
tetramer. This association would result in 
the presence of 12 to 16 transmembrane 
regions per synaptophysin homomultimer, a 
structure very suggestive of a membrane 
channel. Remarkably, all of the transmem- 
brane regions of synaptophysin are very 
hydrophobic, with only two containing sin- 
gle charged amino acids. This charge distri- 
bution decreases the possibility that synap- 
tophysin is a channel for ions. The hydro- 
phobicity plot and the proposed subunit 
structure of synaptophysin are very similar 
to those of the gap junction proteins (14). 

In summary, the primary structure of 
synaptophysin suggests that the protein may 
form a synaptic vesicle-specific membrane 
channel, with a cytoplasmic domain instn- 
mental in the interactions of synaptic vesi- 
cles with cytoplasmic factors. 
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Lymphotoxin Is an Important T Cell-Derived 
Growth Factor for Human B Cells 

Two Merent assays for B cell growth factors (BCGF) and an antibody against 
lymphotoxin were used to show that the presence of lymphotoxin in conditioned 
media derived from normal activated T cells and in a partially purified BCGF accounts 
for a substantial portion of  their B cell growth-promoting activity. A competitive 
binding assay confirmed the presence of significant amounts of lymphotoxin in the 
partially purified BCGF. Recombinant lymphotoxin enhanced the proliferation of 
activated B cells and augmented B cell proliferation and immunoglobulin secretion 
induced by interleukin-2. 

THE ROLE OF VARIOUS SOLUBLE FAC- 

tors in the regulation of human B 
lymphocyte proliferation is some-

what controversial. When activated in vitro 
with the polyclonal B cell mitogen Staphylo-
coccus aureus Cowan I (SAC), human B 
lymphocytes undergo an initial round of 
proliferation (1); however, this proliferation 
is short-lived unless exogenous growth fac- 
tors are added to the cultures. On the basis 
of this observation an assay was developed 
for the detection of human B cell growth 
factors (BCGF) (2).Nevertheless the nature 
of many of the factors that enhance B cell 
proliferation in this assay remain uncharac- 
terized. Interleukin-2 (IL-2) is one of the 

growth factors contained in the superna- 
tants conditioned by phytohemagglutinin 
(PHA)-activated T cells. Although IL-2 en- 
hances the proliferation of SAC-activated B 
cells (3) ,an antibody to the IL-2 receptor 
inhibited only 20% to 30% of the BCGF 
activity present in a T cell supernatant con- 
ditioned by PHA-activated T cells (4). Re- 
cently, we showed that the monocyte prod- 
uct tumor necrosis factor-a (TNF-a), has 
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significant BCGF activity in this assay (5) .  inhibited the amount of DNA synthesis 
Since lymphotoxin is structurally and func- triggered by the PHA-activated T cell super- 
tionally related to TNF-a and is a product of natants by 71 + 6% (Table 1). The antibody 
activated lymphocytes ( 6 ) ,we tested the role did not inhibit B cell proliferation induced 
of lymphotoxin as a growth f8c:or in bulk T by IL-2, and the inhibitory effects of the 
ce!! supernatants. Supernatants conditioned antibody could be reversed by adding s a -  
by PHA-activated tonsillar or peripheral cient exogenous lymphotoxin (400 ng/cm3) 
blood T cells were incubated with SAC- (Table 1). 
activated B cells in the presence or absence We next tested the effects of the antibody 
of sufficient polyclonal &tibody to lympho- on the proliferation triggered by a commer- 
toxin to neutralize 120 ng of lymphotoxin cially available BCGF that had been partially 
per milliliter. The presence of the antibody purified from supernatants conditioned by 

