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WHAT IS SYNBIO AND WHY PHARMA?

A group of scientists around the world have been obsessing for decades over the idea of what could be
possible if it was as easy to build a living thing as it is to code software. Monoclonal antibodies, made by
cloning unique white blood cells, represented the dawn of these new approaches back in the 1980s and
90s. From there, the discipline went into a lull until a massive increase in computing power from
advanced artificial intelligence collided with the ability to sequence and edit DNA with extreme accuracy
such that humans managed to hack the genome to serve our own purposes.

“I think what's really changed in the last 10 to 20 years are the tools that we have available,” said Ken
MacNamara, Chief Operating Officer and Site Head Edinburgh, UK at AskBio, a subsidiary of Bayer. “We’re
much better able to sequence DNA mutations and deletions and repeating units within DNA. We even
have tools to print DNA, which has totally changed the landscape of what we can do.”

Nor  wi l l  near ly  any  aspect  of  our  wor ld  as  the  age  of  s i l i con-based  computer
technolog ies  g ives  way  to  one  where  humans  can  engineer  the  very  bui ld ing
blocks  of  l i fe  as  eas i ly  as  ed i t ing  a  l ine  of  code.  As  b i l l ions  of  do l lars  pour
into  the  d isc ip l ine  of  synthet ic  b io logy ,  or  synbio ,  the  rapid  and astonishing
advances  with in  the  space  remind one  of  the  ear ly  days  of  the  art i f i c ia l
inte l l igence  (AI )  renaissance  in  the  ear ly  2000s .  

J us t  l i ke  tha t  epoch-sh i f t i ng  techno l og i ca l  revo l u t i on ,  s ynb i o  i s  a l so  not  new .  I t ’ s  j us t
undergo i ng  i t s  own  reb i r th .  As  i n  the  f i e l d  o f  a r t i f i c i a l  i n te l l i gence ,  where  d i f f e rent
techn i ques  have  evo l ved  to  address  a  w i de  range  o f  t asks  l i ke  i mage  c l ass i f i ca t i on  or
automat i ca l l y  genera t i ng  wr i t ten  tex t ,  s ynb i o  i s  deve l op i ng  i t s  own  un i que  se t  o f
d i sc i p l i nes ,  l i ke  ce l l  and  gene  therapy  and  prec i s i on  fe rmenta t i on .  But  there ’ s  a l so  a
new d i sc i p l i ne  tha t ’ s  p romi s i ng  to  un l ock  prev i ous l y  i naccess i b l e  cures  f rom na ture ’ s
h i dden  med i c i ne  ches t ;  p l an t -based  syn the t i c  b i o l ogy .

WELCOME TO THE CENTURY OF 

THE WORLD OF MEDICINE AND PHARMA WILL NEVER BE THE SAME AGAIN. 

SYNTHETIC 
BIOLOGY



Companies in the field of synthetic biology
(synbio), which applies the principles of
computer science to biology, have exploded
onto the scene in recent years in response to
these developments. They’ve raised billions of
dollars and drawn the attention of the largest
companies in the world across a wide range of
industries. 

“Nearly everyone you talk to has a different
definition for synthetic biology,” said Peter
Olagunju, Chief Technology Officer of TCR
Therapeutics, a company that uses synthetic
biology to modify a patient’s own T-cells to
specifically target mesothelioma cells, a type
of cancer. “At its core, synthetic biology is
really the application of engineering principles
of biology to redesign or fabricate new
components of biological systems that don't
already exist.” 

Some of the most groundbreaking uses of
synthetic biology are and will be in the
pharmaceutical industry. Remember those
mRNA vaccines that helped address the
COVID pandemic? Yes, those were produced,
in part, through synthetic biology. This is just
the beginning of a wholesale transformation
of the way drugs are discovered, developed,
and manufactured. 

Most of the attention and funding in this
arena has gone to startups working on highly
specific therapies for cancer and genetic
diseases. 

4

These cures essentially rewrite the DNA in
specific cells or across a patient’s whole
body to enable immune systems to fight
back more efficiently or to correct the
genetic error that led to a disease in the first
place.

