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ARTICLE INFO ABSTRACT

Endothelial-derived factors regulate a wide range of pathophysiological events. It has been reported previously
that IL-33 promotes acute kidney injury (AKI) in mice although the underlying epigenetic mechanism is unclear.
In the present study we investigated the role of BRG1, a chromatin remodeling protein, in AKI with a focus on its
regulation of IL-33 expression in endothelial cells. Smarca4-flox mice were crossbred with Cdh5-Cre mice to
achieve endothelial-specific deletion of BRG1. AKI was induced by unilateral renal ischemia followed by re-
perfusion. Compared to wild type (WT) littermates, endothelial conditional BRG1 knockout (CKO) mice were
protected from ischemia-reperfusion induced AKI as evidenced by decreased plasma creatinine levels, attenuated
caste and tubular necrosis, and diminished immune infiltrates. CKO mice also developed less severe renal fibrosis
as indicated by expression levels of extracellular matrix proteins, picrosirius red staining of collagenous tissues,
and quantification of renal hydroxylproline levels. Of interest, renal expression of IL-33 was down-regulated as
result of endothelial BRG1 deficiency. In cultured endothelial cells, BRG1 directly bound to the IL-33 promoter
to activate transcription. Endothelial cell-derived conditioned media promoted the synthesis of pro-fibrogenic
proteins in renal tubular epithelial cells. Knockdown of either BRG1 or IL-33 in endothelial cells blunted the pro-
fibrogenic response in renal tubular epithelial cells. In conclusion, we propose that BRG1 may contribute to
ischemia-reperfusion induced renal injury and fibrosis by promoting IL-33 transcription in endothelial cells.
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1. Introduction The notion that the endothelium may function as an endocrine (or more

precisely angiocrine) organ is further exemplified by a string of recent

The vascular endothelial cells play versatile roles in a myriad of
physiological and pathophysiological processes. Typically, the en-
dothelium acts as a physical barrier separating the basal laminae from
the circulation preventing inadvertent activation of the clotting
pathway and thrombosis. The endothelial function extends beyond
being a static architecture and is encapsulated by an array of bioactive
substances produced and secreted by endothelial cells. For instance,
rhythmic contraction and relaxation of the vessels rely on endothelial-
derived vasoconstrictive and vasodilative factors such as NO and en-
dothelin. Accordingly, mice with a deficiency in eNOS, the enzyme
responsible for NO synthesis, develop spontaneous hypertension [1].

findings that show the regulatory role endothelial cell-derived factors
exert on tissue injury, regeneration, and fibrosis [2].

Interleukin 33 (IL-33) is immunomodulatory cytokine primarily
expressed in endothelial cells [3]. IL-33 mediated cellular responses, via
its trans-membrane receptor ST2R, are implicated in the pathogenesis
of a host of human diseases [4]. Despite extensive research, it remains
controversial whether IL-33 confers protection against or exacerbates
renal injuries. For instance, it has been shown that IL-33 administration
aggravates while IL-33 neutralization attenuates cisplatin induced acute
kidney injury (AKI) in mice [5]. Contradictorily, genetic deletion of IL-
33 in mice offers no protection against cisplatin induced AKI [6]. Serum
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IL-33 levels correlate with the development of several distinctive renal
pathologies in humans and in animal models, including renal carci-
noma [7], diabetic nephritis [8], systemic lupus erythematosus [9], and
AKI [10-13]. In most cases, IL-33 message levels have been found to be
similarly up-regulated during renal injuries although the underlying
mechanism is not fully appreciated.

