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Natural Killer Cells Induce Activated Murine B
Cells to Secrete Ig'

Clifford M. Snapper,2 * Hideko Yamaguchi,* Mark A. Moorman," Rosie Sneed,*
Doug SmgoN and James 1. Mond'

"Department of Pathology, 'Department of Medicine, and the 'Biomedical Instrumentation Center, Uniformed Services o
University of the Health Sciences, Bethesda, MD 20814; *Geo-Centers, Inc., Ft. Washington, MD 20744; and t lmmune
Cell Biology Program, Naval Medical Research Institute, Bethesda, MD 20889

ABSTRACr. We previously demonstrated that dextran-conjugated anti-lgD antibodies (aS-dex) induce proliferation
of small, B cell-enriched murine spleen cells (Be cells), and in the presence of IL-2, stimulate Ig secretion in vitro.

We have shown that aS-dex-stimulated B cells provide an in vitro model for studying B cell activation by T
cell-independent type 2 (TI-2) Ag, as exemplified by the bacterial polysaccharides. We now show that highly purified
resting B cells, obtained by electronic cell sorting (B'P cells), fail to secrete Ig in the presence of acl-lex + IL-2. The
a8-dex + IL-2-induced Ig secretory response of Bsp cells is restored upon addition of splenic non-B, non-T cells
or a pure population of in vitro-generated NK cells. S.. nilarly, pretreatment of Be cells with anti-AsGm-1 plus
complement inhibits Ig secretion in response to a&-dex + IL-2. An IL-2-induced NK cell supernatant (NKSN) is i

equally potent at stimulating Ig secretion by a8-dex-activated B5P cells, indicating that cell contact between BSP and
activated NK cells is not required for this effect. IL-2 stimulates not only NK cells, but B cells as well, since addition
of anti-IL-2 + anti-IL-2R antibodies to B3P cell cultures, in the presence of a8-dex + NKSN, inhibits Ig secretion.
These data describe a novel animal model for NK cell-induced B cell maturation to Ig secretion and suggest a
pathway for Ig production in response to TI-2 Ag. Journal of Immunology, 1993, 151: 5251.

1:
he parameters that regulate Ig production in re- by the observation that T cell-deficient nude mice synthe-

sponse to TI-2 Ag are largely unknown. Such Ag, size IgM and IgG antibodies in response to TI stimuli (4)
as exemplified by the bacterial polysaccharides or and by the finding of normal serum levels of IgG3, IgG2b,

certain autoantigens, such as DNA, are characterized by and IgG2a, and undiminished antibody responses to TI-2
multiple repeating antigenic epitopes, conferring upon the Ag, in mice made genetically deficient in MHC class II
Ag an ability to extensively cross-link Ag receptors on the expression, and thus non-responsive to T cell-dependent
surface of B cells and hence induce activation (1-3). That (TD) Ag (5). In vitro studies have demonstrated that while
TI pathways for induction of Ig secretion exist, is supported TI-2 Ag could stimulate Ig secretory responses in resting

B cells in the absence of T cells, some form of cytokine-

Received for publication January 11, 1993. Accepted for publication July 26, mediated help was required, and in its absence no responses
1993. were observed (6). This suggested that in vivo responses to
The costs of publication of this article were defrayed in pan by the payment of this class of Ag might also require some form of ancillary
Page charges. This article must therefore be hereby marked advertisement in non-T cell-derived A role for such is also
accordance with 18 U.S.C. Section 1734 solely to indicate this fact. help. help sug-
'This work was supported in part by The Burroughs Wellcome Fund Devel. gested by the ability of TI-2 Ag to stimulate Ig class switch-
Oping Investigator Award, Immunopharmacology of Allergic Diseases (C.M.S.), ing (4, 7). In this regard it has been demonstrated that
National Institutes of Health grants A132560 (C.M.S) and Al 27465 0J1.M), and r de't
Naval Medical Research and Development Command N0007592WR0002S IFN--y, released by activated NK cells (8), in addition to T

and assertions contained herein are the O cells, induces JgG3 (9) and IgG2a (10) class switching in

ealth the mouse. In vivo studies indicate that NK cells secrete
Aat N-'y early during the course-of tacteial infections, with_-A ddrs corresondence and •repri requests to Dr. Clifford M. Snapper, out a requirement for T ci1.e help (11, 12J. Further, in vitro

