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Abstract
Background—Adenosine, an endogenous purine nucleoside, is involved in several physiological
functions. We have previously shown that A2BAR plays a pro-inflammatory role during colitis.

Aims—Our goals were to determine if A2BAR expression was necessary on immune cells/non-
immune cells during colitis and if A2BAR was a suitable target for treating intestinal
inflammation.

Methods—Wild-type (WT) and A2BAR knockout (KO) mice were utilized in bone marrow
transplants to explore the importance of immune/non-immune A2BAR expression during the
development of colitis. Additionally, a T-cell transfer model of colitis was induced in Rag1 KO or
A2BAR/RAG1 double KO (DKO) recipients. Finally, A2BAR small interfering RNA nanoparticles
(NPs) were administered to DSS-treated mice.

Results—WT mice receiving WT or KO bone marrow developed severe colitis after DSS
treatment, whereas colitis was significantly attenuated in KO mice receiving WT or KO bone
marrow. Colitis induced in Rag1 KO animals was attenuated in A2BAR/RAG1 DKO recipients.
Animals receiving NPs exhibited attenuated parameters of colitis severity compared to mice
receiving control NPs.

Conclusions—Our results suggest that A2BAR on non-immune cells plays an important role for
the induction of colitis and targeting A2BAR expression during colitis may be useful for
alleviating symptoms of intestinal inflammation.
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1. Introduction
Adenosine is an endogenous purine nucleoside with a variety of physiological functions and
modulates many aspects of the inflammatory/immune response.1,2 The effects of adenosine
are mediated via four G-protein coupled receptors, A1, A2A, A2B, and A3, following
adenosine release from cells or synthesis of adenosine in the extracellular space during
inflammation, ischemia, hypoxia or trauma.3–5 Adenosine receptors mediate pro- or anti-
inflammatory responses, depending on the cell or tissue type exposed to adenosine.6,7 In
terms of intestinal inflammation, the effects of adenosine vary depending on which
adenosine receptor is stimulated. Several studies have shown that A2AAR plays an anti-
inflammatory role in intestinal inflammation, and the most potent immunosuppressive
effects of adenosine are generally attributed to expression of A2AAR on immune cells.8–10

Similar to A2AAR, A1AR signaling was also demonstrated to attenuate intestinal
inflammation.11

Whereas A2AAR and A1AR are thought to play anti-inflammatory roles during the
development of colitis, we have previously shown that A2BAR exacerbates colitis and
mediates proinflammatory events in the colon.12,13 A2BAR is expressed by both immune
cells and the intestinal epithelial cells.5,14 Immune cells express multiple adenosine
receptors;15 however, A2BAR is the primary adenosine receptor expressed in colonic
epithelial cells.16,17 Previous studies demonstrated that colonic A2BAR plays a role in
regulating chloride secretion, a mechanism responsible for the transport of isotonic fluid into
the intestinal lumen, leading inflammation-associated diarrhea.17,18 Colonic epithelial
A2BAR also mediates IL-6 secretion into the lumen, which may activate neutrophils.19 IL-6
secretion induced by A2BAR signaling was shown to increase intracellular calcium levels of
neutrophils, indicative of neutrophil degranulation.19

We have previously shown that A2BAR mRNA and protein expression are upregulated in
inflammatory bowel disease (IBD) patients.20. Additionally, recent results from our
laboratory demonstrated that deletion of A2BAR or blocking A2BAR signaling attenuated
several parameters of intestinal inflammation in various murine models of colitis.12,13

Although these findings suggest that A2BAR plays a pro-inflammatory role in intestinal
inflammation, another study has shown that A2BAR plays an anti-inflammatory role during
colitis. 21 Therefore, the precise mechanism by which this receptor acts during intestinal
inflammation remains somewhat controversial. The goal of our current study was to
determine whether A2BAR expression on immune and/or non-immune cells was required for
colitis. We utilized A2BAR knockout (KO) mice in bone marrow transplant studies, and T-
cell-mediated model of colitis, to address possible functional differences of A2BAR
expressed on immune cells or locally in the colon. Finally, we investigated the potential
therapeutic value of reducing A2BAR expression in the colon by targeting A2BAR siRNA-
loaded nanoparticles (NPs) to the gastrointestinal tract.

