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Signaling Pathways That Lead to the Silencing of 
the Interleukin-4-Producing Potential in Th1 Cells

Yonghua Zhuang,1–3 Zan Huang,4,* Jun Nishida,1,2 Lin Zhang,3 and Hua Huang1,2

In order to develop the most effective Th1 immunity, naïve CD4+ T cells must acquire the capacity to induce the 
expression of IFN-γ and to silence Th2 cytokine-producing potential. Although the IFN-γ-STAT1 and the IL-12-
STAT4 pathways have been demonstrated to be important in inducing the IFN-γ-producing capacity in Th1 cells, 
their respective roles in silencing the IL-4-producing potential in Th1 cells remain unclear. In this study, we 
investigated the role of the IFN-γ and the IL-12 pathways in silencing the IL-4-producing potential in Th1 cells. 
We found that IFN-γ was essential to silence the IL-4-producing potential in Th1 cells, while IL-12 only partially 
suppressed the IL-4-producing potential. IFN-γ depended on STAT1 and IL-12 depended on STAT4 to suppress 
the IL-4-producing potential. We showed that the IL-12-STAT4 pathway and the IFN-γ-STAT1 pathway converge 
at the point of T-bet. Our study demonstrates that the IFN-γ-STAT1-T-bet signaling pathway is the major path-
way that leads to silencing the IL-4-producing potential of Th1 cells.

Introduction

The present paradigm of Th1-cell differentiation empha-
sizes the signifi cance of IL-12 as a key regulator (Hsieh 

and others 1993; Neurath and others 2002; Seder and Paul 
1994). IL-12 mediates its function by binding to the β1 and 
β2 chains of the IL-12 receptors (IL-12Rβ2) (Chua and oth-
ers 1994; Presky and others 1996). The binding of IL-12 to 
its receptors activates Jak2 and Tyk2, which leads to STAT4 
activation (Bacon and others 1995a, 1995b; Jacobson and 
others 1995). Activated STAT4 can induce IFN-γ expression 
(Xu and others 1996), the hallmark cytokine of Th1 cells. 
Recently, a T-box family transcription factor, called T-bet, 
has emerged as a master transcription factor in Th1-cell 
development (Szabo and others 2000, 2003). T-bet has been 
reported to either suppress the induction of GATA3 or to 
compete with GATA3 for DNA binding (Hwang and oth-
ers 2005; Usui and others 2006). Furthermore, an Il4 silencer 
region in the mouse Il4 gene has been uncovered (Agarwal 
and Rao 1998; Lee and others 2001). It has also been shown 
that T-bet and Runx3 are recruited into this silencer region 
to silence the Il4 gene in developing Th1 cells (Djuretic and 
others 2007).

While the pathways that promote Th1-cell differentiation 
have been elucidated, the pathways that lead to Th1-cell com-
mitment (i.e., silencing of the Il4 gene in Th1 cells) remain 
obscure. The pathways that lead to silencing of the Il4 gene 
are important in developing Th1 immunity because failure 
to silence the IL-4-producing potential in Th1 cells has been 
shown to result in ineffective protection against Leishmania 
major infection (Ansel and others 2004). In the literature, the 
conclusion that IL-12 is essential for Th1-cell lineage com-
mitment was based on experiments in which the presence 
of IL-12 and anti-IL-4 antibodies were used in Th1-inducing 
conditions (Hsieh and others 1993; Seder and Paul 1994). 
Under traditional Th1-inducing conditions, the differentiat-
ing CD4+ T cells, as a result of the IL-12 treatment, could pro-
duce a small amount of IFN-γ, which may contribute to the 
silencing of the IL-4-producing potential. Nonetheless, such 
a possibility has not yet been formally tested.

