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Production of Lymphotoxin by Isolated Human Tonsillar
B Lymphocytes and B Lymphocyte Cell Lines

Sun-Sang J. Sung, Lawrence K. L. Jung, Jay A. Walters, Edward W. B. Jeffes lll,** Gale A. Granger,* and Shu Man Fu
Immunology Program, Oklahoma Medical Research Foundation, Oklahoma City, Oklahoma 73104, *Department of Dermatology and
¥Department of Molecular Biology and Biochemistry, University of California at Irvine, Irvine, California 92717; and

*Dermatology, Veterans Administration Medical Center, Long Beach, California 90822

Abstract

The expression of lymphotoxin (LT) mRNA and cytokine in
human tonsillar B cells and B cell lines was examined by
Northern blots and cytotoxicity assays, respectively. In tonsil-
lar B cells, phorbol myristate acetate (PMA) or Staphylococ-
cus aureus Cowan I (SAC) alone induced low levels of LT
mRNA accumulation. However, SAC and anti—x were strongly
synergistic with PMA in this induction. Peak LT mRNA ex-
pression in tonsillar B cells stimulated by PMA plus SAC
occurred between 48 and 72 h and was approximately half as
much as that in PMA plus anti-CD3-stimulated T cells. Cy-
closporine A was not effective in inhibiting LT mRNA accu-
mulation by stimulated tonsillar B cells. A number of B cell
lines could also be stimulated by PMA to express LT mRNA.
Peak accumulation of LT mRNA in the cell line RPMI 1788
stimulated with PMA peaked about 8 h. A23187 in combina-
tion with PMA caused this accumulation to increase slightly
and to peak earlier. The cytotoxic effects in the supernatants of
stimulated B cells were contributed mostly by LT. The results
indicate that tonsillar B cells are important in LT production
and that there are important differences in the stimulation
requirements for LT production and in LT mRNA expression
kinetics between tonsillar B cells and B cell lines.

Introduction

Lymphotoxin (LT)! is a cytokine identified initially as a cyto-
toxic factor produced by mitogen- or antigen-stimulated T
cells (1, 2). Recent studies have shown that LT is highly ho-
mologous to tumor necrosis factor (TNF) and shares a number
of biologic activities with TNF (see reviews in references 3 and
4). LT and TNF stimulate B and T lymphocyte proliferation
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(5-7), neutrophil respiratory burst and degranulation (8, 9),
and osteoclast bone resorption (8, 10). They also induce in-
flammatory reactions in normal skin (8, 11), and have anti-
viral effects (12). In humans, T lymphocytes have been consid-
ered the major LT-producing cell type (3). EBV-transformed B
cell lines, however, are good sources of LT.

The production of LT by primary B cells has not been
extensively examined. Recently, Bl-bearing tonsillar B cells
have been demonstrated to secrete an LT-like product (13).
Tonsillar B lymphocytes can also produce TNF (14). In view
of the close homology and tandem arrangement of LT and
TNF genes (2, 8), it is of interest to examine LT production by
B cells and compare the regulation of the syntheses of the two
cytokines by B cells. Our data presented in this report demon-
strate that (a) tonsillar B cells and B cell lines accumulate LT
mRNA and synthesize LT when appropriately stimulated, (b)
there are differences in the kinetics of LT and TNF mRNA
accumulation in B cells, and (¢) there are differences in stimu-
lation requirements for LT production and in the kinetics of
LT mRNA expression between tonsillar B cells and B cell
lines.

Methods

Reagents. The preparation of goat anti—u and rabbit anti-LT antisera
has been described (14, 15). The LT antiserum has 1 X 10° neutralizing
units/ml. B cell growth factor (BCGF) was obtained from Cellular
Products (Cambridge, MA). The sources of other reagents have been
described (14). Cyclosporine A (CsA) was from Sandoz Inc. (East
Hanover, NJ).

Cells. Tonsillar B cells were purified and maintained in
RPMI-1640 with 10% FCS as described (16). Purified B cell prepara-
tions contained < 0.1% macrophages and > 95% Ig* and > 98% B1*
cells, as determined by fluorescence measurements on a flow cytome-
ter (Cytofluorograf IIs, Ortho Diagnostic Systems, Inc., Westwood,
MA). Tonsillar T cells were isolated by E-rosetting twice. These cells
were > 95% CD2* and CD3"*. The sources and surface Ig phenotypes
of the B cell lines used were described previously (14).