2. Methods
2.1 Experimental animals

The Animal Care Committee of Emory University approved all procedures performed on
animals. The generation of A2BAR−/− mice and their characterization has been described
previously.22 Overall, mice lacking A2BAR exhibited a normal phenotype. A2BAR−/− mice
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were backcrossed to the C57BL/6 background as determined by the PCR-based strain
detection method MAX (Charles River Labs, MA). B6 Rag1−/− were purchased from
Jackson Laboratories (Bar Harbor, ME) and bred in our facility for > 6 generations. A2BAR/
Rag-1 double knockout (DKO) mice were generated by breeding A2BAR−/− and Rag-1−/−

mice and verified by genotyping.

2.2 Bone marrow transplantation
Bone marrow transplants were performed as previously described.23 Briefly, the femur and
tibia were removed and the bone marrow cells were collected by flushing the bone cavity
with basal marrow medium (Iscove’s medium; Cambrex; East Rutherford, NJ). After
washing with PBS, bone marrow cells were resuspended in basal marrow medium.
Approximately 5 × 106 cells in 50 μL were transplanted retro-orbitally. Four treatment
groups with 6 animals per group were used (WT→WT), (WT→KO), (KO→WT) and
(KO→KO). Mice were given neomycin at 2 mg/mL for the first week after bone marrow
transplants. Four weeks after transplant, colitis was induced using 3% dextran sodium
sulfate (DSS) in the drinking water (w/v) and mice were assessed daily for rectal bleeding,
weight loss, and diarrhea. Engraftment was verified at the time of sacrifice by genotyping
bone marrow cells.

2.3 DSS colitis
Colitis was induced by oral administration of 3% DSS (MP Biomedicals Inc, Aurora, OH) in
water ad libitum for 6 days. Age-matched WT and KO receiving normal water served as
controls. Upon sacrifice of the mice, samples of the proximal colon, mid-colon, and distal
colon were immediately frozen in liquid nitrogen or fixed in buffered 10% formalin. Clinical
and histological scores were obtained as described previously.13,24

2.3 T-cell transfer colitis
Naive CD4+CD25−CD45RBhi T cells were isolated from B6 and were FACS sorted, as
previously described.25 Sex-matched B6 Rag-1−/− or A2BAR/Rag-1 DKO recipients were
injected with 4 × 105 cells via the tail vein, and the development of intestinal inflammation
was monitored. Mice were sacrificed when symptoms of clinical disease (significant weight
loss or diarrhea) developed in control groups, 8 weeks after the T-cell transfer. Samples of
proximal colon, mid-colon, and distal colon were immediately frozen in liquid nitrogen or
fixed in buffered 10% formalin. Histology scores were calculated as previously described. 26

2.4 Colonic myeloperoxidase (MPO) activity
Neutrophil infiltration into colon was determined by measuring MPO activity, as described
previously.27 One unit of MPO activity was defined as the amount of MPO that degraded 1
μmol of peroxidase per minute.

2.5 Quantification of cytokines in the colon
Cytokine mRNA levels were measured by real-time PCR using previously designed
primers.28 Total RNA was extracted from colonic tissue of mice using TRIzol reagent
(Invitrogen, Grand Island, NY). A reverse transcription reaction was performed with 2 μg of
each sample and oligo-dT primer, using the SuperScript First Strand synthesis system for
RT–PCR (Invitrogen). iQ SYBR Green Supermix (Biorad, Hercules, CA) was used for real-
time PCR reactions using the real-time RealPlex 4S sequence detection system (Eppendorf,
Hauppauge, NY). Expression levels of 36B4 were used as an internal control. The ΔΔCT
was calculated as follows: ΔΔCT = (Ct, target − Ct, 36B4)experimental group−(Ct, target −
Ct, 36B4)control, with the final values derived from 2−ΔΔCT.
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Protein levels of cytokines were measured in supernatant collected from colonic organ
culture. Each colon was cut into 1-cm pieces and washed in HBSS with penicillin-
streptomycin and cultured in serum-free RPMI-1640 (Mediatech, Manassas, VA),
supplemented with penicillin-streptomycin. Cultures were incubated at 37°C in 5% CO2 for
24 hours. After 24 hours, supernatants were centrifuged and supernatant cytokine levels
were measured using a MULTI-SPOT plate from Meso Scale Discovery (Gaithersburg,
MD).

