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Abstract

We investigated the relationships between the serum Y -globulin concentration and the
pathological characteristics in 4 types of bovine lymphosarcoma including the adult, calf,
thymic and skin forms. In 5 cases of the adult form, there were extensive neoplastic
proliferations in the lymph nodes and they -globulin concentration was low. Four cases of
the calf form showed systemic lymph node involvement, and the concentration was low in
one case and much lower in 3 cases. IgM was absent in 3 cases. In the thymic form, one
case showed a slightly high concentration with systemic neoplastic lesions in the lymph
nodes, whereas in the other the concentration was normal and lesions were localized. In a
cow with the skin form, the concentration was low in the tumor stage but markedly increased

in the regressive stage.
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Introduction

Bovine leukosis has been classified into enzootic
and sporadic forms®. The former is almost invaria-
bly seen in bovine leukaemia virus (BLV)-infected
adult cattle, and is referred to as the adult form®.
The latter consists of 3 clinicopathological types; the
calf, thymic and skin forms'?. These neoplasms are
malignancies of the lymphoid system?, which is close-
ly related to immunological functions. It is likely
that generalized immunological disorders occur in cat-
tle with the lymphoid malignancies. Abnormal
electrophoretic patterns of serum proteins are recog-
nized in some of the human lymphomas'®. Al-
though serum protein concentrations have been
determined in some cattle with Ilympho-
sarcoma’?'%'?  few studies have dealt with the re-
lations between serum protein concentration and
pathological characteristics. The purpose of the
present study was to analyze the relationships be-
tween the serum +-globulin concentration and patho-
logical characteristics in 4 types of bovine
lymphosarcoma.

Materials and methods

1) Animals

Leukosis in cattle was classified into 4 groups:
(1) the adult form including 5 cases, (2) the calf
form consisting of 4 cases in which 3 cases older
than the age of calves were included, due to the
presence of characteristic calf form lesions?'*%, (3)
the thymic form including 2 cases and (4) the skin
form in a cow'”. A 2-year-old healthy heifer, which
was negative for BLV antibodies, was used as a con-
trol animal.

2) Hematological, serological and serum protein

analyses

Number of peripheral lymphocytes was calculat-
ed based on leukocyte counts and the percentage of
differential leukocytes in blood smears stained with
Giemsa solution. The agar gel immunodiffusion test
was applied to serum samples for the demonstration
of antibodies to BLV'.

The total serum protein concentrations were de-
termined by the biuret method according to the
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method of Coles”. The serum protein patterns were
examined by electrophoresis on a cellulose-acetate
membrane®® and the electrophoretic graphs were
analyzed using a spectrophotometer DU-8 (Beckman
Co., U.S.A.). Agar gel immunoelectrophoresis was
carried out on microscope slides using anti-bovine
v-globulin rabbit serum (Miles Lab., U.S.A.) and
anti-bovine IgM rabbit serum ( p-chain specific, Miles
Lab., U.S.A)Y.

3) Cell surface markers

Mononuclear cells were isolated from the peripher-
al blood and neoplastic tissues of cattle with lym-
phosarcoma, and also from the peripheral blood,
lymph nodes and thymus of a healthy heifer by the
sodium metrizoate/Ficoll procedure (Lymphoprep,
Nyegaard Co., Norway). The erythrocyte rosette-
forming (RF) test for the demonstration of T-cells
was performed by Paul’s method'”. Aliquots of
1 x 10° mononuclear cells suspended in 100 ul of
RPMI-1640 medium were mixed with 200 gl of 1%
sheep erythrocytes (SRBC). The suspension was
incubated at 37°C for 10 min and later at 4°C over-
night. A drop of 0.5% trypan blue was added and
200 live cells were counted. When each cell adhered
to more than 3 SRBC, the reaction was considered
to be positive. For the surface membrane im-
munoglobulin (slg), a marker of B-cells, 1 x 10° cells
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were resuspended in 50 pl of 1:20 dilution of
fluoresceinated anti-bovine IgM rabbit serum (p-chain
specific. EY Lab., U.S.A.) and incubated at 4°C
for 30 min. Then 200 live cells were counted under
a Zeiss Axiophoto microscope equipped with an
epifluorescent apparatus. The standard deviation
(SD) of mean was calculated from the results of RF
and slg tests,

4) Pathological examination

Tissue samples were fixed in 10% neutral buffered
formalin and processed by a routine paraffin wax
sectioning method. Thin sections were stained with
haematoxylin and eosin (HE) or by silver impreg-
nation.