Northern blot analyses. Methods for Northern blot analyses using
RNA prepared by guanidinium thiocyanate ultracentrifugation have
been described (16). The human TNF ¢cDNA probe from Drs. B.
Beutler (Howard Hughes Medical Institute, Dallas, TX) and D. Caput
(Chiron Research Laboratories, Emeryville, CA) and the chicken §-
actin probe from Dr. M. Kirschner (University of California, San
Francisco, CA) were used in Northern blot analyses as described (14,
16). LT mRNA was probed by a 0.8-kb Pst I exon 4 genomic fragment
located immediately upstream of the 3.4-kb TNF Pst I fragment (17).
LT mRNA detection by the genomic probe was confirmed by the use
of two antisense 24-mer oligonucleotide probes (16) and the Northern
blot results obtained with all three probes were identical. Hybridization
of nick-translated probes with RNA blots (14) was performed over-
night at 42°C in 50% formamide, 1 M NaCl, 1% SDS, 50 mM sodium
phosphate, pH 7.0, 10 mM EDTA, and 100 ug/ml salmon sperm
DNA. Blots were washed as described (14) with the high stringency
washes performed in 0.1X SSC and 1% SDS at 65°C twice for 30 min



each. Hybridized blots were exposed to XK-1 (Eastman Kodak Co.,
Rochester, NY) or Cronex 4 (Dupont Co., Wilmington, DE) films at
—70°C with Dupont lightning plus intensifying screens. Multiple ex-
posures with two- or threefold increases in exposure time were per-
formed consecutively to obtain optimal exposures for quantitation by
densitometry.? Band intensities of LT and actin mRNA were quanti-
tated by densitometric scanning of the appropriately exposed X-ray
films with a densitometer (model 2202 Ultroscan Laser Densitometer,
LKB Instruments, Inc., Gaithersburg, MD). Peak intensities within the
range of 0.05-2 absorbance units were approximately linear. Peak
areas were measured by a model 9874A Digitizer (Hewlett-Packard

Co., Palo Alto, CA) equipped with a model 9815A data handler (Hew-
lett-Packard Co.).

Other methods. The L-cell cytotoxicity assay for LT and TNF was
carried out as described (16). For neutralization studies, samples were
mixed with anti-LT antiserum (1 X 10° neutralization units/ml) at 2
X 10* U/ml or anti-TNF MAD (F12 [16]) at 20 ug/ml (the neutraliza-
tion activity of F12 is 20 ng TNF/ug Ab) overnight before the serial
dilutions and addition to the L cells.

Results

LT mRNA expression in tonsillar B cells stimulated by PMA,
SAC, anti-u, and BCGF. Tonsillar B cells were stimulated by
the combination of various B cell mitogens and examined for
LT mRNA accumulation at 24 h. SAC and PMA stimulated
low levels of LT mRNA expression (Fig. 1 A4, lane 2; B, lanes 1
and 2; C, lane 3), while anti-u (Fig. 1 C, lane 2) and BCGF
(not shown) did not cause any detectable LT mRNA expres-
sion. However, the actions of several of them were synergistic.
Like the T cell system (16), in which two signals were required
for the induction of lymphokine production, the stimulation
of high levels of LT mRNA accumulation required the combi-
nation of SAC or anti—u with PMA (Fig. 1 4, lane 3; B, lanes 3
and 4; C, lane 4). BCGF enhanced SAC and PMA stimulation
by about twofold (Fig. 1 4, lane 5; C, lane 5), but only mar-
ginally increased LT mRNA accumulation stimulated by the
combinations of SAC plus PMA (Fig. 1 A4, lane 6), or anti—u
plus PMA (Fig. 1 C, lane 7). Anti-u antagonized the effect of
SAC on LT mRNA accumulation in tonsillar B cells, and
abolished LT mRNA production in B cells stimulated with
SAC or SAC plus BCGF (Fig. 1 4, lanes 4 and 7). Experiments
in which the stimulatory potency of SAC plus PMA and anti-u
plus PMA were compared (Fig. 1 B, lanes 3 and 4) showed that
anti-u plus PMA was slightly higher at 24 h.

