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Polycomb Repressive Complex 2 Confers BRG1 Dependency
on the CIITA Locus

Mohamed Abou El Hassan,* Tao Yu,* Lan Song,* and Rod Bremner*,†,‡

CIITA (or MHC2TA) coordinates constitutive and IFN-g–induced expression of MHC class II genes. IFN-g responsiveness of

CIITA requires BRG1 (SMARCA4), the ATPase engine of the chromatin remodeling SWI/SNF complex (also called BAF). SWI/

SNF is defective in many human cancers, providing a mechanism to explain IFN-g resistance. BRG1 dependency is mediated

through remote elements. Short CIITA reporters lacking these elements respond to IFN-g, even in BRG1-deficient cells, suggesting

that BRG1 counters a remote repressive influence. The nature of this distal repressor is unknown, but it would represent a valuable

therapeutic target to reactivate IFN-g responsiveness in cancer. In this article, we show that the polycomb repressive complex 2

(PRC2) components EZH2 and SUZ12, as well as the associated histone mark H3K27me3, are codetected at interenhancer regions

across the CIITA locus. IFN-g caused a BRG1-dependent reduction in H3K27me3, associated with nucleosome displacement.

SUZ12 knockdown restored IFN-g responsiveness in BRG1-null cells, and it mimicked the ability of BRG1 to induce active

histone modifications (H3K27ac, H3K4me) at the 250-kb enhancer. Thus, PRC2 confers BRG1 dependency on the CIITA locus.

Our data suggest that, in addition to its known roles in promoting stemness and proliferation, PRC2 may inhibit immune

surveillance, and it could be targeted to reactivate CIITA expression in SWI/SNF deficient cancers. The Journal of Immunology,

2015, 194: 5007–5013.

C
IITA (or MHC2TA) is a transcriptional coactivator that is
essential for both constitutive and IFN-g–induced MHC
class II gene expression (1, 2). Inactivating mutations in

CIITA cause bare lymphocyte syndrome, a lethal immune disor-
der, and the gene is associated with various other disorders, in-
cluding cancer (reviewed in Refs. 3, 4). CIITA is constitutively
expressed in APCs where MHC class I expression is also consti-
tutive, and it can be induced by IFN-g in other cell types. Four
alternative promoters (pI–pIV) were identified, with pIII and pIV
being the major constitutive and IFN-g–responsive promoters,
respectively (reviewed in Refs. 5, 6).
Previously, we showed that the chromatin-remodeling enzyme

BRG1 is essential for IFN-g induction of CIITA (7). BRG1 is the
ATPase that drives activity of the multisubunit SWI/SNF (or BAF)
complex. IFN-g stimulates phosphorylation, dimerization, and
nuclear translocation of STAT1, and STAT1 cooperates with IRF1
to induce CIITA (8–10). BRG1 is dispensable for IFN-g–induced
STAT1 recruitment to the IRF1 promoter and for IRF1 induction,

but it is essential for subsequent recruitment of STAT1 and IRF1
proteins to CIITA pIV (11). SWI/SNF is also required for chro-
matin access and induction at several other IFN-g genes, activa-
tion of numerous IFN-a targets by the STAT1-STAT3-IRF9
trimer, and for STAT3-mediated upregulation of IL-6 gene targets,
indicating a broad role for this chromatin-remodeling enzyme in
cytokine signaling (11–16).
SWI/SNF is defective in ∼20% of human cancers (17), providing

a mechanism through which tumors cells could avoid IFN-g–induced
CIITA expression and, thus, MHC class II–mediated activation of Th
cells. The use of artificial vectors to reconstitute tumors with CIITA
enhances immunogenicity (18); thus, there is considerable interest in
deducing how to reactivate endogenous expression. Whether this is
feasible in SWI/SNF-deficient cancer cells is unknown.
Most initial studies on CIITA regulation focused on promoter-

