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Hypertension produces pathophysiological changes that are often responsible for the mortality associated with the 
disease. It is evident that overactive renin-angiotensin systems play a central role in the development of hyper- 
tension and target organ damage associated with hypertension. We have previously found that a novel angio- 
tensin II receptor (AT1) vaccine-ATR12181 attenuated the development of high blood pressure (BP) in spontaneously 
hypertensive rat (SHR) model of human essential hypertension. Our objective was to determine whether this 
attenuation of high BP is associated with prevention of target organ damage induced by hypertensive state. SHRs 
were immunized against a peptide (coded ATR12181) from the extracelluar portion of the AT1A receptor by 
repeated subcutaneous injections of peptide-tetanus-toxoid complex in combination with Freund’s adjuvant. A 64 
weeks long-term observation was performed. Repeated vaccinations resulted in the induction of anti-ATR12181 
antibodies. At the end of observation, vaccinated SHRs manifested lower BP, decreased cardiac hypertrophy and 
attenuation of kidney injuries. mRNA levels of c-fos and c-jun in heart and kidneys were decreased in vaccinated 
SHRs. Since a self antigen was used, safety of vaccine was concerned. However, the signs of autoimmune diseases 
were not observed in the sections of heart and kidney. These data demonstrated that repeated immunization 
against a domain of the extracellular portion of the AT1 receptor was able to cause a target organ protection 
against hypertension. Active immunization against the AT1 receptor may be considered as a promising new 
strategy in the treatment of hypertension. Cellular & Molecular Immunology. 2006;3(2):107-114. 
 
Key Words: AT1, hypertension, vaccine, immune system 
 
 
Introduction 
 
A role for the renin-angiotensin system (RAS) in the 
development of hypertension is well established in both 
human and animal models such as the spontaneously 
hypertensive rat (SHR) (1, 2). Interruption of the RAS 
pathway, either by preventing the formation of angiotensin II 
(i.e., angiotensinconverting enzyme inhibitor) or by blocking 
its actions at the level of the peptide receptor [i.e., 
angiotensin II type 1 (AT1) receptor antagonists], has been 
proved to be highly successful in the treatment and mana- 
gement of hypertension in a significant population of 

hypertensive patients (3). In spite of this success, the 
traditional pharmacological therapy targeted to inhibit 
specific components of the RAS suffers from many signi- 
ficant disadvantages. Chronic administration of traditional 
therapies is necessary for long-term anti-hypertensive 
benefits. Required daily dosing and undesirable side effects 
such as coughing, angioedema, renal dysfunction and hyper- 
kalemia diminish patient compliance (4, 5). Thus, other 
specific ways of suppressing the RAS function in hyper- 
tension, for example, immunological approaches may have 
advantages over current therapy.  

The renin-angiotensin vaccine is an old dream of the 
immunologist and cardiologist (6). In comparison with the 
chemical drugs, vaccine has potential benefits for controlling 
hypertension. The potential benefits include improvements in 
compliance management, smooth and progressive onset of 
action for patients, improved diurnal control of blood 
pressure and reduction in drug interactions associated with 
conventional drug polypharmacy. These advantages are due 
to the vaccine mode of action, where infrequent doses induce 
a biological response, overcoming the need for one or more 
daily tablets. Since the discovery of renin, renin was first 
used to immunize the animals as a vaccine against RAS (7). 
Michel JB et al. reported that active immunization against 
mouse renin could lower the blood pressure (BP) of Wistar 
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rats and spontaneously hypertensive rats (SHRs), and 
antibodies generated in the rats against renin could inhibit 
catalytic activity of renin (8). Similar results were found in 
the experiment of marmoset (9). Unfortunately, the effect on 
BP was accompanied by autoimmune disease of kidneys, 
which are major sites of production, storage and release of 
renin (8, 9). Since the safety concern, other components of 
RAS including angiotensin I (Ang I), angiotensin II (Ang II) 
and peptide from the AT1 receptor were used to immunize 
the animals (10-12). According to the results of previous 
studies, Ang I peptide analogue vaccines may be the most 
successful. Ang I peptide analogue vaccines selectively 
reduced the pressor effects of exogenous Ang I in conscious 
rat (10). Further experiments were done in the man with 
essential hypertension, and a clinical trial has been initiated 
since 2001(11, 13). 

