
Europ. J. Cancer Vo|. 17, pp. 61 ,69  0014-2964/g I/111 (I 1-006t ~l ~2.1/ll'o 
tt; Pergamon Press Ltd. 1981. Printed in Greal Britain 

Heterotransplantation of Natural 
Lymphosarcoma to Nude Mice* 

Bovine 

M. ONUMA,t K. MATSUMOTO,;  H. KODAMA,t Y. FUJIMOTO,§ R. MORIGUCHI,§ 
T. MIKAMIt  and H. IZAWAt 

~ Department of Epizootiology, Faculty of Veterinary Medicine, +Institute for Animal Experiment, School of Medicine, 
and §Department of Comparative Pathology, Faculty of Veterinary A/ledicine, Hokkaido University, Sapporo 060, Japan 

Abstract--Nude mice of BALB/c background were utilized for the heterotransplan- 
tation of tissues derived from 4 forms of natural bovine lymphosarcoma. The growing 
tumors have been established from adult case tumor (6 out of 22 attempts), from calf 
case tumor (2 out of 5 attempts), from skin case tumor (18 out of 30 attempts) and 
from thymic case tumor (3 out of 11 attempts). In all, successful tumor growth was 
observed in 29 out of 68 transplanted natural bovine lymphosarcoma cells. Transplanted 
tumors from skin case grew fast, metastasized and then became lethal to the host. 
However, transplanted adult case tumors regressed and no spread of tumor cells was 
observed. 

INTRODUCTION 

ENZOOTIC bovine leukosis (EBL) or the adult 
form of bovine lymphosarcoma (ALS) is the 
most common neoplastic disease in cattle in- 
duced by bovine leukemia virus (BLV) and it 
is contagious [1]. Sporadic bovine leukosis 
(SBL) is rare and its etiology is unknown. 
Three forms of SBL are recognized; calf form 
(CLS), thymic form (TLS) and skin form 
(SLS). 

Recent studies on cell surface marker or the 
antigen of bovine lymphosarcoma cells re- 
vealed the following: (1) the specific tumor- 
associated antigen was found on neoplastic 
lymphoid cells from cattle with EBL, but not 
on the cells from cattle with SBL [2], and (2) 
the origin of neoplastic cells of EBL is the B 
cell but that of SBL is not [3-5]. 

Since SBL is very rare, it is very difficult to 
examine the properties of SBL tumor cells. 
Therefore it is highly desirable to maintain 
these tumor cells in laboratory animals. 

The use of nude mice for the hetero- 
transplantation of tumors has been widely 
adapted for studies on human neoplasms [6- 
8]. However, only few studies have been done 
with neoplasms from domestic animals [9, 10]. 
Recently, Irvin et al. [11] have reported the 
heterotransplantation of the transformed cell 
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line derived from bovine lymphosarcoma in 
irradiated nude mice. 

This communication describes the hetero- 
transplantation of natural bovine lymphosar- 
coma to nude mice. 
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MATERIALS AND METHODS 

Nude mice 

The nude mice utilized were of BALB/c 
strain, and were bred under specific pathogen- 
free conditions. New-born mice less than 1 
week old and adult mice 4-6 weeks old were 
used. Irradiation was carried out using X-rays 
with 150 rads. 

Tumor specimens 

The tumor specimens used for transplan- 
tation were obtained from four different forms 
of natural bovine lymphosarcoma as listed in 
Table 1. Diagnosis of the lymphosarcoma was 
confirmed by clinical and histological exam- 
inations. Histologically, these tumors consisted 
of massive infiltrations of neoplastic cells. 
Fresh bovine tumors were collected in Eagle's 
minimal essential medium containing 10% 
fetal calf serum and antibiotics. Tumor  cells 
were teased out with scissors and forceps. The 
cells were washed twice with PBS and then 
pelleted down by low speed (1000rev/min for 
5min). Viability of the cells was determined 
by trypan blue dye exclusion. About 3 x 10 v 
living cells were injected into the subcu- 
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Table 1. BLV antibody, BLV and percentage of B cells in cattle with 
lymphosarcoma used 

Cattle with lymphosarcoma 
Lymphocyte BLV B cell t 

Case No. Form Age (yr) (cmm) BLV* antibody (%) 

131 ALS l0 1848 + + 45 
125 CLS 0.5 47,600 - - 2.4 
124 SLS 4.5 2430 - - 2.0 
135 TLS 1.8 2891 - - 3.9 
150 TLS 2.0 74,688 - - 7.5 

*BLV was detected by SA. 
~B cells were detected by the surface immunoglobulin immunofluorescence 

test [3]. 

taneous layer of  the back of  nude  mice using 
18 gauge of  needle. Tumors  were passed from 
mouse to mouse by surgically removing tumor  
tissue after anesthesia by ether. 

