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Introduction
The renin-angiotensin system (RAS) is a very important hor-
mone system that regulates blood pressure and water balance.  
Angiotensin II is the major bioactive product of this system, 
which can cause the release of aldosterone, constrict blood 
vessels, and promote the proliferation of vascular smooth 
muscle cells (VSMCs) through AT1 receptor[1].  The vital roles 
of RAS in hypertension have attracted research attention for 
many years.  Lots of experiments[2, 3] show that in various 
types of hypertension, there is excessive AT1R activation, 
performing strong vessel contractions, water natrium reten-
tion, and sympathetic system excitement.  But what is interest-
ing is that over-activated AT1R cannot be fully explained by 

angiotensin II.
At the end of the twentieth century, different research 

groups had found that there was a high level of autoantibod-
ies against AT1R (AT1-AAs) in preeclampsia[4], malignant 
hypertension[5], refractory hypertension[6] and renal transplan-
tation hypertension[7].  Researchers have paid a lot of attention 
to this phenomenon.  It has been proven that the antibodies 
can specifically identify the second extracellular loop of AT1R 
(AT1R-ECII, the sequence homology between human and rat 
is 92.6%[8]) and show receptor agonist-like effects, such as pro-
moting the proliferation of VSMCs[9], activating NF-κB and 
ROS[10], increasing the serum level of soluble fms-like tyrosine 
kinase-1[11], and causing human mesangial cells to secrete plas-
minogen activator inhibitor-1 and interleukin-6[12].  These sug-
gest that AT1-AAs may be a reason for excessive AT1R activa-
tion in hypertension.  Nonetheless, values of the antibodies in 
these diseases should be further studied.  
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More research has proven that, endothelial injury is the 
common trigger of the series of vascular lesions in both preg-
nancy-related and pregnancy-unrelated hypertension[13, 14].  
Now it has been accepted that endothelial injury should be 
the result of multiple harmful factors, including known and 
unknown ones.  Therefore, exploring more potential adverse 
agents associated with endothelial disorder has become one 
of the “hot” points in this field.  In the vascular system, AT1R 
expresses on endothelial cells except on VSMCs[15].  It has been 
found that[16] AT1R activation can result in increased endothe-
lial permeability.  Recently, LaMarca[17] et al have found that 
the renal cortices and placental preproendothelin mRNA lev-
els were significantly higher in pregnant rats when injected 
with AT1-AAs, suggesting endothelial cells were activated.  
All these phenomena show that AT1-AAs may be involved in 
the aggravation of autoantibody-positive diseases by influenc-
ing endothelial function, but at present there is not enough 
sufficient direct support regarding the relationship between 
AT1-AA and endothelial injuries.

Therefore, this study intended to establish long-term posi-
tive AT1-Ab rat models by active immunization with synthetic 
human AT1R-ECII peptide.  On this basis, whether AT1-Abs 
could directly destroy endothelial cells was determined firstly 
in vitro, and LDH was treated as a marker of cell death.  Then, 
how the antibodies affected the structure and function of 
endothelium were observed in vivo.

Materials and methods
Animals
The experiments were performed in adherence to the National 
Institutes of Health “Guidelines on the Use of Laboratory 
Animals” (publication No 85-23, revised 1996) and were 
approved by Shanxi Medical University Committee on Animal 
Care.  Healthy AT1-AA-negative male Wistar rats weighing 
0.18-0.20 kg [6-8 weeks old, Grade II, certificate number of the 
breeder: SCXK (Jin) 2009-0001] were selected for establishing 
an immunization model.  

Active immunization model
Sixteen healthy Wistar rats were randomly divided into two 
groups: immunized group and vehicle group.  The peptide 
corresponding to the sequence of the second extracellular loop 
of the human AT1 receptor (165-191, I-H-R-N-V-F-F-I-E-N-
T-N-I-T-V-C-A-F-H-Y-E-S-Q-N-S-T, 95% purity) was synthe-
sized by GL Biochem (Shanghai) Ltd.  At first, the immunized 
group was actively immunized using 400 g per kg body 
weight of the corresponding peptide which was emulsified in 
the same volume of complete Freund’s adjuvant and injected 
subcutaneously at multiple points.  Two weeks later, a booster 
injection of a mixture of 400 g per kg body weight of the corre-
sponding peptide in the same volume of incomplete Freund’s 
adjuvant was injected subcutaneously at one point, once every 
two weeks.  After three months, rats received a booster immu-
nization every four weeks until the ninth month.  The vehicle 
group rats were injected using adjuvant and saline without 
peptides following the same procedure as the immunized 

group.  The blood samples of all rats were collected for detec-
tion of serum AT1-Abs.  

