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A B S T R A C T Immunoglobulin production by
lymphoblast cell lines was studied using protein A-red
blood cell plaque formation to detect individual
secreting cells. Immunoglobulin (Ig) secretion by 6
of 12 human B-cell lines tested could be stimulated
up to twentyfold by phorbol myristic acetate (PMA)
at subtoxic concentrations of 10-1000 ng/ml depend-
ing on the line. Stimulation was found with both IgM
and IgG cell lines. No switch of Ig class synthesis was
found in the cell lines as a result of PMA incuba-
tion. Increase in Ig secretion was closely associated
with cessation of growth resembling induction of
terminal differentiation in the cells. PMA induction
of Ig secretion in B lymphocytes from nortnal periph-
eral blood requires the cooperation of T cells. PMA
stimulation of certain cell lines reported here suggests
that the lines are late in the differentiation pathway
to plasmacyte and can be easily triggered to secrete
Ig by membrane-altering agents.

INTRODUCTION

The tumor-promoting properties of phorbol myristic
acetate (PMA)l have been well correlated with in

Received for publication 8 June 1981 and in revised form
22 July 1981.

1 Abbreviations used in this paper: Ig, immunoglobulin;
PFC, plaque-forming cells; PMA, phorbol myristic acetate.

vitro growth stimulation and/or blocking of differ-
entiated phenotypes in epidermal cells (1), myocytes
(2), erythroleukemias (3, 4), preadipose fibroblasts
(5), and melanoma cells (6). However, PMAinduces
maturation resembling terminal differentiation in tu-
mor cell lines of the granulocyte-macrophage lineage
(7-9). Induction of mature properties by PMAin mye-
loid cell lines requires gene activation (9) correlated
with growth inhibition ofthe cultures (7,9). PMAis mito-
genic for human B lymphocytes (10) and a subset of
human T cells (11). Evidence has also been presented
for PMAstimulation of sheep erythrocyte (E)-rosette
formation in a human T-cell line (12), induction of
surface immunoglobulin (Ig) and Fc receptor expres-
sion in murine lymphomas (13), and induction of cyto-
plasmic Ig in chronic lymphocytic leukemia cells
suggestive of partial maturation to plasmacytes (14).
Humanand murine B-lymphocyte cell lines differ over
500-fold in sensitivity to PMAtoxicity suggesting their
derivation from subsets of normal B cells differing in
PMAresponsiveness (15). The present study investi-
gates the extent of terminal differentiation induced in
human B-cell lines by PMA, measured as Ig secretion
coupled with growth inhibition.

METHODS
Cell line cultures. Human B lymphoblastoid lines were

described previously (16), except for CESS from a myelo-
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monocytic leukemia patient2 and Epstein-Barr virus-induced
lines from normal donors (17) and plasmacytoma ARH-77
(18). BM.A. was selected for azaguanine resistance from
line BM-NH and ARH.A from ARH-77. BM.B was selected
for bromodeoxyuridine resistance from BM-NH.3 Cell lines
were grown in RPMI 1640 medium plus 10%fetal calf serum.

Plaque-forming cell (PFC) assay for immunoglobulin
secretion. The method of reverse PFCwith protein A-coated
sheep erythrocytes and polyvalent rabbit antihuman Ig
(N. L. Cappel Laboratories Inc., Cochranville, Pa.) was used
to detect all classes of Ig-secreting cells (19). IgG and IgM
PFCwere detected using IgG fraction of rabbit anti-IgG made
monospecific by absorption on myeloma IgM columns (20)
and Cappel rabbit anti-IgM, respectively. Polyvalent sera
from several sources were screened to give maximum PFC
on pokeweed mitogen-stimulated peripheral blood lympho-
cytes; class-specific antibody preparations were chosen to give
maximum PFCwith homologous cell lines and no PFC with
the lines of the heterologous Ig class. Each culture was
assayed in duplicate for PFC. No plaques were detected
in the absence of complement, and the number of PFC
without anti-Ig was <5%of that with inclusion of anti-Ig.