Table 1. Inhibition of growth factor-induced B ccll proliferation by an antibody to Iymphotoxin. 
Human tonsillar B lymphocytes wcrc purificd as described (7).More than 95% werc surface Ig positive 
and less than 1% wcrc csterase positive. In experiments 1a id  2, the purified B cells wcre activated with 
a 1:12,500 dllution of SAC (Bethesda Research Laboratories) for 2 days in RMPI 1640 containing 
10% fetal bovine serum (Dutchland Laboratories). The cells wcrc washed and cultured for 3 or 4 days 
in Ventrcx HL-1 serum-free mchum (Ventrcx Laboratories) at a concentration of 5 x 10' cells per 
miMter in 96-well flat-bottom plates in the presence or absence of various cytokics and in the 
presence of a polyclonal rabbit antibody to lymphotoxin (sufficient to neutralize 120 nglml) 
(Gcnentcch). PHA supernatants were obtained by culturing tonsillar T cells (supernatant 1) or 
peripheral blood mononuclear cells (supernatant 2) in serum-free medium for 4 days in the presence of 
PHA (1 pglml). BCGF (Cellular Products) was uscd at 20% by volume. Recombinant IL-2 (lot LP2, 
Cetus) was uscd at 100 Ulml, and recombinant lymphotoxin (Gencntech) was used at 400 nglml. DNA 
synthesis was measured during the last 18 hours of the culture period by incorporation of [3H]thymi- 
dine (standard liquid scintillation counting). Background thymidinc incorporation in medium alone or 
in the presencc of antibody to lymphotoxin was subtracted from the appropriate samples. The antibody 
either had no effect or a very mild stimulatory effect on baseline B cell proliferation. In experiment 3, 
three diEercnt B ccll preparations were stimulated with antibody to l*, chain (15 l*,g/ml) coupled to 
beads (Bio-Rad) plus the partially purificd BCGF in the presencc or abscncc of the antibody to 
lymphotoxin. Additionally, one B cell preparation was stimulated with anti-l*, plus IL-4 at 1000 Ulml 
(Genzymc). The amount of DNA synthesis was determined as above during the last 18 hours of a 96- 
hour culture period. Background thymidine incorporation in mehum plus anti-l*, alone were subtracted 
from the appropriate samples. 

DNA synthesis ( ~ p m / l 0 ~  B cclls) 
Addition 

Supernatant 1 Supernatant 2 IL-2 BCGF BCGF BCGF IL-4 

Experiment 1 
None 5,880 31,341 8,287 
Antibody 1,605 11,832 13,832 

Experiment 2 
None 40,551 26,724 21,797 91,233 
Antibody 
Antibody + 

10,399 
51,774 

6,181 
47.376 

27,556 28,099 

lymphotoxin 
Experiment 3 

None 3,408 26,287 22,232 7,350 
Antibody 
Antibody + 

908 
4,327 

9,404 
20,964 

9,639 
34,784 

6,324 

lymphotoxin 

Table 2. Competitive inhibition of 12SI-labeled TNF-a binding to activated B cclls. Purified 
recombinant TNF-a (Cetus) labeled with Iodobeads (Pierce Chemical Co;specific activity, 5.7 mCi/ 
mg) was biologically active when assayed on L929 cells. Two-day SAC-activated B cclls (1 x lo6cclls) 
werc incubated with 5000 cpm of 1Z51-labeled TNF-a (150 pM) in the presence or abscncc of various 
potential inhibitors in duplicate. After 2 hours of binding at 4"C, cell-associated and free 12'I-labclcd 
TNF wcre separated by placing the reaction mixture over a cushion of 84% silicon oil and 16% paraffin 
oil and centrifuging at 12,0008 for 1 minute. The percent inhibition was calculated as 
[(SB -BI) x 100]lSB, where SB is specific binding and BI is the specific binding in prcsencc of 
potential inhibitor. Specific binding is the total amount of radioactivity (disintegrations per minute) 
bound minus the radioactivity bound in the presence of a 500M excess of TNF-a. Similar results wcrc 
found in two separate cxpcrimcnts. 

Conccn- Inhibition (%) Conccn-
tration tration Inhibition (%) 

(W TNF-a Lymphotoxin IL-2 (%, by BCGF 
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PHA-activated mononuclear cells. The addi- 
tion of the BCGF, to SAC-activated B cells 
resulted in a marked increase in B cell DNA 
synthesis; however, again approximately 
70% of this increase could be blocked bv the 
addition of the antibody to lymphotoxin, an 
indication that this BCGF preparation con- 
tained significant amounts~of~lyrnphotoxin 
(Table 1). We also tested the effects of the 
antibody to lymphotoxin in another assay 
for human BCGF, the anti-p costimulatioA 
assay. This assay depends on the ability of 
anti-y (a rabbit polyclonal antibody directed 
against the human y chain coupled to Seph- 
arose) to activate B cells without inducing B 
cell proliferation unless a source of BCGF is 
present (7).Synthesis of B cell DNA in- 
duced with anti-y and the partially purified 
BCGF was inhibited (65 * 8%) by the 
addition of the antibody. Again, the full 
proliferative response codd be restored by 
adding an excess of lymphotoxin (Table 1). 
To  further confirm the specificity of the 
antibody to lymphotoxin h e  examined its 
effect on the costimulation of B cells by anti- 
y and recombinant IL-4, another factor 
with BCGF activity (8).In contrast to the 
results with the partially purified BCGF, the 
antibody did not significantly impair the IL- 
4 response (Table 1). 

