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Abstract Protease-activated receptor 2 (PAR2) is a G protein-
coupled receptor activated by intramolecular docking of a
tethered ligand that is released by the actions of proteases,
mainly of the serine protease family. Here, we evaluate four
commercially available anti-PAR2 antibodies, SAM11, C17,
N19 and H99, demonstrating marked differences in the ability
of these reagents to detect the target receptor in Western blot,
immunocytochemical and flow cytometry applications. In
Western blot analysis, we evaluated antibody reactivity against
both ectopic and endogenous receptors. Against material from
transfected cells, we show that SAM11 and N19, and to a
lesser extent C17, but not H99, are able to detect ectopic
PAR2. Interestingly, these Western blot analyses indicate that
N19 and C17 detect conformations of ectopic PAR2 distinct to
those recognised by SAM11. Significantly, our data also indi-
cate thatWestern blot signal detected by SAM11 and C17, and
much of the signal detected by N19, against cells endogenous-
ly expressing PAR2 is non-specific. Despite confounding non-
specific signals, we were able to discern N19 reactivity against
endogenous PAR2 as a broad smear that we also observed in
ectopically expressing human and mouse cells and that is
sensitive to loss of N-glycosylation. In immunocytochemistry
analysis, each antibody is able to detect ectopic PAR2 although
it appears that H99 detects only a subset of the ectopically
expressed receptor. In addition, SAM11 and N19 are able to
detect both ectopic and endogenous cell surface PAR2 by flow
cytometry. In summary: (1) each antibody can detect ectopic
PAR2 by immunocytochemical analysis with SAM11 andN19

suitable for cell surface detection of both ectopic and endoge-
nous receptor by flow cytometry; (2) in Western blot analysis,
N19, SAM11 and C17 can detect ectopically expressed PAR2,
with only N19 able to detect the endogenous receptor by this
technique and (3) in each of these approaches, appropriate
controls are essential to ensure that non-specific reactivity is
identified.
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Introduction

Discovered in the 1990s, protease-activated receptors (PARs)
are a sub-family of G protein-coupled receptor (GPCRs)
comprising four members designated PAR1, PAR2, PAR3
and PAR4 (Adams et al. 2011b; Macfarlane et al. 2001;
Ramachandran et al. 2012). In contrast to the wider GPCR
superfamily, PARs are not activated by binding of a soluble
ligand but by proteases that cleave extracellularly within the
PAR amino terminus. This mechanism results in irreversible
removal of the amino terminal pro-peptide and unmasking of
a neoepitope termed the tethered ligand (TL) that binds intra-
molecularly to induce cellular responses (Macfarlane et al.
2001; Vu et al. 1991). These receptors are almost exclusively
activated by trypsin fold serine proteases that have specificity
for cleavage after arginine (R) or lysine residues. In particular,
PAR1, PAR3 and PAR4 are activated by thrombin, while
activation of PAR2 and PAR4 is induced by trypsin (Ishihara
et al. 1997; Nystedt et al. 1994; Vu et al. 1991; Xu et al. 1998).

PAR2 consists of 397 amino acids with a predicted mo-
lecular weight of 44 kDa and contains seven transmembrane
helices, an extracellular amino terminal domain encompass-
ing a signal peptide of 25 residues and a pro-domain of 11
amino acids, three intracellular loops, three extracellular
loops and an intracellular carboxy terminal domain of 50
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residues. PAR2 also contains consensus motifs for post-
translational modifications such as N-glycosylation, ubiqui-
tination, phosphorylation and palmitoylation. Due to the
irreversible nature of PAR proteolysis, downstream signal
transduction is tightly regulated. Following activation,
PAR2 is rapidly uncoupled from downstream signalling by
the post-translational modifications phosphorylation and
ubiquitination which facilitate interactions with β-arrestin
(Jacob et al. 2005; Ricks and Trejo 2009). This scaffolding
protein couples PAR2 to the internalisation machinery initi-
ating its desensitisation and trafficking through the early and
late endosomes followed by receptor degradation (Adams et
al. 2011b).

Human PAR2 is activated by cleavage after R36 revealing
the TL sequence S37LIGKV (Nystedt et al. 1995). In addition
to being activated by trypsin (Nystedt et al. 1994), PAR2 is
responsive to mast cell tryptase (Molino et al. 1997), tissue
factor (TF)/factor (F)VIIa and TF/FVIIa-generated FXa
(Camerer et al. 2000), and kallikrein (KLK) family members
KLK2 (Mize et al. 2008), KLK4 (Mize et al. 2008; Ramsay et
al. 2008) and KLK5, KLK6 and KLK14 (Oikonomopoulou et
al. 2006). From these studies, it is clear that PAR2, unlike the
other PARs, functions as a cell surface sensor for a diverse
range of extracellular and cell surface-associated proteases.
Consistently, PAR2 activation contributes to homeostasis in
cardiovascular, respiratory, nervous and musculoskeletal sys-
tems, and its dysfunctional signalling is apparent in inappro-
priate inflammatory responses and several malignancies
(Adams et al. 2011b; Georgy et al. 2011, 2010; Lohman et
al. 2012; Ramachandran et al. 2012).

Recently, we have evaluated the role of palmitoylation in
signalling and trafficking of PAR2 (Adams et al. 2011a).
This study was facilitated by use of an anti-PAR2 antibody
N19 that we used to evaluate cell surface expression of
PAR2 by flow cytometry. Here, we evaluate the ability of
the N19 antibody and three other commercially available
antibodies, SAM11, H99 and C17, to detect PAR2 by West-
ern blot, confocal microscopy and flow cytometry analysis.

