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Abstract

B-Arrestins are multifunctional scaffolding proteins that modulate G protein-coupled receptor
(GPCR)-dependent and -independent cell signaling pathways in various types of cells. We
recently demonstrated that B-arrestinl (B-arrl) deficiency strikingly attenuates dextran sodium
sulfate (DSS)-induced colitis in mice. Since DSS-induced colitis is in part dependent on gut
epithelial injury, we examined the role of B-arrl in intestinal epithelial cells (IECs) using a colon
epithelial cell line, SW480 cells. Surprisingly, we found that knockdown of $-arrl in SW480 cells
enhanced epithelial cell death via a caspase-3-dependent process. To understand the in vivo
relevance and potential cell type-specific role of f-arrl in colitis development, we generated bone
marrow chimeras with -arrl deficiency in either the hematopoietic or non-hematopoietic
compartment. Reconstituted chimeric mice were then subjected to DSS-induced colitis. Similar to
our previous findings, B-arrl deficiency in the hematopoietic compartment protected mice from
DSS-induced colitis. However, consistent with the role of B-arrl in epithelial apoptosis in vitro,
non-hematopoietic p-arrl deficiency led to an exacerbated colitis phenotype. To further
understand signaling mechanisms, we examined the effect of p-arrl on TNF-a-mediated NF«xB
and MAPK pathways. Our results demonstrate that 3-arrl has a critical role in modulating ERK,
JNK and p38 MAPK pathways mediated by TNF-a in IECs. Together, our results show that 3
arrl-dependent signaling in hematopoietic and non-hematopoietic cells differentially regulates
colitis pathogenesis and further demonstrates that g-arrl in epithelial cells inhibits TNF-a-induced
cell death pathways.

Introduction

B-Arrestins (B-arrl and -arr2) are ubiquitously present intracellular scaffolding proteins
known for their classic role in G protein-coupled receptor (GPCR) desensitization. Recent
studies have demonstrated that B-arrestins are required not only for GPCR desensitization
but also for a number of G protein-dependent as well as GPCR-independent functions
(Whalen et al., 2011). Consistent with their broad role in cell signaling processes, 3-arrestins
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have been shown to be important in many disease processes. It is now clear that B-arrestins
are critical cell signaling regulators in a number of inflammatory diseases including sepsis
(Fan et al., 2010; Sharma et al., 2013), arthritis (Li et al., 2013; Li et al., 2011), autoimmune
encephalomyelitis (Shi et al., 2007; Tsutsui et al., 2008), and inflammatory bowel diseases
(Lee et al., 2013; Sharma et al., 2015; Zeng et al., 2015).

Inflammatory bowel diseases (IBDs) are complex and multifactorial, characterized by
chronic inflammation and epithelial injury at various sites in the gastrointestinal (Gl) tract.
A variety of cells in the intestinal tract including cells of the hematopoietic (e.g. immune)
and non-hematopoietic (e.g. epithelial) compartments have been shown to play a critical role
in maintaining gut homeostasis (Maloy and Powrie, 2011). In particular, the intestinal
epithelium composed of a single layer of epithelial cells provides a critical barrier for
preventing invasion of commensal bacteria and pathogens from the intestinal lumen to the
underlying tissue. A precise balance between epithelial cell proliferation and apoptosis is
essential for the maintenance of this barrier function. In fact, recent studies demonstrate that
dysregulated epithelial cell turnover and apoptosis contribute to the perpetuation of chronic
intestinal inflammation (Ramachandran et al., 2000). Furthermore, cytokines such as TNF-a
released during intestinal inflammation have been shown to be associated with epithelial cell
apoptosis, culminating in the pathogenesis of IBD (Begue et al., 2006; Goretsky et al., 2012;
Marjoram et al., 2015).

