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SUMMARY 
 
 
 
 
 
 

mRNA paves the way to a new era in medicine. 
But what has made it possible to move quickly in 
the development of vaccines against COVID-19 is 
all the very small steps taken by researchers since 
the discovery of mRNA sixty years ago. 
A path strewn with pitfalls, mistakes, 
disappointments but also hope and tenacity. 

 
Telling the story of the messenger RNA revolutions 
is therefore telling the story of a science being made 
before our eyes by a constellation of extraordinary 
scientists, devoted to their mission. A deeply 
humane story made of unexpected encounters at 
the copier room that matter as much as the 
carefully calibrated experiments in the 
laboratories... 

 
The acceleration we have experienced 
in mankind’s perpetual battle with diseases 
has made our new enemy –coronavirus - 
our best ally to start an unprecedented medical and 
scientific revolution. 
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DIRECTOR’S  
NOTE OF INTENT 

 
 
 
 

With a PhD in molecular genetics (2000), I was at the 
Université d'Orsay-in the 90s. It was the golden age of 
DNA! We were taught that DNA sequencing would reveal 
all the secrets of life and that gene therapy would 
revolutionize medicine. At the time, there was a very 
clear principle: everything depends on DNA (including the 
funding of research), and the fate of cells is mainly 
determined by chromosomes. As for RNA, it only is the 
messenger: transferring genetic information out of the 
nucleus to produce the factories that make the cell 
function. An essential but "subordinate" job. It gets less 
attention. Especially since the molecule has a flaw: it is 
unstable, difficult to handle. Experiments on RNA were 
laborious and random. My own experiments have all 
failed. This is not unrelated to my reconversion to 
scientific documentaries... 

Telling the story of the discovery of RNA and the 
therapeutic promises that accompany it, is an 
intellectually exciting project for me, but also an 
opportunity to reconnect with the fast-paced world of 
molecular biology that I left 20 years ago. 

 
I am very fond of these messenger RNA researchers. They 
remind me of my laboratory colleagues with their qualities 
and their flaws: their perseverance, their creativity, their 
annoyances, the bad temper of passionate people... 

 
They are all representatives of those researchers who 
produce knowledge, essential to scientific progress, but 
also of the misunderstood scientists whose perseverance 
finally pays off. And then there are those who had 
everything in hand but missed the boat... In short, the 
perfect cast for a film that tells how science makes 
progress. 

All the filming will be done in the presence of Fabrice, my 
co-author, who with his articles, the book and the 
discussions for the documentary has established 
privileged relationships with the researchers. We thus 
have access to all the historical and essential people 
involved in RNA research. A cast that will make history! 
 
These key players of the "RNA revolution" are portrayed 
in their laboratories as much as possible, but also in a 
more intimate, well-identified environment. This choice 
allows us to create a greater empathy for the researchers 
whose journey has often been difficult. Without 
emphasis, they appear a bit like everyday heroes. 
Normal people who go out of their way to make it 
happen. This story is above all a humane story. 

 
 

Raphaël Hitier 



 
THE DISCOVERY 

OF RNA 

THE STORY 

1961 

 
 

In the 1960s, three good fairies leaned over the cradle of 
mRNA: Jacob, Lwoff and Monod from the Pasteur Institute. 
They managed to prove that DNA uses messenger RNA to 
make proteins. When the body needs to lower the blood sugar 
level, then its DNA sends a messenger RNA into the cells to 
command them to make insulin proteins. It’s the same thing 
for a blood cell to make hemoglobin or a neuron to make 
serotonin. 

 
The 3 researchers received the Nobel Prize for this discovery 
and beacme worldwide famous: archives from that time show 
the ebullient scientists and celebrate their prowess. 

 
In the 70s and 80s, Tom Cech extended the research of 
Jacob, Lwoff and Monod. This work earned him, in turn, a 
Nobel Prize in 1989. mRNA was becoming better known, but 
the idea of using it to cure was not yet a reality. All eyes were 
turned towards DNA and gene therapies that repair or replace 
damaged DNA in patients. 

