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Abstract
The Haematopathology Subcommittee of the Mouse Models of Human Cancer Consortium has
proposed that mouse lymphoid neoplasms be used as models of human lymphomas. As a contribution
to the proposed classification of mouse lymphomas according to the WHO classification of human
lymphoid neoplasms, we evaluated the immunophenotypes of spontaneously developed lymphomas in
group of 99 AKR/W mice, 108 C57BL/6W mice, 51 C57BL/10W mice, 46 BALB/cW and 57 129/SvW
mice. Two immunohistochemical methods, ABComplex and MOM ®, and flow cytometry with 13
monoclonal antibodies were used. In AKR/W mice, 99% of spontaneous lymphomas were Tcell derived,
while this immunophenotype accounted for only 40% of lymphoid neoplasms in BALB/cW mice, 35% in
C57BL/6W, 6% in C57BL/10W and 13% in 129/SvW mice. The T-cell derived lymphomas appeared
earlier in AKR/W mice (median age 271 days) than in the other strains (median age 628-866 days)
(p<0.0001). The incidence of B-cell lymphomas was highest in C57BL/10W mice (94%), 88% in 129/SvW
mice, 65% in C57BL/6W mice, 60% in BALB/cW mice and only 0.01% in AKR/W mice. B-cell lymphomas
developed only in aging mice (median age 787 days). The T-cell lymphomas had five different
immunophenotypes, while the B-cell lymphomas had only one immunophenotype characteristic for
mature B-cells. The lymphomas developed in these common mouse strains could be useful as models for
human lymphomas.
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Introduction
The Haematopathology Subcommittee of the Mouse
Models of Human Cancer Consortium [1] has proposed a
new classification of mouse lymphoid neoplasms (Morse et
al., 2002) [2, 3] which follows the WHO classification of
human neoplasms [4, 5] The essential elements of the
classification are morphology, immunophenotype and genetic
abnormalities of lymphomas. The Haematopathology
Subcommittee of MMHCC recommends introduction of the
modalities used to classify human lymphomas in studies of

mouse haematopoietic tumours. Immunohistochemical stains
and flow cytometry provide, apart from morphology, valuable
information to characterise the mouse lymphoid neoplasms.
The Haematopathology Subcommittee of MMHCC evaluated
lymphomas developing in mice as presumptive mouse models
of human lymphoid neoplasms. The dependences of
immunophenotypes on the inbred strains and age of mice
were described by Pattengale [6].
The aim of the study was to compare the incidence of
spontaneously developed lymphomas and distinguish the
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immunophenotypes of the lymphomas in mice of five
selected strains, from the point of view of their usefulness
as mouse models for human lymphoid neoplasms.

Material and methods
361 mice of five inbred strains AKR/W, BALB/cW,
C57BL/10W, C57BL/6W and 129/SvW were used in the
experiment. The aging animals showed a high number of
spontaneously developed lymphoid neoplasms. The mice
maintained at the Institute of Oncology in Warsaw were
housed in the barrier system in SPF condition. They were
bacteriologically, virologically and parasitologically
controlled. The pelleted food (LABOFEED H), cages with
bedding material and bottles with water were sterilised.
The mice received human care and ethical treatment.
They were sacrificed when visibly sick with enlargement
of the thymus, lymph nodes or/and spleen detected by
palpation and other clinical symptoms as poor grooming
and hunched posture.
All visibly sick mice were autopsied. Thymus,
mesenteric lymph nodes, spleen, liver as well as other
organs with visible neoplastic lesions were fixed in EAFS
(ethanol, acetic acid, formol, 0.9% NaCl). The fixed tissues
were embedded in paraffin, sectioned at 4?m and then
stained with H&E.
Immunophenotyping was performed using two
techniques of immunohistochemistry: ABComplex and
MOM® (Mouse on Mouse) - (immunodetection kit designed
for detecting mouse primary antibodies on mouse tissue)
according to the scheme recommended by the producer;
and by flow cytometry with the appropriate 13 monoclonal
antibodies [7]. Immunohistochemical staining was
performed on paraffin sections using antigen retrieval
unmasking method - microwave oven heating and /or airdried imprints. The neoplastic single-cell suspension
(1x106/1 ml) was analyzed by FACSCalibur BectonDickinson. The procedure for FACS analysis was reported
previously in details [8, 9] Appropriate gates were set to
calculate the percentage of positive cells. The expression
of cytoplasmic cCD3ε was analysed by flow cytometry after
using fixation and permeabilisation system Leucoperm TM
(Serotec) Cat NoBUF09 according to the Serotec procedure.
The specific monoclonal antibodies (MAbs) for flow
cytometry were labelled directly with FITC:
CD90.2/CD90.1, CD3ε, CD8, CD5, CD19, CD45R-(B220),
GAM (Goat anti Mouse Immunoglobulin) or with PE: CD4,
TCRβ, RAM KAPPA – (rat anti mouse κ); for
immunohistochemistry MAbs were biotin conjugated: antiIgM, anti-Igκ, anti- Igλ1λ2λ3, or pure anti-IgD. CD90.1
was used only for lymphomas from AKR/W strain, while
antibody CD90.2 in case of lymphomas from the other
strains [10] All antibodies were derived from BD
PharMingen Germany.

