- T

- AD-A26 e~
ORT DOCUMENTATION PAGE /
1l
} i RE RiC P I G S
HIH,,!HWIIIﬂll!l‘ﬂﬂlf”ﬂ !ﬂ R WA =
23, SECURITY Cumaon e - 3. DISTRIBUTION 7 AVAILABILITY OF REPORT
Approved for public release;
20, DECLASSIFICATION / DOWNGRADING SCHEDULE distribution is unlimited
2. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
NMR!1 93-21

63. NAME OF PERFORMING ORGANIZATION 6b. OFFICE STMBOL | 7a. NAME OF MONITORING ORGANIZATION

Naval Medical Research (If applicable) Naval Medical Command

Institute
6. Agoaess (Gity, State, and 2IP Code) 7b. ADORESS (City, State, and ZIP Code)

901 Wisconsin Avenue Department of the Navy

Bethesda, MD  20889-5055 Washington, DC 20372-5120

8a. NAME OF FUNDING/SPONSORING 8. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION Naval Medical (If applicable}
Research & Development Commang

Bc. ADORESS (City, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS

890] Wisconsin Avenue PROGRAM PROJECT TASK WORK UNIT

Bethesda, MD  20889-5044 ELEMENT NO. |NO. NO. ACCESSION NO.

62233N MM33C30 H05-1051 DNZ49507

11. TITLE {Include Security Classification)

follicular B cells

Comparative in vitro analysis of proliferation, lg secretion, and lg class switching by murine

marginal zone and

12. PERSONAL AUTHOR(S) gnanper CM, Yamada H, Smoot D, Sneed R, Lees A, Mond JJ

13b. TIME COVERED
FROM_____TO

e

13a. TYPE OF REPORT
Jjournal article

14. DATE OFf REPORT (Year, Month, Day) [S. PAGE COUNT
1993 9

16. SUPPLEMENTARY NOTATION
Reprinted from:

The Journal of immunology 1993 April 1; Vol. 150 No.7 pp. 2737-2745

17. COSATI CODES
FIELD GROUP SUB-GROU?P

18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
B cell; antibody production; lymphocyte transformation

19. ABSTRACT (Continue on reverse if necessary and identify by block aumber)

DTIC

ELECTE
JUN16 1993

P

20. OISTRIBUTION / AVAILABILITY OF ABSTRACT
EXunclassiFieomnumiten (3 SAME AS RPT

{Jomic USERS

21, ABSTRACT SECURITY CLASSIFICATION
Unclassified

22a. NAM€ OF RESPONSIBLE INOIVIDUAL
Phyllis Blum,  Librarian.

22¢. OFFICE SYMBOL

22b. TELEPHONE {Include Area Code)
MRL/NMRI

“(301) 295-2188

DD FORM 1473, 8aMAR

83 APR edrtion may be used unti exhausted.
All other ed:itians are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED




45 o SR ;1 B Y N

N "' SR e
EERRCVER RIGPPR P A

Ladn

!

RIRGR 2

0022-1767/93/1507-2737802.000
The Journal of Immunology VA B0 T eiTRE e T A ) tesd
Copytight © 1993 by The American Association of Immunologsts Prooeg ol b A

Comparative in Vitro Analysis of Proliferation, Ig
Secretion, and Ig Class Switching by Murine
Marginal Zone and Follicular B Cells’

Clifford M. Snapper,?* Hidehiro Yamada,® Doug Smoot,* Rosie Sneed,* Andrew Lees,’ and
James J. Mond$

*Dept. of Pathology and *Dept. of Medicine, Uniformed Services University of the Health Sciences, Bethesda, MD 20814
*Immune Cell Biology Program, Naval Medical Research Institute, Bethesda, MD 20889; and "Geo-Centers, inc |, f1.
Washington, MD 20744

Asstract. We have previously demonstrated that activation of murine B cells by dextran-conjugated anti-IgD an-
tibndies may serve as a polyclonal, in vitro model system for studying immune responses to T cell-independent type
2 (T1-2) Ag, as exemplified by the bacterial polysaccharides. Because in vivo Ig responses to TI-2 Ag are mediated
primarily by B cells resident in the splenic marginal zone, we wished to determine whether this reflected an intrinsic
difference in the responsiveness of marginal zone B cells (MZB) compared with follicular B cells (FB) to this class
of Ag. In this report we demonstrate that highly purified MZB, isolated by electronic cell sorting, exhibit a lower
proliferative response in vitro in response to unconjugated anti-Ig antibody as well as to dextran- or Sepharose-
conjugated anti-IgM or anti-1gD antibodies, whereas they proliferate equal to or better than FB when stimulated
by other B cell mitogens including LPS, Salmonella typhimurium mitogen, or an anti-CD3-activated CD4* Th2 cell
clone. Despite the different proliferative responses of MZB and FB induced by anti-lg, Ag receplor cross-linkage
stimulates comparable increases in intracellular free calcium concentrations in both of these 8 cell populations.
Furthermore, MZB secrete Ig and undergo Ig isotype switching to a comparable degree, relative to FB, in response
to both T cell-dependent and T cell-independent stimuli. This suggests that the compartmentalization of TI-2
responses to the splenic marginal zone rather than the follicular zone reflects something other than the intrinsic
responsiveness of the B cells from these two sites. Journal of Immunology, 1993, 150: 2737.