Enzyme linked immunosorbent assay (ELISA)
Modified ELISA was used to detect the titers of AT1-Abs in 
sera[18].  The procedure was as follows, the synthesized peptide 
was dissolved in a Na2CO3 solution (pH 11.0).  The peptide 
solution (1 mg/L, 50 μL) was coated on 96-well plates and 
incubated overnight at 4 °C. The wells were then blocked with 
PMT [0.1% (w/v) albumin bovine V, 0.1% (v/v) Tween 20 in 
phosphate-buffered saline (PBS-T), pH 7.4] for 1 h at 37 °C.  
After the wells were washed three times using PBS-T, 50 μL 
of serum was added [dilutions in PMT, 1:10 (v/v)] to each 
well and incubated for 1 h at 37 °C.  After another three wash-
ings, biotinylated goat anti-rat IgG was added at 1:4500 dilu-
tion.  The plates were incubated for 1 h at 37 °C, then washed 
and incubated with PMT containing streptavidin-peroxidase 
(Sigma, USA) at 1:2000 for 1 h.  Finally, 2,2’-azino-di (3-ethyl-
benzothiazoline) sulphonic acid (ABTS)-H2O2 (Roche, Basel, 
Switzerland) was added as the substrate.  Half an hour later, 
absorbance values were detected at 405 nm using a microplate 
reader (Spectra Max Plus, Molecular Devices Corp, CA, USA).

Preparation of the immunoglobulin G
As the immunization process finished, rats in both the immu-
nized group and vehicle group were anesthetized intraperito-
neally with 10% chloral hydrate (3 mL/kg) and the sera were 
collected.  Then total IgGs in the sera were purified by IgG 
affinity column (Mab Trap Kit, Amersham).  Briefly, the col-
umn was renaturated with 3 mL binding buffer.  Then 1 mL 
serum sample diluted in equal volume of binding buffer was 
added, and the column was washed with 7 mL binding buffer 
followed by 5 mL elution buffer. The eluate (IgG solution) was 
stored in neutral buffer.  

Culture of human umbilical vein endothelial cells (HUVECs)
HUVECs were cultured on 6-well plates with cell culture 
medium (RPMI-1640, Gibco, Invitrogen, Carlsbad, CA, USA) 
containing 10% fetal bovine serum, at 37 °C in a humidified 
incubator containing 5% CO2.  The endothelial cells assumed 
a spindle-shaped or polygon appearance under the inverted 
microscope.  After the growth fusion, cells became monolayer 
and displayed a cobblestone or paving stone arrangement.  
The original culture medium was discarded when the cells 
confluence reached 80%.  The cells were then washed twice 
by D-Hanks’ liquid and digested with 0.125% trypsin.  The 
digestion liquid was discarded when cells contracted to a 
round shape and the intercellular space widened.  Finally, the 
fourth generation HUVECs were treated with 0.1 µmol/L of 
IgGs purified from two groups (Mab Trap Kit, Amersham) 
and angiotensin II (0.1 µmol/L, Sigma, USA) , respectively.  
The inhibitory effect of specific AT1R antagonist losartan (1 
µmol/L, Sigma, USA) was observed.  Medium samples were 
collected at 6, 24, and 48 h, and LDH activity was determined 
according to the protocol reported by Korzeniewski[19] et al.  
The procedure was as follows: the reaction monitored is that 
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the lactate is oxidized to pyruvate (coupled to the reduction 
of cytosolic NAD+ to NADH) in the presence of a tetrazolium 
salt (INT) as an oxidizing agent and phenazine methosulphate 
(PMS) as an electron transfer agent.  Reaction buffer was pre-
pared by mixing 4.17 mg INT, 1.07 mg PMS, 10.76 mg NAD 
with 60 mg lactic acid [dissolved in 12 mL 0.2 mol/L Tris (pH 
8.2)].   Conditioned medium sample (50 µL) was added to each 
well, then 100 µL of the reaction buffer was added to start 
the reaction.  The change in absorbance was determined by 
a microplate reader under kinetic mode at 490 nm for 5 min.  
LDH activity was defined as optical density (OD) value at the 
end point.