Methods and materials

Reagents Anti-PAR2 antibodies SAM11 (mouse monoclo-
nal; sc-13504), H99 (rabbit polyclonal; sc-5597), C17 (goat
polyclonal; sc-8205) and N19 (goat polyclonal; sc-8206)
and an anti-caveolin 1 (CAV1; sc-894) antibody were from
Santa Cruz Biotechnology (Quantum Scientific Pty Ltd,
Murarrie, Australia). An anti-CDCP1 antibody against the
last 13 amino acids of this protein was from Abcam (Sap-
phire Biosciences Pty Ltd., Waterloo, Australia). Anti-
FLAG epitope (DYKDDDDK), anti-GAPDH and anti-
tubulin antibodies were from Sigma-Aldrich (Castle Hill,
Australia). Species-appropriate fluorescently conjugated

secondary antibodies suitable for flow cytometry analysis
were from Invitrogen (Mulgrave, Australia), and for West-
ern blot analysis, from LiCor (Millennium Science, Surrey
Hills, Australia). Precision Plus Protein Dual Color molec-
ular weight standards (#161-0374) were from Bio-Rad Lab-
oratories (Gladesville, Australia).

Expression constructs and cell culture The human PAR2
open reading frame incorporating 3′ sequence encoding a
carboxyl terminal FLAG epitope (DYKDDDDK) was am-
plified by PCR using Expand High Fidelity polymerase
mixture (Roche, Castle Hill, Australia) and cloned into the
pcDNA3.1neo vector (Invitrogen). A construct encoding
PAR2 tagged at the carboxyl terminal with green fluorescent
protein (GFP) was described previously (Ramsay et al.
2008). All cell culture media and reagents were from Invi-
trogen except for fetal calf serum (FCS) (Sigma-Aldrich).
Chinese hamster CHO-K1 (CHO) and prostate cancer PC3
and DU145 cell lines were from ATCC (Manassas, VA).
CHO cells were grown in DMEM and PC3 and DU145 cells
were grown in RPMI1640 medium, each supplemented with
10 % FCS. Lung murine fibroblasts from Par1 null mice
(designated NILF) (Andrade-Gordon et al. 1999) expressing
human PAR1, PAR2 or PAR4 were from Johnson & Johnson
Pharmaceutical Research and Development (Spring House,
PA) and cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10 % FCS and 200 μg/ml
hygromycin B. All cell lines were cultured in 100 units/ml
of penicillin and 100 units/ml of streptomycin in a 5 % CO2

humidified atmosphere at 37 °C, passaged using 0.5 mM
EDTA in phosphate-buffered saline (PBS) and regularly tested
for mycoplasma contamination. Transfections were per-
formed using Lipofectamine 2000 according to instructions
from the manufacturer (Invitrogen).

Cell lysates, cell fractionations and Western blot analysis Ly-
sates were collected in lysis buffer containing 50 mM Tris
(pH 7.4), 150 mM NaCl, 5 mM EDTA, 1 % Triton X-
100 (v/v), 1× protease inhibitor cocktail (Roche), 1 mM
sodium vanadate, and 10 mM NaF (lysis buffer). For cell
fractionations, cells at 50 % confluence were washed with
PBS and distilled H2O for 30 s to induce hypotonic cell
shock. Swollen cells were mechanically resuspended in
membrane buffer (5 mM Tris (pH 7.5), 0.5 mM EDTA,
1× protease inhibitor cocktail, 1 mM sodium vanadate,
10 mM NaF) and disrupted by several passes through a
26-gauge needle. Cellular debris was removed by centrifuga-
tion (800×g for 10 min at 4 °C); then, crude soluble and
membrane fractions were collected by ultracentrifugation
using a Sorvall MX140 ultracentrifuge with a S100-AT4 rotor
(100,000×g for 1 h at 4 °C). The supernatant was retained as
the crude soluble fraction; then, the pellet containing the
crude membrane fraction was resuspended in lysis buffer.
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Protein concentration in lysates and crude cell fractions was
quantified using a BCA kit (Pierce, Thermo Fisher Scientific,
Scoresby, Australia), and these were separated by SDS-PAGE
using a 10 % resolving layer and a 4 % stacking layer and
transferred to nitrocellulose membranes. After blocking with
Odyssey blocking buffer (LiCor), membranes were incubated
with primary antibodies overnight at 4 °C, washed with Tris-
buffered saline (100 mM Tris, 137 mM NaCl) containing
0.1 % (v/v) Tween-20 (pH 7.5) (TBS-T) and then incubated
with species-appropriate AlexaFluor 680 or IRdye 800-
conjugated secondary antibodies for 45 min at ambient tem-
perature. Following washing in TBS-T, membranes were
scanned on an Odyssey infrared imaging system (LiCor).
The efficiency of protein loading and transfer was assessed
by reprobing membranes with an anti-GAPDH antibody. The
purity of crude soluble fractions was assessed by reprobing
membranes with an anti-tubulin antibody. The purity of crude
membrane fractions was assessed with an antibody against
either CAV1, a protein embedded in the cytosolic leaflet of
cell membranes with both amino and carboxyl termini resid-
ing in the cytosol, or the membrane spanning protein CDCP1.
Where relevant, signal intensity was determined by densitom-
etry analysis of three independent experiments using Odyssey
software (LiCor) with results displayed as mean±SEM rela-
tive to values for DU145.

Quantitative real-time PCR PAR2 mRNA expression was
assessed by quantitative real-time PCR (qRT-PCR) with reac-
tions performed in 96-well plates (Axygen, Quantum Scientific
Pty. Ltd.) containing 2.5 μl diluted cDNA reverse transcribed
from total RNA (equivalent to 0.25 μg) in nuclease-free H2O
(1:5), 50 nM forward (CGTCGGGGCTTCCAGGAGGAT)
and reverse (TATTGGTTCCTTGGATGGTGCCACTG) prim-
er, 1× final concentration of SYBR green PCR master mix
(Applied Biosystems, Scoresby, Australia) and nuclease-free
H2O (total volume of 20 μl). Reactions were performed using
an ABI PRISM 7300 real-time PCR system (Applied Biosys-
tems). Cycling conditions were 95 °C for 10 min, 40 cycles of
95 °C for 15 s and 60 °C for 1 min followed by a primer-
template dissociation step. Threshold and baseline values were
adjusted manually using the ABI PRISM 7300 SDS software
(Applied Biosystems). Gene expression was normalised to
HPRT1 mRNA levels (forward primer TGAACGTCTTGCTC
GAGATGTG; reverse primer CCAGCAGGTCAGCAAA
GAATTT) using the comparative CT method (Kaushal et al.
2008).