he marginal zone is a specialized anatomic site in
the spleen that contains a B cell subpopulation re-
sponsible for generating antibody responses to
TI-22 Ag (1-3). By contrast, B cells resident in the splenic
follicle (FB) secrete antibody in response to TD Ag (4). TI-2

Ag, as exemplified by the polysaccharides, are typically
found in abundance in bacterial cell walls, and unlike TD
Ag, such as soluble proteins, elicit Ig isotype production
that is skewed toward 1gM and IgG3 (5). Furthermore, Ti
Ag, in contrast to TD Ag, are generally ineffective at stim-
ulating a secondary or memory-type immune response
(6-8). '

The T1-2 Ag-responsive MZB is a mature, noncycling
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and noncirculating cell (9, 10) thut expresses high levels of
mlgM and low or absent migD (11, 12). By contrast the FB
is a recirculating cell that expresses intermediate levels of
migM and highlevels of migD (11, 12). Evidence sugpests
that these two B cell subpopulations may represent distinet
lineages (2). Recently, Waldschmudt et al. demonstruted
that MZB and FB can be clearly sepurated onthe basis of
their differential expression of the intermediate aftinity re-
ceptor for IgE (FceRID (13). Thus, MZB ful (o express
detectable FceRIT whereas FB are FeeR1™.

Because the frequency of primary Ag-specific B cells,
even to potent TUAg, is very low, a detailed analysis of the
variables influencing their responsiveness would be diffi-
cult if not impossible. We therefore developed an in vitro
polvclonal model system for studying B cell activation in
response to TI-2 Ag (14, 15). Anti-IgD or anti-IgM ant-
bodies were conjugated to a high molecular dextran inorder
to simulate the repeating epitope nature of polysacchandes.
We recently demonstrated that small, high density B celis
activated by ad-dex proliferated, but failed to secrete Ig
unless a B cell maturation factor, such as IL-5, was also
added to culture (15). Ey contrast, ad-dex stimulated large,
low density B cells to se=rete Ig in the absence of exogenous
cytokines. This differential responsiveness of small and
large B cells to induction with a8-dex was similar to that
observed for in vitro hapwen-specific antibody responses to
conjugates of hapten-Ficoll, a rrototypic TI-2 Ag. We fur-
ther demonstrated that ad-de~ . rivated B cells could un-
dergo Ig class switching to most, although nor all, Ig iso-
types, in the presence of appropriate switch and
differentiation factors (16, 17).

Little is known regarding the parameters that determine
the differential response patterns of MZB and FB to im-
munization with distinct classes of Ag in vivo. Thus, it is
not clear whether these differences primarily reflect intrin-
sic properties of these two B cell subpopulations or whether
the unique microenvironments in which they localize
and/or selective interactions with other cell types account

RESPONSES OF MARCINAL ZONE AND FOLLCULAR B Oy (g E

The expenments were conducted wecarding to the Princi.
ples set forth in the Gude for the Cure and Use of [ap.
vratory Animals, Institute of Animal Resources, Nutionat
Research Counail, Depantment of Heulth, Education, ang
Welfare Publication 78-23, National Institutes of Heulty
Bethesda, MD. '

Culture medium

RPMI 1640 (Biofluids, Rockvitle, MDj supplemented w iy
10% FCS (GIBCO Laboratonies, Grand Island, Ny,
-glutamine (2 mMy, 2-ME (0.05 mMy. penicilhin (50 Loy
mly. and streptomycin (50 pg/mi) were used for culturing
cells.