'DPainent of Pathology, Uniformed Services University of the Heah o
Sciences. 4301 Jones Bridge Road, Bethesda, MD 20814. studies demonstrate that NK cells can provide a source of
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IFN-y for induction of IgG2a class switching by LPS- Culture medium
activated B cells (13, 14).• • ctivtedB cels 13, 4).RPMI 164o (Biofluids, Rockville, MD) supplemented with

We recently described an in vitro polyclonal system for•,:!ti.10% fetal bovine serum (GIBCO, Grand Island, N'Y),
studying B cell activation in response to TI-2 Ag (6, 15). 10%lftaline s2ruM (0.5CM, Grnislan NY),
Multiple anti-IgD antibodies were covalently linked to a!L X)3mi), and streptomycin (50 gzg/ml) were used for
high molecular weight dextran (o:8-dex) 3 to simulate the culturing cells.
repeating epitope nature of polysaccharide Ag. Small, B
cell-enriched murine spleen cells (Be cells) proliferated in
response to a8-dex and secreted Ig upon addition of IL-5 Reagents
or IL-2 (6). By contrast a-.dex induced large, low density
B cells to secrete Ig in the absence of exogenous cytokines. aS-dex was prepared by conjugation of H8/1 (monoclonal

These responses were similar to in vitro TNP-specific Ig mouse IgG2b (b allotype) anti-mouse IgD (a allotype) to a

responses stimulated by TNP-Ficoll, a prototypic TI-2 Ag. high molecular weight dextran (2 X 106 m.w.) as previ-

Given the small numbers of Ag-specific B cells in the un- ously described (15). Approximately 6 H83/1 were conju-

immunized mouse, the advantages of a8-dex lies in its abil- gated to each dextran molect4_. LPS W, extracted from

ity to polyclonally activate the vast majority of mature B Escherichia coli 0111:B4, was obtained from Difco Labo-
cells through the membrane (m)lg pathway in a T1-2- ratories, Inc. (Detroit, MI) and was used at 20 Ag/ml in all

dependent fashion and thus provide a model to study experiments. The following mAb were purified from as-

parameters regulating these responses. cites: 2.4G2 (rat IgG2b anti-Fc-yRII) (16), 2C1 (hamster
In previous studies utilizing a8-dex, we employed a IgG anti-CD3) (17), S4B6.1 (rat lgG2a anti-IL-2) (IS),

population of small T-depleted spleen cells that were highly PC-61 (rat IgG1 anti-IL-2R) (19), TRFK-5 (rat IgGI anti-
enriched for B cells (90 to 93%). More recently we obtained IL-5) (20), and J4-1 (rat IgGi anti-NP) (21). 2C11 was

highly purified (>98%) mIgM+ B cells (BSP cells) by elec- conjugated to FITC (Calbiochem-Behring, San Diego,
tronic cell sorting to determine whether IL-5 and IL-2 acted CA), by a standard protocol. Phycoerythrin-labeled
directly on a8-dex-activated small B cells to induce Ig se- affinity-purified goat anti-mouse lgM antibody was pur-
cretion. We observed that small BVp cells showed a dra- chased from Southern Biotechnology Associates (Birming-
"matically reduced Ig secretory response to a&.dex + IL-2, ham, AL). Murine rIL-5 was a kind gift from Dr. Richard
while synthesizing comparable amounts of 1g, relative to Be Hodes, (NIH, Bethesda, MD). Human rIL-2 was a kind

cells, upon stimulation with a8-dex + IL-5 or LPS. This gift from Dr. Michael Lotze (University of Pittsburgh,
suggested that, at least for responses to a8-dex + IL-2, a Pittsburgh, PA). Percoll was obtained from Pharmacia

non-B, non-T cell, which was not present in the sort- (Piscataway, NJ).
purified population, was required. On the basis of this ob-
servation, we conducted further experiments which dem-
onstrated that murine NK cells could stimulate B cells to Preparation and culture of B cells

mature to Ig secretion. This establishes a murine model for Enriched populations of B cells were obtained from spleen
investigating the cellular basis for TI-mediated humoral cells from which T cells were eliminated by treatment with
immune responses. monoclonal rat IgM anti-Thy-1 (H013-4), rat IgG2b anti-