Brahma related gene 1, or BRGI, is the catalytic component of the
mammalian chromatin modeling complex. BRG1 is essential for vas-
cular development possibly by epigenetically regulating the Wnt/p-
catenin pathway [14]. It has been demonstrated that BRG1 is not es-
sential for postnatal endothelial survival under physiological conditions
although accumulating evidence suggests that BRG1 plays indis-
pensable roles in endothelial dysfunction contributing to the patho-
genesis of cardiac hypertrophy [15], cardiac ischemia-reperfusion in-
jury [16], and abdominal aortic aneurysm [17]. Of interest, the ability
of BRG1 to regulate endothelial dysfunction appears to be mediated by
endothelial-derived humoral factors such as endothelin (ET-1) [15] and
colony stimulating factor (CSF1) [17]. Here we report that endothelial-
specific deletion of BRG] in mice are protected from renal ischemia-
reperfusion injury. BRG1 contributes to acute kidney injury possibly by
interacting with HIF-1a to epigenetically activating the transcription of
IL-33 in endothelial cells.

2. Results
2.1. Endothelial BRG1 deficiency attenuates AKI in mice

To induce acute kidney injury (AKI), endothelial conditional BRG1
knockout (CKO) mice and wild type (WT) littermates were subjected to
unilateral renal ischemia for 30 min followed by reperfusion (IR). The
mice were sacrificed 48 h after the surgical procedure to evaluate renal
injuries. Immunofluorescence staining confirmed that BRG1 levels were
significantly down-regulated in endothelial cells in the CKO kidneys
compared to the WT kidneys (Fig. S1). Plasma creatinine levels were
significantly elevated following IR in mice, but the increase was less
prominent in CKO mice than in WT mice (Fig. 1A). There was a similar
down-regulation of plasma BUN levels in CKO mice compared to WT
mice (Fig. 1B). H&E staining showed that IR procedure provoked severe
renal injuries including extensive tubular necrosis and caste; the in-
juries were much milder in CKO mice than in WT mice (Fig. 1C). We
measured the expression of HAVCR (Fig. 1D) and LCR2 (Fig. 1E), two
biomarkers of renal injury, in both WT and CKO mice; BRG1 deficiency
alleviated the induction of HAVCR and LCR2 consistent with the de-
crease of AKI. TUNEL assay confirmed that renal tubular apoptosis was
alleviated in mice as a result of endothelial BRG1 deletion (Fig. 1F).
Finally, renal reactive oxygen species (ROS) levels were measured by
DHE staining (Fig. 1G) and DCFH-DA staining (Fig. 1H). Compared to
WT mice, CKO mice displayed lower ROS levels in the kidneys. In ac-
cordance, expression levels of p47P"°* and p67°"°%, two members of the
NADPH oxidase complex, were down-regulated in the CKO kidneys;
Nrf2, an antioxidant protein, was not significantly altered (Fig. 1I). Of
note, BRG1 expression was up-regulated in endothelial cells as early as
12 h after the renal ischemia-reperfusion injury compared to the control
group; up-regulation of BRG1 expression in endothelial cells persisted
at 24h and 48h after the procedure (Fig. S2). Combined, these data
demonstrate that endothelial BRG1 deficiency attenuates AKI in mice.

2.2. Endothelial BRG1 deficiency ameliorates renal inflammation

Inflammation is both a consequence and a promoter of AKI. We next
examined the effect of endothelial BRG1 deficiency on renal in-
flammation. Immunohistochemical stainings showed that there were
significantly higher numbers of immune infiltrates in the kidneys in WT
mice following the IR procedure, including CD3™ T lymphocytes
(Fig. 2A), CD68% macrophages (Fig. 2B), and CD45"% leukocytes
(Fig. 2C), suggesting a heightened inflammatory response; the increase
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in immune infiltrates was collectively suppressed by endothelial BRG1
deficiency. In addition, quantitative PCR analyses revealed that AKI
induced by IR procedure up-regulated a panel of pro-inflammatory
mediators, including IFN-y (Fig. 2D), IL-1f (Fig. 2E), IL-6 (Fig. 2F), and
TNF-a (Fig. 2G), in the kidneys in WT mice. The elevation of renal pro-
inflammatory mediators was less robust in CKO mice compared to WT
mice. The decrease in immune cell infiltration and consequently pro-
duction of pro-inflammatory mediators in the CKO kidneys, we suspect,
might be due to the down-regulation of adhesion molecules, including
ICAM-1 (Fig. 2H), VCAM-1 (Fig. 2I), and E-selectin (Fig. 2J), which is
consistent with our previously published data showing that BRG1 is
essential for the induction of adhesion molecules in endothelial cells in
response to pro-inflammatory stimuli [18,19].

