1X3]-){Jewiarems 1Xa1-)ewla1ems

1X31-)lew1a1ems

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

o WATIG,

Published in final edited form as:
Hypertension. 2013 January ; 61(1): 253-258. doi:10.1161/HYPERTENSIONAHA.112.203679.

Lack of specificity of commercial antibodies leads to
misidentification of angiotensin type 1 receptor (AT,R) protein

Marcela Herreral, Matthew A. Sparks?!, Adolfo R. Alfonso-Pecchio?, Lisa M. Harrison-
Bernard3, and Thomas M Coffman?

1Division of Nephrology, Department of Medicine, Duke University Medical Center, Durham NC
27710, USA.

2Department of Infectious Diseases, St Jude Children’s Research Hospital, 262 Danny Thomas
Place, Memphis, TN 38105, USA.

SDepartment of Physiology, Louisiana State University Health Sciences Center, New Orleans, LA
USA.

Abstract

The angiotensin 11 type 1 receptor (ATR) mediates most hypertensive actions of angiotensin Il. In
order to understand the molecular regulation of the AT, receptor in normal physiology and
pathophysiology, methods for sensitive and specific detection of AT,R protein are required. Here,
we examined the specificity of a panel of putative anti-ATR antibodies that are commonly used
by investigators in the field. For these studies, we carried out Western blotting and
immunocytochemistry with kidney tissue from WT mice and genetically modified mice lacking
the major murine ATqR isoform, AT (AT14KO), or with combined deficiency of both the AT1a
and AT isoforms (AT14gKO). For the 3 antibodies tested, Western blots of protein
homogenates from WT kidneys yielded distinct bands with the expected size range for AT{R. In
addition, these bands appeared identical in samples from mice lacking one or both murine AT{R
isoforms. Additionally, the pattern of immune histo-chemical staining in kidneys, liver and adrenal
glands of WT mice was very similar to that of AT;4gKO mice completely lacking all ATy
receptors. We verified the absence of AT{R subtypes in each mouse line by: 1) quantitative PCR
documenting the absence of mMRNA species and, 2) functionally by assessing angiotensin I1-
dependent vasoconstriction, which was substantially blunted in both AT;4KOs and AT;4gKOs.
Finally, these antibodies failed to detect epitope-tagged AT AR protein over-expressed in HEK
cells. We conclude that anti-AT4R antibodies available from commercial sources and commonly
used in published studies exhibit non-specific binding in mouse tissue that may lead to erroneous
results.
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Introduction

The type 1 angiotensin receptor (AT1R) is a key component of the renin-angiotensin system
(RAS). AT, receptors mediate most of the classically recognized actions of angiotensin I1.
Activation of AT{Rs stimulates vascular contractility and renal sodium retention# playing
a crucial role in regulating blood pressure in health and disease. In addition to these
hemodynamic effects, the AT,R also mediates cell proliferation, fibrosis and end organ
damage.>’ Due to the key role of these receptors in physiology and pathophysiology,
accurate detection of the AT1R protein is paramount for investigations aimed at
understanding molecular mechanisms of health and disease. Although several AT{R
antibodies are available commercially we, and others8 had major concerns about their
specificity.

Humans have only one AT1R isoform, however two isoforms exist in rodents: termed AT
and ATg. These receptor sub-types are products of two different genes: Agtriais located
on mouse chromosome 13 (17 in rat); and Agtrlbon mouse chromosome 3 (2 in rats). They
both encode a 375 amino acid protein with a predicted molecular weight of 42 kDa.%-11
They share 94% identity and are indistinguishable pharmacologically. Based on
bioinformatics predictions (http://www.cbs.dtu.dk/services/NetNGlyc/) these receptors are
presumed to undergo post-translational glycosylation. Accordingly, using a plasmid
expressing the ATR tagged to a myc epitope, Deslauriers and colleagues reported massive
AT;R glycosylation in transfected COS-7 cells.12 In that study, the molecular size of the
glycosylated AT{R form was estimated to be ~100-150kDa. Since the degree of
glycosylation of proteins is a tissue-specific process, it is difficult to predict the molecular
mass of these receptors under different tissues or experimental conditions and published data
clarifying this issue are lacking.

During the last decade, anti-ATR antibodies have been widely used in scientific reports
related to AT4R signaling and functions. However, their specificity has not been thoroughly
investigated in the medical literature. In preliminary studies using mice with targeted
deletion of AT;R genes that were generated in our laboratory, we became concerned about
the specificity of these antibodies. Accordingly, we carried out a systematic evaluation of a
panel of anti-AT1R antibodies that were purchased from commercial vendors, focusing on
their utility and specificity for Western blot analysis and immunohistochemistry.

