies Division, Sunnyvale, Calif); 5)
fluorescein-labeled mouse monoclonal anti-Thy-1.2
(reactive with all T cells; purchased from New England
Nuclear Corp., Boston, Mass); and 6) fluorescein-
labeled F(ab')2 fragments of rabbit antibodies to
XenCSA (xenotropic and MCF MuLV-related cell-
surface gp7O antigens; prepared as described by Morse
et al12). Cells treated with unlabeled anti-Lyb-2 or anti-
ThB were reacted with fluorescein-labeled goat anti-
mouse IgG2 or rabbit anti-rat Ig, respectively, as a
second-step reagent. The number of cells fluorescing
above background levels is given as a percentage of the
total population tested. Detection of XenCSA was mea-
sured as the degree of fluorescence per cell of the sam-
ple examined, a value always less than 100 for young
NFS/N controls.

Electron Microscopy

Pieces of spleen about 2 cu mm were placed in ice-
cold 2.5qo glutaraldehyde maintained at pH 7.3 by a
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Table 1-Morphologic and Phenotypic Characteristics of Splenic Cells From NFS/N V-Congenic Mice
With Spontaneous Lymphomas

Cell surface antigens
Morphologic Age Spleen
diagnosis (mos) weight (g) slg* Lyb-2* ThB* la* Thy-1* XenCSAt Cytoplasmic Ig Familyt

Small lymphocyte
lymphoma

1
2
3
4
5

Small FCC lymphoma
6
7
8

Mixed small and large
FCC lymphoma

9
10
11
12
13

Large FCC lymphoma
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Immunoblastic lym-
phoma
36
37
38

Lymphoblastic lym-
phoma
39
40
41
42

18
19
20
14
13

12
21
22

22
12
24
17
15

24
24
14
22
15
16
16
13
19
8

23
12
18
16
22
13
16
15
13
13
18
18

16
23
12

16
17
10
16

0.67
1.81
1.08
2.60
2.00

84 89
75 64
88 91
82 79
94 83

2.08 87 68
2.54 73 NT
4.84 64 NT

0.79
1.88
NT
1.50
1.30

0.78
3.74
0.96
3.48
2.49
5.09
2.48
4.87
1.28
2.72
0.79
NT
2.30
2.10
0.48
2.17
2.30
NT
3.20
NT
1.42
1.72

65 73
62 20
35 NT
41 75
60 51

33 58
53 82
64 63
63 81
84 87
77 68
20 26
75 90
39 35
56 33
46 44
NT 53
37 63
58 60
51 NT
57 NT
53 54
61 NT
66 58
43 NT
88 96
41 63

3.06 57 73
1.05 35 71
2.48 33 NT

2.59 42 NT
1.53 17 18
5.00 96 86
2.59 42 NT

57 NT 3
34 81 10
89 NT 7
73 NT 11
NT NT 4

84 NT 30
NT 83 24
96 48 7

68 63 31
18 NT 30
32 20 22
27 NT 52
63 NT 41

35 43 20
NT 68 24
52 60 25
66 64 15
77 67 12
69 68 11
NT 19 74
74 52 9
49 NT 50
49 69 24
NT NT 56
45 55 43
37 NT 30
59 NT 23
49 60 37
30 25 39
21 55 21
69 70 18
53 NT 9
36 41 34
75 94 6
59 NT 17

30 69 38
NT NT 4
NT 21 27

NT 44 NT
5 11 10

NT NT 35
NT 44 58

* Numbers indicate percent positive cells.
t Numbers indicate mean fluorescence.
t Families 1-2 and 1-4 are congenic for Akv-1, Family 4-2 for Akv-2, Family 298 for C58v-1, and Family 301 for C58v-2.
§ NT, not tested.