Confocal microscopy CHO cells seeded onto sterile cover-
slips were transiently transfected with vector (pEGFP-N1) or
PAR2-GFP. After 24 h, cells were washed in PBS, fixed with
2 % formaldehyde, washed and permeabilised with 0.5 %
Triton X-100 in PBS for 5 min at room temperature, then
blocked for 30 min with 3 % BSA (Sigma-Aldrich) in PBS

containing 0.1 % Triton X-100. Incubations with anti-PAR2
antibodies SAM11, H99, C17 and N19 (1:70) were performed
in blocking buffer overnight at 4 °C. Cells were then washed
with PBS and incubated with species-appropriate AlexaFluor
568 tagged secondary antibodies (1:1,000) in blocking buffer
for 1 h at room temperature. Cells were then stained with 4′,6-
diamidino-2-phenylindole (DAPI) to visualise nuclei. After a
final wash in PBS, coverslips were mounted onto slides using
Immuno-Fluore mounting media (MP Biomedicals, Seven
Hills, NSW, Australia) and sealed. Immunofluorescence was
examined using a Leica SP5 confocal microscope (Leica
Microsystems, Gladesville, Australia). Image series through
the Z axis of cells within fields of interest were acquired. For
consistency of analysis, displayed images are of Z planes that
include cell nuclei as evidenced by staining with the DNA
intercalating agent DAPI. Images were processed using Meta-
Morph software and displayed using Corel Draw ×5.

Flow cytometry Adherent cells at 50 % confluence were
lifted non-enzymatically and counted, and 2.5×105 cells
washed and stained with mouse anti-PAR2 antibody SAM11
or goat anti-PAR2 antibody N19 (2 μg/1×106 cells) in PBS
containing 2 % FCS for 30 min at 4 °C. In some experiments,
before antibody staining, to remove cell surface PAR2, resus-
pended cells were treated with 50 nM trypsin for 15 min at
37 °C. After washing with PBS, cells were stained with an
AlexaFluor 488-conjugated secondary antibody, and 20,000
events were collected and analysed on a Beckman Coulter
FC500 flow cytometer. For all experiments, mean fluores-
cence intensity (MFI) values were calculated by subtracting
secondary only staining from specific anti-PAR2 staining.

Results

Anti-PAR2 antibodies SAM11, C17 and N19 but not H99
detect ectopically expressed PAR2 by Western blot analysis

We first evaluated the ability of the four anti-PAR2 antibodies,
SAM11, C17, N19 and H99, to detect PAR2 by Western blot
analysis. As shown in Fig. 1a, these antibodies were generated
against four distinct domains of human PAR2; mouse mono-
clonal antibody SAM11 was generated against residues 37–50
which are located immediately following the activation site of
PAR2, goat polyclonal antibody C17 against unspecified res-
idues within the PAR2 carboxyl terminal, goat polyclonal
antibody N19 against unspecified residues within the amino
terminal of activated PAR2 and rabbit polyclonal antibody
H99 was generated against peptide spanning residues 230–
328 of PAR2. It is important to note that the amino acid
sequence targets of two of the antibodies, N19 and C17, are
not available from the supplier, and that the epitope recog-
nised by antibody H99 has not been specifically mapped
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within the 99 residues of the peptide used for immuni-
zations. For Western blot analyses, CHO cells were
transiently transfected with vector or an expression
construct encoding PAR2 tagged at the carboxyl termi-
nal with a Flag epitope. Lysates were probed with the
four anti-PAR2 antibodies as well as an anti-Flag anti-
body. As shown in Fig. 1b, the anti-Flag antibody
exclusively detected bands in lysates from CHO cells
transfected with the PAR2-Flag expression construct.
This antibody detected PAR2 predominantly as bands
centred at ~75 and ~130 kDa (Fig. 1b, right panel short
exposure). However, longer exposure detected this pro-
tein as a smear from ~60 to ~250 kD with fainter
protein laddering from ~30 to 60 kDa (Fig. 1b, right
panel long exposure). Each of the other antibodies,
except H99, also detected bands that were specific to
lysates from CHO cells transfected with the PAR2-Flag
expression construct. Interestingly, whereas SAM11 and
anti-Flag signals were very similar, signal detected by
C17 and N19 appeared as a smear from ~30 to
~250 kD, reminiscent of signal previously reported by
us for anti-Myc Western blot analysis of lysates from
CHO cells transiently transfected with a PAR2-Myc
expression construct (Adams et al. 2011a). These obser-
vations may indicate that epitopes recognised by
SAM11 and the anti-Flag antibody are masked in
PAR2-Flag conformations that migrate from ~30 to
60 kDa. In addition, although these results indicate that
SAM11, C17 and N19 are able to detect ectopically
expressed PAR2, each antibody showed some level of
cross-reactivity with non-specific bands from vector-
transfected cells. SAM11 exhibited minor cross-
reactivity with a band of ~75 kDa that was also
detected in lysates from vector-transfected cells, C17
with non-specific bands at ~70, ~100 and ~150 kDa,
and N19 with non-specific bands faintly apparent at
~50 and ~200 kDa. Anti-GAPDH antibody Western
blot analysis indicated that approximately equal
amounts of lysate were present in each lane (a panel
representative of each membrane is shown below the
SAM11 data in Fig. 1b).