LT mRNA expression in B cell lines. LT mRNA accumu-
lation was examined in a number of B cell lines expressing
different Ig phenotypes (Fig. 2 4). Most of them expressed
undetectable to low levels of LT mRNA constitutively. With
PMA stimulation, most cell lines expressed LT mRNA. SeD,
8866p, 32al, and RPMI 1788 expressed high levels of LT
mRNA with RPMI 1788 expressing four- to fivefold more
than the other three cell lines. Of interest is the finding that the
pre-B cell lines Nalm-6 and Nalm-12 did not express LT mes-
sage even when stimulated by PMA (Fig. 2 4, lanes 16 and 18).
A number of other Ig-producing EBV-transformed cell lines

2. For long exposures, the radioactive decay of 2P was adjusted by
using an exposure time obtained by integration of the formula N = N,
exp(—A\?), where N is the amount of radioactivity at any given time ¢, N,
is the initial amount of radioactivity, and X = 0.0485 for 3?P. For
twofold exposures, and time of start of exposure ¢, = 0, 1, = —(1/A) In [3
exp(—A\t;) — 2], where ¢, is the time for developing the 1X exposure and
t, is the time for developing the 2X exposure.
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Figure 1. LT mRNA expression in tonsillar B cells stimulated by
combinations of PMA with (4) SAC, (B) both SAC and anti—, or
(C) anti-p. Purified tonsillar B cells were resuspended at 1 X 10%/ml
and stimulated for 24 h with PMA (10 ng/ml), goat anti-x IgG (25
ug/ml), SAC (0.01%), BCGF (5%) or their combinations. The cells
were collected and lysed in guanidinium isothiocyanate. The total
RNA was isolated by ultracentrifugation and analyzed as described
in Methods. The same blots were hybridized sequentially with LT
and S-actin probes. The results are representative of five similar ex-
periments. (4) Stimulation of LT mRNA accumulation by PMA and
SAC. Tonsillar B cells (28 X 10° cells per sample) were treated with
control medium (lane 7), SAC (lane 2), SAC plus PMA (lane 3), SAC
plus anti—u (lane 4), SAC plus BCGF (lane 5), SAC plus PMA plus
BCGEF (lane 6), and SAC plus anti-u plus BCGF (lane 7). The inten-
sity of LT mRNA band in each lane was determined by densitome-
try and expressed as percentage of the LT mRNA intensity of cells
treated with SAC plus PMA (lane 3). (B) The LT mRNA levels of
tonsillar B cells stimulated with SAC plus PMA and anti—u plus
PMA were shown in the same experiment. Cells (21 X 10° per sam-
ple) were treated with PMA (lane 7), SAC (lane 2), SAC plus PMA
(lane 3), and anti-x plus PMA (lane 4). LT mRNA levels were ex-
pressed as percentage of that of cells treated with SAC plus PMA.
The LT mRNA signals in lanes / and 2 were from films that were
exposed four times longer than that in lanes 3 and 4. (C) Stimulation
of LT mRNA accumulation by PMA and anti—u. The tonsillar B
cells (17 X 10° cells per sample) were treated with control medium
(lane 1), anti-u (lane 2), PMA (lane 3), anti-x plus PMA (lane 4),
PMA plus BCGF (lane 5), anti-u plus BCGF (lane 6), and anti-u
plus PMA plus BCGF (lane 7). The intensities of LT mRNA were
expressed as percent of that of cells treated with anti—u plus PMA
(lane 4).

derived from bone marrow cells were further studied (Fig. 2 B).
These cell lines produced LT mRNA constitutively. PMA
stimulation increased their LT mRNA accumulation two- to
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Figure 2. Expression of LT mRNA by human B cell lines. Total
RNA isolated from cell lines as it Methods were purified by
oligo(dT)-cellulose. The poly A* RNA samples were analyzed as in
Fig. 1. Samples in all three panels were analyzed in the same experi-
ment and all the lanes hybridized with the same probe were exposed
for the same period of time. The relative LT mRNA levels shown at
the bottom of each panel were expressed as the percentage of the in-
tensity of the most intense band (4, lane 12, PMA-stimulated RPMI
1788). (4) PolyA* RNA (5 ug per lane) from Raji (lanes / and 2),
Daudi (lanes 3 and 4), SeD (lanes 5 and 6), 8866p (lanes 7 and 8),
32al (lanes 9 and 10), RPMI-1788 (lanes 1/ and 12), Ramos (lanes
13 and 14), Nalm-6 (lanes 15 and 16), Nalm-12 (lanes 17 and 18),
and Josh-7 (lanes 19 and 20) were analyzed as in Fig. 1. Odd num-
bered lanes (C lanes) contained mRNA from unstimulated cells and
even numbered lanes (P lanes) had mRNA from cell lines (1 X 10%/
ml) stimulated for 4 h with 10 ng/ml PMA. (B) Northern blots of
A*-RNA from bone marrow-derived EBV-transformed cell lines
WIHS (lanes I and 2), WIH10 (lanes 3 and 4), WIH 14 (lanes 5 and
6), WIH20 (lanes 7 and 8) and WIH67 (lanes 9 and 10). Hybridiza-
tions with nick-translated probes were as in Fig. 1. Odd numbered
lanes (C lanes) contained mRNA from unstimulated cells and even
numbered lanes (P lanes) contained mRNA from PMA-stimulated
cells. (C) Comparison of LT and TNF expression in Nalm-12. The
blot was performed as in Fig. 1. C lanes were control lanes and P
lanes were RNA from PMA-stimulated cells. 5 ug of A*-RNA were
applied in each lane. The same blot was probed sequentially with
LT, TNF, and 8-actin probes.

