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A B S T R A C T  

The phenotype and ontogeny of cells carrying the tumor-associated 
antigen (TAA), identified in tumors of cattle with enzootic bovine leukosis 
(EBL) by use of the monocional antibody (MAb) c143, were analyzed by 
flow cytometry and immunohistochemistry. The TAA recognized by the 
c143 MAb (c143 TAA) was mainly expressed on B-cells, macrophages, 
reticular cells, and a minor population of BoCD4-positive T-cells in bovine 
leukemia virus (BLV)-free normal cattle. When the peripheral blood 
mononuclear cells from normal cattle were activated in vitro, some pop- 
ulations of BoCD8-positive T- and non-T/non-B-cells also showed expres- 
sion. Moreover, B-ceils expressed the c143 TAA until the antigen was lost 
from cells at the final stage of B-cell differentiation, namely, the plasma 
cell stage. The c143 MAb-positive cells in blood of BLV-free normal cattle 
form heterologous subpopulations, and these cells coexpress other surface 
markers such as BoCD2, BoCD5, BoCD6, and B-cell-specific molecules B1 
low, B1 bright, and B2. In BLV-infected cattle, the proportion of periph- 
eral blood mononuclear cells that express the c143 TAA increased with the 
progression of EBL, and, in addition, BLV-infected cattle that had no 
lymphosarcomas showed increased proportions of c143 MAb-positive cells 
that coexpressed surface IgM (sIgM), BoCD5, B1 low, and B2 but not 
BoCD2, BoCD4, or BoCD6. Furthermore, most of the c143 MAb-positive 
tumors from all cattle with EBL appeared to be a monocional population 
derived from a single B-cell and to be divided into two types, c143 
TAA+BoCD5§ low + B2 § sIgM + or sIgM-. 

Collectively, these results show that the c143 TAA is not only a useful 
surface marker for identification of EBL but also a marker of differenti- 
ation of lymphoid cells. 

INTRODUCTION 

BLV 3 is known as an exogenous retrovirus associated with EBL, 
which is the most common neoplastic disease of cattle. Infection by 
BLV may remain clinically silent in the form of an aleukemic state, it 
induces PL, which is characterized by an increased number of appar- 
ently normal B-lymphocytes with cytogenetic properties that are in- 
distinguishable from those of noninfected cattle, and it induces de- 
velopment of B-cell lymphoma in various lymph nodes after a long 
latent period (1). BLV has been considered classically to be a B-lym- 
photropic virus, on the basis of the absolute increase in numbers of 
B-lymphocytes in PL (2, 3), the B-lymphocyte phenotype of the 
majority of the cells that form lymphosarcomas (4, 5), and the iden- 
tification of the viral antigen expressed in B-lymphocytes after culture 
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in vitro of peripheral blood mononuclear leukocytes (6, 7). Recently, 
the two major subpopulations of bovine T-lymphocytes, BoCD4- and 
BoCD8-positive T-lymphocyte, were found to possess integrated BLV 
proviral DNA (8, 9). Another type of lymphosarcoma, SBL, is rare, 
and the etiology of this disease is still unknown (10). Three forms of 
SBL are recognized: calf, thymic, and skin forms. 

As a result of detailed biochemical characterization, TAAs, includ- 
ing histocompatibility antigens, differentiation antigens, embryonal 
antigens, and complex carbohydrates, have been identified as the 
molecules that are expressed in quantitatively and qualitatively dif- 
ferent ways on transformed cells and their untransformed counterparts 
(11-15). Immunological studies with a highly adsorbed antiserum 
showed that tumor cells from cattle with EBL expressed a TAA that 
was distinct from the BLV-encoded antigens (16, 17). Although this 
TAA was expressed constitutively in both the cytoplasm and on the 
membranes of tumor cells (16), it is known that BLV does not express 
its gene products at a detectable level in freshly collected lymphocytes 
or tumor cells from the infected host, whereas the virus often ex- 
presses these products when such cells are cultured in vitro (18). Thus, 
it is possible that the expression of TAAs plays a key role in BLV- 
induced leukemogenesis and in the maintenance of the tumorous state. 
Previously, we produced 13 MAbs, each of which identified a TAA on 
tumor cells from cattle with EBL that was not a BLV-encoded protein 
(19). One of these MAbs, c143, was shown to recognize a TAA that 
is expressed on PBMC of BLV-free normal cattle, as well as on tumor 
cells from all cattle with EBL tested, and its level of expression 
increases with the progression of EBL (50). We have biochemically 
identified the c143 TAA as three proteins with apparent molecular 
weights of 32,000, 34,000 and 36,000-37,000 (20, 50). The Mr 32,000 
and 34,000 glycoproteins are specifically phosphorylated during the 
leukemic stage in BLV-induced lymphosarcomas, and the Mr 34,000 
component is found at higher levels than the Mr 32,000 component 
with the progression of the lymphosarcoma (50). 

