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ABSTRACT Spleen cell populations depleted of both B and
T lymphocytes produce interleukin 4 (IL-4) in response to
stimulation with immunoglobulins bound to the surface of
culture dishes. In the presence of interleukin 3 (IL-3), plate-
bound (PB) IgE and PB-IgG1, IgG2a, and IgG2b are excellent
stimulants, whereas PB-IgA and PB-IgM fail to stimulate IL-4
production. In the absence of IL-3, PB-IgE stimulates relatively
modest production of IL-4, whereas PB-IgG2a generally does
not. The response to PB-IgE is inhibited by soluble IgE;
antibody to Fcy receptor II inhibits the response to PB-IgG2a.
Thus, separate receptors mediate these stimulations, and Fc
receptor cross-linkage is required for IL-4 production. Deple-
tion of cells expressing asialo-GM1 does not diminish IL-4
production in response to PB immunoglobulins, indicating that
natural killer cells are not essential for non-B, non-T cell
production of IL-4. In addition to IL-4, non-B, non-T cells
produce IL-3, but no detectable interleukin 2 or interferon y.
Non-B, non-T cells may be an important source of lymphokines
in a variety of immune responses and may serve to amplify the
effects of T cells of the TH2 type.

Interactions between immunocompetent cells are largely
mediated by the action of a set of polypeptide factors,
designated lymphokines (LK), that control the activation,
growth, and differentiation of cells of the immune system and
of related cell populations (1). LK production by T lympho-
cytes is particularly important in regulating the functions of
all cells that participate in immune responses. Recent evi-
dence suggests that other hematopoietic lineage cells may
also be important producers of "T-cell-derived" LKs. Many
transformed murine mast cell lines express mRNA for and
secrete one of these LK, interleukin 4 (IL-4) (2). Some lines
also express mRNA for interleukin 3 (IL-3) and granulocyte/
macrophage colony-stimulating factor.
The demonstration that the IL-3-dependent myeloid cell line

FDC/1 produces IL-3 and IL-4 upon exposure to immune
complexes indicated the potential importance of Fc receptors
in stimulating LK production by hematopoietic cells other
than T cells (3). We (4) and others (5) subsequently showed
that long-term, IL-3-dependent mast cell lines produced IL-3,
IL-4, interleukin 5 (IL-5), and interleukin 6 (IL-6), but not
interleukin 2 (IL-2), interferon y (IFN-y) or lymphotoxin in
response to calcium ionophores or to cross-linkage of their
high-affinity FcE receptors. Cross-linkage of FcE receptors on
mast cell lines has also been reported to lead to the release of
other polypeptides, including interleukin 1 (IL-1) and several
of the macrophage inflammatory proteins (6).
These results raised the possibility that normal mast cells

and other nonlymphoid hematopoietic lineage cells might

participate in immune responses by production of LKs. In
this report, we show that a cell population lacking B- and
T-cell markers, in the spleen of normal mice, produces IL-4
when stimulated by cross-linkage of receptors for Fc portions
of IgE or IgG subclasses. IL-3 greatly enhances (for IgE) or
is required (for IgG) for IL-4 production by non-B, non-T
cells from naive mice. This production of IL-4 in response to
Fc receptor cross-linkage could be an important mechanism
in immunologic inflammation in allergic diseases, in infec-
tions with helminthic parasites, as well as in diseases marked
by accumulation of immune complexes.

MATERIALS AND METHODS
Animals. Virus-free BALB/c female mice, 8-12 weeks of

age, were obtained from the Division of Cancer Therapy
Animal Program, National Cancer Institute.

