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IWreonerion
— . . . . 1-3 .
Thee distovery that IgD is present on most human B lymphocytes was rapidly

follow-1 by its identification as a major B lympihocyte surface isotype in

. . ) 4-7 L
several other mammalian species, as well as by attempts to ascertain its
function., Many of these efforts have used antibodies prepared against IgD as
unctional probes with the thought that anti-? would reproduce polyclonally the
chanjes indaced in 8 co2lls when their surface IGD bound antigen. In vitro ex-
teeriments have shown anti-3 ant:bodies to block antigen specific responses to
- d-1u o 11-14 .

4 vartable extent and to induce B lymphocytes to proliferate, Such

cells, when further stimulated by macrophage or T cell derived factors, dif-

. . . . 14 . -
furentiate into antibndy secreting cetds. While the culture conditions and
phyoical foms of anti-d antibodies required to achieve B cell activation have

varied, it is generally agreed that high anti-3§ concentrations (i.e., $0-100

wy/nl) are required to maximize B cell prol:.feratl.on.n"13
Tinoee D rLA»n,l. cerformed in monkv':;,l 3-17 rqts.ls nd miCClo'lg have

generally indicated that anti-§ can increase the humoral immune response to
high doses of simultancously injected antigen but does not induce polyclonal

B cell activation. The recent availability of hybridoma produced anti-§ anti-
20,21 i

ol
bodies and murine IgD secruting plasmacytomas™™ has made it possible for

Bt reeeyaEnine 10 VIVO AactivatLon of nurine yTpaocstes by anti-$ antibodies
BilhdoAantiso CconLentrationt Dintiar to thoge achileved in oin witro autivation
careriment. We rind rnae wichian o4 b atter o, ingection of MO0 Ly of
atrinaty rarsticd jaat aptiemoune S (Gaa) anribody cpionte B cells have in-
Creased thelr quantitites ot cell surtace (s) fa antigen, their size, dand

their rate of LNA synthesis.  All three processes are T-independent.  Six-seven
day:. after anti-d injection a second phase of activation ig observed which is
T-dependent.  Splenic T cells as well as B cells are found to be proliferating,
a 3-4 fold increase in the number of spleen cells iy scen, large numbers of B

cells with sIys are found, and a polyclonal increase in the secretion of bath

Bcs‘t A‘J i:.wiv C%py
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Igd and IgG is observed. This state of polyclonal immune activation persists
as long as anti-§ antibody remains in circulation; once injected anti~§ is

catabolized the immune system reverts to its initial level within one week.

GENERAL PROCEDURES

Fbl&pwing i.v. injection of B0O ug of GaM§ or control antibody BALB/c mice
were sacrificed after varying periods of time. Portions of spleen and lymph
nodes were formalin-fixed, sectioned, stained with hematoxylin and eosin and
examined microscopically. Single cell suspensions prepared from these organs
were analyzed for volume with a Coulter Channelizer and for DNA content by
staining with an ethanolic solution of Mithramycin and determining cellular
fluorescence intensity with a Becton-Dickinson FACS II fluorescence activated
cell sorter. Cells were analyzed for surface markers by staining with an FITC-
labeled monoclonal antibody specific for Thy 1.2 (Clone 30H-12) or with FITC-
labeled affinity purified P(ab')2 fragments of rabbit antibodies specific for
mouse §, I, or ¥y chains or keyhole limpet hemocyanin (control) or with A.TH
anti~-A.TL (anti-Ia) or normal mouse serum (control) followed by FITC-labeled
rabbit anti-mouse Yy, after which the percentage of cells positive for each sur-
face marker as well as the median fluorescence intensity of specifically
stained cells was determined with a FACS II. Surface Ig was also'studied by
radicautographic analysis of an SDS-PAGE electropherogram of an immunoprecipi-
tated Np-40 extract of '2%I surface labeled spleen and lymph node cells from
anti-§ injected and control mice. The percentages of cells with intracyto~
plasmic IgM or I4yG were determined by staining methanol fixed cytocentrifuge
preparations of these-ce1ls'with‘the appropriate FITC-labeled antibodies and
examining the stained preparations by fluorescence microscopy. In some ex-
periments the percentages of cells secreting IgM or IgG were determined by the
Protein A reverse plaque assay and the percentages of cells secreting IgM anti-
TNP were determined by a modified Jerne plaque assay. In some cexperiments
mice were injected with ’H—thymidine 18-24 hrs prior to sacrifice and the
amount of 'H incorporated per 2 x 10° cells was analyzed by scintillation

spectroscopy.