Reagents

ad-dex and ap-dex were prepured by conjugation of Hé-/t
(monoclonal mouse 12Gb (b allotvpe ). anti-maouse 12D
allotype) (18), and B7.6 (monoclonal rat 1eG1 anti-mouse
1gM) (19) 10 a high m.w. dextran (2 X 10" mw.) as pre-
viously described (14). Approximately 6 H&%1 and B7 6
antibodies were conjugated to each dextran molecule. FF-
4D5 (mouse IgG2a (b allotype) anti-mouse IgD (a allotype)
(20} was purified from ascites. CnBr-activated Sepharcse
was purchased from Pharmacia (Piscataway. NJ). Two mij-
ligrams of puritied FFI antibody were added/milliliter of
packed, swollen Sepharose beads according to instructions
included by the manufacturer. LPS W, extracted from Es-
cherichia cohi 0111:B4, was obtained from Difco Labora-
tories (Detroit, MI). Salmonella nphimurium mitogen
{STM) was obtained from Ribi Immunochemical Research
{Hamilton, MT) and was used at 530 pg/ml. The followir:
mAb were purified from ascites: B3B4 (rat 1gG2a anu-
FceRI) (21). MKDS$ (mouse 1gG2a anti-1a%) (22). and
2.4G2 (rat IgG2b anti-FcyRI) (23). Selected antibodies
were conjugated to FITC (Calbiochem-Behring. San Di-
ego, CA), N-hydroxysuccinimidobiotin (Sigma, St. Louis.
MQO), and Texas Red (Research Organics, Cieveland, OH)

e,

To address this issue we obtained highly purified popula-
tions of MZB anZ FB from the spleens of unimmunized
mice by utilizing an electronic cell sorter to isolate
mIgMPEMEceR1I- and mIgMimermediacEceRIT* B cells, re-
spectively. These sorted B cell subpopulations were then
tested for their relative ability to proliferate, secrete Ig, and
undergo Ig isotype switching in response to TI-1 (bacterial
LPS), TI-2 (a8-dex and ap-dex), and TD modes of acti-
vation.

Materials and Methods
Mice
Female DBA/2, BALB/c, and C3H mice were obtained

from the National Institutes of Health Small Animals Di-
vision (Bethesda, MD) and were used at 8 10 12 wk of age.

by standard protocols.” PE-labeled ﬁn?ly-bﬁﬁﬁe’d‘}oai'
anti-mouse IgM antibody was purchased from Souther
Biotechnology Associates {Birmingham, AL). Avidin-P&
{Phycoprobe) and avidin-allophycocyanin were obtained
from Biomeda (Foster City, CA). Purified murine rlL-4 was
produced in E. coli and was a gift from Dr. Alan D. Levine
(Monsanto Company. St. Louis, MO). Murine rIL-5 was
produced in the baculovirus system and was a gift from Dr.
Gregory Harriman, (National Institutes of Health, Be-
thesda, MD). Murine rIFN-v, prepared from Chinese ham-
ster ovary cells, was a gift of Genentech (South San Fran-
cisco, CA). Percoll was obtained from Pharmacia.

Preparation and culture of B cells

Enriched populations of B cells were obtained from spleen
cells from which T cells were eliminated by treatment with
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¢ onoclonal at 1gM anti-Thy-1(HO13-4), rat 1gG2b anti-
D4 (GK1.5), and rat 1gG2b anti-CD8 (2.43), followed by
5= quse anti-rat Igx (MAR 18.5) and C by the method of
BR: 71 eibson et al. (24). Small B cells were obtained by the
N modiﬁed(?.i)discominuous Percoll gradient centrifugation

procedure of DeFranco et al. (26). Cells that formed a band
i perween 60 and 70% Percoll and had a density of 1.080 to
1.086 g/ml were used in all experiments. Functional assays
were carried out in 96-well, flat bottom Costar plates (Cos-
tar, Cambridge, MA). Cultured cells were incubated at
37°C in 2 humidified atmosphere containing 6% CO;. Un-
Jess otherwise indicated. cells were cultured at a density of
125 X 10° cells/ml. All experiments are representative of
at Jeast two to three similar studies.

Cyilucrametric analysis and celi sorting

B cells were stained for 30 min with various combinations
of sterile filtered, fluorescence-labeled immunoreagents
(final concentration of 10 pg/mlin the presence ofafivefold
excess of anti-FcyRII mAb to prevent cytophilic antibody
binding) at 107 cells/ml in cold clear HBSS containing 3%
FCS. Celis were then washed and resuspended in staining
buffer at 107 cells/ml in preparation for fluorescence anal-
ysis and/or celi sorting. Cell sorting generally was carried
out over a 5-h period. Sorted cells were cultured immedi-
ately after this sorting period and were >95% viable at this
time. Control studies in which stained, but nonsorted, cells
were used were shown to behave similarly to nonstained,
nonsorted cells upon activation with ad-dex or LPS (data
not shown). For analysis, 15,000 cells were collected using
logarithmic amplification on a Becton Dickinson FACStar
Plus (Mountain View, CA). Only viable cells were ana-
lyzed, and any residual macrophages were eliminated from
analysis on the basis of characteristic forward and side scat-
ter profiles. Cell sorting was similarly carried outon a FAC-
Star Plus, as well as on a Coulter Epics Elite (Miami, FL).
and sorted cells were immediately reanalyzed to confirm
their staining profile. Only sorting purities of >95% were

