
 

 

Introduction 
 
A human thymoma is a neoplasm of thymic 
epithelial cells frequently associated with a 
large number of immature thymic lymphocytes 
[1]. This type of tumor shows poor nuclear atyp-
ism, while malignant progression such as dis-
semination or metastasis is observed. Since 
autoimmune diseases including myasthenia 
gravis occur in some thymoma patients, immu-
nological alteration caused by the neoplasm has 
been speculated [2,3]. It is also reported that 
immature T cells with the CD3-CD4+CD8- phe-
notype accumulate in thymomas as compared 

to the normal thymus [4]. Previously, we identi-
fied the contribution of neoplastic thymic epithe-
lial cells to thymic lymphocyte development in 
vitro [5], however, the biological characteristics 
of human thymomas remain unclear.  
 
BUF/Mna rats were first reported as an animal 
model of human thymoma, in 1977 [6]. All of 
the animals in this strain develop spontaneous 
thymomas, which consists of neoplastic thymic 
epithelia with proportions of non-neoplastic lym-
phocytes. Tsr-1, the genetic region responsible 
for regulating thymomagenesis, has been identi-
fied on chromosome 7 by microsatellite analy-
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Abstract: BUF/Mna rats develop thymomas spontaneously, which histologically mimic human thymomas. Although 
neoplasms in this rat strain contain a large number of immature lymphocytes, the phenotype has not been suffi-
ciently assessed. We characterized T cell phenotypes in tumors from BUF/Mna rats in the present study. We also 
analyzed BUF/Mna-Rnu/+ rats, a heterozygous strain with suppressive thymomagenesis, and compared the histology 
and T cell maturation with those from the BUF/Mna rats. A total of 11 BUF/Mna and 10 BUF/Mna-Rnu/+ rats were 
used. Three-color flow cytometry was performed with anti-CD3, CD4, and CD8 antibodies to identify infiltrated lympho-
cytes, while tumor histology was evaluated with hematoxylin-eosin staining. The weight ratios of the entire thymic 
tissue including thymoma as compared to the BUF/Mna and BUF/Mna-Rnu/+ rat bodies were 0.8±0.8% and 
1.2±1.8%, respectively. Histological findings for both rat congenic strains showed abundant lymphocytes surrounding 
large polygonal neoplastic thymic epithelia, which was compatible with the type B1 classification of the World Health 
Organization for human thymoma. CD4+CD8+ T cells accounted for 73.7±8.0% of the cells in tumors from BUF/Mna 
and 67.2±9.4% in those from BUF/Mna-Rnu/+ rats. Further, CD3-CD4-CD8+ T cells, intermediate between CD4-CD8- 
and CD4+CD8+ cells, accounted for 47.7±17.5% and 38.0±14.0% of the cells in tumors from the BUF/Mna and 
BUF/Mna-Rnu/+ strains, respectively. Thus, the proportion of developing thymic lymphocytes in and histology of thy-
momas from BUF/Mna and BUF/Mna-Rnu/+ rats were similar. These results suggest that both BUF/Mna and BUF/
Mna-Rnu/+ strains are suitable animal models for human thymoma to understand the development of immature 
thymic lymphocytes. 
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ses [7]. The major proportion of lymphocytes in 
BUF/Mna rat thymomas have an immature phe-
notype expressing both CD4 and CD8, thus they 
are called double-positive cells [8]. However, T 
cell development from CD4-CD8- to CD4+CD8+ 
via CD3-CD4-CD8+ cells in thymomas is ob-
scure. We assessed this stage of development 
in BUF/Mna rat thymoma in the present study 
using flow cytometry. We also analyzed the 
BUF/Mna-Rnu/+ rat strain, in which thymoma-
genesis is moderately suppressed by introduc-
tion of a rat nude genetic region, and compared 
the histology and maturity of lymphocytes from 
that strain with those from BUF/Mna rat [9].   
 
Materials and Methods 
 
Animal 
 
BUF/Mna and BUF/Mna-Rnu/+ rats were ob-
tained from the animal laboratory of the Depart-
ment of Surgical Pathology, Fujita Health Univer-
sity Medical School [6-9]. The rats were sacri-
ficed at various ages from 2 to 22 months 
(average 12 months). Rats younger than 3 
months (2 BUF/Mna rats, 1 BUF/Mna-Rnu/+ 
rat) were used as young controls. Thymomas 
were extirpated through a median sternotomy 
with the surrounding thymic tissue. Animal care 
was performed under supervision of the Animal 
Research Committee in accordance with the 
Guidelines for Animal Experiments of our insti-
tute. 
 
Histological evaluation 
 
Resected thymomas were fixed in 10% formalin 
and embedded in paraffin. Histological exami-
nations were performed with hematoxylin-eosin 
staining by a pathologist. 
 
Antibodies 
 
FITC-conjugated anti-CD3, PE-conjugated anti-
CD4, and biotin-conjugated anti-CD8 antibodies 
were purchased from Serotec (Oxford, UK). FITC-
conjugated control mouse IgG and Streptoavidin
-PE-Cy5 were from BD Bioscience (Tokyo, Ja-
pan).  
 