Histological analysis 
Materials  for light microscopic examinat ion  

was fixed with 10% formalin.  Paraffin sections 
were rout inely stained with hematoxyl in  and 
eosin. 

Karyotypic analysis 
Chromosome analyses were made  on cells 

cul tured for short- term periods (2-3 days)  
wi thout  the addi t ion of  a mitogen. Samples of  
growing cells were exposed to Colcemid 
(0 .0025mg/ml  of  med ium)  for 5 hr. T h e  cells 
were then centrifuged,  t reated with a hy- 
potonic  solution (0.075 M KC1) for 10min and 
fixed in Carnoy  fixative. Slides were stained 
with Giemsa. 

Serological examinations 
To  detect  antibodies to BLV, agar  gel 

immunodiffusion and complement  fixation'  
tests were per formed [12, 13]. A direct  fluores- 
cent an t ibody  (FA) test was per formed to 
detect  BLV antigen as previously described 
[12, 13] using fluorescein isothiocyanate 
(F ITC)-con juga ted  V34 7-globulin [13]. 

Syncytia assay 
Syncyt ia  assay (SA) was performed to de- 

tect BLV using F81 cells as indicator  cells 
[14]. 

RESULTS 

T h e  presence of  BLV and an t ibody  to BLV 
and the percentages of  B cells in cattle with 
lymphosarcoma used for he tero t ransplanta t ion  

are shown in Tab le  1. BLV and an t ibody  to 
BLV were detected in case No. 131 but  not in 
the other  cases. Th e  percentage  of  B cells in 
lymph node tumor  of  No. 131 was higher  
than that  in normal  lymph nodes of  cattle. 
However ,  the percentages of  B cell from the 
other  cases (125, 124, 135 and 150) tested 
were lower than that  in normal  bovine cells. 

T h e  results of  he tero t ransplanta t ion  of  5 
bovine lymphosarcoma cases into nude mice 
are listed in Tab le  2. T h e  growing tumors 
have been established from adult  case tumor  
(6 out  of  22 at tempts) ,  from calf  case tumor  
(2 out of  5 at tempts) ,  from skin case tumor  
(18 out  of  30 a t tempts)  and from thymic case 
tumor  (3 out of  11 at tempts) .  In all, successful 
tumor  growth was observed in 29 out  of  68 
t ransplanted natural  bovine lymphosarcoma 
cells. 

Representa t ive  growth curves of  4 natural  
bovine lymphosarcoma in nude mice are 
shown in Fig. 1. Compared  to tumors from 
CLS and TLS,  the intervals of  appearance  
after inoculat ion of  tumors from SLS and 
ALS were relatively short. In SLS tumors, 
tumor  growth was rapid and the mice even- 
tually died because of  the tumor.  However ,  
tumor  regression was observed in nude mice 
t ransplanted with ALS tumors. In CLS or 
T L S  tumors in nude  mice, tumor  growth was 
relatively slow, took 2-3 weeks to reach max- 
inmm size and then remained with the same 
appearance  for 1-2 weeks until  the mice were 
killed for fur ther  experiments.  