Preparation of Non-B, Non-T Cells, B Cells, and T Cells.
Erythrocyte-depleted spleen cells were incubated at 4°C for
1 hr with a mixture of purified (7) fluoresceinated (F1)
antibodies containing anti-Thy-1.2 (30H12) (8), anti-CD3
(2C11) (9), anti-CD4 (Gkl.5) (10), anti-CD8 (2.43) (11), anti-
B220 (6B2) (12), and anti-Iad (MKD6) (13) at 10 ,g/ml to yield
non-B, non-T cells. B cells were prepared by incubating the
spleen cells with anti-T-cell reagents (anti-Thy-1.2, anti-CD3,
anti-CD4, and anti-CD8); T cells were prepared by incubating
the spleen cells with the anti-B-cell reagents (anti-B220 and
anti-Iad). At the end of the incubation, the cells were washed
twice in staining buffer and mixed for 1 hr at 4°C with a
suspension of magnetic beads coated with sheep anti-F1
antibodies (Advanced Magnetics, Cambridge, MA) (12 ml per
108 stained cells). Positively staining cells were depleted by
two 20-min cycles of exposure to a magnetic field. The
remaining cells were washed twice in culture medium and
examined for the removal of the desired cell populations (B,
T, or both B and T cells) by cytometric analysis on a
FACScan (Becton Dickinson). The non-B, non-T-cell popu-
lation contained <10% stained cells.
Lymphokines and Cytokines. Synthetic IL-3 was a gift of

Ian Clark-Lewis (Biomedical Research Center, Vancouver,
Canada). One unit of IL-3 was defined as the amount of IL-3
that stimulated half-maximal [3H]thymidine incorporation by
FDC/1 cells. Mouse recombinant IL-4 was obtained from a
baculovirus expression system, utilizing a vector into which
the IL-4 gene had been inserted by C. Watson (Laboratory of
Immunology, National Institute of Allergy and Infectious
Diseases). IL-4 activity was measured using the CT.4S cell

Abbreviations: IFN-y, interferon y; IL-1, -2, -3, -4, -5, -6, interleukin
1-6, respectively; LK, lymphokine(s); NK, natural killer; PB, plate
bound; Fl, fluoresceinated; FcyRII, Fcy receptor II.
IPresent address: CIBA-Geigy Research Laboratories, Basel, Swit-
zerland.

1421

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



1422 Immunology: Ben-Sasson et al.

line (14), utilizing a standard that had initially been calibrated
on the basis of 10 units/ml being equal to the amount of IL-4
required for half-maximal stimulation of [3H]thymidine up-
take by resting B cells stimulated with 5 ug of goat anti-IgM
antibody per ml (15, 16).
Immunoglobulins. Purified mouse IgA, IgG1, IgG2a,

IgG2b, IgG3, and IgM were purchased from Southern Bio-
technology Associates (Birmingham, AL). Monoclonal
mouse IgE (HI-DNP-E26) (17) was purified from ascites fluid
by ammonium sulfate precipitation, DE52 ion-exchange
chromatography, and gel filtration. Affinity-purified goat
anti-mouse IgD antibody was prepared as described else-
where (7).
Measurement of Lymphokine Production from Cells Stim-

ulated by Plate-Bound (PB) Antibodies. Flat-bottom 96-well
microtiter Immulon 2 plates (Dynatech Laboratories) were
coated by incubation for 4 hr at room temperature with
purified immunoglobulin (10 ug/ml in 50 ttl of borate-
buffered saline, pH 8.5). Wells were washed three times with
200 ,u of Hanks' balanced salt solution. Cells were added to
the antibody-coated wells (in triplicate) in 0.2 ml of culture
medium. After 36 hr in culture, the plates were exposed to
1000 R (1 R = 0.258 mC/kg) in a 'y Cell 40 Atomic Energy
(Ottawa) irradiator. Lymphokine-dependent cells [CT.EV,
an IL-2-dependent line (14); CT.4S, an IL-4-dependent line
(14); FDC/1, an IL-3-dependent line (3, 18)] (5000 cells per
well) were added to measure the secretion of individual
lymphokines. Forty-eight hours later, 1 ,uCi of [3H]thymidine
(ICN; 1 Ci = 37 GBq) was added, and after 9 hr the cells were
harvested. Relative SEs had a mean value of 15% or less. The
amount of lymphokine was expressed as either the quantity
of [3H]thymidine incorporated into the DNA of the indicator
cell line or as the equivalent of the amount of lymphokine
required to support the same level of thymidine incorporation
in the indicator cell line ("equivalent units"). INF-'y was
assayed by its ability to inhibit plaque formation by vesicular
stomatitis virus on L929/2G1 cells (19).
Assay for Cytotoxic Activity. Serial 2-fold dilutions of