To increase the likelihood of distinguishing specific
from non-specific antibody reactivity, based on the ob-
servation that PAR2 is an integral membrane protein
with seven membrane spanning domains, we performed
Western blot analysis on crude membrane and soluble
fractions from CHO cells transiently transfected with
vector or our PAR2-Flag expression construct. The pu-
rity of membrane fractions was assessed by Western
blot analysis using an antibody that detects CAV1, a
protein embedded in the cytosolic leaflet of cell mem-
branes with both amino and carboxyl termini residing
in the cytosol. As shown in Fig. 1c, as was seen in

whole cell lysates, shorter exposures revealed that the
anti-Flag antibody and SAM11 detected bands centred
at ~75 and ~130 kDa (Fig. 1c, right panel) in the
membrane fraction from CHO cells transfected with
the PAR2-Flag expression construct (Fig. 1c). Also
consistent with analysis of whole cell lysates, longer
exposures revealed PAR2 in the membrane fraction as a
smear from ~60 to ~250 kD with fainter protein ladder-
ing from ~30–60 kDa (data not shown). C17 and N19
also detected protein that was exclusively present in the
membrane fraction from PAR2-Flag-transfected CHO
cells, and as was seen with analysis of whole cell
lysates, these antibodies detected PAR2-Flag as a smear
from ~30 to ~250 kD (Fig. 1b and c). C17 and N19
also detected high molecular weight bands in soluble
fractions which were non-specific as these were also
apparent in soluble fractions from vector-transfected
cells (Fig. 1c). Consistent with Western blot analysis
of whole cell lysates (Fig. 1b), H99 did not detect any
bands specific to the membrane fraction of PAR2-Flag-
expressing cells (Fig. 1c). Importantly, anti-CAV1 West-
ern blot analysis showed no contamination of soluble
proteins with membrane fractions, further suggesting
that the signals detected in soluble fractions by C17
and N19 are non-specific. These results indicate that
anti-PAR2 antibodies SAM11, C17 and N19 are capa-
ble of detecting ectopically expressed PAR2. However,
it is important to note that appropriate controls, such as
material from vector-transfected cells and cell fraction-
ation, are required to identify those signals due to
specific reaction with PAR2 epitopes.

Anti-PAR2 antibodies SAM11, C17 and N19 detect
ectopically expressed PAR2 by immunocytochemical
analysis

We next assessed the ability of the four antibodies to
detect PAR2 by immunocytochemical analysis. For this
approach, CHO cells were transiently transfected with
an expression construct encoding PAR2 tagged at the
carboxyl terminal with GFP (Ramsay et al. 2008).
Importantly, the GFP tag does not affect PAR2 signal-
ling or receptor trafficking, allowing detection of ectop-
ically expressed PAR2 that localises to similar cellular
compartments as the endogenous receptor (Dery et al.
1999; Roosterman et al. 2003). Transfected cells were
fixed, permeabilized and stained with anti-PAR2 anti-
bodies followed by fluorescently conjugated species-
appropriate secondary antibodies. Stained cells were
imaged by confocal microscopy to examine the extent
of overlap between PAR2-GFP signal (green) and the
signal detected by the anti-PAR2 antibodies (red), with
the overlapping signal apparent as yellow in merged
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images. Image series were acquired from the apex to
the basement of cells, and the Z planes shown in Fig. 2
bisect cell nuclei as evidenced by staining with the
DNA intercalating agent DAPI. As shown in Fig. 2,
PAR2-GFP signal was apparent throughout the cyto-
plasm of cells up to the plasma membrane boundary
but was not observed in cell nuclei (second column).
These images were reminiscent of staining reported
previously by us of CHO cells expressing PAR2-
mCherry and PAR2-GFP (Adams et al. 2011a). PAR2-

GFP signal overlapped closely with staining from anti-
bodies SAM11 (third column, top row), C17 (third
column, third row) and N19 (third column, fourth
row). Importantly, for each of the four antibodies, a
signal was not apparent from cells not expressing
PAR2-GFP, which are apparent as DAPI-stained nuclei
in Fig. 2 (first column), indicating that these reagents
were not reacting non-specifically with proteins
expressed endogenously by CHO cells. Interestingly,
H99 staining was restricted to peri-nuclear and distinct

Fig. 1 a Schematic representation of the structure of human PAR2
including epitopes for the anti-PAR2 antibodies SAM11 (blue), N19
(orange), H99 (green) and C17 (purple). The arrow shows the cleav-
age sites for removal of the receptor activation pro-peptide to yield the
TL sequence SLIGKV of human PAR2 (underlined). b Western blot
analysis of lysates from CHO cells transiently transfected with vector
or a PAR2-Flag expression construct probed with anti-PAR2 antibodies
SAM11, C17, N19 and H99 (1:100) and anti-Flag (1:5,000) and anti-
GAPDH antibodies (1:10,000). The data are representative of three
independent experiments. Short and long exposures are shown for the

anti-Flag analysis. The anti-GAPDH panel is representative of the
loading control for each blot. c Western blot analysis of soluble (S)
and membrane (M) fractions from CHO cells transiently transfected
with vector or a PAR2-Flag expression construct probed with anti-
PAR2 antibodies SAM11, C17, N19 and H99 (1:100), and an anti-
FLAG antibody (1:5,000). As each panel analysed material from the
same cell fractions, the anti-CAV1 (1:1,000) panel is representative of
the level of contamination of soluble fractions. All data are represen-
tative of three independent experiments
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cytoplasmic structures that only partially overlapped the
PAR2-GFP signal (third column, second row). Controls
in which only secondary antibodies were incubated
with cells were clear of staining (the anti-mouse sec-
ondary is shown in the bottom row; data for anti-rabbit
and anti-goat secondary antibodies are not shown).

These data indicate that in immunocytochemical appli-
cations, the antibodies SAM11, C17 and N19 are capa-
ble of detecting ectopically expressed PAR2. In
addition, it is possible that H99 is also able to detect
a subset of ectopically expressed PAR2 in this applica-
tion; however, this requires further evaluation.