Detection of serum ET-1 content 
ET-1 concentration was determined by the corresponding 
Quantitative EIA Kit (R&D, USA) following the manufactur-
er’s instructions.  Briefly, standard substances and the samples 
(50 μL) were added into the wells which had been coated with 
anti-endothelin monoclonal antibodies.  After being incubated 
at 37 °C for 1 h, the plates were washed with cleaning buffer 
five times.  Then anti-rat endothelin-1 IgG/HRP was added 
and reacted at 37 °C for 1.5 h.  Following five washings, o-phe-
nylenediamine (OPD) at 100 µL was added to the wells and 
incubated in the dark at 37 °C for 0.5 h.  Finally, stop buffer 
was added.  The optical densities were measured at 492 nm in 
an ELISA reader.  The standard curve was made on coordinate 
paper.

Thoracic aorta preparations and in vitro vasodilatation
When the rats were anesthetized, thoracic aortas were quickly 
removed and placed in ice-cold 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (HEPES) solution(in mmol/L: NaCl 
144.0, KCl 5.8, MgCl2· 6H2O 1.2, CaCl2 2.5, glucose 11.0, Hepes 
5.0, pH 7.4).  The surrounding tissue was cleaned and the aor-
tas were cut into rings of 3-4 mm in length.  The rings were 
suspended on steel hooks in tissue baths containing 10 mL 
of HEPES solution bubbled with 100% O2 and maintained at 
37°C.  The changes in isometric force were recorded by a Pow-
erLab system (AD Instruments, Australia).  Passive tension 
was adjusted to 2.0 g.  Then a 1.5 h equilibration period was 
allowed before any experimental intervention, and the HEPES 
was replaced every 20 min.  After equilibration, the rings were 
constricted with HEPES-buffer containing 60 mmol/L KCl  
(in mmol/L: NaCl 89.8, KCl 60.0, MgCl2· 6H2O 1.2, CaCl2 2.5, 
glucose 11.0, Hepes 5.0, pH 7.4) followed by extensive wash-
ing.  Then the thoracic aorta was contracted by 10-6 mol/L NE, 
the integrity of endothelium was ensured by the relaxation 
induced by 10-9 to 10-6 mol/L acetylcholine (ACh).  10-9 to 10-6 

mol/L sodium nitrate (SNP) was added to observe the non-
dependent relaxation of endothelium.

ICAM-1 detection by laser scanning confocal microscopy (LSCM) 
Thoracic aorta slides were washed by PBS and followed by 
microwave antigen retrieval (0.01 mol/L sodium citrate buf-
fer, pH 6.0, 100 °C, 15 s).  After cooling for 30 min, ICAM-1 
antibody (goat anti-rat polyclonal IgG, Santa Cruz, USA) was 

added and incubated overnight at 4 °C.  Then, FITC-labeled 
rabbit anti-goat IgG (H+L) was used and was reacted with the 
samples for 30 min at 37 °C.  The slides were mounted with 
glycerol and observed with LSCM.  The excitation wavelength 
of FITC is 495 nm, and the emission wavelength is 519 nm.

Transmission electron microscope (TEM) 
Heart tissue (1 mm×1 mm) was removed quickly and stored 
in 2.5% glutaric dialdehyde for 2 h at 4 °C.  After washing 
with phosphate buffer (pH 7.4), the sample was post-fixed in 
1% osmium tetroxide for 2 h at 4 °C.  Gradient dehydration 
by 50% to 100% ethanol was performed, and the sample was 
then embedded in epoxies at 37 °C overnight.  Ultrathin sec-
tions were cut at 50 nm, and stained with lead citrate solution.  
Then a TEM was used for observing the structural changes of 
coronary endothelium.  

Statistical analysis
All of the data were expressed as mean±SD.  The statistical 
analysis was calculated using independent-samples t-test for 
two groups and one-way ANOVA for multiple groups using 
SPSS 13.0.  P<0.05 was considered statistically significant.