non-B, non-T cells were dispersed, in 0.1-ml volumes, into
V-bottom wells of 96-well culture plates (Linbro or Flow
Laboratories). Five thousand YAC-1 target cells, labeled
with 51Cr (150 ,tCi for 45 min), were added in a volume of 0.1
ml. Plates were centrifuged at 200 x g for 5 min to pellet cells.
Cultures were incubated at 37°C for 4 hr and were then
centrifuged (200 x g, 5 min). A sample (50 ,l) of supernatant
was removed and assayed for percent specific lysis (20).

RESULTS
Non-B, Non-T Cells Produce IL-4 in Response to PB Immu-

noglobulin. B and T lymphocytes were removed from spleen
cell suspensions by magnetic bead separation as described.
The resultant cells, designated splenic non-B, non-T cells,
were cultured at 20,000 cells per well on culture plates that
had been coated with murine IgE or murine IgG2a or had
been left uncoated. IL-4 production was measured by irra-
diating the cells at 36 hr of culture and adding 5000 CT.4S
cells, an indicator line selective for IL-4 (14). [3H]Thymidine
was added 48 hr later. Non-B, non-T cells from untreated
mice produced IL-4 in response to PB-IgE but usually failed
to secrete IL-4 in response to PB-IgG2a (Fig. 1). A mono-
clonal anti-IL-4 antibody (liB11) (21) (2 ,ug/ml) completely
inhibited CT.4S [3H]thymidine uptake in cultures stimulated
with PB-IgE, indicating that IL-4 was the LK measured in
this system (data not shown). Neither B- nor T-cell popula-
tions produced IL-4 in response to PB-IgE or PB-IgG2a.

IL-3 Enhances Production of IL-4 by Non-B, Non-T Cells in
Response to PB Immunoglobulins. In studies of non-B, non-T
cells from mice infected with Nippostrongylus brasiliensis or
polyclonally activated by injection of goat anti-mouse IgD
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FIG. 1. Non-B, non-T cells produce IL-4 in response to PB
immunoglobulin. Non-B, non-T cells (20,000 cells per well) obtained
from untreated mice were incubated in 96-well plates that had been
previously uncoated or coated with IgE (10 ,ug/ml) or IgG2a (10
,ug/ml). After 36 hr, cultures were irradiated, and IL-4 production
was measured by the addition of CT.4S cells (5000 cells per well).
DNA synthesis by CT.4S cells was determined by incorporation of
[3H]thymidine 48 hr later. Results are expressed as IL-4 equivalent
units. The assay can detect -3 units of IL-4 per ml; the dotted line
indicates this cutoff of the sensitivity of the assay.

antibodies, we observed striking enhancement in IL-4 pro-
duction in response to PB-IgE and observed that PB-IgG2a
could also stimulate IL-4 production by non-B, non-T cells
(34). This suggested that non-B, non-T cells might be induced
to produce more IL-4 in response to PB-immunoglobulins.
Because IL-3 is known to cause the growth and differentia-
tion of many hematopoeitic lineage cells, non-B, non-T cells
from normal mice were cultured with or without IL-3 on
uncoated plates or on plates coated with IgE or IgG2a.
Non-B, non-T cells, even at 2 x 105 cells per well, from
untreated mice failed to produce IL-4 in response to PB-
IgG2a; when cultured in the presence of IL-3, as few as 2000
non-B, non-T cells produced measurable IL-4 in response to
PB-IgG2a (Fig. 2). PB-IgE does stimulate IL-4 production
from normal non-B, non-T cells in the absence of IL-3.
However, addition of IL-3 strikingly enhances IL-4 produc-
tion.

