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Abstract

A transplantable plasma cell leukemia cell line, designated as S27, was established from a
12-month-old female New Zealand Black mouse (NZB); serum showed polyclonal elevation of
gamma globulin with agarose-agar gel electrophoresis. Immunoelectrophoretic analysis of the
serum showed precipitation lines in the IgGl, IgG2a, IgG2b and IgM regions. The amount
of serum immunoglobulin increased rapidly with tumor growth. S27 cells proliferating in the
spleen contained simultaneously 1gG1, IgG2a, IgG2b in the cytoplasm as revealed by indirect im-
munofluorescence. Membrane immunofluorescence revealed IgG1 on the tumor cell surface. S27
cells were transplantable to syngeneic NZB mice with inoculation of spleen cell suspension, and
showed the same histological and immunological findings as those of the original mouse. These
findings imply that a single clone of plasma cells has the capacity to produce more than one class
of immunoglobulin.
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Abstract. A transplantable plasma cell leukemia cell line, desig-
nated as S27, was established from a 12-month-old female New Zealand
Black mouse (NZB); serum showed polyclonal elevation of gamma
globulin with agarose-agar gel electrophoresis. Immunoelectrophoretic
analysis of the serum showed precipitation lines in the IgG, IgG;a,
IgG;, and IgM regions. The amount of serum immunoglobulin in-
creased rapidly with tumor growth. S27 cells proliferating in the spleen
contained simultaneously IgG,, IgG;,, IgG,, in the cytoplasm as re-
vealed by indirect immunofluorescence. Membrane immunofluores-
cence revealed IgG; on the tumor cell surface. 527 cells were trans-
plantable to syngeneic NZB mice with inoculation of spleen cell suspen-
sion, and showed the same histological and immunological findings as
those of the original mouse. These findings imply that a single clone of
plasma cells has the capacity to produce more than one class of im-
munoglobulin.
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It is well known that New Zealand Black mice (NZB) spontaneously de-
velop autoimmune disease as indicated by autoimmune hemolytic anemia, im-
mune complex glomerulonephritis and lymphoreticular malignancies because of
characteristic immune abnormalities (1, 2). Recent studies suggest that a loss
of suppressor T cell function leads to the induction of autoimmune disease (3-
6). NZB are a suitable model for investigating the relationship between auto-
immune disease and malignant lymphoma, as we have reported previously
(7-9). We report here a transplantable plasma cell leukemia, designated as S27,
which secrets polyclonal gamma globulin, and discuss the relationship between
malignant transformation and differentiation of immunoglobulin-producing cells.

MATERIALS AND METHODS

Mouse. NZB used came originally from the M.D. Anderson Hospital and
Tumor Institute, Houston, Texas (10), and have been maintained in our labora-
tory. Some other strains including CBA, A/]J, C;H, AKR, BALB/c, CF, and
(NZBx A/])F; mice were used as controls.
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Tumor transplantation. Serial transplantations of S27 cells were made by
inoculating a piece of spleen tissue, 1 X Imm in size, subcutaneously, or 02ml
splecn cell suspension (tenfold, weight/vol) intraperitoneally to 1- to 2-month-old
femalc NZB.

Serum protein. Electrophoresis and immunoelectrophoresis were performed
in 1% agarose-agar gel buffered with Veronal buffer (pH 8.6, ,=0.05) on glass
plates for 70 min at 14D vol. Rabbit anti-mouse IgG,, IgG;,, IgG3, and IgM sera
were prepared as reported previously (8).

Histological examination. Tissues were fixed with 10% neutral formalin and
95% alcohol, and sections were stained with hematoxylin and eosin, periodic
acid-Schiff, methylgreen pyronine and silver. For electron microscopy, tumor
tissue was fixed with 4% glutaraldehyde, washed with phosphate buffer and
postfixed with 2% osmic acid for 1.5 h. After being dehydrated in graded acetone,
they were embedded in Epon 812. Double staining with saturated uranyl acetate
and lead nitrate was employed.

