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ABSTRACT CD41 T cells from T cell receptor transgenic
mice that have been vigorously primed to be interleukin (IL)-4
producers (TH2 cells) are capable of producing IL-4 even if
restimulated in the absence of IL-4 and in the presence of
IL-12. T cells vigorously primed in the absence of IL-4 (TH1
cells) fail to produce IL-4 even if restimulated under condi-
tions that would cause a naive T cell to produce IL-4. In
contrast, interferon g (IFN-g) production is highly cytokine-
regulated. T cells primed in the presence of IL-4 develop into
IFN-g producers if IFN-g is included in the priming culture
and if the cells are challenged in the presence of IL-12,
presumably ref lecting the role of IFN-g in inducing respon-
siveness to IL-12. Cells primed in the absence of IL-4 become
highly responsive to IL-12 if IFN-g is included in the priming
culture, and these cells are excellent IFN-g producers upon
challenge; IL-12 considerably enhances their production of
IFN-g. If cells are primed in the absence of IL-4 and IFN-g,
they show very weak responsiveness to IL-12 as determined by
STAT-4 activation. However, these cells acquire IL-12 respon-
siveness if cultured with IFN-g for a period as short as 4 hr.
Thereafter, they produce large amounts of IFN-g upon chal-
lenge with antigen in the presence of IL-12. These results
indicate that in primed CD41 T cells, IL-4 production is
largely cytokine-autonomous, whereas IFN-g production is
highly cytokine-regulated.

Naive CD41 T cells produce interleukin (IL)-2 upon stimula-
tion but can develop into cells that principally produce inter-
feron g (IFN-g) or IL-4 and a set of related cytokines (1). In
the mouse, this has often been referred to as TH1yTH2 polar-
ization with the phenotype of TH1 cells being IFN-g1yIL-42

and the phenotype of TH2 cells being IFN-g2yIL-41 (2). The
development of naive cells into IL-4 producers requires the
presence of IL-4 during the priming culture (3–6). In contrast,
in the absence of IL-4, naive T cells develop into IFN-g
producers, a process that is enhanced by the presence of IL-12
and possibly IFN-g (7–9).
The capacity of differentiated CD41 T cells to alter their

pattern of cytokine production has been a matter of interest.
In contrast to long-term T cell lines in which cytokine-
producing phenotypes show great stability (2), recently differ-
entiated CD41 T cells may have the capacity to alter the range
of cytokines they produce (10, 11) and human CD41 TH2 cells
can acquire modest IFN-g-producing capacity if cultured with
IL-12 (12). Here we examine the issue of altered cytokine-
producing phenotype in recently differentiated CD41 T cells
derived from mice transgenic (TG) for genes encoding T cell
receptors specific for a cytochrome C peptide (88–104) in
association with the class II molecule I-Ek (TG mice) (5). We

show that after a vigorous in vitro priming regimen, the
capacity (or lack thereof) of CD41 T cells to produce IL-4 is
a stable property and is not thereafter influenced by the
cytokine environment, whereas the IFN-g-producing capacity
of such cells depends on the action of three distinct cytokines,
IL-4, IFN-g, and IL-12.

MATERIALS AND METHODS

Culture Medium. cRPMI, RPMI 1640 medium (Biofluids,
Rockville, MD) supplemented with 5% fetal bovine serum
(Biofluids), 1 mM sodium pyruvate, 2 mM L-glutamine, 0.05
mM 2-mercaptoethanol, 100 unitsyml penicillin, 100 mgyml
streptomycin, was used in cell cultures.
Cytokines and Antibodies.Mouse IL-4 was obtained from a

recombinant baculovirus prepared in our laboratory. Human
IL-2 was a gift of Cetus. IFN-g was purchased from Genzyme.
IL-12 and goat anti-IL-12 were purchased from R & D
Systems. Anti-IL-4 (11B11) (13) was prepared by Verax (Leb-
anon, NH). Anti-IFN-g (XMG 1.2) (14), f luorescein isothio-
cyanate (FITC)-rat anti-mouse B220 (RA3–6B2) (15), FITC-
rat anti-mouse I-Ak (AF6–120.1) (16), FITC-rat anti-mouse
CD8 (53–6.7) (17), FITC anti-IL-4, biotinylated anti-IL-4, and
FITC anti-IFN-g were purchased from PharMingen. Strepta-
vidin–horseradish peroxidase was obtained from Southern
Biotechnology Associates. Rat anti-mouse Fcg receptor anti-
body 2.4G2 (18) was used as 1:500 diluted ascites. Anti-
STAT-4 antibodies were provided by J. Darnell (The Rock-
efeller University, New York) and used at 1 ml per reaction for
supershift experiments.
Isolation of Naive CD4 T Cells, Antigen-Presenting Cells

