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Mixed Phenotype Lymphomas in Thymectomized (SL/Kh××××AKR/Ms)F1 Mice

Ling-Min Lu and Hiroshi Hiai1

Department of Pathology and Biology of Diseases, Graduate School of Medicine, Kyoto University,
Yoshida-Konoe-cho, Sakyo-ku, Kyoto 606-8501

Lymphomagenesis in mice is determined both by genetic and epigenetic mechanisms. The inbred
strain SL/Kh mice selectively develop pre-B lymphomas and AKR/Ms, T-lymphomas. In crosses
between SL/Kh and AKR/Ms, an AKR-derived dominant gene Tlsm1 (Thymic lymphoma susceptible
mouse-1) determines the type of lymphoma to be a T-lymphoma. As an approach to the role of
Tlsm1, we studied the effect of thymectomy at 1 week of age in (SL/Kh××××AKR/Ms)F1 hybrids. In
intact F1 mice, the predominant type of lymphoma was of T-lineage, whereas in thymectomized
mice, it was an unusual mixed-phenotype lymphoma. They were basically CD5+ B-lymphomas with
a rearranged immunoglobulin gene, but carried NK1 and Mac1 on the cell surface and large lyso-
somal granules in the cytoplasm. Histologically, the lymphoma consisted of large lymphoblastoid
cells and infiltrated the spleen, lymph node and liver. Electron microscopy and histochemistry
revealed numerous cytoplasmic granules containing acid phosphatase and lysozyme. These mor-
phological features are suggestive of large granular lymphocytes. They expressed interleukin-4,
perforin, and interferon-γγγγ. On transplantation, these lymphoma cells grew equally well in intact
and thymectomized F1 recipients.
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The pathogenetic process of lymphomagenesis is greatly
affected by the genetic and epigenetic factors that deter-
mine the final form of lymphomas, the incidence and the
length of the latent period. We have analyzed these factors
in SL/Kh strain mice, an inbred strain highly susceptible
to spontaneous pre-B lymphomas.1) In contrast to SL/Kh,
AKR strain mice develop predominantly T-lymphomas. In
the cross between AKR and SL/Kh, our previous study
showed that an AKR-derived dominant gene Tlsm1 on
chromosome 7 determines the type of lymphomas to be T-
lymphoma.2) In T-lymphomagenesis, the thymus has been
assumed to provide either the target cells, the site of
endogenous retrovirus expression, replication and interac-
tion, or microenvironments supporting the growth and pro-
gression of early transformed T-cells.1, 3–6) Thymectomy of
AKR mice remarkably lowers the lymphoma incidence,
modifies the type of lymphomas and prolongs the latent
period.7) In an attempt to characterize the role of the thy-
mus in the action of Tlsm1, we thymectomized (Tx) (SL/
Kh×AKR)F1 mice (SLAKF1) at 1 week of age. In con-
trast to Tx-AKR mice, Tx-SLAKF1 mice develop lympho-
mas with the phenotype of CD5+ sIgM+ B cells, showing
NK-1 expression and large granular lymphocyte (LGL)-
like morphology at a high incidence and at a relatively
short latent period. Such unusual lymphomas have not pre-
viously been described in humans or animal models. We

report here in the immunocytological properties of the
lymphomas in Tx-SLAKF1 and discuss the possible role
of the thymus.

MATERIALS AND METHODS

Mice  AKR/Ms, originally obtained as a breeding pair
from Dr. H. Shisa, Saitama Cancer Center Research Insti-
tute, has been maintained by brother-sister matings over
120 generations. SL/Kh is an inbred strain established in
this laboratory8) and has been maintained over 80 genera-
tions. Their origin,9) virological profile8, 10) and extremely
high susceptibility to spontaneous pre-B lymphomas11)

were reported. SLAKF1 hybrids were produced by mating
of SL/Kh females and AKR/Ms males.
Thymectomy  F1 hybrids were thymectomized 3–5 days
after birth under ether anesthesia. The upper thorax was
incised and the thymus was removed by vacuum aspira-
tion. To avoid residual thymus in Tx-mice, careful clean-
ing of upper mediastinum was done with a cotton wool
stick after aspiration. All the mice were individually iden-
tified and carefully observed at least twice a week until 15
months of age. They were housed in a metal cage in an
isolation rack with sterile ventilation. Mice were killed for
further analysis when they showed clinical signs of lym-
phomas or became moribund. Any Tx-mice with residual
thymus were excluded from this study.
FACS analysis  Surface phenotypes of lymphomas were
analyzed by flow cytometry using a FACScan (Becton
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Dickinson, Mountain View, CA) as described previously.12)