Indirect immunofluorescent method. The specimens were fixed with an equiv-
alent solution of acetone-alcohol. After being washed twice with cold staining
buffer, one drop of diluted rabbit antisera of about 5 gamma was placed on a
section, which was then incubated in a humid chamber at 37°C for 30 min. Fach
section had diluted FITC-conjugated goat anti-rabbit IgG added for 5h, was
incubated in a humid chamber for 30 min at room temperature, washed again
twice with cold staining buffer, and mounted in an equal volume of glycerol and
staining buffer. Antisera were the same as those used in immunoelectrophoresis.
The procedure for membrane immunofluorescence was as follows: Washed
spleen cell suspension (0.1 ml/5x 10° cells) was incubated at 37°C for 30 min with
an equivalent volume of diluted antisera, washed three times with cold staining
buffer, resuspended in 0.1 ml staining buffer, had 0.1 ml diluted FITC-conjugated
goat anti rabbit IgG added, incubated for 30 min at room temperature, washed
three times with cold staining buffer, and observed under a fluorescent micro-

scope.

RESULTS

Original Tumor

Plasma cell leukemia occurred spontaneously in a 12-month-old female
NZB. Grossly, there were marked splenomegaly of 2.31 g, hepatomegaly and
gencralized lymphadenopathy (Fig. 1). Histological examination showed mas-
sive proliferation consisting of plasmacytoid and large lymphoid cells at the
follicles ; this caused splenomegaly. Plasmacytoid cells were closely packed,
were medium sized, and had a round to oval nucleus and relatively abundant,
faintly basophilic cytoplasm. White pulp of the spleen {Fig. 2), lymph nodes
(Fig. 3) and periportal area and sinusoids of the liver were extensively infil-
trated by tumor cells.

Using agarose-agar gel electrophoresis, serum protein analysis of tumor-
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bearing mouse revealed the presence of a diffuse band in the gamma globulin
region. Immunoelectrophoresis showed marked precipitation against anti-
mouse IgG., IgG ,, IgG , and IgM antisera (Fig. 4).

Transplantation Experiment

By transplanting tumor cells from S27-bearing mouse, similar lesions
appeared in recipient mice sueh as splenomegaly complicated by enlarged liver
and lymph nodes (Fig. 5). Tumors did not appear at the site of inoculation
while transplantation proceeded successfully. Tumor developed at a high in-
cidence of 77.2%, being 88 of 114 treated mice, up to the 10th generation
(Table 1). The survival time ranged from 16 to 200 days (means: 40.8 days).

TaBLE 1. TRANSPLANTATION EXPERIMENT OF S27-PLASMA CELL LEUKEMIA

Generation Tumors in Survival time, Spleen weight,
of transplantation take (95) Mean (days) Mean (g)
T-1 3/3(100) 127.6 2.08
T-2 2/9(22.2) 139.5 1.18
T-3 5/6(83. 3) 92.8 1.53
T-4 7/13(53.8) 50. 1 1.57
T-5 15/18(83. 3 39.1 1.27
T-6 14/16(87.5) 27.3 1.22
T-7 12/14(85.7) 30.0 1.46
T-8 12/12(100) 27.1 1.45
T-9 8/11(72.7) 31.6 1.26
T-10 10/12(83. 3) 20.6 1.14

It shortened to a few weeks following repeated passages. A transplantation
was successful to (NZBXA/J)F; mouse, but not to allogeneic mice such as CF,
C3H, AKR, BALB/c and CBA. Tumors never developed in NZB that were
injected intraperitoneally with cell-free extract of the spleen from S27-bearing
mouse.