independent, MHC-unrestricted, T cell-mediated stimula-
tion of B cells {28, 29), 96-well culure plates were first
coated with anti-CD3 amtibody (2C11) (30) by incubation
of 50 pg/ml of 2C11 in PBS at room temperature for 4 h.
Plates were subsequently washed three times with PBS.
Resting D10 T cells (3 X 10* cells/mly were then co-
cultured with either sort-purified MZB or FB cells (1 X 10
cellyml) in the anti-CD3-coated microtiter wells for in-
duction of B cell proliferation or Ig isoty pe production. D10
T cells were first irradiated with 3000 r to prevent them
from proliferating, without inhibiting their ability 10 be-
come activated or secrete cytokines.

Measurement of DNA synthesis

DNA synthesis was determined by [*H]TdR uptake (2 uCv/
well; 6.7 Ci/nmol; 1 mCi = 37 GBq: ICN Irvine, LA over
a 16-h period. Cells were harvested onto glass filter paper
and [*H)TdR incorporation was determined by liquid scin-
tillation spectrometry.

Quantitation of secreted g isotypes

Ig isotype concentrations were measured by ELISA. vith
Immulon 2, 96-weil, flat bottomed ELISA plates (Dynatech
Laboratories, Alexandria, VA), which has been described
by us in detail elsewhere (31). Briefly. a fluorescent produci
was generated from cleavage of 4-methylumbiliifery! phos-
phate (Sigma) by specifically-bound alkaline phosphatase-
conjugated antibodies. Fluorescence was measured on a 3
M FluoroFAST 96 fluorometer (Becton Dickinson, Moun-
tain View. CA) and fluorescence units were converted to 1g
concentrations by extrapolation from standard curves de-
termined in each assay by using purified myeloma proteins
of known concentrations. Each assay system showed no
significant cross-reactivity or interference from the pres-
ence of other isotypes (IgM, IgD. 1gG3, 1gGl. 12Glb,
1gG2a, IgE, and IgA) found in the culture supernatants.

Determination of intracellular Ca?* concentrations

" considered acceptable for subsequent study.

Praparation of T cell-derived SN and induction of T
cell-mediated B cell activation

The murine CD4* T cell clone, D10.G4.1 (DID),
(conalbumin-specific, [a*-restricted) was considered a Th2
clone based on its secretion, after stimulation, of 1L.-4 and
IL-5, but not 11.-2 or IFN-v, and was maintained as de-
scribed (27). Cytokine-rich SN from D10 T cells was ob-
tained as follows: resting D10 T cells (1 X 10°/ml) were
stimulated by adding irradiated (3000 r) spleen cells (5 X
10°/ml) from C3H mice (Ia*-bearing) acting as antigen-
presenting cells in the presence of 100 pg/ml of conalbumin
(Sigma). Cellfree SN was harvested 24 h later, aliquoted
and stored at ~80°C until used. This T cell SN had, on
average, 95 U/ml of IL-S and 365 U/ml of IL-4. For Ag-

Our procedure for the measurement of [Ca~"§, in single

cells has been described in detail elsewhere (32). Eriefly.
cells were loaded with 1.5 uM indo-1 in HBSS containing
15 FCS. The cells were warmed t0 37°C and analyzed ot
200 cells/s on a dual laser flow cytometer (Ortho Cyto-
fluorograph, Westwood. MA) after addition of appropriate
mAb. Data were analyzed using commercially available
software (Phoenix Flow Systems, San Diego, CA). The
technique is capable of detecting a calcium response in as
few as 0.3% of the cells analyzed.