Preparation of lymphocytes and flow cytometry 
 
Lymphocytes were isolated by mechanically 
teasing and pressing the thymoma against a 
stainless steal mesh. The cells were suspended 

in Hanks balanced salt solution, then separated 
on a Ficoll–Paque density gradient (GE Health-
care, Uppsala, Sweden) to remove erythrocytes 
and dead cells. Isolated viable mononuclear 
cells were suspended and washed once in 
Hanks balanced salt solution, then counted and 
applied to flow cytometry as follows. To stain the 
surface antigens on the lymphocytes, 1 × 106 
cells were suspended in 300 μl of PBS and 
mixed with a combination of 5 μl each of FITC-, 
PE- and biotin-conjugated monoclonal antibod-
ies (MoAbs). After incubation for 20 minutes at 
4°C, the cells were washed twice and sus-
pended in 300 μl of PBS. Streptoavidin-PE-Cy5 
was added for three-color flow cytometry. After 
incubation for 30 minutes at 4°C, the cells were 
washed twice and subjected to FACS analysis. 
Data collected from 5 × 104 cells were analyzed 
using the Cell Quest program. 
 
Statistics 
 
Statistical analysis to compare the average of 
groups was performed with unpaired t-test us-
ing commercially available soft ware Stat View 
(Abacus Concepts, Inc., Berkeley, CA) and a 
probability value less than 0.05 was considered 
significant. 
 
Results 
 
Thymoma weights 
 
The weights of the thymomas with the neighbor-
ing thymic tissue varied from 0.29 to 10g in the 
BUF/Mna (average 3.2±3.5g) and 0.52 to 
15.1g in the BUF/Mna-Rnu/+ (average 
4.9±7.3g) rats. The ratios of whole thymic tissue 
with the thymoma weight to body weight were 
0.8±0.8% and 1.2±1.8%, respectively, while 
those for the young control rats were 0.5% and 
0.4%, respectively. We found no significant dif-
ferences for thymoma weight between the two 
congenic strains, and no correlation was ob-
served between thymoma weight and rat age. 
 
Pathological findings 
 
Representative macroscopic findings for BUF/
Mna and BUF/Mna-Rnu/+ rats are shown in 
Figure 1. Thymomas from both congenic strains 
were a white-pink color showed a soft elasticity. 
The border with the residual thymus was gener-
ally obscure and no invasion to surrounding 
organs, such as the lungs, pericardium, and 
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Figure 1. Characteristic macroscopic finding of spontaneous thymomas from rats. (A) BUF/Mna rat, 12 months old, 
male, thymoma weight 5.3g. (B) BUF/Mna-Rnu/+ rat, 17 months old, male, thymoma weight 20g. Both thymomas 
showed a common appearance, including a white-pink color and soft elasticity, without local invasiveness. The differ-
ence of these thymomas weight between BUF/Mna-Rnu/+ and BUF/Mna was probably due to the timing of harvest.  

 
 
 
 
 
 
 
Figure 2. Microscopic 
findings following hema-
toxylin-eosin staining of 
BUF/Mna (A) and BUF/
Mna-Rnu/+ (B) thymo-
mas. Under low magnifi-
cation, enlargement of 
the cortex area with a 
reduced medulla is 
shown. Under high magni-
fication, large-sized round 
neoplastic thymic epithe-
lia associated with abun-
dant lymphocytes can be 
seen. 
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great vessels, was found. No pleural dissemina-
tion was detected. Figure 2 shows microscopic 
findings of thymomas from both strains follow-
ing hematoxylin-eosin staining, which revealed 
common features, including enlargement of the 
cortex area and large-sized rounded neoplastic 
thymic epithelia associated with abundant lym-
phocytes. These findings are similar to a type 
B1 (predominantly cortical type) human thy-
moma in the World Health Organization Classifi-
cation [1].  
 
Flow cytometry of lymphocytes in thymomas 
 
Representative flow cytometry results for lym-
phocytes in a thymoma from a BUF/Mna rat (12 
months) are shown in Figure 3. The major popu-
lation of thymic lymphocytes had the 
CD4+CD8+ double phenotype. Although most of 
the CD4+CD8- T cells were mature T cells ex-
pressing CD3, a proportion of CD4-CD8+ cells 
were immature CD8 single positive cells without 
CD3 expression, which were intermediate in 
development from CD4-CD8- to CD4+CD8+ 

cells. The results of flow cytometry for all rat 
tumors are summarized in Figure 4. CD4+CD8+ 
cells accounted for an average 73.7% and 
67.2% of total lymphocytes in BUF/Mna and 
BUF/Mna-Rnu/+ rat thymomas, respectively. 
The 2 young BUF/Mna control rats had popula-
tions comprised of 75% and 69%, respectively, 
of CD4+CD8+ cells, which was 55% for the 
young BUF/Mna-Rnu/+ control. In addition, CD3
-CD4-CD8+ cells accounted for 47.7% and 
38.0% of the CD4-CD8+ cells in BUF/Mna and 
BUF/Mna-Rnu/+ thymomas, respectively, while 
those ratios in the young BUF/Mna control rats 
were 63% and 48%, and 30% in the young BUF/
Mna-Rnu/+ control. We found no significant 
difference in the proportion of CD4+CD8+ and 
CD3-CD4-CD8+ cell subsets between the two 
congenic strains.  
 