 
For Tom Cech, “those who, like me, were working on mRNA 
felt like we were missing the boat. The industry was investing 
billions on DNA! mRNA remained a subject of fundamental 
research, with very little financial means”. 
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MONCEF SLAOUI 
HEAD OF OPERATION WARP SPEED 

2020. The coronavirus is on the rise and emergency rooms around 
the world are overwhelmed. In the United States, the Trump 
administration understands the situation and sets up Operation Warp 
Speed to find a vaccine as soon as possible. Trump asked Moncef 
Slaoui to coordinate the operation. He sums up his new job as head 
of Operation Warp Speed in a few words: "My job was to identify from 
the start the projects that had a reasonable chance of being 
completed in time, to put the money where it would be useful." 
Moncef Slaoui has 30 years of experience in vaccine development, 
first at Glaxo, but also at Moderna, another discreet company 
founded in 2011, specialized in... RNA. 

 
Convinced that conventional vaccine techniques were not able to 
respond to the emergency, he selected several innovative 
technologies, including one that had never been approved on this 
scale: messenger RNA.. 

 
Billions of dollars were poured into the selected projects... And 
today, everyone knows the outcome of the race. With their 
RNA vaccine, BioNtech and Moderna have won the race hands 
down. 

THE STORY 
2020 



THE STORY 
 
 
 
 

BIONTECH 
SEQUENCE 

 
 

BioNTech; which recruited Kati Kariko in 2013, was founded by a 
German oncologist couple Uğur Şahin and Özlem Türeci. They 
pioneered the first cancer immunotherapies in the 2000s. An 
antibody-based treatment that has significantly improved patients' 
life expectancy. Since 2008, BioNtech has been exploring the use 
of RNA. 

 
As of 2017, they provide clinical proof of the effectiveness of RNA 
against melanoma. The treatment is based on the same principle 
as a vaccine: it is patients themselves who use messenger RNA to 
produce the treatment for their tumors. 

 
So when the COVID-19 pandemic hit in early 2020, 
BioNTech had already experimented with this innovative 
technology. It just had to adapt it to coronavirus. As the 
Chinese publish the genetic sequence of SARS-CoV-2 in 
early January, BioNtech started working on an mRNA 
vaccine condidta. "With our experience, it was obvious that 
we would need Kati Kariko's modified uridines and Pieter 
Cullis' liposomes." 
 
But the messenger RNA itself had to be designed. How should 
the sequence of the messenger RNA be chosen? Which part 
should be targeted to neutralize the virus? Here again, the 
knowledge accumulated by AIDS research played a key role. 



 AIDS RESEARCH 
ESSENTIAL FOR THE mRNA 
VACCINE 

THE STORY 
2018 

 
 
 

 
Surrounded by his plastic virus models, Barney Graham explains that some 
viruses, such as AIDS or COVID-19, infect us thanks to a molecular key on 
their surface that allows them to enter cells. His colleague, Kizzmekia 
Corbett, is specialized in this key protein for infection: it is the famous 
Spike protein of SARS-CoV-2. 
 
In 2020, a few months before the COVID pandemic spread, she had 
developed a strategy for messenger RNAs to trigger an immune response 
targeted directly at the viruses' molecular keys. 

 
For Tom Cech, in 2020, the stars aligned in an unlikely way. "Within a few 
months all the research converged: academic science on mRNA, liposome 
technology from the private sector, and advances in understanding the immune 
system through AIDS research." 

 
The mRNA made by Kizzmekia Corbett is the same one that would be 
used for Moderna's vaccine. At the same time, Uğur Şahin and Özlem 
Türeci, who followed the same approach, launched BioNtech's. On 
December 2, 2020, it is a winner! The BioNtech-Pfizer Vaccine was 
approved. It took 10 months to go from virus sequence to mass 
vaccination. An absolute record in the history of medicine. 

