
 doi:10.1152/physiol.00014.2013 28:254-261, 2013.Physiology
Friedrich C. Luft
Activating Autoantibodies and Cardiovascular Disease

You might find this additional info useful...

44 articles, 13 of which can be accessed free at:This article cites 
 /content/28/4/254.full.html#ref-list-1

1 other HighWire hosted articlesThis article has been cited by 

 
 [PDF] [Full Text]

, July , 2013; 28 (4): 214-215.Physiology
Physiology in Perspective: Addressing Cardiovascular Health and Disease

including high resolution figures, can be found at:Updated information and services 
 /content/28/4/254.full.html

 can be found at:Physiologyabout Additional material and information 
http://www.the-aps.org/publications/physiol

This information is current as of November 14, 2014.
 

1548-9213, ESSN: 1548-9221. Visit our website at http://www.the-aps.org/.
Society, 9650 Rockville Pike, Bethesda, MD 20814-3991. Copyright © 2013 by the American Physiological Society. ISSN:
developments. It is published bimonthly in January, March, May, July, September, and November by the American Physiological 

 (formerly published as News in Physiological Science) publishes brief review articles on major physiologicalPhysiology

on N
ovem

ber 14, 2014
D

ow
nloaded from

 on N
ovem

ber 14, 2014
D

ow
nloaded from

 

http://physiologyonline.physiology.org/content/28/4/214.full.html
http://physiologyonline.physiology.org/content/28/4/214.full.pdf
http://www.the-aps.org/publications/physiol


Activating Autoantibodies and
Cardiovascular Disease

Stimulating antibodies against G-protein-coupled receptors, including the �1-

and �2-adrenergic receptors, the �1-adrenergic receptor, and the angiotensin

II AT1 receptor, have been described, as well as activating antibodies directed

at the platelet-derived growth factor receptor tyrosine kinase. Their existence

and actions appear to be established. Lacking are mechanistic studies of

receptor activation and translational studies to document receptor-stimulat-

ing antibodies as worthwhile therapeutic targets.

Friedrich C. Luft
Experimental and Clinical Research Center and Max-Delbrück

Center for Molecular Medicine and Charité Medical Faculty,
Berlin, Germany; and Department of Clinical Pharmacology,

Vanderbilt University School of Medicine, Nashville, Tennessee
luft@charite.de

Autoimmune thyroid disease is the most estab-
lished example of stimulating autoantibodies initi-
ating and sustaining a human disease. In Grave’s
disease, an interaction between genetic and environ-
mental factors results in an autoimmune response to
the thyroid-stimulating hormone receptor (TSHR),
resulting in the production of TSHR-specific T cells
and TSHR autoantibodies (3). Autoantibodies that
bind to the TSHR can be stimulating, blocking, or
neutral. An infusion of plasma from Graves’ dis-
ease patients into a normal individual was dra-
matic and absolute proof regarding the role of
anti-TSHR antibodies in inducing human hyper-
thyroidism. The experiment was also one of the
first demonstrations of antibody transfer causing
an autoimmune disease. Over 50 years of intense
research has elucidated this example of agonistic
autoantibodies that is very well established and
that should serve as a model for pursuing other
putative stimulating autoantibodies, which will
be outlined below.

Beta-Adrenergic Receptor (�1-AR,
�2-AR)

Wallukat and Wollenberger observed that the
spontaneously beating cardiomyocytes of newborn
rats exposed in culture to the gamma globulin frac-
tion from asthmatics inhibited the positive chro-
notropic response of the �2AR agonist clenbuterol,
whereas the gamma globulin fraction of patients
with cardiomyopathy increased the beating rate
(33). The latter effect was selectively inhibited by
propranolol. The effects of both the asthmatic and
cardiomyopathic gamma globulin fractions were
abolished by immunoprecipitation with antihuman
gamma globulin and antihuman IgG. Wallukat and
Wollenberger first suggested that the effects were
mediated by autoantibodies. Magnusson et al. ex-
tended these findings by observing that the specific
target for autoantibodies with stimulatory activ-
ity in patients with dilative cardiomyopathy was

the second extracellular loop of the �1AR (18).
Chiale et al. confirmed the finding that the autoan-
tibodies bind to the second extracellular loop of the
�1AR and also identified agonistic autoantibodies
directed at the �2AR (2). The authors suggested that
the autoantibodies were responsible for ventricular
arrhythmias.

