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How mRNA and DNA vaccines could soon treat cancers, H lV autoimmuno disorders and genetic disoases

Nucleic acid vaccines use mRNAto give cells instructions on howto produce a desired protein. Libre de DroiUiStock via

Getty lmages
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The two most successful coronavirus uaccines deueloped in the U.S. - the Pfizer and Moderna

uaccines - are both mRNA ucccines. The idea of ttsing genetic ntatet'ialto produce an intmune

response has opened up a world of research and potential mediul uses far out of reach of
traditioral uaccines. Dt:lxtrah Fullcr k q micr<bioktdtist at the Uniuersity of Washingtonwho has

been studying genetic vaccines for more tlrun zo gears. We spoke to her abut the "fuIlgp.-pflll&NL
ueccines@y-dts;!-.

Belou are excerpts from that conversation tohich haue been edited for length and clarity.

How long have gene-based vaceines been in development?

This type of vaccine has been in the works for about Aglsiltg. Nucleic acid vaccines are based on the

idea that DNA makes RNA and then RNA makes proteins. For any given protein, once we know the

genetic sequence or code, we cau design an mRNA or DNA molecule that prompts a person's cells to

start uraking it.
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When we first thought about this idea of putting a genetic code into somebody's cells, we $'ere

studying both DNA and RNA. The mRNA vaccines did not work very n"ell at first. They ltere unstal>le

and they caused pretty strong immune responses that were not nece.ssarillds!fuablc. For a very long

time DNA laccines took the front seat, and the very first clinical trials rvcrc rvith a DNA vnccinc.

But about seven or eight 1,ears ago, mRNA vaccines started to take the lead. Researchers sohed a lot

of the problems - notably the iustabilib: - and discovered nerr technologies to deliver rRNA into

cells and ways of modiSing the coding sequence to maker thc vaccines a lot morer safc to use in

hunrans,

Ouce those problems tere solved, the technology was really poised to become a revolutionary tool for

medicine. This was just r,r'hen COVID-I9 hit.

DNA and mRNA vaccines are much better at producing T cells than are normal vaccines. NIAID/NlH via

Flickr

What makes nucleic acidvaccines different from traditional vaccines?

Most vacciues induce altibody respoDses. Antibodies are the primary imrnune mechanism that blocks

infections. As we began to study nucleic acid vaccines, ne discovered that beeause these vaccines are

expressed within our cells, they w-ere also lglf-9fr&LlIg-Aflld-Ugjlg a T ccll rcspgg5g. This discovery

really prompted additional thinking about hou,researchers could use nucleic acid vaccines notjust for

infectious diseases, but also for immunotherapy to treat cancers and chronic infectious diseases - like

HIV, hepatitis B and herpes - as uell as autoimmuue disorders and even for gene therapy.

flow can a vaccine treat cancers or chronic infectious diseases?
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T cell responses are very important for identiffig cells infected with chronic diseases and aberrant

cancer cells. They also play a big role in elirninating these ells from the body.

When a cell becomes cancerous, it starts p-g5fuglgg neoantigens. In normal cases, the irnrnune system

detects these neoantigens, recognizes that something's wrong with the cell and eliminates it. The

reason some people get tunors is that their immune system isn't quite capable of eliminating the

turnor cells, so the cells propagate.

With an mRNA or DNA vaccine, the goal is to make your body better able to recognize the very

specific neoantigens the cancer cell has produced. If y,our immune sy'stem can recognize and see those

better, it will attack the carrmr cells and elimirrate them finnr the liody.

This same strategy can be applied to the elimination of chrrrnic infcctions like HIV, hepatitis B and

herpes. These viruses infect the human body and stay in the body forever unless the immune system

eliminates them. Similar to the way nucleic acid vacciues can train the imrnune system to eliminate

cancer cells, they can be used to train our irnmune cells to recognize and eliminate chronically

infected cells.
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There are dozens of ongoing trials testing the efficacy of mRNA or DNA vaccines to treat cancers or
chronic diseases. Stefan Cristian Cioata/Moment via Getty lmages

What is the status of these vaccines?

Some of the very first clinical trials of nucleic acid vaccines happened in the r99os and rrere frrr

cxrnce r'. particularly for rnelanonra.

Today, there are a nunrber of ougoing mRNA clinical trials for the treatment of ruelanoma, prostate

cancer, ovarian cancer, breast cancer, Ieukeuria, glioblastoma and others, and there have been some

promising outcomes. Moderna receutly announced promising results rnith its phase r trial using

mRNA to treat solid tuurors antl lUudluna
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There are also a lot of ongoing trials looking at cancer DNA vaccines, because DNA vaccines are

pa$iculad):Effcstiteilliudusi]]g T <rll req:o:ues. A company called Inovio recenfly demonstrated a

significant impact on cervical cancer caused by human papilloma virus in women U$iug a DNA

raccine.

Can nucleic acidvaccines treat autoimmune disorders?

Autoiurmune disorders occur when a person's irumune cells are actually attacking a part of the

person's own body. An example of this is multiple sclerosis. If you have multiple sclerosis, your errl_
irnmunc cells ale attacking nrplill, a protein that coats the nerve cells in your muscles.

The r,ray tcl eliminate au autoimmune disorder is to modulate your immune cells to prevent them from

attacking your own proteins. In contrast to vaccines, whose goal is to stimulate the immuue system to

better recognize something, treatment for autoimmune diseases seeks to dampen the immune sy$em

so that it stops attacking something it shouldn't. Recentll,, researchers created an mRNA vaccine

encodiug a mlelitr protein with slightly tweaked genetic instructions to prevent it from stimulating

immune rqsponses. Instead of activating normal T cells that increase immune responses, the vaccine

caused the body to prod_Ugg_tggUla_tAlfr_Sgllg that specifically suppressed only the T cells that were

attacking myelin.
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lVIany diseases result when people have mutations or are missing certain genes, and nucleic acid
vaccines could act as temporary replacements for the missing genes. ttsz/iStock via Getty lmages

Any other applications of the new vaccine technolory?
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The last application is actually one of the very fust things that researchers thought about using DNA

and mRNA vaccines for: gene therapy. Some people are boru missing certain genes. The goal with

geue therapy is to supply cells with the missing ilstructions they ueed to produce an impoftant

protein.

lOuer t4o,ooo readers rely on The Conuersation's neuslelters to understand the world. EigU-:fU-

toda11.l

A great example of this is cystic fibrosis, a genetic disease caused by mutations in a single gene. Usiug

DNA or an mRNA laccine, researchers are investigating the feasibility of essentially replacing the

missing gene and allol'ing someone's body to l31ttiggll]:p19d.Ug9jp-Ui6ipg.f2roteig. Once the

protein is present, the symptoms could disappear, at least temporarily. The mRNA would not persist

very long in tle human body, nor would it integrate into people's genomes or change the genome in

any way. So additional doses would be needed as the effect wore off.

Research has shown that this concept is feasible, but it still needs some work.
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