(APC), and Cell Priming Conditions. B10.A mice were ob-
tained from The Jackson Laboratory. B10.A TG mice were
maintained in our animal facility.
TG lymph node and spleen cells were passed though a T cell

enrichment column (R & D Systems). Enriched T cells were
stained with FITC antibodies to the cell surface markers CD8,
B220, and I-Ak. Labeled cells were negatively selected using
sheep anti-FITC magnetic beads (Advanced Magnetics, Cam-
bridge, MA) (19). Purified CD41 cells were centrifuged for 20
min at 4003 g on a discontinuous 50%, 60%, and 70% Percoll
(Pharmacia) gradient. Cells layering between 60% and 70%
were collected and used for priming. APC were purified by
treating B10.A splenocytes with anti-Thy-1.2 (HO13.4) anti-
body plus LowzTox M rabbit complement 1:10 (Accurate
Scientific, Westbury, NY) for 45 min at 378C. Primary stimu-
lation of TG cells was carried out by adding naive CD41 T cells
(105yml) to irradiated APC (106yml), 1 mM pigeon cyto-
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chrome C peptide 88–104 (prepared by the National Institute
of Allergy and Infectious Diseases Biologic Resources
Branch), and IL-2 (10 unitsyml) for 5–7 days. For differenti-
ation of TH1 cells, anti-IL-4 (10 mgyml) and IL-12 (10 ngyml)
were also added to the culture; for the differentiation of TH2
cells, IL-4 (1,000 unitsyml) was added. IL-12, IFN-g (200
unitsyml), anti-IL-12 (10 mgyml), and anti-IFN-g (10 mgyml)
were added in various combinations for priming where indi-
cated. For some experiments, the priming culture was repeated
two or three times.
Electrophoretic Mobility-Shift Analysis. Primed cells were

incubated overnight in cRPMI with IL-2. All cells were
incubated for 2 hr at 378C in RPMI medium 1640 without
serum. Cells (53 106) were resuspended in 1ml of cRPMI with
or without IL-12 (50 ngyml) for 15 min at room temperature
and washed with 10 ml of ice-cold PBSy100 mM sodium
vanadate. Cell pellets were resuspended in 20–40 ml of lysis
buffer (0.5%Nonidet P-40y50 mMTris, pH 8.0y10% glyceroly
100 mM EDTA, pH 8.0y50 mM NaFy150 mM NaCly100 mM
Na3VO4y1 mM DTTy400 mM phenylmethylsulfonyl f luo-
ridey1 mg/ml pepstatin Ay1 mg/ml leupeptiny1 mg/ml aproti-
nin), and incubated on ice for 60 min with frequent vortexing.
Lysates were centrifuged at 15,000 rpm for 15 min at 48C.
Supernatants were harvested and stored at 2708C. Protein
concentrations were determined using the Bio-Rad protein
assay reagent (Bio-Rad) with BSA as standard. For assays, 25
mg of cell lysate was incubated with 100 ng of 32P-labeled
oligonucleotide in reaction buffer [40 mM KCly1 mMMgCl2y
0.1 mM EDTAy0.5 mM DTTy20 mM Hepes, pH 7.9y6%
glyceroly1 mg/ml BSAy0.1 mg/ml poly(dI-dC)] for 15 min at
room temperature. Reactants were separated by electrophore-
sis on a 4.5% polyacrylamide gel buffered with 0.223 TBE.
Gels were dried and exposed directly to Kodak Biomax MR
film (Sigma). A double-stranded oligonucleotide correspond-
ing to an IFN-g activation site (GAS)-like element found in the
mouse FcgRI promoter (59-gatcGCATGTTTCAAGGATT-
TGAGATGTATTTCCACAGAAAAGG) (20) was synthe-
sized with a 59-GATC overhang on each end (denoted by
lowercase letters), and labeled with [32P]dCTP using Klenow
DNA polymerase by standard techniques.
Intracellular Staining. TH1 and TH2 cells were stimulated with