Results
The rat models actively immunized with AT1R-ECII were suc-
cessfully established
The titers of AT1-Abs in the sera of two rat groups were 
detected by using the ELISA method.  As shown in Figure 1, 7 
of 8 active immunized Wistar rats generated increased serum 
levels of AT1-Abs at the 1st month after initial immunization.  
And the concentrations of AT1-Abs maintained a constant 
high level from the 2nd month to the end of immunization 
(OD value at the last month, 1.79±0.29 vs 0.45±0.16, P<0.01 vs 
vehicle group at the same time point), however, AT1-Ab was 

Figure 1.  High titers of AT1-Abs were generated in the rats immunized 
with human AT1R-ECII.  Healthy Wistar rats were actively immunized 
with synthetic human AT1R-ECII.  ELISA method was used to assess the 
generation rule of serum AT1-Abs.  The titer of antibody was defined by 
OD value.  Data were expressed as means±SD.  n=7−8 rats per group.  
cP<0.01 vs vehicle group at the same period.  OD, optical density; AT1R-
ECII, epitope peptide of extracellular second loop of AT1 receptor; AT1-Ab, 
AT1 receptor antibody.
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not detected in the concurrent control, suggesting that the 
active immunization models were successfully established.  
The remaining one immunized rat failing to produce AT1-Ab 
was excluded.

LDH activation in cultured HUVECs treated with AT1-Ab-positive 
IgGs
Total IgGs from the sera of the two rat groups were purified 
and added into cultured HUVECs, and LDH activity was 
detected after 6 h, 24 h, and 48 h.  As illustrated in Figure 2, 
compared with vehicle group IgGs, 0.1 µmol/L total IgGs from 
AT1-Ab-positive sera of the immunized group caused a notice-
able increase of LDH activity in cocultured HUVECs after 
48 h (OD value, 0.84±0.17 vs 0.39±0.12, P<0.01, vs 0.1 µmol/L 
vehicle group IgGs), which was completely blocked by losar-
tan (OD value, 0.28±0.13, P<0.01), an AT1-receptor antagonist.  
The effect of immunized group IgGs was almost identical with 
that observed in angiotensin II-treated HUVECs (OD value, 
1.04±0.16), which indicated that there was necrotic cell death. 
 
Immunization with synthetic AT1R-ECII peptide caused a signifi­
cant increase of serum ET-1 in vivo
As detected by ELISA kit, a persistent increase of ET-1 in 
the immunized group started from the 3rd month after ini-
tial immunization till the end of the experiment.  Two peaks 
occurred at month 3 (27±4 ng/L) and month 7 (35±5 ng/L), 
respectively.  Both of them were significantly different with 
the vehicle group at the same time point (12.4±2.4 ng/L, 
12.1±2.9 ng/L, P<0.01, P<0.01).  The data were presented in 
Figure 3.  

The AT1R-ECII immunization resulted in attenuated endothelium-
dependent vasodilatation
As summarized in Figure 4, vascular dysfunction as evidenced 
by reduced acetylcholine-dependent aortic vasodilatation 
was observed in the immunized group which was introduced 
with human AT1R-ECII for nine months.  Thoracic aortas 
were pre-contracted by 10-6 mol/L norepinephrine, then 
endothelium-dependent vascular relaxation was performed 
using 10-9–10-6 mol/L acetylcholine.  Compared with the vehi-
cle group, the diastolic range significantly decreased in the 
immunized rats (relaxation percentage of the pre-contraction, 
51%±6% vs 62%±7%, P<0.05, vs vehicle group, Figure 4A).  
However, there was no difference in 10-9 mol/L–10-6 mol/L 
sodium nitroprusside-induced endothelium-independent 
vasodilatation between the two groups (Figure 4B).

Figure 3.  Persistent high content of ET-1 occurred in the sera of 
immunized rats.  In the immunization process, the concentrations of sera 
ET-1 in two groups were monitored dynamically.  Data were expressed by 
means±SD.  n=6−8 rats per group.  bP<0.05, cP<0.01 vs vehicle group at 
the same period.  ET-1, endothelin-1.