IL-4 Is Produced in Response to PB-IgGl, IgG2a, and IgG2b
as Well as to PB-IgE. PB immunoglobulins of several classes
were tested, in the presence of IL-3, for their capacity to
stimulate non-B, non-T cells to secrete IL-4. In this experi-
ment, non-B, non-T cells were obtained from donors that had
been treated with 800 ,ug of anti-IgD i.v. 5 days earlier to
increase their production of IL-4 in response to PB immu-
noglobulins. IgG1, IgG2a, and IgG2b were of approximately
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FIG. 2. IL-3 enhances IL-4 production in response to PB immu-
noglobulin. Non-B, non-T cells from untreated mice were incubated
at various cell densities either without or with PB-lgE or PB-IgG2a
in the presence or absence of IL-3 (50 units/ml). IL-4 production was
measured by coculture with CT.4S cells and expressed in terms of
[3H]thymidine uptake by these cells.
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FIG. 3. IL-4 production by non-B, non-T cells in response to
different classes of PB immunoglobulin. Non-B, non-T cells (20,000
cells per well) from mice that had been injected with anti-IgD 5 days
earlier were cultured in the presence of IL-3 (50 units/ml) on plates
that had been coated with each of the indicated mouse immunoglob-
ulins, in the form ofmyeloma proteins at 10 ,g/ml, as described. IL-4
production was measured as described in the legend to Fig. 1.

equal stimulatory capacity, whereas IgG3 stimulated smaller,
but definite responses (Fig. 3). PB-IgM and PB-IgA failed to
stimulate IL-4 production. PB-IgE was an excellent stimu-
lant.
IL-4 production by non-B, non-T cells from anti-

IgD-injected mice in response to PB-IgE is blocked by
soluble IgE; 50% inhibition is obtained with <1 ,ug/ml (Fig.
4). Soluble IgE has only a marginal inhibitory effect on the
response to PB-IgG2a, even at 1 mg/ml. The rat monoclonal
antibody 2.4G2, specific for Fcy receptor II (FcyRII) (22), is
an efficient inhibitor of the response to PB-IgG2a but fails to
significantly inhibit the response to PB-IgE. Soluble IgG2a is
a poor inhibitor of the response to PB-IgG2a; in some

experiments, 50% inhibition was observed at "30,ug/ml, but
in other experiments, 50% inhibition was not achieved, even

at higher concentrations. The distinctive pattern of inhibition
by soluble IgE and 2.4G2 of the response to PB-IgE and to
PB-IgG2a indicates that at least two separate receptors are
involved in the induction of IL-4 production by non-B, non-T
cells stimulated in the presence of IL-3. Based on the
capacity of 2.4G2 to inhibit responses to PB-IgG2a, the
receptor for that response appears to be FcyRII. Further, the
capacity of soluble IgE to block stimulation by PB-IgE
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FIG. 4. Soluble immunoglobulin and anti-FcyRII receptor anti-
body inhibition of PB immunoglobulin stimulation of non-B, non-T
cells. Non-B, non-T cells (20,000 cells per well) from mice that had
been injected with anti-lgD 5 days earlier were incubated with
soluble IgE, IgG2a, or 2.4G2 at the indicated concentrations or with
nothing and then added to culture wells coated with IgE or IgG2a.
IL-4 production was measured by the addition of CT.4S cells as
described in the legend to Fig. 2.

Table 1. PB-IgE-stimulated lymphokine production by non-B,
non-T cells, units/ml

Normal donor Anti-IgD-injected

Lymphokine - IL-3 + IL-3 - IL-3 + IL-3

IL-2 <0.15 <0.15 <0.15 <0.15
IL-3 0.8 ND 30 ND
IL-4 <3 200 350 350
IFN-y <1 <1 <1 <1

Non-B, non-T cells were prepared from spleens of untreated and
anti-IgD-injected mice. Cells were cultured in wells (25,000 cells per
well) coated with IgE (10 ,ug/ml) with or without IL-3 (50 units/ml).
Supernatant fluids were harvested at 48 hr, and lymphokine assays
were done as outlined. ND, not determined.

indicates a need for multivalent binding to signal IL-4 pro-
duction.