We have previously established active immunization with 
a peptide coded ATR12181 from the extracelluar portion of 
rat AT1A receptor attenuating the development of high BP in 
SHRs (14). In present study, SHRs were vaccinated against 
ATR12181-tetanus-toxoid complex repeatedly and a 64 
weeks long-term observation was performed. Our objective 
was to determine whether this attenuation of high BP was 
associated with the prevention of cardiovascular and renal 
pathological changes induced by the hypertensive state. 
 
Materials and Methods 
 
Preparation of the AT1A receptor vaccine 
Two AT1 receptor subtypes have been described in rodents, 
AT1A and AT1B, with more than 95% amino acid sequence 
identity. AT1A receptors are abundantly expressed in 
vascular smooth muscle cells (VSMC) (15). We designed the 
peptide ATR12181 based on amino acids sequences of 
extracellular parts of the AT1A receptor. The sequence of the 

peptide ATR12181 was shown in Table 1. The peptide was 
synthesized by PSSM-8 peptide synthesizer (Shimadzu, 
Japan). The carrier protein in solution of tetanus toxoid (TT) 
was purchased from Institute of Biological Products of 
Wuhan. To conjugate, the appropriate amount of the peptide 
was weighed out, dissolved in phosphate buffered saline 
(PBS) and mixed with TT. Following this, 0.3% 
glutaraldehyde solution was added to mixture of peptides and 
TT, and incubated for 2 hours at room temperature. Then 
glycerine was added into solution and incubated for 30 min at 
room temperature to the reaction. The mixtures were 
dialyzed against PBS at 4°C overnight. The conjugate was 
sterilized using 0.2 mm filters (Millipore, U.K.), and 100 μl 
of the conjugate containing 0.1 mg of peptide was used as a 
dose for each immunization of animal. 
 
Handling of animals  
All the animal protocols and procedures were approved by 
the Institutional Animal Care and Use Committee. Male 
SHRs aged 6 weeks (body weight 145 ± 10 g) were immunized 
by subcutaneous injection with peptide-TT conjugate 
(peptide, 0.1 mg for each dose). The conjugate was coupled 
with the same volume Freund’s adjuvant (Yafa Biological 
Technology Ltd., China). Complete Freund’s adjuvant was 
used in the initial injection and incomplete Freund’s adjuvant 
for subsequent procedures. SHRs were received repeated 
immunizations at 0, 4th, 8th, 12th, 16th, 24th, 32nd, 40th and 
52nd week, and raised for 64 weeks. The homo-age male 
SHRs received 0.9% sodium chloride in a same schedule was 
used as control. 
 
ELISA 
Blood samples were taken every 4 weeks to monitor antibody 
titer by using an enzyme-linked immunosorbent assay 
(ELISA). To determine antibody responses to each peptide, 
96-well micro-titer plates were coated with each peptide (1 
μg/well) in 0.1 M Na2CO3 solution (pH 9.6). After 
adsorption overnight, the coating antigen was removed and 
the plates were washed for 3 × 5 min with PBS containing 
3% bovine serum albumin (BSA) (PBS-A). To prevent non- 
specific binding, the plates were incubated with 200 μl 
PBS-A/well for 1 h at 37°C. Serum samples (100 μl/well) 
diluted in PBS, 0.1% BSA and 0.1% Tween-20 (TBS-T), 
were added in doubling dilutions from 1:80 to 1:10,240 and 
incubated at 37°C for 45 min. After three additional washings, 
horseradish peroxidase-conjugated anti-rat IgG antibodies 
1:2,000 were added for 30 min at 37°C. The plates were then 
washed three more times, the substrate (0.01% H2O2 and 
0.1% 3’-3’-5’-5’-tetramethyl benzidine) was added for 10 
min, and the reaction was ended with 2 mol/L H2SO4. Optical 
density (OD) was measured at 450 nm in a microplate reader 
(Bio-tek type EX2800). The titre end-point was taken to be 
the dilution that no longer gave an absorbance value greater 
than twice that of the negative control. The negative control 
was the serum taken from the same rat prior to immunization. 
 