2.3. Endothelial BRG1 deficiency dampens renal fibrosis following AKI

Next, we gauged the long-term effect of endothelial BRG1 deficiency
on AKI. There was extensive renal fibrosis 2wk after the IR procedure as
evidenced by increased expression levels of several pro-fibrogenic
molecules including collagen type I (Collal, Fig. 3A), collagen type III
(Colla3, Fig. 3B), and smooth muscle cell actin (Acta2, Fig. 3C) in the
kidneys. Endothelial deletion of BRG1 weakened the induction of pro-
fibrogenic gene expression. Further, picrosirius staining (Fig. 3D) and
Masson's trichrome staining (Fig. 3E) confirmed that renal fibrosis was
not as widespread in CKO mice as in WT mice, indicative of a dimin-
ished fibrogenic response. Additionally, quantification of renal hydro-
xylproline levels revealed that there were fewer collagenous tissues in
CKO kidneys than in WT kidneys (Fig. 3F).

2.4. BRGI activates IL-33 transcription in vascular endothelial cells

IL-33 is a pleiotropic cytokine with both detrimental and protective
roles. Recent studies suggest that IL-33 is predominantly expressed in
endothelial cells and that IL-33 promotes AKI in mice by regulating
inflammatory response and fibrosis [5,20]. Now that we observed a
decrease of inflammation and fibrosis in the kidneys in CKO mice
compared to WT mice (Fig. 2A), we hypothesized that BRG1 might be
necessary for IL-33 transcription in endothelial cells. Quantitative PCR
analyses confirmed that IL-33 expression was indeed down-regulated in
the kidneys in CKO mice at both 48 h (Fig. 4A) and 2wk (Fig. 4B) after
the onset of AKI. In cultured endothelial cells, hypoxia-reoxygenation
(HR) potentiated the production of IL-33; over-expression of wild type
(WT) BRG1 but not enzyme deficient (ED) BRG1 further enhanced IL-33
induction (Fig. 4C). On the contrary, BRG1 knockdown by two separate
pairs of siRNAs attenuated IL-33 induction by HR (Fig. 4D). We then
transfected an IL-33 promoter-luciferase construct into endothelial
cells. HR stimulation strongly activated the IL-33 promoter activity,
which was further enhanced by over-expression of WT BRG1 but not ED
BRG1 (Fig. 4E), suggesting that regulation of IL-33 by BRG1 likely oc-
curred at the transcriptional level.

Previously it has been shown that hypoxia inducible factor 1 (HIF-
la) regulates IL-33 transcription by binding to its proximal promoter
[21]. Immunoprecipitation assay showed that HIF-1a formed a complex
with BRG1 (Fig. 4F). Co-expression of HIF-1a and BRG1 synergistically
activated the IL-33 promoter activity in endothelial cells (Fig. 4G).
More importantly, HR promoted the binding of BRG1 to the HIF site on
the IL-33 promoter, which was abrogated by HIF-1la knockdown
(Fig. 4H, I). Together, these data suggest that BRG1 might contribute to
IL-33 trans-activation by interacting with HIF-1a.

