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POLYCLONAL ACTIVATION OF THE MURINE IMMUNE SYSTEM BY AN ANTIBODY TO
igbh

ll. Generation of Polyclonal Antibody

FRED D. FINKELMAN, IRWIN SCHER, JAMES J.

ELEANOR

Production and Cells with Surface 1gG’

MOND, STEVEN KESSLER, JOHN T. KUNG, AND
S. METCALF

From the Departments of Medicine and Microbiology, Uniformed Services University of the Health Sciences, the Division of Immunology, Naval
Medical Research Instituts, Bethesda, MD 20814, and the Laboratory of Immunolcgy, National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda, MD 20205

In the accompanying paper we showed that the injec-
tion of BALB/c mice with 800 pg of GaMé induced a
direct polyclonal increase in B cell proliteration as weft
as an indirect increase in T cell proliferation. This led us
to investigate whether the same treatment might lead to
polyclonal Ig secretion. We found that 6 to 7 days after
GaMgé injection one-quarter to one-half of splenic B lym-
phocytes lost detectable surface IgM and acquired sur-
face 1gG. Surface labeling experiments established that
much of this 1gG had the electrophoretic characteristics
of membrane rather than serum 1gG, and was, therefore
intrinsic rather than cytophilic. GaMé also induced a
striking increase in Ig secretion 6 to 7 days atter injection,
as indicated by 1) an approximately eighttold increase in
serum IgG1 levels and smaller increases in serum IgM
and lgG2a levels; 2) greater than fivefold and 50-fold
increases in the in vitro incorporation of *H-leucine into
IgM and 1gG, respectively, by spleen cells from GaM§-
injected mice; and 3) three to 10-fold and 20 to 50-fold
increases in the percentages of spleen celis with large
amounts of intracytoplasmic IgM and 1gG, respectively.
The great majority of the increase in cell surface and
secreted IgG was accounted for by an increase in the
IgG1 subclass. Both absorption and plaquing studies
indicated that the increase in Ig secretion was polyclonal
rather than a specific immune response to goat Ig. The
injection of anti-8 antibodies failed to induce B cells from
congenitally athymic mice or mice that were tolerant to
the injected anti-3 antibody to undergo a switch in cell
surface isotype or to difterentiate into antibody-secreting
celis. We interpret these data and data presented in the
companion paper as suggesting the binding to and cross-
linking of B cell surface IgD by ligand leads to 1) direct
activation of B lymphocytes that can include prolifera-
tion; 2) an indirect activation of T.lymphocytes that can
recognize the ligand as foreign; and 3) stimulation of
activated B lymphocytes by T cell and/or accessory cell
produced helper factors to undergo a switch in surface
lg isotype and to ditferentiate into antibody-secreting
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cells. The injection of mice with heat-aggregated goat
IgG or a rat antibody to ThB failed to estimate a switch in
surface lg isotype or the differentiation of B celis into Ig-
secreting cells. Thus, the anti-8-induced events probably
involve specific triggering of B cells by a surface lgligand
interaction rather than simply the binding of ligand to the
B cell. After the catabolism of injected GaM$ there is a
rapid loss of surface 1IgG* and Ig-secreting cells that
appears to be a consequence of cell death and that
causes the spleen to return to a condition approximating
its prestimulated state.

In vitro studies have demonstrated that anti-immunoglobulin

(lg) antibodies can directly stimulate murine B lymphocyte
proliferation (1-9). Moreover, in the presence of supernatants
of lectin-stimulated T cells and macrophages, anti-lg antibodies
can induce the differentiation of B lymphocytes into antibody-
secreting cells (10-12). In the absence of such stimulated
macrophage/T cell supernatants, however, anti-x and anti-§
antibodies fzil to st:imulate the in vitro generation of antibody-
secreting cells, and, in fact, inhibit the in vitro antigenic stimu-
lation of the differentiation of B cells into cells secreting specilic
antibodies (12-18). In the accompanying paper, we cstab-
lished that anti-§ antibodies can induce B cell proliferation in
vivo under physiot~gic conditions. In addition, we found that
this antibody induced two distinct waves of in vivo lymphocyte
proliferation: an initial wave that involved B but not T cells and
was neither carrier-dependent nor T-dependent, and a second
wave that involved both B and T cells and was both T-depend-
ent and carrier-dependent. The T-dependent nature of the
second wave of lymphocyte proliferation suggested that the in
vivo injection of anti-§ antibodies might, by indirectly inducing
polyclonal T lymphocyte activation, stimulate the polyclonal
differentiation of B lymphocytes into antibody-secreting celis.
The studies reported here demonstrate that 6 to 7 days after
goat anti-mouse-8 (GaMé)*-injection, large increases in the
percentage of spleen cells with surface (s) 1gG and intracyto-
plasmic (¢) IgG are observed, as well as many fold increases
in serum IpG1 fevels and in the polyclonal secretion of IgG.
These effects are both T-dependent and carrier-dependent.

* Abbreviatiors used in this peper: BCF,, (BALB/c X CS7BL/6)F, mice: ¢.
intracytoplasmic. FACS, fiucrescence-activated cel sorter; FITG, fluorescein
isothiocyanate; GaF and Ga'As. goat antidodies to ferritin and mouse D,
GPaRig, guinea pig anti-radbtit Ig antibody: NI G IgG, normal goat {gG; RaKLM,
RaM8, RaMy, RaMy,, RaMya, Raty,, RaMig, RaMy, rabbit antibodies to keyhole

limpet b yanin and to 130. 19G (not subclass specific). IgG1. IgG2,
19G3. Ig (not class specific). and 13M; RaThB, rat antibody 10 the mouse ThB celt
surface antigen; s, cell surface. Staph A, protein A bearing Staphyfococcus

surgus, 4.228M.%, a monocional mouse allo-anti-mouse IGD antidody secreted
by clone 10-4.22; ELISA, enzyme-linked immunosorbent assay.
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o MATERIALS AND METHODS

With the followirg exceptions, the materials and methods used in this
study are described ir the companion paper.

Antibodies. MOPC-31¢ (lgG1«, 10-4.22 (IgG2ax), FLOPC-21 (IgG2x),
MOPC-195s (IgG2b«). JEOS (IgG2<), ard MOPC-21a (IgG 1x) were purified
from hybridoma suparratant or ascitic fiuid by tractional elution from protein
A-Sepharose columns with pH 6.0, pH 4.5, and pH 3.5 0.1 M citrate bufters
(19). Rabbits were immunized twice &t monthly intervals with 100 ug of
MOPC-31¢, 10-4.22, or FLOPC-21 in complete Freund's adjuvant (CFA) to
produce anti-IgG1, arti-IgG2, and anti-IgG3 antisera, respectively. Before
absorplion and attinity purification 50°5 szturated (NH,).SO. cuts of each
serum were dialyzed against 0.1 M sodium acelate, pH 4.5, and digested
with pepsin (1 mg/50 mg protein} for 18 hr at 37°C. Peptic digests were
dialyzed against 0.1 M Tris, pH 8.3. and then were centrifuged for 1 hr at
100,000 x G. The peptic digest of anti-IgG1 antiserum was first absorbed
twice with TEPC-183- (igMx) Sepharose, MOPC-195s-Sepharose, and
JE606-Sepharose ard then was affinity-purified by absorgtion to and 3.5 M
MgCl; elution from MOPC-21a-Sepharose. The eluzte, ReM v, was dialyzed
against 0.1 M Tris, pH £.3, and was absorbed with protein A-Sepharose
(Pharmacia Fine Chemicals, Piscataway, NJ) to remove Fc fragments and
undigested antibocies. F(ab’), fragments of affinity-purified anti-mouse v
antibody (RaMy;) were similarly prepared from anti-lgG2 antiserum by
absorption with Sepharose-bound TEPC-183, MOPC-21a, and J608, fol-
lowed by affinity purification with MOPC-195s-Sepharose and protein A-
Sepharose absorption; F(ab’); fragments of atfinity-purified anti-mouse v
antibody (RaMy:) were prepared from 2nti-IgG3 antiserum by absorption