Small blocks of neoplastic tissues were fixed in
2.5% glutaraldehyde, postfixed in 1% osmium tetrox-
ide, and embedded in Epon. Ultrathin sections were
stained with uranyl acetate and lead citrate, and then
examined under an electron microscope (JEOL
100CX).

The immunoperoxidase method was applied to
paraffin sections, After deparaffinization, sections
were incubated with primary antibodies; rabbit
anti-bovine IgM (u-chain specific, Miles Lab.,
U.S.A.), rabbit anti-bovine IgG (Fc specific, EY Lab.,
U.5.A.) or rabbit anti-bovine IgA (a-chain specific,
Miles Lab., U.S.A.). A biotin-streptavidin system

Table 1. Results of hematological and serum protein analyses
Age BLV Number of Albiris Glo_bulin_ (g/dl) Tata‘l IaM
No. Breed Gyears) sitibodice lymphocytes (/dl) protein lin
(10%/ 1) a 8 2 (g/dl) ¢
(Adult form)
1 HY 4.0l F + 17.1 3.4 14 07 1.1 6.6 + 9
2 H 8.0 F + 9.3 3.8 2.0 1.1 L2 8.1 +
3 H 2.0 F + 21.0 4,5 1.2 0.8 1.5 8.0 A+
4 H 5.0 F + 8.3 316 1.5 0.7 1.7 7.5 +
5 I 4.10 F i 7.2 3.0 14 08 1.7 6.9 +
(Call’ form)
6 H 6.0 F - 107.6 3.8 1.5 0.7 0.3 6.3 -
7 H 1.06 F - 4.4 2.9 1.5 0.6 05 5.5 + 9
8 H 0.03 F - 4.4 2.9 1:1 0.7 0.5 5.2 -
9 H 2.04 F - 60.2 2.3 2.0 1.3 1.7 7.3 -
(Thymic form)
10 H 2.08 F - 6.7 3.0 1.0 0.9 2.9 7.8 +
11 H 1.03 F - 3.4 3.9 1:3 1.3 2.4 9.0 +
(Skin form)
[2Tu® H 2.03 F - 5.0 4.4 1.8 L2 08 8.2 +
Re" 2.9 1.3 0.8 34 8.2 -
(Control)
13 H 2.0 F - 6.1 3.5 1.0 0.6 22 7.3 +
a): H; Holstein. b): J; Japanese Black. ¢): +; Clear line. d): *; Weak line. ¢): Tu; Tumor stage,

f): Re; Regressive stage.
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(BioGenex Lab., U.S.A.) was used in the subsequent
processes.

Results

1)  Hematological, serological and serum protein
analyses

The lymphocyte counts, antibodies to BLV, se-
rum protein concentrations and the results of the
immunodiffusion test are presented in Table 1. A
marked increase of the number of peripheral lym-
phocytes was noted in 2 cases of the adult form
(Nos. | and 3) and 2 cases of the call form (Nos. 6
and 9). Antibodies to BLV were detected in all the
cases of the adult form.

The albumin concentration was low in some
animals and there were slight variations in «- and
B-globulin concentrations among the cases.

The y-globulin concentration markedly decreased
to 1.1-1.5 g/dl in 3 cases of the adult form (Nos. |
to 3), and moderately to 1.7 g/dl in 2 cases of the
same form (Nos. 4 and 5). In 3 cases of the calf
form (Nos. 6 to 8), the y-globulin concentration was
0.3-0.5 g/dl and much lower than that of the adult

Table 2. Results of surface marker and

form. The other case (No. 9) showed a moderate
hypogammaglobulinemia and the concentration of
y-globulin was 1.7 g/dl. In one case of the thymic
form (No. 10), the y-globulin concentration slightly
increased to 2.9 g/dl. In the other case (No. 11),
a normal value of 2.4 g/dl was recorded. In a cow

1a g

18

Fig. 1. Electrophoresis of sera from a healthy heifer (A)
and leukotic cattle (No, 8) with call form (B)
IgM line (arrow) is absent in leukotic cattle.

intracytoplasmic immunoglobulin examinations

Surface markers of
No. ~ blood lymphocytes (%)
slgh RF)
(Adult form)
1 88.2 6.6
2 90.2 8.8
K} 80.8 1.7
4 78.3 7.3
5 72.8 4.3
Mean §2.8 + 6.49 5.7£2.5
(Call’ form)
6 9.1 2.0
7 7.3 14.3
8 10.0 11.8
9 4.2 0.5
Mean 7.6+22 7.1+59
(Thymic form)
10 3.4 31.9
11 27.6 53.2
Mean 15.5 £ 12.1 45.5 = 10.6
(Skin form)
12 ND ND
(Control}
13 36.9 35.8

a): clg; Intracytoplasmic immunoglobulin-positive cells.