2.5. BRGI contributes to IL-33 transcription by modulating histone
modifications

We next explored the potential epigenetic mechanism(s) whereby
BRG1 might regulate IL-33 transcription. In response to hypoxia-reox-
ygenation, much higher levels of histone H3 acetylation (AcH3) were
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Fig. 1. Endothelial BRG1 deficiency attenuates AKI in mice. (A-K) CKO mice and WT mice were subjected to the IR procedure as described in Methods. The mice
were sacrificed at 48 h following the surgery. Plasma BUN (A) and creatinine (B) levels. (C) H&E staining of paraffin sections. Pathological grading was performed as
described in Methods. Expression levels of Haverl (D) and Len2 (E) were examined by qPCR. (F) Renal tubular apoptosis was examined by TUNEL. (G, H) ROS levels
were measured by DHE and DCFH-DA staining and quantified with Image J. Expression levels of p47 (I), p67 (J), and Nrf2 (K) were examined by qPCR. N = 6 mice

for each group.

detected on the IL-33 promoter region compared to the normoxia
condition indicative of active transcription; BRG1 depletion, however,
significantly dampened the accumulation of AcH3 on the IL-33 pro-
moter but not the GAPDH promoter (Fig. 5A). Likewise, BRG1 appeared
to be essential for the enrichment of trimethylated H3K4 (H3K4Me3),
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another marker for actively transcribed chromatin, on the IL-33 pro-
moter (Fig. 5B). On the contrary, the levels of dimethylated H3K9
(H3K9Me2), typically associated with repressive chromatin, were ob-
served to decrease on the IL-33 promoter in HR-treated cells compared
to normoxia-treated cells and BRG1 knockdown restored H3K9Me2
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Fig. 2. Endothelial BRG1 deficiency ameliorates renal inflammation. (A-J) CKO mice and WT mice were subjected to the IR procedure as described in Methods. The
mice were sacrificed at 48 h following the surgery. Paraffin embedded sections were stained with anti-CD3 (A), anti-CD45, or anti-F4/80 (C) and quantified by Image
Pro. Expression levels of IFN-y (D), IL-1 (E), IL-6 (F), TNF-a (G), ICAM-1 (H), VCAM-1 (1), and E-selectin (J) were examined by qPCR. N = 4-5 mice for each group.
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Fig. 3. Endothelial BRG1 deficiency dampens renal fibrosis following AKI. (A-F) CKO mice and WT mice were subjected to the IR procedure as described in Methods.
The mice were sacrificed at 2w following the surgery. Expression levels of collagen type I (A), collagen type III (B), and a-SMA (C) were examined by qPCR. Paraffin
sections were stain with picrosirius red (D) and Massons' trichrome (E) and quantified with Image Pro. (F) Renal hydroxylproline levels. N = 6 mice for each group.

levels (Fig. 5C). In accordance, occupancies of p300, an H3 acetyl-
transferase (Fig. 5D), ASH2, a regulatory subunit of the H3K4 methyl-
transferase complex (Fig. 5E), and KDM3A, an H3K9 demethylase
(Fig. 5F), were found to be dependent on BRG1 as BRGI silencing
down-regulated the recruitment of all three histone modifying proteins
to the IL-33 promoter. Together, these data suggest that BRG1 may
contribute to IL-33 transcription by modulating histone modifications.

2.6. BRG1 mediates a crosstalk between endothelial cells and tubular
epithelial cells

Finally we tackled the question as to whether endothelial-derived,

2555

BRG1-dependent production of IL-33 may elicit a pro-fibrogenic re-
sponse in renal tubular epithelial cells (HK-2) via inter-cellular cross-
talk. To this end, vascular endothelial cells were subjected to normoxia
or hypoxia-reoxygenation and the conditioned media (CM) were col-
lected to treat HK-2 cells. CM collected from endothelial cells exposed
to hypoxia-reoxygenation indeed induced a pro-fibrogenic response as
indicated by augmented expression of a-SMA (ACTA2) and collagen
type I (COL1A1) in HK-2 cells (Fig. 6A). MTT assay showed that there
was an increase in cell death when HK-2 cells were exposed to the
hypoxia-reoxygenation CM (Fig. 6B). Over-expression of BRG1 in en-
dothelial cells strongly enhanced the pro-fibrogenic and pro-death ca-
pacity of the hypoxia-reoxygenation CM. BRG1 knockdown in
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Fig. 5. BRG1 contributes to IL-33 transcription by modulating histone modifications. (A-F) EAhy926 cells were transfected with small interfering RNA targeting
BRG1 or SCR followed by hypoxia-reoxygenation. ChIP assays were performed with acetyl H3 (A), trimethyl H3K4 (B), dimethyl H3K9 (C), p300 (D), ASH2 (E), and