.with Sepharose-bourd TEPC-183, MOPC-21a, and MOPC-195s, followed

by affinity purification with J606-Sepharose and protein A-Sephzrose 2b-
sorption. The antibodies prepared were subclass-specific by both Ouchter-
lony and ELISA? anzlysis. The Flab’), fragment of affinity-purified guinea
pig anti-rabbit Ig (GPzRig) was prepared as previously described (20) and
was absorbed by passage over a column of normal mouse serum bound to
CNBr-activated Seprarose (Pharmacia Fine Chemicals). RaMv:, RaMvya,
GPaRlg, and undigssted normal goat IgG (NI G 1gG) were labeled with
fluorescein isothiocyznate (FITC) to moiar F:P ratios of from 0.9 to 1.4.
Three antisera that bound la specificities on B lymphocytes of BALB/¢ mice
were vsed. A.TH anti-A.TL was prepared zs previously described (21). The
monoclonal IgG2a grocuced by hybridoma 25-9.17 (a gift of Drs. David
Sachs and Keiko Ozato, Nationzl Cancer Institute, Naticnal Instiiutes of
Health, which has specificity for determinant 8 on I-A of the b and d
haplotypes (22), and ire monoclonal 19G2 produced by hybridoma MKD6
(a gift of Drs. John Kappler and Phiilipa Narrack, Nationz! Jewish Hospital,
Denver, CO) that bincs 1o an J-A determinant of the d haplotype (23), were
prepared as originally described and were FITC-labeled for direct Buores-
cence staining.

Immunofluorescer.ce stalning for surface antigens. Spleen cell suspen-
sions were stained d'rectly for surface markers with FITCzbeled antibodies
as previously descrided (24). In some experiments cells were stained
indirectly with 2.5 ug/ml of the F(ab’); fragment of RaMy, (100 ul/2 x 10*
cells; 4°C; 30 min) ‘oliowed after washing with 10 ug/ml of FITC-CPaRig
{same conditions) or with a 1/1C0 dilution of ultracentrifuged A.TH anti-
A.TL antiserum (same conditions) follow.ed by FITC-RaMy as previously
described. RaKLH? was used as a contrc! for staining with RaMys: uliracen-
trifuged normal mouse serum was the cortrot for A.TH 21ti-A.TL. Stained
cell suspensions were gnalyzed or sorted with an FACS Il fluorescence-
activated cell sorter (Bz¢ton Dickinson, Mountain View, CA) (24-26).

Fluorescence staining for clg. Aliquots (0.5 mi) of a sp'een cell suspen-
sion (5 % 10°® cells,/mi) in Hanks® balarced salt solution containing 10%
newborn calf serum and 0.2% NaN, were centrifuged onto glass slides with
a Shandon Southern Cylospin cytocentrifuge (Shandon Southern instru-

-ments, Sgwnckly. PA) for 5 min at 200 rpm. Slides were air-dried, fixed for

30 min in absolute methznol at 4°C, dried again, and then stained for 20

.min at room temperature in a humid chamber with FITC-NI G IgG or FITC-

labeled affinity-puritied F(sb’); fragments of RaMu, RaMy. RaMy,, or RaMy.
{all at 100 pg/mi! or with the unflucresceinated F(ab®), fragment of affinity-
purified RaMy; (25 u!/mi) tollowed after washing by FITC-GPaRIg (100 pg/
mi). Stained slides were washed three times for 5 min each with PBS end
one lime with deionized water. Slices were then a/» dried, mounted under
glycerol, and examined by fluorescence microscopy using a Leitz Ortholux
phase contrast/fluorescence microscope with 12.5X eyepieces 2nd a 63x
1.4 NA oil immersion objective for enurnaration of celts with bright intracy-
toplasmic flucrescer.ce. At least 500 celis on each stide were examined. In
preliminary experiments cytocentrifuge preparations were made of IgG1,
1902s, 1962, 1gG3. IgM, and IgA-secreting plasmacytoma cells and
hybridoma cells (gifts of Dr. Michael Potter and Dr. Phiitip Fox, NiH) and
were stained for ¢13. Positive stairing was seen only when the appropriate
FITC-lzbeled antibocy was used, and 1gG2a and 1gG2b-secreting cells were
stained squivalently by the FITC-RaM+, reagent.

Quantitation of serum Ig levels. Levels of igM, 190G 1, IgG2a, 1gG20, and

" 1A in mouse sera ware analyzed by the radial immunodiifusion technique

with Mancini plates purchased from Meloy (Springfield, VA).
Quanthation of g4, IgG, and total protein secretion. Spleen cells (2 %
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107) were cultured overnight at 37°C in 5 m! of lewcire-free medium to
which 0.1 mCi/mi of *H-leucine (Schwarz-Mann, Orangeburg, NY) had
been added. Media and culture corditions were as cescribed (27) except
thal cells were cultured in Costar cluster dishes (Ccstar, Cambridge, MA)
instead of culture tubes. Cells were removed from <. pernatants by centrif-
ugation, after which supernatants were dialyzed agzirst 0.1 M Tris, pH 8.3.
Two milliliter aliquols of dialyzed su;ernatant were ir.cubated with RaMig
plus protein A-bearing Staphyloccccus aureus (Stzph A) (28). The M-
labeled 1g-RaMig-Staph A complexes vere then washed and treated for S
min in Laemmii sample buffer plus 2-mercaptoethancl to elute and reduce
the *H-1abeled Ig. The eluted, reduced lg was analyzed by sodium dodecy!
sultate-polyacrylamide gel electrophcresis (SDS-PAGE) (29). The gels were
then frzctionated with a Gilson gel mincer (Gilson Nedicat Electronics,
Middieton, Wi), and the counts per mirute of *H activity were determined by
scintillation spectroscopy. Total preiein-associated radioactivity in 25-ut
aliquots of cell supernatants was delermined by trich sroacetic acid prec-p—
itation and scintiilation spectroscozy as pfevuously cescribed.

Analysis of slg. Lactoperoxidase-catalyzed '?% surtace membvane-label-
ing of normal spleen cells, NP-40 cztergent celt extraction, and immuno-
precipitation of antigens with antiboc es and Staph A have been described
(28), as have the conditions for s!'zb SDS-PAGE, the staining of gels to
reveal the positions of standards 2nd unizbeled groteins, and autoradi-
ographic detection of '?5-labeled proteins (20).

