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Background

Current pharmacologic therapy for hypertension is focused on managing it. A bet-
ter treatment would be to employ the immune system to modulating hypertension 
mediators and targets in order to control the blood pressure.

Vaccines are therapies that stimulate the immune system to provide protection 
against disease. Usually, this is via antibodies against infectious diseases; however, 
vaccines can be used in other chronic disease, e.g., cancer, asthma, smoking cessa-
tion, and hypertension [1–3].

Vaccines need a target. In infectious disease, vaccines target bacterial or viral 
outer surface proteins. What is the appropriate target for hypertension? The causes 
of hypertension are complex and it is unlikely that there is a single pinpoint cause, 
however, the renin–angiotensin–aldosterone system (RAAS) is a central actor and 
makes a logical target for vaccine development. See Chap. 6 for a full discussion 
of the RAAS. The remainder of this chapter will focus on the research and achieve-
ments of vaccines targeting elements of the RAAS.

Renin Vaccine

Renin was discovered in 1898 by Tigerstedt and Bergman. They extracted renin 
from the kidney of a hypertensive dog and found that it could induce hypertension 
in another nephrectomized dog [4].
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Johnson and Wakerlin first demonstrated that parenteral administration of renin 
from one species to another species results in the production of anti-renin anti-
bodies [5]. Goldblatt conducted the first human study of a renin vaccine when he 
injected human subjects with porcine renin [6]. The subjects, who all had primary 
hypertension, developed antibodies to the foreign renin, but the antibodies did not 
lower blood pressure. The investigators theorized that there must have been a lack 
of cross-reactivity between the antibodies developed against porcine renin and na-
tive human renin.

There were several studies on renin vaccine from 1950 to 1980 with both active 
and passive immunization [7]. Most of the studies were done using cross-species 
renin infusions to develop the antibodies. The procedure was most successful at 
reducing renal vascular hypertension (the experimental model for the hypertension 
usually involved nephrectomy and partial renal artery obstruction). Some studies 
found blood pressure reductions as high as 20–50 mmHg. The procedure appeared 
safe with no immune complex depositions discovered in renal biopsies

The early promising results prompt Michael et al. to test a renin vaccine with  adjuvant 
[8]. The use of an adjuvant was in order to generate a more sustained clinical  response. 
He combined purified human renin with Freund’s adjuvant, water-in-oil emulsion and 
dead mycobacterium. When tested in marmosets, this vaccine resulted in high titers 
of anti-renin antibodies and a significant reduction in blood pressure.  However, 1–4 
months after immunization, the animals became sick and died.  Autopsies showed im-
munoglobulin deposition in the afferent arterioles. There was also evidence of cellular 
inflammation around the renal arterioles and interstitial nephritis. This setback closed 
this avenue of research and no further work being done on renin vaccines.

Angiotensin I Vaccine

Angiotensin I and angiotensin II are small peptides, 10 and 8 amino acids respec-
tively. Because of their small size, investigators theorized that anti-angiotensin an-
tibodies should pose less of an autoimmune threat. Angiotensin I molecules need to 
be prepared with an adjuvant to make them immunogenic.

Reade et al. immunized spontaneously hypertensive rats (SHR) with angiotensin 
I coupled to Limulus polyphemus hemocyanin. Despite the successful induction of 
high titers of angiotensin I antibodies, there was no reduction in blood pressure [9].

Gardiner et al. immunized normotensive rats with angiotensin I coupled to a teta-
nus toxoid (TT) carrier protein adjuvanted with aluminum hydroxide (ALOH). The 
vaccine was injected on days 0, 21, and 42. Vaccinated rats had blunted responses 
to exogenous angiotensin I on day 63 and had no response to angiotensin II admin-
istration. The anti-angiotensin antibody titer increased 32, 100 fold [10].

Downham et al. compared angiotensin I vaccines made with two different car-
riers, TT and keyhole limpet hemocyanin (KLH) vaccine (PMD−3117) in humans 
and rats [11]. The researchers thought that since tetanus toxoid is a common antigen 
that most of adults have been exposed to, it may reduce the effectiveness of the 
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vaccine [12]. In rats, both vaccines induced similar immune responses and similar 
protection from the presser effects of exogenous angiotensin I. In humans, however, 
the antibodies were unable to blunt the hypertensive effect of either angiotensin I or 
angiotensin II challenges.

Brown et al. tested an angiotensin I vaccine on patients with primary hyper-
tension [13]. Patients, who had already been shown to be responsive to an ACEi 
or ARB, were randomly assigned to receive PMD3117 or placebo over a 6-week 
 period. Patients stopped ACEi/ARB therapy 2 weeks before starting the study drug 
and resumed it 6 weeks later. The vaccine increased anti-angiotensin antibody titer 
after the second injection and titers peaked on day 64. Median half-life was 85 
(95 % CI, 44 and 153) days. The vaccine did not influence blood pressure. Bio-
chemical assessment showed patients randomized to vaccine had higher levels of 
renin ( P = 0.033) and lower levels of aldosterone (6 % of values seen in patients 
 receiving placebo, P = 0.012). The author concluded that the vaccine had biochemi-
cal but not clinical suppression of the RAAS.