TO- confirm the presence of lymphotoxin 
in the partially purified BCGF preparation, 
we used '25~-labeled TNF-a in a competitive 
binding assay. Since both TNF-a and lym- 
photoxin bind to the same receptor (9) ,  
lymphotoxin can be detected by its ability to 
competitively inhibit the binding of TNF-a 
(Table 2). As predicted, the commercial 
BCGF contained significant amounts of 
lymphotoxin (estimated from a standard . -
curve with recombinant lymphotoxin to be 
approximately 100 ng/ci3). -

We showed that lymphotoxin by itself 
could enhance B cell DNA synthesis by 
culturing SAC-activated B cells -in the pres- 
ence of increasing concentrations of recom- 
binant lymphotoxin. There was a dose-de- 
pendent. enhancement and a 5.3 t 0.5 in- 
crease in DNA synthesis in B lymphocytes 
stimulated with lymphotoxin at 40 nglml 
compared to cells cultured in media alone 
(Table 3). The levels of DNA svnthesis with 
an optimal concentration of lymphotoxin 
were comparable to those achieved with IL- 
2 at 100 -u/ml, a concentration previously 
shown to be optimal for SAC-activated B 
cell proliferation (3) .The addition of lym- 
photoxin to IL-2 resulted in a further-en- 
hancement in IL-2-induced B cell DNA 
synthesis (Table 3). The combination of IL- 
2 at 100 U/ml and lymphotoxin at 40 nglml 
resulted in a 14.4 t 3.7-fold increase in 
DNA synthesis compared to media alone. 

~inaily, the e~ec t sb f  lymphotoxin or lym- 
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Table 3. Effect of lymphotoxin on human B cell proliferation and differentiation. Human tonsillar B 
cells were purified as described in Table 1, but in addition they were depleted of residual monocytes by 
passage over a G10 column. Two-day SAC-activated B cells were cultured in serum-free media in the 
presence of various concentrations of lymphotoxin and in the presence or absence of IG2 (100 Ulml). 
[3H]thymidine incorporation was measured 4 days later and supernatant Ig production 5 days later 
with an isotype-specific enzyme-linked irnmunosorbent assay. Data represent means + SEM of two 
experiments. Lymphotoxin had no effect on Ig synthesis in the absence of IL-2. Baseline IgM 
production was 144 + 95 nglml, and baseline IgG was 95 + 68 nglml. 

Lymph- 
DNA s thesis P (cpmIlO B cells) 

IgG IgM 
otoxln (ng/ml) (nglml) 

(nglml) - IL-2 +IL-2 +IL-2 +IL-2 

photoxin plus IL-2 on B cell immunoglob- 
ulin (Ig) secretion were determined. Al- 
though lymphotoxin alone had no effect on 
B cell Ig secretion, the addition of lyrnpho- 
toxin and IL-2 to SAC-activated B cells 
resulted in a 1.5- to 2-fold increase com- 
pared to IL-2 alone (Table 3). Since B cell 
Ig production in this system is dependent on 
antecedent B cell proliferation, lymphotox- 
in's enhancement of Ig secretion may be 
secondary to its effects on B cell prolifera- 
tion. 

TNF-a and lymphotoxin are generally 
defined by their cytotoxic or cytostatic activ- 
ity against a variety of transformed cells 
(10). Recently Sugarman et al. (11) have 
reported that growth of certain untrans- 

formed cell lines can be enhanced by TNF-a 
and Vilcek et al. (12) noted that TNF-a 
stimulated the growth of human FS-4 fibro- 
blasts. These bifunctional effects of TNF-a 
and lyrnphotoxin on cell growth are not 
without precedent, since several other 
growth factors, including IL-2, epidermal 
growth factor, and transforming growth 
factor-p, have been reported to either en- 
hance or inhibit cell growth, depending on 
the particular cell type examined and other 
growth factors present (13). 

In conclusion, lymphotoxin is a soluble 
factor secreted by activated lymphocytes and 
is present in supernatants conditioned by 
activated T cells in amounts su6ticient to 
significantly enhance in vitro B cell prolif- 

eration. Lymphotoxin may serve an irnpor- 
tant role in amplifying the humoral immune 
response in vivo. 
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Everything tastes so fresh, Mother. Where did 
you get the potassium benzoate? 
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