fourfold. The relative levels of LT mRNA expression in all
these B cell lines were similar to that of TNF mRNA expres-
sion (14), with the exception of the pre-B cell line Nalm-12,
which could be stimulated by PMA to synthesize TNF but not
LT mRNA (Fig. 2 C).
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_ Time course of LT mRNA accumulation in tonsillar B cells.
The time course of LT and TNF mRNA accumulation in
tonsillar B cells was compared (Figs. 3 and 4). In terms of
mRNA detected per culture, the accumulation of LT mRNA
in B cells stimulated with SAC plus PMA was maximal be-
tween 48 and 72 h (Fig. 3 4, 4 A) and gradually decreased
thereafter. The peak accumulation of TNF mRNA in these
same tonsillar B cells was earlier and occurred in about 48 h.
TNF mRNA level decreased rapidly after 48 h. The amount of
B-actin mRNA which reflected the total intracellular mRNA
level also increased with time and reached peak values between
40 and 48 h. If the actin mRNA level in the B cells was taken
into account, and the specific increase in LT mRNA expres-
sion was determined by taking the ratio of the intensities of LT
and actin mRNA bands, an early peak at 8 h was observed for
both LT and TNF mRNA accumulation (Fig. 4 B). A second
peak of specific mRNA accumulation was found at 48 h and
32 h for LT and TNF mRNA, respectively.

The stimulation of B cells by PMA plus SAC and PMA
plus anti-u to express LT and TNF mRNA was compared in
time course studies (Fig. 3 B, quantitation data not shown).
Both combinations of stimuli induced peak LT mRNA accu-
mulation on the second day. PMA plus SAC caused a two- to
threefold higher peak LT and TNF mRNA accumulation than
PMA plus anti—u. The time course of TNF mRNA accumula-
tion in PMA plus SAC-stimulated B cells was similar to that of
LT mRNA accumulation, reaching peak level on the second
day. However, in PMA plus anti-u-treated B cells, the TNF
mRNA level reached plateau level on the first day. The S-actin
mRNA levels in PMA plus SAC-stimulated B cells started to
increase at a later time point than B cells treated with PMA
plus anti-u, and did not reach as high a level on the third day.

Time course of LT mRNA accumulation in cell lines. The
cell line RPMI 1788 which accumulated the highest LT
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Figure 3. Time course of LT and TNF mRNA expression in tonsillar
B cells stimulated with (4) PMA plus SAC or (B) PMA plus anti—u.
(A) Tonsillar B cells at 1 X 10° cells/m1 (17 ml per sample) were
treated with PMA (10 ng/ml) plus SAC (0.01%) for the time points
indicated. Cells were lysed and their RNA was analyzed as in Fig. 1.
The same blot was probed successively with LT, TNF, and $-actin
probes. In lanes 5-10, one-third of the total RNA samples was used
to avoid overloading. The results are representative of four similar
experiments. (B) Tonsillar B cells were incubated with PMA plus
SAC (lanes 2-4) or PMA (10 ng/ml) plus anti-u (25 ug/ml) (lanes
5-7) for the indicated number of days and their total RNA analyzed
as in A. One of two similar experiments is shown.
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Figure 4. Time course of LT and TNF mRNA accumulation in
PMA plus SAC-stimulated tonsillar B cells. The band intensities of
LT and TNF mRNA in Fig. 3 4 were determined by densitometry
and plotted in arbitrary units in 4. The specific LT or TNF mRNA
expression is shown in B. The cytokine/actin ratio is obtained by di-
viding the intensities of LT or TNF mRNA bands in arbitrary units
by the intensities of the actin mRNA band in arbitrary units at the
same time points in 4. (0) LT mRNA; (a) TNF mRNA.