The following monoclonal antibodies were used: fluores-
cein isothiocyanate (FITC)-coupled CD3, CD8, CD16,
Mac-1 and IgM, PE-coupled NK1.1, B220, CD4 and CD5;
Thy1.1 was stained indirectly with a second antibody,
FITC-labeled anti mouse IgG2a. To block Fc receptor,
unlabeled CD16 antibody was used at a concentration of
0.1 mg/ml, at which staining of FITC-labeled anti-CD16
was totally abolished in a preliminary competition assay.
These antibodies were purchased from PharMingen (San
Diego, CA).
RT-PCR and Southern blotting  Total RNA was
extracted from tumor tissues. A 5 µg aliquot of RNA was
denatured for 10 min at 65°C, quickly chilled on ice and
incubated at 37°C for 1 h with a first-strand cDNA synthe-
sis kit (Pharmacia, Uppsala, Sweden). A 1 µl aliquot of
cDNA from each sample was used for PCR amplification.
The procedure and primers were as described by Sugie et
al.,13) with slight modifications for IL4, IFNγ and β-actin.
The primer for perforin was as described by Rolink et
al.14) Amplification by PCR was done for 30 cycles for
IL4, IFNγ and perforin, and 20 cycles for β-actin. The
sizes of the PCR products were 270 bp for IL4, 396 bp
for IFNγ and 610 bp for perforin. Each PCR product was
electrophoresed in 1.2% agarose gel and transferred to
“Hybond”-N+ membranes (Pharmacia-Amersham UK,
Bucks, UK). Prehybridization and hybridization were per-
formed as described by Rolink et al.14)

To examine immunoglobulin (Ig) gene rearrangement,
EcoRI-digested DNAs from normal kidney and lympho-
mas in Tx-SLAKF1 mice were blotted and hybridized
with 32P-labeled JH4.

11)

Pathology  Tumor tissues were fixed in 10% formalin.
Paraffin sections were stained with hematoxylin and eosin.
Electron microscopy was conducted as described previ-
ously.15) Enzyme histochemical staining of acid phos-
phatase was done in cytocentrifuge preparations. For
lysozyme, paraffin sections were stained with rabbit anti-
human lysozyme antiserum  (DAKO A/S, Glostrup, Den-
mark) and biotinylated goat anti-rabbit Igs (DAKO).
Lymphoma transplantation  Intact or Tx-SLAKF1 mice
were injected i.p. with 1×106 lymphoma cells from lymph
node under a sterile condition. Successful passage was
confirmed by lymphoma development.

RESULTS

Lymphomas in intact and thymectomized SLAKF1
mice  Incidence, latent period and types of the lymphomas
that spontaneously developed in SLAKF1 mice are sum-
marized in Table I. In SLAKF1 mice, the presence or
absence of the thymus critically affected the type of
disease, although the overall incidence of lymphomas
remained as high as >90%. In intact SLAKF1 mice, 30 out
of 36 lymphomas were T-lymphomas involving the thy-
mus and bearing T-cell phenotypes, including CD3, CD4/
CD8 and Thy1.1. In contrast, no T-lymphoma was
observed in 41 Tx-SLAKF1 mice, but instead, 32 devel-
oped unusual mixed-phenotype lymphomas. The predomi-
nant sites of involvement were spleen, lymph nodes and

Fig. 1. Surface phenotype of a representative lymphoma in Tx-
SLAKF1 mice. Letter C indicates an unstained control.

Table I. Lymphomas Developing in  SLAKF1 Mice with or without Thymus

Thymus No. of mice Lymphoma 
(% incidence) Latency (days)

Type of lymphomas

T B1-NK1+ B Unclassified

Intact or sham-Tx 39 36 (92.3) 288±73 30 2a) 3 1
Tx 41 39 (95.1) 379±91 0 32 6 1 

a) Developed in sham-Tx mice.
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Fig. 2. Southern hybridization of immunoglobulin heavy chain
genes. DNAs of normal SLAKF1 kidney (lane 1) and a T-lym-
phoma in an intact SLAKF1 (lane 2) and lymphomas in Tx-
SLAKF1 (lanes 3–7) were digested with EcoRI and hybridized
with 32P-labeled JH4 probe. Digestion with NcoI yielded similar
results (not shown). An arrowhead represents the germ line frag-
ment. MW: molecular weight size markers (HindIII-digested λ
phage DNA).