Figure 4.  Endothelium-dependent diastolic function of thoracic aorta 
declined in the immunized rats.  When the rats have been immunized for 
nine months, endothelium-dependent (A) and in-dependent (B) diastolic 
function of thoracic aorta in the rats were detected in vitro.  Diastolic 
function was defined by the percentage of the pre-contraction.  Data were 
expressed by means±SD.  n=6−8 rats per group.  bP<0.05 vs vehicle 
group at the same period.  ACh, acetylcholine; SNP, sodium nitroprusside.

Figure 2.  The effect of IgGs from immunized group on LDH activity 
in cultured HUVECs. Total IgGs purif ied from immunized group 
(0.1 μmol/L) or vehicle group (0.1 μmol/L) was added into cultured 
HUVECs, respectively.  LDH activity was detected after 6, 24, and 48 h.  
The effects of AT1 receptor agonist angiotensin II (0.1 μmol/L) and the 
blocker losartan (1 μmol/L) were also observed.  Data were expressed 
by means±SD.  n=6 cells per group.  cP<0.01 vs vehicle IgGs.  fP<0.01 vs 
AT1-Ab IgGs+losartan.  OD, optical density.
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Immunization with synthetic AT1R-ECII peptide contributed to 
increased ICAM-1 in endothelial cells 
The expression of endothelial ICAM-1 was determined by 
laser scanning confocal microscopy.  Compared with the 
vehicle group (Figure 5C, 5D), enhanced fluorescence inten-
sity were observed in immunized rats at month 9 after initial 
immunization (Figure 5A, 5B), which indicated that expres-
sions of ICAM-1 increased in rats that contained high levels of 
AT1-Abs for a long term.

Endothelial structural damage of coronary artery in rats from 
AT1-Ab-positive group 
Coronary artery structure in rats of the immunized group 
was determined by transmission electron microscopy.  It was 
clear that penetrating vesicle-channels were shaped between 
the double-membrane of the capillary endothelial cells (thin 
arrow), and the number of pinocytotic vesicles increased (thick 
arrow) (Figure 6A, original magnification×250 000).  In addi-
tion, the cytoplasmic membranes of the vascular endothelium 
effervesced, then the small vesicles were formed and shed.  
The shedding vesicle membrane was a lipid bilayer and the 
intramembrane component was cytoplasm (arrowhead) (Fig-
ure 6B, original magnification×250 000), suggesting that the 
permeability of cardiac capillary endothelial cell membrane 
increased.

Discussion
There were several considerable findings by active immuniza-
tion rat model in the current study: (1) AT1-Abs in the immu-
nize rats could cause necrotic cell death of HUVECs in vitro; (2) 
in the AT1-Ab positive immunized rats, the content of serum 
ET-1 raised significantly; the endothelium-dependent relax-
ation of the thoracic aorta declined; the expression of ICAM-1 

in endothelial cells was up-regulated and the permeability of 
coronary endothelial cells increased.

Vascular endothelium is not only largest endocrine/para-
crine organ in the human body, but also the target organ of 
many active substances.  It performs diverse important physi-
ological functions in some aspects such as regulating the 
systolic and diastolic states of blood vessels, maintaining the 
balance of coagulation and fibrinolytic systems, inhibiting the 
adhesion of the inflammatory cells and regulating vascular 
smooth muscle cell growth.  A large number of studies have 
shown that endothelial injury may play a key role in initiating 
hypertensive vascular lesions[20].  And recent studies suggest 
that endothelial injury may be caused by oxidative stress[21], 
malnutrition[22], and the hidden white blood cells or platelet 
membrane molecule[23], etc.  However, there are aslo many 
unknown injury factors being explored now.

In 1999, Wallukat[4] et al first reported that AT1-AAs were 
present in preeclamptic patients.  The antibody plays an 
agonist-like role by recognizing AT1R-ECII specifically.  It has 
been demonstrated that AT1-AAs increased the expression of 
tissue factor[24], induced Ca2+ release[25] and activated NADPH 
oxidase[10] in VSMCs[9].  Our research group also found[18] that 
AT1-AAs could contract capacity blood vessels (thoracic aorta) 
and resistance blood vessels (coronary, middle cerebral artery) 
of rats.  These studies suggested that AT1-AAs in patients 
may be closely related to vascular activities.  In view of the 
important role of endothelium in the vascular homeostasis, 
this paper focused on the relationship between AT1-Ab and 
endothelial activity using a traditional active immunization 
model, which may provide useful lab evidences for elucidat-
ing the potential significances and pathways of AT1-AAs that 
participated directly in vascular damage in complicated high 
blood pressure related diseases.

