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I m m u n o d r u g s TM

The advent of DNA cloning technology in 

the 1970s and the increase in disease 

knowledge obtained through isolation and 

study of molecules involved in disease 

processes opened up the possibility for 

vaccine engineering and rational vaccine 

design. As a result, the medical reach of 

vaccines has broadened beyond 

prophylactic treatment of infectious 

diseases to include therapeutic uses for 

established chronic diseases (1).

Cytos Biotechnology's Immunodrug™ platform represents a versatile technology platform 

able to generate rapidly a multitude of new therapeutic vaccine candidates to be applied in 

various chronic disease indications. The Immunodrug™ technology arranges disease-related 

molecules (antigens) into highly ordered configurations capable of inducing strong immune 

responses. It makes use of a modular assembly system that allows a protein scaffold to be 

decorated in vitro with different antigens. The protein scaffold consists of self-assembling 

viral proteins that build up virus-like particles (VLPs). The antigens used may be full-length 

proteins, peptides, chemical entities or other antigenic determinants (2).

The Immunodrug™ platform applies two different immunological principles:  

a) Immunodrugs™ are either designed to efficiently activate B-cells and induce 

antibody responses aimed at modulation of chronic disease processes in 

indications such as hypertension, rheumatoid arthritis or Alzheimer's disease. 

Importantly, these Immunodrug™ candidates have the potential to mount 

selective and specific antibody responses to disease-promoting or disease-

associated self-proteins by breaking self-tolerance, an essential requirement 

for application in immunotherapy (3). 

b) On the other hand, to address diseases such as cancer and chronic viral 

infections, the induction of cytotoxic T-cells is of paramount 

importance to clear the body from infected and cancerous cells. This feature 

is achieved by packaging antigen-decorated VLPs with immunostimulatory 

nucleic acid sequences called CpGs. Using this approach, Cytos Biotechnology 

is developing a second type of Immunodrugs™ with the potential to 

specifically activate cytotoxic T-cells and inflammatory T helper cells (4).
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Immunotherapy – an 
Introduction
The field of immunotherapy is generally 

concerned with utilizing the power of the 

immune system for the benefit of the 

patient. Therapeutic vaccination represents 

an immunotherapeutic approach that 

harnesses the body's immune system to 

fight disease processes. Most therapeutic 

vaccines fall into one of two groups: those 

that induce antibodies and those that 

induce T-cells, mostly cytotoxic T-

lymphocytes. Vaccines based on the 

induction of T- cells are promising 

candidates for the treatment of cancer and 

chronic viral infections. On the other hand, 

vaccines that induce antibodies hold out 

the prospect of offering a powerful means 

of interfering in chronic disease processes 

such as occur for example in inflammation 

or neurodegeneration.

Vaccination - an 
Introduction
The induction of antibodies by prophylactic 

vaccination against infectious diseases has 

been one of the most effective medical 

interventions in human history. At the end 

of the 18th century, Edward Jenner

pioneered the widespread use of 

prophylactic vaccination with his small pox 

vaccine. He took advantage of the similarity 

between the cow pox and the small pox 

virus and successfully vaccinated people 

against small pox by using the less harmful 

cow pox virus. 

Most traditional vaccines such as the small 

pox vaccine or the Sabin/Salk vaccine for 

poliomyelitis are composed of attenuated 

(i.e. less virulent) or inactivated virus 

preparations and are subject to some 

variability. Consequently, their use is 

associated with a small but serious risk of 

complications, such as mild to severe forms 

of poliomyelitis after immunization with 

attenuated polio virus (5). 

The advent of genetic engineering has 

allowed the production of better defined 

and safer recombinant vaccines. However, 

since the immunogenicity of isolated 

recombinant viral components is usually 

quite low, their use for vaccination has 

limitations. In fact, it has become clear that 

whole virus particles induce much stronger 

immune responses than their isolated 

components (6). Accordingly, the 

recombinant vaccines for hepatitis B virus, 

and the one for human papilloma virus 

currently in development, are among the 

most successful recombinant vaccines. Both 

are based on virus-like particles, which 

greatly enhance their immunogenicity. 

Therapeutic Vaccines Inducing 
Antibodies
For proper B-cell activation and subsequent 

antibody production, a crucial factor for 

immunogenicity is the repetitiveness and 

order in which antigens are presented to 

the immune system (7). Many viruses for 

example, exhibit a quasi-crystalline surface 

with a regular array of antigens, which can 

efficiently cross-link antigen-specific 

immunoglobulins on B-cells, leading to B-

cell activation and proliferation and the 

production of antibodies. Triggered B-cells 

are also able to activate T helper cells. By 

secretion of various cytokines, activated T 

helper cells produce a suitable environment 

for the generation and sustainment of an 

effective antibody response. Thus, antigens 

delivered in a highly repetitive 

configuration, such as viruses or virus-like 

particles, can directly activate B-cells and 

are therefore, in contrast to soluble and 

monomeric antigens, highly immunogenic 

(8).