Turkie et al. (http://clinicaltrials.gov/show/NCT00702221) created an angioten-
sin I vaccine using a novel adjuvant, CoVaccine HT. This is an adjuvant made of 
synthetic sucrose fatty acid sulfate esters immobilized on the droplets on a submi-
cron emulsion of squalane in water. Mild to moderate hypertension patients ( n = 124) 
were randomly assigned to receive vaccine every 3 weeks for or placebo for a 9-week 
period. The study had to be terminated due to adverse effects [NCT00702221].

Angiotensin II Vaccine

Johnston et al. theorized that, although immunization against angiotensin II greatly 
reduced the hypertensive response to exogenous angiotensin II, it played no direct 
role in the production or maintenance of experimental renal hypertension [14]. He 
also found that angiotensin II antibodies have a half-life of only 11 h. Similar find-
ings, discrediting angiotensin II as having a key role in hypertension were provided 
by MacDonald et al. [15].

In 2007, Cytos Biotechnology AG (Switzerland) developed an angiotensin II-
specific vaccine called CYT006-AngQb. CYT006-AngQb uses a modified angio-
tensin II peptide, with a N-terminal CysGlyGly extension. This antigen is  covalently 
bound to virus-like particle (VLP) derived from protein coat of the bacteriophage 
Qβ (Fig. 9.1).

VLPs have supramolecular structures with rods or icosahedrons with diameters 
in the range of 25–100 nm. They are composed of multiple copies of one or more 
 recombinant, expressed, viral, structural proteins which spontaneously assemble 
into particles. In addition to being virus-like in structure, they are often  antigenically 
indistinguishable from the virus from which they were derived [16].

VLPs stimulate a strong B-cell response against self-antigens and this new 
technology helps overcome the self-tolerance limitations of immunization against 
 angiotensin II [17, 18].

http://clinicaltrials.gov/show/NCT00702221
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Tissot et al. did a multi-center, double-blind, randomized, placebo-controlled 
phase II trial. They randomized 72 patients with mild-to-moderate hypertension 
to receive subcutaneous injections of either 100 μg CYT006-AngQb, 300 μg 
CYT006-AngQb, or placebo, at weeks 0, 4, and 12 [19]. Twenty-four-hour ambula-
tory blood pressures were recorded before treatment and at week 14. After a single 
injection, all patients receiving the vaccine responded with high anti-angiotensin 
II IgG titers. The antibody response was boosted after the second injection, and 
reached peak levels of response about 2 weeks after the third injection. The anti-
angiotensin II IgG response was dose dependent, higher titers in patients random-
ized to 300 mcg than those randomized to 100-mcg dose. The half-life after the third 
injection was only 17 weeks. In the 300-mcg group, the ambulatory blood pressures 
fell 9.0/4.0 mmHg from baseline, with very dramatic decreases in early-morning 
blood pressures (25.0/13.0 mmHg).

The investigators could not document any change in the concentration of C1, 
C3, or factor C3a, which suggests that there was little to no immune complex de-
position. The plasma renin levels increased in the vaccine group, likely due to a 
reduction in blood pressure. This trial is the first to show that vaccination against a 
vasoactive endogenous substance can reduce blood pressure in human beings.

Further work by the same team investigated more frequent dosing (at weeks 
0, 2, 4, 6, and 10). This modification showed a fivefold increase in antibody  titer 
but only − 2.3/− 0.4 mmHg improvement in blood pressure. Antibody affinities 
for  angiotensin II were significantly lower in the second study than in the first 
( P < 0.001). The authors concluded that both the quantity and the quality of the anti-
body is important for blood pressure reduction. Future studies on CYT006-AngQb 
are on hold due to financial reasons.

Angiotensin II Receptor Type 1 Vaccine

The newest vaccine approach does not target renin, angiotensin I or angiotensin II, 
rather it creates antibodies to block angiotensin II receptor type 1 (ATR; Fig. 9.2).

Zhu et al. immunized spontaneous hypertensive rat with a peptide-based vaccine 
made of a seven-amino-acid sequence (AFHYESR) from the second extracellular 

Fig. 9.1  Structure of the 
CYT006-AngQb vaccine. 
The modified angiotensin 
II peptide is composed of 
the amino acid sequence 
of Ang Iotensin1–8 octa-
peptide ( Angiotensin II) 
fused at its N-terminus to a 
spacer sequence containing a 
cysteine to permit directional 
conjugation to the Qb virus-
like particle ( VLP)
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loop of rat AT−1 A receptor (ATR12181; [20, 21]). The carrier protein is a TT com-
plex in combination with Freund’s adjuvant. The vaccine induced anti-ATR12181 
antibodies and a 17-mmHg reduction in systolic blood pressure. They also noted 
decreased cardiac hypertrophy and decreased kidney injuries. No signs of autoim-
mune disease were found after sacrificing the rats.