In previous studies we demonstrated that $-arrl is an important mediator of DSS-induced
colitis (Lee et al., 2013). Using a whole body knockout (KO) of B-arrl, we found that $-arrl
deficiency protects mice from colitis and this was associated with a marked decrease in IL-6
production in the KO mice compared to the wild types. Although we attributed this initially
to regulation of p-arrl-mediated pathways in the immune compartment, we soon discovered
that the role of B-arrl in disease processes is highly context dependent. In support of this, we
found that the B-arrl KO mice that are protected from colitis are in fact more susceptible to
polymicrobial sepsis. This negative role of B-arrl in sepsis is mediated via the non-
hematopoietic compartment (Sharma et al., 2014). Dysregulation in the turnover of IECs is a
critical pathogenic factor in both sepsis and colitis in human disease and mouse models
(Husain and Coopersmith, 2003; Kim et al., 2010; Peterson and Artis, 2014). Importantly,
pathogenesis of DSS-induced colitis in mice is dependent in large part on gut epithelial cell
turnover. Therefore, we hypothesized that B-arrl is an important regulator of epithelial cell
turnover in the intestine. To test this we utilized an in vitro model of epithelial cell line with
normal or knockdown levels of -arrl as well as an in vivo model of B-arrl chimeric mice
with KO of B-arrl either in the hematopoietic or non-hematopoietic compartment. Contrary
to our expectations in the IBD model but similar to the role of B-arrl in sepsis, our results
here demonstrate that -arrl in the non-hematopoietic cells is an important negative
regulator of colitis development. This appears to be in part associated with the role of B-arrl
as an inhibitor of intestinal epithelial apoptosis possibly via modulation of TNF-a-induced
MAPK and caspase-3 pathways.
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Materials and Methods

Cell culture and reagents

Human intestinal epithelial cell line, SW480 was purchased from the American Type
Culture Collection (ATCC, VA, USA). Cells were cultured in RPMI1640 medium with 10%
FBS, penicillin and streptomycin at 37 °C and 5% CO, incubator. Recombinant human
TNF-a and cycloheximide were purchased from PeproTech (Rocky Hill, NJ) and Sigma-
Aldrich (St. Louis, MQ), respectively.

Animals

B-Arrl KO mice (Conner et al., 1997)(kindly provided by Dr. Lefkowitz, Duke University)
and WT mice maintained at Michigan State University have been previously described (Lee
et al., 2013; Porter et al., 2010; Sharma et al., 2014). All animals were housed in a specific-
pathogen-free facility maintained at 22—24°C with a 12-h light—dark cycle and were given
mouse chow and water ad libitum. All experiments were performed with age- and sex-
matched mice between 8-10 weeks of age unless indicated otherwise. All animal procedures
were approved by the Michigan State University Institutional Animal Care and Use
Committee (IACUC) and conformed to NIH guidelines.

Generation of chimeric mice

Chimeric mice were generated using lethal irradiation and bone marrow (BM) reconstitution
as described by us before (Sharma et al., 2014). Briefly, recipient mice were irradiated with
a total dose of 11 gy, delivered in two fractions 3 h apart to reduce gastrointestinal (GI)
toxicity and injected with 5 x 10 bone marrow cells from donor, 12 h after the second
fraction of irradiation. Mice were put on water with antibiotics (sulfamethoxazole and
trimethoprim, Hi-Tech Pharmacal Co., NY) for 4 weeks with every week change of
antibiotics and were used for experiments after 14 weeks.

DSS-induced colitis

Chimeric mice were subjected to 2% (wt/vol) DSS (reagent-grade DSS salt; molecular mass
= 36-50 KD; MP Biomedicals) in drinking water for 6-7 days with every 2 days change of
fresh DSS, followed by regular water for the indicated time points. Body weight was
monitored daily until mice were sacrificed.

Histopathology

Distal colonic tissues were collected from mice subjected to DSS. Tissues were fixed in 10%
formalin, embedded in paraffin, then sectioned and stained with hematoxylin and eosin
(H&E) and Ki67. The degree of inflammation on longitudinal sections of the colon was
scored by a Board certified pathologist (PCL) in a blinded manner as described before (Lee
et al., 2013). For each colon section, a determination was made of the percentage of the
mucosal surface area involved with severe damage (defined as complete mucosal ulceration/
total epithelial denudation and associated marked inflammation), moderate damage (defined
as partial crypt damage and distortion/partial epithelial destruction and associated modest
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inflammation), or minimal damage (defined as slight/focal cryptitis or essentially normal,
undistorted mucosa).

