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Cellular di!erentiation relies on the activation 
of lineage-speci"c genes and the concomitant 
repression of lineage-alternative transcription. 
Contemporary models of transcriptional regu-
lation integrate the activities of classical tran-
scription factors and coactivator proteins with 
enzymatic activities that in#uence chromatin 
function by modifying histone tails or methyl-
ating DNA. In particular, histone lysine meth-
ylation is considered to be crucially involved in 
establishing cell type–speci"c gene expression 
patterns (Jenuwein and Allis, 2001). A major 
repressive histone methylation mark in mam-
malian euchromatin is dimethylation of histone 
H3 at lysine 9 (H3K9me2). The methyltrans-
ferase G9a (in cooperation with its homologue 
G9a-like protein [GLP]) is responsible for the 
majority of H3K9me2, and cells that lack G9a 
(or GLP) display a drastic reduction in this 
modi"cation (Tachibana et al., 2002). G9a and 
H3K9me2 play a pivotal role in embryonic  
development and the epigenetic silencing of  
developmentally regulated genes (Tachibana  
et al., 2002, 2005; Wen et al., 2009), as G9a-
de"cient mice are severely growth retarded 
and die around embryonic day 8.5 of gestation 
and G9a-de"cient embryonic stem (ES) cells 

are characterized by a promiscuous pattern of gene 
expression and fail to faithfully silence pluripo-
tency factors upon di!erentiation (Feldman et al., 
2006; Dong et al., 2008; Epsztejn-Litman et al., 
2008; Tachibana et al., 2008). Although recent 
studies have identi"ed roles for G9a and GLP 
in postnatal neuronal function and addiction 
(Schaefer et al., 2009; Maze et al., 2010), the 
role of G9a in lineage speci"cation of adult cells 
remains unknown.

Within the CD4+ Th lineage, cells can dif-
ferentiate into several subsets depending on 
the anatomical location, cytokine milieu, and 
other intrinsic and extrinsic factors (Murphy 
and Reiner, 2002). Naive CD4+ T cells can 
di!erentiate into one of several e!ector lineages, 
including Th1, Th2, and Th17, that di!er in 
their expression of transcription factors, secre-
tion of cytokines, and biological functions. Th 
cell lineage commitment is a tightly controlled 
process that, when dysregulated, can result in a 
variety of conditions including in#ammatory 
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Accumulating evidence suggests that the regulation of gene expression by histone lysine 
methylation is crucial for several biological processes. The histone lysine methyltransferase 
G9a is responsible for the majority of dimethylation of histone H3 at lysine 9 (H3K9me2) 
and is required for the ef!cient repression of developmentally regulated genes during 
embryonic stem cell differentiation. However, whether G9a plays a similar role in adult cells 
is still unclear. We identify a critical role for G9a in CD4+ T helper (Th) cell differentiation 
and function. G9a-de!cient Th cells are speci!cally impaired in their induction of Th2 
lineage-speci!c cytokines IL-4, IL-5, and IL-13 and fail to protect against infection with 
the intestinal helminth Trichuris muris. Furthermore, G9a-de!cient Th cells are character-
ised by the increased expression of IL-17A, which is associated with a loss of H3K9me2 at 
the Il17a locus. Collectively, our results establish unpredicted and complex roles for G9a in 
regulating gene expression during lineage commitment in adult CD4+ T cells.
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mote antigen-speci"c proliferation of Th cells (Fig. S2 B) and 
displayed normal in#ammatory responses to a variety of Toll-
like receptor agonists (Fig. S2 C). Collectively, these "ndings 
demonstrate that G9a expression is not required for T cell  
immune homeostasis or antigen-presenting cell function.