Surface markers in lymph _clg‘” in
nodes or thymus (%) lymph nodes
slg RF 1gM 1gG lgA
ND® ND - - -
66.41.9 6.4 - - -
ND ND = i =
51.0L 28.4L = s =
54.51L 27.9L =5 £ &=

64.0£2.2 20,9 £ 10.2

ND ND = = =
8.7L oL - - -
7L 10.1L - = &
2.8L 421 - - -
6.2+2.4 4.7+ 4.1 - = i
2.0T" 5.4T - = =
ST 22T ~ - i
3.5%1.5 3.8% 1.6 - = .
ND ND = = =
(52.5L)M (38.6L.) (+)" (+) (+)
(4.6T) (62.2T)

b): slg; Surface immunoglobulin-positive cells. ¢): RF; Cells

positive lor rosette-forming test. d): ND; Not done. e): L; Lymph nodes. 0): T; Thymus. g): Standard deviation
of the mean. h): Figures in parenthesis indicate values in normal lvmph nodes(L) and thymus(T). i): Normal plasma cells.
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with the skin form (No. 12), the concentration of thymic form, the percentages of slg-positive cells and
v-globulin decreased to 0.8 g/dl in the tumor stage, RF-positive cells in peripheral lymphocytes were
but increased to 3.4 g/dl in the regressive stage. different in each case. Although one case (No. 10)
Immunoelectrophoresis revealed the absence of showed 31.9% of RF-positive cells, a similar value
IgM lines in 3 out of 4 cases of the calf form (Nos. 6, to that of a normal control, the percentage of slg-
7 and 9) (Figs. 1A and 1B). The remaining one positive cells decreased to 3.4%. In the other case
(No. 8) had a weak IgM line. (No. 11), the level of RF-positive cells increased
moderately to 52.3%, while that of slg-positive ones
2) Cell surface markers decreased slightly to 27.6%. In the neoplastic thy-
The mean value of slg-positive cells in the adult mus, the mean values of slg- positive cells and RF-
form markedly increased to 82.8% (SD *6.4) and positive cells were 3.5% (SD*1.5) and 3.8%
that of RF-positive cells significantly decreased to (SD = 1.6), respectively. The neoplastic cells in the
5.7% (SD = 2.5) in peripheral lymphocytes (Table 2). thymic form were considered to have neither a B-
In the lymph nodes with extensive neoplastic involve- nor T-cell maker. Surface markers of neoplastic cells
ment of one case, the percentage of slg-positive cells in the skin form were not examined.
increased to 66.4% and that of RF-positive cells In a healthy heifer, slg-positive cells and RF-
decreased to 6.4% (No. 2), though the moderately positive cells amounted to 36.9 and 35.8% in the
involved lymph nodes in 2 cases contained slg-positive peripheral blood, 52.5 and 38.6% in the lymph nodes,
cells and RF-positive cells with percentages of 51.0 and 4.6 and 62.2% in the thymus, respectively.

and 28.4% in one case (No. 4), and 54.4 and 27.9%
in the other case (No. 5), respectively. Most of the 3) Pathological findings

neoplastic cells in the adult form were considered Adult form: In 3 cases (Nos. 1 to 3), there was
to harbor B-cell markers. In the calf form, the lev- an almost generalized neoplastic involvement of the
els of slg-positive cells and RF-positive cells were, lymph nodes, which consisted of extensive prolifera-
respectively, only 7.6% (SD*2.2) and 7.1% tion of neoplastic cells. The original structure of
(SD # 5.9) in the peripheral lymphocytes, and 6.2% many lymph nodes was almost completely absent ex-
(SD£2.4) and 4.7% (SD *x4.1) in the neoplastic cept for one case (No. 3). In the moderately in-
lymph nodes. The neoplastic cells were considered volved lymph nodes, the neoplastic cells tended to
to have neither a B- nor T-cell marker, In the proliferate in the sinuses. The other 2 cases (Nos. 4