2.6 Preparation of A2BAR siRNA/PEI NPs covered with PVA
NPs were synthesized via double emulsion/solvent evaporation, as described
previously.29,30 Briefly, an internal phase (see method below) containing A2BAR siRNA
(Sigma-Aldrich) was mixed with 20 g/L of PLA in dichloromethane to generate a water-in
oil (W/O) emulsion after 2 min of vortexing (Maxi Mix II, Thermodyne, Dubuque, Iowa,
USA) and 1 min of sonication (Pmax ¼ 400 W) (Digital Sonifier 450, Branson, Danbury,
CT, USA). The first emulsion was mixed into a second water phase containing 0.3 g/L of
PVA to generate a water/oil/water emulsion (W/O/W). The W/O/W emulsion was dropped
in a dispersing phase of 0.1 g/L PVA, and stirred at 45°C under a vacuum to remove
dichloromethane. NPs were centrifuged at 9953g and freeze-dried overnight at −50°C under
0.1 mbar pressure.

2.7 Preparation of the internal phase containing A2BAR siRNA
The internal phase had an N/P ratio of the number of negative charges of A2BAR siRNA (P
as the phosphorous charge) and positive charges of polyethyleneimine (PEI) (N as the
ammonium charge). We used an N/P ratio of 30 for PEI. A mixture of siRNA/PEI: 29 μL
A2BAR siRNA (5 μM) or scrambled siRNA was combined with 18 μL PEI (5 mM), and
incubated for 10 min at room temperature. After 10 minutes, a polyplex was formed and 750
μL bovine serum albumin (BSA, 50 g/L) was added to generate the first emulsion with
dichloromethane.

2.8 Treating DSS-induced colitis with A2BAR siRNA-loaded NPs
C57BL/6 mice were gavaged once daily starting on the first day of DSS treatment through 8
days of DSS treatment with A2BAR siRNA-loaded NPs. The negative control group was
gavaged daily with water and hydrogel, while the positive controls for this study were mice
treated with DSS and gavaged with hydrogel alone or DSS-treated mice gavaged daily with
hydrogel and empty (or scrambled siRNA) NPs.

2.9 Statistical analysis
The data are presented as means ± SEM. Statistical analysis was assessed using Student’s t-
test where p < 0.05 was considered significant. In experiments where multiple groups were
compared, ANOVA analysis was also used to assess statistical significance.

3. Results
3.1 DSS-induced colitis is attenuated in the absence of mucosal-derived A2BAR

We performed bone marrow transplants to explore the role of both colonic and immune cell-
derived A2BAR during the development of colitis. All mice recovered uneventfully from
bone marrow transplants. Four weeks after transplant, mice were given drinking water
containing 3% (w/v) DSS. Mice were weighed daily and compared with controls in terms of
weight loss, stool consistency, and presence of occult stool blood. KO animals receiving
bone marrow from WT or KO mice lost less body weight than WT mice receiving WT or
KO bone marrow (Figure 1A and 1B). All WT mice that received WT bone marrow
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developed signs of colitis 5 or 6 days after introduction of DSS-containing drinking water.
Colitis was attenuated in KO mice receiving either WT or KO bone marrow. Interestingly,
WT mice that received bone marrow from KO animals developed a form of colitis that was
not significantly different from that of WT animals receiving WT bone marrow (Figure 1B).
These data suggest that A2BAR expression on the colonic epithelium is important for the
development of DSS-induced colitis.

