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Cellular Proliferation in Relation to Antibody Synthesis.*11
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This report will describe an attempt to de-
termine the extent of mitotic activity of
splenic cells of rabbits during a secondary
immune response and its correlation with
antibody synthesis by the combined use of
immunohistochemical and autoradiographic
technics. The latter technic employing tri-
tiated thymidine has been widely used for
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precise studies of cellular proliferation in a
variety of tissues(1). Additional studies to
determine the mitotic potential of function-
ally differentiated antibody producing cells
were made using the above mentioned pro-
cedures in conjunction with stathmokinetic
technics employing colchicine(2,3). By
these approaches, a marked proliferation of
cells destined to produce antibody is demon-
strable after antigenic stimulation, in which
functionally differentiated, as well as imma-
ture precursors, participate.

Materials and methods. Two adult, 3 kg
rabbits were given a primary course of immu-
nization for a total of 150 mg of bovine
gamma globulin (BGG) over 5 consecutive
days according to the following schedule: 10
mg subcutaneously; 20 mg subcutaneously;
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20 mg subcutaneously; and 30 mg/kg intra-
venously. Five days after completion of the
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FIG. 1 (top). Fluorescent micrograph of spleen
brush smear from a rabbit on day 4 of a secondary
response to BGG. Note 2 cells showing bright spe-
cific eytoplasmic fluoresecence indieating presence of
anti BGG.

FIG. 1 (bottom). Wright’s stain of the same
field as deseribed above after processing the prep-
aration for autoradiography showing tritium
grains on nuelei of the 2 antibody-containing cells
(indicated by arrows). The cytoplasm of thesc
cells is now poorly visualized as the result of the
technical procedures. A mnon-fluorescent mono-
‘muclear cell with nuelear grains is seen to the
right of pieture. X 300.

FIG. 2. Fluoreseence micrograph of antibody-
containing cell in colehicine arrested mitosis. Note
specific fluorescence of cytoplasm in contrast with
non-fluorescent chromosome. X 300,

PROLIFERATION AND ANTIBODY SYNTHESIS

course, the animals were bled and serum titers
of 250 gamma of AbN were obtained. Four
weeks later, the animals were given a single
injection of 125 mg antigen intravenously.
Simultaneously with the booster, and at 6
hour intervals thereafter until sacrifice at the
end of 4 days, the animals received intraperi-
toneal injections of 0.25 uc/g body weight
of tritiated thymidine for a total of 16 in-
jections. Tritiated thymidine with specific
activity of 1.9 C/mM was obtained from
Schwarz Biochem. Inc.,, Mt. Vernon, N. Y.
The tritium was localized in the methyl group
of thymine of this commercially available
preparation(4). At sacrifice, touch imprints
and brush smears of spleen were prepared and
stained for specific antibody (anti BGG) by
the sandwich modification of the fluorescent
antibody technic of Coons et al.(5) with
technical procedures as described previously
(6). Selected fields containing cells with
specific antibody were photographed and ver-
nier coordinates from the microscope stage
were recorded for future relocation of the
same fields (Fig. 1, top). Following this pro-
cedure, the slides were processed for auto-
radiography with Kodak NTB-2 liquid emul-
sion(7). Preparations were exposed for up
to 4 weeks, developed and stained with
Wright’s stain.  Previously photographed
fields were then relocated and antibody con-
taining cells as well as other mononuclear
cells were observed for nuclear grains, indica-
tive of thymidine incorporation (Fig. 1, bot-
tom). Radiographic background in all prep-
arations averaged less than one grain per 50
p? (approximately the area presented by a
nucleus, 8 p in diameter). Due to the speci-
ficity of incorporation of labelled thymidine
into the nucleus, cells showing more than 3
nuclear grains above background were con-
sidered labelled(1,8). Labelling indices or
percentages, Z.e., number of labelled cells/
total number of cells, were determined fo?
each type of cell.

In vitro studies. Three adult rabbits re.
ceived primary and secondary immunizations
with BGG as described above. On the fourth
day following secondary antigenic stimula-
tion, the animals were sacrificed. Spleens
were cut into small pieces, which were then
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TABLE 1. Splenic Mononuclear Cells
(Day 4—Secondary response BGG).

Small lymphoeytes 60%
Medium lymphoeytes 20%
Plasma cells (all stages) 10%
Blast cells 10%

TABLE II. Antibody Containing Cells
(Day 4—Secondary response BGG).

Small lymphocytes 3%
Immature plasma cells 40%*
Mature plasma cells 56%*
Plasma blast 1%

* Approximately 92% incorp. H* thymidine.