Neither IL-2 nor IFN-y Are Produced by Non-B, Non-T Cells
Stimulated by PB Immunoglobulins. We tested supernatants
of non-B, non-T cells stimulated with PB-IgE for IL-2, IL-3,
IL-4, and IFN-y activity (Table 1). Non-B, non-T cells from
untreated mice produced no detectable IL-4 in the absence of
IL-3 but produced substantial amounts in its presence. (Our
failure to detect IL-4 in the supernatants of non-B, non-T
cells from untreated mice stimulated with PB-IgE in the
absence of IL-3, although we had detected IL-4 production
by these cells using the CT.4S co-culture assay, appears due
to the substantially greater sensitivity of the latter assay.)
IL-3 was produced in small amounts by non-B, non-T cells
from normal mice and in substantial amounts by non-B,
non-T cells from anti-IgD-injected mice. We have not yet
tested the effect of IL-3 upon IL-3 production in these cells
because of the protocol used in these experiments. Neither
IL-2 nor IFN-y were detected in supernatants of non-B,
non-T cells from normal mice or anti-IgD-injected mice
stimulated with PB-IgE in the absence or presence of IL-3.

Characterization of Non-B, Non-T Cells That Produce IL-4
in Response to PB Immunoglobulins. To further characterize
the splenic non-B, non-T cells that produce IL-4 in response
to PB immunoglobulin, we prepared splenic non-B, non-T
cells from untreated mice and from anti-IgD-injected mice
and removed Macl+ cells by treatment with Fl-anti-Macl and
depletion with anti-Fl conjugated magnetic beads. The Macl-
depleted populations and control non-B, non-T cells were
equivalent in IL-4 production in response to PB-IgE and
PB-IgG2a. We also subjected splenic non-B, non-T cells to
density-gradient centrifugation in Percoll. The great majority
of the IL-4-producing activity was found in the 50-60%
Percoll band. The cells in this band were moderately large
cells with basophilic cytoplasm, consistent with their being
hematopoietic progenitor cells. Few mature polymorphonu-
clear leukocytes were observed in the band.
To test whether the non-B-, non-T-cell populations that

produced IL-4 in response to PB immunoglobulins were
natural killer (NK) cells, we depleted NK cell activity by
treatment of mice with anti-asialo-GM1 antibodies (20). Sple-
nic non-B, non-T cells were prepared from these mice 1 day
later. These cells were devoid of the capacity to lyse the
NK-sensitive target cell YAC-1, indicating that NK activity
had been depleted by this measure. Nonetheless, they showed
enhanced IL-4 production in response to PB immunoglob-
ulins, indicating that NK cells were not the major contributors
to IL-4 production by non-B, non-T cells (Fig. 5).

DISCUSSION
These studies indicate that IL-4, as well as IL-3, but not IL-2
and IFN-y, are produced by a spleen cell population that
lacks T-cell (Thy-1, CD3, CD4 and CD8) and B-cell (B220,

Immunology: Ben-Sasson et al.



1424 Immunology: Ben-Sasson et al.

Treatment Cr Release

200000 None 21.6
1 Anti-aGM1 0.4

2IL

Lu

z
a

CELLS/WELL

FIG. 5. Anti-asialo-GM1 treatment of mice does not deplete
IL-4-producing non-B, non-T cells. Mice that had been treated with
anti-lgD 4 days earlier were treated with anti-asialo-GM1 (100 Al of
a rabbit antiserum). One day later, non-B, non-T cells were prepared
from the spleens of these mice. Cytotoxic activity was tested with the
NK-sensitive target cell YAC-1 as described. Results at an effector/
target ratio of 10:1 are shown. IL-4 production by non-B, non-T cells
(20,000 cells per well) from treated and control groups in response to
PB-IgE and PG-IgG2a, in the presence of IL-3, was measured.