The extent of neutrophil infiltration, assessed by evaluation of MPO levels and histological
scoring, was measured to complement the clinical data. WT mice receiving WT bone
marrow exhibited obvious signs of colonic inflammation and tissue damage, in contrast to
KO mice that received either WT or KO bone marrow (Figure 2A and B). The WT
recipients of WT bone marrow had extensive crypt damage, showed epithelial ulceration and
formation of crypt abscesses, and had a higher level of infiltration of inflammatory cells into
the mucosa, compared to KO recipients of either WT or KO bone marrow (Figure 2A).
Finally, we explored whether the level of the pro-inflammatory cytokine TNF-α veried
among the different groups because TNF-α is known to be an important effector in both
IBD and the DSS colitis model. We found that KO mice receiving KO bone marrow
produced less TNF-α-encoding mRNA after DSS treatment than did WT mice receiving
WT bone marrow (Figure 2C). In contrast to the clinical and histological data, KO mice
receiving WT bone marrow expressed TNF-α at a level similar to that of WT mice receiving
either WT or KO bone marrow (Figure 2C). These data suggest that WT bone marrow-
derived cells may be able to alter the TNF-α cytokine profile after DSS treatment, but the
increase in TNF-α is not enough to exacerbate colitis in KO mice to the severity levels
demonstrated in WT mice. Overall, the data suggest that A2BAR expression by non-immune
cells most likely mediates the pathology observed after DSS treatment.

3.2 A2BAR exacerbates T-cell-mediated intestinal inflammation
Next, we determined the role of mucosal A2BAR in the development of intestinal
inflammation using a well-established T-cell-dependent chronic model of colitis. Naïve
CD4+CD45RBhigh T cells isolated from C57BL/6 mice were adoptively transferred into sex-
matched cohorts of syngeneic RAG1-deficient (RAG1 KO) or A2BAR/RAG1-deficient
(DKO) animals, and development of intestinal inflammation was monitored. RAG1 KO and
A2BAR/RAG1 DKO mice lost the same percentage of body weight throughout the study
(Figure 3A). However, we found that the severe colitis induced by naïve CD4+CD45RBhigh

T-cell transfer into RAG1 KO recipients was significantly attenuated in A2BAR/RAG1
DKO mice.

Histological assessment of colonic sections showed that RAG1 KO animals had extensive
crypt damage, exhibited epithelial ulceration and formation of crypt abscesses, and had an
increased level of mucosal infiltration by inflammatory cells, compared to A2BAR/RAG1
DKO mice (Figure 3B). Thus, the histological scores of RAG1 KO colonic sections were
significantly higher than scores from A2BAR/RAG1 DKO sections (Figure 3C), suggesting
that absence of endogenous A2BAR, specifically in the colonic epithelium, was sufficient to
significantly attenuate colitis in the presence of A2BAR-expressing T cells. In contrast to the
observed exacerbation of pathology in RAG1 KO mice, the colon weight was decreased in
A2BAR/RAG1 DKO animals (Figure 3D). However, MPO levels rose in RAG1 KO
animals, suggesting that more neutrophils were infiltrating the colons of RAG1 KO mice
compared to A2BAR/RAG1 DKO mice (Figure 3E). Overall, the data suggest that A2BAR
expression on lymphocytes, specifically CD4+ T-cells, may not be required for the
development of severe intestinal inflammation in the CD45RBhi transfer model of colitis.
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3.3 T-cell-mediated pro-inflammatory cytokine production is attenuated in the absence of
A2BAR

The T-cell transfer colitis model is characterized by an increase in the local Th1 response.31

Therefore, we compared the levels of several proinflammatory cytokines in colon tissue
from RAG1 KO and A2BAR/RAG1 DKO recipients. As predicted, colonic tissue isolated
from control RAG1 KO recipients had significantly elevated levels of IFN-γ, IL-6, TNF-α
and KC. The levels of these cytokines were significantly decreased in A2BAR/RAG1 DKO
recipients (Figure 4). IL-10-encoding mRNA was also reduced in A2BAR/RAG1 DKO mice
compared to RAG1 KO mice. Together, these data suggest that A2BAR is an important
component of the inflammatory response characteristic of the T-cell transfer model of
colitis.