 

Fig. 3. (A) Histology of a representative Tx-SLAKF1 lymphoma growing in mesenteric lymph nodes. ×400. (B) The same lymphoma
infiltrating the liver. ×200. (C) A T-lymphoma in an intact SLAKF1 (mesenteric lymph node). ×400. (D) A pre-B lymphoma in an
intact SLAKF1 (mesenteric lymph node). ×400. Hematoxylin and eosin stain.

liver. Payer’s patches were also frequently invaded. The
lymphomas in Tx-SLAKF1 had a significantly longer
latent period than those in intact mice (P<0.001). As can
be seen in Table I, lymphomas with pre-B (BP1+, B220+,
CD5−, IgM−) or mature B phenotypes (BP1−, B220+, CD5−,
IgM+) developed in both groups at a low incidence. A few
lymphomas were categorized as unclassified since they did
not express definitive lineage markers.
Unusual phenotype of lymphomas in Tx-SLAKF1 mice
Fig. 1 shows the surface phenotype of a representative
case of Tx-SLAKF1 lymphomas. Lymphoma cells
expressed B220, CD5, IgM, CD16 and Mac1. For T-cell
markers, faint stainings were observed with anti-CD3,
CD4 and CD8, but not with anti-Thy1.1. The weak signal
may represent contamination with normal T-cells to the
extent of 5–10%, as judged from their smaller cell size.
Furthermore, the lymphoma cells were highly positive for
NK1.1 (Fig. 1). The cells harvested from such lymphomas
were larger than most T-lymphoma cells as measured by
forward scatter (data not shown). These phenotypes were
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consistent for all 32 lymphomas in Tx-SLAKF1. Subse-
quently DNAs of these lymphomas were examined for
possible Ig heavy chain gene rearrangements. The EcoRI-
digested DNAs of the lymphomas in Tx-SLAKF1 showed
mono- or oligoclonally rearranged bands in Southern
hybridization with Ig JH4 probe (Fig. 2).

Histologically they consisted of diffusely infiltrating
large lymphoblastoid cells with abundant pale-stained
cytoplasm and an indented nucleus carrying 2–4 promi-
nent nucleoli (Fig. 3A). Infiltration in the liver was pre-
dominantly in sinusoids rather than in the periportal area
(Fig. 3B). Histopathology distinguished them from T-lym-
phomas (Fig. 3C) or pre-B lymphomas (Fig. 3D), by their
larger cell size and less evident starry sky appearance. In
electron microscopy, the lymphoma cells had abundant
cytoplasm, containing electron-dense granules (Fig. 4)
resembling those seen in LGL. Most of the granules were
acid phosphatase and lysozyme-positive (not shown). The
lymphomas developing in Tx-SLAKF1 mice had a signifi-
cantly longer latent period than those in intact F1
(P<0.001) (Table I). In contrast to T- and pre-B lympho-
mas, they grew rather slowly, so that the tumor-bearing

mice survived for >2–3 months after the spleen became
palpable.

Production of cytokines is the distinctive function of
NK and related cells. We further examined whether the
lymphoma cells expressed IL4, IFNγ and perforin by
means of RT-PCR followed by Southern hybridization
using 32P-labeled probes. A pre-B and a T-lymphoma from
intact F1 mice were used as controls. As shown in Fig. 5,

Fig. 4. Electron microscopy of a Tx-SLAKF1 lymphoma. Note characteristic cytoplasmic granules. ×5000.

NK B1 Pre-B T
Template
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β-actin

IFN-γ
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Perforin

N        1       1/4    1/16      N      1       1/4     1/16    N         1       1/4     1/16

Fig. 5. Expression of IFNγ, IL4 and perforin by 3 types of lym-
phomas. The control was β-actin mRNA.
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the lymphomas in Tx-SLKAF1 mice expressed all 3
mRNAs at high levels. The levels of mRNAs of IL4, IFNγ
and perforin were in the order of mixed phenotype lym-
phoma in Tx-SLAKF1 mice>T-lymphoma>pre-B lym-
phoma. Weak signals in pre-B lymphomas may well be
derived from contaminating host T-cells, as production of
IFNγ and perforin by pre-B cells has not been well estab-
lished. These results indicate that the lymphomas in Tx-
SLAKF1 mice have lineage markers for both B-1 and NK
cells, and express several cytokines at high levels.