Echocardiography analysis 

Table 1. Amino-acid sequences of the peptide coded 
ATR12181 
 
Code ATR12181 

Sequence AFHYESR* 
Molecular weight 908.97 
Molecular formula H56C41N12O12 
Location the second extracellular 

loop of rat AT1A receptor 
(181-187) 

Compared with AT1B protein AFHYESQ** 
Compared with rat AT2 receptor FRDVRTI 
Compared with human AT1 receptor AFHYESQ** 
Compared with human AT2 protein FRDVRTI 

*ATR12181 is a seven-amino-acid sequence from rat AT1A receptor. **The 
letter underlined indicates the different amino-acid sequences of rat AT1B 
receptor or human AT1 receptor in comparison with rat AT1A receptor. 
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Before sacrifice, two-dimensional echocardiography was 
performed with a phased-array echocardiographic machine 
(GE type-Vivid, USA), using an 11.4-MHz (short focus) 
transducer. Short-axis view of the left ventricle was obtained. 
 
BP measurement 
Indirect systolic blood pressure (SBP) was monitored by a 
standard tail-cuff technique using Powerlab system 
(ADInstruments, Australia) every 4 weeks. Before the study, 
all the rats were trained to become accustomed to the tail-cuff 
procedure for 3 days. The three determinations were 
averaged to provide each measurement recorded. Before the 
sacrifice of rats, invasive BP measure was done. Rats were 
anaesthetized (sodium pentobarbital 45 mg/kg, i.p.) and a 
catheter was implanted in the left carotid artery. Intravascular 
BP was measured by using Powerlab system. 
 
Organ weight and morphometric analysis 
After measurement of BP, all rats were sacrificed. Heart and 
kidneys were excised and rinsed in 0.9% physiological saline, 
and total weights of heart and kidneys were recorded. The 

weight of heart was normalized to body weight, and the ratio 
was compared among groups. Heart and kidneys were further 
dissected, and the fixed transverse sections of the tissues 
were embedded in paraffin, cut into 5-μm sections, and 
stained with Masson’s trichrome. Parts of tissues of renal 
cortex were immediately fixed in 0.25% glutaraldehyde for 
transmission electron microscopy (TEM) analysis. 
 
RT-PCR analysis 
Total RNA from left ventricle tissue and kidneys was 
prepared using Trizol reagent (Invitrogen, USA). The 
expressions of c-fos and c-jun were assessed by reverse 
transcriptase-polymerase chain reaction (RT-PCR). With the 
One-step RT-PCR Kit (TakaRa, Japan), the procedure 
followed the protocol of the manufacturer. Primers were 
synthesized by Shanghai Sangon with the following 
sequences: GAPDH 5’-AAT GCA TCC TGC ACC ACC 
AA-3’ and 5’-GTA GCC ATA TTC ATT GTC ATA-3’; c-fos 
5’-TCC CAG AGG AGA TGT CTG TG-3’ and 5’-GGC 
TCC AGC TCT GTG ACC AT’-3, c-jun 5’-TAG TCC CTC 
CCG TGG TTG-3’ and 5’-TCT AGG AGT CGT CAG AAT 
CC-3’. Each PCR product was electrophoresed on a 2% 
agarose gel and stained with ethidium bromide (1 μg/ml). 
The density of each PCR band was measured and analyzed 
by ImageMaster VDS analysis software (Pharmacia Biotech). 
To quantify the amount of mRNA product, we used GAPDH 
mRNA as internal control. 
 
Statistical analysis 
Results are expressed as mean ± SEM. Statistical significance 
was estimated by using the Student’s t test. p < 0.05 was 
considered significant. 
 
Results 
 
Titer and BP 
Figure 1 showed the changes of antibody titre. After second 
booster, the titre reached a platform (1:2,560-1:10,240). The 

A

B

 
 
Figure 1. Plots of effect of vaccinations in spontaneously 
hypertensive rats. (A) Time dependent appearance of antibodies
against peptide ATR12181. P, primary injection; B, booster injection. 
The titer of antibodies against the peptide appeared in the 
circulation after primary injection and reached a platform after the 
second booster. (B) Changes in the systolic blood pressure (SBP) in 
ATR12181 group significantly differ from that in the control group 
after the 8th week of experiment (Student’s t test p < 0.05), and 17
mmHg decrease of SBP was achieved at the end of observation. 
 