Magnusson et al. used synthetic peptide se-
quences to study autoantibodies directed at �AR
further (19). They used peptide sequences corre-
sponding to the second extracellular loop of the
�1AR and �2AR as antigens in an enzyme immuno-
assay to screen sera from patients with dilated car-
diomyopathy, ischemic heart disease, or healthy
blood donors. All 13 patients with dilative cardio-
myopathy harbored a serum component that was
recognized by the �1AR peptide sequence. None of
the ischemic heart disease control patients and
only four of the healthy controls had serum that
recognized the �1AR peptide sequence. Affinity-
purified autoantibodies from these patients inhib-
ited radioligand binding to the �1AR in C6 rat
glioma cells. In immunoblot experiments, the au-
thors showed that the autoantibodies recognized
the receptor protein and found that they bound in
situ to human myocardium. Jahns et al. provided
the first direct evidence that autoimmunity involv-
ing the cardiac �1AR could precipitate a dilated
cardiomyopathy (15). They first immunized inbred
rats against the second extracellular �1AR loop
sequence. The rats produced anti-�1AR autoanti-
bodies that stimulated the receptor. Furthermore,
9 mo later, a progressively severe left ventricular
dilatation developed, accompanied by impaired
ventricular function. Jahns et al. then transferred
sera from �1AR-stimulating autoantibody-positive
animals to healthy autoantibody-negative animals
every month. The recipient rats also developed
cardiomyopathy within a similar time frame.

The antibodies can be extracted with immunoad-
sorption, a state-of-affairs that caused Dörffel et al.
to treat nine patients positive for �1AR-stimulating
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autoantibodies with an immunoabsorber for IgG (8).
Cardiac output increased, systemic blood pressure
decreased, pulmonary artery pressure decreased,
systemic vascular resistance fell, and filling pressures
were reduced in their patients. A clinical study testing
the utility of a fluorescence-based functional assay to
detect stimulating �1AR antibodies is under way (6).
Large-scale randomized treatment trials have not
been reported, although smaller randomized studies
on immunoabsorption and nonspecific immuno-
globulin treatments appear encouraging (26). Since
beta-blocking drugs seem to be effective even in pa-
tients with agonistic autoantibodies, the future of
such treatments is uncertain.

Alpha-1 Adrenergic Receptor

Fu et al. reported on 15 patients with malignant
hypertension that harbored an autoantibody against
the alpha-1 adrenergic receptor (�1AR) (11). This
autoantibody caused neonatal cardiomyocytes to
beat more rapidly; prazosin blocked the effect. The
authors raised the possibility that antibodies acti-
vating the �1AR could be responsible for malignant
hypertension. These observations were later ex-
tended to a larger patient series. Luther et al.
mapped the epitope to the first extracellular loop
of the �1AR (17). Liao et al. reported similar obser-
vations in Chinese patients that were identified by
a specific ELISA (16). Zhou et al. developed an
experimental animal model (44). They immunized
Wistar rats with synthetic peptides corresponding
to first extracellular loop of the �1AR. The animals
developed �1AR-activating antibodies that ele-
vated free Ca2� in isolated cardiomyocytes from
adult rats. The immunized rats did not develop
hypertension. However, cardiac hypertrophy was
observed, collagen deposition in cardiac intersti-
tium was increased, and the mRNA for c-jun and
matrix metalloproteinase (MMP)-2 was increased.