RESULTS

I. Early Events. Twenty-four hrs after injection of GaMS the ratio of
white pulp: red pulp in spleen is greatly increased and the small B lymphocytes
of the mantle layers of spleen and lymph node follicles appeared to have dif-

ferentiated into cells with incrcased amounts of pale staining cytoplasm

S P
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and large pale nuclei with prominent nucleoli. Surface Igh was almost totally

<
wo-ialased Erem splenre B lymphocytes, which retained most of their sIgd. lo

) +
fizant cranges were Seen ln percentages of sIg5 or s3la cells, although

intensity of sla staining was markedly increased (Table 1).

ENl CELL SURFACE MARKEPS

* * & .
Savy Anviiedy Percent Positive (Median Flucrescence Intensity)
Injvcted 195 Ign 196 Ia Thy 1

Nl S Ig5 55.3 {(109) 55.8 3.8 51.1 (71) N.D.
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Nl G oIgu 47.5 51.5 5.8 N.D. 32.8

..

- SRR 0.0 24.9 : 9.3

~ -
Lay: after injection of 820 g of nomal goat IgG or Gaxd.

Pools of upleen cells from 3 mice were stained directly for IgD, IgM, IgG,
or Thy 1, or indirectly ior Ia (ATH anti-ATL + FITC-RaMy} and analyzed with
a fluorescence activated cell surter. Median fluorescence intensity is a

LR

Tl s LU0 oaNL AT T Sreeleltt on allooespressing That Tarrer,
A

LT AMMLY T e et 0D Slee 200 THEenna e ot <ella staianng directly
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Qs L.,

Thede change:s were assosiated with marked increases in spleen cell size

(table 2) and ONA syntlesis (Table 3). Twenty-four hours after Gand injection
the percentage of spleen cells with greater than 2¢ UNA was more than 2 fold
increased as compared to control valuss (Table 3). Three days after GaMd
ingection spleen cells from anti=d treated mice showed 4 times more in vivo

-thymidine incorporation on a pur cell basis than spleen cells from control
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TABLE 2

EFFECT OF GaM§S ON SPLEEN CELL SIZE

*
Day Antibody Percent of Spleen Cells with a Volume off
Injected 113-248 u? 253-423 u? 429-626 u?
Nl G IgG 74 ¢ 21 * 6
1 GaMs 51 + 341 15 ¢
Nl G IgG 82 * 2 15 ¢ 1 3 +0.2
3 GaM$ 37 ¢ 44 ¢+ 18 *
Nl G IgG 85 3 13 = 2t 0.5
7 Gaxs 29 = a6 + 1 24 s
NL G IgG 84 * 14 * 0.9 2 %0.3
14 Gaxu$ ) 4 79 + 4 18 3%0.6
. Nl G IgG 76 + 7 20 ¢ 5 &
13 Gand : 35 ¢ 43 ¢ 22 £ 4

1.:D-ays after injection of 800 ug of normal goat IgG or GaMs.
Mice were injected with 800 Lg of normal goat 1gG or GaM§ on days,
0,1,5,7,10,11 and 12,

tArithmetic mean ¢ standard deviation of spleen cells from 3 mice.

mice. Sorting of these cells into sIa* and sla fractions prior to Coulter
analysis and scintillation spectroscopy demonstrated that only the sia’ cells
from GaM§ treated mice showed increased size and 'H-thymidine incorporation.
These events appeared to be T-independent, since congenitally athymic (nu/nu)
mice and mice tolerized to goat IgG by i.v. injection of 2 mg of ultracentri=-
fuged goat IgG 2 weeks prior to GaMJ injection behaved®yimilarly to normal non-
tolerized GaM§ treated mice during the first 3 days after anti-¢ injection.
Anti~d induced increases in sla density, B cell size, and 8 cell DNA synthesis,
are, to csome extent, independent events in B cell activation, Injection of
100 ug ot GaMd induced a substantial incrcase in slIa density but not B cell
size. B colls from mice with the CBA/N X-linked immune defect23 increased in
size in response to GaMé both in vivo and in vitro (A. DeFranco and W.E. Paul,
personal communicaticn) but did not show increased DNA synthesis.