The ImmunodrugTM Platform
One of the hallmarks of the Immunodrug™

platform is the generation of VLPs 

according to the principles of a modular 

assembly system. This system takes 

advantage of the intrinsic ability of certain 

viral capsid and envelope proteins to self-

assemble into highly organized particles. 

The resulting VLPs lack the viral genome 

and are thus non-infectious and cannot 

replicate. VLPs therefore represent valuable 

molecular carriers providing a regular 

arrangement of attachment sites for 

antigens of choice on the outer surface of 

the particles (see Figure 1). Various VLPs 

are currently under development as antigen 

carriers at Cytos Biotechnology.

Figure 1

Figure 1: Reconstruction of a VLP composed of 

different subunits. The structure is based upon the 

crystal structure of subunits. Note the quasi-

crystalline structure of the VLP surface. 

Generation of Antigen-decorated VLPs
To generate VLPs decorated with antigens of interest, the carrier proteins have been 

genetically optimized so that they are suitable for targeted chemical coupling. During 

production in bacteria, the carrier proteins self-assemble into highly organized VLPs. The 

target antigen is engineered in such a way that it contains a free cysteine, which can be 

coupled to a free lysine on the carrier surface. VLPs and recombinant antigens can thus be 

chemically coupled in vitro. The coupled antigen now exhibits the same order and 

repetitiveness as the carrier proteins and is therefore able to induce similarly efficient B-cell 

and T-cell responses (see Figure 2). Thus, any desired antigen could be brought into a highly 

repetitive array required for optimal B-cell and T-cell activation.
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Figure 3From Preclinical Efficacy to 
Clinical Development
Immunodrugs™ aim at induction of specific 

antibodies directed against disease-

promoting or disease-associated molecules 

with the goal to modulate disease 

processes. This requires that 

Immunodrugs™ have the ability to break 

self-tolerance and thus induce appropriate 

immune responses against self-molecules 

also in the presence of endogenous self-

molecules. 

The step from preclinical to clinical 

development is a crucial stage in drug 

development. In clinical trials with healthy 

participants and patients, the 

Immunodrug™ candidates tested have 

shown to be safe, well tolerated and highly 

immunogenic. Rapid and sustained antigen-

specific antibody responses are induced 

(see Figure 3) in participants who receive 

the vaccines. The vaccine doses 

administered are in the microgram range 

and are usually administered 

subcutaneously. Importantly, the induced 

antibody titers are long-lived but decline 

over time; an important safety requirement 

for Immunodrugs™ targeting the body's 

own molecules.

The efficacy of Immunodrug™ candidates to 

induce appropriate antibody responses and 

thus intervene in disease processes has 

been demonstrated in humans and in 

animals. An Immunodrug™ candidate to 

treat nicotine addiction has achieved 

positive results in a phase II study with 

smokers and several Immunodrug™ 

candidates have shown therapeutic effects 

in animal models for indications such as 

asthma, hypertension, rheumatoid arthritis, 

osteoporosis, and obesity (3). 

Figure 3: Nicotine-specific IgG antibody responses in human volunteers after vaccination with the 

Immunodrug™ candidate CYT002-NicQb to treat nicotine addiction. Vaccination was performed twice with 

CYT002-NicQb plus Alum as adjuvant. The graph shows geometric mean nicotine-specific antibody titers of 8 

participants per dose regimen as measured by ELISA.

Therapeutic Vaccines Inducing Cytotoxic T-cell Responses
For therapeutic vaccination against cancer and chronic viral infections, induction of efficient 

cytotoxic T-cell responses is of paramount importance. Efficient T-cell activation requires not 

only presentation of antigenic fragments (9) but also additional, non-specific stimuli, usually 

delivered by so-called adjuvants. Adjuvants greatly facilitate induction of immune responses 

against co-administered antigens, mainly through their ability to activate antigen-presenting 

immune cells such as dendritic cells. However, freely administered adjuvants hold the 

likelihood of local or even systemic side effects. To address this inherent toxicity, Cytos 

Biotechnology is packaging an immunostimulatory adjuvant called CpG into its VLPs 

decorated with the disease-related antigens (see Figure 4). In this way, the 

immunostimulatory signal is delivered directly into the dendritic cells and activates them in 

such a way that they are capable of properly activating the T-cells (10). 