To investigate a potential role for G9a in Th cell di!eren-
tiation, CD4+ T cells were puri"ed from the spleen and LNs 
of control G9a!/! and G9a /  mice and stimulated in vitro 
with monoclonal antibodies against CD3 and CD28 under 
neutral, Th1-promoting, and Th2-promoting conditions. 
Although G9a was detectable in Th cells isolated from G9a!/! 
mice under all conditions tested (Fig. 1 A), its expression 
level was increased in Th2 cells at the protein (Fig. 1 A) and 
mRNA level (Fig. 1 B), suggesting a more pronounced  
requirement for G9a in this lineage. Consistent with previous 
studies demonstrating that GLP does not compensate for G9a 
de"ciency (Tachibana et al., 2005), Th cells from G9a /  
mice displayed normal levels of GLP but a global decrease in 
H3K9me2 levels (Fig. 1 A). We next directly examined the 
levels of H3K9me2 external to and within canonical Th1 and 
Th2 genetic loci by chromatin immunoprecipitation (ChIP). 
Consistent with the global reduction in H3K9me2 (Fig. 1 A), 
G9a de"ciency results in decreased levels of H3K9me2 at the 
Ifng and Il13-Il4 loci (Fig. 1 C). Although we did not observe 
a high level of enrichment of H3K9me2 at the Ifng and Il13-
Il4 loci, H3K9me2 levels were dynamically regulated during 
Th cell di!erentiation, with decreased H3K9me2 at lineage-
speci"c loci (i.e., Ifng in Th1 cells and Il13-Il4 in Th2 cells) 
and increased H3K9me2 at lineage-promiscuous loci, which 
is consistent with a role for G9a and H3K9me2 in gene  
repression (Fig. 1 C). Thus, G9a-dependent H3K9me2 modi-
"cations are associated with lineage-promiscuous gene silenc-
ing and may regulate Th cell di!erentiation.

Based on the pattern of H3K9me2 in Th cells, we hypoth-
esized that a lack of G9a-dependent H3K9me2 would result 
in lineage-inappropriate gene expression in di!erentiating Th 
cells. Under neutral conditions, Th cells from G9a /  mice 
produced signi"cantly higher levels of IFN-  but decreased 
amounts of IL-13, IL-4, and IL-5 as determined by intracel-
lular cytokine staining (Fig. 1 D), ELISA (Fig. 1 E and Fig. S3), 
and quantitative real-time PCR (qPCR, Fig. 1 F). How-
ever, although we observed equivalent production of IFN-  
when Th cells from G9a!/! and G9a /  mice were polar-
ized toward a Th1 phenotype, we did not observe any in-
appropriate expression of IL-4, IL-5, or IL-13 (Fig. 1, D–F 
and Fig. S3). Furthermore, under Th2-promoting condi-
tions, Th cells from G9a /  mice did not express IFN-  in-
appropriately, suggesting that G9a is not required for gene 
repression in Th cells. In contrast, G9a-de"cient Th cells 
failed to maximally produce type 2 cytokines after stimulation 
under neutral and Th2-polarizing conditions (Fig. 1, D–F), 
suggesting that unlike in ES cells, G9a may act as a speci"c 
and positive regulator of gene expression in Th cells. Thus, 
these results demonstrate that in contrast to its role in embry-
onic development, G9a is not required for lineage-alternative 
gene silencing in Th1 or Th2 cells but has a direct or indirect 

bowel disease, diabetes, asthma, and allergies (Jiang and Chess, 
2006). Th cell lineage di!erentiation provides a powerful 
model to study the molecular mechanisms of lineage choice 
in adult cells, as the roles of exogenous cytokines, upstream 
signaling molecules, and lineage-speci"c transcription factors 
in Th cell di!erentiation are well documented. Recent stud-
ies have reported the presence of di!erential histone methyla-
tion marks on lineage-speci"c e!ector genes such as cytokines. 
For example, Ifng in Th1 cells and Il4 in Th2 cells are marked 
with activating H3K4me3 modi"cations, whereas silenced 
lineage-promiscuous genes, such as Il4 in Th1 cells and 
Ifng in Th2 cells, are decorated with H3K27me3, a mark asso-
ciated with gene repression (Koyanagi et al., 2005; Barski et al., 
2007; Wei et al., 2009). Although the pattern of H3K4me3 
and H3K27me3 modi"cations has been mapped in Th cells, the 
functional signi"cance of these marks is still unknown. The 
repressive mark H3K9me2 is also dynamically regulated dur-
ing development and its distribution pattern has been shown 
to di!er in lymphocytes from normal and diabetic patients 
(Miao et al., 2008), suggesting a role in regulation of lympho-
cyte function. To date, a functional role for H3K9me2 has not 
been described in Th cells.