class II major histocompatibility complex) markers. LK
production by such cells is stimulated by engagement of Fc
receptors by PB immunoglobulins-most notably IgE and
IgGl, IgG2a, and IgG2b. PB-IgM or IgA fail to stimulate
these responses. Neither T cells nor B cells prepared from
spleen produce IL-4 in response to PB immunoglobulins,
making it highly unlikely that potentially contaminating T or
B lymphocytes could be responsible for IL-4 production by
non-B-, non-T-cell populations. NK cells have been reported
to produce LKs, most notably IL-2 and IFN-y (23, 24).
However, we think it unlikely that NK cells are the major
producers of IL-4 in response to PB immunoglobulins. (i)
Many NK cells are Thy-1+ (25). Such cells have been
eliminated from our non-B, non-T-cell populations, and Thy-
1+ cells (i.e., "T cells") fail to produce IL-4 in response to
Fc receptor cross-linkage. (ii) Treatment of mice with anti-
asialo-GM1 completely depletes NK activity, as would be
anticipated from the expression of asialo-GM1 on NK cell
surfaces (20). The remaining non-B, non-T-cell population is
enriched in IL-4-producing capacity. (iii) The non-B-, non-
T-cell population that we have examined fails to produce IL-2
and IFN-,y, which are the LKs known to be made by NK cells
(23, 24). These arguments do not rule out the possibility that
NK cells can respond to PB immunoglobulins with IL-4
production. They do establish that other cells in the non-B-,
non-T-cell population are excellent producers of IL-4.
The current work shows that the capacity of non-B, non-T

cells to produce IL-4 depends upon, or is enhanced by, an
IL-3-mediated event. Thus, normal non-B, non-T cells fail to
produce IL-4 in response to PB-IgG2a and are relatively
weak producers in response to PB-IgE. When cultured with
IL-3, their capacity to produce IL-4 is markedly enhanced; as
few as 2000 cells per well produce easily detectable IL-4 in
response to either PB-IgG2a or PB-IgE under these condi-
tions. By contrast, cells obtained from donors that had been
injected with anti-IgD, or infected with N. brasiliensis,
produce substantial amounts of IL-4 without need for addi-
tion of IL-3 (34). Both of these treatments lead to striking
polyclonal increases in serum IgE concentration (26, 27). We

interpret these findings to indicate that the capacity of non-B,
non-T cells to secrete IL-4 ( and presumably IL-3) is regu-
lated by the in vivo action of T lymphocytes, presumably
through the production of IL-3.
There are several interesting features of this proposed

amplification function of non-B, non-T cells. Because non-B,
non-T cells use nonclonally distributed receptors for antigen
(i.e., "cytophilic" IgE or IgG antibodies) or for antigen-
antibody complexes (i.e., the Fc receptors themselves),
essentially all IL-3-stimulated cells potentially capable of
producing LK could respond to immune complexes or,
assuming that their Fc receptors have already bound the
cognate antibody, to multivalent antigen. Thus, this popula-
tion of non-B, non-T cells may represent many more LK-
producing cells than do antigen-specific T cells and could
markedly increase the number of LK-producing cells in a
specific immune response. Furthermore, non-B, non-T cells
are stimulated by a fluid-phase stimulant and thus could
potentially produce IL-4 and related LKs for action at a
distance, in contrast to T cells, which largely secrete these
molecules for action in cognate interactions (28, 29).

Splenic non-B, non-T cells produce IL-4 but not IL-2 or
IFN-y. This is a pattern similar to that reported for the TH2
subset of cloned CD4' T cell lines (30). Non-B-, non-T-cell
LK production may well act mainly to amplify TH2-type
immune responses.
The cells that produce IL-4 in this system have not been

definitively identified, nor is it known whether the same cell
responds to PB-IgE and PB-IgG. We have shown that re-
moving Macl cells from the non-B-, non-T-cell population
does not remove the IL-4-producing cells, indicating that
cells with the phenotype Thy-1-, CD3-, CD4-, CD8-,
B220-, class II-, Macl- can produce IL-4 in response to Fc
receptor crosslinkage. Among this population, it is the cells
with intermediate density (i.e., those in the 50-60% Percoll
band on density-gradient centrifugation) that produce IL-4.
This population lacks mature granulocytes but does contain
cells with the morphologic properties of hematopoietic pro-
genitors.
The receptor mediating IL-4 production in response to