IL-2 (10 unitsyml), cytochrome C peptide (1 mM), and irradiated

normal B10.A T-depleted spleen cells as APC in the presence of
2 mM monensin (Calbiochem). In some experiments, IL-12 or
anti-IL-12was added to the culture.After 6 hr of stimulation, cells
were treated with 20 mgyml of DNase 1 (Boehringer Mannheim)
for 5 min at 378C, washed with cold PBS, fixed with 4%
paraformaldehyde for 5 min at 378C, and washed with buffer
containing 0.1% saponin and 0.1% BSA. Fixed cells were incu-
bated with 2.4G2 for 5 min at 48C and stained with labeled
anti-cytokine antibodies for 30 min on ice (21). Samples were
analyzed using a Becton Dickinson FACScan.
Lymphokine Measurements. Primed cells (106yml) were

stimulated with peptide (1 mM), irradiated APC (106yml), and
IL-2 (10 unitsyml) in a 24-well plate. Supernatants were
collected at 24 and 48 hr for IL-4 and IFN-g measurements,
respectively. IL-4 concentration was measured with the IL-4-
dependent indicator cell line CT.4S (22) and with ELISA
reagents from PharMingen. IFN-g concentration was mea-
sured with a two-site ELISA (23, 24).

RESULTS

Phenotype Stability After in Vivo Residence. To examine the
stability of cytokine-producing phenotypes of recently differen-
tiated CD41 T cells from TG mice, we purified small resting
CD41 T cells and subjected them to two rounds of in vitro
priming. TH2 cells were prepared by stimulation with peptide,
APC, IL-2, and IL-4, whereas TH1 cells were prepared by
stimulationwith peptide,APC, IL-2, and anti-IL-4 and IL-12. TH1
cellsmade large amounts of IFN-g but little or no IL-4 in response
to challenge with APC, peptide, and IL-2, whereas the TH2 cells
displayed the opposite phenotype (Fig. 1). This is confirmed by
the analysis of the frequency of cells that contained cytosolic
IFN-g and IL-4 upon challenge with peptide, IL-2, and APC.
Primed cells were injected i.v. into non-TG B10.A mice. One
month later, the TG (Va11,Vb31) cells constituted 7–22% of
spleen and lymph node CD41T cells. These cells were harvested,
stimulated for 5 days with peptide, APC, IL-2, and IL-4 or
anti-IL-4 and IL-12, and their capacity to produce IL-4 and IFN-g
upon challenge with APC, peptide, and IL-2 was measured. TH1
cells failed to produce IL-4 upon challenge whether restimulated
in the presence of IL-4 or anti-IL-4 and IL-12 but did produce
IFN-g. TH2 cells restimulated in the presence of IL-4 or anti-IL-4

FIG. 1. Stability of cytokine phenotype of primed CD41 T cells. CD41 cells from B10.A TG mice were primed twice in vitro with cytochrome
C peptide, APC, IL-2, and anti-IL-4 and IL-12 (TH1 cells) or IL-4 (TH2 cells). After the second priming culture, a portion of the cells were stimulated,
and the number of cells containing cytosolic IL-4 and IFN-g was determined and the secretion of the two cytokines was measured. The twice-primed
cells (3 3 107) were also transferred into B10.A mice. Four weeks later, CD41 T cells were purified from spleens and lymph nodes of the recipient
mice and restimulated with peptide, APC, and IL-2, and with anti-IL-4 and IL-12 or IL-4. After 5 days, the cells (106) were challenged with peptide,
APC, and IL-2. IL-4 and IFN-g production were measured.
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and IL-12 continued to produce IL-4 upon challenge. However,
culture in the presence of anti-IL-4 and IL-12 resulted in a cell
population that produced IFN-g upon challenge, although in
somewhat lower amounts that did cells initially primed without
IL-4.
The cell population that was injected into B10.A mice was