In this study, we used two redefi ned Th1-inducing con-
ditions to test the role of IFN-γ versus the role of IL-12 in 
silencing the Il4 gene in Th1 cells. We showed that IFN-γ 
contributes more to the silenced Il4 gene state than IL-12 and 
that IFN-γ is more potent than IL-12 in inducing T-bet and 
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Runx3 mRNA expression. IFN-γ completely depended on 
STAT1 signaling and partially depended on T-bet to silence 
the IL-4-producing potential. In contrast, IL-12 depended on 
T-bet to partially suppress the IL-4-producing potential.

Materials and Methods

Animals and cell cultures

C57BL/6 mice, BALB/c mice, and STAT4–/– mice on BALB/c 
background (Kaplan and others 1996) were purchased from 
The Jackson Laboratory (Bar Harbor, ME). STAT1–/– mice 
on the 129 background (Meraz and others 1996) were pur-
chased from Taconic Inc (Hudson, NY) and backcrossed to 
C57BL/6 background mice (three generations). T-bet–/– mice 
on C57BL/6 background (Szabo and others 2002) were pur-
chased from The Jackson Laboratory and maintained in the 
animal facility of National Jewish Medical and Research 
Center (Denver, CO). Naïve CD4+ T cells were purifi ed from 
the spleen and lymph nodes with the CD4+ CD62L+ T Cell 
Isolation Kit (Miltenyi Biotec Inc.). Purifi ed naïve CD4+ T 
cells (0.2 × 106 cells) were stimulated with irradiated T-cell-
depleted APC (1 × 106 cells) in 2 mL of complete RPMI 
medium supplemented with IL-2 (30 U/mL), anti-CD3 (2C11, 
3 μg/mL) antibody, and anti-CD28 antibody (3 μg/mL) for 
3–11 days. For Th1-cell priming using the IL-12 combina-
tions, IL-12 (10 ng/mL, BD), anti-IL-4 antibody (11B11, 10 μg/
mL), and anti-IFN-γ antibody (XMG, 10 μg/mL) were added 
(referred to as the IL-12 conditions); for Th1-cell priming 
using the IFN-γ combinations, IFN-γ (20 ng/mL, BD), anti-
IL-4 antibody (10 μg/mL), and anti-IL-12 antibody (C17.8, 10 
μg/mL) were used (referred to as the IFN-γ conditions); and 
for Th2-cell priming, IL-4 (5 ng/mL, BD), anti-IL-12 antibody 
(10 μg/mL), and anti-IFN-γ antibody (10 μg/mL) were added 
(referred to as the Th2-inducing conditions). In the control 
group, anti-IL-4 (10 μg/mL), anti-IL-12 (10 μg/mL), and anti-
IFN-γ (10 μg/mL) antibodies were added (referred to as the 
neutralized conditions). All animal protocols were approved 
by the Institutional Animal Care and Users Committees of 
Loyola University Chicago and National Jewish Medical and 
Research Center.

Intracellular staining (ICS)

Primed cells were stimulated with PMA and ionomycin 
in the presence of 2 μM of monensin (Calbiochem). After 6 h 
of stimulation, cells were fi xed with 4% paraformaldehyde 
and stained with APC-labeled anti-CD4, FITC-labeled anti-
IFN-γ, and PE-labeled anti-IL-4 monoclonal antibodies (BD), 
as described previously (Zhang and others 2001). Samples 
were collected using FACScan or FACScalibur (BD) and 
analyzed with FlowJo software (Tree Star Inc). A CD4+ gate 
was used for analyzing all FACS data and dead cells were 
excluded by low Forward Scatter.

ELISA

At the end of cultures, T cells were washed and stimu-
lated with PMA (50 ng/mL) and ionomycin (1 μm) at a con-
centration of 106 cells/mL of complete medium overnight. 
The IL-4 protein concentration in the supernatants was 
measured by using commercial ELISA detection kits (BD 
PharMingen).