mRNA level upon PMA stimulation (Fig. 2 A) was chosen for
time course studies. LT mRNA accumulation in this cell line
stimulated with the protein kinase C activator PMA reached
peak level at 6-8 h (Fig. 5), and decreased slightly between 8
and 48 h after stimulation. When a second signal in the form
of cytosolic free [Ca**] elevation was delivered by the iono-
phore A23187, LT mRNA level equal to that of peak accu-
mulation in PMA-stimulated cells was reached between 2 and
4 h. There was a slow twofold increase over the next 20-h
period and the peak LT mRNA level was maintained up to 48
h after stimulation. There were notable differences in the time
course of TNF and LT mRNA accumulation in these cells
treated with the same stimuli (Fig. 5). PMA-stimulated TNF
mRNA accumulation reached peak level earlier (by 1 h), and
decreased much more rapidly than LT mRNA accumulation.
A23187, when added to PMA stimulated cells, caused a two-
to threefold increase in TNF mRNA. It seemed that TNF
mRNA was either more unstable than LT mRNA, or its syn-
thesis was terminated earlier.

Comparison of LT and TNF mRNA expression in tonsillar
B and T cells. The expression of LT and TNF mRNA in
tonsillar B cells stimulated with PMA plus SAC and PMA plus
anti-u were compared with that in tonsillar T cells stimulated
with PMA plus anti-CD3 and PHA. The Northern blots of
mRNA from these cells stimulated for 32 and 48 h, the ap-
proximate time of the second peak of LT and TNF mRNA
accumulation, were shown in Fig. 6 4. As discussed in the
previous paragraph (Fig. 3 B), tonsillar B cells stimulated with
PMA plus SAC accumulated twice as much LT mRNA as
those stimulated with PMA plus anti-u at 48 h (Fig. 6 4,
compare lanes / and 2 with lanes 3 and 4). For the T cells,
PMA plus anti—-CD3 was a better set of stimuli than PHA in
inducing LT mRNA accumulation, in part because these cells
were extensively purified of macrophages. On a per cell basis,
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Figure 5. Time course of LT mRNA expression in the B cell lines
RPMI 1788. RPMI 1788 cells were suspended at 0.25 X 10%/ml in
medium containing 10 ng/ml PMA (lanes 2-10) or 10 ng/ml PMA
plus 0.1 uM A23187 (lanes 11-19) for the time period indicated.
RNA was isolated from the cells as in Fig. 1 and quantitated by ab-
sorbance measurement at 260 nm. For Northern analysis, 20 ug of
total RNA was loaded per lane. The blot was sequentially hybridized
with LT, TNF, and B-actin probes. The results are representative of
two similar experiments. In 4, the results of Northern blot analysis
are shown. In B, the specific expression of the LT (0) and TNF (@)
mRNA obtained by dividing the intensities of the cytokine mRNA
bands by the intensities of the actin mRNA bands at the same time
point is shown.

the LT mRNA expression of T cells stimulated with PMA plus
anti-CD3 was two- to threefold higher than that of B cells
stimulated with PMA plus SAC (Fig. 6 4, compare lanes / and
2 with lanes 5 and 6). The relative amounts of TNF mRNA
expressed in B cells relative to that in T cells, however, were
different. B cells could express one-half (14) to slightly larger
amounts (Fig. 6 4) of TNF mRNA as T cells, depending upon
the individual tonsil examined.

To show that the LT and TNF mRNA detected in these B
cell preparations were not due to minor T cell contaminations,
tonsillar T cells were stimulated with the B cell mitogen com-
bination PMA and SAC. These T cells did not respond well to
these stimuli, and expressed little LT and TNF mRNA (Fig. 6
B). These results support the notion that the tonsillar B cells
were the source of the cytokine mRNA detected in the B cell
preparations.