As a second, complementary measure of inflammatory involvement, longitudinal sections
were scored using a well-established composite scoring system as described before (Ostanin
et al., 2009). This system involves assigning an overall histologic activity score that
represents the sum of the following features: degree of inflammation in lamina propria
(score 0-3); 2) goblet cell loss (score 0-2); 3) abnormal crypts (score 0-3); 4) presence of
crypt abscesses (score 0-1); 5) mucosal erosion and ulceration (score 0-1); 6) submucosal
spread or transmural involvement (score 0-3); 7) number of neutrophils counted at x40
magnification (score 0—4). By totaling values from the seven parameters, the overall
histologic activity score (total histopathological score) can range from 0-17.

siRNA transfection

Smartpool Control and B-arrl siRNAs were obtained from Dharmacon (GE Dharmacon,
Lafayette, CO). Transfections of sSiRNAs were performed with 50 nM siRNA using the
HiPerfect transfection reagent (Qiagen, Valencia, CA). The cells were transfected and
analyzed for knockdown 48 h after transfection.

Proliferation assay

Forty-eight hours after transfection of SW480 cells (with control or B-arrl siRNA),
transfected cells were washed twice with PBS. Phenol red-free culture media was added and
then the cells were untreated or treated with TNF-a, (20 ng/ml) for the indicated times. Cell
proliferation was assessed by measuring cellular DNA content using the CyQUANT Cell
Proliferation Assay Kit (Life Technologies, Grand Island, NY) according to the
manufacture's protocols. Fluorescence was measured on a Tecan Spectra FluorPlus
fluorescence plate reader with excitation at 485 nm and emission at 530 nm.

Apoptosis assay

SW480 cells were transfected with control or B-arrl siRNA. Forty-eight hours after
transfection, cells were serum starved for overnight and then pretreated with cyclohexamide
(CHX, 10 pg/ml) for 1 hr prior to TNF-a (20 ng/ml) for the indicated times. After treatment
for the indicated time points, cells were trypsinized with 0.25% trypsin-EDTA. The cells
were then stained using the Annexin V-FITC Apoptosis Detection Kit (eBioscience, San
Diego, CA) according to the manufacture's instructions. After incubation, the apoptotic cells
were measured by flow cytometry using the LSR |1 (BD Biosciences, San Jose, CA).

ROS detection

Untreated and treated cells were labeled with CM-H,DCFDA (Life Technologies, Grand
Island, NY) at final concentration of 10 uM according to manufacture's protocols.
Intracellular ROS levels were measured by LSRII flow cytometer (BD Biosciences, San
Jose, CA).

Western Blot analysis—Control and B-arrl siRNA transfected cells were untreated or
treated with TNFa for the indicated time points. Cells were then lysed using lysis buffer and
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cell lysates prepared and subjected to SDS-PAGE gel electrophoresis followed by Western
blotting as described before (Lee et al., 2013; Patial et al., 2011). Blots were probed with
antibodies for caspase-3, caspase-8, pPERK1/2, pNF«kBp65, pJNK and pP38 and scanned
using Licor's Odyssey as described (Patial et al., 2011).

Statistical analysis—All values are represented as mean+SEM. Each “N” represents
individual mouse. Data were analyzed and statistics performed using GRAPHPAD PRISM
software (La Jolla, California). The student's t-test (two-tailed) was used to compare mean
values between two experimental groups and ANOVA with post-Sidak for comparing more
than two groups (one or two way ANOVA depending on the experimental data). Any
deviations from these tests are indicated in the figure legends. P value of less than 0.05 was
considered significant.