Active immunization is a classic method for studying a vari-
ety of antibodies.  Fu et al[26] have reported that high level and 
specific AT1-Abs would be generated in rats actively immu-
nized with synthesized human AT1R-ECII peptides.  This 
antibody showed an agonist-like effect, which was similar to 

Figure 5.  Upregulation of the expression ICAM-1 in thoracic aortic endo
thelium in the immunized rats.  At the end of the immunization, the 
expressions of thoracic aortic endothelial ICAM-1 in the two groups of 
rats were measured under a laser scanning confocal microscope.  A FITC-
labeled anti-rat ICAM-1 antibody produced the red stain (5A, 5C).  5B 
and 5D were the corresponding structure charts of vascular lying on left, 
respectively.

Figure 6.  Ultrastructural changes of coronary artery endothelium in the 
immunized rats were observed by electron microscopy.  Coronary artery 
ultrastructure in rats of immunized group was determined by transmission 
electron microscopy.  The magnification was 250 000.  Thin arrow and 
thick arrow represented penetrating vesicle-channels and the pinocytotic 
vesicles, respectively (A).  Arrowhead meant the effervesced vascular 
endothelium (B).
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the effect of AT1-AA in patients.  Our previous research also 
found that both AT1-Abs got from the actively immunized 
rats and AT1-AAs obtained from preeclamptic patients could 
increase the beating frequency of spontaneously contracting 
cardiomyocytes and induce thoracic aorta contraction in vitro 
via the AT1 receptor.  Therefore, AT1-Ab in the current study 
could be considered as AT1-AA.

In this study, we firstly observed whether AT1-Abs played 
the direct role in the endothelium injury.  LDH is one kind of 
cytoplasm containing enzymes of the living cell.  In normal 
circumstances, it cannot permeate the cell membrane.  When 
the target cells are attacked and damaged, cell membrane per-
meability changes, then LDH may be released to the medium.  
So the increase of LDH is often viewed as one of the hallmarks 
of cell disintegration and necrosis.  In order to reduce the 
interference caused by serum, total IgGs from AT1-Ab posi-
tive anti-sera of the immunized rats were purified accord-
ing to previous studies[18].  Then the immunoglubulins were 
added to isolated cultured HUVECs, and LDH activity signifi-
cantly increased after a certain time.  This phenomenon was 
similar with the role of angiotensin II and could be blocked 
apparently by losartan, while IgGs in the vehicle group had 
a smaller influence on the changes of LDH activity, which 
revealed that from the cellular level AT1-Abs may directly 
lead to the necrotic death of endothelium through activating 
AT1R.  However, whether other cell death pathways were 
involved in the process had not been explored.

Nevertheless, autoantibodies in clinical patients will be pro-
duced slowly and maintained for a long time, so whether the 
injurious effect caused by AT1-Abs in vitro still works in vivo 
warrants further study.  ET-1 is the strongest and most last-
ing effective vasoconstriction agent, and there are three forms: 
ET-1, ET-2, and ET-3.  Among them, ET-1 is the only one gen-
erated by vascular endothelium, and it plays important roles 
in contracting vessels, positive inotropic action and promoting 
the proliferation of VSMCs[27].  The increase level of ET-1 is 
mostly due to vascular endothelial injury or accidental activa-
tion, and to a certain extent reflects the degree of endothelial 
integrity[28].  It has been reported in clinic-based studies that 
high levels of ET-1 could be accompanied with AT1-AAs in 
patients[29].  This study demonstrated that using EIA test kit, 
from the third month after immunization the content of ET-1 
in the sera of immunized rats was higher than that of the 
vehicle group and reached two peaks on the third month and 
the seventh month, respectively, suggesting that the vascular 
endothelium may exhibit discontinuous injury because of the 
long-term effect of AT1-Abs, and the damage was particularly 
serious on the third month and the seventh month.  It may be 
the result of dynamic equilibrium regulation between the pos-
sible injury factor, AT1-Abs, continuous stimulation and cell 
regeneration.  