Negative
Negative
Negative
Negative
Negative

Kappa
NT

IgA, kappa

1-2
1-2
1-2
4-2
1-4

4-2
4-2
4-2

159
174
337

2992
992

452
857
664

201
225
1010
289
348

101
192
252
1470
1002
347
97

233
1472
1816
233
1271
452

2408
406
925
1544
1593
NT
629
183
991

526
754
1410

NT
231

2992
1028

IgM, lambda
IgG3, kappa

NT
Negative

IgM, kappa

NT
IgG3, kappa
IgM, kappa
Kappa

IgM, kappa
IgA, lambda
Negative

NT
NT

Kappa
Kappa
NT

Negative
IgA, kappa
IgA, lambda
IgG3, kappa
IgM, lambda

NT
Kappa

Negative
IgG2b, kappa

NT

1-2
1-4
1-2
3-4
4-2

4-2
1-4
1-2
4-2
4-2
1-4
1-4
1-4
1-4
3-4
3-4
1-4
4-2
4-2
301
4-2
298
298
1-4
298
4-2
1-2

Negative
Kappa

IgM, kappa

1-2
1-4
298

NT
Negative

NT
NT

4-2
1-4
1-4
3-4
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Table 2-Comparison of Lymphomatous Mice With Age-Matched Nonlymphomatous Congenic Mice and With Young
Adult, Noncongenic NFS/N Mice

Number Diagnosis

5 Small lymphocyte
lymphoma

3 Small FCC

5 Mixed FCC

22 Large FCC
3 Immunoblast
3 Lymphoblast
13 Young NFS/N noncongenics
15 Age-matched NFS/N

congenics nonlymphoma-
tous

Age Spleen
(mos) weight (mg)

17 3 1632 342 85 3

12 6

19 + 3

17 + 4
17 + 3
14 + 2
2 ± 1

20 ± 4

3153 854

1368 227

2335 + 300
2197 597

3040
150 80
270 + 110

75 + 7

50 8

55 4
42 + 8
52 23
60 + 6
60 + 9

Percentage cells positive SD*

sig lak Lyb-2 ThB Thyl .2 XenCSA

81 81 5 63 12 7 + 1

66

43

57 5
45
28
NT

59 10

68

52 12

62 5
72
52

66 7
64 + 12

65

42 10

53 4
28
5

60 + 6
55 + 11

20

31 + 3

27 + 4
23
34

30 7
35 14

931 ± 537

658 ± 117

426 ± 149

757 ± 146
897 ± 265
1417 ± 820
89 ± 19
90± 16

* Standard deviation not given when only 1 or 2 were tested for that marker in that particular group. XenCSA values are mean fluorescence 1 SD.
NT, not tested.

0.1 M phosphate buffer. The tissue was fast fixed in IWo

OSO4, washed in buffer, dehydrated, and mounted in
an Epon-Araldite mixture. Specimens were pho-
tographed with a Philips electron microscope, Model
EM 300.

Light Microscopy

Splenic and lymph node tissue was either placed in
B5 or Tellyeznickie's fixative, embedded in paraffin, and
sectioned at 5 ,u. Sections were routinely stained with
hematoxylin and eosin (H&E). Unstained sections were
used for the immunoperoxidase procedure (see below).
All other tissues examined were fixed in Tellyeznickie's
fixative.

Immunoperoxidase

For immunoperoxidase staining, rabbit antimouse
heavy (A,M,Gi,G2a,G2b,G3) and light (kappa and
lambda) chains were purchasd from Litton Bionectics
Inc. (Kensington, Md).
Immunoperoxidase techniques were performed by

means of the peroxidase-antiperoxidase method as de-
scribed previously.' In brief, rabbit anti-mouse sera at
concentrations of varying titer (IgA, 1/200; IgG1, 1/200;
IgG2a, 1/100; IgG2b, 1/200; IgG3, 1/50; IgM, 1/200;
kappa, 1/400; and lambda, 1/400), swine anti-rabbit
IgG (1/30), and rabbit peroxidase-antiperoxidase
(1/200) were used sequentially, with washes between

each stage. Diaminobenzidine was used as the chromo-
gen, giving a permanent brown reaction product that
contrasted well with the hematoxylin counterstain used.
Normal rabbit and swine sera were used as controls.
Antigens were titered for maximum positivity and
specificity on both monoclonal derived, mineral oil-
induced plasmacytomas of BALB/c mice and non-

neoplastic reactive spleens and lymph nodes. Positiv-
ity was defined as the presence of either cytoplasmic
kappa or lambda light chain (ie, alone or associated
with one or more heavy chains) within 25%1o or more

of the "critical" neoplastic lymphoid cells, as ascertained
morphologically.