In the present study, we identified the surface phenotype of cells 
that express the c143 TAA from BLV-free normal cattle by two-color 
flow cytometry using a panel of MAbs against bovine leukocyte 
differentiation molecules and immunohistological staining. Further- 
more, to identify the ontogeny of cells that carry c143 TAA in the 
B-cell lineage, we also examined the reactivity of the c 143 MAb with 
mouse immature B-cells transformed with Abelson murine leukemia 
virus, mature B-cells, and plasma cells. Finally, to determine the stage 
of differentiation of BLV-induced lymphosarcoma, we compared the 
phenotypic characteristics of PBMC and tumors that expressed the 
c143 TAA from BLV-infected cattle at different stages of progression 
of EBL with those of PBMC from BLV-free normal cattle. We now 
report the possibility of using the antigen as a surface marker for 
identification of EBL and a differentiation marker of bovine lymphoid 
cells. 

M A T E R I A L S  A N D  M E T H O D S  

Cells and Animals. Blood samples were obtained from 14 healthy cows 
that were negative for BLV antibodies, 4 BLV-infected but clinically and 
hematologically normal cows, 4 BLV-infected but clinically normal cows with 
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TUMOR-ASSOCIATED ANTIGEN ON BLV-INDUCED LYMPHOSARCOMA 

moderate increases in lymphocytes (lymphocytosis), and 28 BLV-infected 
cows with EBL. PBMC were separated from blood by the method of Miyasaka 
and Trnka (21 ). Neoplastic tissues were obtained from 24 cows with EBL, from 
5 cows with the calf form of SBL, and 1 cow with the thymic form of SBL. 
Fresh tumors were collected in Dulbecco's modified Eagle's medium supple- 
mented with 10% FCS. BLV-infected cattle were classified according to pre- 
viously established criteria (22) and the genomic integration of the BLV 
provirus. Diagnosis of the various forms of lymphosarcoma was made on the 
basis of clinical signs together with gross and histological observations. PBMC 
and tumors were washed with PBS that contained 5% FCS and pelleted for 
one- or two-color immunofluorescence staining. Frozen sections from the 
thymus, lymph nodes, and spleen of 12 bovine fetuses and 3 calves were used 
for immunohistological staining. 

FLK (FLK/BLV) (23) and TblLu bat cells (TblLu/BLV) (24) are produc- 
tively infected with BLV. The 23CLN cell line, derived from a normal bovine 
lymph node, and the MDBK cell line, derived from normal bovine kidney, 
were also used. The B.Mono(728)Mr B.LN.MCVIII-21'89, and B.Sp.MoIX- 
11 '89 cell lines, derived from normal bovine macrophages (25), were kindly 
provided by Dr. M. Kodama (National Institute of Animal Health, Japan). The 
upper adherent monolayers of cultures were detached from culture dishes with 
PBS that contained 0.5 mM EDTA and 0.02% NAN3, and cells were resus- 
pended in PBS that contained 5% FCS, 0.5 mM EDTA, and 0.02% NaN3 for 
one-color immunofluorescence staining. The bovine B-cell lymphoma lines 
BLSC-KU-1, BLSC-KU-8, BLSC-KU-17, EBLC-1, BL312, and BL2M3 were 
established from leukemic cells of cattle with EBL. These cell lines have B-cell 
surface markers on the cell surface and bovine leukemia virus provirus in the 
genome (26, 27). The bovine T-cell lymphoma line C3 was established from 
the calf form of SBL (28) and was kindly provided by Dr. Y. Oki (The Nippon 
Veterinary and Zootechnical College, Japan), and the bovine T-cell lymphoma 
line TBL-1 was established from the thymic form of SBL in our laboratory. 
These cell lines have ot-naphthyl acetate esterase activity and surface pheno- 
types of BoCD2-BoCD5+BoCD6+BoCD4-BoCD8-IgM -. A 46-6 mouse pro- 
B-cell clone (29), an Ig6.3 mouse pre-B-cell clone (30), and an Ig6.11 virgin 
B-cell clone (30) were kindly provided by Dr. T. Takemori (National Institute 
of Health, Japan). The 46-6 clone was obtained by transforming BALB/c bone 
marrow cells with a temperature-sensitive mutant of Abelson murine leukemia 
virus, and Ig6.3 and Ig6.11 cells were established by subcloning 46-6 cells that 
had been cultured at a nonpermissive temperature. The mouse mature B-cell 
line WEHI 231 and the mouse myeloma cell line P3" NSI/1 �9 Ag4.1 were also 
used. Cultured T- and B-cells were washed with PBS that contained 5% FCS 
and pelleted for one-color immunofluorescence staining. 

Stimulation of PBMC with a Mitogen. PBMC were suspended in RPMI 
1640 medium that contained 10% FCS, streptomycin, and penicillin at a 
concentration of 106 cells/ml. Three ml of the suspension were incubated in a 
Falcon tissue culture dish (60 x 15 mm; Becton Dickinson Labware, Oxnard, 
CA) with 10 pg/ml of Con A (Sigma. St. Louis, MO) for 3 days. Lymphocytes 
were harvested, washed 5 times with PBS that contained 5% FCS, and pelleted 
for two-color immunofluorescence staining. 