Fig. 2 Confocal microscopy analysis of CHO cells transiently trans-
fected with a PAR2-GFP expression construct and stained with DAPI
(blue) to visualise cell nuclei as well as the indicated anti-PAR2
antibody (1:70) followed by species-appropriate fluorescently conju-
gated secondary antibodies (α-PAR2, red; 1:1,000). PAR2-GFP signal
(green) overlayed on signal from anti-PAR2 antibody (red) is shown in
merged images (yellow). In these merged images, the lack of antibody
reactivity against cells not expressing PAR2-GFP (cells stained only

with DAPI (blue)) demonstrates that SAM11, H99, C17 and N19
had no non-specific cross-reactivity with CHO cell proteins. The
“Secondary Only” row shows signal from cells stained only with
fluorescently conjugated anti-mouse secondary antibody (data from anti-
rabbit and anti-goat secondary antibodies were also clear of non-specific
signal). Scale bars, 25 μm. Images are representative of data from four
independent experiments
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Evaluation of the specificity of anti-PAR2 antibodies against
endogenous receptor in Western blot analysis

We next assessed the ability of SAM11, C17 and N19
to detect endogenous PAR2 by Western blot analysis.
Antibody H99 was excluded from this analysis because
it was incapable of detecting ectopic PAR2 by this
technique (Fig. 1). Analysis was performed on prostate

cancer PC3 and DU145 cells which have previously
been shown to express this receptor (Mize et al. 2008;
Ramsay et al. 2008), and our qRT-PCR analysis showed
that PAR2 mRNA levels in PC3 cells are ~4-fold higher
than in DU145 cells (Fig. 3a). As for examination of
ectopic PAR2, Western blot analysis for endogenous
receptor was performed on cellular material separated
into soluble and membrane fractions. As shown in

Fig. 3 a Graphical representation of PAR2 mRNA expression in
prostate cancer PC3 and DU145 cell lines determined by qRT-PCR
analysis. Comparative CT values normalised to the housekeeping gene
HPRT1 are presented as average fold expression relative to expression
in DU145 cells. Values were calculated from three independent experi-
ments performed in triplicate and are shown as mean±SEM. bWestern
blot analysis of soluble and membrane fractions from DU145 and PC3
cells probed with anti-PAR2 antibodies SAM11, C17 and N19 (1:100),
and an anti-CAV1 antibody (1:1,000). *membrane fraction-specific
smear. S soluble fraction, M membrane fraction. c Graphical represen-
tation of densitometry analysis of data from anti-PAR2 N19 antibody
Western blot analysis comparing membrane fraction-specific protein

expression in PC3 and DU145 cells. The membrane fraction-specific
smear highlighted by an asterisk were analysed by densitometry with
values determined from three independent experiments and are dis-
played as ±SEM. d Anti-PAR2 N19 (α-PAR2; 1:100) and anti-CDCP1
(1:1,000) Western blot analysis of soluble (S) and membrane (M)
fractions from PC3 cells untreated (−) or treated (+) with the N-
glycosylation inhibitor tunicamycin. The data are representative of
three independent experiments. e SAM11, C17 and N19 (1:100), and
anti-tubulin (1:5,000) Western blot analysis of soluble (S) and mem-
brane (M) fractions from mouse fibroblasts from PAR1 knockout mice
(NILF) and NILF cells stably expressing human PAR1, PAR2 or PAR4
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Fig. 3b, this analysis indicated that antibody N19
detected a membrane fraction-specific smear from ~50
to greater than ~150 kDa, including a predominant band
of ~50 kDa, in both cell types (see asterisk in Fig. 3b).
In contrast, the predominant signals detected with anti-
body SAM11 were present in both fractions, although
two membrane-specific bands were apparent in PC3
fractions at ~45 and ~250 kDa. Of note, bands detected
by antibody C17 were present in both membrane and
soluble fractions suggesting that this antibody is not
able to detect endogenous PAR2. Densitometric analysis
of the membrane fraction-specific smear recognised by
antibody N19 indicated that the levels of protein
detected by this antibody in PC3 and DU145 cells were
consistent with PAR2 mRNA levels in these cells (com-
pare Fig. 3a and c). To further examine the ability of
SAM11 and N19 to detect endogenous PAR2, we per-
formed Western blot analysis on soluble and membrane
fractions from untreated and tunicamycin-treated PC3
cells. Tunicamycin inhibits the addition of N-linked
glycans to proteins. As a control to assess the efficiency
of tunicamycin treatment, we also examined its effect
on the molecular weight of the integral membrane pro-
tein CDCP1 (Wortmann et al. 2009) which is known to
contain 30–40 kDa of N-linked glycans (Hooper et al.
2003). As shown in Fig. 3d (top panel), tunicamycin
inhibition of N-glycosylation had no effect on the bands
detected by antibody SAM11 in soluble and membrane
fractions. Noteworthy from the analysis shown in
Fig. 3d is an additional band at ~110 kDa that was
sometimes apparent when we analysed for an endoge-
nous receptor. It is also worth noting that in some
analyses of these fractions, all bands except the ~75-
kDa band were observed only in the membrane fraction.
Whether these membrane-specific and tunicamycin-
resistant bands represent endogenous PAR2 requires fur-
ther investigation. In contrast with SAM11 analysis, the
membrane-specific smear detected by antibody N19 col-
lapsed to a band of ~50 kDa on inhibition of N-
glycosylation (Fig. 3d, middle panel). Evidence that
tunicamycin was effective at inhibiting N-glycosylation
was apparent from the reduction in the molecular weight
of 135 kDa CDCP1 expressed by PC3 cells (He et al.
2010) to bands of 95–105 kDa (Fig. 3d, bottom panel).