KDM3A (F).

endothelial cells, on the other hand, significantly weakened the ex-
pression of pro-fibrogenic genes in HK-2 cells (Fig. 6C, D). Of interest,
HK-2 treated with the hypoxia-reoxygenation CM displayed stronger
binding of SMAD3, a well-established pro-fibrogenic transcription
factor, to the ACTA2 promoter and the COLIA1 promoter, which was
blunted by BRG1 silencing (Fig. 6E). CM collected from BRG1-depleted
endothelial cells provoked less cell death in HK-2 cells (Fig. 6F). Like-
wise, IL-33 depletion negated the evocation of a pro-fibrogenic response
by endothelial-derived CM in HK-2 cells, as demonstrated by the re-
duction of a-SMA and collagen type I expression (Fig. 6G, H), dam-
pened SMAD3 binding to target promoters (Fig. 61), and amelioration of
cell death (Fig. 6J). Collectively, these data suggest that BRG1 may
broker a crosstalk between endothelial cells and renal tubular epithelial
cells, possibly via IL-33, to promote renal fibrosis.

3. Discussion

Endothelial-derived cues are instrumental in regulating tissue injury
and repair. These signals, in the form of secreted and diffusive poly-
peptides free of coating, are often termed angiocrine signals to reflect
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their endothelial origin [2]. IL-33 is an endothelial-derived cytokine
that has been implicated in renal inflammation and fibrosis [5,20]. We
have previously shown that the chromatin remodeling protein BRG1
possesses the unique ability to regulate the transcription of an array of
angiocrine factors thereby contributing to the pathogenesis of patho-
logical hypertrophy [15] and abdominal aortic aneurysm [17]. Here we
present evidence to demonstrate that BRG1 links IL-33 trans-activation
in endothelial cells to renal ischemia-reperfusion injury (Fig. 6K).

We show that endothelial BRG1 deficiency alleviates renal in-
flammation following ischemia-reperfusion in mice with a concomitant
reduction in IL-33 levels. This observation is consistent with previous
reports demonstrating that IL-33 administration augmented while IL-33
deficiency attenuated renal inflammation in mice subjected to AKI
[5,22]. Of intrigue, it has been observed that IL-33 treatment suppresses
the production of pro-inflammatory cytokines in cultured macrophages
in vitro [23]. In addition, deletion of the IL-33 receptor ST2 in mice
dampens the polarization of alternatively activated macrophages
(AAM) [24] suggesting that IL-33 may be a multifaceted factor capable
of both promoting and antagonizing pro-inflammatory response in a
context-dependent manner. The uncertainty regarding the role of IL-33
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Fig. 6. BRG1 mediates a crosstalk between endothelial cells and tubular epithelial cells. (A, B) WT BRG1 or ED BRG1 was transfected into EAhy926 cells followed by
hypoxia-reoxygenation. Conditioned media were collected to treat renal epithelial cells. Conditioned media were collected to treat renal epithelial cells. Gene
expression levels were examined by qPCR. Cell viability was evaluated by MTT assay. (C-F) EAhy926 cells were transfected with small interfering RNA targeting
BRG1 or SCR followed by hypoxia-reoxygenation. Conditioned media were collected to treat renal epithelial cells. Gene expression levels were examined by gPCR
and Western. ChIP assay was performed with anti-SMAD3. Cell viability was evaluated by MTT assay. (G-J) EAhy926 cells were transfected with small interfering
RNA targeting IL-33 or SCR followed by hypoxia-reoxygenation. Conditioned media were collected to treat renal epithelial cells. Gene expression levels were
examined by qPCR and Western. ChIP assay was performed with anti-SMAD3. Cell viability was evaluated by MTT assay. (K) A schematic model. In response to
ischemia-reperfusion, HIF-1a recruits BRG1 to the IL-33 promoter along with histone acetyltransferases (HAT) and histone methyltransferases (HMT) to activate IL-
33 transcription. Production and secretion of IL-33 (and possibly other angiocrine factors) from endothelial cells consequently creates a pro-injury microenvironment
that leads to increased immune infiltrates and inflammation, renal tubular cell apoptosis, and transition of epithelial cell into myofibroblast, which collectively

contribute to renal injury.