Il. Late Events. Six - seven days after GaM§ injection the immune system
demonstrated further evidence of polyclonal activation. The frequency of sxqc*

i~
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TASLE 3
SFFECTS OF GaMS8 ON SPLEEN CELL NUMBER AND DNA SYNTHESIS
= X 3 s + L2
Jay Antibody Cell Humber H-Thy CPM/2 x 10° Cells Percent >2C DNA
Injected x 10 ¢
L 4
LE 2] RN A 2 ]
Nl G IgG 101 (1.13) 787 (1.10) 4.7 (1.60}
L Gams 86  (1.10) 714 (1.30) 10.4 (1.26)
Nl G 1gG 78.6 (1.06) 548 (1.17) 5.5 (1.23)
3 Gamd 119 (1.10) 2,257 (1.18) 12.2 (1.08)
Nl G IqG 75.9 (1.17) 551 (1.17) 5.5 (1.11)
7 GaMs 352 (1.22) 1,866 (1.85) 12.1 (1.34)
Nl G IgG 111 (1.08) N.D. 3.4 (1.08)
14 GaM$ 115 {1.15) N.D. 4.6 (1.17)
r+ N1 G IgG 169  (1.53) N.D. 6.4 (1.70)
.
L3 GaM§ 263 (1.63) N.D. 22.6 (1.21)

L]
«sCays after injection of 800 ug of normal goat IgG or GaM$.
«asfotermined by fluorescence intensity after staining with mithramycin.
Geometric mean and standard deviation of spleen cells from 3 mice.
tCPM of ’H-Thymidine/z x 10° Nucleated Spleen Cells 18 hrs after i.v.
injection of 100 iCi of *H-Thymidine.

tiMice were injected with 800 ug of normal goat IgG or GaMS on days 0,1,
5,7,10,11, and 12, -
1.0. = Hot Done.

splcen cells increased to 4-8 times the normal level (Table 1). Some of this -
increase may have been due to formation of GaM§ - mouse anti-goat Ig immune
complexes that bound to Fc receptors., However, the appearance of a large per-
=Zentage of Thy 1 sIgd cells at this time favors the poasibility that in-
creased numbers ot B cells with intrinsic slqGC were appearing. In addition,
SD5-PAGE analysis of reduced '?’I-labeled sla from these cells indicated the
presence of a major band with mobility slightly faster than that of § chain and

slower than that of the heavy chain of serum IgG This major band, which is

2a’

found only in trace amounts on lymphoid cells from control mice, has a mobility

similar to that of previously described surface Y, from murine tumor cell
24,25 a

lines.

Spleen cells from GaM§ treated mice 7 days after injection continued to

show increased size and DNA synthesis. llowever, analysis of FACS purified
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TABLE 4

EFFECT OF GaX3 ON GENERATION OF SPLEEN CELLS THAT EXPRESS CYTOPLASMIC IG

*
Day Antibody Percent of Cells Expressing Cytoplasmic
Injected IgM I19G
+ .
Nl G IgG , 0.9 (1.45) <0.2
> Gand 2.2 (1.5 0.4 (2.03)
Nl G IgG 0.4 (1.09) 0.5 (2.143)
@ 7 GaM$ 2.5 (1.67) 15.7 (1.28)
Nl G igG 0.2 (1.46) 0.3 (1.88)
14 Gans 0.7 (1.29) 1.4 (1.60)
e Hl G 1gG 1.5 (1.14) 3.1 (1.54)
13 GaM3 6.9 (1.39) 33.0 (1.26)

.:Days after injection of 800 Lg of normal goat IgG or GaM§.
Mice were injected with 800 ug of normal goat IgG or GaM§ on days
0,1,5,7,10,11, ard 12.

tGeometric mean and standard deviation of spleen cells from 3 mice.

sIa+, sla , sThy 1* and sThy 1 spleen cell populations from these mice showed
that bcth B and T cells had now increased in size and rate of DNA synthesis.
Thuse findings are consistent with the: observation that absolute numbers of
both B and T cells in spleen were now substantially increased (calculated from
Tables 1 and 3).

Increases in synthesis of 1gG and IgM by splcen cells were also noted 7 days
after GaM§ injection. This was evident from thc percentages of cells that con-
taired intracytoplasmic g and IgC (Table 4) as well as from approximately 10
fotd i1ncreases 1n trequencies ot Iy secreting cells (determined by the protein
A reverse plagque technique) total Ig secretion (determined by in vitro incorpo-
ration of '-leucine into lgM and [yC), and cells secruting [yM anti-THDP anti-
bodies.  This last finding is of particular importance as it indicates that the
increased Ig synthesis stimulated by GaM$ represents a polyclonal antibody re-
sponse rather than simply an enhanced anti-goat Ig response. 1In congenitally
athymic mice no increase in the frequency of sIgG’ lymphocytes, rate of lymph-
ocyte DUA synthesis, spleen cell number, or Ig synthesis were observed 7 days

after Gad$ injection. Similarly, mice "tolerized" with 2 mg of ultracentri-
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1324 goat IgS showed much less evidence of polyclonal activation 7 days after
GaMd injection than did nontolerized mice.