3.4 A2BAR siRNA-loaded nanoparticle therapy attenuates development of DSS-induced
colitis

Our bone marrow transplant data suggest that the presence of colonic A2BAR was sufficient
to induce colitis. Therefore, we tested the hypothesis that decreased A2BAR levels in the
colon would attenuate the development of colitis induced by DSS treatment. Previously, our
laboratory prepared nanoparticles (NPs) loaded into a biomaterial formed of alginate and
chitosan that can be used to target various NP-loaded substrates to the colon.29 Earlier, it
was demonstrated that the biomaterial collapsed in intestinal solution at a pH of 5–6; which
is the pH of the colon under both inflammatory and non-inflammatory conditions. We
synthesized NPs containing A2BAR siRNA (Figure 5A) to determine if targeting the
expression of A2BAR in the colon might be valuable to attenuate symptoms of colitis. WT
mice were given NPs alone or NPs loaded with A2BAR siRNA, by daily gavage, during
DSS treatment.

First, we found that the level of mRNA encoding A2BAR was significantly decreased in the
colons of mice treated with A2BAR siRNA-loaded NPs, compared to controls (Figure 5B).
Next, we determined that the levels of A2BAR mRNA were significantly elevated both in
DSS-treated test mice and in DSS-treated animals gavaged with empty NPs, compared to
either control mice or animals treated with A2BAR siRNA-loaded NPs. We found that mice
treated with A2BAR siRNA-loaded NPs lost significantly less weight than the DSS-treated
animals receiving empty NPs (Figure 5C). Finally, we showed that MPO levels were
drastically decreased in mice receiving A2BAR siRNA-loaded NPs, suggesting neutrophil
infiltration was decreased upon downregulation of A2BAR expression (Figure 5D).

3.5 Production of DSS-induced proinflammatory cytokines is attenuated upon treatment
with A2BAR siRNA-loaded NPs

In addition to decreased MPO levels and weight loss, mice treated with A2BAR siRNA-
loaded NPs exhibited reductions in the concentrations of colonic mRNAs encoding
proinflammatory cytokines and chemokines, including IL-6; IL-1β and the murine homolog
of the human chemokine IL-8; KC. Proinflammatory cytokine protein levels were also
decreased in the colons of animals receiving A2BAR siRNA compared to controls. In
agreement with the mRNA levels, the levels of IL-6, IL-1β, and KC were all significantly
lower in mice A2BAR siRNA-loaded NPs than in controls. Additionally, TNF-α production
was downregulated when A2BAR expression was decreased during DSS treatment.
Interestingly, we found that IL-10 levels also fell upon treatment with A2BAR siRNA-
loaded NPs, compared to the concentrations seen in mice receiving empty NPs, during DSS
treatment. This finding supports previous data that demonstrates signaling through A2BAR
on various cell types leads to increased production of IL-10.32,33
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4. Discussion
A2BAR is increasingly recognized as a mediator of inflammation in chronic diseases
including asthma, cancer, and IBD.5,13,34,35 In the present study, we investigated the roles
played by immune cells and colonic A2BAR during the progression of colitis using an acute
and chronic model of experimental murine colitis. Bone marrow transplant experiments
revealed that A2BAR expression on non-bone marrow-derived cells was important in the
development of several clinical features of DSS-induced colitis, including weight loss and
exacerbation of clinical and histological scores. These data suggest that local expression of
A2BAR in the colonic epithelium may be sufficient to induce colitis in the acute DSS model.
When KO mice received WT bone marrow, they showed continued protection against
clinical and histological signs of colitis, suggesting that A2BAR expression by immune cells
may not be as important in the development of intestinal inflammation upon DSS treatment.
In agreement with the bone marrow transplant data, we found that the transfer of naïve
CD4+ T cells induced severe colitis in RAG1 KO mice, whereas colitis was significantly
attenuated in RAG1 KO animals crossed with A2BAR KO mice, suggesting that in the
absence of A2BAR in the epithelium, an attenuated form of colitis is observed. These data
are important, as the T-cell transfer model represents a chronic colitis model facilitated by
T-cells which may model human IBD more accurately than acute models of colitis, due to
the important role played of T-cells in chronic intestinal inflammation in human IBD.36