CD4 (GK1.5), and rat IgG2b anti-CDS (2.43), followed by
mouse anti-rat IgK (MAR 18.5) and complement. Cells

Materials and Methods were then fractionated into high and low density popula-

Mice tions by centrifugation over a Percoll gradient (Pharmacia)
consisting of 70, 65, 60, and 50% Percoll solutions (with

Female DBA/2 and BALB/c mice were obtained from the densities of 1.086, 1.081, 1.074, and 1.062 g/ml, respec-
National CancerInstite ederic, em tively). The high density cells were collected from the 70

1at 7. to i .wkofa .le g -g...e..x to 65% interface and were used in all experiments. The
o• -' I - -j1.,5 forth ii the;'Gi t average percentage of lg+ cells was 90-95% in the 70 to

Se .. i0 65% fraction. B cells obtained in this way were referred to
e bas "B cell-enriched" (Be) cells. This cell population is also

sti• 3U known to contain small numbers of NK cells, macrophages,

mast cells, and cells of the granulocytic series. To remove
NK cells from the Be cell preparation we further treated Be
cells with polyclonal rabbit anti-AsGm-1 antibodies

sAbbreviations used in this paper: asdes, dextran-conjugated anti-tgD anltl. ('Waco, Osaka, Japan) plus complement as follows: Be cells
bodies; 8", sort.purified B cells; 13, B cell-enriched, T-depleted spleen cells; (Wao csam p) were cubat en c oloxy medium"
NKSN, NK cell supernatant; SN, supematant. (107 celis/ml) were incubated in "cytotoxicity medium"

S• " . ,
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(CM) (RPMI + 2.5 mM HEPES + 0.3% BSA) with anti- routinely eliminated, during sorting, on the basis of their
AsGm-1 antibody (150 A.g/ml final concentration) at 4°C characteristic forward and side scatter profile.
for 1 h. Cells were the-i washed once in cold CM and re-
suspended in CM containing a 1/10 dilution of rabbit Quantitation of secreted IgM
complement (Pel-Freez, Brown Deer, Wisconsin) at 37°C 1gM concentrations were measured by ELISA with Immu-
for 1 h. Cells were then washed and resuspended in medium Ion 4, 96-well flat-bottomed ELISA plates (Dynatech
for further use. Functional assays were carried out in 96- Laboratories, Alexandria, VA), that has been described by
well flat-bottomed Costar plates (Costar, Cambridge, MA). us in detail elsewhere (22). Briefly, ELISA plates were
Cultured cells were incubated at 370C in a humidified at- coated with polyclonal goat anti-mouse IgM antibodies
mosphere containing 6% CO2. (Southern Biotechnology Associates), followed by addition

of serial dilutions of samples and standards. Alkaline

Establishment of NK cell cultures phosphatase-conjugated polyclonal goat anti-mouse IgM
antibodies were then added, upon which a fluorescent prod-

Spleen cells from CB-17 SCID mice, obtained from NCI uct was generated from cleavage of 4-methylumbilliferyl
(Frederick, MD), were cultured in medium at 1 X 107/ml phosphate (Sigma) by specifically-bound alkaline
i:a the presence of 500 U/ml of human rIL-2. Spleen cells phosphatase-conjugated antibodies. Fluorescence was
were first treated with anti-Thy-1, anti-CD4, and anti-CD8 measured on a 3M FluoroFAST 96 fluorometer (Mountain
+ complement as a precaution against the possible pres- View, CA) and fluorescence units were converted to Ig
ence of small numbers of T cells resulting from "leakiness" concentrations by extrapolation from standard curves de-
in the SCID mutation. NK cells were maintained by split- termined in each assay by using purified myeloma 1gM of
ting them 1:2 into fresh medium + 500 U/ml of IL-2 every known concentration. IgM measurements showed no sig-
2 to 3 days. Cells were used for experiments beginning -7 nificant cross-reactivity or interference from the presence
to 10 days after establishment of culture. Such cells were of other isotypes (IgD, IgG3, IgG1, IgG2b, lgG2a, IgE,
r nonitored by flow cytometry to confirm the absence of and IgA).
CD3+ (T) cells. NK cell cultures were re-established every
month, using fresh spleen cells from SCID mice, since•:;:•--Results