II1. Peversal of Activation. Ten days after GaMJ injection circulating

. . +
anti-§ was no longer detectable and considerable numbers of sIgl cells were

seen. Decreases in the size of splenic lymphocytes and a reduction in the
nurber anc frequency of quG* cells were also observed. By 14 days after’
anti-3 injection these paraneters (Table 1l-3), as well as the fzequenéy of
cells with intzacytoglasﬁic Ig (Table 4) and the histologic appearance of the
spleen had almost completely norralized. One abnormality was present, however;
the percentages of B lymphocytes in spleen and lymph nodes were considerably
below the unstinulated walues.

If multiple injections of Ga®{ were given to maintain circulating levels
of this antibody the activated immune state persisted. As many as 40\ of
spvleen cells contained intracytoplasamic Iq‘13 days after the initial anti-$
injection and histologic sections of spleen demonstrated many lymphoid cells
with relatively large amounts of darkly staining cytoplasm in both the red and

white pulp.

DISCussiIon

Our data suggest that in vivo B cell activation by soluble anti-§ proceeds
through 2 phases. The first, which includes increases in sla density, cell
size, and rate of DNA synthesis appears to be T-independent. The second phase,
which includes a further increase in rate of DNA synthesis, acquisition of
=Ly, and Ig secraticn, agpears o ke T-dependent and, to a large extent, car-
rier dependent, which suggests that T cell help specific for goat Ig may be
polyclonally focused onto B cells by GaM§ antibody.

Our results have a number of implications. First, they establish the valid-
ity of a two stage model of 8 cell actlvation26'27 under physiological condi-
tivns, Second, chey cupport the view that B cells acquire 519G in the process
of differentiating into I4yG secreting cnlls.:a Third, they indicate that in
the presence of endogencunly generated T cell help, the interaction of a
ligand with 319D can activate B lymphocytes to secrete antibody even when that
ligand dors not interact with sIgM. As other papers in this volume suggest
that the interaction of ligand with sIgD is not required for B cell differen-
tiaticn into antibody secreting Cﬂllszg'Joit seems likely that the interaction
of ligand with either slqp or sIgM can lcad to B cell terminal diffcreﬁtiaclon

in the presence of appreopriate helper factors. This interpretation suggests
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tat olocking of 1n ¥itro i1TMULe responses Ly antl-. Oor anti-¢ antibodies is
des tuoa digesy suzrrogdsive w£foct induted by the binding of these ligands to
513 or o1yl ratheir than %9 their blocking of ant:ijen binding by sIgM or sIgD.
In rrevious papers we have prezented our belief that an important functional

wen 5130 and 51gHM 1s the relative strensgth of the suppressive

[N
ba
L8 41
rn
"
<
2
G
1]
r
(19
“
v

effuct generated by ligand - sIg interaction, with the binding of ligand to
sl producing the greater suppressive effect.19

It is of interest that the anti=-3 concentrations required to achieve poly-
cl.nal activation in vivo and in vitro are higher than the concentration of
scmee antigens that are regquired to induce specific antibody secretion under
sunilar conditivns. The low epitcpe density ana helper factor stimulating
abilities of soluble anti-Ig an%tibodies relative to some antigens may contri-
bu*+ to this difference. For exanple, Parker has fuund that binding anti-lg
ant:bodivs to an insoluble matrix and adding helper factors to an in vitro

culture systenm substantially reduce the quantities of anti-Ig antibody required

t:
for b cell ac:xvatxcn.l4
The mechanims by whican T lymphocytes are stimulated to proliferate in the
secund phase of anti-% activation are not clear. Possibilities include pro-

dust:on of fazsors by activated B cells that induce T cell proliferation,
indu=tion of T cell proliferation by gout Ig-mouse anti-goat Ig complexes,
anl stimulution of an autolugous MLR by new antigenic determinants on GaM$
modified B lymphocytes.

The reasons for the collapse of the activated immune system once anti-§ is
catabal lred azee vl nbucurs.  Histologic data suggest that cells die in satu
in the spleen, rather than migrate to other organs. Specific or non-specific
suppressor macrophagyes or T lymphocytes, killer cells specific for activated
lymphocytes, and an immunologic network in which polyclonal activation results
in sacretion of 13 molezules that induce “cemplimentary® suppression by bind-
1y T oeact Ltiers wdiotypic determinants may all concribute to the collapse.
et Of *hesc mechanions, however, leads inevitably to subpression of the acti-
VRl Aradie atate, sinoe rhat starte apiears to be maintained as long as cir-
calating luvels ob wid aze bivuunh.

In many ways polyclonal activatiun by Ga¥d antibody seems to closely par-
allel activation of antigen binding clones by a T-dependent antigen. The re-
lat:v: ease with which the in vivo GaMS system provides large populations of
activated B and T lymphocytes should therefore be of great value in the study
of antigen activated cells and the molecular hases of B lymphocyte activation

and requlation.
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