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The central dogma

DNA

5‘ cap

5‘ UTR 3‘ UTR poly(A)open reading framemRNA

protein
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mRNA as a therapeutic

Therapeutic messenger (m)RNAs are used to introduce 
the genetic information for a protein, encoded by the 

respective mRNA, into a cell of interest

5‘ cap

5‘ UTR 3‘ UTR poly(A)open reading frame
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Applications for mRNA therapeutics

Direct application of mRNA:

Cancer immunotherapy (induction of antigen-specific T cells)

Vaccination against viral infections

Transcript replacement therapy

mRNA-transfected cells:

Cancer immunotherapy (antigen-encoding RNAs into dendritic cells 
or RNAs coding for T cell receptors or chimeric antigen receptors 
into T cells)

mRNA-induced pluripotent stem cells

Genetically engineered cells using mRNA
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Advantages of mRNA

No integration into the genome

Needs only to reach the cytoplasm, not the nucleus

Transient expression of the encoded protein/antigen

Degraded into nucleotides, i.e. no toxic metabolites

Antigen delivery independent of HLA-haplotype

Can be used for the expression of cytoplasmic proteins

mRNA can act as its own adjuvant (recognition by toll-like 
receptors, PKR and members of the RIG-I family) or can be 
made “immune-silent”

Relatively simple production process independent of the 
sequence

Possibility to introduce new functionalities through sequence 
modifications and chemically modified building blocks
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In vitro mRNA transcription

linear template DNA

in vitro transcribed mRNA 
(> 500 copies per template DNA )

raw reaction mixture with mRNA and impurities
(T7 RNA pol., remaining cap and NTPs,

hydrolysed DNA, …)

completely cell-free process

(but some of the starting materials come from E. coli)
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Materials required for mRNA synthesis

Critical starting materials

Cap dinucleotide (building block)

ATP, GTP, CTP, UTP (building blocks)

Template DNA (defines mRNA sequence)

Reagents

T7 RNA polymerase

DNase I

Components of the reaction buffer
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mRNA purification

What to remove:

process-related impurities (e.g. left-over NTPs, T7 RNA pol., 
template DNA)

product-related impurities (e.g. break off transcripts, side products)

Challenges:

highly charged and dynamic molecule

RNA vs. DNA – removing the chemical cousin

scalability of the purification process
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Integrity of purified mRNA

RBL001

200 nts. 500 nts.
1000 nts.

1500 nts.

2000 nts.

3000 nts.

4000 nts.

6000 nts.

-> more than 90% in the main peak
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Quality control

Testing each batch of mRNA for:

• concentration

• identity

• integrity

• appearance (clear, colorless)

• particles (visible/subvisible)

• pH

• osmolality

• critical residuals (e.g. template DNA)

• bioburden/sterility

• functionality/potency
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Duration of the process

Transcription reaction: 1 day

mRNA purification: 1 – 2 days (dependent on scale)

Formulation, fill & finish: 1 day

Quality control & release: 3 weeks (includes testing for sterility)
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Concept of cancer immunotherapy

normal cell tumor cell

antigens

tumor cell

antigens

treatment

T cell

TCR*

*: T cell receptor

Tumor cells express tumor-associated antigens (TAAs), 
which can be specifically recognized by T lymphocytes 

via antigen-specific T cell receptors (TCRs)  
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Induction of antigen-specific T cells

(Tumor) antigen-specific T cells can be induced by loading 
antigen-presenting cells (e.g. dendritic cells) with the corresponding epitopes. 

This can be done with different formats.

dendritic
cell

T cell

TCR

Plasmid DNA
Recombinant
DNA-virus

DNA RNA Protein Epitop

mRNA
Recombinant
RNA-virus

Recombinant
proteins
Virus-like 
particles

Synthetic
peptides
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Mechanism of action

Induction and expansion 
of antigen-specific 
CD8+ and CD4+ T cells (via 
epitopes presented on 
MHC class I and II 
complexes, respectively)

Systemic distribution

Anti-tumoral effect

dendritic  cell
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Neoepitopes as superior antigenic structures

tumor cell

antigens
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…to selectively activate the immune 
system with mRNA-vaccines tailored 

to the individual patient. 

Patient- and tumor-specific 
mutations get utilized…

Individualized Vaccine Against Cancer:

On demand-manufacturing

Suitable for potentially all tumor indications, also with low incidences

No negative thymic selection of high-affinity TCRs against epitopes 
defined by patient- and tumor-specific mutations

Induction of immune responses with high tumor specificity

The IVAC® process
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Translation into clinical testing

In 2013, we started the first clinical trial targeting neoepitopes defined 
by patient- and tumor-specific mutations:

Indication: malignant melanoma stage IIIa - IV

Therapy: two mRNAs encoding in total ten neoepitopes

Dose: 0.5 or 1.0 mg of each RNA with eight applications within six weeks

Number of patients: 13

Primary endpoints: safety, adverse reactions and tolerability profile 
of multiple dosing with IVAC®

Secondary endpoints: treatment-induced antigen-specific immune
responses
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Immune responses in patients

Leukaphereses before the first and after the last injection with IVAC® are acquired to provide
sufficient PBMCs for a comprehensive immune monitoring program.

IFNγ-ELISpots are utilized to quantify antigen-specific immune-responses either after in vitro-
expansion or directly ex vivo.

5‘ cap

5‘ UTR 3‘ UTR poly(A)sec MITDneo1 neo2 neo3 neo4 neo5

RNA with mutation

RNA with mutation

neoepitope 1 neoepitope 2 neoepitope 3 neoepitope 4 neoepitope 5

RNA with mutation/neoepitope

RNA with mutation/neoepitope

RNA with wildtype sequence

RNA with wildtype sequence

before treatment

after treatment
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Immunogenicity of neoepitopes
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Summary

mRNA is a platform technology applicable in several therapeutic 
fields

Manufacturing of mRNA is fast and cost-effective; one process 
suitable for essentially all sequences

Neoepitopes defined by cancer-specific mutations and encoded on 
mRNA (IVAC®) give rise to an anti-tumoral immune response in 
animal models

A first-in-concept clinical study testing the IVAC® approach has 
demonstrated feasibility for a truly individualized treatment of 
patients

For thirteen patients, an immune response against 60% of the 
neoepitopes that were targeted could be observed

This approach is now further studied in two running clinical trials
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