: longer culture periods were associated with deterioration of R su ls
the NK cell line. Cells derived from CB-17 mice, likethose Small 8SP cells fail to secrete Ig in response to

..; from DBA/2 and BALB/c, express H-21 MHC class I
molecules. We previously demonstrated that IL-2 or IL-5 stimulated

small, T-depleted, B cell-enriched spleen cells (B' cells) to

Sals d losecrete Ig in vitro in the presence of a&-dex (6). To de-S Cytofluorometric analysis and cell sorting termine whether these cytokines acted directly on the B cell

Spleen cells were stained for 30 min with FITC-labeled to stimulate maturation to Ig production, we employed sort-
anti-CD3 mAb + phycoerythrin-labeled anti-IgM antibod- purified (BSP) cells which were >98% mlg+ (Fig. 1). B'P
ies (final concentration of 10 j.gtml each in the presence of cells were cultured with a6-dex in the presence of IL-2 or
a 5-fold excess of anti-FcyRII mAb to prevent cytophilic IL-5, or with LPS, and the lgM secretory responses were
antibody binding) at 107 cells/ml in cold clear HBSS con- compared with similarly treated B' cells. Both B' and B'p
taining 3% FBS and 50 tig/ml each of penicillin, strepto- cells secreted comparable amounts of IgM in the presence
mycin, and gentamicin. Cells were then washed and re- of aS-dex + IL-5 or LPS (Table 1). By contrast, lgM se-
s.:-pended in staining buffer at 107 cells/ml in preparation cretion by BSP cells in response to a8-dex and IL-2 was only
for fluorescence analysis and/or cell sorting. For analysis, marginally greater than that seen in control cultures which
a FACStar Plus or FACSCAN (Becton Dickinson, Moun- were activated with aB-dex or IL-2 alone. Similar amounts
tain View, CA) was used and 15,000 cells were collected of Ig were secreted, in response to aS-dex plus IL-2, by B'
using logarithmic amplification. Only viable cells were cells stained with anti-lgM but not purified by cell sorting
analyzed on the basis of their characteristic forward and vs unstained B° cells (data not shown). This ruled out a role
side scatter profiles. Cell sorting was similarly carried out for anti-IgM staining in the failure of B5 p cells to secrete Ig
on a FACStar Plus, as well as on an Epics Elite (Coulter under these conditions. This suggested that the IL-2-
Cc'rp., Hialeah, FL), and sorted cells were immediately re- stimulated Ig secretory responses of the T-depleted B cell
analyzed to confirm their staining profile. Only sorting pu- population depended upon the presence of non-B, non-T
rities of >98% were acceptable for subsequent study. Sort- cells. IgM secretion by a8-dex-activated B' cells in the
Purified B cells (mlgM+CD3-) were referred to as BSP presence of IL-2 or IL-5 constituted -95% of the secreted
cells. Non-B, non-T cells (mlgM-CD3-) and T cells Ig isotypes (ref. 9; data not shown), and thus approximated
(mnlgM-CD3+) were also collected and macrophages were the total Ig secretory response.

2:1
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Unsorted B Cells cretion which was roughly comparable to that observed in
cultures of a8-dex + IL-2-stimulated B' cells in the pres-

1• .ence or absence of non-B, non-T cells. Non-B, non-T cells

by themselves failed to stimulate small BsP or B' cells in
the absence of aB-dex + IL-2 (data not shown). Thus, the

-C"c, a8-dex + IL-2-stimulated Ig secretory response of B'P cells
required the presence of one or more non-T cell types.