Inhibition of LT mRNA by CsA. CsA inhibits the T cell
production of IL-2 induced by anti-CD3 (see review in refer-
ence 18). To examine if CsA also inhibited the production of
LT by B cells, combinations of stimulants that induced LT

Lymphotoxin Production by Human B Lymphocytes 239
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mRNA expression in B cells were used. In several experiments
on CsA dose-dependence studies, it was found that LT mRNA
synthesis in PMA plus anti-CD3-stimulated T cells was very
sensitive to CsA inhibition (Fig. 7 B, lanes 6 and 7). At 100
ng/ml CsA, a 96% decrease in LT mRNA accumulation was
observed. On the other hand, LT mRNA level in B cells stimu-
lated with SAC, PMA, SAC plus BCGF and SAC plus PMA
were unaffected by CsA at concentrations of 100 and 500
ng/ml (Fig. 7 A). At a higher dose of 5 ug/ml, LT mRNA levels
in these B cells were inhibited 50-70% (not shown). Anti-u
plus PMA stimulation, however, was more sensitive to CsA
inhibition, and CsA at 500 ng/ml inhibited LT mRNA accu-
mulation in these B cells by 60% (Fig. 7 4, lane 13).

Production of LT by tonsillar B cells and B cell lines. The
production of LT by tonsillar B cells and B cell lines was
determined by L-cell cytotoxicity assays (15). Tonsillar B cells
stimulated with PMA plus anti—u synthesized 30-60 U of LT
per 108 cells over a 3-d period (Table I). Over the same period
of time, cells stimulated with PMA plus SAC synthesized
about three times as much LT. By comparison, T cells stimu-
lated with PMA plus anti-CD3 synthesized two to three times
more LT than B cells stimulated maximally with PMA plus
anti-u plus SAC. Control experiments showed that the anti-
LT antiserum used did not affect the cytotoxicity of rTNF.
Furthermore, rabbit anti-TNF antiserum and anti-TNF mAb
F12 had little blocking activity on the cytotoxic activities in
these supernatants (data not shown), showing that the majority
of the cytotoxic activities were due to LT.

The production of LT by EBV-transformed B cell lines was

also examined (Table II). LT production by cell lines stimu- -

lated with PMA with or without the addition of A23187 was
similar. These cell lines expressed in the range of 400-900 U of
LT activity per 10° cells over a 24-h period. RPMI 1788 pro-
duced the most LT, as has been reported (3). The other two
EBV-transformed lines produced about half as much LT as
RPMI 1788.

240 Sungetal.
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Figure 6. (A) Comparison of LT and TNF mRNA
expression between tonsillar B and T cells. Tonsil-
lar B cells at 17 X 10° per sample were stimulated
with PMA plus SAC (lanes / and 2) and PMA plus
anti-u (lanes 3 and 4) for 32 or 48 h. The same
number of tonsillar T cells were also stimulated for
the same period of time with PMA (10 ng/ml) plus
anti-CD3 (1 ug/ml) or PHA alone (10 ug/ml).
Northern blot analyses of the samples were per-
formed as in Fig. 1. The results are representative
of four similar experiments. The intensities of LT
(0) and TNF () mRNA bands in each of the lanes
obtained by densitometry are shown at the bottom
of the figure. (B) LT and TNF expression of tonsil-
lar B and T stimulated with PMA plus SAC. Ton-
sillar B (lanes /-5) and T (lanes 6-10) cells at 20

X 106 cells per sample were stimulated with the B
cell stimulants PMA plus SAC for the indicated pe-
riods of time. Total RNA was analyzed as in 4.
Similar experiments were performed twice.

-

Discussion

LT and TNF genes are highly homologous, similar in gene
segment organization and separated by only 1.2 kb on human
chromosome 6 (17). For these reasons, they are postulated to
belong to the same gene family (3). We recently demonstrated
that B cells synthesized TNF (14) and Bersani et al. (13) re-
ported the presence of LT-like products in stimulated tonsillar
B cell supernatants. These data led us to examine the stimula-
tion of LT mRNA expression and cytokine synthesis in B cells.
We found that LT mRNA was expressed in tonsillar B cells
stimulated by a variety of B cell mitogens. The detection of LT
mRNA by the LT genomic probe was corroborated by the use
of two 24-mer LT antisense oligonucleotide probes in North-
ern blot analyses under high-stringency conditions. The low
responses of tonsillar T cells to the B cell mitogen combination
PMA plus anti-u confirmed that this LT mRNA detected in
stimulated B cells was not due to contaminating T cells. The
use of the LT-specific antisera confirmed the presence of LT
cytotoxic activities in the supernatants of stimulated B cells.
Thus, it now appears that B cells are an important cell type in
producing LT, in addition to the production of TNF (14), IL-1
(19), IL-6 (20), and IFN-« (21).