Materials and Methods

Results

Please see http://hyper.ahajournals.org

We first performed Western blot analysis using homogenates of cortex (C) and medulla (M)
from kidneys of WT mice comparing band patterns produced by three anti-AT;R antibodies.
As shown in Figure 1, antibodies #1 and #2 each generated a single band between 38-48
kDa, which is around the expected 41 kDa size of the AT;R 911. Although each of these
antibodies identified a single band, the molecular weight of these bands was slightly
different. In contrast, antibody #3 produced multiple bands of a broad range of sizes (Fig 1,
n=3). Between the 3 antibodies, the patterns of reactivity were very different with no
common bands seen within the predicted molecular size range for the AT R.

In order to test the specificity of each antibody for the AT;R, we performed additional
Western blot analyses but now using protein homogenates from kidneys of mice genetically
deficient in one or both AT4R subtypes. As shown in Figure 2, there were no apparent
differences in the pattern of reactivity of each of the antibodies between protein extracts of
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kidneys from WT mice, compared to those from mice lacking the major AT4 receptor
isoform, AT1aR (AT1aKO). Furthermore, the patterns of antibody reactivity were virtually
identical in the kidneys from WT and AT,,KO (Fig 2, 7= 3). To be certain that we were
not missing a band corresponding to AT4R protein that was obscured or low abundance, we
overexposed the x-ray film to the membrane for up to 60 minutes, but did not detect
additional bands.

We also tested the polyclonal AT4R antibody #2 for immunohistochemical staining. As
shown in Figure 3 (A-G), tissue sections from WT kidney in the absence (3A) of primary
antibody demonstrate minimal background staining compared to sections incubated with the
AT¢R antibody (3B). Smooth muscle cells of the renal and arcuate arteries, interlobular
(Figs 3B and 3F) and afferent arterioles (3C, 3E, 3F, 3G), liver (3H) and adrenal gland (not
shown), stained positively with the AT{R antibody on WT and AT, agKO tissues.
Prominent anti-AT1R immunostaining was also visualized in the proximal tubule brush
border and basolateral membranes (3B, 3C, 3D, 3E, 3G) of WT and AT,4gKO. Distal
tubules, cortical and medullary collecting ducts (3B, 3C, 3D, 3E, 3G) also exhibited
immunoreactivity. Thus, similar to the Western blotting data, patterns and localization of
immunostaining with the ATR antibody were identical in the kidneys of WT mice (3B-3D),
and the AT,4gKO completely lacking AT,R (3E-3G).

To verify that the AT1R knockout mice used in the studies were truly deficient in receptors
we measured ATR expression and functional responses to angiotensin 1. By quantitative
RT-PCR, AT1a mRNA receptor abundance in WT Kkidneys was similar in the cortex and
medulla (10.7 + 0.4 and 12.5 + 1.5 arbitrary units for cortex and medulla, 7=4, n.s.). In
contrast, AT receptor transcript was undetectable in either cortex or medulla of both
AT1aKO and AT agKO kidneys (Fig 4a). Additionally, ATqg receptor mMRNA was detected
in adrenal glands from WTs and AT;4KO but undetectable in AT;agKO (Fig 4b).
Furthermore, to confirm physiological absence of functional AT1R in the knockouts, we
tested the ability of angiotensin Il to cause acute increases in blood pressure. Bolus infusions
of 10 pg/kg angiotensin 1l increased blood pressure by 34 £ 4 mm Hg in WT mice. However
this response was significantly blunted in AT;4KO and completely absent in AT14gKO
mice (change: 4 + 1 and 0.5 £ 0.8 mmHg for AT14KO and AT14gKO, p<0.001 vs. WTs, n
= 3-4) (Fig 4c). These experiments confirm the lack of each AT;R sub-type expression and
activity in our knock-out mouse lines and indicate that the anomalous results obtained by
Western blotting and immunohistochemistry are likely due to antibodies cross-reacting with
unknown proteins other than the AT1R.

To explore the possibility that the lack of specificity of anti-AT;R antibodies was due to
insufficient sensitivity, we over-expressed the AT{R in HEK cells by transfecting them with
DNA encoding the mouse AT1aR. To verify appropriate targeting of the ATR protein to
the plasma membrane, we used a plasmid encoding the AT receptor fused with the
mCherry fluorescence protein (AT, a-mCherry) and imaged the receptor by live cell-
fluorescence confocal microscopy. We found that, after 24 hours of transfection, a
significant amount of the total AT1aR pool was present at the plasma membrane (Fig 5a, I).
In addition, we also observed that the non-plasma membrane associated AT1R pool does
not co-localize with the endoplasmic reticulum (ER)-associated protein Calreticulin (Fig 5a,
I1 and I11) but it partially co-localizes with the trans-Golgi network-associated protein
GalNac-T (Fig 5a, IV-VI).