RESULTS

Effects of anti-§ antibodies on cell surface molecules. As
shown in the accompanying pzper, injection of GaM$ rapidly
removed almost all sigD from splenic B lymphocytes while
having littte immediate effect on the percentzage of slgM* spleen
cells (Table ). The percentage of sigD* spleen cells and the
fluorescence intensity of positively stained cells remained low
until injected GaM$§ was no longer detectable in mouse serum
(day 10 after injection). Also, as previously noted (31), the
fluorescence intensity of sla™ cells stained for this surface
marker was greally increased. These changes were accom-
panied by an increase in the percentage of sla* spleen cells
and a concomitant decrease in the percentage of Thy-1.2*
spleen cells 2 to 3 days after GaM$ injecticn, and are presum-
ably the result of the early stimulation of B cell but not T cell
proliferation by GaM$. By 5§ days after GaMé injection the
percentages of sla* and sThy-1.2* spleen calls from the GaMs-
treated and control mice were similar, but 6 to 7 days after
GaMs injection spleens from anti-§-treated mice again showed
increased percentages of sta~ and decreased percentages of
sThy-1.2* cells (Table 1). Simitar results ware found in three
separate experiments. These findings are compatible with
either an increase in T cell proiferation or n increase in B cell
death at day 5, and a further increase in proliferation of B cells
above that of T cells at day 7 after GaM$ injection.

By 6 to 7 days after GaMJ injection an increased percentage
of sla™ IgM~ cells is seen that is accompanied by a striking
increase in the percentage of cells with sigG (Table 1). The
appearance of increased numbers of sigG™ spleen celis was
dependent on the presence of T lymphocytes and on the
recognition of the anti-8 mo'ecule as foreign. Congenitally
athymic (nu/nu) mice had cnly a slight increase in the per-
centage of sigG* spleen cells in one experiment (Table 1) and
had no Iincrease in a second experiment (data not shown).
Normal mice made tolerant to gozt IgG before injection of
GaM$ also failed to have an increase in splenic sigG* cells 7
days after GaMd injection (Table I). In addition, whereas
BALB/c mice, which have sigD and sigG of the a allotype,
showed an increase in the percentage of slgG* spleen cells 7
days after injection of 800 pg cf 4.22aMé* (an IgG2a of the b
allotype that binds IgD of the a allotype), injection of 4.22aMé*
into (BALB/c X C57BL/6)F, (BCF,) mice, which have equal
numbers of B cells with sigD of the a or b eliotype and serum
igG of both the a and b eliotypes, failed to induce an increase
in the percent of sigG* spleen cells (Table 1).

TSI e

..‘l‘ _:\-:

D

<,

i

I R T

%)

I A I 20, M A LG LI QIR T (VT N ¢ e

oy
o,

A grbily

Sl i

Lok el e (o

AL Er

T



ANTI-§ STIMULATES POLYCLONAL ANTIBODY PRODUCTION

The sigG tound on increased numbers of spleen cells 6 to 7

'_1 TABLE |

§ Ettect ol GaMs on spleen coll surlace markers®

S Doy ! " . Porcer: (Mecian Fiuorescsree Intersity) of Spiven Celis with Surface
] Wice . L ] L G 1Y Thy-%.2

-$ BALB/c 1 NIG G 55.3 (100) 55.8 38 55.1(71)

3 GaMs <20 4r.9 59 47.5(125)

E 3 NIG G 50.0(75) s2.5 36 £9.0 (83) 336

: - GaMs 6.3(32) €3 28 €3.5 (156) 21.8

5 NG Ige §2.30113) 55.7 39 49.8 (86) a3

g GaMs 2.3030) 55.9 6.2 52.8 (207) 31.2
.&

: { 6 MGG 37.5(82) arse 20 £0.7(63)> . 364
R . GaM$ 3.7(45) 46.1 12.3 €5.9 (236)° 24.7

] 7 NG G 47.8(99) a9 46 9.2 (80 a3
2 GaM$ 21.8(14) 29 233 n.2050¢ 20.5
5 )
# 10 NG igG 47.4 (62) 52.7 5.0 60.2 (78)° 26.4
¥ GaM$ 30.9 (42) 45.6 29.2 72.4 (87 20.8
2‘ 13 NG igG 64.4(72) 56.7 4.1 315

% GaMs 37.5(62) 40.0 139 38.1

3

A 2] NI G igG 44.1(128) 434 6.5 51.4(107) 40.5

= GaMs 31.3(135) 316 79 229 (113) 48.5
4 BALB/C nu/nu 2 NG g6 8.0 (87) ne . 86 799
~ GaM? 25.4 (14) 66.8 6.1 €35
j, . 7 NIG igG 79.5(81) 7€9 6.6 525(116)
% GaMs 18.1 (53) 52.2 11.2 £4.8(221)

] BALB/c tolerized to NI G I9G 2 NI G igG §9.0 (80) §9.9 43.4 (69) 28.6
3 GaM$ 6.4 (33) 56.2 52.5(145) 305
£
@ 7 NIG IgG 47.2(109) 411 5.6 413
b GaMs 7.6(10) 25.1 5.7 54.8
3
£ BALB/c 2 CBPC-101 420 47.7 237 (123) 36.2
4.22aM5" <1.0 ara 31.6(249) 460
3 BCF, 2 CBPC-101 44.4 53.¢ 45.5(121) 320
2 4.22aM8* 24.5 50.5 £1.8(193) 333
4
3 BALB/c 7 CBPC-101 53.0(123) 55.2 52 38.2
é ) 4.22aM8* 3.7(22) 34.1 12.9 60.0
b

A BCF, 14 CBPC-101 55.2 (115) 6.3 Y] 489
3 4.22aM8" 36.4 (95) 49.3 4.0 48.1
% * Suspensions of spleen celis pooled from at least three mice injected 1 to 14 days earlier with 800 pg of 2nti-§ or control antibody wzre stained with FITC-labeled
3 antibodies specific for IgD, IgM, 1gG, or Thy-1.2, or with A.TH anti-A.TL followed by FITC-RaMy. These suspensions were analyzed for the percent of specifically
. 5 stained cells and for the median fluorescence intensity (average brightness) of specitically stained ceils (shown in parertheses) with an FACS i fluorescence-activated
4 cell sorter.

* Stained with FITC-labeled hybridoma MKDS.
; © Stained with FITC-labeled hybridoma 25-8.17.
:i‘

TABLE #

% days after GaMJ injection could represent intrinsic membrane Surtace Igh4~ and surface igG " spleen cé_ns are predorinantly separate
IgG and/or cytophilic IgG. Indeed, the possibility that the sigG  — "°”""";°”’ _

3 was entirely cytophilic initially sesmed very likely, because Day Ariodyw Zent Spieer Cells wih Surface

; GaM$ injected mice are producing anti-goat Ig antibodies 7 i WG WMorigG Tnyr2

3 days after injection, and the resulting mouse anti-goat ig-GaMs 7 g"mﬂc :g:g 2‘;‘:‘7’ :g-g gi‘g

»_g complexes might be expected to bind to spteen cell Fc recep- 13 14 G K6 58.7 4 59.1 20.8

4 tors and sigD. Staining of spfeen cells from these mice with an GaMs 40.0 139 83.2 381

sl < i SRS ST M o Sl b e

FITC-labeled rabbit anti-goat Ig antibody (a gift of Dr. Ellen
Vitotta), however, tailed to reveal the presence of more than
trace amounts of goat IgG on the surface of these cells. In
addition, when spleen cells from mice injected 7 or 13 days
earlier with NI G 19G or GaM3 were stained with FITC-labeled
RaM3, RaMy, or a mixture of both antibodies, the percentages
of cells that were bound by the mixture of antibodies were
nearly the sums of the percentages that were stained by either
antibody atone (Table 11). Thus, sigM* and sigG* spleen cells
were predominantly separate populations. The sigG* spleen
celis were most fikely B rather than T lymphocytes, because
the increase in the percentage of sigG* cells was accompanied

