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DIFFERENT PATTERNS OF INOSITOL POLYPHOSPHATE PRODUCTION ARE
SEEN IN B LYMPHOCYTES AFTER CROSS-LINKING OF sIg BY ANTI-Ig

ANTIBODY OR BY A MULTIVALENT ANTI-Ig ANTIBODY DEXTRAN
CONJUGATE'

MARK; BRUNSWICK,* CARL H. JUNE,! FRED D. FINKELMAN,* AND JAMES J. MOND*
4,'. " From the -Department of Medicine, Uniformed Services University of the Health Sciences, Bethesda, MD 20814-4799. and

'Naval Medical Research Institute, Naval Medical Command. National Capital Region. Bethesda. MD 20814-5055

Anti-5 antibody conjugated to 2 x 106 m.w. dextran activates phospholipase C in a number of cell types (I).
(dex) stimulates B lymphocyte proliferation at Phospholipase C hydrolyzes PIP2

2 into two intracellular
10,000-fold lower concentrations than that required second messengers, diacylglycerol and Inositol 1,4,5-tris-
by the unconjugated antibody. Dex conjugated an- phosphate (I(I.4,5P 3 ). These respectively activate protein

Lo tibody also stimulates a greater and more sustained kinase C (2) and mobilize intracellular ionized calcium
increase in intracellular ionized calcium ([Ca 2 ]i) (3). I(l,4,5)P3 can be further phosphorylated to inositol
than does the unconjugated anti-Ig antibody. Inas- 1,3,4,5-tetrakisphosphate (l(I,3,4.5)P,) (4-7). which as
much as inositol phosphate metabolites have been with I(1,4.5)P3 has also been demonstrated to have an
linked to rises in [Ca 2 Ih, we analyzed by FPLC the indirect role in regulating the levels of (Ca2 ', by stlmu-
relative amounts of the inositol polyphosphates (IP) angc t e in the leve Ca2 po (5-
in these cells. Anti-Ig-dextran induced a threefold latlng Ca uptake into the IP sensitive Ca pool (5-11).
greater increase in total IP than did the unconju- This sequence of events has also been described in nor-

(J gated anti-Ig. Furthermore, in cells stimulated by mal B cells (12-14) and in B lymphocyte tumors (16. 17)

unconjugated anti-Ig there was a transient induc- that are stimulated either by Ag or by anti-Ig antibody.

tion of I(1,4,5)P 3 followed by a rapid accumulation The model of anti-Ig antibody-induced B cell activation
of the I(I.3,4)P3 isomer with little accumulation of has thus been viewed as one which closely mimics anti-
I(1,4P 2 . whereas in anti-Ig-dex-stimulated cells gen mediated sig cross-linking and which provides the
there was prolonged elevation of I(1,4,5)P3 with advantage of allowing the polyclonal stimulation of all
more accumulation of I(1,4)P 2. In addition, levels of surface lg* cells, whereas specific Ag is capable of stim-
I(1,3,4.5)P4 were maii.tained over a longer period of ulating only the rare B cells which have specificity for
time in B cells stimulated by anti-Ig-dex than in that Ag.
those stimulated by unconjugated anti-Ig. The en- Inasmuch as stimulation of B cells by anti-ig antibody
hanced ratio of I(1.4,5)P1I{1,3.4)P 3 was also seen requires anti-Ig concentrations that are in vast molar
when suboptimal concentrations of anti-Ig-dex were excess of sIg molecules, It has not provided the complete
used which stimulated a level of total inositol phos- model for the induction of Ag-mediated-B cell activation
phate that was similar to that stimulated by the because under physiologic in vivo conditions Ag are often
unconjugated anti-Ig. The possibility that the
greater stimulation of increased [Ca 2 ] by anti-lg- present In much more limiting concentrations. To extend