In this paper, we identify a critical role for G9a in Th cell 
di!erentiation in vitro and in vivo. In the absence of G9a, 
CD4+ T cells failed to optimally di!erentiate into Th2 cells 
in vitro, and mice with a T cell–speci"c deletion of G9a 
failed to develop a protective Th2 cell response after infec-
tion with the helminth parasite Trichuris muris. Furthermore, 
expression of IL-17A was dysregulated in Th cells in the  
absence of G9a or in the presence of a speci"c G9a methyl-
transferase inhibitor. These results identify G9a as a critical 
component in the promotion of Th2 cell di!erentiation and 
the inhibition of IL-17A expression.

RESULTS AND DISCUSSION
The proposed role of G9a in repression of gene expression 
during embryonic development prompted us to investigate 
the immunological function of G9a in the lymphoid system, 
as lineage di!erentiation is a critical process in immune system 
function. To this end, a conditional G9a knockout strain in 
which exons 4–20 were #anked with loxP sites was generated 
(“#oxed” G9a; G9a!/!; Fig. S1 A). We crossed this condi-
tional allele into a transgenic background harboring hemato-
poietic-speci"c Cre expression driven by the Vav1 promoter 
(Stadtfeld and Graf, 2005) to generate mice in which G9a is 
speci"cally deleted in the blood including T cells (termed 
G9a /  mice; Fig. S1 B). Hematopoietic-speci"c G9a /  mice 
were born at normal Mendelian ratios and displayed no overt 
phenotypic alteration under homeostatic conditions (unpub-
lished data). In agreement with a previous study (Thomas 
et al., 2008), G9a is not required for T cell development or 
homeostasis, as the frequencies and numbers of CD4+ and CD8+ 
T cells were equivalent in the thymus and spleen of both 
G9a!/! and G9a /  mice (Fig. S2 A and not depicted). More-
over, we found that bone marrow–derived dendritic cells 
from both G9a!/! and G9a /  mice were equally able to pro-

http://www.jem.org/cgi/content/full/jem.20100363/DC1
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To determine whether G9a also controlled Th2 cell 
development in vivo, we used the T. muris infection model. 
T. muris–speci"c Th2 cells that produce the cytokines IL-4 
and IL-13 are required to mediate resistance to infection, 
whereas IFN- –producing Th1 cells are associated with chronic 
infection (Cli!e and Grencis, 2004). Although we could not 
detect any di!erence in antigen-presenting cell function in 
the G9a /  mice, and puri"ed CD4+ T cells were defective 
in Th2 cell di!erentiation in vitro, we could not rule out a 
non–cell-autonomous role for G9a in regulating Th2 cell re-
sponses in vivo. To directly assess whether T cell–intrinsic 
expression of G9a was required for the development of pro-
tective Th2 cell responses in vivo, G9a!/! mice were crossed 
with Cd4-Cre mice (Lee et al., 2001) to generate T cell–speci"c 

role in inducing the Th2-speci"c cytokines IL-4, IL-5, and 
IL-13. We reasoned that the impairment in cytokine induc-
tion in the absence of G9a could potentially be attributed to 
altered levels of Th1-associated factors Stat4 and Tbx21 or 
Th2-associated factors Stat6 and Gata3 (Murphy and Reiner, 
2002). We therefore analyzed the expression of these factors 
by qPCR but observed no di!erence in expression of any of 
these genes between Th cells isolated from G9a!/! or G9a /  
mice under neutral, Th1, or Th2 conditions (Fig. 1 G). Thus, 
although G9a expression in Th1 and Th2 cells is dispensable 
for silencing of lineage-promiscuous gene expression and in-
duction of canonical master lineage-speci"c transcription fac-
tors, it is critical for the regulated expression of lineage-speci"c 
Th2-associated cytokine genes.