 
 

Table 2. Blood pressure, heart rate and cardiac patho-
physiological parameters of vaccinated and control animals 
at the 64th week 
 
 Control group ATR12181 group 
SBP (mmHg) 197 ± 4 180 ± 6** 
DBP (mmHg) 142 ± 4 136 ± 5 
HR (beats/min) 388 ± 23 392 ± 22 
Body weight (g) 383 ± 18 538 ± 36** 
Heart weight (g) 1.59 ± 0.06 1.33 ± 0.11** 
HW/BW (mg/g) 4.2 ± 0.2 2.5 ± 0.1** 
IVSd (cm) 0.27 ± 0.01 0.22 ± 0.02** 
LVIDd (cm) 0.68 ± 0.03 0.58 ± 0.04** 
LVPWd (cm) 0.28 ± 0.02 0.23 ± 0.02** 
EF (%) 79.4 ± 3.0 81.5 ± 3.1 

N = 6 per group. **p < 0.01 vs control group. 
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platform could maintain by repeated immunization. The peak 
titre was 1:10,240. ELISA results demonstrated that vacci- 
nation was able to induce immune responses against peptide 
ATR12181.  

Before the primary injection, SBP of two groups was at 
same level, and the average SBP of all SHR was 139.3 ± 9.4 
mmHg. SBP of both groups increased and reached a plateau 
at the 8th week. In comparison with SBP of control group, 
there was a significant decrease in SBP level at the 8th week 
in the ATR12181 group (Figure 1). Before the sacrifice, a 17 
mmHg reduction of systolic blood pressure was observed in 
vaccinated SHRs at the 64th week (Table 2). However, the 
level of BP did not reach target level (140/90 mmHg). 
 
Effects of vaccine-ATR12181 on cardiac remodeling 
Figure 2 showed representative short-axis echocardiographic 
views of heart from a control animal and a vaccinated rat. 

The left ventricle thickening of control group was obvious. 
As data shown in Table 2, compared to control group, LVH 
in vaccinated group was significantly attenuated, as 
evidenced by decreased end-diastolic interventricular septum 
(IVSd), left ventricular end-diastolic interdiameter (LVIDd, p 
< 0.01) and left ventricular end-diastolic posterior wall 
(LVPWd, p < 0.01) (Table 2). SHRs in both groups did not 
develop heart failure, as evidenced by normal ejection factor 
(EF) values in both groups at 64th week (p > 0.05) (Table 2). 
Echocardiography indicated that active immunization with 
the ATR12181 vaccine markedly attenuated LVH.  

Necropsy of the rats in control also revealed LVH. In 
contrast, LVH in ATR12181 group was significantly 
attenuated (Figure 2). Mean body weights (BW) of the 
vaccine-treated SHRs were 40.4% higher than those of 
untreated SHRs (Table 2). In contrast, heart weights (HW) of 
the vaccine-treated SHR were 16.4% lower than those of 

 
 
Figure 2. Effects of vaccine-ATR12181 on cardiac and renal pathological changes associated with hypertension. (A) Representative 
short-axis echocardiographic views of heart from a control animal and a vaccinated rat. Right ventricle (RV), left ventricle (LV), anterior 
interventricular septum (AIVS) and left ventricular posterior wall (LVPWd) are indicated. The wall of LV in control group is thicker than that 
in ATR12181 group. (B) Representative macroscopic graphs of hearts from control and vaccinated groups. Left ventricular hypertrophy (LVH) 
is evident in control group. LVH is attenuated in ATR12181 group. (C) Photomicrographs of sections of left ventricular from SHR of control 
group and ATR12181 group. Collagen deposition (blue) was determined by Masson’s trichrome staining. Multiple cardiac fibrosis is found in 
control group, but this phenomenon is not seen in hearts of the ATR12181 group. Magnification × 400. (D) Photomicrographs of sections of 
renal cortex from SHR of control group and ATR12181 group. Collagen deposition (blue) was determined by Masson’s trichrome staining. 
Glomerular damages and interstitial fibrosis in kidney are evident in control group, but these changes are not found in vaccinated group. 
Magnification × 200. (E and F) Electron photomicrographs of renal cortex from SHR of control group and ATR12181 group. (E) Thickening 
of basement membrane and interstitial fibrosis are evident in control group. (F) Thickening of basement membrane is only present in the part 
of glomeruluses in ATR12181 group. 
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untreated SHRs, and similar results in HW/BW were found 
(Table 2). Cardiac hypertrophy was significant prevented by 
the vaccine ATR12181. Multifocal areas of fibrosis in the 
myocardium are another characteristic of hypertension in this 
model. Fibrosis was clearly evident in control rat, but was 
rarely seen in ATR12181 group (Figure 2). All the 
morphometric results suggest that cardiac pathological 
changes in the genetic hypertension model attenuated.  
 