dex than by unconjugated anti-Ig was a predominant the anti-Ig model of B cell activation, we have covalently
factor in influencing the metabolic pathway of coupled anti-Ig to a high m.w. dextran to produce a solu-
I(1.4,5)P3 was excluded. These results show that I ble multivalent form of anti-Ig on a carbohydrate back-
stimulation of increases in the various IP isomers bone (18). This conjugate was found to induce B cell
occurs in anti-Ig stimulated normal B cells as has proliferation which is 10 times more than can beobtained
been shown in B cell lines and 2) that signal trans- by optimal 'oncentrations of the unconjugated anti-ig. In
duction and consequent PIP 2 hydrolysis that is stim- addition, the conjugate induces B lymphocyte prolifera-
ulated by Ag-mediated cross-linking of slg is tion at a concentration that Is 10.000-fold below that
strongly influenced by the extent and type of cross- which is required for the unconjugated antf-ig. These
linking that is induced, results suggest that whereas cross-linking of slg by either

of these two agonists can Induce B cells to synthesize
DNA. the extent and pattern of cross-linking of surface

The interaction of a specific Igand with its receptor IgR strongly influences the degree of stimulation (18).
,The current experiments were undertaken to deter-
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Ptapd increases in levels of 1(1.4,5)P 3 , dextran conjugated mln. To each fraction 3 ml of Ready Value scintillation fluid (Beck-
(. rapl d Inc rea ter levels of tls oer d man Instruments Inc., Fullerton. CA) was added and radioactivity

anti-ig induced much greater levels of this Isomer, which was determined by liquid scintillation spectroscopy. The column was

were sustained for significantly longer periods of time. standardized by elution of standards, inositol I-phosphate. Inositol

Additional differences were found in the amount and in 1.4-bisphosphate. and Inositol 1.4.5-trisphosphate (Amersham

Ithe ratio of the other inositol polyphosphates that were Corp., Arlington Heights. IL). inositol 4.5-bisphosphate (a kind gift
from Drs. E. Bonvini and C. Brando. FDA. Bethesda, MD). Inositol

stimulated. This suggests that the distribution of PIP2  1.3.4-trisphosphate and inositol 1.3.4.5-tetrakisphosphate (New

hydrolysis products that are stimulated by cross-linking England Nuclear. Boston. MA). The inositoI polyphosphates cluted

of Slg is strongly dependent on the extent and type of sequentially from the column: I(IP1 after 5 to 14 mn. l(4,51P 2 aftcr
cross-linking of Sig that is induced.N 36 to 38 mn, l(1.4)P 2 after 46 to 48 min. 1(1.3.41P3 after 66 to 68

mlinI .4.5)P3 after 70 to 72 min, and t(t .3,4.5)P4 after 80 to 84 min
. (Fig. 1). Each experiment was repeated three times and representa-

MATERIALS AND METHODS tive results are shown.
Analysis of intracellular ionized calcium. Measurements of

Mice. Female DBA/2J mice were obtained from The Jackson [Ca
2
') in single cells were performed using Indo-I as the Indicator

Laboratories, Bar Harbor, ME. at between 6 and 8 wk of age. The dye as described in detail previously 125).
experiments reported herein were conducted according to the prin-
cipals set forth in the Guide for the Care and Use of Laboratory RESULTS
Animals. Institute of Animal Resources, National Research Council.

11 ty s (1). DHEW PubI. No. (NIH) 78-23.

itra ellular Antibodies and other reagents. The monoclonal antl-T cell re- Anti-IgD antibody-dextran conjugate (anti-6-dex) is

1 1. .5-tris- agents. anti-Thy-l.2 (clone 30-H12) (19), anti-CD4 (clone GICl.5) potent mobilizer of intracellular Ionized calcium. Evi-

120). anti-CD8 (clone 53-6.7) (19) were grown as ascitic fluid in nude dence has accumulated that the hydrolysis of PIP 2, with
at protein mice. The mouse monoclonal antibody against rat Ig x, chain Mar subsequent elevation of intracellular ionized calcium and

e ca m 18.5 (21). was produced by cells grown In tissue culture. The mono-

os ol clonaI antibody (HV/I] (22) with specificity for the heavy chain of activation of protein kinase C, is a central mechanism by