Figure 1. G9a is a critical component of Th cell differentiation. CD4+ Th cells isolated from G9a!/! and G9a /  mice were stimulated for 6 d under 
neutral, Th1, and Th2 conditions and analyzed by immunoblotting for G9a, GLP, H3K9me2, and -actin (A), qPCR for mRNA levels of G9a (B), ChIP for 
H3K9me2 (C), intracellular cytokine staining for IL-13 and IFN-  production by CD4+ T cells by "ow cytometry (D), ELISA for IL-13 and IFN-  (E), qPCR for 
mRNA levels of Il13 and Ifng (F), and qPCR for expression of Stat4, Tbx21, Stat6, and Gata3 (G). Results are representative of six independent experiments. 
Rel. units, relative units. ND, not detected. Asterisks indicate P < 0.05. Error bars indicate SEM.
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T. muris–infected G9a /  mice. Antibody treatment resulted 
in decreased production of IFN-  after restimulation of 
cells isolated from mLN (Fig. 3, A and C) and lower expres-
sion of Ifng mRNA in the gut (Fig. 3 B). However, levels 
of IL-13 in the mLN and intestine were not signi"cantly 
increased after blockade of IFN-  in G9a /  mice (Fig. 3, 
A and B). Accordingly, antibody treatment failed to recover 
goblet cell hyperplasia (Fig. 3 D) and resistance to infection 
(Fig. 3 E). Collectively, these "ndings demonstrate that in 
G9a /  mice, dysregulated IFN-  production is not respon-
sible for susceptibility to infection. In addition, the inability 
of G9a-de"cient Th cells to fully up-regulate type 2 cyto-
kine expression in the absence of IFN-  suggests a critical 
cell-autonomous role for G9a in promoting expression of 
Th2 cell–associated cytokines.

We next sought to address how G9a was required to pro-
mote expression of Th2 cytokines. One possible mechanism 
was that G9a was acting to silence expression of a repressive 
molecule that could bind to the Il13–Il4 locus. Runx3 and 
Mina are two DNA-binding proteins that inhibit the expres-
sion of Th2 cytokines in Th cells (Naoe et al., 2007; Lee  
et al., 2009; Okamoto et al., 2009). Thus, G9a could be re-
quired to silence expression of Runx3 or Mina to allow Th2 
cell development. However, we observed no di!erence in 
expression of Runx3 or Mina mRNA between G9a!/! and 
G9a /  Th cells after in vitro stimulation (Fig. S5 A). These 
results demonstrate that G9a is not required for repression of 
known repressors of the Il13–Il4 locus and suggests an alter-
native function in promoting Th2 cell development.

The recruitment of chromatin-modifying enzymes by 
DNA binding transcription factors aids in determining their 
target gene speci"city. G9a has been shown to interact with 
several zinc "nger proteins to regulate transcription. One of 
these factors, growth factor independent 1 (G"1), is also in-
volved in Th cell di!erentiation and activation by interacting 
with Gata3 and preventing its proteasomal degradation (Zhu 
et al., 2002; Duan et al., 2005; Shinnakasu et al., 2008). How-
ever, we could not detect any alterations in the protein 
levels of either G"1 or Gata3 between Th cells from control 
G9a!/! and G9a /  mice (Fig. S5 B), indicating that G9a 
regulates Th2 cell di!erentiation independently of G"1 and 
Gata3 levels. A recent study has also identi"ed a role for G"1 
in repressing the Th17 cell lineage (Zhu et al., 2009), as G"1-
de"cient Th2 cells can be stimulated to produce IL-17A. 
Strikingly, similar to G"1-de"cient T cells, loss of G9a had  
a dramatic e!ect on lineage-inappropriate expression of IL-17A, 
with increased expression and secretion of IL-17A by G9a-
de"cient CD4+ T cells stimulated under neutral and Th2 
conditions (Fig. 4 A). This increased IL-17A production in 
the absence of T cell–intrinsic G9a was also observed in vivo 
after T. muris infection, as infected G9a$T mice expressed 
higher levels of IL-17A in the mLN (Fig. 4 B) and Il17a 
mRNA in the intestine (Fig. 4 C). Thus, these results suggest 
that although G9a–G"1 interactions are not required for 
Gata3 stability and Th2 cell development, they may be crit-
ical for Il17a gene silencing in vivo.