We observed that 41 of 81 patients with refrac-
tory hypertension had �1AR autoantibodies (36).
Immunoadsorption appeared to reduce blood pres-
sure in individual patients. We immunized rabbits
to generate �1AR-stimulating antibodies. We puri-
fied autoantibodies from both patients and rabbits
with affinity chromatography and characterized
the autoantibodies by epitope mapping and sur-
face plasmon resonance measurements. We found
that the genes encoding phospholipase A2 and L-
type calcium channels were upregulated in cardio-
myocytes and vascular smooth muscle cells after
stimulation with both purified autoantibody sets.
We demonstrated that patient-derived �1AR-stim-
ulating autoantibodies and rabbit-derived �1AR
autoantibodies caused protein kinase C-� activa-
tion and stimulated extracellular-related kinase
(EKR1/2) phosphorylation. Finally, we showed that

the autoantibodies could increase intracellular
Ca2� in cardiomyocytes and induce mesentery ar-
tery segment contraction. We next immunized
Lewis rats with the second extracellular-loop pep-
tides of the human �1AR and maintained the ani-
mals for 1 year (38). We monitored blood pressure
in these rats telemetrically and performed echocar-
diography. At 12 mo, the left ventricles of immu-
nized rats had greater wall thickness than control
rats. The fractional shortening and dp/dt(max)
were normal. However, a decreased E/A ratio in
immunized rats indicated a diastolic dysfunction.
We made direct invasive hemodynamic measure-
ments and found that left ventricular end-diastolic
pressures were increased, whereas dp/dt(min) was
decreased. The cardiomyocyte diameters were in-
creased. However, telemetric blood pressure val-
ues and heart rates were not different.

We next performed a small but exacting patient-
oriented study in our Clinical Research Center on
five patients with refractory hypertension who har-
bored autoantibodies directed at the �1AR (23).
Before immune absorption, supine blood pressure
was 169/88 mmHg. After completion of the im-
mune adsorption protocol, blood pressure was re-
duced in four patients and increased in patient
patient (group average: 146/78 mmHg; P � not
significant). Resting heart rate was 59 beats/min
before immune adsorption and 59 beats/min after
immune adsorption. The phenylephrine and nitro-
prusside-induced heart rate responses were iden-
tical before and after immune absorption. That
observation excludes the possibility that altered
vascular responses were masked by opposing
changes in baroreflex heart rate regulation. Our
study did not exclude the possibility that agonistic
�1AR autoantibodies chronically affect cardiovas-
cular structure and function in some patients with
resistant hypertension. However, we strongly sug-
gest that experimental findings cannot be simply
extrapolated to patients with endogenously pro-
duced antibodies and that controlled clinical trials
are required.

Angiotensin II Receptor

Preeclampsia is a catastrophic illness of women in
late pregnancy of unknown cause; however, im-
mune mechanisms and the renin-angiotensin sys-
tem are both implicated. We managed a woman
with malignant hypertension who had experienced
a preeclamptic pregnancy 20 years earlier. This pa-
tient had circulating antibodies that stimulated the
angiotensin (Ang) II receptor (AT1R) (FIGURE 1).
Thereupon, we began searching for AT1R-stimulat-
ing autoantibodies in preeclamptic patients. We
used a simple but extremely sensitive bioassay and
found such antibodies in 25 preeclamptic patients
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but not in 12 normotensive pregnant women or 10
pregnant patients with essential hypertension (32).
Immunoglobulin isolated from the preeclamptic
patients stimulated the AT1R, whereas immuno-
globulin from controls did not. The autoantibody
titers decreased after delivery. We then used affin-
ity-column purification and found that we were
dealing with IgG. We synthesized peptides and
found a sequence corresponding to sites on the
AT1 receptor’s second extracellular loop that abol-
ished the stimulatory effect. Western blotting with
purified patient IgG and a commercially obtained
AT1R-stimulating autoantibody produced similar
bands. Furthermore, confocal microscopy of vas-
cular smooth muscle cells showed colocalization of
purified patient IgG and AT1R-stimulating autoanti-
body. The protein kinase C inhibitor calphostin pre-
vented the stimulatory effect. Our results suggested
that preeclamptic patients develop stimulatory auto-
antibodies against the second extracellular AT1R
loop. The effect appeared to be protein kinase C
mediated. We next obtained IgG AT1R-stimulating
autoantibodies from preeclamptic patients and puri-
fied the antibodies with anti-human IgG columns (4).
We then transfected AT1R-overexpressing Chinese