Results
Isolation of marginal zone and follicular splenic B
cells by electronic cell sorting

MZB and FB can be distinguished on the basis of
their characteristic cell-surface phenotypes (13). MZB

p 5 v I
PPN PRS-+
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FIGURE 1. Cell surface phenotypes and sorting of MZB
and FB. B cells were stained with FITC.anti-FceRHU (B3B 4,
PE-polyclonal goat anti-lgM, and TR-anti-1a® (MKD6). Mac-
rophages were eliminated by forward and side scatter gating,.
Only la%* cells (B cells) are displayed. Upper panels: pre-sort
analysis-MZB are migMP8MFceRi™, FB are mighynisrmediare
FceRit™{boxed populations). MZB (FceRll") are  also
migD™' and FB (FceRIL®) are migDP ¥ migM staining of
MZB was ~4-fold higher than that for FB. Cells within the
indicated boxes were isolated by sorting. Sorted cells were
analyzed immediately after sorting {lower panel) and only
purities >33% were acceptable for further study.

.are_mIgM™E'mlgD®FeeRIIT whereas FB are migM

intermediate o MGEN FeeR |1+ (Fig. 1), MZB Comp}-ga—u-efcensm response 1o.ap-dex, which was followed aday .

~4% of the splenic B cells from either DBA/2 or BALB/c
mice. For all experiments reported herein highly purified
(295%) MZB and FB were obtained by staining cells with
FITC-anti-FceRIl + PE-anti-IgM and then isolating them
by electronic cell sorting.

MZB exhibit a lower proliferative rate than FB in
response 1o activation by ad-dex or ap-dex

We determined that 10 ng/ml of a8-dex induced maximal
proliferation of T-depleted spleen cells, as assessed by [*H]-
TdR incorporation (data not shown). To assess the prolif-
erative rate of MZB and FB we stimulated them with 10
ng/ml of ad-dex (TI-2-like stimulus) and compared their
incorporation of [*H]TdR with that obtained after activa-
tion with LPS (TI-1-like stimulus). Incorporation of [*H}-
TdR upon culture with medium alone was negligible for
both MZB and FB (Table I). MZB showed an 8.1-fold lower

v Siprtpt A0S St £H
adeden s § RS AN

QNS VTR LIPS

uptake of {"HITER thun FB in responice o ad-dex wherea
theyincorporated 5. 3-fold higher amounta of PHITER then
FB in responce 1o LPS The lower probferatne rae oo
hibited by MZB relatne 0 FB was not consed by the dowe
of ad-dex used because Tower uptahe of [THITER by MZB
{3.3- 10 16-fold) was observed upon actn anon with 1160,
or 100 ng/ml of ad-dex thig. 2y The addaon of en 118
+ L-5-containing T cell SN 10 ad-dex-acinated MZB and
FB enhanced [THITdAR uptahe by both populations of cells
However, ad-dex-actisated MZB sull exhibited 2 lower
incorporation of {"HJTR than ad-den-stimulated FEB
(Fig. 2).

The differences in [ 'HITdR incorporation between MZB
and FB upon induction with ap-dex (0.1 to 100 ng/mit were
even more marked than that observed sfter a8-dex acu-
vation (Fig. 3). ap-dex-activated MZB incorporated 5.7- 10
124-fold lower amounts of ['H]TJR than FB depending
upon the dose of ap-dex used. The addition of 1000 Uiml
of IL-4 variably enhanced [ 'H|TdR uptake by MZB (0.0
and 5.1-fold) and FB {3.9- and 4 0-fold) activated by 10 o1
100 ng/mi of ap-dex, but the marked differences between
the two populations were still zpparent (21- and 7.3-fold)
{Fig. 4). Visual inspection of MZB cultures clearly showed
an early phase of cellular enlargement by a large proportion

or two later by a widespread loss of cell viability. as de-
termined by trypan blue exclusion (data not shown). Al
though further analyses are required, this suggests tha
MZB are competent to enter the cell cycle in response 0
ap-dex but fail to progress through S phase. as evidenced
by alow level of ['H]TdR uptake. Whether or not ap-dex-
activated B cells undergo apoptosis remains to be deter-
mined.

To determine whether this diminished proliferative re-
sponse to ad- and ap-dex reflected a general inability to
respond to any mode of mlg-mediated B cell activation, we
cvaluated their responses to unconjugated and Sepharose-
bound anti-IgD or anti-IgM. We further wished to compare
the proliferative responses of MZB and FB upon stimula-
tion with a second TI-1 like stimulus, STM, and after ac-
tivation with an anti-CD3-activated Th2 clone (TD-like
stimulus). Incorporation of [*H]JTdR by MZB was also
lower than FB upon activation with unconjugated anti-IgMt
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FICURE 2. MZB and FB protiferative response 0 varying
do~=3 of ad-dex in the presence or absence of Th2 SN Sorted
MZB and FB were stimulated with ad-dex (1.0, 10, and 100
ng/ml} in the presence or absence of Th2 (D10) SN (final
concentration 25% /) or LPS {20 pg/mh. {PH]TdR was
added after 48 h and PH|TdR uptake was measured 16 h
later.
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FIGURE 3. MZB and FB proliferative response to varying
doses of ap-dex. Sorted MZB and FB were stimulated with
varying doses of ay-dex as indicated. [*H|TdR was added 48
h after initiation of culture and { *H]TdR uptake was measured
16 h later. [PH]TdR uptake by LPS-activated MZB was
136,000 cpm and LPS-activated FB was 72,300 cpm.