Treatment of Be cells with anti-AsGm-1 antibodies
Co o Cplus complement selectively inhibits Ig secretion in

T Cells Non-B,"Non-T Cells response to a8-dex plus IL-2
104 Since the non-B, non-T cell splenic population is known to

103. contain NK cells, and since NK cells are capable of re-
leasing cytokines upon activation, we tested whether such

102 cells played a key role in Ig induction by B' cells in re-
sponse to a8-dex plus IL-2. Thus, B' cells were depleted

101 of NK cells by treatment with anti-AsGm-1 antibodies plus
, , complement and stimulated with either ca-dex plus IL-2 or

100 101 102 103 104 ac-dex plus IL-5, as a control. As indicated in Table I,
IL-5-mediated induction of Ig secretion occurs in o:8-dex-

Anti-CD3 activated B'V cells and hence is not dependent on another

FIGURE 1. Flow cytometric analysis and cell sorting of cell type. Anti-AsGm-1 antibody-treated B' cells showed

splenic B, T, and non-B, non-T cells. Spleen cells were a marked reduction in Ig secretion in response to aS-dex
stained with FITC-anti-CD3 + PE-anti-lgM (top left, "Un- plus IL-2 but not after activation with ciS-dex plus IL-5
sorted"). B cells (CD3-IgM+), T cells (CD3+1gM-), and (Fig. 3). This strongly suggested that splenic NK cells
non-B, non-T cells (CD3-IgM-) were sorted to high purity played an inductive role in the a8-dex plus IL-2-mediated
(>98%). Contour graphs represent sorted cells which were Ig secretory response of Be cells.
analyzed immediately after sorting to assess purity.

Table I NK cells stimulate aS-dex + IL-2-induced BsP cells to
Sort-purified 8 cells fail to secrete IgM in response to &S,-dex + secrete Ig
IL-21

To further explore a role for NK cells in stimulating Ig
IgM Secretion (ng/ml) secretion by a8-dex plus IL-2-activated B cells, we estab-
8' BSP lished a pure NK cell culture by culturing, in IL-2, spleen

Med <135 <135 cells from 6- to 8-wk-old SCID mice, which lack T and B
ao8-dex 540 170 cells (24). Since the SCID mutation can be "leaky," espe-
IL-2 <135 <1 35 cially in older mice (25), we first treated SCID spleen cellsa-8-dex + IL-2 21,250 850
a8-dex + IL-5 33,750 17,250 with anti-Thy-1, anti-CD4, and anti-CD8 antibodies plus
LPS 131,250 112,500 complement and then assessed the purity of our resulting

I B' (B cell-enriched; -90% B) and B0 (sort-purified; >98% B) cells were IL-2-induced NK cell population 7 days later by flow cy-
cultured at 1.25 x 10s cells/ml in the presence of a8-dex (3 ng/mlh, IL-2 (150
U/ml), IL-5 (ISO U/ml) and/or LPS (20 pg/ml). Six days later culture SN was tometric analysis of their cell surface phenotype (Fig. 4).
removed for measurement of igM concentrations by ELISA. That we were dealing with a pure population of NK cells

was supported by the observation that essentially all cells

To more directly demonstrate a requirement for non-B, were IgM-CD3-CD4-CD8-Thy-I+AsGm-1+. In vitro-
non-T (IgM-CD3-) cells in the a8-dex + IL-2-induced Ig generated NK cells as well as freshly explanted splenic T
secretory response of B' cells, we obtained B'P and non-B, (IgM-CD3+) and non-B, non-T (IgM-CD3-) cells, ob-
non-T cells by electronic cell sorting of a population of tained by electronic cell sorting, were co-cultured with ct-
small B' cells. Macrophages were excluded during cell dex-activated B'P cells in the presence of IL-1 + IL-2, and
sorting on the basis of their characteristic forward and side IgM production was measured 6 days later (Fig. 5). IL-1
scatter profile. As before, a8-dex + IL-2 induced a large was included in this and subsequent experiments based
Ig secretory response by small B', but not BSP cells (Fig. 2). upon our observation that the level of the a8-dex + IL-
However, the addition of non-B, non-T cells to a8-dex + 2-mediated Ig secretory response of Be cells varied among
IL-2-induced B'P cells led to a 10-fold increase in Ig se- different experiments, and that the additional presence of