IgD(61 was grown In nude mice. Antibodies were purified as described which specific Ag and anti-Ig induce B cell activation
whic as previously 123). Conjugation of antibody to dextran was done as (12-17). Inasmuch as we have recently shown that ani-

co hay an recently described (18). and the anti-6 dex conjugate that was used

by s mu- in these experiments had 6 molecules ofanti-6 antibody per molecule 6-dex is a substantially more potent inducer of B cell

ofdextran. Concentrations ofdextran conjugatedantlbodies thatare proliferation than Is unconjugated anti-6 antibody (18).
)001( -11). mentioned in the text reflect only the anti-Ig antibody concentration we wished to evaluate whether this difference was also

:)ed nor- and not that of the entire dextran conjugate. Thus, in all experiments

rs ( 6 equivalent protein concentrations of anti-6 and anti 3-dex are stud- reflected at an earlier stage In the activational pathway

ied. lonomycin was obtained from Calblochem (San Diego. CA): lith- of B cells. To this end we used flow cytometric analysis
lum chloride and EDTA were from Sigma Chemical Co. (St. Louis. of indo-1 Ilabeled B cells to measure calcium mobilization

activat n MO)" HEPES buffer 1 M pH 7.4 was from M.A. Bioproducts (Walk-

mics i- ersville. MDI: sodium sulfate and zinc sulfate were from Fisher induced by these two similar compounds. When cells

ovide hSpringfield. NJ). were stimulated with 100 ,yg/ml of unconjugated anti-6
B cell purification. Resting B cells were prepared as described antibody, there was a fivefold transient increase in the

tion ali previously (18). Briefly. spleen cell suspensions from 30 mice were concentration of calcium from a resting level of 130 nM
Ic o - treated with a cocktail of rat antimouse T cell reagents for 30 min

if4 y or on ice. Cells were then washed once and resuspended in media to approximately 700 nM (Fig. 21. This decreased rapidly

containinga mouse antirat x (21) mAb togetherwith complement for to approximately 250 nM after 2 min of stimulation. In
45 min at 37°C. Resting B cells were then isolated from the suspen- contrast, when a 10-fold lower concentration of anti-b-

' anti ody sions by centrifugation over Percoll density gradients. Cells were

ast olar stained with fluorescein conjugated anti-6 and anti-Thy- 1.2 antbod- dex was used to stimulate the cells [Ca2 ], reached a mean
les and were found to contain greater than 95% slgD* and no detect- maximum concentration of approximately 800 nM and.

co plete able Thy- 1.2 cells. at the termination of the experiment (6 min, the average
act ation Analysis of Inositol phosphates. Analysis of total inositol poly-

a e often phosphates was carried out as described previously (17). Identifica- cell had approximately 400 to 500 nM of ICa 2  .This
tion of specific inositol polyphosphates was done as follows: resting difference in the mean response was not due to recruit-
B cells were cultured overnight at a density of 5 x 10' cells/ml in 30 ment of additional responding cells, as more than 90% of

-,oval tly pCI of 'H-myo-inositol In RPMI with 10% FCS. Cells were recovered

ice a olu- and washed three times In phenol red-free RPMI with 10% FCS In cells responded in both conditions (not shown. The early

the presence of 10 mM lithium chloride. Cells were resuspended at and the late rise in [Ca 2
*11 that are stimulated by both of

2.5 x 10' cells/ml in the same media and aliquoted at 0.2 ml/ these agonists are inhibited to varying degrees by EGTA.
ice cell microcentrifuge tube. and prewarmed to 37C for 0.5 h. Anti-6 or The early peak response that Is stimulated by both ago-
ob alned anti-6-dextran (anti-6-dex) was then added for the Indicated time. At

In the end of the stimulation time cells were spun briefly for 5 s in a nists within 30 s are inhibited by 25%, whereas the later
microcentrifuge. All media was then removed by aspiration, and the sustained increases Induced by these agonists are Inhib-

p I ra- cell pellet resuspended in 0.75 ml of chloroform:methanol (1:1). ited by 90% (not shown). This supports the finding of

el hat followed by the addition of 0.25 mi of water and then 0.25 ml of

.T ese chloroform and an additional 0.25 ml of water. Tubes were then others (10, 13) who demonstrated that the early rise
vortexed and respun In the microcentrifuge for 2 min. The water reflects IP-mediated mobilization of calcium from intra-.