Serum immunoglobulin (Ig). With agarosc-agar gel electrophoresis, the sera
of S27-bearing mice developed diffuse polyclonal elevation of gamma globulin
region 10 days after inoculation. Thereafter, paralleling tumor growth, the
gamma globulin, in particular IgG;, rapidly increased 800-fold in comparison
with that of mice of the same age (Text Fig. 1). This characteristic had been
retained in all mice throughout serial transplantations. Immunoelectrophoresis
with Ig class-specific antisera indicated that hypergamma-globulinemia was due
to increased IgG,, IgG;,, IgG;, and IgM. Precipitation lines were more intense
with rabbit anti-mouse IgG, antiserum and faintly recognizabl with anti-mouse
IgGs., IgG;, and IgM antisera (Fig. 6).
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Text Fig. 1. Sequential change of immunoglobulins in serum from S27-plasma cell
leukemia-bearing mouse. +——+ Tr. + : S27 Tumor-bearing mouse; X---x Tr.—:
S$27 Tumor-untaken mouse ; A+ + +/\ Contr: Control NZB mouse.

Light microscopic findings. Histologically, the original and serially trans-
planted tumors did not differ much. The spleen and lymph nodes showed pro-
minent proliferation of mixed plasmacytoid and large lymphoid cells to manifest
enlarged follicles (Fig. 7). The cytoplasms were stained strongly positive with
methylgreen pyronine. Cells also infiltrated the sinusoids of the liver, and peri-
vascular spaces of the lung and kidney. Epithelioid granulomas composed of
large pale histiocytic cells and eosinophils were occasionally seen in the involved
spleen and lymph nodes.

Electron microscopic observation. Tumor cells were divided into two major
groups, i.e., plasmacytoid and lymphoid cells ; lymphoid cells appeared to trans-
form to plasmacytoid cells. The cytoplasm of plasmacytoid cells had well
developed, distended, rough endoplasmic reticula, well developed Golgi’s ap-
paratus, and large mitochondria scattered among rough endoplasmic reticula.
The nucleus was oval with aggregated chromatin and a prominent large nucle-
olus. The lymphoid cells presented with a sequence of cell maturation. In
general, they had an oval nucleus and scant cytoplasm. The cytoplasm had

http://escholarship.lib.okayama-u.ac.jp/amo/vol 34/iss6/5



Y umoto et al.: Transplantable murine plasma cell leukemiawith polyclonal

Polyclonal Gammopathy 393

polysome clusters scattered throughout, a few rough endoplasmic reticula and
large mitochondria around the nucleus. The nucleus had chromatin concentra-
ting along the margin and a few nucleoli (Fig. 8).

Immunofluorescent findings. The tumor cells forming follicles in the spleen
were strained with anti-IgG, antiserum and a few with anti-IgG , and -IgG,,
antisera. IgM-positive cells were distributed in the red pulp near the follicles
(Figs. 9 and 10). Cytoplasmic IgG; was positive in 50% of spleen cells from
S27-bearing mice (Fig. 11) and cytoplasmic IgG,,, IgG;, and IgM were positive
only in 3% of each (Figs. 12 and 13). With membrane immunofluorescence,
2% of the spleen cells from S27-bearing mice were stained with anti-IgG; anti-
serum and a few spleen cells with anti-IgG.,, -IgG;, and IgM-antisera (Fig. 14).

DISCUSSION

There have been many reports stating that the tumors originated in the
lymphoreticular tissue were frequently associated with autoimmune disease.
The relationship between immune disorder and malignant lymphoma has been
reported in man (11, 12) and experimental animals (1, 10, 13). Regarding im-
mune abnormalitity in NZB, natural thymocyte autoantibody appears first in
early postnatal months, suppressor T cells are then lost, and B lymphocytes
start to proliferate, leading to B cell lymphoma (14). We have demonstrated
the qualitative and quantitative changes of Ig, early involution of the thymus
and morphological changes of lymphatic tissue relating to the ageing of NZB
(10). We have also confirmed a frequent occurrence of B cell lymphoma in
aged NZB (15). Therefore, an immune abnormality of NZB may result in S17-
lymphoma.

Murine plasma cell leukemia involves the spleen, lymph nodes and other
lymphoreticular tissues instead of forming localized tumors, and produces ab-
normal Ig. Tumor cells can be classified morphologically from Grades I to IV
according to cell maturation (16). Grade I is the most differentiated plasma
cell type. Grades IT and III are plasmacytoid and lymphoid cell types, respec-
tively. Grade IV corresponds to a differentiated reticular type, so-called retic-
ulum cell sarcoma. S27-lymphoma has progressed to plasma cell leukemia as
evidenced by its morphologic character, corresponding to Grades II to III.

