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Endotoxin-Stimulated Spleen Cells: Dissociation between DNA Synthesis and IgM
Production at the Cellular Level' (39424)
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Endotoxin (LPS) induces DNA synthesis
and mitosis followed by IgM production in
cultured murine B-lymphocytes (1-9).
However, it appears that DNA synthesis is
not a prerequisite for IgM production. An-
dersson and Melchers reported that hydrox-
yurea (Hu)-treated spleen cells responded
to LPS with increased IgM synthesis while
[*H]thymidine incorporation was reduced
more than 99% (10). This observation
strongly supports a dissociation of DNA
synthesis and IgM production, but to our
knowledge a direct demonstration of this at
the cellular level has not been reported.
Using a method which permitted the simul-
taneous detection of cytoplasmic IgM and
[®H]thymidine incorporation in individual
cells, we report here that inhibition of DNA
synthesis by Hu does not result in an appre-
ciable reduction in the percentage of cells
synthesizing IgM. In addition, the cells mak-
ing IgM have not incorporated [*H]thymi-
dine.

Materials and methods. Animals. C57Bl/
6J Female mice were obtained from Jackson
Labs, Bar Harbor, Maine.

Bacteria and endotoxin. LPS was ex-
tracted and purified from S. typhimurium,
strain 7 (STM-7) by the phenol-water pro-
cedure (11).

Stimulation of spleen cells. Mouse spleen
cells were prepared and cultured by the pro-
cedure of Alder et al. (12). Hydroxyurea,
1072 M, when used, was added at the begin-
ning of cultivation. Control cultures con-
tained: (i) spleen cells plus Hu, (ii) spleen
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cells plus LPS, and (iii) spleen cells alone.
One microcurie of [*H]thymidine (Schwarz-
Mann, Orangeburg, N.Y., 14.8 Ci/mmole)
was added initially to each culture (2 X 108
spleen cells in 1 ml of RPMI-1640 contain-
ing 5% heat-inactivated normal human se-
rum and antibiotics).

Fluorescent-autoradiographic procedure.
Cells were removed from culture after 48 hr
of LPS-stimulation and washed twice with
RPMI-1640. Washed cells were deposited
on microscope slides in a cytocentrifuge
(Shandon Scientific Co., Sewickly, Pa.),
fixed in ethanol for 1 min, and air-dried.
Fluorescent antimouse IgM (fluorescein-
conjugated heavy chain-specific, Meloy
Laboratories, Springfield, Va.) was then
layered over the cell pellet, and incubated at
room temperature for 30 min. After wash-
ing with phosphate-buffered saline, prepa-
rations were either viewed directly on a flu-
orescence microscope or used in the com-
bined fluorescent-autoradiography proce-
dure (13). Best results were obtained by
alternate dark field and fluorescence mi-
croscopy, utilizing a Leitz Ortholux micro-
scope equipped with an Osram HBO 200 W
light source, BG 38 and BG 12 excitors and
a 470 or a 490 barrier filter.

[*H thymidine incorporation. Triplicate
determinations of [*H]thymidine incorpora-
tion were made after 48 hr of LPS-stimula-
tion by TCA precipitation of washed cells,
followed by solubilization and scintillation
counting (12).

Autoradiography. Cytocentrifuged cells
were treated with fluorescent anti-IgM and
were dipped into Kodak NTB-3 emulsion
(13). After optimal exposure, slides were
developed, fixed, washed, dried and cover-
slipped using phosphate-buffered saline-
glycerine, 1:9. Cells were scored for fluores-
cence (cytoplasmic IgM) and [*H]thymidine
incorporation (grains over nuclei). This pro-
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Fics. 1 and 2. Combined fluorescent autoradiography of LPS-stimulated spleen cells cultured with Hu; Fig. 1,
focused on cells, Fig. 2, focused at the plane of the emulsion. x648.



ENDOTOXIN-STIMULATED SPLEEN CELLS

cedure permits the direct assessment of [gM
content and [*H]thymidine uptake by indi-
vidual cells.

Results. The results in Table I show that
the continuous presence of Hu in 48 hr LPS-
stimulated cultures inhibited [*H]thymidine
incorporation more than 98 % . Autoradiog-
raphy showed that Hu blocked the uptake of
[*H]thymidine by cells which stained posi-
tively for cytoplasmic IgM (Figs. 1 and 2).
On the other hand, spleen cells stimulated
by LPS to produce IgM in the absence of Hu
incorporated [*H]thymidine (Fig. 3) in the
previously reported fashion (13). It is clear,
therefore, that at a cellular level LPS can
induce IgM production by murine B cells in
the absence of preceding DNA synthesis.

TABLE I. [*H]THYMIDINE INCORPORATION BY LPS-
STIMULATED CELLS IN THE PRESENCE OR ABSENCE OF
HYDROXYUREA®

CPM X 107%/2 X 108 cells = SD

Percent

Exp. Control 102 M Hu reduction
1 143 + 4.9 1.64 = .32 98.9
2 242 x 24.7 4.13 = .51 98.3

¢ LPS added to conc of 10 ug/mi.
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These observations confirm the report of
Andersson and Melchers (10).

Surprisingly, the fluorescent antibody
procedure showed that approximately 50 %
of the 48 hr stimulated spleen cells con-
tained IgM whether or not Hu was present
in the cultures. One would expect prolifera-
tion of the B cells to increase the percentage
of IgM producers in cultures not inhibited
by Hu. The observation is inexplicable at
present. However, there are several possi-
bilities, including dissimilar maturation to
IgM production and restriction of cell prolif-
eration by [3H]thymidine of high specific
activity.

Summary. LPS stimulation of mouse
spleen cells in the presence of Hu resulted in
almost total suppression of [*H]thymidine
incorporation without affecting the percent-
age of cells induced to produce IgM. Utiliz-
ing a method which permitted the simulta-
neous measurement of IgM production and
[*H]thymidine incorporation in individual
cells, it was demonstrated directly that LPS
stimulation of IgM production can occur in
the absence of DNA synthesis.

Fig. 3. Same procedure used on LPS-stimulated spleen cells cultured without Hu. The photograph is focused

at the plane of the emulsion. X648.
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