Results

Population analysis for splenic cell-surface markers
of 42 mice with nonthymic lymphomas is given in Ta-
ble 1 and compared with spleen cells from age-matched
and young controls in Table 2. By FMF criteria, all the
lymphomas but 3 were of B-cell origin; Case 42 was

diagnosed as a T-cell lymphoma, and Cases 39 and 40
as null-cell lymphomas. The diagnoses presented in
these Tables are grouped according to the classification
proposed by Pattengale and Taylor,6 and the majority
(30/42, or 71%) were follicular center cell (FCC) lym-
phomas, mostly of large cell type, with the remaining
cases consisting of small lymphocytic (5/42, or 12qo),
lymphoblastic (3/42, or 7(0o), or immunoblastic (3/42,
or 7%) lymphomas. The following gross and histologic

All photographs are of splenic tissue fixed in B5. Light micrographs are at a magnification of x 1000, and electron micrographs are at x 4100 for Figures
1-6. Figures 8-11 are at a magnification of x400. Figure 1-Small lymphocyte lymphoma. A-Light micrograph showing a uniform population of
small, round lymphocytes (Mouse 2). B-Electron micrograph showing that the cytoplasm, almost absent in light microscopy, contains only occasion-
al mitochondria and ribosomes (Mouse 3). Figure 2-Small follicular center cell lymphoma. A-Light micrograph showing irregularly shaped,
small nuclei (Mouse 6). B-Electron micrograph showing margination of chromatin, indistinct nucleoli, and moderate amounts of cytoplasm contain-
ing mitochondria and ribosomes (Mouse 6). Figure 3-Large follicular center cell lymphoma. A-Light micrograph shows irregularly shaped nuclei
with moderate amounts of ill-defined cytoplasm (Mouse 19). B-Electron micrograph showing nucleoli attached to nuclear membrane and cytoplasm
containing numerous mitochondria and some lamellas of rough endoplasmic reticulum (Mouse 19).
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Table 3-FMF Analyses of Primary and Transplanted Lymphomas of V-Congenic Mice

Cell surface antigens
Lymphoma*

11674

12080

12083

12570

Statust

GO
Gl
GO
Gl
GO
Gl
GO
Gl

slgt

20
58
39
80
61
78
33
66

ThBt

15
54
35
73
69
83

lat

19
56
47
91
70
84
21
70

Thy-i t

60
8

23
11

18
5

27
26

XenCSA§

97
449
1593
3084
1593
2949
1410
2151

* Lymphoma 11674 corresponds to Lymphoma 19 and 12083 to Lymphoma 30 in Table 1.
t GO, primary tumor; Gi, first generation transplant.
t Percent positive cells.
§ Mean fluorescence.

characteristics of each type of lymphoma were used as

the criteria for diagnosis.

Small Lymphocytic Lymphomas

This was the most uniform type of lymphoma in the
series according to cell-surface markers, morphologic
features and gross appearance. Affected mice had large,
very dark, evenly colored red spleens without white
mottling of the cut surface. The liver was enlarged and
reddish-gray, but lymph nodes generally showed only
moderate enlargement. As for all B-cell lymphomas in
this series, the thymus was atrophic, although thymic
lymphomas occur in V-congenic mice.9 Generally, small
lymphocytic lymphomas were associated with fairly se-

vere leukemia, but unequivocal marrow involvement
was observed in only two cases. A moderate anemia ac-

companied the leukemic phase. Histologically, the
lymphoma was composed of diffuse sheets of small lym-
phocytes replacing most of the normal splenic struc-
tures. Within these sheets of small lymphocytes, plasma
cells or immunoblasts were seen rarely, but the general
picture was one of a monomorphic cell type with very

few mitotic figures or size variation (Figure 1). In the
liver there was extensive stasis of small lymphocytes
throughout the sinusoids, in contrast to the periportal
localization of other lymphomas of both T- and B-cell
origin. The neoplastic cells had typical ultrastructural
features of small lymphocytes. A high percentage of
cells were positive for surface immunoglobulin (slg) and
the other B-cell markers Lyb-2, Ta, and ThB. The num-
ber of splenic T lymphocytes was reduced to about one-

third of normal controls. Values for XenCSA were vari-

able, and all cells were negative for clg, in contrast to
sIg (Tables 1, and 2).