Discussion 
 
Spontaneous thymomas that develop in rats are 
used as a model of human thymoma, which is a 
low-grade malignancy arising from thymic     

Figure 3. Representative results of flow cytometry for lymphocytes in thymomas from BUF/Mna rats. The lymphocytes 
consisted of a major proportion of CD4+CD8+ cells and CD4 or CD8 single positive subsets, while CD4-CD8- cells 
comprised the minority. All CD4+CD8- cells expressed CD3, while only 30% of the CD4-CD8+ cells expressed CD3. 
The remaining 70% of CD3-CD4-CD8+ cells were considered to be T cells developing from CD4-CD8- to CD4+CD8+ 
cells. 
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epithelium. Microscopic findings and the char-
acteristics of infiltrating lymphocytes in rat thy-
momas have been reported [8]. In the present 
study, we analyzed lymphocytes in thymomas 
from BUF/Mna rats using multi-color flow cy-
tometry with CD3, CD4, and CD8 antibodies, 
and identified active T cell development from 
CD4-CD8- cells into CD4+CD8+ cells via CD3-
CD4-CD8+ cells. This phenomenon was also 
observed in BUF/Mna-Rnu/+ rat thymomas, in 
which tumor development is slightly suppressed 
by introducing of nude genetic region. Further, 
no significant difference was found in T cell de-
velopment or maturity between the two con-
genic strains. Thus, thymomas from BUF/Mna-
Rnu/+ rats had nearly the same immunological 
features as those from BUF/Mna rats, though 
the process of thymomagenesis was slightly 
suppressed [10].  
 
In regards to the pathological features, human 
thymomas show a varied histology and are cur-
rently classified into types A, AB, B1, B2, and 
B3, according to the World Health Organization 
Classification [1]. In the present study, thymo-
mas from both BUF/Mna and BUF/Mna-Rnu/+ 
rats showed a common histological appearance 
compatible with type B1. In humans, type B1 
thymomas are occasionally difficult to distin-
guish from thymic hyperplasia and recognized 
to be an intermediate malignancy between type 

A and type C [11]. However, the presence of 
neoplastic large round epithelia with a large 
number of associated lymphocytes, as well as 
proportional alterations of the cortex and me-
dulla areas, suggested that the thymomas from 
both strains were neoplastic and not hyperplas-
tic. Taguchi and colleague also reported the 
neoplastic behavior of BUF/Mna rat thymomas 
using experiments with thymus-implantation 
under the renal capsule of nude rats [12]. 
 
Human thymomas contain abundant CD3-
CD4+CD8- T cells that develop into CD4+CD8+ 
from CD4-CD8- cells, though the proportions 
vary among patients and are correlated with 
HLA class II expression levels of neoplastic 
thymic epithelia [13]. In the present study, the 
proportion of CD3-CD4-CD8+ cells, which are 
intermediate between CD4-CD8- and 
CD4+CD8+ cells, in the rat thymus and thy-
moma specimens also varied in both strains. 
According to the intermediate proportion, the 
developing T cells in BUF/Mna-Rnu/+ rat thy-
moma were slightly immature as compared to 
those in BUF/Mna rats, though the difference 
was not statistically significant. In conclusion, 
we believe that the both spontaneous thymoma 
BUF/Mna and BUF/Mna-Rnu/+ rat strains pro-
vide suitable animal models for studies of hu-
man thymomas, due to similarities in histology 
and immaturity of infiltrating lymphocytes, while 

Figure 4. Results of flow cytometric analyses of lymphocytes in thymomas from both strains. CD4+CD8+ cells ac-
counted for 73.7±8.0% and 67.2±9.4% in BUF/Mna and BUF/Mna-Rnu/+ thymomas, respectively. Further, CD3-CD4-
CD8+ cells accounted for 47.7±17.5% and 38.0±14.0% of CD4-CD8+ cells in BUF/Mna and BUF/Mna-Rnu/+ thymo-
mas, respectively. Differences between the two strains were not statistically significant (unpaired t-test).  
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the thymomagenesis is delayed in BUF/Mna-
Rnu/+ rat.  
 
Please address correspondence to: Masayoshi Inoue, 
MD, PhD, Department of General Thoracic Surgery, 
(L5) 2-2 Yamadaoka, Suita-City, Osaka 565-0871, 
Japan. Tel: +81-6-6879-3152, Fax: +81-6-6879-
3164, E-mail: mi@thoracic.med.osaka-u.ac.jp  
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