We next tested the ability of the commercial antibodies to detect AT, AR increments at
different levels of over-expression. For this, we subcloned the AT;aR sequence from
plasmid AT1a-mCherry into the pcDNAS3.1 His vector in frame with the His epitope (ATqa-
His), and different amount of plasmidic DNA were transfected into HEK cells. For detection
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of the exogenous His-tagged proteins by Western blot an anti-His antibody was utilized. The
anti-His antibody detected multiple bands close to 39 kDa in cells transfected with 2 g
plasmid. The intensity of these bands (relative to GAPDH) increased by 83 + 40 % and 193
+ 39 % (n=3) in cells transfected with 4 and 8 ;g DNA (lower red box on Fig 5b). In
contrast, this pattern was not reproduced by utilizing any of the anti-AT;R antibodies (Fig
5b).

Discussion

In this study we tested three different rabbit polyclonal commercial antibodies that have
been used in published reports to detect AT;R protein. Antibodies #1and #2 were raised
against a short sequence (15 amino-acids) of the extracellular amino terminus of the AT{R
protein that is identical among rat and mouse. This region is ~95% identical between ATa
and AT receptors (accession numbers NP_796296.1 and EDL34899.1). Antibody #3 was
raised against intracellular carboxy terminus sequences also identical between rat and
mouse. In this case, two synthetic peptides specific for each receptor subtype, AT, and
ATqg were used. The AT, and AT;g receptors are each 359 amino acids, highly
homologous (sharing <94% amino acid identity) with predicted molecular masses of 41
kDa. Therefore, the antibodies used in these studies should not distinguish AT, and ATg
receptor sub-types. Since both AT4R isoforms undergo post-translational glycosylation, a
single ~41 kDa band should represent the non-glycosylated AT, or AT;g receptor whereas
higher molecular bands would be expected for the glycosylated forms.12

By performing direct side-by-side comparisons of the bands recognized by each antibody,
we concluded that each antibody binds to distinct unknown proteins of diverse molecular
sizes and raised the concern that these antibodies cross-react with proteins other than the
ATqR. Experiments using kidney tissue from mice with genetic deficiencies of the major
murine AT4R isoform (ATa) or lacking both receptor sub-types (AT and ATqg) revealed
that, all three antibodies showed the same pattern of bands on Western blots whether the
proteins were derived from WT, AT;aKO and AT14gKO mice. Inclusion of samples from
the double knockout (AT1agKO) eliminated the possibility that the positive signal in the
AT1AKO was due to up-regulation of the homologous AT1gR. This suggests that none of
these antibodies recognize the AT{R protein with sufficient specificity in kidney tissue by
Western blot.

Our immunohistochemical staining studies revealed apparent AT,R localization in the renal
vasculature and proximal and distal tubules. However, identical staining patterns were
observed when kidneys from mice lacking both AT1R sub-types (AT1aogKO) were utilized.
The positive AT1R immunostaining in the renal microvasculature of the AT14gKO kidneys
was unexpected since these tissues lack renal vasoconstrictor responses to angiotensin Il in
in vitro and in vivo.13: 14 Additionally, the apparent positive AT;R immunostaining was also
observed in the liver vasculature of AT;4gKO mice indicating that the non-specific positive
antibody staining observed in the vascular smooth muscle of the AT, agKO is not restricted
to kidney. The identity of the proteins recognized by these antibodies remains elusive. We
conducted immunoprecipitation of kidney homogenates (using antibodies #1 and #2)
followed by mass spectrometry and were unable to identify either the AT{R or any other
protein in the 41 kDa range. Two possibilities may explain these inconclusive results: 1) the
antibodies are not suitable for immunoprecipitation experiments; and 2) the non-specific
protein has yet to be reported therefore does not exist in the current peptide database.
Nonetheless, despite our inability to identify the specific protein or proteins identified by
these antibodies, the cumulative from our studies provide compelling evidence that this
protein is not the AT4R.
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We were confident that these findings were intrinsic to the antibodies and not to the
presence of AT1R in our knockout lines as we verified the absence of AT{R mRNA
expression and functional responses to angiotensin Il in randomly selected mice from our
colony. Based on the strategy of gene disruption utilized to generate our KO micel4 15
where many stop codons were introduced into the early portions of the coding sequence of
each gene, it is theoretically possible that very small, truncated forms of the receptors might
be generated. However, it is highly unlikely that these protein fragments would reach the
cell surface. Moreover, if present, they should appear as unique bands in the knockout mice
with sizes substantially smaller than that predicted for the native AT{R protein.14 15