proximal mechanisms. We pinpointed a series of five enhancers
distributed across 110 kb upstream and downstream of pIV that
are essential for IFN-g responsiveness (19). Chromosome con-
formation capture analyses revealed that these remote enhancers
form a three-dimensional (3D) structure through DNA loops. A
basal 3D structure forms independently of BRG1 by an unknown
mechanism, and the only event known to be triggered following
the addition of BRG1 is methylation of histone H3 lysine 4
(H3K4), which marks poised or active enhancers (19). This
modification occurs at an enhancer 50 kb upstream of pIV, which
is also where BRG1 is targeted. The recruitment of BRG1, and
presumably the methylation that poises the 250-kb enhancer, are
critical for all subsequent events following IFN-g treatment, in-
cluding factor binding to all five remote enhancers and pIV, epi-
genetic remodeling, tightening of existing loops, formation of new
3D contacts, RNA polymerase II recruitment, and transcription
(19). We observed similar 3D structures at other IFN-g targets
(20). Moreover, several of the remote elements used to regulate
human pIV are also enhancers for alternate CIITA promoters and
are conserved in rodents (21).
Although the endogenous CIITA locus and a 200-kb reporter are

both BRG1 dependent, shorter reporters with as much as 8 kb of
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sequence upstream of pIV respond to IFN-g in the absence of
BRG1 (19). We hypothesized that BRG1 might counter the effects
of a repressor that targets remote sites, thus explaining why short
reporters, lacking these distal inhibitory elements, are BRG1 in-
dependent. If such a repressor could be identified, it would ex-
plain the mechanism underlying BRG1 dependency at CIITA and
provide an opportunity to reactivate expression in SWI/SNF-
deficient cancer cells. However, whether such a repressor exists
is unclear. In this study, we identify the repressor and show that its
removal mimics the epigenetic and transcriptional effects of
adding BRG1.

Materials and Methods
Cell culture and adenoviruses

Human cervical carcinoma HeLa and adrenal carcinoma SW-13 cells were
grown as described (11) and treated with IFN-g (Invitrogen) at 0.1 mg/ml.
SW-13 cells were transduced with adenovirus expressing GFP (Ad-GFP)
or adenovirus expressing a GFP-BRG1 fusion protein (Ad-BRG1), as
described (11), with the final steady-state of BRG1 equivalent to that in
HeLa cells, as judged by Western blot (WB) analysis.

Chromatin immunoprecipitation

Chromatin immunoprecipitation (ChIP) was carried out as described pre-
viously (19). A list of Abs is provided in Table I.

Real-time PCR

For ChIP analysis, amplification was performed on an Applied Biosystems
7900 HT thermal cycler using previously described primers (19). Ampli-
cons were detected using SYBR Green, as described previously (19). For
RNA analysis, cDNA was generated using Superscript II Reverse Tran-
scriptase (Invitrogen; cat no. 18064-014), as described previously (19).
cDNAwas amplified for 35 cycles using the following primer pairs: CIITA
sense (59-GGGACTCAATGCACTGACAT-39) and antisense (59-CCAT-
TAGCTGTTTCCCTGCT-39) and IRF1 sense (59-TGAAGAACATGGAT-
GCCACCT-39) and antisense (59-GTGCACAGGGAATGGCCT-39).

Western blotting

WBs were performed as described previously (22). A full list of Abs is
provided in Table I. WBs were quantified using Odyssey imagers (LI-COR).

RNA interference

Small interfering RNAs (siRNAs) were obtained from QIAGEN (cat. no.
SI03246817 and SI04294017). SW-13 cells were transfected at a density
of 2 million cells/10-cm dishes and with 50 nM siRNA for 3–4 d us-
ing DharmaFECT 1 (Thermo Scientific), according to the manufacturer’s
instructions. Cells were subcultured at a density of 2 million cells/10-cm
dishes and subjected to a second cycle of transfection.

Results
Polycomb repressive complex 2 marks intraenhancer domains
at CIITA

To identify potential repressors that block IFN-g signaling at CIITA,
we assessed epigenetic signatures across ∼150 kb of the locus in
HeLa cells. H3K9me3, a heterochromatin mark, was absent with
the exception of low levels 6.4 kb downstream of the transcription
start site (TSS) (Fig. 1). Previously, we reported an H3K79me3
mark at the +59-kb enhancer, and its maintenance in BRG1-
deficient cells raised the possibility that it might confer BRG1 de-
pendency (19). H3K79me3 is functionally linked to gene activation,
but it is sometimes associated with repressed loci (23). In the basal
state, H3K79me3 was confined to the +59-kb site (Fig. 1). Although
IFN-g did not change H3K79me3 levels at +59 kb, it induced time-
dependent de novo H3K79 methylation at around pIV. DOT1L is
the sole H3K79 methyltransferase (reviewed in Ref. 24); although
there was little DOT1L at the CIITA locus in the basal state, IFN-g
induced recruitment to pIV, explaining the change in H3K79me3,
but DOT1L levels also were induced at remote sites, including250,
216, 28, +40, and +59 kb. Conceivably, DOT1L detection at these
sites is an indirect effect of interenhancer DNA looping that we
reported previously (19, 20), or DOT1L methylates distal, but not
proximal, nucleosomes. Importantly, the positive correlation be-
tween CIITA induction and the increase in DOT1L recruitment and
H3K79me3 levels at the promoter and the majority of the discov-
ered remote sites suggest that this mark is linked to activation,
rather than repression, of CIITA.
Polycomb repressive complex 2 (PRC2) methylates histone