Table 3. Results of pathological examination of neoplastic lesions

No, Lymph Spleen  Liver Kidneys Heart Lungs Al Uterus R Thymus  Skin Qutier
nodes masum marrow organs
{(Adult form)
1 +++GY + - “+ bt 4 b E B - - 4k
2 etG = - = * = + + = - = ++
3 ++ G 4+ = R +et ot o + b - - - e
4 + L® - - - bt = +4+ +++ = - - ++
5 + L = = = +4+ = +4+ +++ - - - ++
(Calf form)
6 R S R +++ + + - ek ++ - - b
7 +4+4+ 8 dotob ot ++++ - bt - + + + - oo
8 +++8 = +++ ++ - + = + 43 + = ot
9 +++8  ++ + ++ + ++ + + + - = ¥
(Thymic form)
10 ++ 8§ +++ ++ ++ = = - ++ + +++ = +
11 + L - - - - - - - - +++ - -
(Skin form)
12 + L - = + - e - - - - +44BY -
(Control)
13 - = = = - - = = = - - -

+++ 1 Severe neoplastic lesions without normal structure of the organs. ++ : Moderate neoplastic lesions with small
arca of normal structure of organs. + : Mild lesions with slight neoplastic cell proliferation. —: No lesions. a): G;
General distribution. b): S; Systemic distribution. c¢): L; Local distribution. d): B; Biopsied material.



8. Ishino et al.: Gamma-Globulin and Pathology in Bovine Lymphosarcoma 229

and 5) showed a localized neoplastic involvement of
the lymph nodes. The various extra-nodal tissues
were also invaded (Table 3). Ultrastructurally, neo-
plastic cells varied in size from small cells with scanty
cytoplasm to large cells with abundant cytoplasm.
The nuclei showed irregular contours with indenta-
tions, and contained coarse chromatin and large
nucleoli (Fig. 2). The rough-surfaced endoplasmic
reticulum (RER) was poorly developed. There were
a few mitochondria and small areas of Golgi ap-
paratus in the cytoplasm, and free ribosomes were
abundant, especially in the large cells.

Calf form: In all the cases, systemic neoplastic
involvement was observed in the lymph nodes, and
also characteristic involvement was observed in the
Glisson capsule of the liver and in the bone
marrow”®, The neoplastic tissues were also present
in other sites (Table 3). In 3 cases (Nos, 6 to 8),
the lymphatic parenchyma was crowded with neoplas-
tic cells, and normal lymphatic structures were ab-
sent. The other case (No. 9) showed very small areas
of normal lymphatic tissue surviving among severe
neoplastic proliferation. Ultrastructurally, the size
of the neoplastic cells differed in each case ranging
from small to medium. Small cells had scanty
cytoplasm with poorly developed RER and a few
mitochondria, and their nuclei were oval and chro-
matin was coarse. Medium-sized cells displayed

oval nuclei and abundant cytoplasm, in which or-
ganelles similar to those of small cells were observed
(Fig. 3).

Thymic form: One case (No. 10) showed a large
mass of neoplastic thymus and systemic neoplastic
lesions, which resembled those of the calf form. In
the other case (No. 11), neoplastic lesions were local-
ized in the thymus and a few lymph nodes surround-
ing it. Ulwrastructurally, the neoplastic cells were
small with round or slightly indented nuclei with con-
densed chromatin and inconspicuous nucleoli. The
organelles were poorly developed like those in the
calf form (Fig. 4).

Skin form: In addition to the neoplastic
lymphoid-cell proliferation in the skin, there were
palpable swellings of the superficial and pelvic lymph
nodes in the tumor stage. In the regressive stage,
the neoplastic cells disappeared from the dermis, and
most of the neoplastic cells in the lymph nodes and
kidneys degenerated with infiltration of normal lym-
phocytes and macrophages'"”. Numerous plasma cells
infiltrated many lymph nodes without neoplastic in-
volvement. Ultrastructurally, neoplastic cells were
polygonal in shape, and the organelles consisted of
poorly developed RER, a few mitochondria and
numerous ribosomes. The nuclei were round to oval
in shape, and contained a small amount of chroma-
tin and distinet nucleoli. Nuclear convolution was

Fig. 2. (left) Electron micrograph of neoplastic cell in adult form (No. 2)
The cell shows on irregularly indented nucleus and poorly developed
organelles. ( x 3,300)
Fig. 3. (right) Electron micrograph of neoplastic cell in call form (No. 9)
The cell shows on oval-shaped nucleus and poorly developed organelles.
{ % 3,300)
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not observed (Fig. 5).

Intracytoplasmic 1gM, lgG and IgA were not de-
tected in the neoplastic cells of the 4 types of bovine
lymphosarcomas (Table 3). In contrast, the lymph
nodes of a healthy heifer contained plasma cells and
immunoblasts, which gave a positive reaction for
IeM, IgG or IgA.