Blood and bone marrow smears were stained with
modified Giemsa stain (Sigma) and the number of
neoplastic haematopoietic cells was estimated.

Statistical analysis
Incidence of lymphomas, B-cell, T-cell and both,
between strains were compared using overall two-sided
chi2 or Fisher’s exact test at 0.05 level of significance. In
case of significant results paired comparisons were done
between every two different strains. According to
Bonferroni correction, 0.005 level of significance was
chosen for pairwise tests.
Age of mice with T-cell and B-cell lymphoma was
compared using two-sided Mann-Whitney test with 0.05
level of significance. Comparison was done for both
genders and separately for females and males.

Results
140 spontaneously developed lymphoid neoplasms were
identified in mice of the five examined strains.
98 cases were recognised as T-cell lymphomas while
42 cases were B-cell derived lymphomas.
The tested strains differed in the incidence of
lymphomas (overall χ2 test p<0.001). The pairwise
comparisons indicated significantly higher occurrence of
lymphomas in AKR/W strain compared with the other
tested strains (χ2 test p<0.001). Moreover, there was a
statistically significant lower percentage of incidence of
lymphomas in C57BL/6W strain than in C57BL/10W strain
(χ2 test p=0.005).
The examined strains differed in the incidence of T-cell
and B-cell lymphomas (overall Fisher’s exact test:
p<0.001). The number of T-cell lymphomas in AKR/W
strain was considerably higher than in the other strains:
BALB/cW, C57BL/6W, C57BL/10W, 129/SvW ( Fisher’s
exact test p<0.001).
Adequately, the occurrence of B-cell lymphomas in
AKR/W strain was significantly lower than in C57BL/6W
and C57BL/10W strains (p<0.001 AKR/W with
C57BL/6W to p=0.006 AKR/W with C57BL/10W).
The differences in the occurrence of B-cell lymphomas
among the mice of strains: BALB/cW, C57BL/6W,
C57BL/10W and 129/SvW were not statistically significant
at 0.005 level except C57BL/6W inbred mice in comparison
with C57BL/10W mice. The percentage of incidence of Bcell lymphomas in C57BL/6W was significantly lower than
in C57BL/10W (p=0.001).
The age of mice with developed T-cell lymphomas vs.
B-cell lymphomas was also compared. Due to the low age
and high number of AKR/W mice with developed T-cell
lymphoma, the median age, not mean age was considered.
The age of mice from all examined strains with
spontaneously developed T-cell lymphoma was significantly
lower (median 274 days) than mice with B-cell lymphomas
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Table 1. Occurrence of the T or B-cell derived lymphoid neoplasms in examined mouse strains
Strain

Number of examined
mice

Mice with lymphoid
neoplasms

Type of lymphoid neoplasms
T
B

number

%

number

%(*)

number

%(**)