(& -%old), unconjugated anti-1gD (2.9-fold). or anti-lIgD-
Sepharose (8.3-fold) (Table 11}. By contrast, MZB and FB
showed comparable levels of [(*HJTdR uptake in response
10 STM or anti-CD3-activated Th2 cells.

The lower proliferative responses of MZB relative to
FB upon Ag-receptor cross-linkage is not associated
with differences in stimulation of increased
intracellular Ca?* concentrations

To assess the functional status of the Ag receptor on MZB
and FB we measured the uptake of Ca®* into the cell
[Ca*]; immediately upon stimulation with varying con-
Centrations (0.3 to {0 pg/ml) of unconjugated anti-IgM.
Both the mean [Ca®*}; and the percentage of responding
cells observed upon activation with anti-IgM were roughly
comparable for MZB and FB (Fig. 5). This indicated that

2247
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FIGURE 4. AMZB and FB prolderative response 1o ap-dex =
iL-4. Sorted MZB and FB were stimulated with 10 or 100
ng'ml of ap-dex in the presence of absence o' 1000 Uim! of
W3 PHITAR was added 48 h after initiation of cultur. oo
PHITAR uptake was measured 16 h later,

Table 1
AMZ8 proliterate poorly 1 response 10 uncosgated and
Sepharose-bound anti-ig*

HiTdr opm:

7B 8
GatgMm 13,000 £3,110
GalgD 27,500 80,500
FF1-Seph 3,390 28,000
STM 196,000 136,800
aCD3-T cell 25,339 23,583

< Sorted MZB and FB 13 x 10™'ml were culiured i the precerce of 30
pe'mi of polvclonal goat anti-mouse IgA o 1gD :CGalght or ColgD: MZ8 and
FB 11,25 x 10%ml were further stmulated with 19 v /v Sephgrgse anti-igD
tFF1-Seph, ST 120 pr'mit or ami-CD3-3ctvated DD T cudis 10,4 x 10%mb
P'HITAR was added after 48 h and |'HiTdR uptake was measured 16 b later

the differences in anti-Ig-induced proliferation must reflect
differences in the artivational pathway distal to this point.

MZB and FB secrete Ig and undergo Ig class
switching to a comparable degree in response to Ti-
and TD-like stimuli

Our finding that MZB show impaired mlg-dependent B cell
proliferation was in apparent contrast to the reports dem-
onstrating that the MZB are the predominant responding
cells in a TI-2 antibody response (1-3). To evaluate the in
vitro ability of these cells to secrete Ig and undergo Ig class
switching in response to mlg cross-linking we stimulated
MZB and FB with ad-dex + IL.-5 in the presence or ab-
sence of 1L-4. MZB secreted 1.4- to 2.7-fold greater
amounts of IgM than FB although viable cell yields of MZB
were 1.3- to 2.0-fold lower than that for FB (Table Ii1).
MZB and FB secreted comparable amounts of [gG! upon
addition of IL-4 to a8-dex + IL-5-activated cells (MZB =
2750 ng/ml of IgG1 (day 5 viable cells = 2.0 % 10%ml);
FB = 3000 ng/ml of 1gG! (duy 5 viable cells = 3.0 X
10%/ml)). MZB viable cell yields (0.60 X 10%m!) on day
4 were 7.2-fold lower than FB (4.3 X 10%ml) in response

1
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FIGURE 5. Calcium response of MZB and FB to anti-IgM.
Sorted MZB (FceRll™) and FB (FceRll™) were loaded with
indo-1 and stimuleted with polyclonal goat anti-mouse IgM
(0.3 to 10 pg/mi).

Table It
Time course of IgM secretion by MZB and FB in response to
ab-dex + IL-5°

1gM Secretion (ng/ml) Viable Cells (x103/mi)

Day Day Day Day Day Day Day Day
2 3 4 H 2 3 4 5

Mz 34 160 575 800 13 21 3.0 0S5
FB 25 60 220 450 2.2 35 40 10

2 Sorted MZB and FB were cultured with ad-dex (3 ng/mlt + IL.5 (150
- Lfml). Culture SN was removed from separate wells on the days indicated for
determination of igM concentrations by ELISA and viable cell numbers by
trypan blue exclusion.