We’ll talk about these innovations that are
reshaping the future of human health and
pharmaceutical development. Just as
importantly, we’ll also cover a new branch of
synthetic biology that has the potential not
just to transform cures for cancer and rare
diseases, but the entire pharmaceutical
industry as we know it: plant-based synthetic
biology.

WHAT’S DRIVING SYNBIO’S RISE?

The synthetic biology revolution reignited in
the 2010s and 2020s for the same reasons
most technological paradigm shifts occur:
the convergence of cost curves.We all know
about Moore’s law, the axiom developed by
Intel co-founder George Moore that
predicted the price of semiconductors
would halve every two years while their
power – the number of transistors that
would fit on chip – would double. As
technologies get cheaper and more
powerful, it becomes practical to use them
for more and more things where we
previously wouldn’t have considered them.
The sweep of Moore’s law has made the
world we live in today. 
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This prediction says that the cost and
capabilities of DNA sequencing would at the
very least follow the same path as
semiconductors. It turns out this was an
underestimate. It took 13 years and more
than $3 billion in research funding to
sequence the first human genome in the late
1990s. It’s now possible in 2022 to do the
same task in a few days and for roughly $600
dollars. This means DNA sequencing costs
have fallen by an astonishing ten million times
– far faster than Moore’s law. 

Importantly, it’s not just human genomes that
can now be analyzed and manipulated with
unprecedented ease, but also bacteria, plants,
fungi and any other living thing.This is
important because most medicines to date
have been synthesized primarily from these
sources – taking advantage of the complex
chemistries they produce. 

On the back of these sweeping changes in
technological prowess, a host of new biotech
firms have raised $18 billion from investors in
2021 alone, forging lucrative drug discovery
deals with major pharmaceutical companies.
Big pharma itself is also eyeing strategies to
harness the tools of synthetic biology for their
own internal R&D and through snapping up
the most promising companies in the space.
With all this smoke, there must be a great deal
of fire. And there is. Synthetic biology has
proven itself by producing truly world
changing cures. 

Over 40% of the medicines we use today
originally came from plants. Many of them are
now chemically synthesized in laboratories,
but others are still reliant on actual “leafy
greens.”  Some complex chemistries simply
cannot be created using traditional methods 
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 or even with standard synthetic biology
tactics that rely on inserting plant cells into
bacteria or otherwise modifying them to
excrete useful compounds. Up until now,
plant cells have simply been too difficult to
reliably engineer, so single cell organisms like
brewer’s yeast have led the way.

The promise of plant-based synthetic
biology is that it focuses directly on
production in plant cells, manipulating
them to produce rare substances at a
higher rate than they otherwise would or
coaxing them to create entirely new
compounds. 

It only makes sense to create very rare or
expensive medicines this way because of the
low production volume of early versions of the
technology. Yet, if past is prologue, we can
expect Moore’s Law and Carlson’s Curve to
march onwards, bringing costs down and
scale up. 

WHAT’S LESSER KNOWN IS MOORE’S
LAW’S BIOTECHNOLOGICAL
EQUIVALENT, CARLSON’S CURVE. 



WHAT DOES ALL THIS MEAN FOR HUMAN HEALTH? 

IIt’s entirely possible, though not certain, that a young person today could see the end of cancer, which
author Siddhartha Mukherjee referred to as the “emperor of all maladies,” within their lifetime. One in
ten people have some sort of genetic defect, with a smaller but still large part of the population suffering
from more severe genetic disorders like down syndrome, spina bifida and cystic fibrosis. Those suffering
from these diseases could finally cure them with a single treatment instead of just addressing the
symptoms with costly, life-long regimens.

Vaccine access could be dramatically expanded as key ingredients like adjuvants, which improve shots’
efficacy by accelerating the body’s own immune response, will no longer need to be harvested from rare
and endangered species like quillaja saponaria, the soap bark tree, which only grows in isolated outposts
of the Chilean rainforest. They can be produced in a lab instead. These adjuvants can also have
properties that make them even more attractive than their unsustainable counterparts.