MAbs. The c143 (mouse IgG2b) MAb was generated and characterized 
previously (19, 20, 31-33, 50). 4 The monoclonal antibodies CACT138A 
(mouse IgG1 anti-BoCD4) (34), CACT80C (mouse IgG1 anti-BoCD8) (34), 
BAQ95A (mouse IgG1 anti-BoCD2) (34), CACT105A (mouse IgG1 anti- 
BoCD5) (34), BAQ82A (mouse IgM anti-BoCD6) (34), BAS9 (mouse IgM 
anti-bovine B-cell-specific molecule B1) (35), BAQ44A (mouse IgM anti- 
bovine B-cell-specific molecule B2) (35), CHI37A (mouse IgM anti-bovine 
MHC class II antigen-positive monocytes) (34), and BAQ4A (mouse IgG1 
anti-bovine N-cell-specific molecule N2) (35) were purchased from Veterinary 
Medical Research and Development, Inc. (Pullman, WA). The Pig45A (mouse 
IgG1 anti-bovine IgM) (34) was provided by Dr. W. C. Davis (College of 
Veterinary Medicine, Washington State University, Pullman, WA). These 
MAbs were used for the detection of surface markers on cells from BLV-free 
normal and BLV-infected cattle. 

Biotinylation of the IgG Fraction of the c143 MAb. Biotinylation of the 
IgG purified by ion-exchange chromatography from the ascitic fluid of c143 
MAb was performed using N-hydroxysuccinimidobiotin (NHS-Biotin; Pierce, 
Rockford, IL) as described elsewhere (36). 

Immunofluorescence Staining and Flow Cytometry. For one-color im- 
munofluorescence staining, 106 cells were incubated with biotinylated c143 

MAb for 15 rain at 4~ washed 3 times in PBS that contained 5% FCS, and 
treated with AV-FITC (Becton Dickinson Immunocytometery Systems, Inc., 
San Jose, CA) for 15 rain at 4~ Cells were suspended in staining medium 
[1 lag/ml propidium iodide (Sigma), 0.1% NAN3, and 4% FCS in PBS] and 
analyzed on a FACScan system (Becton Dickinson Immunocytometry Sys- 
tems, Moutain View, CA) with a Hewlett-Packard computer and Consort 30 
software (Becton Dickinson). 

For two-color immunofluorescence staining, 106 cells were first incubated 
with biotinylated c143 MAb and one of the different subclasses of antibodies 
for 15 min on ice, and subsequently they were treated with FITC-conjugated 
rat anti-mouse IgG 1 (Zymed Laboratories, Inc., San Francisco, CA) or FITC- 
conjugated rat anti-mouse IgM (Zymed Laboratories) and SAV-APC (Becton 
Dickinson). Stained cells were suspended in staining medium and analyzed on 
a FACStar plus system (Becton Dickinson). Multiparameter data were collected 
and analyzed using FACS-DESK (version 1.2) run on a Digital Micro VAX-II 
GPX, configured as described elsewhere (37). 

Fluorescence intensity of individual cells was measured in relative fluores- 
cence units. Data were collected for l04 viable cells by measurements of 
forward light-scattering intensity and propidium iodide exclusion. For negative 
controls, cells were stained with normal mouse serum and second antibody. 

Immunohistological Procedure. Acetone-fixed cryosections were pre- 
treated with normal equine serum for 20 min and subsequently incubated with 
c 143 MAb as a primary antibody for 30 min. Immunohistological staining was 
performed by the ABC method (38), using a Vectastain ABC kit (Vector 
Laboratories, Inc., Buflingame, CA). 

Detection of BLV Provirus. Total chromosomal DNA was extracted from 
PBMC or tumors by the method of Hughes et al. (39). The extracted DNAs 
(10 pg) were exhaustively digested with either SacI or HindIII and then 
analyzed by the Southern blot method (40), with the 32P-labeled 6.9-kilobase 
EcoRI/SacI fragment of BLV proviral DNA as probe (41). 

Serotest. An immunodiffusion test was performed to detect antibodies to 
BLV, using commercial kits of the BLV env glycoprotein gp60 and gag protein 
p24 (Kitasato Institute, Tokyo, Japan) as antigens. 

RESULTS 

Reactivity of  the c143 MAb with PBMC or Tumor Cells from 
BLV-free Normal  and BLV-infected Cattle. Previous results (50) 
indicated that the proportion of c143 MAb-posit ive cells in PBMC 

or tumor cells correlated well with the stage of  progression of  the 

lymphosarcoma induced by BLV. To determine in further detail the 

possibility of  this antigen as a cell-surface marker for identification 

of  EBL, we examined by one-color flow cytometry for reactivity of  

the c143 MAb with more samples, such as freshly isolated PBMC 

or tumors from BLV-free normal cattle, BLV-infected but healthy 

cattle, BLV-infected cattle with lymphocytosis,  and cattle with EBL 

(Table 1). An increase in the proportion of  c143 MAb-posit ive cells 

was found in PBMC of all BLV-infected cattle. Whereas the propor- 

tion of  c143 MAb-posit ive cells in the PBMC was approximately 

32.5% in BLV-free normal cattle, that of  BLV-infected cattle varied 

from 39.0 to 98.3%. Furthermore, the proportion of the c143 MAb- 

positive cells among tumor cells from 24 cattle with EBL was ex- 
tremely high (89.4 _ 10.0%, mean + SD), as compared with that in 

the PBMC from the same animals. Since present findings show the 
same tendency as previous results (50), we may conclude that the 

c143 TAA serves as an important cell-surface marker of  EBL. 