Several studies have suggested that A2BAR signaling may mediate either pro- or anti-
inflammatory responses depending upon the cell and/or tissue type exposed to adenosine.
For example, reports have indicated that A2BAR plays a protective role in endothelial barrier
function and vascular injury models.12,32,34 However, several studies have provided strong
evidence that A2BAR mediates pro-inflammatory responses in diseases including asthma
and chronic pulmonary disease.34 Additionally, at the cellular level, A2BAR signaling
mediates inflammatory effector functions in mast cells, epithelial cells, smooth muscle cells,
fibroblasts, and neutrophils.5 Work in our laboratory has consistently shown that A2BAR
plays a pro-inflammatory role in intestinal inflammation using several experimental models
of colitisincluding DSS, 2,4,6-trinitrobenzene sulfonic acid (TNBS) and Salmonella
typhimurium 12,13; however a separate group determined that DSS-induced colitis was
exacerbated in the absence of A2BAR expression or upon inhibition of A2BAR signaling.21

Another study showed that the extent of gastrointestinal ischemia/reperfusion injury was
more severe in the absence of A2BAR3, supporting the hypothesis that the receptor plays a
protective role in hypoxic environments. Currently, no obvious reason for the disparity
between our results and those of Frick et al.21 is apparent; the differences may be
attributable to variation in the genetic backgrounds of the experimental mice, the presence of
different intestinal microbial populations (attributable, perhaps, to variations in institutional
animal facilities), or differences between the methods used to induce colitis.

Our data consistently demonstrated that in the absence of A2BAR, several parameters of
colitis pathology were attenuated; therefore, we sought to target A2BAR expression
specifically in the gastrointestinal tract. Because A2BAR has been shown to play both anti-
and pro-inflammatory roles depending upon the cell and tissue type, future therapies should
specifically target A2BAR at localized sites of inflammation. Previous studies from our
laboratory have optimized the formulation of NPs so that they can be administered via the
oral route and breakdown at a pH that is similar to that of the colon.29,37 Our preliminary
data suggest that A2BAR, which was previously shown to be upregulated in Crohn’s
patients20, may be a plausible target for treating symptoms of IBD by attenuating the effects
of inflammatory mediators. Our method of delivering A2BAR siRNA provides a targeted
localized delivery of a drug via the oral route that significantly reduced A2BAR mRNA
expression during DSS treatment. Our results suggest that targeting A2BAR expression at a
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local level during colitis may be beneficial for ameliorating symptoms of intestinal
inflammation; however, due to differences in clinical parameters and pathology in acute
murine models of colitis versus human disease, future experiments will be required to
determine the effect of targeting A2BAR in chronic models of colitis as well as human IBD.
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Figure 1. DSS-induced colitis is attenuated in the absence of mucosal-derived A2BAR
5 × 106 bone marrow cells were transplanted retro-orbitally. Four transplant groups were
used; (WT→WT), (WT→KO), (KO→WT) and (KO→KO). Four weeks after
transplantation, colitis was induced using 3% DSS in the drinking water (w/v) and mice
were assessed daily for weight loss (A), rectal bleeding and diarrhea to calculate the clinical
score. Clinical scores were calculated based on the following criteria: Weight loss (1–5% =
1, 5–10% = 2, 10–20% = 3, >20% = 4), stool character (normal = 0, soft with well-formed
pellets = 1, soft without pellets = 3, diarrhea = 4) and fecal blood (no blood = 0, positive
occult test = 2, gross bleeding = 4). The individual criteria scores were added to give a total
clinical score ranging from 0 to 12 (B). Clinical scores and percent weight lost were
averaged from 5–6 mice per group and error bars represent the standard deviation. Statistical
significance was assessed using Students t-test, where ***, p < .001.
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Figure 2. Parameters of DSS-induced colitis are attenuated in the absence of mucosal- A2BAR
H&E staining was performed on colonic sections from bone marrow transplant recipients
and visualized at 10X and 20X (A). Histological scores were blindly calculated and
averaged for 5–6 mice/group, where the error bars represent standard deviation. The
histological scores were based on the following criteria: Inflammatory cells in the laminia
propria (rare inflammatory cells = 0, increased number of granulocytes = 1, confluence of
inflammatory cells = 2, transmural extension of infiltrate = 3), crypt damage (intact crypt =
0, loss of 1/3 of the basal crypt = 1, loss of 2/3 of the basal crypt = 2, entire crypt loss = 3,
change of epithelial surface with erosion = 4, confluent erosion = 5) and ulcer evaluation (no
ulcer = 0, 1–2 foci of ulcers = 1, 3–4 foci = 2, extensive ulceration = 3). The total score of
these criteria gave a histological score ranging from 0 to 11 (B). TNF-α mRNA levels were
measured from isolated colonic RNA using real-time PCR. 36B4 was used as an internal
control to account for variances between samples (C). Statistical significance was assessed
using Students t-test, where *, p < .05 and the error bars represent the calculated standard
deviations.
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Figure 3. A2BAR exacerbates T-cell mediated intestinal inflammation
Naive CD4+CD25−CD45RBhi T cells were isolated from WT mice by FACS. Rag1 KO or
A2BAR/RAG1 DKO recipients were injected with 4 × 105 cells via the tail vein and the
development of intestinal inflammation was monitored. Mice were sacrificed when
symptoms of clinical disease (significant weight loss or diarrhea) developed in control
groups, around 7–8 weeks after T-cell transfer for both experimental groups. Mice were
weighed at the indicated days after T-cell transfer (A). Colonic sections were analyzed by
H&E staining (B) and blindly scored for four criteria: degree of epithelial hyperplasia and
goblet cell depletion; leukocyte infiltration into the lamina propria; the area of tissue
affected; and indicators of inflammation including crypt abscesses, submucosal
inflammation and ulcers. The scores of each of these criteria were added to determine the
histology score (on a scale of 0–12) (C). Upon sacrifice, the colons were removed and
weighed (D) and MPO levels were measured to determine the level of neutrophil infiltration
(E). 5–6 mice were used for each experimental group and the error bars represent standard
deviation. Statistical significance was assessed using Students t-test, where *, p < .05.
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Figure 4. T-cell mediated pro-inflammatory cytokine production is attenuated in the absence of
A2BAR
Real-time PCR was utilized to determine the mRNA levels of the listed cytokines in the
colons of RAG1 KO and A2BAR/RAG1 DKO mice 7–8 weeks after T-cell transfer. RAG1
KO cytokine levels were normalized to 1.0 and the A2BAR/RAG1 DKO cytokine levels
represent the fold-change compared to RAG1 KO cytokine levels. 36B4 was used as an
internal control to account for variances in cDNA used in each real-time PCR reaction.
Statistical significance was assessed using Students t-test, where ***, p < .001 and *, p < .05
(IL-10 only) when compared to RAG1 KO cytokine levels, which were normalized to 1.0. 6
mice were used for each experimental group and error bars represent standard deviation.
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Figure 5. A2BAR siRNA-loaded nanoparticle therapy attenuates development of DSS-induced
colitis
A schematic representation of a A2BAR siRNA-loaded NP, adapted from Laroui et. al 37