Follicular Center Cell (FCC) Lymphoma

FCC lymphomas were generally seen grossly as large,
nodular mases throughout the spleen. Nodal involve-
ment was also usually evidenced by symmetric enlarge-
ment, particularly of abnormal and mediastinal nodes,
although most lymphomas appeared to originate in the
spleen and then spread to nodes. In advanced cases,
the lungs and kidneys, and particularly the liver, were

sites of nodular tumors similar to those seen in the
spleen. A leukemic phase was rarely observed, anemia
was nonexistent or mild, and marrow involvement was

limited to rare circumscribed foci of tumor cells. In con-
trast to the uniformly high frequency of sIg+ cells de-
tected among spleen cells of mice with small lympho-
cytic lymphomas, analyses of spleens from mice with
FCC lymphomas revealed wide variability (20-8807o) in
the frequencies of Ig-bearing cells (Table 1). For in-
dividual lymphomas, there was generally close agree-
ment among the frequencies of cells expressing the B-
cell markers sIg, ThB, and la, but there were numerous
discrepancies in the number of Lyb-2+ cells. The over-

all frequency of B cells (sIg+) in normal spleens of 60%
was increased in only 3 cases of this type of lymphoma.
However, abnormal slg+, Ia+, ThB+, and Lyb-2+ cells
could often be distinguished from normal B cells by
virtue of their increased size, as judged by narrow

forward-angle light scatter and/or more uniform reac-

tivity with antibodies to cell-surface antigens. An ex-

ample of a FCC lymphoma stained with antibody to

Figure 4-Mixed follicular center cell lymphoma. A-Light micrographs showing both large and small irregularly shaped nuclei (Mouse 9). B-
Electron micrographs showing a mitotic figure, possibly of a large follicular center cell (Mouse 9). Figure 5-Immunoblastic lymphoma. A-Light
micrograph showing vesicular nuclei and some large amounts of clearly defined cytoplasm (Mouse 35). B-Electron micrograph showing central
nucleolus and heavy membrane, cytoplasm containing numerous mitochondria, and rough lamellas (Mouse 35). Figure 6-Lymphoblastic lympho-
ma. A-Light micrograph showing uniform population of cells with round, vesicular nuclei and indistinct cytoplasm (Mouse 40). B-Electron micro-
graph showing diffuse chromatin, prominent nucleoli, thick nuclear membranes, and well-demarcated cytoplasm containing mainly ribosomes (Mouse 40).

Vol. 121 * No. 2



356 FREDRICKSON ET AL

1000

100

10

1000

c

Z
c

Lu

U

LU

0

-j

IL

rBl
II

100

10

(0

1000-ooo___

1 C

i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IC

100,
. ,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

1 0

0 16 32 48 64

LIGHT SCATTER (channel no.1

Figure 7-Characterization of B-cell lymphomas by two-parameter (fluores-
cence versus light scatter) FMF studies of spleen cells. A-Large FCC
lymphoma with 53% slg+ cells (Table 1, Number 15). Most s1g+ cells are
slightly larger and express considerably higher levels of slg than normal
splenic B cells (C; 60% slg+). Cytoplasmic staining showed this lympho-
ma to be uniformly IgG3+, kappa+. B-Immunoblastic lymphoma with
33% s1g+ cells (Table 1, Number 38). Neoplastic cells are readily identi-
fied on the basis of increased size (72% of s1g+ cells larger than most nor-
mal slg+ cells) and the uniformity of staining with anti-Ig. Cytoplasmic
staining showed this lymphoma to be uniformly IgM+, kappa+.

slg and examined by two-parameter FMF is shown in
Figure 7A.
The frequency of unidentified (sIg-, Thy-I-) cells in

spleens of mice with FCC lymphomas was doubled over

normal from 507e to lOol in 14/29 cases (Table 1). This
finding paralleled histopathologic observations, because

macrophages, and, less frequently, myeloid cells and
erythroid cells, can sometimes be a prominent feature.