Phenotypic Characterization of Cells That Carry the c143 TAA. 
Since the c143 TAA may be a useful surface marker for the identifi- 

cation of  EBL, the surface phenotype of  c143 MAb-posit ive cells was 

analyzed in detail. We performed double-color f low cytometry of  

PBMC from 3 BLV-free normal cows that had been double-stained 
with the c143 MAb and one of  other mouse MAbs, such as anti- 

BoCD4, anti-BoCD8, anti-bovine IgM, anti-macrophage, and anti-N- 
cell-specific molecule, N2 (Fig. 1). Typical flow cytometric profiles of  
PBMC obtained from three normal cows were very similar. The 
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Table 1 Reactivity' of  the c143 monoclonal antiboc(~' with PBMC and tumors from 
normal cattle and those with lymphosarcoma 

Cells were incubated with biotinylated c143 MAb and then with AV-FITC. Stained 
cells were analyzed by FACScan. 

No. of positive 
cases/no, of % of c143- 

Cell tested cases tested positive cells 

PBMC from BLV-free normal cattle 14/14 

Samples from BLV-infected cattle b 
PBMC from BLV-infected but healthy cattle 4/4 
PBMC from BLV-infected cattle with 4/4 

lymphocytosis 
PBMC from cattle with lymphosarcoma 28/28 
B-lymphoma from cattle with 24/24 

lymphosarcoma 

Samples from cattle with SBL 
B-lymphoma from cattle with calf form 3/3 
T-lymphoma from cattle with calf form 0/2 
T-lymphoma from cattle with thymic form 0/1 

32.5• ~ 

45.5• 
68.2• 

77.8 __. 12.8 
89.4 • 10.0 

94�9 • 6.8 
c 

" Mean • SD. 
b BLV-infected cattle were classified according to previously established criteria (22) 

and genomic integration of the BLV-provirus. 
c -, results negative for specific fluorescence. 

analysis showed that the majority of B-lymphocytes (95.1% of B- 

lymphocytes) and macrophages (85.5% of  macrophages),  as well as a 

small population of  freshly isolated BoCD4-posit ive T-lymphocytes 

(16.7% of  BoCD4-posit ive T-lymphocytes), coexpressed the c143 

TAA. In contrast, the BoCD8-posit ive and N-lymphocytes failed to 

react with c143 MAb. Next, PBMC from 2 normal cows were cultured 

for 3 days in the presence of  Con A and examined by double-color 

immunofluorescence staining. As shown in Fig. 2, there were c143 

bright- and low-positive populations among the Con A-activated 

mononuclear  cells. About 90% of B-lymphocytes (6.1% of  total cells) 

and about 85% of  macrophages (23.2% of total cells) were stained 

with c143 MAb. About 60% of  mitogen-stimulated BoCD4-posit ive 

lymphocytes (21.3% of  total cells) and BoCD8-posit ive lymphocytes 

(16.6% of  total cells) coexpressed the c143 TAA. It is interesting to 

note that most of the activated N-lymphocytes coexpressed c 143 TAA 

at a low, but not at a bright, level (2.8% of  total cells). As assessed by 

double-color flow cytometry, c143 TAA is expressed on normal B- 

lymphocytes,  macrophages,  and a minor population of  BoCD4-posi- 

tive T-lymphocytes and on activated T- and N-lymphocytes.  

Previous immunohistological  analysis demonstrated that cells other 

than lymphocytes in lymphoid organs also reacted with c143 MAb 

(32). Therefore, we reexamined these sections in detail. As shown in 

Fig. 3, specific positive staining was observed on the reticulum cells 

and a small number  of  lymphocytes  in the thymic medulla from all 

fetus examined. By contrast, lymphocytes in cortex of  the thymus 

were negative. Furthermore, positive cells were observed among re- 

ticular cells in the medullary sinus of all superficial cervical lymph 

nodes tested and in all spleens tested (Fig. 4). This result indicates that 

the c143 TAA is expressed on reticular cells in lymphoid tissues. 