also immediately restimulated in vitro with antigen, APC, and
either anti-IL-4 and IL-12 or IL-4. These cells behaved simi-
larly to the cells that were ‘‘parked’’ in B10.A mice for 30 days
(Fig. 2). When challenged at the end of the restimulation
period, cells that had been initially subjected to two rounds of
priming with anti-IL-4 and IL-12 failed to produce IL-4
whether restimulated in the presence or absence of IL-4. We
have noted, as E. Murphy et al. have reported (11), that cells
that had received only a single round of priming under TH1
conditions could acquire the capacity to produce modest
amounts of IL-4 upon restimulation. The twice-primed TH1
cells, when restimulated with IL-4, contained somewhat fewer
cells capable of producing IFN-g than did such cells that had
been restimulated with anti-IL-4 and IL-12. Strikingly, 42% of
the cells that had been primed with IL-4 and restimulated with
anti-IL-4 and IL-12 contained cytosolic IFN-g upon challenge.
Moreover, many of the IFN-g-containing cells also contained
IL-4. This result strongly argues that these were not simply cells
that had failed to commit to IL-4 production in the first culture.
If that were the case, they should not have acquired IL-4-
producing activity in response to culture with anti-IL-4 and
IL-12. Rather, this result indicates that these were TH2 cells
that acquired IFN-g-producing activity as a result of the
conditions of the restimulation culture. The amounts of IL-4
and IFN-g produced by these cultures are consistent with the
results from the f low cytometric analysis of cytokine-
containing cells.
Requirements for TH2 Cells to Produce IFN-g. To analyze

the requirements for the acquisition of IFN-g-producing ca-
pacity by TH2 cells, we used two TH2-priming protocols in which
we controlled the presence of IFN-g and eliminated IL-12. T
cells primed with IL-4, anti-IL-12, and anti-IFN-g differed
from cells primed with IL-4, anti-IL-12, and IFN-g in certain
striking ways. As anticipated, both produced IL-4 upon im-
mediate challenge with peptide and APC. However, the cells
primed in the presence of anti-IFN-g failed to produce IFN-g
upon immediate challenge in the presence or absence of IL-12
(Fig. 3). Indeed, these cells appeared insensitive to IL-12 as
shown by their failure to develop STAT-4-dependent DNA-

binding activity when cultured with IL-12. In contrast, TH2 cells
that had been primed in the presence of IFN-g produced IFN-g
if challenged in the presence of IL-12 and showed striking
activation of STAT-4 when incubated with IL-12 (Fig. 3). To
verify that the IL-12-induced DNA-binding activity was due to
STAT-4, anti-STAT-4 antibody was shown to ‘‘supershift’’ the
complex in selected experiments.
When the intracellular cytokine content of TH2 cells primed

in the presence of IFN-g was analyzed, few contained IFN-g
if challenged in the presence of anti-IL-12 (5%); however,
when challenged in the presence of IL-12,'65% of these cells
produced IFN-g (data not shown). Thus, TH2 cells primed in
the presence of IFN-g acquired IL-12-dependent IFN-g pro-
duction, whereas TH2 cells primed in the absence of IFN-g
were insensitive to IL-12 and failed to produce IFN-g.
The IL-4-producing cells that had been primed with anti-

IL-12 and anti-IFN-g were recultured to examine whether and
under what conditions they could acquire IFN-g-producing
activity. They were restimulated for 5 days in the absence of
IL-12 with IL-4 or anti-IL-4 and with IFN-g or anti-IFN-g, and
were then challenged with peptide, APC, and either IL-12 or
anti-IL-12. Only cells restimulated with both IFN-g and anti-
IL-4 and challenged with IL-12 produced IFN-g (Fig. 4). While
only '9% of the cells produced IFN-g, in contrast to '90%
of the cells from cultures that had been subjected to two rounds
of priming in anti-IL-4 plus IL-12, their production correlated
with the ability of these cells to develop a STAT-4 electro-
phoretic mobility shift in response to IL-12 challenge. Thus,
priming naive T cells in the presence of IL-4 and the absence
of IFN-g prevents the development of responsiveness to IL-12
and of the capacity to secrete IFN-g upon challenge with
antigen and IL-12. Such cells can acquire IL-12 responsiveness
only if restimulated in both the presence of IFN-g and the
absence of IL-4. They retain IL-4-producing capacity under
these various conditions.
TH1 Cells: Control of IFN-g-Producing Capacity and Re-

sponsiveness to IL-12. To examine the role of IFN-g in priming
TH1 cells for IFN-g production, we stimulated naive TG CD41