Real-time PCR

Total RNA was isolated with STAT60 (Tel-test) and 
cDNA was synthesized by reverse transcription. The 
amounts of T-bet and Runx3 mRNA were quantifi ed by real-
time PCR using specifi c primers and SYBR® Green PCR 
Master Mix (Applied Biosystems). The amount of mRNA 
was expressed as an amount relative to that of a house-
keeping gene, Hprt1. Relative expression = 2�ΔCT , where 
ΔCT = CT

T-bet or Runx3–CT
Hprt1. The primers used were as fol-

lows: T-bet forward: 5′-CCTGTTGTGGTCCAAGTT-3′, T-bet 
reverse, 5′-TTTCCACACTGCACCCACTT-3′; Runx3 for-
ward, 5′-ATCCATGCCCATCAAACCAA-3′, Runx3 reverse, 
5′-GGTAAGTTAGGACTGATCAG-3′; Hprt1 forward, 5′-CT 
CATGGACTGATTATGGACAGGAC-3′, and Hprt1 reverse, 
5′-GCAGGTCAGCAAAGA ACTTATAGCC-3′ (Marques and 
others 2006).

Statistical analysis

All of the error bars in this report represent the standard 
deviation. The difference between two samples was ana-
lyzed with Student’s t-test.

Results

The roles of IFN-γ and IL-12 in silencing the IL-4-
producing potential in Th1 cells

Under traditional Th1-inducing conditions (without the 
addition of anti-IFN-γ antibody), the IL-12-primed CD4+ T 
cells could produce IFN-γ, which then might silence the IL-4-
producing potential through an auto-feedback mechanism. 
To clarify the role of IL-12 and IFN-γ in silencing the Il4 gene, 
we primed naïve CD4+ T cells with the IL-12 conditions (addi-
tion of IL-12, anti-IL-4 antibody, and anti-IFN-γ antibody) or 
the IFN-γ conditions (addition of IFN-γ, anti-IL-4 antibody, 
and anti-IL-12 antibody) for 11 days. We then reprimed the 
resultant cells under the original conditions or under Th2-
inducing conditions for 5 days to test whether the IL-4-
producing potential was suppressed or silenced. We defi ned 
the suppression percentage mediated by IFN-γ or IL-12 as 
the following formula: Suppression (%) = (Percentage of 
IL-4 positive in the “neutralized→Th2” group)–(Percentage 
of IL-4 positive in the “IFN-γ or IL-12→Th2” group)/
(Percentage of IL-4 positive in the “neutralized→Th2”group) 
× 100%. We found that nearly half of the IL-12-primed CD4+ 
T cells could differentiate into IL-4-producing cells when 
Th2-inducing conditions were provided, while only <5% 
of the IFN-γ-primed Th1 cells retained the potential to dif-
ferentiate into IL-4-producing cells (Fig. 1A and Table 1). In 
contrast, when cultured in the presence of anti-IL-4, anti-
IL-12, and anti-IFN-γ antibodies, CD4+ T cells retained the 
full potential (comparable to that of naïve CD4+ T cells) to 
differentiate into IL-4-producing cells (Table 1). ELISA mea-
surements confi rmed the results obtained from using intra-
cellular staining (ICS), but also indicated that IL-12 is a more 
potent factor in suppressing the IL-4-producing potential. 
The IL-12-treated Th1 cells were found to produce only 14% 
as much IL-4 compared with CD4+ T cells that were cultured 
under the neutralized conditions (Fig. 1B). The ELISA mea-
surements indicated an 86% suppression of IL-4 production, 
whereas ICS showed only a 54% suppression. The difference 
in these measurements might be attributable to the inherent 
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IFN-γ completely depends on STAT1 while IL-12 
completely depends on STAT4 to silence/suppress 
the IL-4-producing potential in Th1 cells

The IFN-γ-mediated effects have been reported to be 
either STAT1 dependent or STAT1 independent (Darnell 
and others 1994; Ramana and others 2002). To determine 
the role of STAT1 in the IFN-γ-mediated silencing of the 
IL-4-producing potential, we primed naïve CD4+ T cells, 
prepared from STAT1–/– (B6 × 129 background) and WT 
control mice (B6 × 129 background), with either the neutral-
ized conditions or the IFN-γ conditions. The IFN-γ-treated 
STAT1–/– CD4+ T cells expressed IL-4 at levels similar to that 
of anti-IFN-γ-treated STAT1–/– CD4+ T cells (Fig. 2 and Table 
1). Similar results were obtained using WT and STAT1–/– on 
the 129 background mice (data not shown). These results 
together suggest that IFN-γ completely depends on STAT1 
to silence the IL-4-producing potential.