in cellular inflammation is mirrored by its regulation of renal injuries
because there remain significant controversies as to whether IL-33
protects against or exacerbates the loss of renal functions following
various injurious stimuli. It should be noted that BRG1 may contribute
to the regulation of AKI in an IL-33-independent manner. For instance,
BRG] is an activator of intercellular adhesion molecule 1 (ICAM-1) in
endothelial cells [18,19], whose deficiency protects the mice from en-
dotoxin induced acute renal failure [25]. It is thus mostly likely that a
panel of BRG1-dependent factors collectively mediate its regulation of
AKI in vivo. Further investigations are clearly merited to establish a
causal relationship between BRG1 deficiency and alteration of en-
dothelial transcriptome underlying AKI.

BRG1 is an epigenetic co-factor that relies on sequence-specific
transcription factors to be recruited to regulate locus-specific tran-
scription events. We show here that HIF-1a is essential for BRG1 to bind
to the IL-33 promoter and activate IL-33 transcription in endothelial
cells. It should be pointed out that two separate studies have found that
endothelial-deletion of HIF-la exerts marginal effects on renal
ischemia-reperfusion injury in mice although it remains undetermined
whether IL-33 is altered or not in the kidneys [26,27]. One possible
explanation could be that HIF-1a is redundant for BRG1 recruitment to
the IL-33 promoter in vivo. Alternatively, HIF-1a dependent BRG1 re-
cruitment and the ensuing induction of IL-33 transcription may not be
the rate-limiting step in AKL

We provide evidence to show that a BRG1-dependent pro-fibrogenic
cue emitted from endothelial cells, likely IL-33, could potentially pro-
mote the synthesis of ECM proteins in cultured tubular epithelial cells.
This observation may partially explain the attenuation of renal fibrosis
following ischemia-reperfusion as a result of BRG1 deficiency. Further,
this pro-fibrogenic response may be mediated by SMAD3 in tubular
epithelial cells because SMAD3 binding to the ACTA2 and the COL1A1
promoters is significantly enhanced. This is consistent with a previous
report that suggests IL-33 may regulate the TGF-f signaling [28]. It is
noteworthy that alternative scenarios exist that may account for the
inter-cellular crosstalk resulting in renal fibrosis. For instance, we have
previously shown that BRG1 plays an essential role regulating en-
dothelial derived endothelin (ET-1) to promote cardiac fibrosis [15].
Clearly, this lingering issue merits further investigation.

An emerging theme regarding transcriptional regulation by BRG1 is
its ability to engage other branches of the epigenetic machinery espe-
cially histone modifying enzymes. We show here that several histone
modifying proteins, including p300, ASH2, and KDM3A, are involved in
IL-33 transcription although a direct role for any one of these factors
remains to be determined. Recent investigations suggest that p300,
ASH2, and KDM3A are all intimately involved in the regulation of in-
flammation [29-31] and fibrogenesis [32,33], two key processes asso-
ciated with ischemia-reperfusion induced kidney injury. Of interest,
inhibition of p300 by curcumin, a small-molecule compound derived
from Curcuma longa (turmeric), attenuates kidney injury in mice [34].
Therefore, our data provide rationale for screening for inhibitors of
histone modifying enzymes to alleviate AKI.

In summary, our data support a link between activation of IL-33
transcription by BRG1 in endothelial cells and renal ischemia-reperfu-
sion injury. Future studies exploiting additional cell and animal models
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would hopefully pave the way for the development of novel therapeutic
solutions against renal injury.