Mitotic figures were generally numerous in mixed and
large cell FCC lymphomas. The ultrastructural features
of the lymphoid cells constituting the neoplastic com-
ponent shown in Figures 2-4 are typical for large and
small FCC, although it should be noted that nuclear
indentations were not a constant feature. As would be
expected, the presence of cIg was detected in most of
these cases. The predominant light chain was kappa but
there were 2 cases, 29 and 19, in which lambda was the
monoclonal type. In some cases it was not possible to
identify the heavy chain component (Cases 6, 17, 22,
23, and 32), but in others it was clearly IgG3 (Case 10),
IgM (Case 29), or IgA (Case 19). The XenCSA values
varied considerably, but with two exceptions (Cases 14
and 20), they were all clearly above control values.

Immunoblastic Lymphomas

Grossly, these neoplasms were indistinguishable from
FCC lymphomas. Histologically they were composed
of a fairly uniform population of large cells character-
ized by a single, large central nucleolus with a heavy
margin of chromatin adjacent to the nuclear membrane
(Figure 5). The amphophilic cytoplasm was plentiful
and often clearly outlined. Generally, these lymphomas
were characterized by more numerous mitotic figures
than in the other types. Infiltration of spleen and nodes
was usually extensive, with complete obliteration of
normal structures. Medullary areas of the nodes often
contained cells with plasmacytoid features, as well as
immunoblasts. The ultrastructural features of the im-
munoblasts were numerous elongated mitochondria,
numerous polyribosomes, and moderate amounts of
endoplasmic lamellas.
As for some FCC lymphomas, immunoblasts- some-

times were represented at only a low frequency among
spleen cells but could be distinguished from normal B
cells by FMF on the basis of abnormal size and stain-
ing characteristics. An example of FMF studies of an
immunoblastic lymphoma comprising only 247o of
spleen cells is shown in Figure 7B. The remaining cells
in the spleen included a heterogeneous mixture of histio-
cytes, erythroid, myeloid, and lymphoid elements.

Lymphoblastic Lymphomas

The 4 tumors of this type were fairly similar histo-
logically with uniform sheets of intermediate size lym-
phoid cells with round, vesicular nuclei with usually a
single nucleolus (Figure 6). As found previously,7' 13 such
cells may be of T or B lineage or composed of cells with-
out antigenic markers. Infiltration of lymphoma cells
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in the spleen, lymph nodes, liver, and kidneys was
diffuse, rather than nodular, and extensive. Mitotic
figures were moderately numerous. As with lymphomas
of small lymphocytes, and in contrast to those of FCC
origin, there was a minimal number of macrophages
or other reactive cells in these lymphomas. This mono-
morphism is indicated by the histologic appearance.

Transplantation of Lymphomas

As noted above, FCC and immunoblastic lymphoma
cells often represented only a minor component of the
total spleen cell population. For determination of
whether cells were truly neoplastic, single-cell suspen-
sions (107 cells) prepared from spleens of animals with
FCC lymphomas were inoculated intraperitoneally into
adult V-congenic mice treated with Pristane (0.5 ml) 4
days prior to inoculation. Most recipient animals de-
veloped lymphadenopathy and splenomegaly within 3
months of inoculation. Histologic studies of their tis-
sues in relation to those of the donor mice revealed
a significantly more morphologically homogeneous
population of neoplastic cells (Figures 8-11) which cor-
related with an increased frequency of B cells as deter-
mined by FMF (Table 3).

Discussion

In the current study, several techniques were used to
characterize spontaneous nonthymic lymphomas occur-
ring in NFS/N mice congenic for ecotropic MuLV loci
from AKR/N or C58/Lw mice. The results indicate that
most of these neoplasms were lymphomas of B lym-
phocytes. It perhaps should be emphasized that al-
though previous analyses with flow cytometry had been
done of murine lymphoid cell lines and transplantable
tumors, 10.14-17 this is the first report of a large series of
spontaneous, primary tumors.
With the use of a recently developed system for clas-

sifying lymphomas on the basis of morphologic fea-
tures,67'1 0 72% of the neoplasms were diagnosed as FCC
lymphomas, mostly of the large-cell type. However,
FMF analyses of spleen cells from mice with these lym-
phomas showed marked variation in the number of sIg+
B cells (Table 1). In cases with less than 607o B cells
there were a large number of T cells or cells which did
not have any cell surface markers detectable with the
antibodies used in this study. Such cells included mac-
rophages, which sometimes appeared on histologic
evaluation to be present in large numbers. In the case
of SJL/J tumors, some investigators believe macro-
phages to be the neoplastic component."8 Additionally,
variable numbers of erythroid and myeloid cells would
also be seen in the red pulp, which occasionally repre-