G9a-de"cient mice (G9a$T mice). Similar to hematopoietic-
speci"c G9a-de"cient mice (Fig. S2 A), naive G9a$T mice 
also had normal frequencies of CD4+ and CD8+ T cells in the 
thymus and spleen (unpublished results). After infection, 
control G9a!/! mice developed polarized T. muris–speci"c 
Th2 responses characterized by increased production of IL-4 
after antigen restimulation of draining mesenteric LN (mLN) 
cells (Fig. 2 A). In contrast, mLN cells isolated from infected 
G9a$T mice exhibited reduced expression of protective CD4+ 
T cell–derived IL-4 and increased IFN-  expression (Fig. 2, 
A and B). Other parameters of Th2 cell–dependent immunity 
were also a!ected, with decreased levels of T. muris–speci"c 
serum IgG1 (Fig. 2 B, left) and increased levels of IgG2a 
(Fig. 2 B, right). Critically, G9a$T mice were susceptible to 
infection, failing to clear parasites from the GI tract (Fig. 2 C). 
Furthermore, Cre toxicity was not observed, as Cd4-Cre+ 
G9a!/+ mice had equal numbers of CD4 and CD8 cells in the 
thymus, spleen, and LNs and were equally as resistant to 
T. muris infection as Cd4-Cre– G9a!/+ mice (Fig. S4). In sum-
mary, these results demonstrate that T cell–intrinsic expres-
sion of G9a is a critical regulator of Th2 responses in vivo.

Because elevated levels of IFN-  after T. muris infection 
can confer susceptibility to the disease (Else et al., 1994),  
we administered a monoclonal antibody against IFN-  to  

Figure 2. T cell–intrinsic requirement for G9a in immunity to  
T. muris. G9a!/! and G9a#T mice were infected with T. muris and sacri!ced 
21 d later. (A) mLN cells were restimulated with T. muris antigen for 72 h 
and analyzed by ELISA for production of IFN-  and IL-4. (B) T. muris–
speci!c IgG1 and IgG2a levels in the serum of infected G9a!/! and G9a#T 
mice were determined by ELISA. (C) Worm burdens (number of worms per 
animal) were determined microscopically. Data are representative of two 
independent experiments (n = 10). Asterisks indicate P < 0.05. Error bars 
indicate SEM.

http://www.jem.org/cgi/content/full/jem.20100363/DC1
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(Fig. 4 D). Strikingly however, treatment with BIX-01294 
resulted in increased expression of IL-17A under both neutral 
and Th2-polarizing conditions (Fig. 4 E). Thus, repression of 
IL-17A production is dependent on the methyltransferase  
activity of G9a, whereas repression of IFN-  and induction 
of IL-4 and IL-13 requires G9a but not its known catalytic 
activity. Consistent with these results, H3K9me2 levels 
are highly enriched at the Il17a locus in Th cells stimu-
lated under neutral, Th1, and Th2 conditions and that G9a 
is required for this modification (Fig. 4 F). The levels of 
H3K9me2 at the Il17a locus are 10-fold higher than the Ifng 
locus and 100-fold higher than the Il13-Il4 loci (Fig. 1 C), 
suggesting that G9a-dependent methylation is critical for re-
pression of lineage-alternative expression of IL-17A but is 
dispensable for silencing of IFN- , IL-4, and IL-13. Collectively, 
we conclude that G9a exhibits activating and inactivating 