-- I,,
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(24
Med 31

U] BsP

o c8-dex Be

IL-2 60

a8-dex *IL-2 10,1,,CX

a6-dex +IL-2 +Non-T/B

0 20000 40000

1gM secretion (ng/ml)

FIGURE 2. Non-B, non-T cells restore the IgM secretory response of sort-purified B cells in response to aS-dex + IL-2. Be (B
cell-enriched; -90% B) and B'P (sort-purified; >98% B) were cultured at 1.25 X 105 cells/ml in the presence of a8-dex (3
ngfml) + IL-2 (150 U/ml) in the presence or absence of sort-purified splenic non-B, non-T cells (10% final cell concentration).
Six days later, culture SN was removed for measurement of IgM concentrations by ELISA.

Medium <I 0 0 Anti-AsGm- I CD3
NoRx Control Ab Thy-I

" •-dex (110
AsGmn -1I

SIL-2 <1 10

a--dex I 1t-2

as-dex IL-5 ___________________

MAC -I la
"0 5000 10000 15000

1gM secretion (rg/ml)
FIGURE 3. Treatment of Be cells with anti-AsGm-1 anti-
bodies plus complement selectively inhibits Ig secretion in 1o* 1O, 102 1.. 1o0 10, 102 1o3

response to a8-dex plus IL-2. Be cells were depleted of NK Log Fluorescence
cells by in vitro treatment with anti-AsGm-1 antibodies plus
complement as described in Materials and Methods and FIGURE 4. Flow cytometric analysis of in vitro-generated
c. mpared with Be cells receiving no further treatment. Cells NK cells. In vitro-generated NK cells were harvested 7 days
were stimulated at 1.25 x 10s/ml with A-dex (3 ng/ml) after initiation of spleen cell cultures in the presence of IL-2
and/or IL-2 (150 U/ml) or &8-dex plus IL-5 (150 U/mIl). Cul- (see Materials and Methods). Cells were stained with anti-
ture SN was removed 6 days after initiation of culture for bodies to the indicated cell surface proteins. FITC-Rat IgG2b
determination of secreted 1gM concentrations by ELISA. anti-mouse Thy-l.2 mAb (30H1-2) (ref. 38), FITC-mouse

IgG2a anti-mouse lad (MKD6) (ref. 39), rat IgG anti-mouse
MAC-1 (M1/70) (ref. 40), control Ab (FITC-rat IgG anti-mouse
IgG2a, Zymed Laboratories, So. San Francisco, CA).IL-1 typically assured a maximal response (data not

shown). The addition of NK cells to a8-dex + IL-I +
IP-2-activated BsP cells led to a strong induction of IgM
secretion that ranged from between 10- and 20-fold in five were present (data not shown). By contrast, T cells showed
separate experiments. This response was essentially com- no Ig-inducing activity in this assay. Varying the ratio of
parable to that seen when freshly explanted splenic non-B, NK cells to a8-dex + IL-2-activated BV cells (1.0 to 80%
lnon-T cells were used instead of cells from an IL-2-induced NK:B) indicated that the presence of 10% NK cells led to

i; NK cell culture (Fig. 5). Small B"P cells failed to secrete Ig maximal induction of Ig secretion, with <1% NK cells
in the presence of NK cells unless both a8-dex and IL-2 generally being ineffective (Fig. 6).
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~2
Med (170

,ob-dex (170

+lL-l+lL-2 0 70

FIGURE 5. NK cells stimulate sort-
purified B cells to secrete IgM in re-
sponse to a8-dex + IL-2. BsP cells were ab-dex +IL-1 I+L-2
cultured at 1.25 x 10S/ml with IL-1
(150 U/ml) + IL-2 (150 U/ml) in the
presence or absence of sort-purified T o:-dex +IL-5
cells (10% final concentration) or
non-B, non-T cells (10% final concen-
tration) or in vitro-generated NK cells a8-dex +IL-1÷lL-2
(10% final concentration). IL-5 was +non-B/non-T cell
used at 150 U/ml. Six days later culture
SN were removed for measurement of a8-dex +lL-l .1-2
IgM concentrations by ELISA. -T cell 170

c8a-dex +IL-I+IL-2
+NK cell

0 5,000 10,000

Ig secretion (ng/ml)