bye her layer was transferred to fresh polypropylene tubes and dried at 37"C cellular stores, whereas the later rise reflects influx of

ynth size under nitrogen. Dried samples were resuspended in buffer "A" for calcium from extracellular sites.Ifs ae FPLC separation.
SSeparation of inostol polyphosphates was done on a Pharmacia Analysis of inosltol polyphosphates induced by anti-

Mono g FPLC column by a modification of the method of Meek 124). J and anti-6-dex. We wished to determine whether dif-

to r- Buffer -A" was 0.1 mM zinc sulfate. 10 mM HEPES, and 0.1 mM ferences in the pattern of calcium mobilization of these

ml n- EDTA. Buffer -B" was the same as buffer A with the addition of 0.5

M sodium sulfate. Samples were loaded In buffer A and allowed to two different sIg cross-linking agonists would correlate ...
flow into the column for 4 min at I ml/mln. From 4 to 50 min there with differences in the amount or in the ratio of l(l .4.5)P 3 ..

if In (tt was a linear gradient to 6% buffer B. At 50 min there was a step- and IP4 that were induced after B cell stimulation by
ran n- wise jump to 14% buffer B. The linear gradient then continued to 75 ....

In ed mn to give a concentration of 15% buffer B. At 75 min there was a these mitogens since these inositol phosphates have been
step jump to 46% buffer B followed by a linear gradient to 80% B demonstrated to influence [Ca

2+] mobilization. 
3
H-myo-

5.k hos- over the next I I mln, and to 100% B by 91 min. Buffer B was then Inositol labeled B cells were stimulated in the presence ides
er o phos- run for 15 min at 100% and then decreased In a single step to 0%.

The column was reequillbrated with buffer A for 15 min before the of lithium either with anti-6 or anti-6-dex for periods of r
addition of the next sample. Fractions of I ml were collected for PC, time ranging from 10 s to 5 mln. Water soluble inositol

'_A ...
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Figure 1. FPLC separation of inositol polyphos
phate standards. A mixture of 'H-inositot polyIphos-
phate standards was loaded onto a Pharniacia mono gQ m
column. The IP were then sequentially eluted from the 0 0 _
column by increasing concentrations of sodium sulfate 0 20 40 60 S0 100
(buffer B). The results are shown as cpm on the right
hand Y axis and lime on the X axis. The left hand Y EUINTM MNTS
axis shows the change in concentration of buffer B vs EUINTM MNTS
time on the X axis.
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polyphosphates were then extracted and applied to a

____________0___ Pharmaciat (Pharmaciat Fine Chemicals. Piscataway, NJ)

900- found to induce increases in the levels of 1P,. lP2. 1P,,. and
800- 1P. (Fig. 3A). Although the levels of the 1P2 continued to
700. rise throughout the course of the experiment, as might

be expected as a result of the Inhibitory effect of lithium
60-anfl- 8-doex on the inositol phosphate monophosphatase (26). the

500 amount Of IP2 remained relatively constant. and that of
r3 400- ------- P4 decreased. The kinetics of lP3 induction (Fig. 4. which

300-atb are data extrapolated from Fig. 3) was comparable in

200 some regard to that seen in other cell types. Thus, the
100 I(1,4,5)P 3 isomer was stimulated to increase within 10 s

after stimulation but was rapidly converted to 1f11,3,4)P 3.
0 150 5 6s that by 2 min more than 90% Of 1P3 was present as

Time (minlutes) the l(I.3,4)P3 isomer.
Figure 2. Changes in ICa-i, in B lymphocytes stimulated with anti-6 The pattern of inositol phosphates stimulated by the

or anti-6-dex antibody. Resting B lympiimcytes were prepared and ioaded anti-b-dex (Fig. 3B) wa.3 significantly different than that
with indo-l as described and then analyzed to determine the ratio of stimulated by unconjugated anti-6 in the following ways:
violet:biue fluorescence. At the end of I min cells were stimulated with
either 100 P/ml of anti-6 or I maa/mi of anti-a-dex and the analysis 1) The degree of PIP2, hydrolysis induced, as judged by
continued for a further 5 min 40 a. Results are expressed as the mean the total amount of inositol phosphate, was significantly
lCa'*I, of the population vs time, greater and could be stimulated by lower concentrations