To ascertain the specificity of  cell types that express the c143 TAA, 

we examined several bovine B- and T-lymphomas by one-color flow 

cytometry (Tables 1 and 2). The c143 MAb reacted with six lines of  

B- lymphoma cells established from peripheral leukemic cells or tu- 

mors of  different cows with EBL, namely, BLSC-KU-1,  BLSC-KU-8,  

BLSC-KU17,  BL312, BL2M3, and EBLC-1, but not with two lines of 

T- lymphoma cells, TBL-1 established from peripheral leukemic cells 

of a cow with the thymic form of  SBL, and C3 established from the 

tumor of a cow with the calf form of  SBL (Table 2). Next, freshly 

isolated tumors from six cases of  SBL, including five cases of the calf 

form and one case of  the thymic type, were stained with c143 MAb 

(Table 1). The c 143 MAb was reactive with B- lymphomas from three 

cows with the calf type of  SBL, and the values were 94.3 _+ 6.8%. In 

contrast, no c 143 MAb-posit ive cells were found in two T-lymphomas 

(BoCD2+BoCD5§ -) from two cows 

with the calf form of  SBL (0.2 and 5.2%, respectively) and in one 

T-lymphoma (BoCD2-BoCD5+BoCD6+BoCD4-BoCD8-IgM -) from 

one cow with the thymic form (4.5%). When these three T-lymphomas 

were examined for reactivity with the c143 MAb after stimulation by 

Con A for 3 days, no induction of the expression of c143 TAA 

occurred in any of  the three cases (data not shown). Furthermore, 

normal bovine adherent cell lines, such as MDBK and 23CLN. and 

three macrophage lines, as well as FLK/BLV and Tb 1Lu/BLV bat cells 

infected persistently with BLV, did not express this antigen (Table 2). 

Fig. 1. Double-color flow cytometric analysis of 
resting bovine mononuclear cells. PBMC from a 
BLV-free normal cow (C1) were incubated with 
biotinylated c143 MAb and one of the following 
MAbs: CACT138A (anti-BoCD4), CACT80C 
(anti-BoCD8), CA 137A (anti-bovine MHC class II 
antigen-positive monocytes), BAQ4A (anti- 
bovine N-cell-specific molecule N2), and PIg45A 
(anti-bovine IgM) and subsequently treated with 
FITC-conjugated rat anti-mouse IgG1 or FITC- 
conjugated rat anti-mouse IgM and SAV-APC. 
Stained cells were analyzed using FACStar pluS. On 
the basis of control staining (cells reacted with sec- 
ond antibody only), each profile was separated into 
four quadrants, which signify single-positive (red 
or green), double-negative, or double-positive 
staining. 
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Fig. 2. Double-color flow cytometric analysis of mi- 
togen-activated bovine mononuclear cells. PBMC from 
a BLV-free normal cow (C l) were stimulated with Con 
A for 3 days and then incubated with biotinylated c143 
MAb and one of the following MAbs: CACTI38A (an- 
ti-BoCD4), CACT80C (anti-BoCD8), CA137A (anti- 
bovine MHC class II antigen-positive monocytes), 
BAQ4A (anti-bovine N-cell-specific molecule N2), and 
PIg45A (anti-bovine IgM) and subsequently treated 
with FITC-conjugated rat anti-mouse IgG1 or FITC- 
conjugated rat anti-mouse IgM and SAV-APC. Stained 
cells were analyzed by FACStar pn~. On the basis of 
control staining (cells reacted with second antibody 
only), each profile was separated into four quadrants, 
which signify single-positive (red or green), double- 
negative, or double-positive staining. 

T U M O R - A S S O C I A T E D  A N T I G E N  O N  B L V - I N D U C E D  L Y M P H O S A R C O M A  
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Expression of c143 TAA during Various Stages of Differentia- 
tion of B-Lymphocytes. In order to determine whether  the c143 

TAA is a useful marker  of  differentiation during the development  of  

bovine B-lymphocytes ,  we performed single-color flow cytometry.  

Since c 143 TAA is phylogenet ical ly  conserved in mammal ian  species 

(20), we used mouse B-cell lines that had been well characterized, 

such as immature  B-cells t ransformed with Abelson murine leukemia 

virus, mature B-cells, and plasma cells. As indicated in Fig. 5, the 

c 143 MAb reacted with 46 -6  pro-B-cell  line (A), the Ig6.3 pre-B-cell  

line (B), the Ig6.11 virgin B-cells (C), and WEHI231 mature B-cells 

(D). However,  P 3 . N S 1 / 1 - A g 4 . 1  cells, which were  used as plasma 

cells (E), were complete ly  negative for binding of  the c143 MAb.  The 

same result was obtained by immunohis tological  staining of  superfi- 

cial cervical lymph nodes f rom normal cattle (Fig. 4). Al though the 

expression of  the c 143 TAA was prominent  on follicles, which cor- 

respond to areas of  B-dependent  lymph nodes (data not shown), the 

c143 MAb did not react with plasma cells. Since B- lymphocytes  

express the c143 TAA during the differentiation f rom pro-B-cells to 

mature B-cells and plasma cells, which are terminally differentiated 

B-lymphocytes ,  express no detectable antigen, c143 TAA may  be a 

useful surface marker  for assessment  of  differentiation of  bovine 

B-cell. 