 
Moderna got to the finishing line 2 weeks later. 



THE STORY 
 

MODERNA 
SEQUENCE 

 
 

Stéphane Bancel, the CEO, embodies the upheaval that is coming to 
the pharmaceutical industry with the arrival of RNA technology. He was 
at the White House when Trump asked him "how fast can you make a 
vaccine?". He remembers the stunned looks after he answered "a few 
months." 

 
Was it recklessness? Was he bluffing? Not at all. For 10 years, Stéphane 
Bancel has been courting the world's biggest investors with the therapeutic 
promise of mRNA. His true gamble came in 2011, when he left his position 
as CEO of Biomérieux to join Moderna, a microscopic start-up. He managed 
to convince his reluctant wife with these words: "We are going to 
revolutionize the pharmaceutical industry. This is a historic opportunity!" 
 
RNA drugs for heart disease, cystic fibrosis, myopathy or diabetes... 
Moderna promised amazing things with its technology and quickly 
raised hundreds of millions of dollars 
 
Today, it is a state-of-the-art biotechnology platform where Stéphane 
Bancel continues to attract investors. To its customers, Moderna sells the 
design of RNA molecules, and the production capacity of its facilities. It 
proved its know-how in 2019 with a promising clinical trial of an RNA 
vaccine against cytomegalovirus, a dangerous form of herpes that can 
occur during pregnancy. This success got Donald Trump’s attention. It 
would be Moderna's opportunity to join Operation Warp Speed. 



 
THE VICTORY 

OF THE RNA 

THE STORY 

2021 

 
 

The race for the vaccine is a tribute to BioNtech and Moderna, but more 
importantly to mRNA technology and the persistence of researchers 
who have been pushing it for decades. For Drew Weissman: “Without 
COVID-19, the mRNA technology would have eventually taken hold I think, but 
when? It would have taken many more years.” 
 
“Warp Speed was able to leverage the network of clinical trials that had 
been established for AIDS across the country.” Graham said. That’s 
how tens of thousands of volunteers were recruited in a matter of weeks. 
 
At the end of 2020, the miracle of mRNA made the front pages of the 
world press and scientific prizes rained down on the protagonists 
of the RNA story, like Kati Kariko who speaks of it with emotion: 
“Frankly, after so many years of hardship, it is an immense satisfaction 
to see RNA recognized.” 
 
Frédéric Martinon does not have any regrets: “It’s science. I am proud 
to have made my contribution to this story.” Steve Pascolo is as 
enthusiastic as ever: “For mRNA, there will be a before and after COVID, 
that’s a certainty!” 
 
With the COVID episode, biotech companies have pocketed billions. So 
what will they do with it? What are the consequences for medicine? What 
will the messenger revolution look like for patients? 
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THE REVOLUTIONS 
TO COME 

THE STORY 

 
 
 

PERSONALIZED RNA TREATMENT FOR CANCER 
 
Steve Pascolo now works in the Department of Oncology at 
the University Hospital of Zurich. After co-founding Curevac 
in 2000, the world’s first RNA biotech, and testing a prototype 
vaccine on himself, he is putting together clinical trials with 
anti- tumor messenger RNA. With this technique, the 
treatment 
is manufactured by the patient’s own body, which means 
that production costs are much lower than for conventional 
immunotherapies. 

 
Technology also allows for more effective treatments by 
personalizing therapy. Each cancer is different. mRNA makes it 
possible to provide a specific and adapted response. 

 
This custom manufacturing is a far cry from the current 
industrial model. Usually, Big Pharma produces the same drug 
for everyone in large factories. To personalize treatments, will 
mini-messenger RNA factories soon be set up in hospitals, 
close to patients? 