The lymphomas in Tx-SLKAF1 mice were transplant-
able by i.p. injection of 1×106 lymphoma cells from lymph
nodes into F1 recipients. All of the recipients succumbed
with lymphomas of the same phenotype about 30–70 days
after grafting, irrespective of the presence or absence of
thymus in the recipients.

DISCUSSION

The present study revealed that Tx-SLAKF1 mice
developed lymphomas with unusual phenotype at a high
incidence. These lymphoma cells had a rearranged Ig
heavy chain gene and carried B220, IgM and CD5.
Expression of T-cell markers was either negative, or very
weak, possibly representing contaminating host cells.
Expression of CD5, B220 and surface IgM by lymphoma
cells is compatible with CD5+ B (B1) lineage. Peled and
Haran-Ghera16) found that thymectomy of AKR mice at 1
month of age prevents T-lymphomas, but the Tx-AKR
mice develop B-1 lymphomas much later in life at a lower
incidence. Southern blot analysis of the IgH locus of B-1
lymphomas in Tx-AKR mice has revealed that rearrange-
ment is mono- or oligoclonal.17) Similar lymphomas have
been described in old BALB/c mice or several autoimmu-
nity-prone strains of mice.18, 19) However, the lymphomas
in Tx-SLAKF1 showed several unusual characteristics not
reported in lymphomas in Tx-AKR or other B-1 lympho-
mas. They had cytoplasmic granules resembling LGL, and
exhibited expression of NK1.1 as well as some cytokine
mRNAs. Moreover, they had macrophage-like characteris-
tics, such as Mac1 and CD16. The spectrum of cytokine
messages was also unusual in these lymphomas. B-1 lym-
phoma cells can secrete IL4, but not IFNγ.20) Perforin has
been recognized as a cytotoxic component of CTL and NK
cells. High expression of transcripts for IL4, IFNγ and per-
forin in Tx-SLAKF1 lymphomas is a further indication of
their extraordinary character. Recently, several aberrant
subsets showing dual lineage properties have been
reported, e.g., NK+ T-cells, T+B, T/macrophage and B-1/
macrophage.21–23) These lymphocytes with complicated lin-

eage are mostly found in lymphomas or autoimmune dis-
eases. The lymphomas in Tx-SLAKF1 mice are, therefore,
probably not straightforward B-1 lymphomas. We propose
that these lymphomas are NK1+ B-1 cells or triphenotypic
lymphomas. These lymphomas were occasionally associ-
ated with a variable number of normal T-cells, possibly
induced by products of the lymphoma cells.24) Whether or
not the NK1+ B-1 lymphoma has NK activity, for instance
on YAC cells, is an interesting issue, but it has not yet
been examined as several attempts to obtain an in vitro
cell line have failed.

The effect of thymectomy on mouse lymphomagenesis
is model-dependent. Thymectomy of AKR mice effec-
tively prevents T-lymphomagenesis, and instead, B-1 lym-
phomas develop at a low incidence at ~600 days of age.7)

In contrast, the pre-B lymphomas in SL/Kh are not
affected by thymectomy except for slight prolongation of
the latency period (Lu, unpublished observation). In
SLAKF1, however, thymectomy dramatically changed the
type of disease, e.g., from T- to NK1+ B-1 lymphomas. To
explain such differences, one should consider the genetic
background of SL/Kh. In SL/Kh bone marrow, there is a
polyclonal expansion of pre-B cells ~2 months in advance
of monoclonal growth and such expansion is genetically
determined by a quantitative trait locus Bomb1 (Bone
marrow pre-B-1).25) Genetic abnormality in B-lineage,
although its exact nature is unclear, may well predispose
the animals to a high incidence of lymphomas, irrespective
of the presence or absence of thymus. It is well known
that the NK or NK T cell population increases in Tx-mice
or nude mice.21, 22, 26) Thymus might provide a negative sig-
nal to generation of NK-related cells. We are now studying
the possibility that thymectomy may modify the differenti-
ation of the extrathymic lymphoid precursors which
include target cells leading to B-lineage lymphomas.
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