4. Materials and methods
4.1. Animals

All animal experiments were review and approved by the intramural
Committee on Ethical Conduct of Animal Experiments. To delete BRG1
in endothelial cells, Smarca4™f mice [35] were crossed to the Cdh5-
ERT2-Cre mice [17]. To induce renal ischemia-reperfusion injury,
6-8 week-old male mice were anesthetized with ketamine. The renal
pedicle was clamped with nontraumatic microaneurysm clamps (Roboz
Surgical Instrument Co.). Clamps were removed after 45 min. Body
temperature was controlled at 37 °C throughout the procedure. The
mice were sacrificed 48 h or 2wk after the surgery.

4.2. Histology

Histological analyses were performed essentially as described [36].
Paraffin sections were stained with hematoxylin and eosin (Sigma),
picrosirius red (Sigma), or Masson's trichrome (Sigma) according to
standard procedures. Parallel sections were stained for cell surface
markers. Briefly, sections were blocked with 10% normal goat serum
for 1h at room temperature and then incubated with anti-CD68
(Abcam), anti-F4/80 (Biorad), or anti-CD3 (BD Bioscicences) antibodies
followed by incubation with donkey secondary antibodies (Jackson
ImmunoResearch). The nuclei were counterstained with DAPI (Sigma).
Pictures were taken using an Olympus IX-70 microscope. Quantifica-
tions were performed with Image Pro.

4.3. Cell culture, plasmids, transient transfection, and reporter assay

Immortalized human endothelial cells (EAhy926, ATCC), im-
mortalized human renal tubular epithelial cells (HK-2, ATCC), and
HEK293 cells were maintained in DMEM supplemented with 10% fetal
bovine serum (FBS, Hyclone). Human primary aortic endothelial cells
(HAECs) were purchased from Lonza and maintained as previously
described [37]; three different batches of primary cells were used in this
study. BRG1 expression plasmids [38], HIF-1a expression constructs
[39], and IL-33 promoter-lucferase constructs [21] have been pre-
viously described. Small interfering RNAs were purchased from Dha-
marcon. Transient transfections were performed with Lipofectamine
2000 (Invitrogen). Cells were harvested 48 h after transfection and re-
porter activity was measured using a luciferase reporter assay system
(Promega) as previously described [40].

4.4. RNA isolation and real-time PCR

RNA was extracted with the RNeasy RNA isolation kit (Qiagen).
Reverse transcriptase reactions were performed using a SuperScript
First-strand Synthesis System (Invitrogen). Real-time PCR reactions
were performed on an ABI Prism 7500 system with the following pri-
mers: Ifng, 5-GTTACTGCCACGGCACAGTCATTG-3’ and 5-ACCATCCT
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TTTGCCAGTTCCTCCAG-3’;  II-1b, 5-AATCTGTACCTGTCCTGCGT
GTT-3’ and 5-TGGGTAATTTTTGGGATCTACACTCT-3’; II-6, 5'-GAGGA
TACCACTCCCAACAGACC-3’ and 5-AAGTGCATCATCGTTGTTCAT
ACA-3’; Tnfa, 5-AAAGACCAGGTGGAGTGGAAGAAC-3’ and 5’-CTCAG
TGCCGATGGAGTCCGAGTA-3’; Havcerl, 5-CTGGAATGGCACTGTGAC
ATCC-3’ and 5-GCAGATGCCAACATAGAAGCCC-3’; Lcn2, 5-GAAATA
TGCACAGGTATCCTC-3’ and 5-GTAATTTTGAAGTATTGCTTGTTT-3’;
Collal, 5’-GAAGCACGTCTGGTTTGGA-3’ and 5-ACTCGAACGGGAAT
CCATC-3%; Colla2, 5-CCAACAAGCATGTCTGGTTAG GA-3’ and
5-TCAAACTGGCTGCCACCA-3"; Acta2, 5-ACTGGGACGACATGGAA
AAG-3’ and 5-GTTCAGTGGTGCCTCTGTCA-3’; II-33, 5-TGAGACTCCG
TTCTGGCCTC-3" and 5-CTCTTCATGCTTGGTACCCGAT-3; Nrf2,
5’-TCTCCTCGCTGGAAAAAGAA-3" and 5-AATGTGCTGGCTGTGCT
TTA-3%; p47°"°*, 5’-CCACACCTCTTGAACTTC-3’ and 5-GCCATCTAGG
AGCTTATG-3; p67°"°*, 5-CCACTCGAGGATTTGCTTCA-3’ and 5-ATC
TTGGAATGCCTGGGCTC-3’; Icaml, 5-TTCACACTGAATGCCAGCTC-3’
and 5-GTCTGCTGAGACCCCTCTTG-3’; Vcaml, 5-CCCAGGTGGAGGT
CTACTCA-3’ and 5’-CAGGATTTTGGGAGCTGGTA-3’; Sele, 5-AGCTAC
CCATGGAACACGAC-3’ and 5-ACGCAAGTTCTCCAGCTGTT-3".