10 ap-dex alone, confirming that MZB and FB were ade-
quately sorted. In additional experiments it was observed
that neither MZB nor FB secreted detectable Ig when cul-
tured in medium or IL-5 alone (data not shown).

We further evaluated the ability of MZB and FB to se-
crete Ig and undergo Ig isotype switching in response to a
TI-1 (LPS) and TD-type stimulus. LPS stimulated compa-
rable amounts of IgM and IgG3 (33) by MZB and FB after
5 days in culture, although MZB secreted 22- and 4.1-fold
more IgM than FB after 2 and 3 days of LPS stimulation,
respectively (Table 1V). The IgM response of MZB 2 and
3 days after LPS stimulation represented only 1.2 and 6.7%
of the response observed after § days of LPS activation. The
kinetics of the LPS-induced 1gG3 response were compa-
rable for MZB and FB.

Table IV
Time course of IgM and IgC3 secretion by MEB and £8 in
response to LPS?

fgst Secretion tig/mil

Day 2 Day 3 Doy 4 Oay 5
MmZB 225 1,300 8125 16,375
FB 10 320 7.500 15,000
1503 Sectetion ingmis
MZB <24 36 120 600
FB <24 <2.4 64 240

*Sored MZ8 and F™ were cultured in the presence of LPS Cultuwre SN wis
removed from separate wells on the ¢days indicated for determinanon of v
and 1gG3 concentrations by ELISA

Addition of 1L-4 1o LPS-stimulated MZB and FB led 10
comparable inductions of 1gG1 (34) and IgE (35) secretion
6 days after initiation of culire (Table V). Likewise IL-4
inhibited LPS-induced IgM and 1gG3 production (36} by
MZB and FB to a similar extent (Table V). Similarly, LPS-
activated MZB and FB secreted comparable amounts of
1gG2a in response to IFN-vy (37) (Table VI).

Because FB have been specifically implicated in TD re-
sponses we wished 10 test whether MZB and FB differed
in their Ig isotype responses to activation with an anti-CD3-
activated Th2 clone, D10.G4.1 (D10). D10-activated MZB
secreted 6.7-fold more IgM and comparable amounts of
IgGl relative to similarly activated FB (Table VII), indi-
cating that both populations could secrete Ig ard undergo
Ig class switching in response to T cell activation.

Discussion

The requirements for induction of TI and TD responses are
different. Thus, responses to TI, but not TD, Ag can be
elicited in the absence of T cell help (38, 39) but only poorly
in neonatal mice (40) or in adult mice that have been sple-
nectomized (41, 42). Recent investigations have demon-
strated that these differences in activation requirements for
Tl and TD Ag may reflect the fact that different subsets of
B cells respond to these Ag. B cells that localize to the
splenic marginal zone have been reported to be the pre-
dominant population responding to TI-2 Ag (1-3), whereas
B cells that localize to the follicular zone are the cells re-
sponsive to TD Ag (4). The studies that have been reported
could not discriminate whether the differences in responses
of these populations reflected intrinsic differences in the
responsiveness of the B cells themselves or whether they
reflected the activity of different interacting cells in these
compartments. We therefore undertook these studies to in-
vestigate this point.

The difference in proliferation between MZB and FB
upon Ag-receptor cross-linkage was observed using a num-
ber of distinct modes of Ag-receptor ligation including
dextran-conjugated anti-lg, Sepharose-linked anti-Ig, and
high doses of unconjugated anti-Ig. Thus, this difference
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* Table v . . .
- Jg isotype production by MZB and FB stimulated with LPS or

TIPS+ -4t

1g Secretion (ng/mi}

1gM 18G3 18G1
MZB F8 MZB  FB mz8 F8
LPS 58,750 18,730 700 600 190 <12
LPS+IL-4 3,375 500 30 24 3,750 1,200
1gG2b 15G2a 113
[ 8¥4:) F8 MZB F8 MZ8 f8
LPS 875 215 750 230 <6 <b
LPS+iL-4 40 <24 35 <24 1,440 1,500

2 5orted MZB and FB were cultured in the presence of LPS (20 ug'mb with
o - rout 10,000 U/ml of iL-4. Culture SN was removed aker 6 days for
dero mination of 1g isotype concentrations by ELISA.