Effects of the vaccine ATR12181 on kidneys 
Kidney is an important target organ in hypertension. This 
organ has abundant arterioles and capillary, where the AT1A 
receptors are abundantly expressed. Whether or not there 
were vaccine-induced cellular or antibody autoimmune 
damages in kidneys need to be determined. In control SHRs, 
glomerular damages and interstitial fibrosis were evident at 
64th week (Figure 2). In contrast, treatment with vaccine- 
ATR12181 significantly attenuated the advance of kidney 
damages in hypertension. Any signs of autoimmune damages 
were not found under microscope. For further observation, 
the ultrastructure changes were evaluated by TEM. In control 
group, interstitial fibrosis was observed. In addition, 
thickening of basement membrane was also found, but there 
were not electron-dense depositions present in basement 
membrane. Similar change was also present in vaccine- 
treated SHR, but thickening of basement membrane was 
present only part of renal glomeruluses. These findings 
indicated vaccine-ATR12181 afforded renal protection in 
hypertensive state. 
 
Change of c-fos and c-jun expression in target organs 
Finally, we tested the expressions of c-fos and c-jun, which 
were the main factors to promote proliferation induced by 

Ang II through AT1 receptor. In comparison with the control 
group, the expressions of c-fos and c-jun mRNA in hearts 
and kidneys of ATR1218 group were decreased significantly 
(Figure 3). 
 
Discussion  
 
The results of this study demonstrate that repeated 
immunizations with a novel angiotensin II receptor (AT1) 
vaccine-ATR12181 attenuates the development of hemo- 
dynamic and pathological alterations associated with hyper- 
tension in SHRs. Primary injection and booster injections of 
vaccine in SHRs decreased SBP level, LVH, and attenuated 
renal injures. These novel data suggest that interruption of 
AT1 receptor in SHR, with an immunological approach, may 
be used to prevent hypertension and its associated 
cardiovascular and renal risk factors. 

Vaccine-ATR12181 is complex of peptide-ATR12181 and 
TT in combination with Freund’s adjuvant. The sequence of 
peptide ATR12181 is located in 181-187 amino acids of the 
second loop of rat AT1A receptor. Wallukart, et al. first 
described the same sequence of human AT1 receptor. Their 
team first found that the patients with preeclampsia 
developed an agonistic autoantibody against human AT1 
receptor (16). The autoantibody was able to specifically 
recognize the extracellular second loop of AT1 receptors and 
develop an agonistic effect similar to that of Ang II. The 
agonistic AT1 receptor autoantibody in the sera of 
preeclampsia patients could be neutralized by the peptide 
181-187 from the second loop of human AT1 receptor (16, 
17). It indicated that this amino-acid sequence was an 
important epitope for autoantibody, and might be a functional 
domain of AT1 receptor. In our previous work, active 
immunization with peptide ATR12181 in Wistar rats did not 
develop hypertension or cardiac and extracardiac organ 
damages (14). Those results indicated that antibody against 
ATR12181 did not display agonistic characters. AT1 receptor 
belongs to the family of seven transmembrane receptors, and 
the extracellular parts are the N-terminal part and three 
extracellular loops. Amino acids in the AT1 receptor are 
essential for Ang II binding, and Ang II binds primarily to 
the extracellular region of AT1 receptor (18). Each of the 
extracellular parts can be an antigen and produce an antibody 
(19). Our hypothesis is that some antibody produced by a 
synthetic peptide corresponding to extracellular region of 
receptor, which has no agonistic effect, and affect Ang II 
binding to the receptor. Zelezna B et al. reported that the 
antibody against the peptide 14-23 from N-terminal part of 
AT1 receptor was able to attenuate hypertension development 
in young SHRs (20). When administered intracerebroven- 
tricularly, the antibody against the peptide could antagonize 
Ang II-induced increase of BP and water drinking (21). 
However, active immunization with that peptide in adult 
SHR with established hypertension had no significant effect 
on BP (12). In the sequence of ATR12181 (181-187 amino 
acids in the second extracellular loop of AT1 receptor), 
His183 was an essential residue for agonist binding (18). We 