nature of the two techniques as ICS measures the percentage 
of cells that are able to produce IL-4 while ELISA measures 
the amount of IL-4 produced by cells that are capable of pro-
ducing it. Regardless, these results demonstrate that IFN-γ 
is the major factor in silencing the IL-4-producing potential 
in Th1 cells and that IL-12 is a secondary contributor in this 
process.

Because the IFN-γ-mediated silencing effect may be 
affected by genetic background (Seder and others 1993; 
Darnell and others 1994; Bradley and others 1996; Wenner 
and others 1996), we further examined the IFN-γ effect on 
silencing the IL-4-producing potential in Th1 cells derived 
from BALB/c mice. We showed that the IFN-γ-primed CD4+ 
T cells also failed to differentiate into IL-4-producing cells 
(data not shown). These data indicate that IFN-γ can exert 
a similar silencing effect on the IL-4-producing potential 
in Th1 cells in the context of the C57BL/6 and the BALB/c 
genetic background.
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FIG. 1. The roles of IFN-γ and 
IL-12 in silencing the IL-4-
producing potential in Th1 
cells. (A) Naïve CD4+ T cells 
from C57BL/6 mice were 
stimulated under the neutral-
ized conditions, traditional 
Th1 conditions, IL-12 condi-
tions, or IFN-γ conditions. On 
day 11, the primed cells were 
reprimed under the indi-
cated secondary conditions 
for 5 days. The resultant cells 
were stimulated with PMA 
and ionomycin (P&I) and ana-
lyzed for IL-4 and IFN-γ pro-
tein by ICS. (B) The resultant 
cells were stimulated with P&I 
overnight at a concentration 
of 106 cells in 1 mL of complete 
medium. IL-4 protein in the 
supernatants was measured 
by ELISA. These data are rep-
resentative of four indepen-
dent experiments with similar 
results.
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both STAT1 and STAT4 in IL-12-mediated suppression of the 
IL-4-producing potential. We showed that the IL-12-treated 
WT and STAT1–/– CD4+ T cells retained the reduced capacity 
to express IL-4 after switching to Th2-inducing conditions 
(~50% of both WT and STAT1–/– CD4+ treated with anti-
IL-12 and anti-IFN-γ, Fig. 3A and Table 1). The IL-12-treated 
STAT4–/– CD4+ T cells expressed IL-4 at levels comparable to 
that of WT or STAT4–/– CD4+ T cells treated with anti-IL-12, 
anti-IFN-γ, and anti-IL-4 antibodies (Fig. 3B). These results 
document that IL-12 completely depends on STAT4 but does 
not depend on STAT1 to suppress the IL-4-producing poten-
tial in Th1 cells.

Role of T-bet in IFN-γ- and IL-12-mediated 
silencing/suppression of the IL-4-producing 
potential in Th1 cells