of anti-b-dex. 2) Although there was an increased In 1P,
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," Ftgure3. Analysis of Inositol polyphosphates induced In B lymphocytes by antl-6 or anti-6-dex antibody-mediated stimulation. Resting B lympho-
cy'3tes were prepared and labeled overight with 3 H-myo-inositol. Labeled cells were washed as described and then stimulated with A) anti-6-dex (I ,Pg/

ml) or B) anti-6 (10 .g/mi) for the times shown. IP were Isolated and analyzed by FPLC. The results are expressed as the cpm of individual r-min
frcUons collected during the separation run. Comparable results were observed when anti-6 was used at 100 Ig/mI.

AMMOEiLTA STWMULAMTCN ANTIDtLTA.DEX STIMULATION 20M

1 5SCNs ~100tCCNO5 120

X0 z0 30 SECONDS r0

00

100 LO 5O .
B 0 3o

0. TIO 004.A~fhU~ 0 1 2 3 4 5

I MINUTE INOSITOL

,5- TRISPHOSPHATE

ISCMERS

2I 
M IN

UTES

~0
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S. Mulated under the different experimental conditions (A). and the total IP release stimulated over time by anti--dex (0) and anti-6 antibodies ()
B kift PI nel) Is compared to the total amount of 1(1 4.5)P2 (B. right panel) that is stimulated by these antibodies.
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throughout the course of'the experiment as was also that the metabolism of the inositol polyphosphates may

noted with unconjugated anti-6, the amount of IP contin- be affected by the concentration of ionized calcium

ued to rise throughout the course of the experiment in within the cell (7). Inasmuch as anti-b-dex antibody in-

cells stimulated by anti-b-dex but not in those stimulated duced substantially greater rises in intracellular ionized

by unconjugated anti-6. 3) In anti- -dex-stimulated cells calcium than did the unconjugated anti-3, the possibility

there was a gradual increase in levels of I(I,4,5)P., which existed that the differences In the pattern of inositol

peaked at 1 min after stimulation and stayed elevated for polyphosphates that were noted may have reflected this

an additional 4 min. There was a preponderance of the difference in [Ca 2 ]J. To investigate this possibility, we

I(1.4.5)P3 isonqer to that of the I(l,3,4)P3 isomer for the stimulated B cells with unconjugated anti-6 In the pres-

first 2 min after stimulation at which time there were ence of the calcium lonophore lonomycin. At this concen-

approximately equivalent amounts. At this time point, tration of 1 um, ionomycin induced an approximately

unconjugated anti-b-stimulated B cells contained no de- fivefold increase in [Ca 2 I. As shown in Figure 6 there

tectable I(1,4,5]P3 isomer in B cells stimulated with un- was no difference in the pattern of IP3 isomers induced

conjugated anti-6. These results are in support of our in anti-6-stimulated cells whether in the absence or pres-

previous observations that anti-b-dex stimulates greater ence of the calcium lonophore. This indicates that the

and more prolonged increases in [Ca 2 *], than does uncon- different pattern of inositn' pnyyphosphates that was

jugated anti-Ig. They also suggest that these agonists stimulated by these two agonists did not result solely

whereas stimulating comparable pathways of activation, from the greater [Ca 2 *], mobilization that was stimulated

do nonetheless show differences In patterns of tnositol by antl-6-dex.

phosphate production. Lower concentrations of anti-6-dex do not induce sub-

Inasmuch as these experiments were all done in the stantially different patterns of inositol polyphos-

presence of lithium, which could conceivably have af- phates. We wished to determine whether the differences

fected these findings, the experiments were repeated in in patterns of IP3 that we observed when cells were

the absence of lithium (Fig. 5). The results demonstrate stimulated with a dextran conjugated or unconjugated

that lithium had very little effect on the pattern of inositol anti-6 antibody were solely a consequence of greater hy-

trisphosphates induced by these two mitogens at these drolysis of PIP2 by anti-b-dex than 'by unconjugated