# Suspensions of pooled spleen celis from at lees: three mice injected 7 or 13
days carliec with 800 xg of GaMs or Nt G 1gG wate stained with FITCabeled
antibodies speciic for IgG, 1gM. or Thy-1.2, or with a mixture of anti-igG and

anti-IgM antibodiss, and ware analyzed for the parcent of specifically stained
cefls with an FACS.

by an increase in the percantage of sia* cefls and a fall in the
percentage of sThy-1.2° cells (Tables | and Il). {f the presence
of sigG on B lymphocytes resulted from the binding of IgG-
containing immune complexes to IgG Fc receptors, sigM* B
cells, which bear such receptors, would be expacted to also
bear sigG. Tho tinding that aimost all sight~ B cells were sigG ™
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‘ therefore suggested that the sig on the sigG~ B cell population

might be intringic rather than cytophilic.

To investigate further whether the 1gG appearing on lymphoid
cells 7 days after GaMé injection was intrinsic or cytophilic,
mesenteric lymph node and spleen cells from these and contro!
mice were surface-labeled with '?%l by using the lactoperoxi-
dase technique, and aliquots of NP-40 extracts of these tabeled
cells were directly immunoprecipitated with Staph A, or Staph
A plus RaMIg. Direct Staph A immunoprecipitates would be
expected to contain only {gG, because Staph A binds murine
1gG2 and 1gG3 avidly, igG1 variably, and IgM, IgD, and IgA
poorly it at all (19, 28, 32, 33), whereas Staph A plus RaMig
immunoprecipitates would be expected to include all isotypes
of murine slg. In addition, aliquots of Staph A-absorbed NP-40
extracts of '?*l-surface-labeled mesenteric lymph node cells
from mice that had been injected 7 days earlier with control
antibody (GaF) or GaM§ were immunoprecipitated with Staph
A plus RaMlig, RaM§, RaMy, or RaKLH (control). All immuno-
precipitated sig were eluted from Staph A, reduced, and ana-
lyzed by SDS-PAGE, This procedure 2llows intrinsic membrane
1gG to be distinguished from cytophilic serum I1gG, because the
y-chein of the former has an apparent m.w. approximately
10.000 daltons greater than the latter (34, 35). Minimal slg
from the contro! lymph node ceils bound directly to Staph A
(Fig. 1A, line 1) whereas lymph node celis of GaMé-treated
mice bore at least two electrophoretically separable slg that
bound to protein A-Sepharose (Fig. 1A, lane 6). One of these
had a heavy chain with a mobility identical to that of secreted
y-chgin; the other had a mobility slightly taster than that of §-
chain, and thus corresponded to the previously described celt
surface y-chain. Surface p-chains were precipitable from ex-
tracts of lymph nodes cells from both controt and GaMé-treated
mice (Fig. 1A, lines 4 and 9, respectively) whereas surface §-
chain was precipitable from the extract of lymph node cells
from contro! but not GaMS-treated mice (Fig. 1A, lines 3 and
8). 1t is notable that RaMIg plus Staph A precipitated a heavy
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chain with the mobility of surface y-chain from an NP-40 extract
of mesenteric lymph node cells that had been absorbed with
Staph A; this probably represents y,, because the binding of
murine IgG1 to Staph A is often incomplete. As shown in Figure
18, the SDS-PAGE electropherograms of reduced RaMlg plus
Staph A immunoprecipitates of surface-labeled spleen cells
from mice injected 7 days previously with control antibody
(lane 1) or GaMé§ (lane 2) resembled those prepared from
mesenteric lymph node cells. These data indicate that at least
a considerable amount " the IgG on spleen celis from GaMé§-
treated mice appears by a m.w. criterion to Le intrinsic. it is
uncertain whether the sigG represented by the y-chain band
with a mobility characteristic of serum y-ci.4in represents cy-
tophilic 1gG, 1gG in the process of being secreted, or a2 second
subset of membrane IgG. In this regard, it is of interest that
tumor cells that bear membrane IgG but do not secrete IgG
demonstrate only the larger y-chain by SDS-PAGE analysis,
whereas SDS-PAGE characterization of surface-labeled -
chain from tumor cells that bear membrane IgG and secrete
19G demonstrates both the heavy and light y-chains. This
finding has recently been shown to be due to molecules that
cantain both the membrane and secreted forms of y-chain that
are present on the surface of these IgG-secreting cells (J. W.
Goding, presented at The New York Academy of Sciences
Conference on Immunoglobulin D: Structure and Function,
January, 1982).

It was also possible that the flight y-chain band apparent on
SDS-PAGE electropherograms of spleen cell sig from GaMé-
‘treated mice represented the heavy chain of GaMé that had
bound to these cells, because goat and mouse serum y-chains
have identical electrophoretic mobilities. This was investigated
by studying the SDS-PAGE electrophoretic characteristics of
spleen cell slg from mice injected with 800 ug of RaM$ instead
of GaM$. Although RaM$ and GaM$§ have similar stimulatory
effects when injected i.v. into mice, the y-chain of rabbit IgG
has a faster electrophoretic mobility than the y~chain of mou
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) Figure 1. A, poolad mesenteric lymph node cells from three mice injected 7 days earlier with 800 xg of control antibody (GaF) or GaM$ were surface-labeled with F

"7 ang NP-40 extract. NP-40 extracis were absorbed with Staph A, after which sliquots were immunoprecipitated with Staph A plus RaKLH (control), RaM8, RaMy,
or RaMig. Labeled Ig that had sbsorbed directly 10 Staph A or to Staph A plus RakLH, RaM38, RaMp, or RaMig was eluted, reduced, and analyzed by siad
discontinuous SOS-PAGE. The gel was stained 1o identily the position of a y-Chain marker, and then was doveloped by radioautography. Bands in lanes 1-5 and
with GaF or GaM3, respectively, precipitatad with Staph A alone (lanes