We used HEK cells over-expressing ATy receptors to test the antibodies again. Our
confocal fluorescence images in living HEK cells show proper plasma membrane expression
of the ATy receptor. In addition, AT, —-mCherry fluorescence was not significant in the
ER, indicating that processed AT1aR proteins were properly sorted to the Golgi apparatus
for further secretion, as shown by colocalization with the marker for this organelle. These
findings indicate that HEK cells are able to transcribe, translate, and normally process the
AT1aR, which localizes normally to the plasma membrane. Accordingly, we used HEK
cells transfected with the AT, aR-His plasmid. Using an anti-His antibody, we detected
distinct amounts of His-tagged AT1AR proportional to the amount of DNA transfected under
each experimental condition. Bands of molecular weights in the ~39 kDa and ~65 kDa range
were detected only in cells transfected with the ATy a-His plasmid (red boxes on Fig 5b). A
single band at ~51 kDa was present in all samples including the mock-transfected cells and
likely represents endogenous His proteins expressed by HEK cells (marked with an asterisk
on Fig 5b). Nevertheless, the ~39 kDa band is consistent with the non-glycosylated form of
the AT;R12 even though one may question the apparent molecular weight of AT{R
“monomer” because this band appears to be slightly smaller than the predicted 41 kDa mass
of this protein. This small apparent difference in size could be accounted for by an altered
migration velocity due to the positively charged histidines added to the carboxyl-terminal
tail. Furthermore, the multiple bands apparent at ~39 could also be proteolytic degradation
products of the AT4R protein. Additionally, while the multiple banding at ~65 kDa is
consistent with the different degrees of ATy receptor glycosylation reported for the rat
kidney16, it is also possible that these bands represent ubiquitinated receptor which the
mechanism whereby the AT R is degraded. Nevertheless, in contrast to the anti-His
antibody, these bands were not identified by any of the anti-AT;R antibodies. Since we do
not observe specific reactivity of the antibodies to AT1R protein expressed at high levels in
HEK cells, the failure of the antibodies to detect the AT{R in Western blots does not appear
to be an issue of insufficient sensitivity. It is important to note that the non-specific bands
recognized by the anti-AT4R antibodies in HEK cells are different in number and size
compared to those observed in the kidney tissues (Fig 2) which provides additional evidence
for the lack of specificity of these antibodies. Although the inability of the commercial
antibodies to recognize the AT4R protein could be explained by potential masking of the
epitope by the His tag, we believe this is unlikely to occur due to the denaturing conditions
used to unfold the proteins in our Western blotting technique. Additionally the His tag is
attached at the carboxy terminus region of the protein and at least 2 of the antibodies tested
are raised against the amino terminus sequence.

Other investigators attempted to generate custom-made antibodies without success. The
Daugherty laboratory8 generated several antisera against potential new antigenic sites within
the ATR receptor and they were not able to demonstrate any specific interaction to the
ATy or ATqp receptors by either Western blotting or immunostaining of tissue sections. In
a different report by Hoffmann and colleagues!’, investigators generated antibodies using
the last 20 amino acids of the carboxy terminus tail of each AT and ATqg receptors.
These antibodies yielded bands of different molecular mass in neural cells compared to
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mammalian tissues. Although these bands were absent when pre-incubating the antibodies
with the immunizing synthetic peptides, this maneuver alone is insufficient to demonstrate
specificity for the intact receptor protein and thus, the specificity of such antibody remains
elusive. Finally, using a monoclonal antibody (6313/G2) raised against and N-terminal
peptide (residues 8-17), we previously localized the ATR protein in renal vascular smooth
muscle cells, proximal tubule and more distal nephron segments in kidneys of adult

rats.16. 18 The specificity of this antibody was confirmed by Western blotting of COS-7 cells
transfected with an AT{R expressing plasmid.1® Thus, it is possible that identification of the
AT1R by antibody-based techniques is suitable for rat but not mouse tissues. In contrast, the
Bernstein laboratory raised a polyclonal antibody against N-terminal peptide residues 15-24,
that stained mainly vascular smooth muscle cells, brush border and thick ascending limbs.20
Unlike our report, this antibody failed to demonstrate immunoreactivity in distal collecting
ducts. The origin of this discrepancy is still unknown but it may be explained by some
degree of antibody cross-reactivity. Unfortunately, the identity of the peptide being
recognized in such studies has not been verified likely because AT,KO mice were not
available at the time.