Our "ndings demonstrate that G9a has multiple functions 
in Th cell di!erentiation, including transcriptional activation 
and of its target genes. Indeed, such dual roles for G9a have 
been proposed for -globin gene expression in erythroid cells 
(Chaturvedi et al., 2009) and in the control of androgen  
receptor transcriptional activity (Lee et al., 2006). These 
studies also suggested that the ability of G9a to activate tran-
scription is independent of its enzymatic activity. To directly 
test whether the activating function of G9a on Th2 cytokine 
expression is independent of its methyltransferase activity, 
CD4+ T cells isolated from wild-type mice were stimulated 
under neutral, Th1, or Th2 conditions in the absence or 
presence of the speci"c G9a methyltransferase inhibitor  
BIX-01294 (Kubicek et al., 2007). Importantly, inhibition of 
G9a activity had no e!ect on production of IL-13 or IFN-  
under either neutral, Th1, or Th2-promoting conditions 

Figure 3. G9a is required for the development of protective Th2 cell responses in the absence of IFN- . G9a!/!, G9a / , and G9a /  mice 
treated with –IFN-  were infected with T. muris and sacri!ced 21 d later. (A) mLN cells were restimulated with T. muris antigen for 72 h and analyzed by 
ELISA for production of IFN-  and IL-13. (B) Ifng and Il13 gene expression in large intestinal tissue was analyzed by qPCR. (C) mLN cells were restimulated 
with T. muris antigen or monoclonal antibodies against CD3 and CD28 ( -CD3/CD28) for 72 h and analyzed by intracellular cytokine staining for produc-
tion of IFN- . (D) Goblet cell hyperplasia and intestinal architecture was analyzed by staining cecal sections with periodic acid–Schiff’s. Bars, 50 µm. 
(E) Worm burdens were determined microscopically. Data are representative of three independent experiments (n = 12). ND, not detected. Asterisks indicate  
P < 0.05. Error bars indicate SEM.
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controlling this speci"city are unclear, genome-wide analysis 
of both H3K9me2 modi"cations and gene expression by 
ChIP sequencing and microarray will potentially identify 
genes—in addition to Il17a which is identi"ed here—that are 
speci"cally regulated by G9a and H3K9me2.

Our results also suggest a role for G9a in gene activation 
during lineage commitment that is independent of methyl-
transferase activity. In Th cells, the physical conformation of 
the Ifng and Il13-Il4 loci plays a critical role in cytokine gene 
expression (Spilianakis et al., 2005; Cai et al., 2006). SATB1 
(Special AT-rich sequence binding protein) is induced in 
Th2 cells and organizes the Il13-Il4 locus into loops allowing 
for the optimal induction of type 2 cytokine expression (Cai 
et al., 2006). SATB1 interacts with the homeodomain pro-
tein CCAAT displacement protein/cut homologue (Liu  
et al., 1999), which has been shown to interact directly with 
G9a (Nishio and Walsh, 2004). Thus, G9a may play an acti-
vating role in Th cell di!erentiation by directly in#uencing 
chromatin structure. In agreement with this, a recent study 
has demonstrated that G9a speci"cally regulates genes at the 
nuclear periphery (Yokochi et al., 2009), a site of inducible 
gene expression which links transcription to mRNA export 
(Rodríguez-Navarro, 2009). Therefore, in addition to estab-
lished pathways involved in Th cell di!erentiation, including 
regulated transcription factor expression, histone acetylation, 

functions in gene regulation in vivo that can be discriminated 
by their dependence on its catalytic activity.