PB-IgG2a appears to be Fc'yRII because the FcyRII-specific
monoclonal antibody 2.4G2 blocks stimulation by PB-IgG2a
but not by PB-IgE. The receptor involved in the response to
PB-IgE has the characteristics of a high-affinity receptor
since soluble IgE at 1 ,ug/ml can inhibit stimulation by
PB-IgE. Furthermore, M. Plaut (personal communication)
has shown that non-B, non-T cells can be sensitized with IgE,
washed, incubated at room temperature for 2 hr, washed
again, and still respond to anti-IgE by the production of IL-4.
This result is consistent with our demonstration that a
high-affinity FCE receptor mediates release of LK from mast
cell lines (4) and suggests that the relevant receptor is FCE
receptor I.
Because FcE receptor I appears to be uniquely expressed

on cells of mast cell and basophil lineages (31), such cells
would seem responsible for IL-4 production in response to
PB-IgE. However, mature mast cells are generally not found
in mouse spleens (32). Indeed, by alcian blue staining, we
have failed to observe cells with the characteristics of mature
mast cells in the splenic non-B-, non-T-cell population of
normal mice, although rare cells with an occasional alcian
blue-positive granule were observed. Thus far, we have been
unsuccessful in detecting IgE receptors on non-B, non-T cells
by sensitization with IgE and staining with fluoresceinated
anti-IgE, suggesting that the cells have relatively few IgE
receptors. Although this argues strongly that the cells are not
mature mast cells, the spleen is a source of mast cell
precursors (32), and such cells are good candidates for the
PB-IgE-stimulated IL-4-producing cells in the non-B-, non-
T-cell population.

Proc. Natl. Acad. Sci. USA 87 (1990)
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The demonstration that non-B, non-T cells from immu-
nized animals are a rich source of IL-4 and related LKs and
that cells from untreated mice can be stimulated to produce
IL-4 by treatment with PB immunoglobulins and IL-3 pro-
vides strong support for the concept that physiologic pro-
duction of "T-cell-derived" LKs is not limited to T cells but
may, under the influence of T cells, be a property of cells of
several hematopoietic lineages. Further, these results sug-
gest that non-B, non-T cells may be potential sources of LKs
in disorders marked by the presence ofimmune complexes as
well as in allergies and nematode infections. Indeed, persis-
tence of immune complexes in certain depots may lead to
chronic production of LKs and resultant local exacerbation
of cellular inflammatory responses. The recent report that
tumor cell lines expressing IL-4 as a result of transfection fail
to grow in nude mice and that IL-4-producing tumors inhibit
the growth of other transplantable tumors injected at the
same site suggests that IL-4 may have an important role in
control ofgrowth ofmalignant cells (33). Activation of non-B,
non-T cells by immune complexes could provide a mecha-
nism through which antibody may participate in anti-tumor
responses by eliciting local IL-4 production.

We thank Dr. Marshall Plaut for many helpful discussions, Ms.
Carol Kinzer and Mr. William MacKenzie for excellent technical
help, and Ms. Shirley Starnes for editorial assistance.

1. Paul, W. E. (1989) Cell 57, 521-524.
2. Brown, M. A., Pierce, J. A., Watson, C. J., Falco, J., Ihie,

J. N. & Paul, W. E. (1987) Cell 50, 809-818.
3. Le Gros, G., Le Gros, J. & Watson, J. D. (1987) J. Immunol.

139, 422-428.
4. Plaut, M., Pierce, J. H., Watson, C. J., Hanley-Hyde, J.,

Nordan, R. P. & Paul, W. E. (1989) Nature (London) 339,
64-67.

5. Wodnar-Fillipowicz, A., Heusser, C. H. & Maroni, C. (1989)
Nature (London) 339, 150-152.

6. Burd, P. R., Rogers, H. W., Gordon, J. R., Martin, C. A.,
Jayaraman, S., Wilson, S., Dvorak, A. M., Galli, S. & Dorf,
M. E. (1989) J. Exp. Med. 170, 245-257.