Discussion

Human lymphomas are frequently accompanied
by abnormalities of serum y-globulin, such as hyper-
gammaglobulinemia with M-component and
hypogammaglobulinemia’® %1923 " Electrophoretic
patterns for serum ~y-globulin have revealed normal,
increased or decreased concentrations in bovine
lymphosarcomas”. In the present study, animals in
the adult form had antibodies to BLV and typical
lymphosarcoma as described previously®”. The
values of serum protein suggest that an increase of
involved lymph nodes causes a decrease of the level
of serum «y-globulin. Since the neoplastic cells gave
a positive reaction for slg, they were presumably
derived from the B-cell series®®. However, these neo-
plastic cells showed a poorly developed RER and
lacked intracytoplasmic immunoglobulins, It is
considered that the neoplastic cells could not dif-
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ferentiate into immunoglobulin-producing cells, and
extensive proliferation of these cells in the lymph
nodes may cause a decrease of the concentration of
serum ~y-globulin.

The characteristic lesions of the calf form con-
sisted of systemic involvement of the lymph nodes
and neoplastic proliferation in the bone marrow and
in the Glisson capsule of the liver?'?¥.  Although
the calf form is most common in calves younger
than 6 months of age, similar lesions may be ob-
served in adolescent or adult cattle without anti-
bodies to BLV??, as in the 3 cases in the present
study. Neither a B- nor T-cell marker was present
in our cases, and the inability to produce im-
munoglobulins was demonstrated by the absence of
intracytoplasmic immunoglobulins and poorly devel-
oped RER. Severe hypogammaglobulinemia in 3
cases (Nos. 6 to 8) was probably due to the absence
of normal tissue in the lymph nodes, which was
replaced by neoplastic proliferation. The moderate
decrease of the concentration of serum +-globulin
in one case (No. 9) was presumably associated with
the small area of residual lymphatic tissues in the
lymph nodes.

The thymic form showed typical involvement in
the thymus and the neoplastic cells had neither a
B- nor T-cell marker. These cells may originate

Fig. 4. (left) Electron micrograph of neoplastic cell in thymic form (No. 10)
The cell shows on oval-shaped nucleus with a small indentation and
poorly developed organelles. ( x 3,300)

Fig. 5. (right) Electron micrograph of neoplastic cell in skin form (No. 12)
The cell shows a round nucleus and poorly developed organelles,
( x 3,300)
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from thymocytes lacking a T-cell marker due to
malignant transformation. In one case, the v-globulin
concentration slightly increased despite the general-
ized involvement of the lymph nodes, which may
be associated with the activation of remaining B-
cells by the stimulation of neoplasic cells. It is sug-
gested that the normal value in the other case was
due to the fact that in the various lymph nodes
without neoplastic lesions normal immunological
functions were maintained,

In the skin form, the neoplastic lesions were
formed in the lymph nodes and various organs as
well as in the skin. These lesions may regress within
a few months after the initial recognition of the
tumor'?. In a study of cutaneous lymphosarcoma,
the neoplastic cells gave a negative reaction for the
RF test'?, while another study showed that the neo-
plastic cells had a marker for helper/inducer T-
cells?®. In our study, hypogammaglobulinemia in
the tumor stage may be associated with the prolifer-
ation of neoplastic cells in the lymph nodes, and
hypergammaglobulinemia in the regressive stage may
be due to the presence of numerous plasma cells
in the lymph nodes.

A lower level of IgM fraction in the sera was
observed in BLV-positive cattle with persistent
lymphocytosis®. In cattle with lymphosarcoma, the
absence of IgM was pointed out??, although the lev-
el of IgM did not decrease significantly in other
studies'®, Ichijo described a decrease of IgM level
in the adult form and IgG in the calf form”. No
IgM line was detected in our 3 cases with the calf
form. It was reported that the immunoblasts, which
correspond to one stage of B-cell differentiation,
produced initially IgM during differentiation to plas-
ma cells’®. When the lymphoid tissues are damaged
rapidly by malignant growth, the IgM-producing cells
may be affected first. In the remaining case of the
calf form, with a weak IgM line, it is possible that
IgM-producing cells may remain elsewhere including
the extra-nodal lymphoid tissues or that IgM which
had already been produced may keep a detectable
concentration in the serum.

The authors thank Professor Emeritus Dr. Y.
Kono, Tokyo University of Agriculture and Tech-
nology for the assay of antibodies against BLV.
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