H3 lysine 27 (H3K27) and silences gene expression (25). Other
investigators reported that PRC2 binds and regulates CIITA pIV
(26–28), but it is unknown whether it also acts at remote sites
and whether it explains BRG1 dependency. H3K27 dimethylation
(H3K27me2) is absent at the CIITA locus (19), which we con-
firmed in this study and extended to additional remote sites
(Fig. 2). However, we found an undulating pattern of H3K27me3
across CIITA (Fig. 2). This signature was elevated at intraenhancer
regions and reduced at remote CIITA enhancers located at 250,
216,28, +40, and +59 kb relative to the CIITATSS (19), which is
noteworthy because BRG1 and other SWI/SNF subunits associate
constitutively with these elements in HeLa cells (19, 29). Bulk H3
analysis suggested that reduced H3K27me levels at the 216-kb
and +40-kb enhancers were due, in part, to nucleosome dis-
placement; however, at other enhancers, H3 levels were unaffected

Table I. Abs

Target Application Supplier Catalog No.

H3 WB, ChIP Abcam ab1791
H3K4Me1 ChIP Abcam ab8895
H3K4Me2 ChIP Millipore 07-030
H3K9Me3 ChIP Millipore 07-442
H3K27Me2 ChIP Millipore 07-452
H3K27Me3 WB, ChIP Millipore 07-449
H3K27Ac WB, ChIP Abcam ab4729
H3K79Me3 WB, ChIP Abcam ab2621
SUZ12 WB, ChIP Abcam ab12073
EZH2 WB BD 612666
EZH2 (ENX-1)(H-80) ChIP Santa Cruz Biotechnology sc-25383
DOT1L ChIP Abcam ab57827
STAT1 WB Millipore 06-501
p-STAT1 WB Cell Signaling 91715
IRF1 (c-20) WB Santa Cruz Biotechnology sc-497
Tubulin WB Sigma T-9026
Goat anti-rabbit WB Odyssey 926-32211
Goat anti-mouse WB Odyssey 926-32220
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(Fig. 2, Supplemental Fig. 1). The PRC2 subunits EZH2 and
SUZ12 confer enzyme activity and complex stability, respectively
(30–32), and recruitment of these proteins across CIITA, in gen-
eral, matched the H3K7me3 epigenetic mark across the CIITA
locus, with the exception of the 28-kb site (Fig. 2). These data
raise the notion that BRG1 may shield CIITA remote enhancers
against silencing by PRC2.
Next, we examined whether IFN-g treatment affects the PRC2

signature. Robust CIITA induction is detected 6 h after IFN-g
treatment (7, 11); at this time, we observed ∼4-fold less
H3K27me3 at CIITA pIV and the 28-kb enhancer and ∼2-fold
less H3K27me3 at the 22-kb, 213-kb, and 270-kb regions (see
“*” in Fig. 2 for significant effects of IFN-g). EZH2 and SUZ12
also were reduced at pIV; although modest depletion of the former
at 213 and 28 kb reached significance, that of the latter did not,

likely due to slight differences in Ab accessibility (Table I) and/or
technical variability (Fig. 2). We did not detect the H3K27me3
demethylase JMJD3 at the CIITA locus in untreated or IFN-g–
treated cells, and although we did not examine UTX, H3 ChIP
analysis suggested that nucleosome depletion explained the IFN-
g–induced reduction in H3K27me3 at most CIITA regions (see “*”
in Fig. 2 and Supplemental Fig. 1A for significant effects of
IFN-g). The IFN–g-mediated reduction in H3K27me3 levels was
paralleled by increases in H3K27 acetylation (H3K27ac), an ac-
tive mark, at the promoter and remote enhancers; comparison with
H3 ChIP data indicated that the remaining nucleosomes were
actively acetylated (see “*” and “**” in Fig. 2 and Supplemental
Fig. 1A for significant effects of IFN-g). These data fit our prior
findings that IFN-g induces recruitment of the histone acetyl
transferases CBP and p300 to CIITA (11, 19). Thus, in the pres-