“Plant based adjuvants tend to be more readily accessible by the human cells, meaning you can use
lower concentrations, which is really important when you have a limited amount of a particular chemistry
to treat with and you want to maximize its efficacy,” said Dr. Travis Frey, Chief Technology Officer of
Calyxt, a company specializing in plant-based synthetic biology. “There’s literature that shows that plant-
based adjuvants can get into deeper parts of the cell, which create a much more lasting effect. This is
similar to approaches with gene therapies where you’re trying to introduce something into the cell’s
nucleus in order to rewrite its genetic code and get it to behave differently.”
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Consider also that 95% of the plant species we know of have never been evaluated for medicinal
properties. Of those that have, we only understand a fraction of the chemistries they could
produce.Plants are fantastically complicated, boasting a genome many times longer than humans. This
means that much more information is encoded in them. We can’t even begin to assess the impact of
finally tapping the undiscovered riches of nature’s botanical medicine cabinet.



“A plant is born with the ability to produce
everything it needs to be stationary in one
location for its entire life,” Dr. Frey
explained. “It has to access chemistries to
produce foliage, roots and seeds and, also,
defend itself. The kinds of compounds and
enzymes a plant has to develop to
accomplish all of that are astonishing. 
 Microbes don’t typically have to do that.
They’re either parasitic and get their needs
from a host, or they can move around.” 

One massive opportunity would be the
discovery of new antibacterial agents that
can address the waning effectiveness of
antibiotics and the increasing prevalence of
antibiotic-resistant superbugs. Scientists
have warned for years that the
consequences of returning to a time before
antibiotics would be civilization-shaking.
Synthetic biology offers a massive armory of
weapons that may one day head off this
potential cataclysm.   

Isaac Asimov famously quipped that any
sufficiently advanced technology was
indistinguishable from magic. But lest
anyone make that mistake with synthetic
biology, we’ll take you behind the curtain to
show how this new approach works and how
it’s changing the way pharmaceutical
companies operate.

REINVENTING DRUG DISCOVERY

Drug discovery typically works like this:
scientists start with a theory that a certain
type of molecule might make a good drug,
meaning it actually changes the biological
behavior of human cells. They then evaluate
thousands of different compounds through
computer analysis, testing them on animal
or human cells in a lab, and many other
techniques.It’s certainly much more
complicated than this, as the first two
phases of the drug discovery process (early
discovery and preclinical) contain 7 different,
radically complicated steps.

After this, drug companies move to testing
substances in mice and cultured human
tissues to see how they’ll perform. Often,
substances that are efficacious in these
tests will behave very differently in human
cells. Compounds that perform as expected
in human cells may not work the same in full
human trials due to the complexity of our
biology. 

Of the 5,000-10,000 or more “candidate”
compounds that are evaluated at the
beginning of a drug discovery process,
perhaps something like 250 will make it into
the preclinical phase where animal and
human cell and tissue testing mostly takes
place. Of those 250, five or less will move on
to clinical trials and maybe one will pass the
rigorous regulatory thresholds set by the
U.S. Federal Drug Administration (FDA) and
other global equivalents. Or, possibly, none
will. Only one out of five thousand drugs
make it to the market approval phase, on
average.
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These highly uncertain outcomes, combined
with a ten-or-more year-long discovery
process requiring huge teams of specialists
working in labs with cutting edge equipment,
is one of the main drivers of high drug costs.   

If we think about the drug discovery process
as a giant funnel where thousands of ideas go
in and one comes out the other end, it
becomes clearer where synthetic biology is
changing the process. 

Because we have a better understanding of
genetics and a large library of genomes that
have been sequenced, we can now apply
artificial intelligence to that data.Using
machines allows companies to evaluate a
much larger range of potential drugs for
therapeutic properties than would have been
possible through traditional methods. The
more compounds that go into the front of the
funnel, the more likely one or more will make
it through the process. This lowers some of
the uncertainty in the process while also
speeding it up thanks to automation.

The kinds of things we’re able to do today
with data in the drug discovery process
are mind blowing. We can sift through a
much larger variety of compounds,
genetics and more in a massive, parallel
way. Combine this with the fact that
we’ve now designed equipment that can
automate some aspects of testing during
the discovery phase, equipment that is
linked directly to the computer programs
we’re using to find new drugs.

But synthetic biology and AI can also improve
the quality of the candidates that go into that
funnel in the first place. Those developing
drugs can better model and assess the
behavior of compounds and design them in
bespoke ways to create a particular effect.