In summary, our results indicate a complex and unex-
pected role for G9a in the transcriptional orchestration of  
T helper cell fates and functions. Although canonical models 
of G9a-mediated chromatin regulation have almost exclu-
sively focused on its repressive mode of action exerted by its 
H3K9 methylating activity, we provide the "rst in vivo  
evidence for both activating and inactivating roles of G9a in 
the speci"cation of developmentally regulated gene expres-
sion programs. G9a-mediated H3K9me2 is one of the most 
abundant histone modi"cations in mammalian euchromatin. 
Genome-wide analysis of H3K9me2 modi"cations in plurip-
otent and di!erentiated cells has identi"ed G9a-dependent 
large organized chromatin K9 modi"cations (termed LOCKs) 
that increase in size and number as cells become more spe-
cialized (Wen et al., 2009). These results support classical 
models of lineage di!erentiation that hypothesize the stepwise 
inactivation of the genome to prevent lineage-promiscuous 
gene expression. However, a striking observation from our 
results is that silencing of many lineage-promiscuous genes in 
Th cells is independent of G9a and H3K9me2, suggesting 
that in adult cells, G9a-dependent H3K9me2 modi"cations 
are not a general mechanism of gene repression but display a 
high degree of speci"city. Although the molecular mechanisms 

Figure 4. The methyltransferase activity of G9a is required for silencing of IL-17A. (A) CD4+ Th cells isolated from G9a!/! and G9a /  mice were 
stimulated for 6 d under neutral, Th1, or Th2 conditions and analyzed for IL-17A production by ELISA. (B and C) Expression of IL-17A was determined by 
ELISA of supernatants from T. muris antigen-restimulated mLN cultures (B) and qPCR of mRNA isolated from intestinal tissue (C). (D and E) CD4+ Th cells 
isolated from G9a!/! and G9a /  mice were stimulated for 6 d under neutral, Th1, and Th2 conditions in the presence or absence of 500 nM BIX-01294 
(BIX) and analyzed by ELISA for expression of IL-13 and IFN-  (D) or IL-17A (E). (F) CD4+ Th cells isolated from G9a!/! and G9a /  mice were stimulated 
for 6 d under neutral, Th1, and Th2 conditions and analyzed by ChIP for H3K9me2. Data in A–E are representative of three independent experiments and 
data in F is from two independent experiments. Asterisks indicate P < 0.05. Error bars indicate SEM.
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isolated and used in qPCR reactions on a real-time PCR system (ABI 7900 
Fast). Data are presented as the ratio of immunoprecipitated to input CT 
values. The primers used for PCR analysis were the following: Ifng pro-
moter forward, 5 -CATAGCCACTGTGTAATGTTAATG-3  and reverse, 
5 -TTCTCTGTCTTTGGTAACTTATCT-3 ; Ifng gene forward, 5 -TCA-
GCAACAACATAAGCGTC-3  and reverse, 5 -ACCTCAAACTTGG-
CAATACTCA-3 ; Il13-Il4 CNS-1 forward, 5 -TGATTTCTCGGC-
AGCCAGG-3  and reverse, 5 -TGCGTCACCTCTGACCACAC-3 ; Il4 
gene, forward, 5 -GGGTGTGAATAAGCCATATTG-3  and reverse, 
5 -CCCAGCGTTTACATGAGC-3 ; Il17a CNS-2a forward, 5 -CAGC-
GTGTGGTTTGGTTTAC-3  and reverse, 5 -CTAGGTGGGTTCCT-
CACTGG-3 ; Il17a promoter forward, 5 -GCAGCAGCTTCAGATAT-
GTCC-3  and reverse, 5 -TGAGGTCAGCACAGAACCAC-3 ; and Il17a 
CNS-3 forward, 5 -TTAGTGAGGTCGGGGAAGTG-3  and reverse, 
5 -TTTGATGGCAGCACATTCAT-3 .

In vivo antibody treatment. Monoclonal antibody against IFN-  (XMG-6) 
was purchased from Bio X Cell. Mice were treated intraperitoneally with  
1 mg of antibody every 4 d between day 4 and 20 after infection.