FIGURE 1. Epigenetic regulators and histone marks at the CIITA locus in HeLa cells. ChIP-quantitative PCR analyses at CIITA of the indicated factors

and chromatin modifications in HeLa cells 6 or 24 h after IFN-g treatment. Data are presented as percentage input, and values are mean (n $ 3) 6 SD. To

define DNA sites with significant basal levels of the studied factors and histone marks, ANOVAwas followed by the two-sided Dunnett test, taking the +46-

kb site as the negative control (purple dotted line). The diagram above the graphs summarizes proximal and remote regulatory elements. Green circles

indicate remote regulatory elements, and the gray oval represents pIV. Alternative promoters (pI–III) are indicated above the diagram. The red dotted line

indicates the TSS at pIV. The distance between the depicted sites and the TSS (in kb) is indicated below. *,**,†$2-fold significant differences (p , 0.05)

relative to controls (key). The p values were calculated by ANOVA, followed by the Fisher test.

FIGURE 2. PRC2 marks the CIITA locus.

ChIP-quantitative PCR analyses at CIITA of the

indicated factors and chromatin modifications in

HeLa cells 6 or 24 h after IFN-g treatment. Data

are presented as percentage input and values are

mean (n $ 3) 6 S.D. Schematic representation

as in Fig. 1. *,**,†$2-fold significant differ-

ences (p , 0.05) relative to controls (key). The

p values were calculated as in Fig. 1.
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ence of BRG1, IFN-g induces an epigenetic switch in which
PRC2 and H3K27me3 are replaced with histone acetyl trans-
ferases and H3K27ac at CIITA.

BRG1 alters positive and negative chromatin marks to poise
CIITA for IFN-g induction

Next, we examined these findings in another cell type and assessed
whether BRG1 affects H3K27 modification at CIITA. For this, we
turned to BRG1-deficient SW-13 adrenal carcinoma cells, which
were transduced with Ad-GFP or Ad-BRG1; physiological levels
of the latter protein rescue IFN-g stimulated gene responsiveness
at multiple BRG1-dependent genes (11).
The H3K27me3 and PRC2 patterns across CIITA in GFP-

expressing control SW-13 cells were remarkably similar to those

in HeLa cells (compare Fig. 3 and Fig. 2). Thus, both lines had
undulating distribution of H3K27me3 domains, with troughs at
the 250-kb and +40/+59-kb enhancers, peaks at pIV and intra-
enhancer regions, and recruitment of EZH2 and SUZ12 at most
regions of elevated K27 trimethylation (“†” in Fig. 3 marks sig-
nificant differences relative to control ChIP at +46 kb). The
H3K27me3 trough at +40 kb in both lines correlated with nu-
cleosome displacement (H3 ChIP, Figs. 2, 3). Subtle differences
included an overall higher level of H3K27me3 across the locus in
SW-13 cells, particularly at the 216-kb and 28-kb enhancers,
which could explain the lower basal CIITA transcript levels in
SW-13 cells versus HeLa cells (19).
Next, we assessed the effect of BRG1 reconstitution on basal

epigenetic marks at the CIITA locus (see “*” in Fig. 3 for sig-

FIGURE 3. BRG1 poises the CIITA locus for

IFN-g induction. ChIP-quantitative PCR analy-

ses at CIITA of the indicated factors and chro-

matin modifications in SW-13 cells transduced

with Ad-GFP or Ad-BRG1 for 24 h and then left

untreated or treated with IFN-g for 6 h. Data are

presented as percentage input, and values are

mean (n $ 3) 6 S.D. Schematic representation

as in Fig. 1. *,**,***,†$2-fold significant dif-

ferences (p , 0.05) relative to controls (key).

The p values were calculated as in Fig. 1.

FIGURE 4. PRC2 confers BRG1 dependency

on CIITA. (A) Representative WBs of the indi-

cated factors and histone modifications. Analy-

ses were performed using lysates of SW-13 cells

after two cycles of transfection with siCtrl,

siSUZ12, or EZH2 siRNA (siEZH2). siRNA

treatments are indicated in blue. For quanti-

fication of protein levels see Supplemental

Fig. 3B. Asterisks indicate significant changes

compared with siCtrl group (p , 0.05). (B)

Real-time PCR analysis of the indicated genes

in SW-13 cells treated as in (A). Treatments are

indicated in blue. Gene expression was nor-

malized to tubulin and presented in arbitrary

units (AU). Values are mean (n $ 3) 6 SD.