To determine the role of T-bet in both IFN-γ-mediated and 
IL-12-mediated silencing/suppression of the IL-4-producing 
potential, we fi rst measured the induction of T-bet mRNA by 
IFN-γ and IL-12 in WT, STAT1–/–, and STAT4–/– CD4+ T cells. 
IFN-γ-induced T-bet mRNA expression increased 25-fold and 
such induction was completely dependent on STAT1 (Fig. 4A 
and B), while IL-12 completely depended on STAT4 to up-reg-
ulate T-bet mRNA expression by 10-fold (Fig. 4A and C). IFN-γ 
and IL-12 synergistically up-regulated levels of T-bet mRNA 
in T cells (Fig. 4A). Thus, we conclude that both IFN-γ and 
IL-12 are capable of inducing T-bet expression. Besides T-bet, 
Eomes, a paralog of T-bet, has also been shown to contribute to 
the regulation of IFN-γ production in CD4+ T cells (Pearce and 
others 2003; Suto and others 2006). To test the role of Eomes 
in both IFN-γ-mediated and IL-12-mediated silencing/sup-
pression of the IL-4-producing potential, we quantifi ed Eomes 
mRNA by real-time PCR and found that the Eomes was not 
up-regulated by IFN-γ alone, by IL-12 alone, or in combination 
(data not shown). Thus, it does not appear that Eomes plays a 
substantial role in IFN-γ- or IL-12-mediated suppression of the 
IL-4-producing potential in Th1 cells.

To defi nitively assess the role of T-bet in IFN-γ-mediated 
and in IL-12-mediated silencing/suppression of the IL-4-

Because STAT4 has been shown to be pivotal in many 
of IL-12-mediated functions (Kaplan and others 1996) and 
STAT1 has been shown to enhance IL-12 responsiveness by 
up-regulating the IL-12 receptor β2 chain (Mullen and oth-
ers 2001; Afkarian and others 2002), we assessed the role of 
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FIG. 2. IFN-γ completely depends on STAT1 to silence the 
IL-4-producing potential in Th1 cells. Naïve CD4+ T cells 
from WT (129 × B6) or STAT1–/– (129 × B6) mice were stim-
ulated under the neutralized conditions or under the IFN-γ 
combinations. On day 11, the primed cells were reprimed as 
indicated. IL-4 and IFN-γ expression was measured by ICS. 
The data are representative of three independent experi-
ments with similar results.

Table 1. Analysis of IL-4-Producing Potential

Mouse strain

IL-4 positive (%)a Suppression (%)b

Naïve→Th2c Neutralized→Th2 IFN-γ→Th2 IL-12→Th2
IFN-γ-

mediated 
IL-12-

mediated

WT 17.7 ± 8.5d 17.0 ± 4.5 0.8 ± 0.5e 7.8 ± 1.2f 95.3 54.1
STAT1–/– 17.2 ± 4.5 17.8 ± 4.3 8.7 ± 3.0 0.2 51.0
STAT4–/– 13.1 ± 1.5 1.3 ± 0.6 12.7 ± 1.4 90.0 3.0
T-bet–/–  32.0 ± 9.1 10.8 ± 2.3g 27.8 ± 6.0 66.3 13.1

aIL-4 positive (%) indicates the percentage of IL-4 positive and IFN-γ negative cells within CD4+ cells.
bSuppression (%) = (Percentage of IL-4 positive in the “Neutralized→Th2” group) – (Percentage of IL-4 positive in 

the “IFN-γ or IL-12→Th2” group)/(Percentage of IL-4 positive in the “Neutralized→Th2”group) × 100%.
c”Naïve→Th2” indicates that naïve CD4+ T cells were primed under Th2-inducing conditions for 5 days; 

“Neutralized→Th2,” “IFN-γ→Th2,” or “IL-12→Th2” indicates that naïve CD4+ T cells were cultured in the indicated 

primary conditions for 11 days, then switched to the indicated secondary conditions for 5 days.
dMean ± SD derived from at least three independent experiments with number of mice used ranging from 3 to 9.
eValue of P < 0.001 compared with “Neutralized→Th2” group (WT).
fValue of P < 0.001 compared with “Neutralized→Th2” group (WT).
gValue of P < 0.05 compared with “Neutralized→Th2” group (T-bet–/–).
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conditions (Djuretic and others 2007). To understand how 
Runx3 mRNA expression is regulated by IL-12 and IFN-γ, 
we analyzed Runx3 mRNA expression in CD4+ T cells 
treated with various conditions. We found that, compared 
to Runx3 mRNA expression in CD4+ T cells cultured under 
the neutralized conditions, Runx3 mRNA expression in 
CD4+ T cells treated with IFN-γ or IL-12 was up-regulated 
4.2-fold (P < 0.05) or 1.8-fold, respectively (Fig. 5A). The IFN-
γ-induced Runx3 mRNA expression (P < 0.05) was partially 
T-bet dependent, whereas the IL-12-induced Runx3 mRNA 
expression was mostly T-bet dependent (Fig. 5B).