TABLE III. H*® Thymidine in Splenic Mononuclear

Cells
(Day 4—Secondary response BGG).
Small lymphoeytes 15%
Medium lymphocytes 50%
Plasma eells (all types) 92%
Blast cells 80%

H® thymidine g 6 hr X 16 after BGG

teased through a wire-mesh screen to obtain
cell suspensions. Several 1 ml aliquots con-
taining 200,000 to 300,000 cells/mm?® were
prepared from each animal in a medium con-
taining 50% normal rabbit serum and 50%
Hanks’ balanced salt solution. Tritiated thy-
midine was added to each aliquot to a concen-
tration of 1 uc/ml. Aliquots were then incu-
bated at 37° for 15 to 45 minutes with fre-
quent, gentle shaking to prevent sedimenta-
tion of cells and to insure adequate contact
with the isotope. After incubation, excess
thymidine was removed by gentle centrifuga-
tion, decantation and resuspension of cells in
unlabelled medium. After 3 washings, the
cells were smeared onto glass slides, stained
for specific antibody, photographed, and
processed for autoradiography as above.
Stathmokinetic studies. Six rabbits immu-
nized as described above were given colchi-
cine (Lilly, lot #2382) 1.5 mg/kg intraperi-
toneally, on day 4 of the secondary response
and sacrificed 6 to 8 hours later. Smears of
spleen were prepared and stained for specific
antibody and with Wright’s stain (Fig. 2).
In appropriate dosage, colchicine is a specific
mitotic poison, which acts on the spindle
mechanism of dividing cells causing arrest of

mitosis in the metaphase stage. In this man-
ner, it was possible to observe whether a cell
containing specific antibody might also
undergo mitosis.

Results. Tables I and II show the differ-
ential mononuclear cell population and the
differential population of antibody-containing
cells in rabbits given multiple injections of
thymidine during the course of a secondary
response. As seen in Table III, 92% of all
plasma cells incorporated tritiated thymidine,
demonstrating that the majority of plasma
cells present by the fourth day of a secondary
response are newly formed cells arising from
mitotic division of a precursor sometime after
antigenic stimulation. No difference was
noted in the labelling index of specific anti-
body containing plasma cells and non-fluores-
cent plasma cells. Among the antibody pro-
ducing cell population, no difference in label-
ling index was noted between the immature
plasma cells and the mature plasma cells,
which together comprised 96% of all anti-
body producing cells. Small antibody con-
taining lymphocytes and blast cells were also
labelled, but were present in such small num-
bers that determination of an accurate label-
ling index was not possible.

In the in vitro studies, under the conditions
of this experiment, one to two per cent of
the entire mononuclear population incorpor-
ated tritiated thymidine. Small lymphocytes,
comprising approximately 70% of the mono-
nuclear population were uniformly un-
labelled. The tritium label was confined to
large and medium sized mononuclear cells, a
few of which were antibody containing cells.
After administration of colchicine most mi-
toses were observed in large and medium
sized mononuclear cells. Approximately one
per cent of antibody containing cells in the
preparations examined were seen in mitosis.

Comments. The duration of the “S” phase,
or period of DNA synthesis which immedi-
ately precedes mitosis, has been variously re-
ported as lasting from 614 to 8 hours in dif-
ferent mammalian cell systems(1,9). Based
on the premises that thymidine is a specific
precursor for DNA and is incorporated into
DNA only at the time of synthesis in prepa-
ration for cell division and that the activity
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of incorporated tritium labelled thymidine is
distributed to the daughter cell at mitosis(1)
one can expect that by administering tritium
labelled thymidine at 6 hour intervals, vir-
tually all cells dividing during the period be-
tween booster injection of antigen and sacri-
fice would be exposed to, and incorporate la-
belled thymidine. The value of 92% stated
as the labelling index of the plasma cell series
here is probably conservative and may ac-
tually approach 100%. This low value might
result from the initiation and completion of
DNA synthesis in some cells between ex-
posures to isotope or from technical limita-
tions in the sensitization of the radiographic
emulsion by the label in some cells. These
factors, alone or in combination, would tend
to lower the observed incidence of labelling.
The results presented are in general agree-
ment with those of other investigators em-
ploying similar technics(8,10,11) who have
implicated a rapidly proliferating population
of immature lymphoblasts and plasmablasts
as the chief source of plasma cells arising
after antigenic stimulation. As a corollary,
the large percentage of labelled antibody con-
taining cells found in these experiments indi-
cate that most plasma cells do not arise by
direct, non-mitotic differentiation from small
lymphocytes. The present studies could not
offer quantitative data concerning the rela-
tive mitotic activity of the various stages
leading to development of the mature plasma
cell. However, by the use of colchicine and
by short in vitro incubation of cells with thy-
midine it has been shown that functionally
differentiated antibody producing cells can
divide, indicating that mitotic activity within

the family of antibody producing cells is not
an exclusive property of the immature or pre-
cursor forms.

Summary. A technical approach for the
study of the kinetics of antibody producing
cells is possible by combination of autoradi-
ography and the fluorescent antibody technic.
Results show that: 1. Almost all antibody
containing cells present by day 4 of a sec-
ondary response are newly formed cells aris-
ing from mitotic division of a precursor some-
time after antigenic stimulation; 2. Most
plasma cells do not arise by direct, non mi-
totic differentiation from lymphocytes; and
3. Functionally differentiated antibody con-
taining cells can divide.
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One of us(l) reported in vitro synthesis
of collagen by sponge biopsy connective tis-
sue. A year later, Green and Lowther(2) ob-
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