The same group changed the adjuvant to VLP, which have a better safety profile 
than Freund’s adjuvant [22]. The vaccine significantly decreased the blood pres-
sure of angiotensin II-induced hypertensive mice up to 35 mmHg and that of spon-
taneously hypertensive rats up to 19 mmHg and prevented remodeling of hyper-
tensive-vulnerable target organs. The half-life of the antibody was 14.4 days. The 
antibody specifically bound to angiotensin II receptor type 1 and inhibited angio-
tensin II-induced calcium-dependent signal transduction events, including protein 
kinase C-α translocation, extracellular signal-regulated kinase 1/2 phosphorylation 
(72 % decrease; P = 0.013). They also saw a 68 % decrease in intracellular Calcium 
( P = 0.017). The antibody did not inhibit angiotensin II binding to the receptor but 
rather diminished the pressure response and signal transduction initiated by angio-
tensin II.

Road Block and Future Direction

A vaccine for hypertension has been investigated for over 100 years. Though 
an effective therapy has not emerged, the journey has resulted in significant 
scientific breakthroughs. Summary of the clinical trial of hypertension vac-
cine is given in Table 9.1. The earliest efforts used renin vaccines. This was 
a proof of concept. By transferring renin across species, renin could be made 
immunogenic and the anti-renin antibodies effectively lowered blood pressure 

Fig. 9.2  Schematic representation of the classic renin–angiotensin system with oral medication 
and vaccines blocking at their specific targets. The inhibitory actions are shown in dashed lines 
with arrows. ACE angiotensin converting enzyme, ACEI angiotensin-converting enzyme inhibitor, 
ARB angiotensin receptor blocker, AT1R Ang II-type 1 receptors
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in  animals.  Unfortunately, the effectiveness came with devastating autoimmune 
consequences forcing the abandonment of this target molecule. The autoimmune 
complications were at least partly due to the large size of the antigen [23]. Renin 
is a 406-amino acid peptide while angiotensin I, angiotensin II, and the angio-
tensin receptor target-region are 10, 8, and 7 amino acid peptides respectively. 
The smaller molecular target decrease the likelihood of simultaneous binding of 
two antibodies to a single antigen resulting in less cross-linking and decreased 
immune-complex formation.

Second-generation antihypertensive vaccines targeted angiotensin I were able 
to successfully generate anti-angiotensin I antibodies but failed to show any blood 
pressure reduction in both animal and human studies. This not only showed limi-
tations in the therapeutic strategy of an angiotensin I vaccine but also helped 
researchers better understand the pathophysiology and determinants of primary 
 hypertension.

The adjuvant is critical in boosting the immune response to a vaccine. Freund’s 
adjuvant induces strong immune response in an animal but can be toxic in humans. 
Aluminum gels and salts are the most commonly used adjuvants in human vaccines. 
VLP is a newer technology that is more efficient than aluminum [16]. VLP has a 
good safety profile and is used in commercial vaccines, Gardisil® and Cervavix 
TM. The hypertension vaccines that use VLP as an adjuvant have not shown any 
autoimmune side effects.

The third-generation antihypertensive vaccines targeted angiotensin II with a 
VLP adjuvant. This vaccine was tested in humans and is the only hypertension 
vaccine ever to be safe and effective in humans. Unfortunately, the efficacy was 
inconsistent and below the expectations, − 9/− 4 mmHg and − 2.3/− 0.4 mmHg from 
two studies. The vaccines are no longer under active investigation and were never 
approved for clinical use. The vaccines’ effectiveness was limited by an inability to 
generate sufficient titers with significant longevity. The chief appeal of a vaccine is 
the ability to treat once and provide a durable therapy.

The fourth-generation hypertension vaccine research changed strategies in order 
to decrease the need for such high titers. Angiotensin receptor (ATR) vaccines ef-
fectively reduce blood pressure and prevent target organ damage in animal models. 
Uniquely, the ATR vaccine does not sequestrate peptides through antigen–antibody 
complexes, but desensitizes the angiotensin II receptor. The strategy of changing 
the receptor will hopefully lower the antibody titers needed to be clinically effective 
and allow less frequent vaccine injections. This ATR vaccine is the only hyperten-
sion vaccine that is currently being investigated.

In summary, the current problem of hypertension vaccine is not a safety issue but 
one of efficacy. In order to lower blood pressure, individuals must have brisk anti-
body responses to the vaccine. This can be unpredictable. Additionally, not every 
antibody is created equal, with some having greater efficacy than others. Continued 
research and creativity may ultimately produce an effective vaccine for hyperten-
sion but for now that seems to be a distant and cloudy future.
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