A B

 
Figure 3. Detection of oncogenes c-fos and c-jun in mRNA level. 
(A) Representative RT-PCR products of RNA extracted from left 
ventricle and renal cortex of vaccinated SHRs and control SHRs. 
(B) Bar graphs show optical densities of c-fos and c-jun bands 
relative to GAPDH. Data of mRNA were normalized to GAPDH 
mRNA. In comparison with the control group, the mRNA level of 
c-fos and c-jun mRNA in heart and kidneys of ATR1218 groups
decreased significantly. *p < 0.05, versus normal (n = 6). 
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infer that specific antibody produced by ATR12181 peptide 
could recognize the same amino-acid sequence located in the 
second extracelluar loop of AT1A receptor and affect Ang II 
binding the receptor. To reveal the accurate effects of 
antibody against ATR12181 on activation of AT1A receptor, 
we intend to purify epitope specific IgG to evaluate its 
pharmacological character in further study. 

ELISA results demonstrated that vaccne-ATR12181 
could induce positive immune responses in SHRs. Repeated 
immunizations against vaccine yielded antibody titers to 
1:2,560-1:10,240. Synthetic peptide is a poor immunogenic 
antigen to induce immune responses. We used several 
approaches to enhance the immunogenicity of peptide 
ATR12181. Before immunization, ANTHEPROT V4.0 
software was used to predict the sequential epitopes of the rat 
AT1A protein. Two different algorithms using the primary 
amino acid sequence data were applied: the hydrophilicity 
method as described by Hopp & Woods (22) and combined 
antigenicity profile by Parker et al. (23). According to the 
graphs of hydrophilicity and antigenicity in Figure 4, 
ATR12181 is a hydrophilic peptide and probably a liner B 
cell epitope. To induce immune responses, the peptide must 
be recognized by B cell, and B cell must still receive help 
from a helper T cell recognizing a sequence with same 
immunogen. ATR12181 peptide was conjugated to TT 
protein, which can provide T cell epitopes (24). In addition, 
Freund’s adjuvant was used to enhance immune responses.  

Tissue remodeling and associated ultrastructural changes 
in tissues relevant to cardiovascular functions such as heart 
and kidney are major contributing factors in the morbidity 
and mortality associated with hypertension. In hypertension, 
LVH is a compensatory response to the increased pressure 
load attributable to the elevation in peripheral resistance. The 
RAS, particularly Ang II, play a pivotal role in cardiac 
hypertrophy. In vivo, the infusion of subpressor doses of Ang 
II induced cardiac hypertrophy in rats and mice (25, 26), and, 
in vitro, addition of Ang II to cultured neonatal cardio- 
myocytes increased protein synthesis (27, 28). Over- 
expression of angiotensin II type I receptor in cardiomyo- 
cytes of transgenic mice induced cardiac hypertrophy and 
remodeling (29). Ang II also proved to be a central effector 