Table VI
Ig isotype production by MZB and FB stimulated with LPS
or LPS + IFN-¥*

1g Secretion (ng'm}

Igad 18G20 1gG2a
MZB F8 MZB FB  MZB B
LPsS 206,000 100,000 775 523 310 410
LPS+IFN-y 103,125 93,750 215 105 1,250 2,050

2 Sorted MZ8 and FB were stimylated with LPS {20 pg/ml) with or without
10 U/m! of IFN-y. Culture SN were removed 6 days later for measurement of
1g isotype concentrations by ELISA.

Table vii
IgM and IgG production by MZB and FB stimulated with an
anti-CD3-activated Th2 clone?

1g Secretion (ng/mi}

IgM 18G1
\5Y4:) F8 MZ8B FB
Med 56 <10 <1.2 <1.2
aCD3.Th2 6,000 900 2,400 1.350

* Sorted MZB and F8 (1.25 x 10%/ml) were stimulated by D10 Th2 cells (0.4
x 10%ml) in the presence of plate-bound anti-CD3 antibody. Culture SN was
removed & days {ater for measurement of IgM and IgG1 concentrations by
ELiSA,

did not depend upon whether or not the anti-Ig stimulus was
T1-2-like (i.e., ad-dex or ay-dex). Similarly, the starting
cell density did not appear to influence the differential pro-
liferative response of MZB and FB because cells stimulated
with unconjugated anti-Ig were plated at high density
whereas cells stimulated with dextran- or Sepharose-anti-Ig
were cultured at a relatively low cell density. Although
MZB and FB express different levels of mIgM and mlgD,
the differences in anti-Ig-induced proliferation could not be
accounted for simply on this basis because similar differ-
¢€nces in proliferation were seen over a wide range of anti-Ig
Concentrations. The impaired proliferative response of
MZB to anti-IgM antibody does not reflect absent Ig-
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mediated signal transduction because anti-1gM stimulated
comparable elevations in {Ca’ 7}, in both MZB and FB. The
impaired mlg-mediated proliferative response was most ap-
parent when anti-Igh was used as the stimulus. Although
proliferative responses of MZB to anti-[gD were clearly
inferior to that of FB cells, they were nonetheless higher
than anti-Ighl-stimulated responses,

Although the mechanism underlying the poor prolifer-
ative response of MZB o Ag-receptor cross-linkage is un-
known, the MZB response is reminiscent of that observed
upon Ag-receptor cross-linkage of immuature B cells. Thus,
anti-lg cross-linkage of either neonatal B cells or WEHI
231, a lymphoma with an immature phenotype, fails to
stimulate  proliferation, but instead induces apoptosis
and/or tolerization (43-~46). This is associated with an ap-
parently normal calcium response, as we have observed for
MZB, but a failure to activate PKC and the PKC-linked
genes egr-1 and c-fos. Cross-linkage of mlgD on WEHI
231, which was induced to express migD through IeD) gene
transfection, did not result in the delivery of a negative
signal in contrast to that observed for migM (47). Whether
this relates to the more profound differences in proliferation
between MZB and FB when stimulated by ap-dex, as
opposed to ad-dex, is of interest. Although MZB. like im-
mature B cells, express an migM®reimigD'*~FceR1I™
phenotype, the MZB has been shown to be a mature,
noncycling cell (10).

The relative inability of MZB 1o proliferate in response
to mlg cross-linking stimuli is not surprising because it is
known that polysaccharide Ag stimulate poor. if any. an-
aianestic (memory) responses (6~8), which depend heavily
on clonal expansion of Ag-specific B cells. Furthermore, in
TD responses Ag-mediated selection of high avidity B cells
with resultant proliferation and expansion of this popula-
tion leads, over time after immunization, to increasing avid-
ity of Ag-specific antibodies (4); this response is not seen
in response to TI Ag perhaps in part because of the relative
inability of these Ag to induce clonal expansion. Thus. the
antibody response to TI # g primarily reflects their ability
to rapidly stimulate B cells 1o secrete Ig in the face of
limited B cell proliferation and in the context of limiting
ancillary help.

In contrast to TD Ag, TI-2 Ag stimulate the production
of 1gM and 1gG3 (5). This is observed despite the recent
observation that TI-2 Ag rapidly localize in the splenic fol-
licle upon their injection (48) and thus presumably are
available to interact with FB. The basis for this functional
dichotomy is unknown. Our observations that Ig secretion
and Ig isotype switching induced by cytokines in combi-
nation with either ad-dex, LPS, or T cell activation were
relatively comparable for MZB and FB suggests that the
intrinsic properties of MZB and FB do not explain their
differential response patterns in vivo. The data in this manu-
script demonstrate that differences in immune responses of
MZB and FB more likely reflect differences in their his-
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tologic milieu, which plays an impornant role in influencing
B cells responses.
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