*,†,#Significant changes (p , 0.05), according

to the indicated comparison (key). The p values

were calculated by ANOVA, followed by the

Fisher test.
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nificant effects of BRG1). Confirming prior data (19), we found
that BRG1 induced methylation of H3K4, a marker of poised
enhancers (23, 33), at the 250-kb enhancer; ∼3.7-fold induction
in H3K4me1 was observed at this site, and a more modest ele-
vation was detected at and around the 28-kb enhancer (Fig. 3).
BRG1 also induced the active H3K27ac mark ∼3.8-fold at
250 kb. There was also a modest reduction in H3K27me3 at the
216-kb and 28-kb enhancers, but PRC2 component levels were
unaffected (Fig. 3). These effects on H3K4 and H3K27 were not due
to a global reduction in PRC2 subunits, bulk H3, or H3K27me3 or
to a global increase in H3K27ac (Supplemental Fig. 2). After
normalizing for H3 levels at each site, the BRG1-dependent
increases in basal H3K27ac and H3K4me1 were still evident at
the 250-kb and 28-kb enhancers, whereas small reductions in
H3K27me3 at 216 and 28 kb were not (“*” in Supplemental Fig.
1B). Because BRG1 is recruited directly to the 250-kb site (19),
we envisage that its main function is to poise this enhancer by
facilitating the subsequent recruitment of histone acetylases and
methylases and that modest displacement of H3K27me3 nucleo-
somes at other sites may be a secondary consequence of these
effects. Overall, BRG1 enhances positive H3K4me1 and H3K27ac
marks and modestly antagonizes H3K27me3 at remote CIITA
sites, consistent with its indispensable role in poising this locus for
IFN-g responsiveness.
Next, we examined the effect of IFN-g with or without BRG1.

IFN-g had no effect on H3K27me3, EZH2, or SUZ12 levels in
control BRG1-deficient SW-13 cells, but it significantly reduced
H3K27 methylation and PRC2 levels at pIV and the 28-kb and
216-kb enhancers in BRG1-reconstituted cells (Fig. 3, compare
“**” with “***”). BRG1 did not affect activation of STAT1 or
IRF1 (Supplemental Fig. 2). We observed BRG1-dependent
IFN-g induction of H3K27ac (absolute levels or normalized to
H3) most prominently at 250 kb, but also at other enhancers
and pIV, again consistent with the role of the 250-kb enhancer
in recruiting BRG1. This was also the case for H3K4me1, al-
though only after normalizing for H3 (Fig. 3, Supplemental
Fig. 1B). The levels of H3K27me3 before or after IFN-g were
similar in BRG1-reconstituted cells, suggesting that basal levels
are the prime target of regulation (Fig. 3, Supplemental Fig.
1B). Bulk nucleosome (i.e., H3) ChIP analysis suggested that,

similar to HeLa cells (Fig. 2), IFN-g–driven reduction in
H3K27me3 in BRG1-reconstituted SW-13 cells was mainly
linked to nucleosome displacement (Fig. 3, Supplemental Fig.
1B), which was not due to a global reduction in bulk H3
(Supplemental Fig. 2). Altogether, these data extend the notion
that BRG1 is critical for all IFN-g–induced events at multiple
sites across the CIITA locus (19).

PRC2 confers BRG1 dependency on CIITA

The above data suggest that PRC2 could be the repressor that
blocks IFN-g induction of CIITA in SWI/SNF-deficient cells. To
assess this issue, we depleted SUZ12, which is essential for PRC2
stability (32). SW-13 cells were transfected with control siRNA
(siCtrl) or siRNA against SUZ12 (siSUZ12) for two cycles to
obtain efficient knockdown (Fig. 4A, Supplemental Fig. 3). As
expected, siSUZ12 also reduced EZH2 levels, and the Ab used to
detect the latter protein was validated using siRNA against EZH2
(Fig. 4A, Supplemental Fig. 3). This reduction in PRC2 levels
was mirrored by a drop in total H3K27me3 and a concomitant
induction of H3K27ac, without any effect on bulk H3 or other
chromatin modifications, like H3K79me3 (Fig. 4A, Supplemental
Fig. 3).
Next, we analyzed gene induction; strikingly, siSUZ12 rescued