hamster ovary cells with tissue factor (TF) pro-
moter constructs that were coupled to a luciferase
reporter gene and exposed these cells to Ang II and
to autoantibodies. Ang II and AT1R autoantibodies
both activated ERK1/2, activator protein-1 (AP-1),
TF promoter-transfected vascular smooth muscle
cells, and Chinese hamster ovary cells. However,
the activation required the presence of the AP-1
binding site. We found that placentas from pre-
eclamptic women stained strongly for TF, whereas
control placentas showed far less staining. We docu-
mented autoantibody specificity by coimmunopre-
cipitating the AT1R receptor with autoantibodies. We
then demonstrated TF expression in vascular
smooth muscle cells exposed to either Ang II or the
agonistic autoantibodies. All these effects were
blocked by losartan. Nonspecific IgG or IgG from
nonpreeclamptic pregnant women had a negligible
effect. Walther et al. confirmed our clinical obser-
vations and found that, in the third trimester, the
AT1R-stimulating autoantibodies were present in
89% of patients with manifest preeclampsia, 86%
of those with manifest intrauterine growth retarda-
tion (IUGR), and even in some apparently healthy
pregnant women at term with a history of abnormal

Figure 1. Amino-acid sequence structure of AT1R
Antibody binding sites on the second extracellular loop of AT1R are identified. Receptor diagram is from Ref. 5.
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uterine perfusion in the second trimester (34). These
data provided further mechanistic insights that could
be relevant to preeclampsia.

Xia et al. have taken these observations further
(39). They initially studied 38 pregnant patients, 20
of whom had severe preeclampsia. They also used
a bioassay to identify AT1R-stimulating autoanti-
bodies and found that the autoantibodies were
present in the preeclamptic patients. The autoan-
tibodies stimulated the production of plasminogen
activator-inhibitor-1 from human trophoblasts and
diminished trophoblast invasion into Matrigel. The
epitope they discovered was identical to ours. The
group then showed that the AT1R-stimulating
autoantibodies caused mobilization of intracel-
lular Ca2�, resulting in the activation of the tran-
scription factor, nuclear factor of activated T
cells (NFAT) (31).

An additional very attractive mechanism that
could be responsible for preeclampsia is elabora-
tion of the soluble fems-like tyrosine kinase (sFlt-
1). sFlt-1 is a soluble splice variant of a vascular
endothelial growth factor (VEGF) receptor. The
sFlt-1 interferes with placental growth factor and
VEGF, thereby impairing placental development.
The Xia laboratory speculated that Ang II might
lead to increased sFlt-1 expression in pregnancy
(41). They first found that infusion of Ang II signif-
icantly increased circulating levels of sFlt-1 in
pregnant mice. They also observed that Ang II
stimulated sFlt-1 production dose- and time-de-
pendently in human villous explants and in cul-
tured trophoblasts. This observation supported the
idea that trophoblasts are the primary source of
sFlt-1 during pregnancy. In vitro and in vivo studies
with losartan, calcineurin-specific small-interfering
RNA, and an NFAT inhibitor demonstrated that Ang
II-mediated sFlt-1 release occurred via AT1R acti-
vation and calcineurin signaling, respectively. Sub-
sequent observations by the same investigators
indicated that AT1R-stimulating autoantibodies
also led to sFlt-1 production, linking these putative
pathogenic mechanisms (40). Notably, Stepan et
al. found that preeclamptic women harboring
AT1R-stimulating autoantibodies also featured cir-
culating sFlt-1 values, but they could not find a
correlation between the two (27).

The Xia laboratory next showed that hyperten-
sion, proteinuria, glomerular endotheliosis, pla-
cental abnormalities, and small fetal size, namely
IUGR, appeared in pregnant mice after injection
with either total IgG or affinity-purified AT1R-stim-
ulating autoantibodies from women with pre-
eclampsia (43). These preeclampsia-like features
were prevented by losartan or by an antibody neu-
tralizing the epitope on AT1R. Their studies indicate
that preeclampsia may be a pregnancy-induced auto-
immune disease and that autoantibody-induced

AT1R activation plays a major role. The group then
capitalized on this model further and showed that
AT1R autoantibodies crossed the mouse placenta,
entered fetal circulation, and led to small fetuses
with IUGR (13). The antibodies also induced apop-
tosis in the placentas of pregnant mice, human
villous explants, and human trophoblast cells. Fi-
nally, losartan or an autoantibody-neutralizing
peptide diminished autoantibody-induced IUGR
and placental apoptosis. The studies underscored
two possible underlying mechanisms by which au-
toantibodies could act, namely a direct detrimental
effect on fetal development by crossing the placenta
and entering fetal circulation, and an indirect
effect through AT1R stimulation-induced pla-
cental damage.