inhibits epithelial cell death

Pathogenesis of DSS-induced colitis in part depends on mechanisms that affect either
proliferation or apoptosis of epithelial cells (Araki et al., 2010; Okayasu et al., 1990). To
understand if the protective effect of $-arrl deficiency in colitis in part can be explained by
B-arrl's role in epithelial cell turnover, we used an in vitro model of p-arrl deficient IECs.
For this we utilized human colonic epithelial cell line SW480 cells transfected with either
control or B-arrl siRNA. Western blotting revealed that f-arrl is knocked down by over
90% (Figure. 1A). Knockdown of B-arrl did not affect $-arr2 expression (Supplementary
Figure 2A). Given the pathogenic role of TNF-a in colitis development, we focused on the
role of TNF-a-induced epithelial cell proliferation and apoptosis in the presence or absence
of B-arrl knockdown. As shown in Fig 1B, B-arrl knockdown did not cause a significant
change in TNF-a-induced proliferation of SW480 cells as determined by proliferation assay.
To examine if TNF-a affected SW480 apoptosis, we treated these cells (control siRNA and
B-arrl siRNA transfected cells) with TNF-a in the presence of cyclohexamide (CHX). CHX
was used to inhibit TNF-a-NFkB-dependent synthesis of anti-apoptotic proteins (Salaun et
al., 2010). To assess apoptosis, we performed flow cytometry to examine Annexin-V and Pl
staining. Interestingly and contrary to our prediction, the Annexin-V positive, and Pl
negative population (early apoptotic cells) was significantly enhanced in p-arrl-knockdown
cells compared to control cells, especially at 24 hours post-treatment (Fig 1C and D).
Interestingly we also observed late apoptotic cells (Annexin-V and Pl double positive) cells
to be enhanced in the B-arrl knockdown cells at 48 hours post-treatment, suggesting overall
increase in early and late apoptotic cells in the B-arrl knockdown cells at these respective
time points. To confirm that this effect is caspase-dependent, we examined caspase-3 and -8
activation by Western blotting. As shown in Fig 2, caspase-3 activation was significantly
increased in B-arrl-knockdown cells compared to control cells 24 h after TNF-a treatment,
and the enhanced activation was retained up to 36 h post treatment. Compared to caspase-3,
caspase-8 (upstream to caspase-3) activation was similar between control and p-arrl siRNA
transfected groups (Fig 2). These observations indicate that -arrl is a critical inhibitor of
TNF-a-stimulated-caspase-3-cell death pathway in SW480, intestinal epithelial cell line.
Together, these results also suggest that, contrary to prediction, B-arrl in epithelial cells may
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be protective and therefore knockdown or KO of B-arrl in epithelial cells may render these
cells more prone for apoptosis and therefore worse intestinal inflammation.

p-Arrestinl in non-hematopoietic compartment protects mice from DSS-induced colitis

To begin to understand the physiological relevance of these cell culture findings, and to
examine the role of p-arrl in the non-hematopoietic system, we generated bone marrow
chimeras in which the donors and/or the recipients were either wild type (WT) (CD45.1) or
B-arrl-deficient (CD45.2). The chimeric mice were found to have >95% donor-derived
leukocytes in the blood and >94% donor-derived leukocytes in the spleen, as determined
using flow cytometry by distinguishing between 45.1 and 45.2 alleles (Supplementary figure
1). Fourteen weeks after bone marrow transplantation, the different groups of mice were
subjected to 2% DSS treatment (in drinking water) over a period of 6—7 days, followed by
drinking water. Body weight was monitored during this time period. Consistent with our
previous findings using whole body p-arrl KO, -arrl deficiency in hematopoietic cells
(KO=>WT) protected mice from colitis-induced weight loss compared to the WT->WT
group (Figure. 3A). Unexpectedly however, mice lacking -arrl in the non-hematopoietic
compartment (WT-=>KO) exhibited more severe weight loss than that observed in WT->WT
mice. Consistent with the exacerbated weight loss in these mice, gross colon pathology (as
assessed by colon length) as well as histology showed evidence of excessive damage in the
non-hematopoeitic f-arrl KO compared to the WT mice (Figure. 3B and C). Hematoxylin/
eosin (H&E) staining of the colon sections from both chimeric mice (WT->WT and
WT=>KO) demonstrated chronic mucosal ulceration, marked leukocyte infiltration, and a
loss of epithelial architecture, but these features were significantly exacerbated in chimeric
mice lacking p-arrl in non-hematopoietic cells. Taken together, these findings indicate that
f-arrl signaling in non-hematopoietic compartment exerts a previously unappreciated
protective effect in mice subjected to DSS treatment. Intriguingly, these results are
consistent with the in vitro effects of f-arrl in SW480 cell line. Although we attempted to
demonstrate in vivo epithelial cell death in the chimeric mice, we were unsuccessful likely
due to the time points of harvest. Regardless, taken together with the in vitro effect of B-arrl
in cell death in colonic epithelial cell line, our results suggest that B-arrl in the non-
hematopoietic compartment (likely epithelial cells) is protective during colitis.