Reagents. Phorbol myristic acetate (PMA, tetradecanoyl-
phorbol acetate) (Consolidated Midland, Corp., Brewster,
N. Y.) was dissolved 5 mg/ml in dimethylsulfoxide and then
diluted in saline. Dimethylsulfoxide alone, at the highest con-
centration used in combination with PMA(0.1%), or at five-
fold higher amounts, had no effect on cell line growth or
Ig secretion.

RESULTS

Culture of some human B lines with PMA caused
three- to ninetyfold increases in Ig-secreting cells
detected by the protein A-PFC assay (Table I). The
plaque size for PMA-treated and control cultures was
similar, suggesting that cells with undetectable Ig
secretion were induced to high rate production. Cell
lines differed in optimal dose of PMAto augment PFC,
which generally correlated with severe growth inhibi-
tion. The doses used in Table I were not toxic at 2 d
incubation, but usually caused some cell death at five-
to tenfold higher concentrations or longer time inter-
vals. No line was found to switch to a new Ig class or
produce two classes of Ig when incubated with PMA.

Fig. 1 shows that 0.2 ug/ml PMAwas optimal for
2-d PFCresponse by line RPMI 1788 and 0.05 ,ug/ml for
3 d incubation. Both concentrations allowed less than a
doubling of cell numbers over 3 d, while control cells
increased 4.8-fold. PMAdid not enhance PFCin strains
of a number of cell lines, usually those with undetect-
able PFC in control cultures, including DAUDI,
RAMOS,ARH.A, CESS, BM.B, and RPMI 8866.

DISCUSSION

Our previous studies (16) showed that normal hu-
man T cells could stimulate IgM secretion and in-

2 Bradley, R., and G. Pilkington. Unpublished observations.
3Ralph, P., and I. Nakoinz. Unpublished observations.

TABLE I
Induction of PFC in Human B Lines by PMA

Line PMA IgM-PFC IgG-PFC

pglml

BM 150+11 0
1 435+26 0

BM.A 5+±0.7 0
0.2 22±2.0 0

1788.2 0.05±0.01 0
0.2 0.45±0.10 0

HIRS - 0 2+2
0.1 0 187±7

RMcG 0 6±0
0.1 0 45+5

ARH-77 0 0.3±0.1
1 0 5±0.4

Cells cultured at 2 x 105/ml for 2 d and PFCper 103 recovered
cells determined. Cultures showed >90%viability in all cases
although PMAinhibited growth 50-95%.

duce IgG production in certain B-lymphoblastoid
lines. Stimulation of Ig secretion in cell lines by
cocultivation with normal T cells has been confirmed
by Kempner et al. (21). Our present results show that
cell lines with ongoing Ig secretion can be stimulated
directly by PMA. Ig secretion is also induced in human
peripheral blood cells by PMA, but this reaction
requires the cooperation of T cells (manuscript in
preparation) similarly to induction by pokeweed mito-
gen (22). Therefore, certain dividing B cells (cell
lines) may be at a differentiation state close to the Ig-
producing plasmacyte and be easily triggered to ma-
ture by differentiation-altering agents.

PMA induces or stimulates expression of mature
markers and functions in human and murine granulo-
cyte (7, 8), macrophage (9, 23) and lymphocyte (12-
14) tumor lines, and stimulates progenitor cells in
normal bone marrow to form myeloid colonies in agar
(24). PMAbinds to cell membranes (25) and alters sur-
face receptor properties (26, 27). The potent effect of
phorbol ester on lymphocyte function suggests that it
will be a valuable tool in further study of lympho-
cyte differentiation states and subsets of the cor-
responding leukemias. The small amounts of PMA
required (0.01-1 ,ug/ml) for induction of Ig secre-
tion rules out other known mitogens as possible con-
taminants responsible for the activity, and the chemi-
cally defined nature of PMAshould allow biochemical
studies of binding effects and immediate events in lym-
phocyte stimulation.
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FIGURE 1 PMAstimulation of Ig secretion by human B cell
line RPMI 1788. Top panel: Cells were cultured 2 or 3 d with
PMA, viable cells counted and average growth inhibition by
PMAcalculated. Bottom panel: PFCper 105 RPMI 1788 cells
recovered at day 2 (0) or day 3 (0). Cell numbers in control
cultures increased 4.8-fold at day 3. Cell viability was >90%
at day 3 for PMAconcentrations of 1 ,ug/ml or less.
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