The Xia laboratory also conducted further clini-
cal studies (24). They developed a sensitive, high-
throughput, luciferase bioassay to detect AT1R
autoantibody levels and studied large numbers of
preeclamptic patients and normal pregnant women.
They found that 95% of the preeclamptic women
harbored the antibodies. They also reported that
antibody levels were correlated with systolic blood
pressure, proteinuria, and sFlt-1 levels. Returning
to their mouse model, the group next demon-
strated that AT1R-stimulating autoantibodies me-
diated tumor necrosis factor-� (TNF-�) induction
by overcoming its negative regulator, heme oxygen-
ase-1 (14). The autoantibodies also induced both
soluble endoglin, another preeclampsia-associated
molecule, and sFlt-1 secretion from human villous
explants. The investigators have since suggested that
TNF-� induction by autoantibodies is particularly
mechanistically important (42). The group has also
drawn attention to autoantibody-mediated com-
plement activation and complement C3a receptor
signaling as a key mechanism underlying the
pathogenesis of the disease (35). Recently, they
demonstrated that reduced circulating aldosterone
levels in preeclamptic women are associated
with AT1R-stimulating autoantibodies and the
presence of sFlt-1 (25). The observations from
patients were then documented in their animal
model. The findings could point to a novel mech-
anism explaining reduced aldosterone levels in
patients with preeclampsia.

The binding site of the stimulating AT1R autoan-
tibodies on the AT1R is distant from the receptor’s
Ang II ligand binding site. One possible mechanism
how the antibodies might work is an alteration of the
AT1R’s conformation, making it more sensitive to
Ang II. Preeclamptic women are known to be hyper-
sensitive to Ang II compared with normal pregnant
women or nonpregnant women. We immunized rab-
bits against the AFHYESQ epitope of the second ex-
tracellular loop, which is the binding epitope of
endogenous activating autoantibodies against
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the AT1R, from patients with preeclampsia and
generated and purified activating antibodies (37).
Passive transfer of AT1R-stimulating antibodies or
Ang II alone did not induce a preeclampsia-like
syndrome in pregnant rats. However, the combi-
nation of AT1R-stimulating antibodies plus Ang II
induced hypertension, proteinuria, intrauterine
growth retardation, and arteriolosclerosis in the
uteroplacental unit.

Stepan et al. raised the possibility that parvovirus
B19 could be the cause for autoimmunity against the
AT1R (28). We therefore performed a prospective,
nested, case-control study of 30 preeclamptic
women and 30 normotensive pregnant women
controls (12). We measured AT1R-stimulating au-
toantibodies, sFlt-1, and serum immunoglobulin G
against parvovirus B19 proteins. Autoantibodies
were present in most of the preeclamptic patients
but not in the controls. Late-onset preeclampsia
improved prediction. We did not find an interac-
tion between sFlt-1 and the autoantibodies. Immu-
noglobulin G against parvovirus B19 proteins was
similarly distributed between preeclamptic pa-
tients and controls.