IFN-g responsiveness of CIITA in BRG1-deficient cells (Fig. 4B).
As expected, siSUZ12 had a marginal effect on IRF1, a BRG1-
independent IFN-g stimulated gene (7, 11). Restoration of CIITA
induction was not an off-target effect, because a distinct siSUZ12
also rescued IFN-g responsiveness (Supplemental Fig. 4A, 4B)
and did not alter levels or activation of STATs or IRF1 (Supplemental
Fig. 4C, 4D).
Next, we assessed whether PRC2 loss caused direct epigenetic

changes at the CIITA locus. Indeed, siSUZ12 dramatically reduced
H3K27me3 levels across the CIITA locus (Fig. 5). Moreover,
siSUZ12 recapitulated other BRG1-dependent epigenetic changes,
including induction of H3K4 methylation and H3K27ac at the
250-kb enhancer and modest induction of H3K4me1 at other sites,
including the 28-kb and 216-kb enhancers (compare Fig. 3 and
Fig. 5). Thus, PRC2 loss mimics the epigenetic effects of BRG1.
These data link BRG1 and PRC2 as antagonistic regulators of
IFN-g responsiveness at the CIITA locus.

FIGURE 5. SUZ12 knockdown mimics the

epigenetic effects of BRG1 at CIITA. ChIP-

quantitative PCR analyses at CIITA of the in-

dicated epigenetic modifications in SW-13 cells

transfected with siCtrl or siSUZ12. Data are

presented as percentage of the input DNA, and

values are mean (n . 3) 6 SD. Schematic

representation as in Fig. 1. *,**,†Sites where the

ChIP signal is changed significantly (p , 0.05)

by $2 fold, according to the indicated com-

parisons (key). The p values were calculated as

in Fig. 1.
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Discussion
The requirement for BRG1 at IFN targets was discovered over
a decade ago (7, 13, 14), yet the reason for this dependency has
remained unclear. We demonstrate that BRG1 antagonizes the re-
pressive effects of PRC2 at CIITA. The repressive H3K9me3 mark
was largely absent at the locus, and H3K79me3 and DOT1L re-
cruitment correlated with CIITA activation rather than repression.
However, we detected an undulating pattern of PRC2 subunits
and H3K27me3 across CIITA, which was interrupted at remote
BRG1-dependent enhancers. Extended H3K27 methylation also
was observed at loci encoding developmental transcription factors
in embryonic stem cells (34). The presence of these repressive
marks at remote sites explains our prior observations that distal
regions are essential to confer BRG1 dependency on pIV (19).
BRG1 dramatically enhanced the basal levels of H3K4me1 and

H3K27ac, especially at the 250-kb enhancer where it is directly
recruited when introduced into BRG1-deficient cells (19). BRG1
recruitment had no effect on PRC2 recruitment and only modest
effects on H3K27me3 levels through nucleosome depletion. Strik-
ingly, however, PRC2 depletion mimicked the effect that BRG1
reconstitution had on H3K4me1 and H3K27ac marks. These data
raise the intriguing model that BRG1 and PRC2 may not battle each
other directly, but instead that BRG1 promotes, whereas PRC2
antagonizes, the recruitment of histone acetyl and methyl trans-
ferases that poise the locus for responsiveness. CBP and p300 are
recruited to CIITA (11), but the identity of the H3 methyl transferase
is unknown, and the mechanism by which BRG1 and PRC2 influ-
ence recruitment of these enzymes also requires additional analysis.
BRG1 can have ATPase-independent effects (35, 36), but CIITA
induction requires enzyme activity (7), suggesting that nucleosome
movement is required for transferase recruitment.
CIITA induces expression of MHC class II and the invariant