early time points. In all experiments a control unstimu- anti-6. To this end an experiment was done comparing

lated B cell population was included for analysis of ino- the inositol trisphosphate isomers stimulated by a wide

sitol phosphates. Although a small peak of IP was occa- range of concentrations of anti-6 and anti-6-dextran an-

sionally present (always less than 10% of experimental tibodies. Cells were stimulated for 2 min with anti-6 or

values) we never were able to detect IP 2 , IP3 , or IP 4. anti-b-dex antibody at 0.1, 1.0, or 10.0 gg/ml, after which

lonomycin has no effect on inositol polyphosphate water soluble inositol polyphosphates were isolated and

induction. There are a number of reports which indicate examined by FPLC (Fig. 7). Reducing the concentration

ANTI-DELTA-DEX STIMULATION ANTI-DELTA-OEX STIMULATION ANTI-DELTA STIMULATION ANTI-DELTA STIMULATION

ANT-DETA-ES TIMLA~ON ANTDELA-DX S1MU.ATONIN THE ABSENCE OF LiCd IN THE PRESENCE OF L-CI
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Figure 5. The presence or absence of" LICI does not affect the pattern of" lnositol polyphosphates produced by stimulation with anti-6 or antl-6-dex
antibodies. Cells were prepared as above and prewarmed in the presence or absence of. LICI (10 mM). Cells were then stimulated with A) anti-6-dex

(I pg/ml) or B) anti-6 (10 pg/ml) antibodies for 10 s or I min and the IP extracted and analyzed.
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not affect the pattern of Inositol polyphosphates pro-
duced after stimulation with anti-6 antibody. Cells were
prepared as above and prewarmed. Cells were then stim-
ulated with anti-6 (10 sg/ml) in the presence or in the
absence of I pM ionomycin for 30 s or 2 min and the IP 300

extracted and analyzed. 300-
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Figure 7 influence of the concentration of anti--dex antibody on the pattern of the Inositol trisphosphate Isomers induced in activated B cells.

Cells were prepared as above and prewarmed. Cells were then stimulated with either 0. 1. 1.0. or 10.0 pg/mi of anti-6 or anti-b-dex for 2 min and the
IP extracted and analyzed by FPLC. The total cpm In the Inositol trisphosphate peaks are plotted versus the concentration of the agonIst (A); the
Percentage of the Inosltol trisphosphates as I(1.4.5)Pa Isomer was calculated and plotted vs concentration of the agonist (B).

of either agonist influenced the quantity of inositol tris- anti-b-dex stimulated 2590 cpm in the trisphosphate

phosphates that were stimulated but did not alter the fraction of which 37.1% was as the 1,4,5 isomer. Anti-6-

ratio of 4(1,3.4)P3:I(1,4.5)P3 (Fig. 7). Thus. 10 ,Ag/ml of dex at 0.1 ug/ml stimulated approximately one-half as
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much total Inositol trisphosphate, but did not alter the lymphocyte tumor B cell line which was growth inhibited
ratio of I(I.3,4)P3 :I(1,4,5)P3. When unconjugated anti-6 rather than stimulated by anti-ig antibody (14). we
was used. only about 20% of the trisphosphates stimu- thought it valuable to characterize the production of no-
lated were present as I(1.4,5)P3 at 2 min. The ratio of sitol phosphates in normal resting B cells that become
I(1,3,4)Pa:I( 1,4,)P 3 did not appear to be influenced by the activated by slg cross-linking. There were significant and
amount of the total trisphosphates that were stimulated, consistent differences in the amounts and In the pattern
Thus. 10 g/mi of anti-A btimulated a greater amount of of inositol polyphosphates stimulated by these two ago-
inositol trisphosphates as did 0.1 pg/ml of anti-6-dex. nists. Both stimuli induced rapid increases in IP1 , IP2 . IP3 ,
Nonetheless, the ratio of l(I,3,4)P3 :l(1,4.5)P3 did not ap- and IP4; however, anti-b-dex induced greater and more
proach that seen when cells were stimulated with anti-b- prolonged increases in I(I.4.5)P3 and IP 2 (Figs. 3 and 4)
dex. than did anti-6, as well as a greater ratio of