sented a moderate proportion of total splenic tissue.
These complicating factors have made diagnosis of mu-
rine B-cell lymphomas difficult; and, indeed, only a
multiparametric approach allowed their identity to be
established. First, immunohistochemical demonstration
of class-restricted clg heavy- and light-chain expression
in large cells (Table 1) was strongly suggestive of
monoclonality. Second, two-parameter analyses of light
scatter and sIg fluorescence in FMF assays permitted
definitions of large, presumably malignant sIg+ cells,
even when they represented as little as 200o of the total
spleen cell population (Figure 7). Finally, transplanta-
tion studies demonstrated the malignant nature of these
cells. The increased homogeneity of cells in the trans-
plant recipients (Figures 8-11; Table 3) indicates that
the proliferation of myeloid, erythroid and many lym-
phoid cells observed in some of the primary tumors was
probably a "reactive," rather than a malignant, expan-
sion of these cell types. The basis for the proliferation
of these reactive cells is unclear but may involve a T-
cell response to the tumor population associated with
release of lymphokines specific for cells in the T, my-
eloid, and erythroid lineages. Regardless of the mech-
anism, it is clear that the reactivity observed in murine
spleens containing B-cell lymphomas occurs in excess
of that seen with comparable human B-lineage lym-
phomas. In addition, some lymphomas have a definitely
sclerotic appearance (Figure 8A), possibly also as-
sociated with splenic reactivity.

In lymphomas composed of small lymphocytes, the
diagnosis based on histologic evaluation was confirmed
by demonstration of high levels of slg. In addition, all
other B-cell markers were positive for these cells. A simi-
lar lymphoma of small lymphocytes has been de-
scribed,'9 and from our findings it appears that they
are not uncommon in older mice. Their strikingly differ-
ent gross appearance, compared with other B-cell lym-
phomas and involvement of the spleen and liver made
them easy to identify.
The relationship of immunoblastic lymphomas to the

B-cell lineage was indicated by previous studies of
BALB/c lymphomas7 and was confirmed in the pres-
ent study. Morphologic and ultrastructural features of
these cells suggest that they are the immediate precur-
sors of plasma cells. These observations may explain
the relatively low frequencies of sIg+ cells in the spleens
of mice bearing these lymphomas, because many Ig-
secreting plasma cells are sIg-, and cells in the process
of maturing to plasma cells may express low levels of
slg while still expressing other markers of the B cell such
as Lyb-210 15'16 (Table 1).
More recent studies of mice with a polyclonal im-

munoblastic B-cell disease confirmed this suggestion
in demonstrating that spleens and lymph nodes of these
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mice contained reduced numbers of cells with most B-
cell surface antigens, even though these tissues were al-
most completely populated with immunoblasts.24 These
results suggest that B cells, late in their progression to
terminally differentiated plasma cells, rapidly shed many
of their characteristic cell surface determinants in a less
than orderly fashion. This suggestion would be consis-
tent with the finding of significant discrepancies among
the frequencies of sIg+, Ly-5(B220)+, Lyb-2+, and Ia+ cells
in spleens of mice with FCC and immunoblastic lym-
phomas (Table 1).

Neoplasms diagnosed morphologically as lympho-
blastic lymphomas may include T-, B-, and null-cell
lymphomas.6 7 '0 '3 Studies of cell-surface markers other
than those tested for in the current study have shown
that some of the null-cell neoplasms are pre-B-cell lym-
phomas.'0,'6,17 Of the 4 lymphoblastic lymphomas ex-

amined in the current study, 1 (41) was of B-cell origin,
2 (39 and 40) were null for distinctive surface or

cytoplasmic markers, and the fourth (42) was of T-cell
origin on the basis of all surface markers.
The malignant nature of the B-lineage lymphomas

observed in NFS V-congenic mice was confirmed by the
observation that they can be transplanted to other
animals (Figures 8-11). In addition, earlier studies
showed that some of these neoplasms can be readily
adapted to continuous growth in vitro.16