4.5. Protein extraction and Western blot

Whole cell lysates were obtained by re-suspending cell pellets in
RIPA buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1% Triton X-100) with
freshly added protease inhibitor (Roche) as previously described [41].
Specific antibodies or pre-immune IgGs (P.I.1.) were added to and in-
cubated with cell lysates overnight before being absorbed by Protein A/
G-plus Agarose beads (Santa Cruz). Precipitated immune complex was
released by boiling with 1 x SDS electrophoresis sample buffer. Wes-
tern blot analyses were performed with anti-HIF-1a (Santa Cruz, sc-
10790), anti-FLAG (Sigma, F3165), anti-HA (Sigma, H3663), anti-a-
SMA (Sigma, A5228), and anti-B-actin (Sigma, A2228) antibodies.

4.6. Chromatin immunoprecipitation (ChIP)

Chromatin Immunoprecipitation (ChIP) assays were performed es-
sentially as described before [42—48]. In brief, chromatin in control and
treated cells were cross-linked with 1% formaldehyde. Cells were in-
cubated in lysis buffer (150 mM NacCl, 25 mM Tris pH 7.5, 1% Triton X-
100, 0.1% SDS, 0.5% deoxycholate) supplemented with protease in-
hibitor tablet and PMSF. DNA was fragmented into ~200 bp pieces
using a Branson 250 sonicator. Aliquots of lysates containing 200 ug of
protein were used for each immunoprecipitation reaction with anti-
BRG1 (Abcam, ab110641), anti-p300 (Santa Cruz, sc-584), anti-KDM3A
(Bethyl Laboratories, A301-538A), anti-ASH2 (Bethyl Laboratories,
A300-489A), anti-trimethyl H3K4 (Millipore, 07-449), anti-dimethyl
H3K9 (Millipore, 07-441), anti-acetyl H3 (Millipore, 06-599), anti-
SMAD3 (Abcam, ab28379), or pre-immune IgG. Precipitated DNA was
amplified with the following primers: IL-33 promoter; 5-ATTCTATCC
TTCAACATGC-3’ and 5-AAGGAAGACTGCTGCTGTAC-3’; GAPDH pro-
moter, 5-GGGTTCCTATAAATACGGACTGC-3’ and 5’-CTGGCACTGCA
CAAGAAGA-3".

4.7. MTT assay

Cell viability was measured using an MTT kit (Abcam) per vendor's
recommendation. Data were expressed as % viability compared to
control arbitrarily set as 1.

4.8. Statistical analysis

One-way ANOVA with post-hoc Scheffé analyses were performed by
SPSS software (IBM SPSS v18.0, Chicago, IL, USA). Unless otherwise
specified, values of p < 0.05 were considered statistically significant.
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HIF-la  hypoxia inducible factor 1 alpha
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