Fig. 3. A, paraffin section of fetal thymus stained 
with hematoxylin and eosin. B, frozen section stained 
by the ABC method with the c143 MAb as the pri- 
mary antibody. Surfaces and cytoplasm of reticular 
cells and a small number of lymphocytes reacted 
positively in the medulla (Me) and negatively in the 
cortex (Co). x 450. 
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Fig. 4. A, paraffin section of a superficial cervi- 
cal lymph node from a normal cow stained with 
hematoxylin and eosin. B, frozen section stained by 
the ABC method with c143 MAb as the primary 
antibody. The ct43 MAb reacted with reticular 
cells in medullary sinus (Ms) but not with plasma 
cells (arrows) in medullary cord (Mc). • 450. 
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Surface Phenotypes of Cells That Carry the c143 TAA at Dif- 
ferent Stages of Progression of EBL. c 143 TAA is not only a useful 
tumor marker of EBL but also a marker of differentiation of lymphoid 
cells. Thus, in order to determine the stage of differentiation of BLV- 
induced lymphosarcoma, we characterized in detail the surface phe- 
notype of cells that carried the c143 TAA among PBMC from 2 
BLV-free normal cows, 2 BLV-infected cows with lymphocytosis, and 
2 cows with lymphosarcoma, and tumors from 7 cows with lympho- 
sarcoma, by double-color flow cytometry with the c 143 MAb and the 
various MAbs against BoCD2, BoCD4, BoCD8, BoCD5, BoCD6, 
N-lymphocyte-specific molecule N2, bovine IgM, and B-lymphocyte- 
specific molecules B 1 and B2 (Fig. 6 and Table 3). The small popu- 
lation of c143 MAb-positive PBMC from 2 BLV-free normal cattle 
coexpressed surface markers, such as BoCD2, BoCD4, and BoCD6 
(mean, 4.7, 3.4, and 9.6% of total cells, respectively; Fig. 6). However, 
the sizes of these populations were markedly reduced in the case of 
PBMC from 2 BLV-infected cows with lymphocytosis, and there were 
none of all in the PBMC from 2 cows with lymphosarcoma (Fig. 6) or 
tumors from 7 cows with lymphosarcoma (Table 3). By contrast, the 
populations of cells that were doubly positive for anti-BoCD5 and 
c143 MAbs were extremely large in the PBMC of 2 BLV-infected 
cattle with lymphocytosis (mean, 41.4% of total cells), as compared 
with those of normal cattle (mean, 18.0% of total cells) (Fig. 6). In 
PBMC and tumors from cows with lymphosarcoma, >90% of cells 
expressing the c143 TAA had a positive reaction with anti-BoCD5 
MAb (Fig. 6 and Table 3). Although the population expressing the 
c143 TAA consists of B 1-negative and B1 low- and bright-positive 
cells in BLV-free normal cattle, in 2 BLV-infected cows with lym- 
phocytosis the population of B1 bright-positive cells was markedly 
reduced in size, and >40% of c143 MAb-positive cells coexpressed 
B 1 at low levels (Fig. 6). Moreover, the expression of B 1 was very 
weak in the majority of c143 MAb-positive cells in PBMC from 2 
cows with lymphosarcoma (Fig. 6) and in tumors from 6 (El-E4, E6, 
and E7) of 7 cows with lymphosarcoma (Table 3). The percentage of 
cells expressing B2 was about 35% in the c143 MAb-positive popu- 
lations in PBMC from 2 normal cows and from 2 cows with lympho- 
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cytosis, and it was about 93% in PBMC and tumors from cattle with 
lymphosarcoma (Fig. 6 and Table 3). In addition, the increase in the 
size of populations that coexpressed slgM and c143 TAA accompa- 
nied the progression of the lymphosarcoma induced by BLV (Fig. 6). 
However, tumors from 2 (E 1 and E2) of 7 cows with lymphosarcoma 
did not express slgM (Table 3) and intracellular IgM (data not shown). 
No c143 MAb-positive cells from any BLV-free normal and BLV- 
infected cattle reacted with anti-BoCD8 and anti-N2. 

DISCUSSION 

The study of a double-color flow cytometry of bovine mononuclear 
cells using the c143 MAb and other MAbs against leukocyte differ- 
entiation markers demonstrated that the c143 TAA is expressed on 
B-cells, macrophages, and a minor population of BoCD4-positive 
T-cells and on activated BoCD4-positive T-cells, BoCD8-positive T- 
cells, and N-cells. Immunological staining revealed the expression of 
c143 TAA on the reticular cells as well as lymphocytes in lymphoid 

Table 2 Reactivi~' of the c143 monoclonal antibody with bovine, sheep, 
and bat cell lines 

Cells were incubated with biotinylated c143 MAb and then with AV-FITC. Stained 
cells were analyzed by FACScan. 

Cells Cell type Reactivity 

BLSC-KU- I Bovine B-lymphoma + a 
BLSC-KU-8 Bovine B-lymphoma + 
BLSC-KU- 17 Bovine B-lymphoma + 
BL2M3 Bovine B-lymphoma + 
BL312 Bovine B-lymphoma + 
EBLC-1 Bovine B-lymphoma + 
TBL- 1 Bovine T-lymphoma - 
C3 Bovine T-lymphoma - 
MDBK Bovine kidney - 
23CLN Bovine lymph node - 
B.Mono(728)M6 Bovine monocyte - 
B.LN.M6 VIII-21'89 Bovine lung macrophage - 
B.Sp.M6 TX- 11 '89 Bovine spleen macrophage - 
FLK/BLV Fetal lamb kidney producing BLV - 
TblLu/BLV Bat cells producing BLV - 