AKR

99

87

88

86

99

1

0.01

BALB/c

46

10

22

4

40

6

60

C57BL/6

108

17

17

6

35

11

65

C57BL/10

51

18

35

1

6

17

94

129/Sv

57

8

14

1

13

7

88

all strains

361

140

39

98

70

42

30

* percentage of T-cell lymphoma from number of mice with lymphoma neoplasms
** percentage of B-cell lymphoma from number of mice with lymphoma neoplasms

Table 2. The median age of mice with developed T- or B-cell lymphoma
Strain

Median age of mice with T-cell lymphoma

Median of age of mice with B-cell lymphoma

female and male

female

male

female and male

female

male

AKR

271

258

310

460

–

460

BALB/c

743

743

–

829

829

–

C57BL/6

803

730

899

786

753

803

C57BL/10

866

866

–

774

723

813

129/Sv

628

–

628

749

749

896

all strains

274

267

341

787

769

808

(median 787 days) (p<0.0001). When we analysed only the
ages of BALB/cW, C57BL/6W, C57BL/10W and 129/SvW
mice with developed T-cell lymphomas vs. B-cell
lymphomas, they were comparable (median 628 days with
T-cell lymphomas to 829 days with B-cell lymphomas ).
The age of females (median 267 days) compared with the
age of males (median 341 days) with developed T-cell
lymphoma was slightly lower p=0.05. The differences in
the age of females (median 769) and males (median 808
days) with developed B-cell lymphomas were insignificant
p=0.46.
The occurrence of the T or B-cell derived lymphoid
neoplasm in the examined strains is given in tab. 1.
The median of age of mice with T-or B-cell lymphomas
is shown in tab. 2.
T-cell neoplasms demonstrated lymphoblastic
morphology and were diagnosed as Precursor T-cell
lymphoblastic lymphoma. B-cell neoplasms were
recognised as FBL (Follicular B-cell lymphoma) or DLBL
(Diffuse large B-cell lymphoma).
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Although the spontaneously developed T-cell
lymphomas were histologically homogenous, they could be
immunologically subdivided in five different
immunophenotypes.
The neoplastic lymphoid T-cells were always positive
for CD 90.1 or CD 90.2, CD5 and cytoplasmic cCD3ε,
while the differences concerned on expression: CD4, CD8
and surface sCD3ε linked with TCRβ. The level of the
expression of sCD3ε were connected with TCRβ. The
different expression of CD4 and CD8 indicated their
derivation from one of the subsets of T-cells: double positive
CD4+CD8+ or double negative CD4–CD8– or single positive
CD4+CD8–, CD4–CD8+ and confirmed their monoclonality.
In AKR/W mice the immunophenotype with expression
both (CD4/CD8)+ was the most frequent while the
occurrence T-cell lymphomas with immunophenotypes
CD4–CD8+ and CD4–CD8– developed in the same number.
It is worth stressing that the immunophenotype CD4+CD8–
was more frequent than the inverse CD4–CD8+.
Two cases of lymphoid neoplasms developed in
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Table 3. Occurrence of the immunophenotypes of T-cell derived lymphomas in the examined strains
Expression of antigens

Incidence
of immunophenotypes

Immunophenotype

CD90.1/
CD90.2

sCD3εε/
cCD3εε

TCR β

(CD4/
CD8)+

CD4+
CD8–

CD4–
CD8+

CD4–
CD8–

CD5

AKR

BALB/c,
C57BL/10,
C57BL/6,
129/Sv

1

+

+/+

+

+

–

–

–

+

48

3

2

+

+/+

+

–

+

–

–

+

24

4

3

+

+/+

+

–

–

+

–

+

6

1

4

+

+/+

+

–

–

–

+

+

6

2

5

+

–/+

–

–

–

–

+

+

2

0

Table 4. Immunophenotype of B-cell derived lymphomas observed in the examined strains
Expression of antigens
CD45R
(B220)