Goblet cell responses. Segments of cecum were removed and "xed in 4% 
paraformaldehyde. For detection of intestinal goblet cells, 5-µm para%n-
embedded sections were cut and stained with periodic acid Schi!’s reagent.

Statistics. Results represent the mean ± SEM. Statistical signi"cance was 
determined by Student’s t test (between two groups or conditions) or analysis 
of variance with a post-hoc test (three or more groups or conditions) using 
Prism 4.0 (GraphPad Software, Inc.).

Online supplemental material. The knockout construct and deletion of 
G9a is shown in Fig. S1. Fig. S2 depicts normal T cell development and anti-
gen-presenting cell function in G9a /  mice. Fig. S3 shows decreased IL-4 
and IL-5 production by G9a /  Th cells. Fig. S4 shows normal expression of 
Runx3, Mina, G"1, and Gata3 in G9a!/! and G9a /  Th cells. Fig. S5 shows 
that G9a is not required for repression of Runx3 and Mina or G"1-dependent 
Gata3 stability. Online supplemental material is available at http://www.jem 
.org/cgi/content/full/jem.20100363/DC1.
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Figure S1. Construction of G9a!/!mice. (A) Targeting construct and analysis. Black lines indicate that intervening lanes were spliced out. (B) Puri!ed 
CD4+ T cells were isolated from spleens of G9a!/! and G9a /  mice and analyzed for expression of G9a by immunoblotting.
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Figure S2. Normal hematopoietic cell development and antigen-presenting cell function in G9a /  mice. (A) Frequencies of CD4+ and CD8+ 
cells in the thymus and spleen of G9a!/! and G9a /  mice. (B) Bone marrow–derived dendritic cells (DCs) from G9a!/! and G9a /  mice were pulsed with 
ovalbumin in the presence of 10 ng/ml LPS. CFSE-labeled OT-II CD4+ T cells were added at a ratio of 10 T cells to 1 DC 24 h later and cultured for 4 d. Pro-
liferation and expression of IFN-  was determined by "ow cytometry. (C) DCs from G9a!/! and G9a /  mice were stimulated with LPS, polyinosinic 
acid:polycytidylic acid (pI:C), or peptidoglycan (PGN) for 24 h and supernatants were analyzed for expression of IL-6, IL-12p70, and TNF by ELISA. Data are 
representative of three experiments. Error bars indicate SEM.

Figure S3. Defective IL-4 and IL-5 production by Th cells from G9a /  mice. CD4+ Th cells isolated from G9a!/! and G9a /  mice were stimulated 
for 6 d under neutral, Th1, and Th2 conditions and analyzed by ELISA for IL-4 and IL-5. Results are representative of six experiments. ND, not detected. 
Asterisks indicate P < 0.05. Error bars indicate SEM.
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Figure S4. No evidence of Cre toxicity in G9a"T mice. (A) Frequencies of CD4+ and CD8+ cells in the thymus, spleen, and LNs of Cd4-Cre+ G9a!/+ 
and Cd4-Cre  G9a!/+ mice. (B) Secretion of IL-4 and IL-13 by antigen-restimulated mLN cells isolated from T. muris–infected Cd4-Cre+ G9a!/+ (Cre+) and 
Cd4-Cre  G9a!/+ (Cre–) mice. (C) Worm burdens at day 21 after infection were determined microscopically. Error bars indicate SEM.
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Figure S5. G9a is not required for repression of Runx3 and Mina or G#1-dependent Gata3 stability. CD4+ Th cells isolated from G9a!/! and 
G9a /  mice were stimulated for 6 d under neutral, Th1, and Th2 conditions, and mRNA or nuclear extracts were prepared. qPCR for mRNA expression 
levels of Runx3 and Mina (A) and immunoblot analysis of protein levels of G!1, Gata3, and Histone H3 (B) were performed. Rel. units, relative units. Data 
are from two independent experiments. Error bars indicate SEM.