N

8-10 reprasent labeled ig heavy chains from mesenteric lymph node cels from mice injocted
1 andg 6) or, after Staph ‘A’Mnﬂon. with Staph A plus RaKLH (lanes 2 and 7), S1aph A plus RaM8 (3 and 8), Staph A plus RaMu (4 and 9), or Staph A plus RaMig § .
(Smm).Mmmnmmoaulglnto)lndmmmﬂlcmnmdmmmdmuoenwnc.lngorloomofmfe:cdm(y).lgligm ) b
enaing have been run off the Qel. 8, pooked spieen Celis from tree mice Injecied 7 days earller with 8OO ug of GoF (lanes 1 and 2) or GaM3 (lanes 3 and 4) were ]
Surtace-lsbeled, NP-40-exiracted, Immuncprecipitsted with RaMig plus Staph A (lanes 1 and 3) or ReKLH plus Staph A (anes 2 and 4), eluted, reduced, and
nslyzed by SDB-PAGE . « marker represents the electrophoretic position of mouss x-chain.
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2 - TABLE M
v Shmulation of immunoglobulin secretion by Gats
Percent of Splesn Celts® with intra- CPM of Yi-Leucine tncor ted into Secreted®
; Mice Day Antibody in;ected Sytoplasmic o Corporated into Secret
/ g oG » Y Total Protein
\ BALB/c s NIG I5G 0.9 (1.45)° <0.2
h GaMs 2.2(1.53) 0.4 (2.03)
A 6 NIG 136 0.3(2.07) 0.5(1.50)
g GaMs 4.9(1.04) 31050
* 7 NG 0.4 (1.09) 0.5(2.14) 643(2.56)° 1.480(1.17) 216,000 (1.54)
o GaMs 2.5(1.67) 15.7 (1.28) 3,680 (1.57) 70,300(1.29)  869,000(1.47)
o .. L
10 NG 136 0.8(1.14) 1.3(1.12) H
oy Gams 0.5(1.23) 4.9(1.97) :
Eg N
'y 13 NI G 196G 0.5(1.23) 0.3(2.19) 3,160 (1.81) 722 (2.54)
, GaMs 0.8(1.34) 1.0(2.30) 2,980 (1.98) 2,630 (1.71)
BALB/c nu/nu 7 NIG 156 2.6(1.29) 0.8 (2.90) 7.100 2,000 83,800
] GaMé 1.7 (2.56) 1.2(1.45) 23,000 4,060 174,000
f BALB/c tolerized to N1 G IgG 7 NIG IgG 0.5 (1.24) 0.61.47) 8€2(1.19) 955 (1.53) 161,00C (1.12)
E Gams 1.201.21) 1.5(1.42) 442 (1.28) 926 (1.53) 159,000 (1.50)
? BALB/c 7 CBPC-101 1.1(2.93) 0.3(1.51) 7.610 2,220
4.22aM5* 5.0 (1.73) 6.4 (1.96) 48,800 - 65,400
g BCF, 7 CBPC-101 0.9(1.20) 0.3(1.78) 12,140 2,000
? 4.222M5° 0.7 (2.73) 0.4 (2.08) 3.720 2.200
? * Cytocentrifuge preparations of spleen cells from mice injected 5 to 13 days earlier with anli-§ or controf antibody were fixed, stained with FITC-RaMyu or FITC-
3 RaMy, and were examined with a Leitz Ortholux phase/fluorsscence microscope for percentage of cells with bright intracytoplasmic fluorescence. At leas: 500 cells
% were examined on each slide.

* Spleen cels from mice injected 5 to 13 days earlier with anti-§ or control antibody were incubated overnight in leucine-free RPMI 1640, supplement=d with >H-
leucine (0.1 mCi/mi; 4 X 10% spleen ceils/mi) for 18 hr. Supzmatants of cell cultures were dialyzed ar aliquots were immunoprecipitated with RaMig ar.tibody plus
Staph A. Washed im ipitates were eluted, reduced, and analyzed by SDS-PAGE. SDS-PAGE czls were fractionzated with a Gilson gel mincer; fraci.ons were

}5 suspended in Aquasol and'cour;led by scintillation spectroscepy to determine *H-com in p- and y-chain pzaks. Al.quots of dialyzed supernatants were also precipitated
5; with cold 10% trichloroacetic acid, filtarad onto cellulose ¢iscs, suspended in Aquasol, and counted Ly scintiiztion spectroscopy. All cpm are normalized to 1-ml
¥ volumes o° dialyzed supernatant.
¥ € Gi ic mean (g ic standard deviation) of determinations made with spleen cells from thrze to five mice. V/here no figures in parentheses zre shown,
f’ results were determined with pooled spieen cells from three o five mice.
19
&y
& serum IgG and thus can be differentiated by SDS-PAGE. SDS- TABLE IV
& PAGE electropherograms of reduced '?%l-labeied spleen cell Etigct of GaMa on serum immunoglobulin fevels*
! L . . . =
: slg from mice injected 7 days previously with RaM8 demon- Mice Antbody Serum g Concentration (mg /¢:;
strated clear bands characteristic of heavy and light mouse y- Wnezted oM %G1 5G2a
chain, but no bands characteristic of rabbit y-chain (data not BALB/c 206 15G ::.1 (1.02) 174(1.54) 178(1.63)
, . aM§ .9 (1.41) 1,220(1.12) 344 (1.55)
::;v;:); ;!'\':s little or no Ramé bound to the surface of such BALB/c tolerized NG 1gG  38.3(1.33) 33701/64) 223 (1.38)

Gavi 22.5(1.27) 2168(2.04) 195(1.02) '
© Effects of GaM3 on Ig secretion. The observation that GaMs * Sera were obtzined from normal BALB/c mice as well atso BALB/c mice !

induced the ditferentiation of sigM* lymphocytes into sigG* tolerized to goat IgG 7 days ateer inj(e;ction of 800 g of NI G 1gG or GaM3J, and
Y M N were analyzed for I5M, 1gG1, and IgG2a concentration by the radial immunodit-
g ce.lls sugges}ed the. ;?ossibullty t.hat the same antibody a!so fusion technique, ’ tali !
: stimulated ditlerentiation of resting B cells into ig-secreting Y tric mean (georetric standard deviation) of sera from three mice.
cells. This was investigated by staining spleen cells for cigM

sy,

and clgG, by measuring the incorporation of *H-leucine inlo  of cigM* and clgG* spleen cells in response to 800 ng of
IgM, IgG. and protein by cultured spleen cells, and by measur-  4.22aM8§®, BCF, mice showed no such increase (Table ). '
ing serum Ig levels of mice injected with GaM$é or control goat Because it was possible that the intracytoplasmic staining
lg. As shown in Table IV, a slight increase in the percentage of technique was datecting cells that were synthesizing but not
spleen cells with cigM was noted 5 days after GaM§ injection,  secreting Ig, the incorporation of *H-leucine into IgM and 1gG
but no increase in the percentage of clgG* cells was seen at  in cell culture supernatants was studied as a direct means of
this time. By 6 days after GaMs injection, however, consider- quantitating secreted Ig and comparing it to total protein secre-
able increases in the percentages of both cigM* and cigG* tion. As shown in Table llf, spleen cells cultured 7 days after
- cells were noted, and by day 7, the percentage of cigG* cells GaM$ injection incorporated six tim~s more *H-leucine into
had increased to over 30 times the control value. At this time, secreted u-chain, 48 times more >H-leucine into secreted r
: greater than 20% of the splenic B cell population was cigG*. chain, and four times more *Hi-leucine into lotal secreted pro-
The majority of clgG* cells appeared microscopically to be tein than did an equal number of spleen cells from contro! mice.
= blasts (large cells with a central nucleus and a high nuclear to  Thus, the GaMé-stimulated increase in IgG secretion was
Cytoplasmic ratio) rather than mature plasma cells. The in- greatly in excess of the increase in total protein secretion. )
crease in the percentage of cig” cells was T-dependent and Considerable increases in 1g secretion were aiso noted with
¢ carrier-dependent. Neither congenitally athymic mice nor mice  spleen cells from BALB/c mice injected with 4.22aM§*; how-

tolerized to goat IgG generated increased percentages of clg*  ever, neither spleen cells from goat IgG-tolerant mice injected

tion, while BALB/c mice generated c. siderable percentages increased Ig secretion (Table W). Although spleen cells from

1
spleen cells in response to GaMé injection (Table IN). in addi-  with GaM8 nor BCF, mice injecled with 4.22aMé” dc monstrated i
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congenitally athymic mice injected 7 days previously with GaMé
did show increased incorporation of *H-leucine into secreted
1g. the increase was proportionate to an ir.crease in total protein
secretion, and probably represents something other than the
appearance of increased numbers of ani:body-secreting cells.