To further evaluate the reactivity of SAM11, C17 and
N19 in Western blot analysis, we examined soluble and
membrane fractions from cells from Par1 knockout mice
(referred to as NILF cells) stably expressing human PAR1,
PAR2 or PAR4. Whereas these lines have been available for
over a decade (Andrade-Gordon et al. 1999), it was not
possible to perform experiments using cells isolated from
Par2 knockout mice as these have not been reported. Impor-
tantly, it is known that these NILF-PAR cell lines express

the respective family member as we have previously shown
that each responds to receptor selective agonists (Ramsay et
al. 2008). As shown in Fig. 3e, despite three repetitions of
these assays, reactivity of SAM11 and C17 was similar
against material from NILF, NILF-PAR1, NILF-PAR2 and
NILF-PAR4 cells. In addition, despite high-stringency wash
conditions, N19 Western blot analysis of these mouse-
derived cell lines produced a much higher background than
analysis of transfected hamster cell lines (Fig. 1b and c) or
endogenous expressing human cell lines (Fig. 3b and d).
Despite this background, it is apparent that antibody N19
showed the highest reactivity against a protein smear from
~30 to ~250 kDa in the membrane fraction from NILF-
PAR2 cells (Fig. 3e). In contrast, this signal was not seen
in the membrane fraction from the other lines. We consider
that it is likely that this smear represents reactivity against
ectopically expressed PAR2 as a similar N19-reactive smear
was observed in both transiently transfected CHO cells
(Fig. 1b and c) and endogenously expressing PC3 and
DU145 cells (Fig. 3b and d). It is also noteworthy that
antibody N19 strongly detected defined bands at ~50 and
~150 kDa in the membrane fraction of all four cell lines.
Although this may indicate non-specific binding, it is also
possible that these bands are due to the presence of mouse
Par2. In addition, this antibody exhibited lower levels of
reactivity against a protein smear from ~60 kDa to greater
than ~250 kDa in the soluble fraction of each cell line. It is
possible that this is due to the presence of a small amount of
contamination of this fraction by membrane proteins.

Anti-PAR2 antibodies SAM11 and N19 detect ectopic
and endogenous PAR2 by flow cytometry analysis

We have recently examined the ability of antibodies SAM11
and N19 to detect cell surface PAR2 by live cell flow
cytometry analysis (Adams et al. 2011a). These antibodies
were chosen as each was generated against extracellular
PAR2 epitopes that are located carboxyl terminal to the
receptor activation site (Fig. 1a), thereby permitting the
detection of nascent and activated receptors. Our data indi-
cated that both SAM11 and N19 were capable of detecting
cell surface PAR2 ectopically expressed by CHO cells as
well as the receptor endogenously expressed by PC3 cells.
Of note, the N19 signal was stronger than the SAM11 signal
in both cell types, suggesting that N19 is the more sensitive
antibody in flow cytometry applications. To further evaluate
the specificity of these antibodies, we performed a series of
experiments on cells that had been treated with trypsin. As
this protease activates PAR2 and induces its rapid internal-
isation (Bohm et al. 1996; Ricks and Trejo 2009), trypsin
treatment should result in reduced cell surface binding of
antibodies that specifically detect this receptor. CHO-PAR2
and PC3 cells were lifted non-enzymatically, and untreated
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and trypsin-treated cells (50 nM for 5 min 37 °C) were
stained with SAM11 or N19 and subjected to flow cytom-
etry analysis. As shown in Fig. 4a, trypsin treatment caused
a reduction in fluorescence detected by SAM11 from both
CHO-PAR2 (left panel; MFI 44.2±3.4 reduced to 34.7±1.9)
and PC3 (right panel; MFI 15.7±2.3 reduced to 8.4±0.7)
cells. Similarly, as shown in Fig. 4b, trypsin treatment also
caused a reduction in fluorescence detected with antibody
N19 from both CHO-PAR2 (left panel; MFI 48.6±0.7 re-
duced to 9.13±1.8) and PC3 (right panel; MFI 26.8±2.1
reduced to 7.4±0.8) cells. In control experiments, untreated
and trypsin-treated vector-transfected CHO cells showed
MFI values of <2.3 with each antibody and analysis with
only secondary antibody MFI values of <1.0 (Fig. 4, leg-
end). These data indicate that SAM11 and N19 both specif-
ically detect ectopic and endogenous cell surface PAR2 by
flow cytometry confirming the robustness of these reagents
in this application.

Discussion

To facilitate studies to examine the role of the protease-
activated GPCR PAR2 in physiological and disease settings,
we have evaluated four commercially available anti-PAR2

antibodies, SAM11, C17, N19 and H99. In summary, our
data highlight marked differences in the ability of these
reagents to detect the target receptor in Western blot, immu-
nocytochemical and flow cytometry applications and dem-
onstrate the need for careful selection of appropriate
controls to identify PAR2-specific reactivity in each of these
approaches.

We demonstrate that antibody N19 has the most utility,
detecting ectopic and endogenous PAR2 as a broad smear in
Western blot analysis. However, it is important to note that
N19 shows non-specific reactivity in this application that we
found particularly evident when analysing for endogenous
receptor and cautions against using this antibody to detect
endogenous PAR2 unless appropriate controls are available.
In our hands, the identification of specific PAR2 reactivity
was facilitated by examining cellular material separated into
soluble and membrane fractions and by analysis of material
from cells in which N-glycosylation was inhibited, as well
as comparison of material from mouse Par1-/- fibroblasts
stably expressing human PAR1, PAR2 or PAR4. We also
suggest that other controls could include analysis of frac-
tions from cells silenced for PAR2 expression and cells from
PAR2 knockout mice. Our results also indicate that N19
detects ectopic PAR2 in immunocytochemical applications
showing a lack of cross-reactivity with endogenous host cell