Besides barrier function, the endothelial cell is also largest 
endocrine organ in the body.  Through autocrine, it releases 
vasoactive substances and NO, endothelin, prostacyclin and so 
on to regulate vasomotion.  Mediated by the non-neuronal M 
receptor, acetylcholine induces endothelium-dependent vas-

cular relaxation.  So, endothelium-dependent vasodilatation 
reaction is regarded as a classic indicator which can reflect the 
damage of endothelium.  The present study found that at the 
ninth months immunization, endothelium-dependent vaso-
dilatation reaction of capacity vessels (thoracic aorta) in the 
antibody positive group showed an obvious decline, which 
was consistent with the phenomenon of attenuated endothe-
lium-dependent vasodilatation observed in patients with 
preeclampsia[30], malignant hypertension[31] etc.  Accordingly, 
from the functional point of view, it increased endothelial cell 
injury.  

In addition to the changes of serum indicator and function, 
endothelial cell activation is exhibited on many other aspects, 
and among them the increase of adhesion molecules expres-
sion is important.  ICAM-1 belongs to the immunoglobulins 
superfamily, widely distributed on the surface of endothelial 
cells, monocytes and neutrophils.  Under normal circum-
stances, ICAM-1 in endothelial cells shows weak expression.  
But it will be up-regulated when the endothelium was stimu-
lated by the tumor necrosis factor, interferon-γ, endotoxin or 
other injury factors, which will then plays a key role in accu-
mulation and infiltration of circular leukocytes, thus causing 
inflammatory lesions.  Therefore, people pay more attention to 
ICAM-1 as an important immunological index[32] of endothe-
lial activation in many diseases.  At the present, whether 
AT1-AA is influencing the expression of ICAM-1 in endothe-
lial cells has not been reported.  This study demonstrated that 
through confocal laser technology, the ICAM-1 expression in 
the endothelial cells of thoracic aorta was higher than in the 
vehicle group when the rats were immunized for nine month, 
suggesting that endothelial cells may have inflammatory 
lesions in long-term AT1-Ab positive rats.

Compared with the function of the aorta, the small arter-
ies seem more important in regulating tissue perfusion and 
blood pressure.  To further confirm communication between 
AT1-Abs and endothelium, we checked the ultrastructural 
changes of coronary endothelium using electron microscopy.  
The pictures in Figure 6 displayed the increased permeability 
and damaged organelles of cardiac capillary endothelium in 
the immunized group.  Considering the pathological changes 
of small vessels caused the dysregulation of contraction/
relaxation, increase in vascular tone, and decrease in tissue 
perfusion,  we suppose that these results may partly interpret 
the close relationship between AT1-AA and heart diseases in 
clinic[33].

In addition, this article also detected blood pressure changes 
by tail-cuff plethysmography in the two groups.  Unexpect-
edly, no significant difference was observed between the 
two groups during the entire immunization process (data 
not shown).  And the reasons may be: (1) the formation and 
regulation of blood pressure was the result of multiple factors.  
AT1-Ab, which could damage blood vessels, was not enough 
to cause change in blood pressure by itself; (2) the formation of 
high blood pressure was a relatively long pathological process.  
We carried out a nine-month rat active immunization model 
that may be too short for observing pathological changes of 
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the blood pressure in rats.
Collectively, this study gave a comprehensive analysis for 

the first time of the function, structure and other aspects of 
endothelium in the immunized rats induced by AT1-Ab from 
serum,  which would lay the foundation for clarifying the 
importance of autoimmune mechanisms in the related com-
plex types of hypertensions.  Nevertheless, there are several 
shortcomings in the article: (1) considering the fluctuation of 
ET-1, we supposed that the endothelial injury caused by AT1-
Abs may be a discontinuous process, in which the injury and 
repair-phase alternate.  However, the changes of other key 
indicators were only investigated at the end of the immuniza-
tion.  So we cannot analyze the time course of this antibody; 
(2) the method of active immunization we used in this study is 
the classical research tool for studying antibodies, and also the 
first step in testing autoimmune diseases in basic research[34].  
It provides us with an important reference for defining the 
function of antibodies.  However, it has some unavoidable 
disadvantages.  For example, the titer of antibody cannot be 
controlled easily, and it is usually much higher than the actual 
amount in clinic.  Therefore, further studies using other animal 
models (such as passive immunized rat models) are necessary 
to draw firm conclusions.
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