Measurement of serum Ig levels frcm GaMé-injected and
control mice gave results consistent with the intracytoplasmic
staining and internal labeling studies. As shown in Table IV,
sera drawn from BALB/c mice 7 days af:zr GaM$ injection had
1gG1 levels that were sevenfold increased over control values,
as well as slightly increased IgG2a ard IgM ltevels. Serum
IgG2b and IgA levels were not increas=d by GaMé injection
(data not shown). As expected, mice iclerized to goat IgG
before GaM$ injection did not show incrzased serum I1gG or
IgM levels.

The GaMsé-induced increase in clg secreticn is polyclonal.
The above data show that the in vivo injsction of GaM$ induces
a marked increase in 1gG secretion that zppears to involve the
differentiation of a substantial percentage of spienic B lympho-
cytes into antibody-secreting cells. Alhough the large per-
centage of clg” cells found strongly sugsested that this was a
polyclonal process, we felt it necesszry to investigate the
possibility that the increase in Ig secretion was an antigen-
specific response directed entirely to the immunogen (goat Ig)
because previous anti-8 stimulation studics with monkeys, rats,
and mice had demonstrated this finding (18, 36-41). As a first
step, cytocentrifuge preparations of sp'een cells from mice
injected 7 days ezrlier with GaMé were stained with FITC-
labeled NI G IgG and were examined for the presence of cells
with intracytoplasmic fluorescence. Whi'e 10 to 20% of the
cells in these prepearations demonstrates intracytoplasmic flu-
orescence after staining with FITC-RaM+ znd FITC-RaMy, less
than 0.2% of cells in any preparation showed intracytoplasmic
fluorescence after staining with FITC-NI G IgG. This resuit was
not definitive, however, because it is uncertain whether cells
synthesizing anti-goat Ig antibodies of low affinity would be
detected by this technique. For this reascn, the ability of goat
ig to absorb Ig from the sera of GaMé-incculated mice was also
examined. Sera from each of two mice injected 8 days previ-
ously with 800 ug of NI G igG or GaMé§ were incubated overnight
with equal volumes of either whole gozat serum, heat-insolubi-
lized goat IgG, or szline, centrifuged to remove insoluble ma-
terial, and then were analyzed by radizl immunodiffusion for
1gG1 content. None of these absorpticns decreased serum
1gG1 levels by more than 5% (data nct shown). This result
strongly suggested that GeM$§ induced polyclonal IgG1 secre-
tion. It did not, however, eliminate the possibility that GaMé
also stimulated considerable specific anti-goat Ig antibody se-

TABLE Vv

Adsorption of internsily ladeled immunoglobulin sez-éted by spieen cells from
GaM8 and 4.22s//5-stimulated mice with g=+: serum-Szpharose®

*H-Leve-4 cpm

Arsibozy h“i” Adsorbed o G’::l. Serum- Kot Acsorzad 't.o' ‘?‘o'n Serum-
» Y » Y
GaM$ 14,000 129,000 30,000 255,000
4.22aM8° 3.500 $,090 23,002 51,100

* Pooled, dislyzed. *Heucine internally labelsd cullure supernatants from
Groups cf three mice that had been injected 7 days esrlier with 800 xg of GaM$
O 4.22aM8" were prepared as described in Tadle IV Labeled supernatants were
aliowed 10 adsord 10 8 column of the 50% saturates (*:H.): SO, cut of goat serum
bound 0 CNBr-activa’ed Sepharose, after which c2iumns were briefly washed
and then eluted with 3.5 M MgCl,. The eluted adszroed fraciion was dislyzed
against 0.1 M Tris, pH 8 3, after which both it and :ha ‘racticn that did not adsord
0 the goat serum-Seprarose were concentrated 1= Amicon Minicon concenira-
1018 813 ware iImmunopracipitated with RaMig plus S:aph A. CPM of p- and -
chair:s in both fractions were determined as descrzad in Table IV,

cretion within 7 days of injection, because secreted anti-goat
g might have been absorbed in vivo by injected GaM$. To
investigate this possibility 2-ml aliquots of supernatants of
spleen cells cultured in ’H-leucine—containing medium were
allowed to adsorb for 30 mintoa 1 x 9 cm column of goat
serum globulin-Sepharose, which had approximately 10 mg of
a 50% saturated (NH.),SO. cut of goat serum bound per
millititer of Sepharose. This column was then washed viith two
column volumes of 0.1 M Tris, pH 8.3, {absorbed fraction) and
was eluted with 3.5 M MgCl; (eluted fraction). Ovalbumin was
added to the eluted fraction to a concentration of 1 mg/m!,
after which it was dialyzed against 0.1 M Tris, pH 8.3. Both
absorbed and eluted fractions were then concentrated to 2-mil
volumes with an Amicon Minicon concentrator. RaMig plus
Staph A immunoprecipitates were prepared from bound and
eluted fractions and were analyzed for cpm of u- and y-chains
as described earlier. As shown in Table V, approximately one-
third of the total cpm of u- and y-chains were in the eluted
fraction. These results do not necessarily mean that one-third
of the Ig secreted by spleen cells from GaM3§-stimulated mice
was goat serum globulin-specific, although the high antigen to
antibody ratio, long absorption period, and limited wash of the
column allowed binding of low affinity antibody to the goat
serum globulin column, it also maximized nonspecific binding.
To estimate the extent to which nonspecific binding did occur,
a similar experiment was performed with the *H-labeled super-
natant of cultured spleen cells from BALB/c mice injected 7
days before sacrifice with 4.22aMé&*. Because this antibody is
a murine g, it is unlikely that cells stimulated by it would
secrete an appreciable amount of antibody specific for goat
serum giobulins; however, approximately 15% of the IgM and
10% of the 1gG in this supernatant bound to goat serum
globulin-Sepharose under the conditions used (Table V). Thus,
it may be estimated that as much as 20% (33% minus 13%) of
the Ig secreted by GaM8§-stimulated mice represents a specific
response to goat serum globulins, while approximately 80%
represents a true polyclonal response.

To investigate further whether the GaMé-stimu!ated antibody
response was in large measure potyclonal, the in vivo eftects
of GaM§ on the generation of cells secreting antibody to an
antigen unrelated to goat serum globulins was studied by
comparing the number of direct anti-TNP plaque-forming cells
(PFC) in a modified Jerne plaque assay (42, 43) with the total
number of igM-secreting cells in a protein A reverse plaque
assay (44). As shown in Table VI, 7 days after its injection,
GaM3$ enhanced the numbers of both kinds of PFC by similar
factors (seven to ninefold), whereas 14 days after GaMé injec-
tion neither the frequency of IgM-secreting cells nor that of igM
anti-TNP-secreting cells was increased. Similar results were
seen in three additional experiments. This demonstration that
GaMs$ stimulates the differentiation of cells secreting antibody
to an unrelated antigen provides further evidence for the poly-
clonal nature of the GaMé-induced antibody response.