The reduced uterine perfusion pressure (RUPP)
pregnant rat model resembles human preeclamp-
sia. Hypertension in pregnant rats with RUPP fea-
tures elevated inflammatory cytokines, agonistic
autoantibodies to the AT1R, and CD4� T cells.
Novotny et al. tested the notion that AT1R-stimu-
lating antibodies influence T-cell-induced blood
pressure increases in this model (20). They treated
pregnant RUPP rats with losartan or rituximab,
which destroys B lymphocytes and thereby de-
creases autoantibodies. Novotny et al. (20) mag-
netically isolated CD4� T splenocytes on day 19 of
gestation from control RUPP and normal pregnant
rats and then injected them into a new group of
normal pregnant rats at day 13 of gestation. Circu-
lating AT1R-stimulating autoantibodies increased
in normal-pregnant rats receiving RUPP CD4� T
cells but decreased in normal-pregnant rats receiv-
ing RUPP CD4� T cells chronically treated with
rituximab. Hypertension that developed in nor-
mal-pregnant rats receiving RUPP CD4� T cells
was attenuated by losartan and with B-cell deple-
tion. The authors concluded that one mechanism
of hypertension in response to CD4� T lympho-
cytes activated during placental ischemia is via AT1
receptor activation, potentially via AT1R-stimulat-
ing autoantibodies during pregnancy. These find-
ings are particularly interesting since, in Graves’
disease, not only TSHR-stimulating autoantibodies
but also TSHR-specific T cells are important mech-
anistically (3).

The same laboratory recently reported on the ef-
fect of interleukin-17 (IL-17) on AT1R-stimulating
autoantibody production in pregnancy (7). The

investigators studied four groups of pregnant rats,
normal-pregnant controls, IL-17 infusion, reactive
oxygen species scavenger-treated (Tempol), and
IL-17 plus Tempol. The data indicated that IL-17
causes placental oxidative stress, which then
serves as stimulus for AT1R-stimulating autoan-
tibody production that may play an important
role in mediating IL-17-induced hypertension
during pregnancy.

There are no effective treatments for preeclamp-
sia other than delivery of the fetus and placenta.
AT1R blockers and angiotensin-converting enzyme
inhibitors are not an option because these drugs
lead to faulty fetal renal development. Immunoab-
sorption or plasmapheresis would appear to be
therapeutic possibilities, although no convincing
trials of this treatment have been reported. Thad-
hani et al. recently reported a pilot study of extra-
corporeal removal of sFlt-1 from preeclamptic
patients (30). The apheresis columns employed by
the investigators adsorb circulating proteins on the
basis of electrostatic interactions. The extent to
which they may have eliminated AT1R-stimulating
autoantibodies, in addition to sFlt-1, is unknown.

Although much work has been done on AT1R-
stimulating autoantibodies in preeclampsia, the
same antibodies have also been investigated in
other conditions. Dragun et al. studied 33 renal
transplant recipients who all had refractory vascu-
lar rejection (9). Thirteen patients had donor-spe-
cific anti-HLA antibodies, whereas 20 patients did
not. Sixteen patients had malignant hypertension
with no anti-HLA antibodies. The remaining 17
patients, although hypertensive, did not have ma-
lignant hypertension. Dragun et al. hypothesized
that AT1R-stimulating autoantibodies might be in-
volved. AT1R-stimulating autoantibodies were de-
tected in serum from all 16 patients with malignant
hypertension and without anti-HLA antibodies,
but in no other patients. The investigators identi-
fied both subclass IgG1 and IgG3 antibodies that
bound to two different epitopes on the second
extracellular loop of the AT1R. Antibody removal
with plasmapheresis appeared to benefit these
patients.

Similar autoantibodies have been identified in
patients with systemic sclerosis. Riemekasten et al.
investigated serum samples from 478 patients with
systemic sclerosis, 372 healthy subjects, and 311
control-disease subjects (21). All were tested for
autoantibodies against AT1R and the endothelin-1
type A receptor by solid phase assay. Both autoan-
tibodies were highly prevalent in the patients with
systemic sclerosis. Both autoantibodies exerted bio-
logical effects, since they induced ERK1/2 phosphor-
ylation and increased transforming growth factor-�
gene expression in endothelial cells that could be
blocked with specific receptor antagonists. Systemic
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sclerosis is particularly interesting because of an
earlier report implicating a different stimulating
antibody in this condition, directed at the platelet-
derived growth factor receptor (PDGFR). Baroni et
al. investigated serum from 46 scleroderma pa-
tients and 75 control persons, including patients
with other autoimmune diseases, for stimulatory
autoantibodies to the PDGFR (1). They incubated
mouse-embryonic fibroblasts carrying inactive
copies of PDGFR-� or -� chains or the same cells
expressing PDGFR-� or -� chains with purified IgG
from the subjects and controls and then measured
reactive oxygen species production. Stimulatory
antibodies were found in all their patients but not
in controls. The autoantibodies initiated tyrosine
phosphorylation and reactive oxygen production.