Perspectives

We report here that commercially available antibodies are erroneous tools to detect the
AT¢R protein. Generation of highly specific antibodies for G-protein coupled receptors has
reportedly been difficult 21-26 and the reasons behind this are yet to be understood. One
explanation is potential differences in structure and charge between the glycosylation
(naturally carried in the AT{R) and the synthetic peptides utilized when raising these
antibodies. Successful strategies to generate reliable anti-AT;R antibodies are urgently
needed. Investigators should utilize alternative methods such as ligand-binding?, epitope-
tagging?’, Northern blot 28, or quantitative RT-PCR when studying the biology of AT;R.
Interpretations of previously published work relying solely on quantitative and qualitative
assessments of the AT4R protein using these antibodies should be viewed with extreme
caution.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Western blot analysis of 40 .g homogenates of kidney cortex (C) and medulla (M) using
three different commercially available angiotensin type 1 receptor (AT1R) antibodies.
Antibody #1: Alomone AAR-011, antibody #2: Santa Cruz sc-1173 (n-10), antibody #3:
Abcam 18801. X-ray films were exposed to the membranes for 2 min. Representative of n
=2.
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Figure 2.

W%stern blot analysis of kidney cortex and medulla from wild-type mice (WT), AT{oKO
mice (A) and AT14gKO mice (AB) using three different commercially available anti-AT{R
antibodies. a) Antibody #1: Alomone AAR-011, b) antibody #2: Santa Cruz sc-1173 (n-10),
c) antibody #3: AbCam 18801. Representative of 7=3.
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Figure 3.

AT1R immunohistochemical localization using Santa Cruz N-10 rabbit polyclonal antibody
(1:300) in kidney and liver of wild-type (WT) (A-D) mice and mice with combined
deficiency of ATy and AT g receptors (AT1aogKO, E-H). Consecutive tissue sections from
WT kidney in the absence (A) of primary antibody demonstrate minimal background
immunostaining compared to incubation of the tissue section in the presence of the AT{R
(B). AT1R was localized to vascular smooth muscle cells (arrow) of WT and AT14gKO
mice in renal cortical (A-G) and liver (H) tissues. Proximal tubule brush border and
basolateral membrane (double arrowhead) and distal nephron segments (asterisk)
demonstrated positive AT1R immunostaining in WT and AT;4gKO mice. Images were
obtained using an X100 oil immersion lens. Bar = 50pum.
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A Kidney tissue AT,uRACT to
GAPDH
Cortex WT (n=3) 10.7 + 04
Medulla WT (n=4) 125+15
Cortex AT,KO (n=3) N/A
Medulla AT,,KO (n=4) N/A
Cortex AT ,gKO(n=3) N/A
Medulla AT;4gKO (n=4) N/A
wT AT,4KO AT ,4gKO

168 bp

A systolic blood pressure
[mmHg]

§ 1

*
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WT  AT,KO AT, KO

Figure4.

ATgR
GAPDH

a) CT values for AT receptor relative to GAPDH obtained by Real-time PCR in kidney
tissues from wild-type (WT), AT1aKO and AT14gKO mice. b) Representative agarose gel
to visualize ATqg receptor mMRNA in WT, AT1aKO and AT14gKO. c) Effect of acute
angiotensin 1 infusion (10 pg/kg) on blood pressure in WT, AT14KO and AT14gKO mice.

p<0.005 vs. wild-type (WT); n= 3-4.
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Figureb.
a) Cellular localization of AT1 in HEK cells cotransfected with expression plasmids
encoding ATy receptor fused with fluorescent mCherry (ATqa, magenta, I, 111, 1V and V1)

and, with different plasmids encoding fluorescent markers for endoplasmic reticulum
(Calreticulin, green, 11 and 111) or Golgi apparatus (GalNAc, green, V and VI). The
fluorescent constructs were visualized after 24 hours by live-cell confocal microscopy.
AT receptors localize in the plasma membrane and partially associate with the Golgi
apparatus. The results are representative of 2 or more independent experiments. b) Detection
of AT, receptors in HEK cells transfected with varying amounts (0, 2, 4 and 8 p.g) of a
plasmid encoding the His-tagged ATja receptor (AT1a-His DNA) using different
antibodies. Anti: His: penta HIS antibody, Qiagen 34660; Anti: ATq receptor #1: Alomone
AAR-011; Anti: AT, receptor #2: Santa Cruz sc-1173 (n-10); Anti: AT, receptor #3:
AbCam 18801. Red boxes indicate bands corresponding to the AT1aR protein. Asterisk
indicates a band recognized by the HIS antibody in non-transfected cells, suggesting
endogenous HIS-containing protein.
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