Because they were observed in V-congenic mice, some
inferences can be made regarding the relationship be-
tween retrovirus and the induction of B-cell lympho-
mas. The role of replication-competent MuLV in the
genesis of B-cell lymphomas, in contrast to T-cell lym-
phomas, remains unclear. In AKR mice, endogenous
ecotropic MuLV is expressed systemically at high lev-
els from early in life, which results in frequent recom-
bination events with endogenous nonecotropic viral se-

quences. Some of these viral recombinants, in contrast
to ecotropic MuLV, exhibit broadened host range
specificity and the ability to induce foci in mink lung
cells, which leads to their designation as dual tropic or

MCF MuLV.3'20 Amplified expression of cell-surface
gp70s, including GIX21 and XenCSA,22 on thymocytes
heralds the appearance in thymus of a subset of MCFs
capable of replicating in this organ. Cloned thymotropic
MCFs accelerate the development of thymic lympho-
mas, which suggests that they are the etiologic agents
in the development of this disease.3.4'20

Some parallels to this progression in the development
of thymic lymphomas in AKR mice have been found
in the development of B-cell lymphomas in NFS V-
congenic mice. First, a comparison of young V-congenic
mice that expressed low levels of noninfectious ecotropic
MuLV with those that expressed high levels showed that
only high-virus mice developed a high frequency of non-
thymic lymphomas.9 As shown in the current study,
most nonthymic lymphomas were shown to be of B-cell
origin (Table 1). Another indication that MuLV was in-
volved in the develoment of lymphomas is the obser-
vation that XenCSA levels on lymphomatous spleen
cells were amplified in comparison with levels on spleen
cells of age-matched NFS V-congenic mice without lym-
phomas (Tables 1 and 2). Indeed, this antigen seems
to serve almost as a tumor-specific antigen, in that the
correlation between its heightened presence and a histo-
logic diagnosis of malignancy was almost invariable.
The exceptions were a few cases in which no certain di-
agnosis could be made histologically. In these cases,
XenCSA levels were higher than for age-matched con-
trols. Finally, MCF MuLVs have been recovered from
many nonthymic and B-lineage lymphomas3 (and
J. W. Hartley, unpublished observations).

In spite of these similarities between the development
of T-cell lymphomas and B-cell lymphomas, there are
some major differences related to expression of MuLV.
First, thymic lymphomas were not observed in studies
of a large number of aged ecotropic MuLV- NFS/N
mice, whereas in 7%o of these mice nonthymic lympho-
mas developed, some of which were derived from B cells10
(T. N. Fredrickson, P. K. Pattengale, H. C. Morse III,
unpublished observations). By comparison, in approx-
imately 10%o of NFS V-congenic mice thymic lympho-
mas developed, and in nearly 247o nonthymic lympho-
mas developed. This indicates that expression of
ecotropic MuLV is required for the development of
thymic but not necessarily for nonthymic lymphomas.
Second, although MCF MuLV recovered from AKR
thymic lymphomas accelerates T-lymphoma develop-
ment in AKR and some other strains of mice,3 4 20 MCFs
recovered from nonthymic lymphomas of NFS V-con-
genics have not been observed to induce accelerated B-

lineage lymphomas in AKR or NFS V-congenic mice.
Thus, replication-competent MuLV has been shown to
amplify the underlying tendency for nonthymic lym-
phomas to develop in NFS/N mice, but its possible role

0

Figure 8A- Lymphoma from Mouse 12080, unlisted in Table 1, diagnosed as immunoblastic despite the presence of many macrophages, some erythroid
precursors (left) and pink-staining connective tissue (B). Passage 11 of the lymphoma shown in A. Most cells are clearly immunoblasts. Figure 9A-
Large FCC lymphoma from another mouse unlisted in Table 1 showing the presence of large numbers of small lymphocytes. B-Passage 1 of the
lymphoma shown in A composed a much more uniform population of large FCC. Note the large number of mitotic figures. Figure 10-Passage
6 of another large FCC showing a similarity to the lymphoma shown in Figure 9 B. Figure 11-Passage 1 of another large FCC from mouse 30
showing a predominance of small FCC, although some large FCCs are present.
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as an etiologic agent in the development of B-cell lym-
phomas remains uncertain.
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