A number of differences were observed when examining
LT and TNF mRNA expression characteristics in tonsillar B
cells and B cell lines stimulated by a variety of B cell mitogens.
First, as in T cells (14), peak accumulation of TNF mRNA
occurred earlier than that of LT mRNA in both tonsillar B
cells and B cell lines. Secondly, it appeared that tonsillar B cells
played a slightly more significant role in producing TNF than
LT. On a per cell basis, tonsillar T cells accumulated two to
four times more LT mRNA but less than twofold higher level
of TNF mRNA than tonsillar B cells (14, Fig. 6). Thirdly, LT
and TNF do not necessarily coexpress in the same cell line. In
Nalm 12, TNF mRNA expression was induced by PMA while
LT mRNA expression was not. The converse situation was
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Figure 7. Inhibition of the stimulation of LT mRNA expression by
CsA in tonsillar B and T cells. The concentrations of reagents used
were described in Fig. 1. Anti-CD3 MADb (A32) was used at | ug/ml.
The samples in both 4 and B were performed in the same experi-
ment. The results represent one of two identical experiments. Three
additional experiments in which 5 ug/ml CsA were used have also
been performed. All lanes detected with the same probe were ex-
posed for the same period of time, except the LT lanes /-7 in 4,
which were exposed twice as long as the other lanes. The relative LT
mRNA levels of lanes in A4 were expressed as the percentage of the
band intensity of LT mRNA in SAC plus PMA-treated cells (lane 8).
The relative LT mRNA levels in B were expressed as the percentage
of the band intensity of LT mRNA in anti-CD3 plus PMA-treated
cells (lane 5). (4) Tonsillar B cells at 17 X 10° cells per sample were
treated with the following reagents and their RNA analyzed as in Fig.
1: lane I, control; lane 2, SAC; lane 3, SAC plus 0.5 ug/ml CsA; lane
4, SAC plus BCGF; lane 5, SAC plus BCGF plus 0.5 ug CsA; lane 6,
PMA; lane 7, PMA plus 0.5 ug/ml CsA; lane 8, SAC plus PMA; lane
9, SAC plus PMA plus 0.1 pg/ml CsA; lane 10, SAC plus PMA plus
0.5 pg/ml CsA; lane 11, anti-u plus PMA; lane 12, anti-u plus PMA
plus 0.1 ug/ml CsA; lane 13, anti—x plus PMA plus 0.5 ug/ml CsA.
(B) Tonsillar T cells at 17 X 10° cells per sample were treated with
the following reagents and their RNA analyzed by Northern blot as
in Fig. 1: lane 1, control; lane 2, PMA; lane 3, PMA plus 0.1 ug/ml
CsA; lane 4, PMA plus 0.5 pg/ml CsA; lane 5, anti-CD3 plus PMA;
lane 6, anti-CD3 plus PMA plus 0.1 ug/ml CsA; lane 7, anti-CD3
plus PMA plus 0.5 ug/ml CsA.

observed in the T cell lines Molt-4 and Jurkat (16). Lastly, in
the cell line RPMI 1788 stimulated with PMA plus A23187,
LT mRNA level remained elevated for more than 2 d whereas
TNF mRNA decayed rapidly (Fig. 5).

Table I. Production of LT by Tonsillar B and T Cells

B cells T cells
PMA + ap PMA + SAC PMA + ap + PMA + oCD3
SAC I
Experiment - +al T - +al T - +alT - +al T
U/10° cells

1 54 <10 35 <10 77 <10 ND ND

2 82 20 245 27 340 20 720 26

3 34 <10 97 <10 80 <10 300 20

Cytotoxicity assays using L1929 cells were as described in Methods.
Supernatants for assays were from three day cultures of cells stimu-
lated with the indicated stimulants.