"+, results positive for specific fluorescence; - ,  results negative for same. 
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Fig. 5. Single-color flow cytometric analysis of  B-lymphocytes at various stages of 
differentation. Cells of the 46-6  mouse pro-B-cell clone (A), Ig6.3 mouse pre-B-cell clone 
(B), Ig6.11 mouse virgin B-cell clone (C), WEHI 231 mouse mature B-cell line (D), and 
NSI mouse myeloma cell line (E) were incubated with biotinylated c143 (solid line) or 
PBS that contained FCS (broken line) as a control and then with AV-FITC. Stained cells 
were analyzed by FACScan. 

tissues. However, plasma cells had lost this antigen. These findings 
strongly suggest that c143 TAA is a differentiation marker of bovine 
lymphoid cells. Furthermore, the c143 MAb reacted with 3 B-lym- 
phomas from cattle with SBL, which is not caused by BLV, with 
B-lymphomas from all cattle with EBL tested, and with 6 BLV- 
induced B-lymphoma lines but not with any T-lymphomas without the 
BoCD4 and BoCD8 surface markers from cattle with SBL. In addi- 
tion, since c143 MAb did not react with FLK/BLV and TblLu/BLV 
bat cells, with a bovine kidney cell line (MDBK), or with a bovine 
lymph-node cell line (23CLN), it seems that fibroblast-like cells, such 
as fetal lamb kidney cells and bat cells, may not produce this antigen 
after infection with BLV. These results indicate that the expression of 
the c143 TAA is not specifically induced by the infection with BLV. 
Moreover, it became evident that only B-lymphocytes, which are the 
main target cell for infection by BLV among the various c143 MAb- 
positive cell lineages, increased with the progression of EBL. There- 
fore, the data obtained from this study also provide strong evidence 
that c143 TAA may be a useful surface marker for the identification of 
EBL. However, further study is required to clarify whether or not the 
induction of expression of the c 143 TAA occurs after the infection of 
T-lymphocytes by BLV because BLV provirus was found not only in 
B-cells but also in BoCD4-positive T-cells and BoCD8-positive T- 
cells from BLV-infected cattle without tumors (8, 9). 

It appeared that the c 143 TAA was expressed in several cell lineages 
from BLV-free normal cattle, and, in addition, an increase in the 
number of cells positive for the c 143 TAA, as well as the glycosyla- 
tion and the serine phosphorylation of this antigen, occurred in BLV- 
infected cattle with the progression of EBL (50). Thus, the c 143 TAA 
is an antigen, the modified structure of which is expressed at high 
levels in tumor cells, while the native structure is expressed in normal 
cells. Therefore, the c143 TAA has distinct characteristics from the 
usual TAAs which can be classified according to their specificity of 
expression (42). Although the c 143 TAA is expressed in normal cells, 
it may, however, be a useful marker for identification of EBL tumors 
like a certain TAA in tumors such as melanoma, neuroblastoma, 
Burkitt's lymphoma, and adenocarcinoma, considering the quantita- 
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tive and qualitative differences in the expression of the antigen on 
lymphosarcoma cells as compared to normal cells. 

In normal cattle, c143 MAb-positive cells consist of various sub- 
populations of cells that express the BoCD4, BoCD5, BoCD6, and 
sIgM, B-cell-specific molecule B1 low, B1 bright, and B2 antigens. 
Our results also demonstrate that a significant increase in the numbers 
of cells that express the c143 TAA parallels the progress of EBL and 
that sIgM§ + B-cells account for most of the increase in numbers 
of cells that express the c143 TAA among lymphocytes circulating in 
the blood of BLV-infected cattle and in neoplastic cells from cattle 
with EBL. This conclusion reflects the findings of a previous report 
(43) that BLV-infected B-cells from cattle with PL were found to 
express simultaneously high concentrations of both sIgM and CD5 
molecules. It is interesting to note that, in normal cattle, the c143 
MAb-positive cells are expressed as B 1 bright, B 1 low, and B 1 neg- 
ative. However, at the stage of lymphocytosis, B 1 bright cells were 
absent and only B 1 low and B 1-negative cells are present. These 
results indicate that, although cases of lymphocytosis have polyclonal 
populations of ceils that carry BLV provirus, B-cells carrying certain 
phenotypes may selectively increase in proportion to others in BLV- 
infected cattle without tumors. 

From the detailed phenotypic characterizations of tumors from 7 
cases of EBL which appeared to be a monoclonal population of cells 
carrying BLV provirus (Table 3), EBL tumors could be classified 
phenotypically into two types: c143 TAA+CD5§ low+B2 + 
and sIgM + or sIgM-, representing a B-cell lineage. Since immuno- 
logical staining showed that c143 TAA + sIgM- tumors also have no 
intracellular IgM (data not shown), they may be either mature B-cells 
that express another immunoglobulin isotype or, alternatively, plasma 
cells. However, since the c143 TAA is expressed during the differen- 
tiation from the pro-B-cell stage to the mature B-cell stage and is lost 
by the end stage of differentiation of B-cells, the c143 TAA+sIgM - 
tumors may be mature B-cells and not plasma cells. In addition, c 143 
TAA+sIgM + tumors may be either virgin or mature B-cells, which 
show cell-surface expression of IgM. Heeney and Valli (4) demon- 
strated that EBL lymphomas are tumors of mature B-cells with com- 
mon characteristics, suggesting that pressures associated with infec- 
tion by BLV that favor development of tumors are manifested late in 
B-cell ontogeny, possibly during the isotype-switch period. Therefore, 
EBL tumors may arise from subsets of mature B-cells that carry c143 
TAA. 