Discussion

How Th1 cells silence their Th2 cytokine-producing 
potential is an important issue in Th1 immunity. The roles 
of IL-12 and IFN-γ in silencing the IL-4-producing potential 
in Th1 cells remain unclear. Here we defi ne “IL-4-producing 
potential in Th1 cells” as the ability to differentiate into Th2 
cells when Th2-inducing conditions are provided. To address 
this problem, we used IFN-γ or IL-12 neutralizing antibodies 
and CD4+ T cells that are defi cient in the key signaling mole-
cule in the IFN-γ or IL-12 signaling pathway. This knockout 
approach allowed us to examine the role of IFN-γ or IL-12 

producing potential, we primed naïve CD4+ T cells from 
WT and T-bet–/– mice with the neutralized conditions, the 
IFN-γ-priming conditions, or the IL-12-priming conditions 
for 11 days, and then tested the commitment status of the 
primed cells by providing them with Th2-inducing condi-
tions. The resulting cells were stimulated with PMA and 
ionomycin. We found that in the absence of T-bet, the IL-12-
primed CD4+ T cells fully retained their potential to develop 
into IL-4-producing cells, whereas the IFN-γ-primed CD4+ T 
cells retained only 34% of their potential to differentiate into 
IL-4-producing cells (Fig. 4D, Table 1). Similar results were 
obtained when the resultant cells were stimulated by anti-
CD3 and anti-CD28 antibodies plus irradiated APC or by 
immobilized anti-CD3 and anti-CD28 antibodies (data not 
shown). These results demonstrate that T-bet is required for 
IL-12 to silence the IL-4-producing potential in Th1 cells but 
only partially responsible for the IFN-γ-mediated silencing 
of the IL-4-producing potential in Th1 cells.

T-bet is required for the IL-12-induced, not the IFN-γ-
induced, up-regulation of Runx3 mRNA expression

Recently, Runx3 has been reported to cooperate with 
T-bet to suppress Il4 gene transcription under Th2-inducing 
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FIG. 3. IL-12 completely depends on STAT4 and does not depend on STAT1 to partially suppress the IL-4-producing poten-
tial in Th1 cells. (A) Naïve CD4+ T cells from WT (129 × B6) and STAT1–/– (129 × B6) mice were primed and reprimed as 
indicated. IL-4 and IFN-γ expression was measured by ICS. (B) Naïve CD4+ T cells prepared from WT control (Balb/c) and 
STAT4–/– mice were primed and reprimed as indicated. IL-4 and IFN-γ expression was measured by ICS. These data are rep-
resentative of three independent experiments with similar results.
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in silencing/suppressing the IL-4-producing potential in 
the complete absence of STAT1, STAT4, or T-bet molecules. 
However, a defi ciency of these molecules could affect Il4 
gene expression indirectly due to developmental defects. For 
example, STAT1- or T-bet-defi cient CD4+ T cells could show a 
higher tendency to differentiate into IL-4-producing cells or 
could even become precommitted to become IL-4-producing 
cells. This indirect effect, potentially mediated by develop-
mental abnormalities using the knockout approach, was 
addressed in our study by using neutralizing antibodies.

In this report, the results obtained from both approaches 
are consistent. We found that the degree of suppression of 
the IL-4-producing potential in WT Th1 cells mediated by 
IL-12 plus anti-IFN-γ antibody was comparable to the degree 
of suppression observed in STAT1–/– Th1 cells mediated by 
IL-12. We also showed that activated WT CD4+ T cells, when 
cultured in the presence of anti-IL-12 and anti-IFN-γ anti-
bodies, retained their full potential to differentiate into IL-4-
producing cells, as did the STAT1–/– and T-bet–/– CD4+ T cells 
when cultured in the presence of anti-IL-12 antibody.