T cells have been considered to be the major cell type
responsible for LT and TNF production. On a per cell basis,
tonsillar T cells expressed two to three times as much LT and
twice as much TNF mRNA as tonsillar B cells. Quantitations
of LT and TNF cytokines by cytotoxicity assay and radioim-
munoassay, respectively, showed that stimulated tonsillar T
cell supernatants contained 3-4 times more LT (Table I) and
5-10 times more TNF (14) than the supernatants of stimu-
lated tonsillar B cells. Though the responses of the two cell
types were not directly comparable because of the requirement
of different stimuli, the results suggest that T cells can theoreti-
cally synthesize more of both LT and TNF than B cells. How-
ever, under immune response conditions that selectively stim-
ulate B cells, or in tissue areas locally enriched in stimulated B
cells, LT and TNF production may be contributed signifi-
cantly by B cells.

Current models of B and T cell (22, 23) activation hypoth-
esize that two signals, one activating protein kinase C and the
other elevating cytosolic free [Ca*], are required for lympho-
cyte activation. The expression of cytokine mRNA and pro-
tein by lymphocytes also requires these signals. The stimula-
tion of tonsillar B cells to express LT is consistent with this
model. Though LT expression is not effectively stimulated by
PMA, SAC, or anti-u, the combinations of PMA plus SAC or
PMA plus anti—u stimulated B cells to express high levels of LT
mRNA. Similar modes of activation were observed with TNF
(16), IL-2 (23), and IFN-v (24) gene expression in T cells, in

Table II. Production of LT by B Cell Lines

Stimulation
None PMA PMA + A23187
Cell line - +al T - +al T - +alT
U/ 106 cells
RPMI 1788 200 ND 980 230 1,140 196
WIHS 70 ND 400 24 400 ND
KAWIS 250 ND 640 26 560 26

Cells were stimulated with the indicated drugs for 24 h. LT assays
were performed as described in Methods. The results show one of
two similar experiments.
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which anti-CD3 and PHA played a role equivalent to SAC
and anti-g in B cells. The activation requirements for B cell
lines, however, were different from that of the primary tonsil-
lar lymphocytes (Fig. 5). PMA alone was enough to induce
high levels of LT mRNA expression, and the additional acti-
vation by the second signal A23187 only slightly increased
peak LT mRNA expression (Fig. 5). This difference also oc-
curred with the expression of TNF mRNA by the same B cell
line (Fig. 5), and with the expression of both LT and TNF
genes in T cell lines (16). The addition of A23187 did, how-
ever, reduce the lag time for peak LT and TNF mRNA accu-
mulation in B cell lines, and prolonged the half-life of intra-
cellular message for both cytokines. Whether this kinetic
change is due to increased transcription rates of the two genes,
or the reduced degradation rates of the mRNA’s requires fur-
ther studies.

The cytotoxic activities of the supernatants of activated
tonsillar B cells were predominantly due to LT (Table I). How-
ever, Northern blot studies showed that using TNF and LT
mRNA expression by tonsillar T cells as the reference, these B
cells accumulate more TNF mRNA than LT mRNA (Fig. 6).
This paradoxical observation can be explained by the hypoth-
esis that TNF is selectively utilized by the stimulated B cells.
This hypothesis is based on the findings that (q¢) the same
receptors that bind both LT and TNF have a tenfold lower
binding affinity for LT (25), (b) LT has a 10-fold higher thresh-
old concentration than TNF in stimulating endothelial cell
secretion of IL-1 and hematopoietic growth factors (25, 26);
and (¢) TNF is rapidly utilized by stimulated tonsillar B cells
(14). Since both LT and TNF were required for B cell prolifer-
ation (5-7), experiments designed to prove this hypothesis by
blocking LT and TNF reutilization would be difficult to inter-
pret.
Results on CsA inhibition studies (Fig. 7 B) showed that
LT mRNA accumulation in PMA plus anti-CD3-stimulated
tonsillar T cells was exquisitely sensitive to CsA inhibition. LT
mRNA accumulation was almost completely inhibited by 100
ng/ml CsA (Fig. 7 B, lane 6). This is similar to the proliferation
of peripheral blood T cells stimulated by PMA plus anti-CD3,
which was almost completely inhibited by 100 ng/ml CsA (27).
CsA has been shown to inhibit tonsillar B cell proliferation
(18). However, the present study showed that the stimulated
increase in LT mRNA accumulation in tonsillar B cells was
relatively insensitive to CsA inhibition when compared with
that in T cells. A similar resistance to CsA inhibition has also
been demonstrated in the stimulated increases of several in-
ducible monocyte mRNAs (28). Whether this resistance is due
to differences in cell types or in the signals elicited by the
different stimuli needs to be further examined.
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