These data suggest that the relative amounts of I(I,4.5)P3:I(l,3,4)P 3 . Although this finding is consistent
I(1.4.5)P3 isomers that are formed after B cell stimulation with the observation that anti-b-dex induces greater and
reflect the mode in which slg is cross-linked, and this more prolonged increases in [Ca 2 ) which results from
differs significantly when anti-b antibody constructs the IP 3-mediated mobilization of calcium from intracel-
with different valencies are used. lular stores, it does not exclude the possibility that much

of the observed increase in [Ca2*), may also be contributed
to by an increase in calcium influx. It was therefore

DISCUSSION essential to exclude the possibility that the greater in-

The avidity of the binding of Ag by anti-Ig antibodies crease in [Ca 2 *], that is stimulated by anti-6-dex than by
to sig plays an important. but not exclusive, role in deter- unconjugated anti-Ig may itself be a crucial event which

mining their ability to stimulate B cell DNA systhesis (23, influenced the ratio of I(1.4,5)P3 :I 13.4)P3 . The finding
27-32). Whether or not this variable also influences the that the addition of lonomycin to B cells, at concentra-
earlier steps in B cell activation, namely-PIP 2 hydrolysis tions which increase [Ca 2 +), approximately fivefold did
and increases in [Ca 2 *], is less clear. To more carefully not influence the ratio of I(l.4.5)P3 :I(l,3.4)P3 in anti-6
examine the activation events that are stimulated within stimulated cells, minimizes this possibility. Another ex-

minutes after the cross-linking of B cell sig by multivalent planation which could account for the enhanced and

Ag. we used a dextran conjugated anti-Ig antibody (18) prolonged I(l,4,5)P3 :I(l,3,4)P3 ratio stimulated by anti-6-
which had specificity for the H chain (6) of the IgD mole- dex is that the high levels of I(1 ,4,5)P3 that are stimulated

cule. within seconds after sig cross-linking may exceed the

We have previously demonstrated (18) that when capability of the 3-kinase to phosphorylate IP3 to

anti-b antibody is conjugated to a high m.w. dextran (m.w. 1(1,3,4,5)P4. Alternatively, the higher levels of 1(1,3.4,5)P,

2 X 106) it stimulates high levels of T cell independent B may have exceeded the capability of the 5-phosphatase

cellactivation at pg/mgconcentrations. These concentra- to dephosphorylate IP 4 to 1(1,3,4)P3 . We have excluded

tions are 10,000-fold lower than those required for the both of these possibilities as being the sole determinants

induction of B cell DNA synthesis by unconjugated anti- by our observation that lower concentrations of anti-b-

8. Inasmuch as these low concentrations more closely dex which stimulate comparable levels of IP 3 as do high

mimic the concentrations of the multivalent bacterial concentrations of anti-b still stimulate -higher ratios of

polysaccharide T cell independent Ag that are achieved I(1.4.5)P3:I(1.3.4)P 3 than does the unconjugated anti-b.
under physiologic in vivo conditions, we believe that this Why then does cross-linking of sIgD by these two dif-

conjugate represents a more valid useful additional model ferent agonists both of which bind to slgD and induce

for the studying of T cell Independent B cell activation, capping and modulation, induce differences in patterns

To determine whether the enhanced B cell mitogenic of Inositol phosphate production? One possibility is that
capability of anti-b-dex as compared to unconjugated the dextran carrier may be producing a second signal

anti-b is reflected in early activational events we meas- that suppresses hydrolysis of membrane phospholipids.
ured Increases In [Ca 2 J], that were stimulated by anti-S We consider this unlikely because unconjugated dextran
and anti-b-dex. Anti-6-dex-stimulated cells had signifi- does not influence hydrolysis of membrane phospho-
cantly greater and more prolonged increases In [Ca 2 *], lipids in the presence of unconjugated anti-ig. Further-
than did the unconjugated anti-b stimulated cells (Fig. 2). more, although it Is possible that differences in the rate
These differences were observed even when we decreased of binding within the first 5 min play a major role in
the concentration of anti-6-dex by 10-fold (not shown). Influencing hydrolysis of membrane phosphollpids by
The later occurring sustained increases in [Ca 2*], appear these agonists, we think it unlikely because we have not
to reflect Influx from extracellular sites, since it is inhib- found significant differences in their binding to resting
ited by more than 90% in the presence of EGTA. B cells during this time period (M. Brunswick, and J. J.