7. Finkelman, F. D., Kessler, S. W., Mushinski, J. F. & Potter,
M. (1981) J. Immunol. 126, 680-687.

8. Ledbetter, J. A. & Herzenberg, L. A. (1979) Immunol. Rev. 47,
63-90.

9. Leo, O., Foo, M., Sachs, D., Samelson, L. E. & Bluestone,
J. A. (1987) Proc. Natl. Acad. Sci. USA 84, 1374-1378.

10. Dyalynas, D. P., Quan, Z. S., Wall, K. A., Pierres, A., Quin-

tans, J., Loken, M. R., Pierres, M. & Fitch, F. W. (1983) J.
Immunol. 131, 2445-2451.

11. Sarmiento, M., Glasebrook, A. L. & Fitch, F. W. (1980) J.
Immunol. 125, 2665-2672.

12. Coffman, R. L. (1982) Immunol. Rev. 69, 5-23.
13. Kappler, J. W., Skidmore, B., White, J. & Marrack, P. (1981)

J. Exp. Med. 153, 1198-1214.
14. Hu-Li, J., Ohara, J., Watson, C., Tsang, W. & Paul, W. E.

(1989) J. Immunol. 142, 800-807.
15. Howard, M., Farrar, J., Hilfker, M., Johnson, B., Talatsi, K.,

Hamaoka, T. & Paul, W. E. (1982) J. Exp. Med. 155, 914-923.
16. Grabstein, K., Eiseman, J., Mochizuki, D., Shanebeck, K.,

Conlon, P., Hopp, T., March, C. & Gillis, S. (1986) J. Exp.
Med. 163, 1405-1414.

17. Liu, F. T., Bohn, J. W., Ferry, E. L., Yamamoto, H., Molin-
ero, A., Sherman, L. A., Klinman, N. R. & Katz, D. H. (1980)
J. Immunol. 124, 2728-2737.

18. Dexter, T. M., Garland, J. D., Scott, D., Scolnick, E. &
Metcalf, D. (1980) J. Exp. Med. 152, 1036-1047.

19. Stewart, W. E. (1979) The Interferon System (Springer, New
York), pp. 17-25.

20. Habu, S., Fukui, H., Shimamhra, K., Nagai, Y., Okumura, K.
& Tamaoki, N. (1981) J. Immunol. 127, 34-37.

21. Ohara, J. & Paul, W. E. (1985) Nature (London) 315, 333-336.
22. Unkeless, J. C., Scigliano, E. & Freedman, V. (1988) Annu.

Rev. Immunol. 6, 251-281.
23. Kasahara, J., Djeu, J. Y., Dougherty, F. & Oppenheim, J. S.

(1983) J. Immunol. 131, 2379-2385.
24. Cuturi, M. C., Anegon, I., Sherman, F., Loudon, R., Clark,

S. C., Perussia, B. & Trinchieri, G. (1989) J. Exp. Med. 169,
569-583.

25. Kasai, M., Iwamori, M., Nagai, Y., Okamura, K. & Tada, T.
(1980) Eur. J. Immunol. 10, 175-180.

26. Finkelman, F. D., Snapper, C. M., Mountz, J. D. & Katona,
1. M. (1987) J. Immunol. 138, 2826-2830.

27. Jarret, E. E. & Stewart, D. C. (1972) Immunology 23, 749-755.
28. Kupfer, A., Swain, S. L. & Singer, S. J. (1987) J. Exp. Med.

165, 1565-1580.
29. Poo, W. J., Conrad, L. & Janeway, C. A. (1988) Nature

(London) 332, 378-380.
30. Mosmann, T. R., Cherwinski, H., Bond, M. W., Giedlin,

M. A. & Coffman, R. L. (1986) J. Immunol. 136, 2348-2357.
31. Ishizaka, K., Tomioka, H. & Ishizaka, T. (1970) J. Immunol.

105, 1459-1467.
32. Crapper, R. M. & Schrader, J. W. (1983) J. Immunol. 131,

923-928.
33. Tepper, R., Pattengale, P. & Leder, P. (1989) Cell 57, 503-512.
34. Conrad, D. H., Ben-Sasson, S. Z., Le Gros, G., Finkelman,

F. D. & Paul, W. E. (1990) J. Exp. Med., in press.

Immunology: Ben-Sasson et al.