RAM
KAPPA
κ
anti-Igκ

antiλ1λ
λ2λ
λ3
Igλ

GAM

CD19

sIgM

sIgD

CD5

CD90.1/
CD90.2

sCD3εε

β
TCRβ

+

+

–

+

+

+

+

– or low

–

–

–

AKR/W mice with immunophenotype CD4–CD8– were
found to be sCD3ε and TCRβ negative though the
lymphomas showed expression cCD3ε. In BALB/cW,
C57BL/10W, C57BL/6W and 129/SvW mice analysed
together T-cell lymphomas of the particular
immunophenotypes developed with the following
frequency: CD4+CD8–>CD4+CD8+>CD4–CD8+>CD4–CD8–
However the data can not be compared due to the small
numbers of T-cell lymphomas developed in those strains.
The occurrence of the distinguished immunophenotypes of
T-cell lymphomas in the examined strains is shown in tab.
3. The representative analyses of T-cell lymphomas by flow
cytometry are shown in fig. 1 A-K and immunostaing image
in fig. 1 L.
B-cell lymphomas demonstrated mature B-cell
immunophenotype: CD45R(B220)+, CD19+, sIgM or/and
sIgD+, with κ light chain expression, λ light chain expression
on B neoplastic cells was not found. The expression of
examined antigens of B-cell lymphomas in the tested strains
is given in tab. 4. The representative analyses of B-cell
lymphomas by flow cytometry are shown in fig. 2 A-G and
immunohistochemical staining images in fig. 2 H-I.
In flow cytometry analysis, reactions with CD90.2 and
surface CD3ε are low positive due to the small number of
non neoplastic T cells in B-cell lymphomas.

Discussion
Mice from the examined strains significantly differed
in the incidence of the spontaneous lymphomas, average
age of occurrence and their immunophenotype.
Several points of the comparison deserve particular
discussion.
First, the survey of the literature indicates that the
etiology of lymphomas in the AKR mice is associated with
endogenous ecotropic viruses: inherited at two non-linked
chromosomal loci Akv-1, Akv-2, the xenotropic virus and
recombinant viruses, that results in high incidence of
lymphomas in AKR strain [11]. Moreover, the incidence of
thymic T-cell lymphomas is influenced by age factor and
never occurs in old thymic environment [12, 13].
Actually, the examined AKR/W inbred mice
significantly differed in the increase of number of T-cell
lymphomas from C57BL/6 and C57BL/10 strains as well
as the lower average age of mice with developed T-cell
lymphomas. Higher incidence of T-cell versus B-cell
lymphomas was observed in AKR/W mice and the result is
compared with the data from the literature [14].
Noteworthy, CD4+CD8– immunophenotype predominated
over CD4–CD8+ in the examined mice of all strains. It is
interesting, because the literature data indicates that
CD4+CD8– immunophenotype is higher malignant than the
opposite immunophenotype [15].
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J

K

L

Fig. 1. Representative FACS profiles and immunostaining image. Tumour of thymus, T-cell lymphoma. (A) Positive reaction
with CD90.1; (B) Positive reaction with CD5; (C) Surface positive reaction with CD3ε; (D) Positive reaction with anti-TCRβ;
(E) Negative surface reaction with CD3ε; (F) Positive cytoplasmic reaction with CD3ε; (G) Negative reaction with anti-TCRβ;
(H) Dot plot – expression (CD4 CD8)+; (I) Dot plot expression CD4+CD8–; (J) Dot plot expression CD4–CD8+; (K) Dot plot –
CD4–CD8–; (L) Immunostaining on air-dried imprints positive for CD90.1 ABC method x 1000

Second, as literature indicates, the aging C57BL/6 and
129/Sv mice develop lesions similar to many different
diseases of inbred mice and additionally B-cell lymphomas
[16]. Therefore the mice of these strains were selected for
our investigation.
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Actually, C57BL/6W and 129/SvW mice developed
high number of B-cell lymphomas.
Moreover, AKR/W mice developed only haematopoietic
neoplasms, predominantly the lymphoid neoplasms and two
cases of non-lymphoid neoplasms (granulocytic sarcomas).
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Fig. 2. Representative FACS profiles and immunostaining images. Tumour of mesenteric lymph nodes. (A) Low positive reaction
with CD90.2; (B) Low positive surface reaction with CD3ε; (C) Low positive reaction with CD5; (D) Positive reaction with
CD19; (E) Positive reaction with CD45R (B220); (F) Positive reaction with RAM KAPPA; (G) Positive reaction with GAM;
(H) Immunostaining on paraffin section, positive reaction with anti-IgM ABC method x 1000; (I) Immunostaining on paraffin
section, positive reaction with anti-IgD ABC method x 1000