(A). After 8 days of DSS treatment, mice were sacrificed and their colons were collected for
RNA isolation. A2BAR mRNA levels were determined by real-time PCR using 36B4 as an
internal control (B). The different treatment groups were weighed daily and the percent of
their original weight was calculated (C). After 8 days of DSS treatment, mice were
sacrificed and their colons were collected for MPO analysis. MPO calculations are depicted
as fold-increase over water and hydrogel negative control MPO levels. All the experimental
groups had significantly increased MPO levels compared to the negative control group
receiving water and hydrogel gavages (D). Statistical significance was assessed using
Students t-test, where ***, p < .001. 6 mice were used for each experimental group and error
bars represent standard deviation.
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Figure 6. Production of DSS-induced proinflammatory cytokines is attenuated upon treatment
with A2BAR siRNA-loaded NPs
After 8 days of DSS treatment, mice were sacrificed and their colons were collected for
isolation of RNA. Proinflammatory cytokine and chemokine mRNA levels were determined
by real-time PCR. 36B4 was used as an internal control (A). Protein levels of
proinflammatory cytokines were measured in supernatant collected from colonic organ
cultures after 24 hours of incubation at 37°C. Supernatants were centrifuged and the
cytokine and chemokine levels were measured using a MULTI-SPOT plate (B). 6 mice were
used for each experimental group and error bars represent standard deviation. Statistical
significance was assessed using Students t-test, where **, p <.01 and ***, p < .001.
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