IL-2-induced NKSN can replace NK cells for an NK cell-derived maturation factor. Thus, cells from an
induction of Ig secretion by a&-dex-activated BsP established IL-2-activated NK cell culture were washed and
cells recultured in the presence of IL-2, alone, for 48 h, upon

We next wished to determine whether the cr-dex + IL- which a cell-free supernatant (NKSN) was prepared. TheWe nxt ishe todetrmin whthertheotSaddition of IL-2-containing NKSN to cultures of ctSdex-
2-induced Ig secretory response of BSP cells required co-
culture of NK cells and/or was mediated by the release of activated BsP cells led to a strong induction of Ig secretion,

compared with BsP cells activated with o:8-dex + IL-2
alone (Table 11). The induction of Ig secretion was higher

4000 at 25% v/v NKSN than at 10%, even when cultures were
supplemented with additional IL-2. These findings indicate

3000.- that co-culture of B and activated NK cells is not required

for Ig induction.

; 2000.

cc B cells also require IL-2 for NSKN-induced Ig
1000 secretion

We observed that the established NK cell culture was criti-
-0 .cally dependent upon the presence of IL-2, since removal

0 20 40 60 80 of IL-2 from culture led to over 80% loss of viability of NK
9 NK CELLS cells within 24 h. To determine whether B cells also re-

FIGURE 6. Titration of NK cell numbers for determination quired IL-2 for induction of Ig secretion we added anti-IL-2
of optimal induction of 1M secretion of BsP cells in response and anti-IL-2R mAb to BSP cultures stimulated with a-dex
to ca8-dex + IL-I + IL-2. B'P cells were cultured at 1.25 X 105
cells/ml in the presence of IL-1 (150 U/ml) + IL-2 (150 U/ml) + IL-2-containing NKSN (Fig. 7). Compared with a con-

with varying concentrations of NK cells (1.25 x 104 11.0%] trol mAb, anti-IL-2 + anti-IL-2R strongly suppressed the
to 1.0 x 10s cells/ml 180%0). Culture SN was removed 6 days Ig secretory response induced by cac-dex + NKSN. By
later for measurement of IgM concentrations by ELISA. contrast, the addition of anti-IL-2 + anti-IL-2R to B'P cul-
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Discussion
.,I es wt-purified B cells to secrete 18M in the

da8-d + i-i +IL-2This study demonstrates that splenic NK cells can, in the

ISM Secretion tn&ml prsneo L2, stimulate Ig secretion by small, resting B
cells that have been activated by cross-linking of their mlg

8 B' ~ in a TI-2-like fashion. NK cells may :induce Ig secretion

7, jW26 <5 through release of an as yet unidentified B cell maturation

tL.4L-2 160 120 factor, sinct direct phsclcontact between B and acti-
a&-dex + I11/11-2 7,500 220 vated NK cells is not necessary.

asdx+ I1-5 23,100 16,0 These studies extend the findings reported in the human
NKSN 1
.5-dex + I1-1/11-2 + NKSN 8,750 system describing the ability of NK cells to stimulate B cell

(B ~ cell-enriched; -90% B) arnd B10 (sort-purified; >98% B) cells were maturation to Ig secretion (26.-28). Our data indicating a
c~j~lue' at 1 .25 x 105 ceIIs/ml in the presence of *a&-4-x (3 nig/mi), IL-1 (150 roefrN clsintmuanggsceinaeasoo-

L ~.n IL-2 '110 U/mI), I1.5 (150 U/rn?), and/or NKSN (25% v1I) Six days rl o Kclsi tmltigI erto r locn
I, cuin,' ; .ere removed for measurement of 1gM concentrations by sistent with a recent report by Yuan et al. (29) demonstrat-
(I SA. ing the ability of murine NK cells to stimulate small, resting

murine B cells to secrete Ig in vitro in the presence of IL-2
and IL-5. Our data, utilizing cr8-dex as a key B cell acti-

mures activated with ciS-dex + IL-5 had no effect. Thus, for vating signal, establish an in vitro animal model for ex-
induction of Ig secretion, IL-2 is required at the level of the ploring the role of NK cells in stimulating T cell-