TABLE W1

GaMs induces similar increases in the frequencies of total igi-secreting cefls
and IgM anti-THP-secreting celis®

7 NI G IgG 365 + 25° T
GaMs 2,546 £ 911 67 2 18
14 NI G igG 545 = 145 <S5
Gam$ 605 £ 128 <3

* Spleen cells from BALB/c mice injected 7 days eartier with 800 ug of NIG
1IgG or Gal’s were plaqued against protein Acoated sheep erytivocytes in the
presence of RaMu anlibody or against TNP-haptenated sheep erytiwocytes to
determine the total numbers of IgM-secreting cells or igM anti-TNP-secreting
cells per 10* spleen cells plaqued.

® Arithmetic mean t s'andard deviation of PFC from three mice,
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TABLE. Vi
196G subclass distribution of spleen cells with surface or intracytoplasmic 1gG 7 days after anti-8 injection®

Peecent Spleen Celis with Sustace Peccart Spleen Celis wih Intracytopiasmic
. Ant Injected
Eeot wody G e G2 163 6 %G1 G2 1G3
1 NIG IgG 4.1 1.2 15 1.5 0.5 (2.14)°
GaM$ 27.2 18.3 7.4 28 15.7(1.28) 15.0(1.15) 0.5(1.42) <02
2 N1 G IgG 3.9 11 1.0 10
GaMs 1.7 123 1.0 1.0
3 NI G IgG 23 28 0.9 (2.05) 0.4 (3.65)
GaM$ 183 39 9.5(1.11) 1.4(1.62)
4 RaKLH 4.6 26 1.2 21
RaMms3 26.1 25.0 34 23
5 CBPC-101 5.2 1.7 15 <1.0 0.3(1.51)
4.22aM3* 129 6.1 53 <1.0 6.4 (1.95) 5.1 (1.96) 0.5(2.2N

- ® Spleen celis from mice injected 7 days before sacrifice with 800 pg of anti-3 or control antibody were anziyzed as described in Tables fl and IV for surface or
intracytoplasmic 1gG1, 1gG2, or 1gG3, by using affinity-purified F(ab'), fragments of rabbit antibodizs specific for these isotypes. Surface 15 staining was performed

with spleen celts from individual mice.

» Geometric mean {(geometric standard deviation) of values obtained from three mice.

The polyclonal antibody response induced by GaMs is pri-
marily of the IgG1 isotype. Experiments were performed to
determine the subclass distribution of sigG* and cigG* spleen
cells from GaMé§-treated mice, as well as the possible relation-
ship between sigG* and clgG* cells. As shown in Table VI, a
large majority of the slgG* cells, and almost all clgG* cells
vsere of the 1gG1 isotype. This was true regardiess of whether
GaMs, RaM$J, or 4.22aM8*® was the anti-§ antibody used. This
corresponded to the assay of serum Ig levels, mentioned
above, which indicated that GaMé induced a greater increase
in IgG1 levels than in IgG2a or IgG2b levels.

To investigate whether there was a relationship between
cells that bore sIgG and cells that contained clgG, spleen cells
trom mice injected 7 days previously with GaMé were stained
with FITC-RaM$ and were sorted with an FAGS into slgG* and
sigG™~ populations. Reanalysis of the sorted poputations indi-
cated that only 6% of the "sigG™"" population bore slgG,
whereas sigG could be detected on 72% of the cells in the
*slgG*" population. Cells from both sorted populations were
cytocentrifuged onto glass slides, fixed, and stained for clg
with FITC-RaMy and FITC-RaMpu. The percentages of clgG*
cells in the slgG* and slgG~ populations were 16.2 and 0.8%,
respectively; the percentages of clgM* cells in the slgG* and
sigG™ popuiations were, respectively, 3.2 and 10.8%. Thus,
the majority of cigG* cells 7 days after GaMé injection also
bear sigG, whereas the cigM* cells are mostly sigG~. This
association between slg and clg of one isotype and the sug-
gested mutual exclusivity of the cigG* and cigM* populations
corresponds to the apparent lack of overlap between the sigM*
and slgG* populations mentioned above.

Specificity of GaM8-induced polyclonal activation. Because
GaMs can form immune complexes with serum and cell surface
gD, and 400 pg of heat-aggregated rabbit 1gG has been
reported to induce a polyclonal antibody response when in-
jected in vivo (45), we immunized mice i.v. with 400 ug of heat-
aggregated goat igQ and examined their spleen celis 5 and 7
days later for the presence of sigG™* cells and incorporation of
*H-teucine into IgM and 1gG. Little or no increase was found,
although GaM3 stimulated a strong polyclonal response (data
not shown). The ability of a monoclonal rat antibody with
specificity for the ThB determinant (prosent on almost all B
lymphocytes and approximately 50% of thymocytes but not on
mature T cells) (48) to slimulate polyclonal B lymphocyte
activation was also investigated. Intravenous injection of 800
pg of this antibody substantially diminished the amount of the
ThB determinant on spleen cells both 2 and 7 days after

injection; however, as previously reported, injection of this
antibody failed to raise B cel! sla levels. In contrast to three
antibodies with &chain specificity (4.22aM$§*, RaM$, and
GaM?é) this antibody failed to induce an increase in the percent
of spleen cells with sIgG or clg {data not shown).

Collapse of the activated immune state. Spleen cells from
mice injected more than 7 days previously with GaM$ were
evaluated for the presence of slg and clg. The percentage of
clgG* cells was considerably decreased by 10 days after
GaM4§ administration and had almost returned to baseline at 14
days after GaMé administration (Tabie ll). Investigation of bone
marrow cells 14 days after GaMé iniection also failed to show
an increased amount of Ig secretion, determined by internal
labeling and SDS-PAGE studies (dz2ta not shown). The increase
in the percentage of slgG* cells in spleen outlasted the in-
crease in clg* cells, aithough it too was greatly decreased 14
days after GaM$ injection (Table 1). In addition, sigG* spleen
celis detected 13 days after GaMé in ection were predominantly
small lymphocytes rather than the slgG* blasts detected 7
days after GaM$ injection. The percentages of B cells (sla*
cells) 13 and 14 days after GaM$ injection were decreased
below the baseline value; this was particularly apparent for the
sigM* sigD* B cell subset (Table I). An increase in the percent
of Thy-1.2* spleen cells 14 days after GaM§ injection corre-
sponded to the decrease in the percent of splenic B cells.

DISCUSSION

The data presented here confirms our previous report that ir
vivo injection of anti-§ antibody induces an increase in B cell
sla (31), and provides the initial demonstration that the same
treatment induces a polyclonal IgM to IgG switch in B cell
surface isotype as well as the simultaneous appearance of
large numbers of lg-secreting cells. Although the increase in B
cell sla appears to be a direct effect of the sigD-anti-8 interac-
tion, the slig isotype switch and the difterentiation of B lympho-
cytes into antibody-secreting cells both involve T lymphocytes
and require recognition of the anti-8 molecule as foreign. The
observation that GaMé predominantly stimulates IgG1 secre-
tion is consistent with a T-dependent model of anti-§ activation
of antibody secretion, because soluble, T-dependent antigans
stimulate a predominantly IgG1 response, whereas T-inde-
pendant antigens stimulate signiticant IgG2 and IgG3 antibody
responses (47, 48).