Most of the plasma cell leukemia has been associated with abnormal Ig ( 16,
-18). Rask-Nielsen et al. (18) reported that 45 of 95 BALB/c mice with
plasma cell leukemia were associated with paraprotein of IgG, in 9%, IgG . in
55%, IgG , in 34% and IgM in zero. During serial transplantations, plasma
cell leukemia tended to revert to reticulum cell sarcoma to loose the capacity to
produce Ig. S27-plasma cell leukemia was associated with more than one class
of Ig; its productivity was quiescent throughout transplantation. Since para-
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protein produced and secreted by B cell lymphoma has antibody activity, the
paraprotein of plasmacytoma in BALB/c mouse has been studied. Potter (19)
reported that antigen-binding myeloma protein had antibody activity to some
chemicals including nitrophenyl, 5-acetyluracil, phosphorylcholin, beta-1-6
linked galactose and beta-D-N-acetyl-glucosamine. The search for unknown
antigen reactive to S27-plasma cell leukemia is now in progress.

Concerning the differentiation of B lymphocytes in mouse, the cell initially
recognized was that bearing surface IgM and IgD. Thereafter, the first anti-
genic stimulation lead to the appearance of IgM antibody in the serum, and was
followed by IgG antibody. Using indirect immunofluorescence, the tumor cells
of S27-plasma cell leukemia possessed intracytoplasmic IgG, IgG, and IgG,,
antibodies. Membrane immunofluorescence showed the tumor cells which
particularly bore IgG, on the surface.

The paramount finding of the present work is the establishment of trans-
plantable murine plasma cell leukemia with more than one class of Ig;
only two such tumors have previously been described (20, 21). Several possi-
bilities can be considered to account for the presence of more than one Ig in this
tumor ; that is, each cell possesses each antibody independently, or one cell
produces more than one antibody. In order to clarify this matter, we have made
an effort using spleen colony assay (22). According to this study, no difference
existed among the sera of the mice transplanted with spleen colonies. They
manifested plasma cell leukemia with diffuse hypergamma-globulinemia which
was analogous to that of S27-bearing NZB. The tumors have maintained the
capacity to secrete polyclonal Ig through more than 20 transplant generations.
This suggests that the products have originated from a single clone of plasma
cells.
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Legends to Figures

Fig. 1. Gross appearance of spontaneous hepatosplenomegaly in NZB mouse.

Fig. 2. The spleen showing replacement of almost an entire follicle by neoplastic plasma
cells. HE, x400.

Fig. 3. The lymph node showing prominent proliferation of neoplastic plasma cells. HE,
% 400.

Fig. 4. Agarose-agar electrophoresis and immunoelectrophoresis of serum from the
original tumor-bearing mouse.

Fig. 5. Gross appearance of transplantable S27-plasma cell leukemia-bearing mouse.

Fig. 6. Agarose-agar electrophoresis and immunoelectrophoresis of serum from S27-

plasma cell leukemia-bearing mouse.

Produced by The Berkeley Electronic Press, 1980



Acta Medica Okayama, Vol. 34 [1980], Iss. 6, Art. 5

396 T. YuMmorTo ¢t al,

Fig. 7. The spleen from S27-plasma cell leukemia-bearing mouse showing replacement
of almost entire spleen by neoplastic plasma cells. HE, x<400.

Fig. 8. Electron micrograph of the spleen involved by S27-plasma cell leukemia showing
plasma cells and large lymphoid cells. x3,800.

Figs. 9-13. Indirect immunofluorescence (mouse anti-IgG antisera and FITC-conjugated
goat anti-IgG). Spleen tissue reacting to anti-IgG, (Fig.9) and anti-IgM (Fig. 10), and tumor
cells reacting to anti-IgG; (Fig. 11}, anti-IgGza (Fig. 12) and anti-IgGzp (Fig. 13).

Fig. 14. Membrane fluorescence of tumor cells reacting to anti-IgGj.
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