;,B cell, as well as of the NK cell, independent pathways of immunity. Analogous to our
findings, these studies have also demonstrated the ability of

.>t.sisL n reqluired for IgM secretion by cr8-dex + NK cells to release a soluble B cell maturation factor(s)
SIL-1 + IL-2-activated B cells in response to non-B, which stimulates B cells to secrete Ig (26,27,29). Thus, NK

'*biTcells or NKSN cells could, in theory, play a particularly important role in
humoral immune responses to bacteria, which contain

t~kle a-de-actvatd, ortpuriied B ellsSecete1gM within their cell walls TI-2, polysaccharide, Ag, and per-
'41s onset IL- . welwised tol deerin whthegsertry ren- haps substances that stimulate NK cells. In this regard, it

.. ~gefousIL- plyeda rle n te 1M screoryre- has been demonstrated that T and B cell deficient SCID
E~?soass o a8-ex ILi + L-2actvate B ell to mice that have been infected with the bacterium Listeria

j.'ýýB, non-T cells or NKSN. The addition of a neutral-
~ ~zg a 'L5 m~ (TFK-) toculure of C clls monocytogenes contain NK cells that have been induced to

i~ip aPulaTd by m8e + IK-2 (tig culure or B e~ cellsaci secrete IFN--y (11, 12). Although IL-2, which was requiredY "atd wit a8-dex + NKSN (Fig. 8B) fai1 cledst cinhbi for induction of Ig synthesis, is considered primarily a T
the 1g Secretory response, indicating that IL-2 did not cell-derived cytokine, it has been demonstrated previously
%Vrk through induction of IL-5. that both B (30-32) and NK cells (33-35) can release IL-2

cz8-d ex- activated
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C81t~rol mAI -0 ýOPaml) were added to
selected Nveiii Culture SN was re-IL-

-4 'med 6 days later for measurement4

*MIAconcentr~ations by ELISA. IL-5+anti-IL-2/IL-2R
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FIGURE 8. IL-S is not critical for in-
duction of 1gM secretion in responses of a-e I--nlI-
oS8-dex + IL-2-activated B cells to x-e*L-an-L-
non-B, non-T cells or NKSN. A, BI cells
were cultured at 1.23 X 105 cells/mi in
the presence of a&-dex +/- 11-2 (150
U/mi) or I1-5 (150 U/mi) with anti-IL-S a8-0ex *JL-5+Contro1 Ab
mAb (30 Vg/mI) or an isotype-matched
control. mAb (30 Vg/mI). Six days later
culture SN was removed for measure-
ment of 1gM concentrations by ELISA. 8,
BI 'cells were cultured at 1.25 X 105 a8-dex
cells/mi in the presence of cxS-dex t
NKSN with anti-IL-S (30 pg/mI) or an
isotype-matched control mAb (30 pg/ 0 1000 2000
ml). Six days later culture SN was re-
moved for measurement of 1gM concen- Ig secretion
trations by ELISA.
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upon appropriate activation. Thus, TI pathways of activa- out the possibility that the IL-2 requirement apparent at the
tion can induce the release of IL-2, which would play an level of the B cell was in fact at the level of a small con-
important role in regulating B cell responses. taminating cell population in the BsP cell preparation.

NK cells could also play an important role in Ig isotype In summary, we have described the ability of murine NK
regulation through their release of IFN--y, which we pre- cells to stimulate Ig secretion by B cells activated in a TI-
viously reported to be a switch factor for both IgG3 (9) and 2-like manner. The identification of the NK cell-derived B
IgG2a (10). Thus, it has been demonstrated that in vitro cell maturation factor(s) and the ability to identify a role for
co-culture of large murine B cells with purified NK cells NK cells in stimulating Ig secretion during immune re-
induces the release of IFN-y (36). It has further been shown sponses in vivo may help to clarify some of the parameters
that NK cells can provide a source of IFN-y that stimulates that regulate TI pathways of humoral immunity.
IgG2a secretion by LPS-activated murine B cells in vitro
(13, 14). In this regard, we have recently observed that the Acknowledgments
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