The data presented in this and the accompanying paper
suggest that antigen-induced B cell activation proceeds in at
least two stages. In the first stage, increases in B cell sla, B
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-céll size, and the rate of B cell DNA synthesis can be seen. As
described in the companion paper, these changes lead to
activation of T cells specific for determinants on the anti-§
molecule. The second stage resuits in further stimulation ot the
activated B lymphocyte by the activated T lymphocyte or its
products. The increase in B cell sla may facilitate both antigen
presentation to T lymphocytes and B lymphocyte acceptance
of T cell help. At least two models of B cell activation that are
consistent with our data offer mechanisms for the specificity of
antibody responses to T-dependent antigens. In one, carrier-
specific T helper factors would bind !o antigen (or anti-§)
molecules that had bound to slg and stimulate differentiation
towards antibody secretion (49). In a second model hapten
specificity would be restricted to the initial stages of B cell
activation ({i.e., helper factors would be generated that are not
carrier-specific, but only those B lymphocytes initially activated
by antigen or anti-Ig cross-linking of slg could respond to these
factors by generating clones of antibody-secreting cells) (50).
Because experimental evidence supports the existence of both
carrier-specific and nonspecific helper factors, there is no
.reason not to believe that both mechanisms of T-dependent B
cell activation play a role in the phenomena we have described.

The extent of B cell activation induced by GaM$ injection

. strongly suggested that the immune response was polyclonal.

Our data indicate that although most control mice have less
than 10% antibody-secreting cells out of approximately 10° total
spleen cells, mice injected 7 days earlier with GaM§ often have’
5 x 10" antibody-secreting cells in a spleen containing 3 to 4
X 10% nucleated cells. The polyclonal nature of the GaMé-
induced antibody response was confirmed by studies that
showed most of the lg produced by stimulated mice lacked
specificity for goat serum globulins, and that the increases in
the frequencies of total IgM-secreting spleen cells and IgM
anti-TNP-secreting spleen cells were nearly identical. The de-
terminztion that the GaMs-stimulated g response was poly-
clonal rather thar: specific for goat Ig indicates that a ligand-
sigD interaction, in the absence of a ligand-sigM interaction,
can both induce B cells to proliferate and initiate a series of
events that leads B lymphocytes to differentiate into antibody-
secreting cells. This result suggests that the correct interpre-
tation of previous experiments in which anti-¢ antibodies
blocked a wide range of in vitro antibody responses (13-18) is
that the anti-u-sigM interaction blocked antibody production
through a direct inhibitory effect on B cell differentiation rather
than by the prevention of a required antigen-sigM interaction.
Our results differ from previous in vitro studies that indicated
. anti-8 antibodies could induce B cells to ditferentiate into
antibody-secreting cells only when they were further stimutated
by T-dependent helper factors (10~12), treated with proteolytic
_enzymes, or thoroughly washed (51); these additional treat-
ments proved unnecessary for in vivo activation of antibody
production. These differences may result from anti-8 having
less of a direct inhibitory effect on B cell differentiation in vivo
than in vitro, and/or a greater ability of anti-§ to stimulate
activation of helper T cells under in vivo conditions. In addition,
there may be qualitative differences between the in vitro and in
vivo mechanisms of anti-3-stimulated B cell activation; anti-ig
plus mitogen-stimulated helper factor fail to induce spleen cells
from mice vith the CBA/N immune defect to proliferate or
differentiate into antibody-secreting cells in vitro (10), whereas
GaMs$ injected into these mice induces both (L. Muul et al.,
manuscript in preparation).
Our data do not establish that a ligand-sigD interaction has
unique B csll-actlivating effects or is required for B lymphocyte
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activation. In vitro studies have established that anti-u anti-
bodies, like anti-§ antibodies, can stimulate B fy.iphocytes 1o
increase their sla (31), to profiferate (2-6, 8, 11), and when
turther stimulated, to differentiate into antibody-secreting cells
(10). Furthermore, antigens injected into mice that lack sigD*
B lymphocytes as a consequence of injection from birth with
rabbit anti-§ antibodies still make good antibody responses to
sheep erythrocytes (SRBC), TNP-SRBC, TNP-KLH, and TNP-
Ficoll (52, 53), although they fail to respond to injected GaMé
(E. S. Metcalf et al., manuscript in preparation). Thus, it seems
probable that ligand-slgM and ligand-sigD interactions can
have similar B cell-activating effects. We have previously sum-
marized evidence that Jeads us to believe that an important
functional difference between slgM-ligand and s!gD-ligand in-
teractions is that sigM-ligand interactions have a greater direct
inhibitory effect on the differentiation of B cells into antibody-
secreting cells than do slgD-ligand interactions (18).

The stimulatory effects of anti-ig antibodies on B cell acti-
vation do not result simply from the binding ot ligand to any
cell surface molecule. The injection of 400 ug of heat-aggre-
gated goat IgG or 800 ug of a monoclonal rat antibody to the
ThB determinant faited to increase B cell sla or induce B cells
to proliferate or differentiate into antibody-secreting cells. The
lack of effect of the latter antibody was not a consequence of
its monoclonality because 4.22aMé§*, a monoclonal antibody
with relatively low affinity for IgD, was capable of inducing
polyclonal B lymphocyte activation.

The rapid collapse of the activated immune system after the
catabolism of injected GaM§ suggests, as discussed in our
previous paper, that polyclonal activation may stimutate poly-
clonal suppression. Indeed, spleen cells taken from mice 7
days after GaMs injection suppress a number of in vitro protit-
erative responses of spleen cells from normal mice (J. Mond et
al., unpublished data). While the putative suppressor mecha-
nisms decrease numbers of both sigG™* and clgG ™ spleen cells
substantially after day 7, the decrease in the number of clgG*
cells occurs more rapidly. Because the persistent sigG* cells
are small clgG~ lymphocytes rather than the clgG ™ blasts seen
7 days after GaM$ injection, the former slgG* cell population
may consist of memory B cells that are somewhat less suscep-
tible to suppression than are antibody-secreting cells. Thus,
the injection of mice with large doses of GaMs$ antibody pro-
vides a polycional mode! of at least one mechanism of B cell
activation by a T-dependent antigen that generates F _ils that
have undergone surface isotype switching and differentiation
into antibody-secreting cells and possibly memory cells as well
as activated T helper and possibly T suppressor cefls in num-
bers that have previously been difficult to obtain. Qur model,
therefore, is useful both in elucidating B cell aclivation and in
providing activated celt populations for further study. Our
model, however, most likely illustrates only one of several T-
dependent mechanisms that can lead to B lymphocyte activa-
tion. It is unlikely, for example, that the injection of very small
quantities of antigen in adjuvant could directly induce an in-
crease in sla or an increase in the proliferation rate of an
antigen-specific B cell population, yet such stimutation can
generate strong antibody and memory responses. The factor-
generating and antigen-presenting roles of macrophages may
be greatly enhanced by the presence of adjuvant in such an
immune response, and the triggering of B lymphocyte prolif-
eration and differentiation may be fundamentally difterent from
that studied in our system (i.e., when antigen is injected with
adjuvant an antigen —» macrophage — T cell — B cell stimu-
latory pathway may be followed, rather than the antigen — 8
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cell — T cell —» B cell stimulatory pathway that we have
postulated from our results). Studies in which relatively small
doses of anti-§ antibodies are injected in adjuvant are currently
being performed to investigate whether the B cell activation
mechanisms involved can be manipulated to generate a poly-
clonal response.
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