Fig. 4 a Antibody SAM11 flow cytometry analysis of non-
permeabilised CHO-PAR2 (left) and PC3 (right) cells either untreated
(−Trypsin) or treated (+Trypsin) with trypsin (50 nM) for 15 min at 37 °
C. MFI values: untreated CHO-vector cells, 1.92±0.7; treated CHO-
vector cells, 1.87±0.8; untreated CHO-PAR2 cells, 44.2±3.4; treated
CHO-PAR2 cells, 34.7±1.9; untreated PC3 cells, 15.7±2.3; treated
PC3 cells, 8.4±0.7; secondary antibody only <1.0. b Antibody N19
flow cytometry analysis of non-permeabilised CHO cells transiently

transfected with a PAR2-Flag expression construct (left) and PC3
(right) cells either untreated (−Trypsin) or treated (+Trypsin) with
trypsin (50 nM) for 15 min at 37 °C. MFI values: untreated CHO-
vector cells, 2.12±0.6; treated CHO-vector cells, 2.23±0.7; untreated
CHO-PAR2 cells, 48.6±0.7; treated CHO-PAR2 cells, 9.13±1.8; un-
treated PC3 cells, 26.8±2.1; treated PC3 cells 7.4±0.8; secondary
antibody only <1.0. Data in each panel are representative of three
independent experiments
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proteins. In addition, N19 is able to detect ectopically
expressed and endogenous receptor in flow cytometry
analysis.

It is also clear from our analyses that SAM11 is able to
detect ectopically expressed PAR2 in Western blot and
immunocytochemical approaches and both ectopic and en-
dogenous receptor by flow cytometry. However, it is not yet
clear whether this antibody is able to detect endogenous
PAR2 by Western blot analysis. Despite performing this
analysis on many occasions, we were not able to obtain
consistent data on the specificity of SAM11 for endogenous
PAR2. An indication that this antibody can detect endoge-
nous PAR2 came from our observation that the banding
pattern observed in the membrane fraction from ectopically
expressing cells (Fig. 1c) corresponded with the most prom-
inent bands (centred at ~75 and ~130 kDa) seen by us for
endogenous receptor in DU145 and PC3 prostate cancer
cells (Fig. 3b). However, on some occasions, these bands
were also seen in soluble fractions that were clear of the
membrane markers CAV1 and CDCP1 (compare Fig. 3b
and d) potentially indicating that these represent non-
specific binding. Also arguing against the specificity of
SAM11 for endogenous PAR2 in Western blot analysis were
data showing that SAM11 reactivity is unaffected by inhi-
bition of N-glycosylation (Fig. 3d) and the lack of selectiv-
ity we observed for this antibody for PAR2 over PAR1 and
PAR4 (Fig. 3e). In addition, Kagota and colleagues have
recently reported that SAM11 shows the same reactivity to
arterial tissue from wildtype and Par2 null mice (Kagota et
al. 2011). While on balance it would appear that SAM11 is
not suitable for Western blot analysis of endogenous PAR2,
we propose that further experimentation is required before
this conclusion can be made definitively. This analysis will
also likely be facilitated by examination of fractions from
cells silenced for PAR2 expression and cells from PAR2
knockout mice.

Antibody C17 was also able to detect ectopically
expressed PAR2 by Western blot (although less efficiently
than N19 and SAM11) and immunocytochemistry analysis,
but there was no evidence that it detects endogenous recep-
tor by Western blot approaches. Antibody H99 demonstrat-
ed the least utility of any of the four examined antibodies
showing a complete lack of specific PAR2 reactivity by
Western blot analysis and limited reactivity against ectopi-
cally expressed receptor in immunocytochemical analysis.
Whereas each of the other antibodies showed a high level of
specificity against ectopic PAR2 by immunocytochemistry,
it appears that H99 may detect only intracellular, including
peri-nuclear-located, ectopic PAR2. Although this requires
further evaluation, it is possible that the H99 epitope is
masked during certain stages of cellular processing. In this
regard, the selective detection of PAR2 within peri-nuclear
cellular compartments such as the endoplasmic reticulum or

Golgi apparatus during secretory trafficking may have ex-
perimental benefit. Although we have shown that SAM11,
C17 and N19 efficiently detect ectopic PAR2 by immuno-
cytochemical analysis while H99 appears to detect a subset
of the expressed receptor, additional experiments are re-
quired to observe if any of these four antibodies are capable
of detecting the endogenous receptor.

A noteworthy and somewhat perplexing finding from this
study is the difference in banding patterns detected by the
antibodies that we observed as having some level of specific
reactivity against ectopically expressed PAR2 in Western
blot analysis (SAM11, C17 and N19). This is highlighted
most obviously in Fig. 1c which showed that whereas N19
and C17 detect ectopic PAR2 as broad smears from ~30 to
~250 kDa, and spanning the predicted molecular weight
(44 kDa), SAM11 detects it largely as defined bands centred
at ~75 and ~130 kDa. It is important to highlight that for
each antibody, PAR2 reactive bands were identified by
excluding bands that were also observed in fractions from
vector-transfected cells or in the soluble fraction of PAR2-
Flag-transfected cells. The specificity of the SAM11 reac-
tive bands was further indicated by control Western blot
analysis with an anti-Flag antibody which largely recapitu-
lated what was seen with SAM11. Although N19 signal did
not match as closely with the anti-Flag antibody control,
support for the specificity of the N19 reactive smear was
provided by analysis of DU145 and PC3 prostate cancer
cells and cells from Par1 knockout mice reconstituted to
express PAR2 (NILF-PAR2 cells) in which PAR2 was
detected as a smear that was sensitive to tunicamycin-
mediated inhibition of N-glycosylation (Fig. 3). In addition,
it is noteworthy that other groups have also reported ectopic
PAR2 as appearing as a smear by Western blot analysis.
Jacob and colleagues showed that in rat KNRK cells ectop-
ically expressing PAR2, the receptor is detected by anti-Flag
Western blot analysis of anti-T7 tag immunoprecipitated
material as a smear from ~70–220 kDa (Jacob et al. 2005).
This group proposed that the PAR2 smear spanning ~55–
110 kDa is likely not ubiquitinated while PAR2 molecular
weights above this range is due to mono-ubiquitination of
this receptor (Jacob et al. 2005). Another report using an
anti-haemagglutinin (HA) tag antibody detected carboxyl
terminal HA tagged PAR as a smear ranging from ~55 to
~100 kDa (Compton et al. 2002). This report demonstrated
that N-glycosylation at N30 and N222 is a cause of high
molecular weight PAR2 as mutagenesis of these sites re-
duced the PAR2 smear to 33–48 kDa (Compton et al. 2002).
Consistently, we have shown that inhibition of N-
glycosylation by growth of PC3 cells in the presence of
tunicamycin caused the membrane-specific smear detected
by antibody N19 to collapse to a band of ~50 kDa, and this
was not seen with the SAM11 antibody. Also, similar pro-
tein smears have been reported for other GPCRs including
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the free fatty acid receptor GPR120 (Miyauchi et al. 2009)
and endogenous PAR1 (Russo et al. 2009). Accordingly,
while it is clear that our controls ensured that we identified
SAM11, C17 and N19 reactivity that was specific for ec-
topic PAR2, it is not clear why the SAM11 and anti-Flag
reactivity differed from that of N19 and C17. A possibility is
that the epitopes recognised by the former antibodies are
masked when PAR2 is in certain conformations that are not
disrupted by denaturing Western blot analysis conditions.
This requires further investigation that could include analy-
sis of additional cell fractions and changes in electrophoresis
conditions to examine whether this could expose the rele-
vant PAR2 epitopes recognised by the antibodies.