Mechanisms of B-arrl regulation of intestinal epithelial cell death

Our invitro and in vivo results so far demonstrate that f-arrl in IECs might play an
important and previously unappreciated protective role in colitis development. To begin to
understand the signaling mechanisms of these effects, we examined the upstream regulators
of TNF-a-induced caspase-3 activation in SW480 cells. We initially focused on reactive
oxygen species since TNF-a-induced ROS production has been linked to caspase-3
activation and cell death in murine IECs (Babu et al., 2012; Jin et al., 2008). To assess ROS
production, we measured intracellular ROS production by using CM-H,DCFDA and
assessed by flow cytometry. As shown in Fig 4, although ROS production was increased
after TNF-a treatment for the indicated times, -arrl knockdown did not change the levels
of ROS production in SW480 cells (Figure 4 A and B), suggesting that p-arrl regulation of
caspase-3 activation was likely independent of ROS. To further understand the signaling
mechanisms by which p-arrl might regulate TNF-a-induced caspase-3 activation and
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subsequent apoptosis, we focused on MAPK and NF«B signaling pathways. B-Arrl has been
shown to regulate both MAPK (ERK, JNK and p38) and NF«B pathways in different cell
types (Luttrell and Gesty-Palmer, 2010) and these pathways have been implicated in TNF-a-
induced apoptosis in various cell types including IECs (Assi et al., 2006; Bavaria et al.,
2014; Seidelin et al., 2013; Yan et al., 2001). To test this, we treated SW480 cells (control
and B-arrl knockdown) with TNF-a and examined the phosphorylation status of these
pathways. We found that while B-arr1-knockdown did not affect TNF-a-induced pNFxBp65
activation, phosphorylation of ERK1/2 (Extracellular signal-regulated kinase1/2) by TNF-a
was significantly inhibited in B-arrl-knockdown cells. Interestingly, phospho-p38 and
phospho-INK (c-Jun N-terminal kinase) levels were significantly enhanced in the
knockdown cells after TNF-a treatment, suggesting that differential modulation of the
MAPK signaling by p-arrl could lead to higher apoptosis of IECs (Figure 5A and B).
Together these results suggest that TNFa-mediated MAPK pathways are modulated by f3-
arrl and this role of B-arrl in the non-hematopoietic system likely plays a key inhibitory role
in DSS-induced colitis development.