T cells in the presence of anti-IL-4, anti-IL-12, and anti-IFN-g
and compared those cells to TH1 cells primed in the presence
of anti-IL-4 and IL-12. When challenged in the absence of
IL-12, these cells made detectable and similar amounts of
IFN-g (Fig. 3). Addition of IL-12 to the challenge culture
enhanced IFN-g production by both cell populations approx-
imately 3-fold. Interestingly, TH1 cells primed with anti-IL-12
and anti-IFN-g showed a very weak induction of STAT-4
DNA-binding activity in response to IL-12, whereas TH1 cells
primed in the presence of anti-IL-4 and IL-12 showed excellent
IL-12 stimulation of STAT-4 DNA-binding activity (Fig. 3).
This appeared somewhat at odds with the apparent similarity
in sensitivity of the two cell populations to antigen challenge
in the presence of IL-12. We reasoned that the IL-12-
independent production of IFN-g by the TH1 cells primed in
the presence of anti-IFN-g and anti-IL-12might enhance IL-12
responsiveness in these cells. To test this, we prepared TH1 cells
primed in the presence of anti-IL-4, anti-IL-12, and anti-
IFN-g, cultured them for 0–24 hr in IFN-g, and then chal-
lenged them with IL-12. As few as 4 hr of culture with IFN-g
increased induction of STAT-4 DNA-binding activity in re-
sponse to IL-12. TH2 cells primed in the absence of IFN-g and
IL-12 differ from TH1 cells prepared in the same way. Such TH2
cells acquire little or no ability to respond to IL-12 with
STAT-4 DNA-binding activity in response to culture with
IFN-g for up to 24 hr (Fig. 5A). This difference does not appear
to be due to the presence of IL-4 during the IFN-g induction
since the rapid acquisition of responsiveness by TH1 cells to
IL-12 was not influenced by IL-4 (Fig. 5B). Furthermore, the
addition of anti-IL-4 (to neutralize any endogenously pro-
duced IL-4) did not allow TH2 cells primed with anti-IFN-g and
anti-IL-12 to acquire responsiveness to IL-12. However, over

FIG. 2. Stability of cytokine phenotype upon immediate restimu-
lation. The cell populations primed twice in the experiment described
in Fig. 1 were also immediately restimulated in vitrowith peptide, APC,
IL-2, and anti-IL-4 and IL-12 or IL-4. Seven days later, the cells were
challenged with peptide, APC, and IL-2, and cytosolic cytokine
content was determined by flow cytometry. Cytokine secretion was
also measured. 4, IL-4; g, IFN-g.
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longer culture periods with anti-IL-4 and IFN-g, such TH2 cells
do acquire IL-12 responsiveness, although it tends to be
relatively weak (Fig. 4 and data not shown).

DISCUSSION

Production of IFN-g by primed T cells is highly dependent
upon the cytokine environment. IL-12, IFN-g, and IL-4 each
play an important role. We summarize their roles as follows.
IFN-g induces responsiveness to IL-12 as judged by activation
of STAT-4. It has been shown that, in the mouse, IFN-g
induces the b2-chain of the IL-12 receptor (Szabo, S. J., Dighe,
A. S., Giebler, U. and Murphy, K. M., unpublished work),
presumably explaining its induction of IL-12 responsiveness.
IL-4 acts under certain circumstances to prevent the acquisi-
tion of IL-12 responsiveness, although it does not prevent the
rapid induction of such responsiveness by IFN-g in some

primed TH1 cells. IL-12 activates STAT-4 (in IL-12-responsive
cells) (25, 26) and plays a critical role in the induction of IFN-g
production. In contrast, once CD41 T cells have been ade-
quately primed, IL-4-producing capacity is not strikingly af-
fected by the cytokine environment.
Our data reaffirm the important role of IL-4 in determining

the capacity of naive T cells to develop into IL-4-producing
cells. Recent work has demonstrated that the capacity of naive
T cells to develop into IL-4 producers in response to stimu-
lation by IL-4 is STAT-6-dependent (27, 28), suggesting that an
immediate-early STAT-6-dependent gene is critical in the
determination of the differentiation of the cell. Recently,
c-maf has been shown to be a tissue-specific transcription
factor that distinguishes TH2 from TH1 cells (29, 30). Whether
c-maf is the factor that is directly induced by STAT-6 and
begins the process of differentiation into a TH2 cell or whether
it itself is induced as a result of the action of an earlier
IL-4-dependent gene still remains to be established.

FIG. 4. Requirements for TH2 cells primed in the absence of IFN-g to develop IFN-g-producing activity. TG CD41 T cells were primed with
peptide, APC, IL-2, IL-4, anti-IL-12, and anti-IFN-g. The cells were then restimulated with peptide, APC, IL-2, anti-IL-12 and IL-4 or anti-IL-4
and IFN-g or anti-IFN-g. At the end of the restimulation culture, they were challenged with peptide, APC, and IL-12 or anti-IL-12. Cytosolic
cytokine content was measured. As a control, cells that had been primed and restimulated in the presence of anti-IL-4 and IL-12 were also tested.