chain, which is required to present peptides to the receptor. MHC
class II–peptide complexes activate the helper arm of the adaptive
immune response, which has several critical roles in immunity,
including activation of killer T cells. CIITA is often downregulated
and/or unresponsive to IFN-g in cancer cells (7, 26, 28, 37–45), or
in some cases its activity is redirected through translocation and
fusion to other regulators (46). Re-expression of CIITA in various
cancers improves immunogenicity and can lead to both tumor
clearance and sustained antitumor immunological memory
(reviewed in Ref. 18). Therefore, it is of some note that PRC2 is
overexpressed in multiple cancers, and SWI/SNF subunits are
defective in ∼20% of human cancers (17). Based on our obser-
vations, targeting PRC2 would be predicted to overcome defective
CIITA regulation in both of these scenarios, potentially reac-
tivating immune sensitivity in a large spectrum of cancer cells.
Indeed, in a parallel study, we showed that PRC2 represses IFN-g
targets in multiple cancer cell types. Unexpectedly, this work also
revealed that PRC2 represses many other cytokine pathways
(M. Abou El Hassan, K. Huang, M.B.K. Eswara, M. Zhao,
L. Song, T. Yu, Y. Liu, J.C. Liu, S. McCurdy, A. Ma, J. Wither,
J. Jin, E. Zacksenhaus, J.L. Wrana, and R. Bremner, submitted for
publication). Thus, our discovery that PRC2 confers BRG1 de-
pendency on CIITA has relevance for immune control well beyond
the master regulator of MHC class II expression.
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Supp Fig 1.  Histone ChIP data from Fig 2 and 3 normalized to H3 ChIP-qPCR analyses at CIITA of 
the indicated factors and chromatin modifications in (A) HeLa or (B) SW-13 cells 6 or 24 hrs after 
IFNγ treatment. Marked interactions (*, **, † in A and *, **, ***, † in B) indicate ≥2-fold significant 
differences (P < 0.05) relative to controls (key).  P values were calculated as in Fig 1. Schematic 
representation also as in Fig 1. 
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Supp Fig 2.  BRG1 does not affect IFNγ-induced STAT1 and IRF1 activation or global PRC2 
expression levels or activity. (A) Western blot analyses of the indicated transcription factors, PRC2 
subunits or total or modified histone H3 were performed using lysates of SW-13 cells transduced with Ad-
GFP or Ad-BRG1 for 24 hrs then left untreated or challenged with IFNγ for 6 hrs. The different treatments 
are indicated in blue in the table.  (B) Protein expression was quantified relative to Tubulin and changes in 
protein levels were expressed as fold above the Ad-GFP minus IFNγ (Ad-GFP-IFNγ) control. Values are 
mean (n=2-4) +/- S.D. Asterisks indicate a significant increase compared to the Ad-GFP-IFNγ control 
(p<0.05). P values were calculated by ANOVA followed by Fisher test. 
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Supp Fig 3. SUZ12 Knockdown and its effectson PRC2 and Histones.  (A) Representative 
Western blots of PRC2 subunits and H3K27me3.  Analyses were performed using lysates of 
SW-13 cells after one (1X) or two (2X) cycles of transfection with siCtrl, siSUZ12 or siEZH2 
(see Methods). Treatments are indicated in blue. (B) Quantification of the blots in Figure 4A. 
Protein levels were quantified relative to Tubulin and changes in expression presented as fold 
above siCtrl.  Values are mean (n=2-4) +/- S.D. Asterisks indicate significant changes 
compared to siCtrl (p<0.05). P values were calculated by ANOVA followed by Fisher test.
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(B)(A)

Supp Fig 4. Rescue of ISG responsiveness by siSUZ12 is not due to an off target effect or 
STAT1/IRF1 activation (A) Representative Western blots of PRC2 subunits after knockdown using a 
second siRNA against SUZ12 (siSUZ12_B).  Western blot analyses of SUZ12 and EZH2 was assessed 
in lysates of SW-13 cells after two cycles of transfection.  Tubulin was used as a loading control.  
Numbers above blots indicate protein expression levels, relative to Tubulin.  Changes in gene 
expression were expressed as fold above siCtrl, which was set to 1.  (B) Real-time PCR analysis of the 
indicated genes in SW-13 cells transfected as in (A) and left untreated or exposed to IFNγ for 6 hrs. 
Tables beneath graphs indicate treatments in blue. Gene expression was normalized to Tubulin and 
presented in arbitrary units (AU).  Values are mean (n>3) +/- S.D. Marks (#, *, **, †, ‡, and §) indicate 
significant changes (P < 0.05) according to the indicated comparisons (key). P values were calculated 
by ANOVA followed by Fisher test. (C) Western blot analysis of STAT1, p-STAT1, and IRF1 in SW-13 
cells transfected with the indicated siRNAs.  Lysates of SW-13 cells transduced with AdBRG1 and 
treated with IFNγ were used as positive control for STAT1 and IRF1 activation.  (D) STAT1 expression 
levels expressed as fold above the siCtrl.
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