A further appropriate conclusion from our data is that it
demonstrates that the Western blot signals in data sheets
provided by the supplier for all four antibodies are non-
specific and should not be relied upon. In addition, we note
that understanding the differences in reactivity of the exam-
ined anti-PAR2 antibodies in Western blot, immunocyto-
chemical and flow cytometry analyses is not helped by a
lack of disclosure by the supplier of the epitopes used to
generate N19 and C17 and the lack of knowledge of the
epitope recognised by antibody H99. In addition, while the
sequence against which SAM11 was generated is available,
we did not consider it appropriate to employ this peptide in
preabsorption experiments to attempt to block the specific
reactivity of SAM11 as it has recently been demonstrated
that this approach is not sufficient to show antibody selec-
tivity (Michel et al. 2009). In particular, a recent series of
reports has demonstrated that these blocking peptides can be
effective at reducing or eliminating antibody signal without the
eliminated reaction representing the target protein (Hamdani
and van der Velden 2009; Jositsch et al. 2009).

The examination of endogenous PAR2 in living cells
requires antibodies that detect epitopes located on the extra-
cellular side of the plasma membrane. As antibodies
SAM11 and N19 are the only anti-PAR2 antibodies that
were generated against such epitopes, these were evaluated
by flow cytometry. This indicated that while both antibodies
are capable of detecting both ectopically and endogenously
expressed cell surface located receptor, N19 proved more
sensitive than SAM11. Nevertheless, SAM11 has previously
been used to evaluate cell surface expression of PAR2 in
several cell types including prostate cancer lines (Mize et al.
2008; Ramsay et al. 2008), dendritic cells (Csernok et al.
2006), primary chondrocytes (Ferrell et al. 2010), polymor-
phonuclear neutrophils following fungi exposure (Moretti et
al. 2008) and osteoarthritic osteoblasts compared with non-
diseased osteoblasts (Amiable et al. 2009). Recently, anti-
PAR2 antibody N19 has been used to follow variations in
the level of cell surface receptor following PAR2 agonist
treatment in HT29 colon cancer cells (Suen et al. 2012) and
also to examine the impact of the post-translational

modification palmitoylation on cell surface PAR2 in the
prostate cancer cell lines PC3, DU145 and 22Rv1 (Adams
et al. 2011a).

Our finding that antibodies N19 and SAM11 specifically
detect PAR2 by flow cytometry is consistent with the use of
these reagents in other approaches requiring recognition of
natively folded and endogenously expressed receptor in-
cluding immunohistochemical analysis of tissues and assays
that require blocking of PAR2 function. In fact, N19 has
been used to assess PAR2 expression by immunohistochemis-
try in the mucosa of experimentally induced colitis in rats
(Lohman et al. 2012) as well as its elevated expression in
lesional skin from patients with atopic dermatitis (Buddenkotte
et al. 2005). Similarly, SAM11 has been used extensively to
examine PAR2 expression and localisation in tissues by this
technique including in human conjunctival fibroblasts (Asano-
Kato et al. 2005) and hepatocellular carcinoma (Kaufmann et
al. 2009) as well as in mucosal mast cells in Crohn's ileitis
(Christerson et al. 2009), rheumatoid arthritic synovial mem-
branes (Kelso et al. 2006) and prostate cancer bone metastasis
lesions (Ramsay et al. 2008). SAM11 has also been used to
block PAR2 activation in vivo resulting in protection against
both experimental osteoarthritis in a murine model (Ferrell et
al. 2010) and carrageenan/kaolin-induced joint inflammation
in mice (Kelso et al. 2006). Also, blocking of PAR2 proteolysis
with SAM11 prevented protease-mediated allergic sensitisa-
tion and airway inflammation (Arizmendi et al. 2011).

In summary, the specificity of four anti-PAR2 antibodies,
SAM11, H99, C17 and N19, has been examined. Our data
demonstrate that while N19 may be the only antibody suit-
able for detection of endogenous PAR2 by Western blot
analysis, both N19 and SAM11 are suitable for detecting
endogenous receptor by flow cytometry. We also found that
of the four anti-PAR2 antibodies, three, SAM11, C17 and
N19, were able to detect ectopically expressed PAR2 by
Western blot and immunocytochemical analysis. Impor-
tantly, this study highlights the importance of systematic
analysis to assess the specificity of antibodies.
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