Monolayer  cultures were established from 
all t ransplanted tumors in the nude mice. 
BLV and BLV antigen was detected in cul- 
tured cells from nude  mice tumors injected 
with No. 131 ALS tumor  by SA and FA, 
respectively. However ,  no BLV antigen or 
BLV was detected in cul tured cell from nude 
mice tumors injected with 125 CLS, 124 SLS 
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Source 
of bovine 

lymphosarcoma 

1st passage* 2nd passage* 3rd passage* 

Nude mice Local s.c. Local s.c. Local s.c. 
injected growth Spread growth Spread growth Spread 

ALS (131) Lymph New born 2/5 
node Adult 0/6 
tumor Adult + X~ 2/8 

CLS (125) Lymph Adult 1/1 
node 
tumor 

SLS (124) Lymph New born 1/2 
node Adult 2/7 
tumor Adult + X 3/4 

TLS [135) Thymus Adult 0/6 
tumor 

TLS (150) Lymph Adult 3/5 
node 
tumor 

m 

+ 
+ 
+ 

2,/3 

1/4 

l/2 
2/4 
5/6 

+ 
+ 
+ 

1/2 
3/3 

*Passage number in nude mice. 
tAdult  nude mice were irradiated with 150 rads of X-rays. 
++Number of mice with tumors/number of mice injected. 
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Fig. 1. Growth curves of four forms of natural bovine 
lymphosarcoma implanted in nude mice. P1,2,3: passage number 

in nude mice. 

and 150 TLS tumors. Karyological analysis 
showed that the tumors induced in the nude 
mice tested (13 cases) were of bovine origin 
but not of mouse origin (Fig. 2). 

Nude mice tumors as well as original bo- 
vine lymphosarcoma used for transplantation 
were histologically examined. The original 
tumors of skin case and adult case revealed 
lymphoblastic lymphosarcoma (Figs. 3a and 
5a), whereas the tumor of calf case and 
thymic case showedilymphocytic lymphosar- 

coma (Figs. 4a and 6a). The neoplastic lym- 
phoid cells of transplanted tumors derived 
from 4 bovine lymphosarcoma cells in nude 
mice were morphologically similar to those of 
the respective original tumors" (Figs. 3b, 3c, 
4b, 5b, 5c and 6b). The transplanted tumors 
were composed of a uniform population of 
neoplastic lymphoid cells. Mitosis was fre- 
quently observed in the nude mice tumors 
derived from skin case tumor. Metastasis was 
found in the liver, spleen, lungs and axillary 
lymph nodes in the nude mice derived from 
skin case tumor but not in the transplanted 
nude mice derived from adult case, calf case 
and thymic case tumors. 

DISCUSSION 

In spite of the wide use of congenitally 
athymic nude mice for the heterotransplan- 
tation of human neoplasms, there has been 
relatively little documentation of their use in 
studies of neoplasms from domestic animals. 
Oughton and Owen [10] successfully trans- 
planted a number of canine neoplasms to 
nude mice. Three specimens of dog gastric 
cancer with local invasion were also tra- 
nsplanted to nude mice [15]. The successful 
transplantation of bovine squamous cell car- 
cinoma tissue into nude mice has been re- 
ported [9]. Irvin et el. [11] reported that 
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cultured bovine lymphosarcoma cells grew 
only in irradiated nude mice and indicated 
that a high degree of immunosuppression is 
required. In the present experiment, however, 
the tumor growth was observed in both the 
irradiated and non-irradiated nude mice when 
primary tumor fragments were transplanted to 
nude mice. This is in contrast to the findings 
of Morgan et al. [16] transplanting canine 
lymphosarcoma into nude mice. 
Lymphosarcoma cells from 8 dogs failed to 
grow in nude mice. Following whole body X- 
irradiation, however, a further lymphosar- 
coma grew successfully and was subsequently 
transplanted to both irradiated and non- 
irradiated nude mice. 

The role of virus etiology of EBL has been 
reviewed and it has been found that BLV can 
cause persistent lymphocytosis or lymphosar- 
coma on inoculation into cattle [17] and 
sheep [18, 19] but the efficacy of BLV to 
induce tumors in goats seem rather weak [20, 
21]. In the present work, successful tumor 
growth in nude mice was observed in 6 out of 
22 transplanted ALS tumors. BLV antigen 
and BLV was detected in cultured cells from 
these nude mice tumors. Karyological analysis 
of reisolated tumor cells showed bovine 
karyotype but not mouse karyotype. This sug- 
gests that the tumor growth was simply de- 
pendent on the continued division of bovine 
lymphosarcoma cells transferred from bovine 
to nude mice, and not on viral transformation 
or invasion of host cells. 