Figure 4

Figure 4: Immunostimulatory nucleic acid sequences (CpGs) are packaged into antigen-decorated VLPs. 
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• When target molecules are also expressed 

as cell surface molecules, there is a 

potential for non-specific destruction of the 

expressing cells by so-called antibody-

dependent cell-mediated cytotoxicity

(ADCC) or complement-dependent cell lysis. 

In ADCC, antibodies attached to cell 

surfaces can activate immune cells, such as 

macrophages and others, which induce 

death of the target cell. In addition, 

antibodies can trigger local activation of 

the complement system, a major effector of 

the humoral branch of the immune system. 

Activation of the classical complement 

pathway further enhances macrophage 

activity and cell lysis. However, monoclonal 

antibody therapies, for example against 

TNF-α, have essentially already addressed 

this safety issue and patients treated with 

anti-TNF-α antibodies seemed not to suffer 

from non-specific cell destruction. Thus, by 

addressing soluble target molecules or 

target molecules where extensive 

experience with monoclonal antibodies is 

available, the issue of non-specific cell 

destruction should be manageable.

• Another key factor is the reversibility of 

an antibody response, because it would not 

be acceptable to have an irreversible, life-

long blockade of key molecules in the body. 

Although the exact mechanisms that 

regulate the duration of an antibody 

response are still elusive, it is clear that 

long-term exposure to the vaccine will 

result in long-lived antibody responses 

(11). 

Such CpG-packaged Immunodrugs™ were 

tested for their immunotherapeutic ability 

to cure mice with solid tumors expressing a 

specified tumor antigen. A single 

vaccination with a CpG-packaged 

Immunodrug™ candidate achieved 

complete eradication of the established 

tumors in the absence of systemic side 

effects in the majority of mice (4). In 

combination with allergens, such CpG-

packaged Immunodrugs™ are also applied 

for the treatment of allergic diseases. A 

phase IIa clinical trial has shown 

significant efficacy of  such an 

Immunodrug™ candidate for treatment of 

house dust mite allergy (see companion 

backgrounder CYT005-AllQbG10 – a novel 

therapy for allergic diseases).

Addressing the Safety of 
Immunodrugs™

Vaccination against disease-related self-

molecules represents a new therapeutic 

approach, and thus addressing safety will 

be of paramount importance. Several key 

factors define safety of therapeutic 

vaccines:

• The first factors are determined by the 

particular molecule targeted by the vaccine. 

For example, induction of antibodies 

against the target molecule blocks or 

otherwise modulates the natural action of 

the target molecule. Comprehensive 

knowledge about the action of the target 

molecule and careful selection of target 

molecules are thus crucial for the 

development of safe vaccines. Cytos 

Biotechnology approaches this safety 

concern by addressing clinically validated 

target molecules and/or well understood 

disease mechanisms. 

Vaccination with genetically engineered 

pathogens or DNA, which might persist in 

the host, is therefore likely to be 

problematic. But recombinant, non-

replicating vaccines such as Immunodrugs™ 

should be good candidates for inducing 

reversible antibody responses. As 

anticipated, for Immunodrug™ candidates 

so far tested in humans, the antibody 

responses declined over time.

• Another safety issue is the induction of 

unwanted T-cell responses. Although 

immunological tolerance is thought to take 

care of self-specific T- cells, it has been 

demonstrated that T-cell responses against 

self-molecules can be induced (12). It is 

therefore pivotal to minimize the possible 

occurrence of such unwanted T-cell 

responses. Efficient T-cell activation 

requires presentation of protein fragments 

(so-called peptides) by antigen-presenting 

cells (9). One way to minimize T-cell 

activation is to reduce the size of the 

antigen used for vaccination, because the 

number of peptides recognized by T-cells is 

roughly proportional to the size of the 

antigen. Indeed, if the size of the antigen 

is shorter than eight amino acids, then it is 

smaller than the minimum size of a peptide 

that can be recognized by T-cells and 

should therefore not be able to induce a T-

cell response (13). Where appropriate, the 

Immunodrug™ candidates include such 

short peptides. 
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GMP-compliant Production of Immunodrugs™
The production of pharmaceutical products is highly regulated by health authorities worldwide. Before clinical trials with new Immunodrug™ 

candidates can be performed, the drug candidate has to be manufactured according to principles of Good Manufacturing Practice (GMP), a 

suitable formulation has to be developed, and the product has to undergo toxicity and stability testing.

To expedite the development of Immunodrug™ candidates, Cytos Biotechnology's product development group has taken all the measures 

necessary to ensure that manufacture of the drug substances conforms to GMP. The in-house GMP facility and expertise significantly accelerate 

entry into clinical development and are of great value for the company and its collaboration partners. 
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