NUTCRACKER, A DRUG PRODUCTION ON DEMAND 
 
New industrial processes are already in the pipeline. Founded 
in 2018, Nutcracker Therapeutics is developing micro platforms 
for messenger RNA production. Benjamin Eldridge is the 
company’s CTO and gives the tour, “No warehousing with us , 
we produce on demand there and when there is a need.” The 
fully automated device has the dimensions of a refrigerator, 
which he reveals to us: “The four elementary bricks of RNA arrive 
through these four pipes in the chemical reactor. Two hours later, 
we get ready-to-use doses of mRNA, 99.99% pure.” 

 
These “RNA printers” threaten the manufacturing and 
distribution channels of conventional big pharma. So, to 
position themselves, they are multiplying the number of big 
catches in the sector. 
Like Translate-bio, which has developed a messenger RNA- 
based therapy for cystic fibrosis and which Sanofi recently 
acquired for $3.2 billion! 
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THE REVOLUTIONS 
TO COME 

THE STORY 

 
 
 
 
 
 
 
 

LIPOSOMES OF THE FUTURE 
 
But to fulfill the new promise of messenger RNA, R&D offices still 
need to work on packaging techniques. Better targeting of RNA 
delivery to the body is the industry’s priority. 

 
In his Vancouver lab, Pieter Cullis is working to solve this problem: 
when a drug is swallowed, only a tiny fraction of the dose reaches 
the target organ. 

 
His team is therefore developing a new generation of liposomes 
designed to deliver RNA only where it is needed. How do they do this? 
By shining a laser on the target organ. The light-sensitive liposomes 
release their cargo only at the illuminated site. Is it just a gadget 
or will it be a must-have invention in 10 years? No one can tell, it 
is research. But the patent is already registered. 

UNIVERSAL FLU VACCINE AND FINALLY AN AIDS VACCINE 
 
In a long corridor, we find Drew Weissman walking with a colleague, 
Norbert Pardi “Kati Kariko’s heir”. Hungarian like her, he is proud 
to show the photo of their respective fathers who worked in the same 
butcher shop in the small town of Kisjszalls. It was Kati who, returning 
every summer to their hometown, gave him a taste for science 
and the opportunity to work at the University of Pennsylvania. 
 
Following in the footsteps of his elder brother and in close 
collaboration with Drew Weissman, Norbert Pardi is using RNA 
to improve the effectiveness of the flu vaccine. The latest results 
suggest that soon a single injection will be enough to protect against 
the virus for 10 years. 

 
When COVID-19 arrived, the AIDS epidemic was entering its 40th 
year. Could it be that the messenger is also blowing the whistle on the 
most elusive of viruses? According to Drew Weissman, RNA is 
reshuffling the deck and an HIV vaccine is finally within reach. 
Results from the first clinical trial, launched by Moderna in 2021, are 
expected in 2024. 
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THE STORY 

CONCLUSION 
 
 
 

AIDS, cancer, influenza, malaria, genetic or cardiac diseases, diabetes, 
Alzheimer... After being ignored for years, messenger RNA is now appearing 
in all major medical research programs. But will it really deliver on all these 
promises? 

 
As a wise scientist, Thomas Cech recognizes the medical potential 
of RNA but puts its scope into perspective: “The list of diseases that RNA 
will effectively treat is not written down anywhere. For some of them, the 
answer may be DNA rather than RNA or another technique. It is impossible to 
say. In the field of medical research, we must remain humble”. 

 
A humility shared by Barney Graham: “Despite how far we have come, we still 
understand only a tiny part of life. To overcome a virus as twisted as AIDS, 
we will need to make other fundamental discoveries like that of messenger 
RNA in the 1960s”. 

 
And Thomas Cech draws lessons from history: “Messenger RNA technology 
is a summary of what science really is: a collective adventure never written 
in advance. To get to this point, hundreds of researchers have tried, failed 
for some and fortunately persevered for others”. 

 
The gigantic race for applications triggered by the success 
of mRNA against COVID, and the enormous profits that 
are expected, should not make us forget what made them possible: 
the fundamental research that was considered at the time to be unusable or 
useless and that was above all financed by public money. 
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