The MHC class II antigens have been shown to be expressed on 
B-cells, a minor population of T-cells, activated T-cells, macrophages, 
and reticular cells (44), and normal peripheral B-lymphocytes coor- 
dinately express these molecules until they are lost by the cells at the 
end stage of differentiation of B-cells (45). These characteristics of 

Table 3 Reactivity of the c143 monoclonal antibody-positive EBL tumors with various markers of lymphocyte differentiation, as assessed by double-color flow cytometry 

Freshly isolated tumors from individual cows with EBL were incubated with biotinylated c143 MAb and one of the following MAbs: BAQ95A (anti-BoCD2), CACT138A 
(anti-BoCD4), CACT80C (anti-BoCD8), CACT105A (anti-CD5), BAQ82A (anti-CD6), BAQ4A (anti-bovine N-cell-specific molecule N2), PIg45A (anti-bovine IgM), BAS9A 
(anti-bovine B-lymphocyte-specific molecule B1), and BAQ44A (anti-bovine B-lymphocyte-specific molecule B2) and subsequently treated with FITC-conjugated rat anti-mouse IgG1, 
FITC-conjugated rat anti-mouse IgM, or SAV-APC. Stained cells were analyzed using FACStar phys. 

% of Intensity of  staining of c143-positive cells with monoclonal antibodies against: 
EBL c 143-positive 

cases a cells CD2 CD4 CD8 CD6 CD5 N2 IgM B I B2 

El  88.8 _b _ _ _ + _ _ (+) ++ 
E2 82.4 . . . .  + _ _ (+) ++ 
E3 97.9 . . . .  + _ + (+) ++ 
E4 96.2 . . . .  + _ + (+) ++ 
E5 91.9 . . . .  + _ + + ++ 
E6 98.7 . . . .  + _ + (+) ++ 
E7 98.8 . . . .  + _ + (+) ++ 

All of  the lymphosarcoma tumors from cattle with EBL that were examined contained clonally integrated BLV provirus, as determined 
b Scoring of intensity of immunofluorescence: ++, strongly positive; +, positive; (+), weakly positive; - ,  negative. 
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by Southern blotting. 
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Fig. 6. Characterization of leukocyte differentiation markers by double-color flow cytometric analysis of peripheral blood mononuclear cells from BLV-free normal and BLV-infected 
cattle. PBMC from a BLV-free normal cow (C2), a BLV-infected cow with lymphocytosis (P115), and a cow with lymphosarcoma (E6) were incubated with biotinylated c143 MAb 
and one of the following MAbs: BAQ95A (anti-BoCD2), CACT138A (anti-BoCD4), CACT80C (anti-BoCDS), CACTI05A (anti-BoCD5), BAQ82A (anti-BoCD6), BAQ4A 
(anti-bovine N-cell-specific molecule N2), PIg45A (anti-bovine IgM), BAQ9 (anti-bovine B-lymphocyte-specific molecule BI), and BAQ44A (anti-bovine B-lymphocyte-specific 
molecule B2) and subsequently treated with FITC-conjugated rat anti-mouse IgG l, FITC-conjugated rat anti-mouse IgM, or SAV-APC. Stained cells were analyzed using FACStar puu~. 
On the basis of control staining (cells reacted with second antibody only), each profile was separated into four quadrants, signifying single-positive (red or green), double-negative, 
or double-positive staining. 
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class II antigens are quite similar to the phenotype and ontogeny of the 
c143 MAb-positive cells; c143 TAA was mainly expressed on B-cells, 
a minor population of BoD4-positive T-cells, macrophages, and retic- 
ular cells, on activated BoCD4-positive T-cells and BoCD8-positive 
T- and N-cells, and during the differentiation from the pro-B-cell stage 
to the mature B-cell stage. In addition, the nature of the c143 TAA, 
which is membrane associated and partially exposed on the cell sur- 
face (50) and which is phylogenetically conserved in mammalian 
species (20), is likely to be that of a class II antigen (44). Malignant 
B-lymphocytes often exhibit a quantitative and/or qualitative change 
in the expression of class II antigens (46--49), suggesting that abnor- 
mal patterns of such expression in malignant B-lymphocytes can 
effect the recognition of tumor cells by the immune system of the host. 
We have found that the quantitative and qualitative change in the 
expression of c143 TAA in BLV-infected cattle are as follows: (a) the 
number of cells positive for the c 143 TAA increases with the progres- 
sion of BLV-induced EBL; (b) the progression of EBL is closely 
correlated with an increase in glycosylation of the c 143 TAA (50), and 
(c) c143 TAA is phosphorylated only during the leukemic stage of 
BLV-induced lymphosarcoma (50). Therefore, if the induction and 
maintenance of an efficient antitumor immune response are impaired 
by abnormal patterns of expression of c143 TAA, such an impairment 
would contribute to the malignant clinical behavior of the tumor. In 
order to clarify the role in EBL tumors of the c143 TAA, cloning and 
sequence analysis of its cDNA are indispensable. 
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