The etiology of SBL is unknown. Tumor 
cells from EBL originate from a B cell, while 
those from SBL do not [3-5]. The specific 
tumor-associated antigen was found on  neo- 
plastic lymphoid cells from EBL but not from 
SBL [2, 4]. Inoculation of SBL tumor ma- 
terials into experimental calves and sheep 

resulted in induction of anti-BLV antibody 
and lymphosarcoma [22]. In this reported 
case, however, accidental contamination by 
BLV remains a plausible possibility because 
no BLV sequences were detected in sporadic 
tumors by molecular hybridization tests [23]. 
Transmission of SBL to homologous and hete- 
rologous animals has never been successful. The 
present work appears to represent the first 
successful heterotransplantation of natural bo- 
vine lymphosarcoma from both EBL and SBL 
to nude mice. 

It is interesting that one of the transplanted 
SBL tumors (SLS) grew very fast and the 
tumor became lethal to the host. Spread of 
tumor cells at the vascular site of liver, spleen 
and lung was also demonstrated. However, 
transplanted EBL tumor regressed and no 
spread of tumor cells was observed. These 
differences may be due to the different origins 
of tumor cells of EBL and SBL; however, the 
exact reasons are not yet clear. Experiments 
on the pathological and biological differences 
in nude mice when tumor cells from EBL and 
SBL were transplanted to them are now in 
progress. 

The present experiments indicate that nude 
mice can be used as a potential laboratory 
animal model system for differentiation of 
EBL and SBL. 
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Fig. 3. Histology of the original skin case tumor and its transplanted tumor in nude mice. (a) Lymphoblastic 
lymphosarcoma in skin case (No. 124): urinary bladder. The tumor shows varying degrees of cellular maturity. 
Lymphoblastic cells are predominant and various sized lymphocytic cells are seen together. Hematoxylin-eosin (H- 
E), x 700. (b) Lymphoblast# lymphosarcoma in the transplanted tumor in nude mouse: skin. The tumor develops 
in a nodular manner in the subcutaneous tissue and diffusely in the corium of the inoculated site. H-E, x 102. (c) 
Higher magnification of (b ). The tumor cells have large round nuclei with prominent nucleoli and irregular cell 

outlines. H-E, x 700. 

Fig. 4. Histology of the original calf case tumor and its transplanted tumor in nude mice. (a) Lymphocytic 
lymphosarcoma in calf case (No. 125): Lymph node. The tumor cells have some irregularity in cellular maturity. 
H-E, x 700. (b) Lymphocytic lymphosarcoma in the transplanted tumor in nude mouse: skin. The tumor consists 
of a uniJorm population of mature lymphocytic cells. They look somewhat larger than those of the original tumor 

cells. H-E, x 700. 



Bovine Lymphosarcoma to ,'Vude Mice 67 

Fig. 5. Histolo~, oj the original adult case tumor and its transplanted tumor in nude mice. (a ) I:rmphobla.stic 
!rmphosarcoma in adult case (.\"o. 131 ): subma~:illary !vmph node. Tumor consist.s oj" various .dzed c~/l~s ~?/ 
lymphoo'tic series, but !~mphoblastic cells are predominant. H E ,  x 700. (b) 7he tramplanted tumor derived j iom 
adult case dnelops in a nodular manner in the subcutaneous tis~sue and di/Jitse!), in the corium o/ the iuoeulated 
site. but the tumor cells in the subcutaneous tis.~ue show.s extensive necro~i.s. H E ,  x 102. (c) Higher magn(/i'cation 
(J" (b). Lymphoblastic lymphosarcoma. The tumor cells show a p@'gonal or somewhat stellate shape and an 

irreeular cytoplasmic contour, suggesting crtoplasmic processes. H - E ,  x 700. 

Fig. 6. Histolog), of the original thymic case tumor and it,s transplanted tumor in nude mice. (a) Lymphoc~),tic 
!~mphmarcoma in thymic case (o\:o. 150): lymph node. The tumor cells have some irregularity in cellular maturi!~, 
and mitosis can be seen. l t -E ,  x 700. (b) Lymphoo'tic lymphosarcoma in the transplanted tumor in nude mice: 

~kin. The tumor comlsts of a unifcmn population oJ" rather large mature lymphocytic cells. H - E ,  x 700. 
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