On the contrary BALB/cW, C57BL/10W, C57BL/6W and
129/SvW mice developed besides haematopoietic
neoplasms (mainly lymphomas and small number of
granulocytic sarcomas) other neoplasms, e.g. tumors of the
lungs in BALB/cW mice, tumors of the liver in C57BL/6W
and C57BL/10W mice and neoplasms of the uterus in
129/SvW mice.
Third, in human CD5 antigen express on T-cells and a
subset of B-cells. Expression of CD5 antigen on neoplastic
B-cells is helpful marker for the diagnosis of mantle cell
lymphoma (B-cell lymphoma) [17]. However the survey of
the literature reveals that in mouse 85% of spontaneous Bcell lymphomas except plasmocytomas are CD5+. Therefore
CD5 antibody is not as useful in mice [18].

In our experiment the examined B-cell lymphomas were
CD5- or low, while T-cell lymphomas showed expression
of CD5 antigen. We found the expression of CD5 antigen
as helpful marker to distinguish T and B-cell lymphomas.
Fourth, in mouse the clonality of B-cell lymphomas
cannot depend on the restriction to the expression of
immunoglobulin κ light chain, because about 95% mouse
light chains are the κ type. Expression of the only λ light
chain is more informative [19].
However, the examined B-cell lymphomas expressed
Ig κ light chain (Ig κ+/RAM KAPPA+), while the expression
of λ light chain were not found. Therefore we did not
consider that criterion as a confirmation of the clonality.
Only the expression of one or two heavy chains µ, δ (IgM
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or IgD) on the surface of lymphoid cells was important to
confirm the clonality of B-cell lymphomas.
Fifth, the data from the literature indicates that aged
C57BL/6
mice
develop
clinically
malignant
lymphoproliterative state which is difficult to differentiate
from frank B-cell lymphomas. However, lymphoid
hyperplasia is polyclonal with respect to the immunoglobulin
heavy chains in the opposite to B-cell lymphoma which is
monoclonal [19]. We found that the immunological feature
is valuable to differentiate B-cell lymphoid hyperplasia in
C57BL/6 mice from frank B-cell lymphomas.
Our investigations proved that it is possible to estimate
the number of spontaneously developed T- and B-cell
lymphomas in the examined inbred mice.
We also demonstrated that the age of mice when T- or
B-cell lymphomas develop can be predicted.
The study of the mouse lymphomas is valuable because
understanding their pathogenesis provides opportunities for
treating similar diseases in humans. Therefore it is essential
to determine whether lymphoid neoplasms developed in the
mouse and human are true homologs and deserve identical
names. T-cell lymphomas in AKR mice have some clinical
and pathologic similarities to the Pre-T LBL (Precursor Tcell lymphoblastic lymphoma/leukemia) observed in
children. However, it is worth stressing that convolution of
neoplastic cells marked in human is not observed in the
mouse homolog [19]. Two sub-types of B-cell lymphomas
observed in the examined BALB/cW, C57BL/10W,
C57BL/6W and 129/SvW strains also have human
counterparts with identical names. However, the comparison
deserves a commentary. The histopatological diagnosis of
human FBL (Follicular B-cell lymphoma) is based on the
recognition of follicular structures generated by transformed
B-cells while mouse FBL develops as diffuse variant that
is uncommon in humans. In the mouse, DLBL (Diffuse
large B-cell lymphoma) is associated with progression of
the follicular B-cell lymphoma while in human it develops
as separate disease [2].
To conclude, the examined inbred mice with high
incidence of spontaneously developed sub-types of T- or Bcell lymphomas could be recommended as the mouse
models for studying the human counterparts of those
lymphoid neoplasms in experimental and pre-clinical
studies.
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