Committed Th1 cells do not produce IL-4 even when 
Th2-inducing conditions are provided. Previous work has 
demonstrated that repeated primings under Th1-inducing 
conditions are required for Th1 cells to become fully com-
mitted (Murphy and others 1996). The role of IFN-γ and 
IL-12 in silencing the IL-4-producing potential has not been 
distinguished thus far. Our fi ndings that showed that the 
IFN-γ-STAT1-T-bet pathway is the major signaling pathway, 
which leads to silencing the IL-4-producing potential of Th1 
cells, might provide an explanation for the previous observa-
tion: repeated primings stimulate IFN-γ production by fi rst 
round-primed Th1 cells, which in turn effectively silences 
the Th2 cytokine-producing potential.

It is generally believed that IL-12 is critical in driving 
naïve CD4+ T cells to differentiate into IFN-γ-producing cells 
and in silencing the Il4 gene in committed Th1 cells (Hsieh 
and others 1993; Seder and Paul 1994; Neurath and others 
2002), while IFN-γ is thought to up-regulate the expression 
of the IL-12Rβ2 chain and thus enhance IL-12 responsiveness 
(Hsieh and others 1993; Seder and Paul 1994; Neurath and 
others 2002). The direct effect of IFN-γ in Th1-cell devel-
opment remains less clear. In this investigation, we used 
refi ned Th1-inducing conditions. We neutralized IL-12 when 
adding IFN-γ and neutralized IFN-γ when adding IL-12 to 
distinguish the exact effects mediated by IFN-γ and IL-12. 
Our work revealed that IFN-γ is the major factor in silencing 
the IL-4-producing potential. It acted directly to silence the 
IL-4-producing potential in the absence of IL-12 or STAT4 
and mediated its silencing effect in the C57BL/6 strain as 
well as in the BALB/c strain. IL-12, on the other hand, only 
partially suppressed the IL-4-producing potential in Th1 
cells. Our work reveals that the IL-12-STAT4 pathway and 
the IFN-γ-STAT1 pathway converge at the point of T-bet.

Published works that have focused on investigating the 
role of T-bet in suppressing the Il4 gene in Th2 cells have not 
come to an agreement. For instance, one study showed that 
T-bet overexpression achieved a 70% suppression of IL-4 
expression (Szabo and others 2000), whereas other studies 
failed to observe any such suppression (Afkarian and oth-
ers 2002). Recently, Rao and colleagues demonstrated that 
T-bet is not suffi cient to suppress the Il4 gene in the presence 
of Th2-inducing factors; rather, it cooperates with Runx3 
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FIG. 4. The role of T-bet in the IFN-γ-mediated and IL-12-
mediated silencing/suppression of the IL-4-producing 
potential in Th1 cells. (A–C) Naïve CD4+ T cells from WT 
control, STAT1–/–, or STAT4–/– mice were stimulated with anti-
CD3/anti-CD28 plus APC under the neutralized conditions, 
the IFN-γ conditions, the IL-12 conditions, or the combina-
tion of IFN-γ and IL-12 conditions. After 5 days of culture, 
total RNA was isolated from the resultant cells and used for 
cDNA synthesis. The amount of T-bet mRNA was quanti-
fi ed by real-time PCR and expressed as the amount relative 
to that of Hprt1. The error bars indicate the standard devia-
tion of duplicate measurements. (D) Naïve CD4+ T cells from 
WT control and T-bet–/– mice were stimulated under the neu-
tralized conditions, the IL-12 conditions, or the IFN-γ condi-
tions before they were reprimed under the same conditions 
or switched to Th2-inducing conditions. IL-4 and IFN-γ pro-
teins were measured by ICS. These data are representative of 
three independent experiments with similar results.
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silencing stimuli and the silencing actions of T-bet that occur 
inside the nucleolus.
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