renal injures in hypertensive state. Infusion of Ang II in 
normal rats results in a rise in glomerular capillary hydraulic 
pressure, with subsequent development of proteinuria, 
glomerular injures and focal glomerulosclerosis. Besides the 
hemodynamic effects, Ang II has been shown to stimulate 
mesangial cell proliferation, increase synthesis of extra- 
cellular matrix and enhance the inflammation (30). Both AT1 
receptor blocker (ARB) and ACEI were demonstrated to 
provide protection to heart and kidneys besides reduction of 
BP (3, 30). Similar effects were found in vaccine-ATR12181. 
In untreated SHR, a chronic pressure overload of hyper- 
tension caused cardiac remodeling, cardiac fibrosis, glomerular 
damages and interstitial fibrosis. In contrast, these patho- 
logical changes were prevented by vaccinations. In 
comparison with chemical drugs, the antibody produced by 
vaccinations could maintain a stable concentration in 
long-term. It can produce a constant blockade of a hormonal 
system. Vaccine-ATR12181, an immunological approach 
targeted RAS system, is successful to provide target organ 
damages just like chemical drugs in animal model. 
   To further find the mechanism of target organs protection 
from vaccine-ATR12181, the c-fos and c-jun oncogenes in 
the heart and kidneys were detected. C-fos and c-jun 
oncogenes were the important factors to promote growth. 
Documents had displayed that AT1 receptor stimulation 
increased the expression of these substances in heart (28). 
The increased expressions of c-fos and c-jun promoted the 
DNA synthesis and protein expression in cardiomyocytes and 
interstitial fibroblasts, caused hypertrophy of cardiomyocytes 
and interstitial collagen deposition, and led to cardiac 
remodeling. We found that mRNA levels of c-fos and c-jun 
were decreased in heart, which could explain the structure 
change in vaccinated rats. C-fos and c-Jun form trans- 
criptional factor, activator protein-1 (AP-1), which is known 
to regulate the expression of various genes such as 
transforming growth factor-β1 (TGF-β1) in kidney (31). Ang 
II-induced TGF-β1 expression has been demonstrated to play 
a key role in progression of glomerulosclerosis and 
extracellular matrix production (32, 33). The inhibition of 
AP-1 limits Ang II-induced TGF-β1 expression (34). In 
present study, glomerular damages and interstitial fibrosis in 

 
 
Figure 4. Antigenicity prediction profiles of rat AT1A receptor protein. (A) Hydrophilicity method by Hopp & Woods (22). 
(B)Antigenicity method by Parker, et al. (23). Positions of peptide-ATR12181 and other peptides (ATR10014 and ATR12185) used in our 
previous work (14) are indicated. According to the graphs of hydrophilicity and antigenicity, peptide-ATR12181 is a hydrophilic peptide. 
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kidney were prevented by vaccinations. Decreased mRNA 
levels of c-fos and c-jun might explain the pathylogical 
changes in kidney. 

Since a self antigen was used, the safety of vaccine- 
ATR12181 is concern. In the history of RAS vaccine, the 
renin-vaccine was the most effective. Unfortunately, anti- 
renin antibody deposition was found in the juxtaglomerular 
apparatus, and progressive interstilial inflammatory injury of 
kidney (8, 9). In present study, we didn’t find any signs of 
autoimmune diseases in the sections of heart. Kidney has 
abundant arterioles and capillary, where the AT1A receptors 
are abundantly expressed. There were no signs of peri- 
vascular cellular inflammation. Although the thickening 
basement membrane of glomcruluses was found under TEM, 
control group also developed similar ultrastructure changes 
that were more serious. In addition, there were no signs of 
depositions in basement membrane or other places of 
glomcruluses in vaccinated group.  

Vaccine-ATR12181 attenuated the development of 
hemodynamic alterations of hypertension, and 17 mmHg 
decrease of SBP was achieved. However, SHRs still were 
regarded as hypertension. Hypertension is a complex disease, 
and many factors contribute to elevation of BP. The vaccine 
only targets one of them, so it is difficult to decrease the BP 
to target level.  

A role for RAS in the development or maintenance of 
hypertension is well established (1, 2). Our results confirm a 
fundamental role for AT1 receptors in both the development 
of high BP and the production of pathological organ damage. 
The interruption of the RAS pathway by using an angiotensin 
II receptor (AT1) vaccine ATR12181 offers the potential to 
prevent the development of hypertension and its associated 
pathophysiological alterations with infrequent admini- 
strations. Of course, there are still several questions need to 
be answered. How does the antibody against vaccine- 
ATR12181 lower BP? Is it safe to use a self antigen? Studies 
are now under way to determine these doubts. 
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