Rossitto et al. recently described elevated AT1R-
stimulating autoantibodies in patients with aldoste-
rone-producing adenomas, compared with patients
with micronodular adrenal hyperplasia (22). After a
captopril challenge test, plasma aldosterone concen-
tration fell more in AT1R-stimulating autoantibody-
positive patients than in patients who did not harbor

these autoantibodies. The authors suggested an ag-
onistic role for these autoantibodies in patients with
functionally active adrenal adenomas.

Perspectives

Stimulating autoantibodies against G-protein-cou-
pled receptors (and receptor tyrosine kinases) exist
and may contribute to disease (FIGURE 2). In the
example of �1AR-stimulating autoantibodies, a
convincing study was performed in animal models
that completed the requirements of Koch’s postu-
lates (15). The clinical relevance of the findings can
be argued, since autoantibody removal might be
no more effective than judicious �1AR blockade.
Several groups have independently reported the
existence of �1AR-stimulating autoantibodies. We
could not produce an animal model in any way
approaching the model produced for the �1AR by
Jahns et al. (15). Furthermore, our human experi-
ments on antibody removal did not inspire our
confidence (23). Independent laboratories have also
reported the existence of AT1R-stimulating antibod-
ies. Most studies have focused on preeclampsia, a

Figure 2. �1AR, �1AR, AT1R, and ETAR are all important cardiovascular G-protein-coupled receptors
that regulate cardiac function and blood pressure via activation by their respective ligands (Ang II,
ET-1, and norepinephrine, respectively)
Activating antibodies involving these receptors have been implicated in various cardiovascular disorders. Such anti-
bodies are also implicated in activating the PDGF receptor tyrosine kinase. Additional evidence reviewed here sup-
ports a contributing role for these autoantibodies in disease pathogenesis. Missing (within the red-hatched lines) are
detailed data on how the receptor activation actually proceeds.
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devastating disease that always produces two pa-
tients. There are still no effective treatments, al-
though here removal of autoantibodies, sFlt-1, and
soluble endoglin may offer alternatives, since these
treatments are now relatively safe. However, con-
vincing clinical trials must be performed. Impor-
tantly, much basic research remains to be done to
determine the relevance of these findings.

Although the epitope binding sites of activating
autoantibodies are largely known, still missing is
very basic receptor research elucidating how anti-
body binding may alter receptor conformation to
actually activate the receptors. Crystallography
data have mainly focused on receptors occupied in
their transmembrane domains by their low molec-
ular weight ligands. However, G-protein-coupled
receptors also are able to bind larger peptide mol-
ecules. For instance, Fillion et al. (10) recently used
a unique chemoselective photoaffinity labeling
strategy to directly identify 38 discrete ligand/re-
ceptor contact residues that form the extracellular
peptide-binding site of an activated AT1R. They
then used the dataset in homology modeling to
guide the positioning of Ang II peptide within sev-
eral crystal structure templates. They found that
the C-X-C chemokine receptor type 4 (CXCR4) ac-
commodated the results. In the resulting recep-
tor structure, a �-hairpin fold in extracellular
loop 2, in conjunction with two extracellular di-
sulfide bridges, appeared to open and shape the
entrance of the ligand-binding site. The bound Ang
II adopted a vertical binding mode, allowing con-
comitant contacts across the extracellular surface
and deep within the transmembrane domain core
of the receptor. With their technology, Fillion et al.
(10) may be in a position to study the interaction
between autoantibodies, which interestingly bind
the second extracellular loop, and the AT1R. Fur-
thermore, participation of innate immunity, aside
from preliminary studies of CD4� T cells and IL17
production, has not been studied in sufficient de-
tail. Finally, the underlying antigens leading to the
autoantibody formation also remain largely unclear.
Thus skepticism remains a healthy mindset (29). �

No conflicts of interest, financial or otherwise, are de-
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