Inasmuch as it has been shown that anti-Ig stimulates Mond, unpublished observations). The explanation that
PIP2 hydrolysis (12-14, 16. 17) it was likely that this we believe is more likely is the manner in which the slg
early increase in [Ca2 *], reflected mobilization of calcium is cross-linked by these two agonists. The anti-b-dex com-
from intracellular stores mediated by l(14.5)P3 . However, plex which has 20 bivalent molecules of anti-b per mole-
it was also possible that the increase in [Ca 2 ]J may have cule of dextran can lead to multipoint binding which does
reflected an increased influx of calcium which may have not occur with the unconjugated anti-b which is only
been Independent of any increases in 1(1,4.5)P3 (33). Fur- bivalent and thus cannot induce the same degree or
thermore. because the only report to date which has stability of crosslinked slg molecules and may bind dif-
analyzed the isomers of inositol polyphosphates that are ferent kinetics. Furthermore, upon continued exposure
stimulated after Ag-mediated receptor ligation used a of B cells to anti-Ig antibody. slg Is modulated and re-
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ted moved from the surface of the B cell (23). The residual 13. Ransom. J.T. L. K.Hais. and J. C. Camblr. 1986. Anti-Ig induces
release of Inositol l.4.5-trisphosphate, which mediates mobilization

we Sig would be bound more efficiently by the multivalent of Intracellular Ca- stores In B lymphocytes. J. Immunol. 137:708.
no- dextran conjugate than by the bivalent unconjugated 14. Bijsterbasch. M. K., C. J. Meade, G. A. Turner, and G. G. B. Klaus.

me at-S. Thus. the conjugate may mediate repetitive and 1985. B lyniphocyte receptors and polyphosphoinositide degradation.
Cell 4 1:999.

in more prolonged signaling over a longer period of time. 1s. Myers. C. D.. M. K. Kriz, T. J. Sullivan. and E. S. Vitetta. 1987.

The data presented In our report suggest that this may Antigen-induced changes in phospholipid metabolism In antigen-
0 la arole in influencing hydrolysis of membrane phos- 6.binding B lymphocytes. J. Imrnunoil. 138: J 705.

play. Fahey. K. A.. and A. L. DeFranco. 1987. Crossllnklng membrane

pholipidS. This finding provides an explanation for the 1gM induces production of inositol trisphosphate and inositol tetrak-

enhanced calcium mobilization seen with the anti-b-dex Isphosphate In WEH-I-231 B lymphoma cells. J. Immunol. 138:3935.

and ay lsoclarfy hy reltivly ow cncetraion 17. Mizuguchi. J., J. Yong-Yong. H. Nakabsyashi. K-P. Huang. M. A.
and ay lsoclarfy hy reltivly ow cncetraion Beaven. T. chused. and W. E. Paul. 1987. Protein kinase C activa-

f of anti-b-dex is a significantly bettcr B cell stimulator tion blocks anti-gM-mediated signaling In BALI?7 B lymphoma cells.

in eerthe fact that we have observed (34) that even lower Ditzs and J. J. Mond. 1988. Picogram quantities of sntl-lg anti-
0 concentrations of anti-b5-dex that are mitogenic stimulate bodies coupled to dextran Induce B cell proliferation. J. Immunot.

neiherdetctale ydrlyss o mebrae pospoliids 19. Ledbetter, J. A.. and L. A. Herzenberg. 1974. Xenogenelc monoclo-
nrcalcium mobilization suggests that other membrane nal antibodies to mouse lymphoid differentiation antigens. lmmunol.

d phospholipid independent pathways of activation may 2.Rev. 4 7:63.

alobe Involved. Harn .Otn .R oe.M. Pierres, J. Kappler. and F. W.
Fic.18.Carceiaino the murine antigenic determinant.

y soofLTabfucinlTcell clones appears to correlate pri-
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