Discussion

B-Arrestinl and 2 were originally discovered and described for their role as negative
regulators of G protein-dependent signaling in the GPCR signaling pathway. Further
research has demonstrated that these molecules by virtue of being scaffolding proteins can
interact with a number of effector proteins in the GPCR signaling pathway. Thus, 3-arrestins
play key roles in many processes in the GPCR life-cycle and signaling including receptor
internalization, recycling, degradation as well as activation of a variety of signaling
pathways such as MAPK and NFxB (Luttrell and Gesty-Palmer, 2010; Reiter et al., 2012).
In addition to being a critical regulator of GPCR signaling, p-arrestins are also important in
modulating signaling pathways from a number of other receptor classes such as TNFR
(Kawamata et al., 2007; Kook et al., 2014), TLRs (Fan et al., 2007; Porter et al., 2010;
Wang et al., 2006), tyrosine kinase receptors (Hupfeld and Olefsky, 2007), and cytokine
receptors (Kovacs et al., 2009). Because of these various roles, g-arrestins are known to
regulate basic biological processes such as proliferation and apoptosis in a number of
different systems. Indeed, even though B-arrl and 2 knockout mice are viable, and overtly
normal, f-arrl/2 double knockout mice are embryonically lethal due to the requirement of at
least one of the B-arrestins for normal fetal development. Thus it is not surprising that -
arrl/2 double KO mouse embryo fibroblasts have altered apoptosis upon GPCR stimulation
(Revankar et al., 2004). More recent studies have implicated p-arrestin-dependent signaling
in GPCR-induced cell death or survival, mediated by stimulation of metabotropic glutamate
receptor 1 (mGIuR1) (Emery et al., 2010), urotensin Il receptor (Esposito et al., 2011),
angiotensin 11 receptor 1A (Kim et al., 2009), glucagon-like peptide-1 Gs-coupled receptor
(GLP-1) (Quoyer et al., 2010), D1 and 2 dopamine receptors (Chen et al., 2009; Chen et al.,
2004; Manning and Cantley, 2007), and platelet-activating factor receptor (Xu et al., 2013).
Recent evidence also demonstrates B-arrestin-dependent signaling contributes to cell death
or survival in non-GPCR signaling pathways such as TLR4 (Li et al., 2010), transforming
growth factor beta receptor type 3 (TGFBRIII) (Chen et al., 2003), and TNF-a receptor
(TNFR) (Kook et al., 2014). p-arrl has also been shown to mediate apoptosis in MEFs via
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both extrinsic (stimulation with TNF-a/CHX) and intrinsic (genotoxic drug etoposide)
pathways. A B-arrl fragment (1-380) (cleaved by caspase-8) was also shown to directly
interact with tBID in the mitochondria, leading to enhanced release of cytochrome c and
subsequent activation of caspase-3 and apoptosis (Kook et al., 2014). These differential roles
of B-arrestins in different cell types is rather not surprising given the broad cell-type and
receptor-specific roles of B-arrestins. In our studies using colonic epithelial cell line B-arrl
inhibited apoptosis in response to TNFa treatment. Whether this role of B-arrl in epithelial
cell apoptosis could explain the phenotype observed in the non-hematopoietic B-arrl
knockout mice in DSS-induced colitis will be the subject of future studies.

Unlike other death receptors, TNFR1 signaling has been demonstrated to mostly mediate
inflammatory genes. It is established that pro-survival/pro-inflammatory pathway activates
NF«B and MAPK via signaling complex I, which transcribes anti-apoptotic genes such as
cFLIP, clAP, XIAP, TRAF2, A20, and Bcl-xL. Thus, the blockade of complex I-mediated
signaling pathway using inhibitors such as CHX is required to induce apoptosis via TNFR1
stimulation in most cell types including epithelial cells (Bhattacharya et al., 2003). This
inhibition has been demonstrated to promote TNF-a-induced apoptosis by blocking the
synthesis of cFLIP, an inhibitor of caspase-8 (Kreuz et al., 2001). Recent studies have
indicated that CHX not only inhibits TNF-a-mediated cFLIP expression, it also increases its
degradation, leading to caspase activation and increased apoptosis (Wang et al., 2008).
cFLIP is also known to be targeted to degradation via the E3 ubiquitin ligase Itch under
TNF-a/CHX treatment conditions (Chang et al., 2006). Since B-arrestins have been shown to
interact with various E3 ligases (Kommaddi and Shenoy, 2013), and since caspase-8 is a
direct activator of caspase-3, we initially hypothesized that -arrl might be involved in
caspase-8 activation. However B-arrl knockdown did not affect activation of caspase-8
suggesting that the effect of -arrl on TNF-a-induced apoptosis in SW480 cells is in part
dependent on caspase-3 but not caspase-8.

MAP kinases are serine and threonine protein kinases and include ERK, JNK and p38
MAPK families. They regulate a wide range of cellular processes including cell survival and
apoptosis. Even though their role in apoptosis has been shown to be more complex,
stimulation of ERK pathway has been linked to cell survival whereas activation of JNK and
p38 MAPK has been linked to apoptosis (Hung et al., 2003) (Yan et al., 2004). In our
present studies, TNFa-induced ERK1/2 phosphorylation appears to be mediated via p-arr1.
In contrast to the ERK pathway, knockdown of B-arrl enhanced TNF-a-induced JNK and
p38 phosphorylation suggesting differential regulation of ERK and JNK/p38 pathways by -
arrl. Previous studies have demonstrated that JNK pathway can activate caspase-3
(Bhattacharya et al., 2004; Jin et al., 2006; Ray et al., 2005). In future studies we will
determine the mechanisms by which p-arrl differentially regulates ERK and JNK/P38
pathways as well as determine the role of these pathways in caspase-3 activation and
apoptosis in colitis.