FIG. 3. Presence of IFN-g during priming determines responsiveness to IL-12. CD41 TGT cells were primed with peptide, APC, IL-2, and either
anti-IL-4 and IL-12 or anti-IL-4, anti-IL-12, and anti-IFN-g (TH1 cells), or with IL-4 and either anti-IL-12 and IFN-g or anti-IL-12 and anti-IFN-g
(TH2 cells). A portion of the cells were immediately challenged with or without IL-12; extracts were prepared, and STAT-4 binding to FcgRI GAS
oligonucleotide sequence was determined as a measure of STAT-4 activation. The cells were also challenged with peptide, APC, and IL-2 (for IL-4
production) or with peptide, APC, IL-2, and either anti-IL-12 or IL-12 (for IFN-g production).
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The induction of the capacity to produce IFN-g is a very
highly regulated process. Priming in the presence of IL-4 and
the absence of IFN-g results in cells that are unresponsive to
IL-12 and that fail to promptly respond to IFN-g with the
acquisition of IL-12 responsiveness, as judged by activation of
STAT-4 in response to IL-12, although they can develop such
responsiveness over a longer period of culture with anti-IL-4
and IFN-g. The presence of IL-12 during priming may enhance
the acquisition of IL-12 responsiveness and IFN-g-producing
activity, possibly by causing the production of IFN-g, which
up-regulates IL-12 responsiveness, causing more IFN-g pro-
duction and further up-regulating IL-12 responsiveness.
Although the role of IFN-g in controlling IL-12 responsiveness

and IFN-g-production is likely to be through induction of ex-
pression of IL-12 receptors, it is not clear how IL-4 blocks IFN-g
production. It does not block the rapid IFN-g-induced acquisition
of IL-12 responsiveness by cells that have been primed in the
absence of IL-4, nor is it required for the failure of TH2 cells
primed in the absence of IL-12 and IFN-g to acquire such
responsiveness. It is interesting that TH1 cells, primed with
anti-IL-4 and anti-IFN-g, are clearly responsive to IFN-g, indi-
cating that lack of responsiveness to IFN-g is not a general feature
of TH1 cells as has previously been proposed (31).
Although both TH1 and TH2 cells can produce IFN-g,

depending on the conditions of restimulation and challenge,
there are interesting differences between them. TH1 cells (i.e.,
cells primed in the presence of anti-IL-4) can produce IFN-g
without the presence of IL-12 in either the priming or the
challenge cultures, although IL-12 clearly augments IFN-g
production. In contrast, cells primed in the presence of IL-4
and IFN-g produce substantial amounts of IFN-g, but this
production appears to completely depend on IL-12. Further-
more, priming in the presence of IL-4, and the absence of
IFN-g and IL-12, generates cells that acquire IFN-g-producing
capacity only if IL-4 is omitted and IFN-g present in subse-
quent cultures. The failure of IL-4 to block acquisition of
IFN-g-producing capacity in the presence of IFN-g in primary
cultures, although it prevents TH2 cells, primed in the absence
of IFN-g, from acquiring IL-12 responsiveness in secondary

cultures, may be related to the relatively slow pace at which
IL-4 establishes a TH2 phenotype in primary responses (32).
Once cells have acquired the capacity to produce IL-4, they

continue to do so largely independently of the cytokine
environment, and, similarly, cells that have been vigorously
primed in the absence of IL-4 fail to acquire IL-4-producing
activity even if restimulated in the presence of IL-4. We
conclude that IL-4 production by differentiated cells is largely
cytokine-autonomous, whereas IFN-g production is highly
cytokine-regulated.
These results lead us to reexamine the qualities that char-

acterize TH1 and TH2 cells. In most investigators’ views, the
production of IL-4 by TH2 cells and the production of IFN-g
by TH1 cells have been defining properties. Our results force-
fully argue that TH2 cells can develop the capacity to produce
IFN-g, often in amounts quite comparable to conventional TH1
cells. In contrast, vigorously primed TH1 cells fail to develop
into IL-4 producers even if restimulated in the presence of
IL-4. A more appropriate basis on which to distinguish primed
CD41 cells is that TH2 cells can produce IL-4, whereas TH1 cells
cannot. IFN-g-producing capacity is a property either cell type
can express, depending upon its recent cytokine experience.
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