In conclusion, our studies here demonstrate a previously unappreciated protective role of -
arrl in intestinal epithelial cell apoptosis and its potential role in the development of colitis.
Future studies will focus on the in vivo mechanisms by which p-arrl in the non-

hematopoietic cells inhibit intestinal inflammation and further delineate the mechanisms by
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which hematopoietic -arrl mediates colitis development as well as determine how f-arrl in
the two cellular compartments oppose colitis pathogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect of -arrestin 1 knockdown on intestinal epithelial cell proliferation and apoptosis
Human intestinal epithelial cell line (SW480) was transfected with either control or -arrl

SiRNA for 48 hrs (A). Transfected cells were treated with TNF-a (20 ng/ml) at the indicated
times. (B). DNA content is expressed as mean fluorescence intensity. For apoptosis, after
transfection with siRNA, SW480 cells were incubated with TNF-a and CHX for the
indicated time points, stained with Annexin V-FITC and propidium iodide, and analyzed by
flow cytometry. The representative apoptosis pattern is shown and the apoptotic cells
(Annexin V positive, Pl negative) are indicated as the percentage of cells (C). Quantitative
analysis of apoptosis is shown as bar graph (D). (N=5 independent experiments)
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Figure 2. Effect of B-arrestinl knockdown on TNF-a-induced caspase-3 and caspase-8 activation
in intestinal epithelial cell line

Control or B-arrl knockdown cells were treated with TNF-a and CHX for 12, 24, and 36
hours as indicated or left untreated for 36 hours (UT). Whole cell lysates were subjected to
Western blotting for caspase-3 (A) and caspase-8. Representative blot is shown on the left
and quantitation on the right for caspase-3. Data are mean+SEM. N=3. *p< 0.05, **P<0.001
compared with controls. Effect of the treatments on caspase-8 activation is shown in B.
Representative blot is shown in the top and quantitation in the bottom for caspase-8. Data
are mean+SEM. N=3.
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Figure 3. Increased gross and histopathological disease assessment in BM chimeric mice lacking
B-arrestinl in non-hematopoietic cells after DSS treatment

BM chimeras were subjected to 2% DSS in drinking water as described in the methods.
Body weight is shown in A, histopathology is shown in B (slides on the top and quantitation
in the bottom). Note that the percent mucosal involvement was compared by Fisher Exact
test. P=0.021 for comparison of minimal and moderate damage between WT and non-
hematopoietic KO; P<0.0001 for comparison of minimal and severe damage between WT
and non-hematopoietic KO. Colon lengths are shown in C. Data are pooled from 2
independent experiments (N=10). *P<0.05, **P<0.01, ****P<0.0001 compared to the
corresponding WT treatment.
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Figure 4. Effect of B-arrestinl knockdown on TNF-a-induced reactive oxygen speciesin
intestinal epithelial cell line

Control and B-arrl knockdown SW480 cells were loaded with 10 uM CM-H,DCFDA for 30
min. After washing, the cells were treated with TNF-a and CHX for 12 and 24 hours or left
untreated (UT) for 24 hours. The fluorescence intensities were analyzed by flow cytometry.
Untreated cells (black lines) were used as a negative control. In the top is representative
histogram of one set of triplicate experiments. Blue and red lines represent 12 and 24 hours
after stimulation, respectively. Quantitation of ROS production is shown as mean
fluorescence intensity in the bottom (N=3 independent experiments).
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Figure 5. TNF-a-induced intestinal epithelial cell apoptosisis dependent on B-arrestinl-mediated
JNK and caspase-3 signaling pathways
Control and p-arrl knockdown SW480 cells were treated with TNF-a for 15, 30 and 60

minutes or left untreated (UT) for 60 minutes. Whole cell lysates were subjected to Western
blotting for pERK1/2, pJNK, p-p38, pNF«xB65. Representative blots are shown in A.
Quantitation was done by normalizing phopho-blots with tubulin or ERK2 (B). N=3.
*P<0.05, **P<0.01 compared with controls.
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