The ability to genetically engineer human
tissues from pluripotent stem cells, such as
microcosms of a larger organ like the liver,
mean that pre-clinical testing can be more
effective and speedier as well. A drug that
works well on a petri dish of liver cells might
cause, for instance, a violent immune
response or cytokine storm, when applied to
the more heterogeneous environment of the
organ microcosm. This means candidates that
might flunk human testing can be better
identified before they even make it to that
phase.

Data, automation and genetic savvy are
changing the economics of the
pharmaceutical industry through the
reduction of human hours spent, lower
uncertainty, and accelerating the entire drug
discovery marathon.



DESIGN, BUILD, TEST AND LEARN

The most consequential transformation of
drug discovery, though, is the shift from a
linear, funnel-like journey to one that’s much
loopier and more recursive. Those
experienced in software development will
recognize many of these iterative design
principles which were once totally foreign to
the pharma world.

This new paradigm is referred to as Design,
Build, Test, Learn (DBTL). Instead of hurling
compounds down a funnel and hoping one
comes out the other side, treatments like cell
and gene therapies and the outputs of plant-
based synbio are painstakingly designed to
create precise outcomes. They are built
through engineering living cells of humans,
plants or microbes, and tested for efficacy.
Each test, especially the failures, present
opportunities for learning, not necessarily a
candidate to be discarded. Then the process
starts again, incorporating the learnings into
the new design.

Breakdowns in the process can occur
anywhere, and loop back to the beginning for
improvements. A more iterative exploratory
process means progress can sometimes be
made much more quickly than through linear
methods. But this break with the past will
require a change in culture, processes and
risk tolerances in the pharmaceutical industry.

REVOLUTIONIZING DRUG
MANUFACTURING

Biomanufacturing is not new to the world of
pharma. Some of the most important drugs
like biologics have been produced in
mammalian and other types of cells for quite
some time. The latest advances in creating
drugs from living things started with simple,
single cell organisms like brewer’s yeast. 

In this approach, a yeast cell is genetically
modified by inserting new segments of DNA
that will reprogram it to produce useful
materials. Everything must eat, and
everything that was eaten eventually leaves
that organism one way or another. It’s the
same with yeast. They eat up a liquid growth
medium in a machine called a bioreactor.
The bioreactor precisely controls the
environment in which the cells live and
constantly circulates the medium so every
one of the cells gets fed. When the yeast has
consumed the sugar and other specialized
nutrients from the medium, they excrete a
waste product which can be nearly any
organic molecule you can imagine. This
process is typically referred to as precision
fermentation, since yeast are the microbes
responsible for fermenting beer, wine, bread
and many other things.
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known to science can be produced in these
fermentation-like systems because it’s
difficult to reliably create complex
molecules. We try to specialize in those
chemistries that simply can’t be produced
any other way.”

Just like pigs can’t fly, microbes have some
built in limitations that restrict the kinds of
chemistries they can produce. Just
considering that microbes’ genomes are
many times shorter than plants
demonstrates how even with the insertion of
foreign DNA, there’s only so far microbes
can go. Also, producing antimicrobial
compounds in a vat full of microbes, where
the compound could eat away at the tiny bio
machines producing it, isn’t practical.
That’s why plant-based synthetic biology
represents such a potential breakthrough.
Now it’s possible to “recode” plant cells into
exhibiting the same properties that allow
microbes to crank out valuable substances
in a bioreactor. 
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What this means is that not only is it
possible to grow incredibly valuable
substances in a lab instead of harvesting
them from nature, but to create entirely new
compounds previously unknown to nature.
Drugs produced through fermentation aren’t
new. Insulin was the first to be produced
this way in the 1980s, followed by human
growth hormone, the Hepatitis B vaccine,
and many others. More and more drugs will
soon be produced through fermentation-
type technologies as the tools available
today look like a Ferrari in comparison to the
Ford Pinto of 1980s technologies.

But microbe-based fermentation has its own
drawbacks. Like any invention, sometimes
marketing claims reach a bit beyond this
approach’s capabilities. 

“Fermentation is very good at what it does,”
said Calyxt’s CEO, Michael Carr, “which is
pretty simple molecules. Only a relatively
small portion of the natural compounds 
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There are roughly 180,000 classified
natural compounds. Of those, 80% can
only be produced by plants as of now.
That includes 40% of drugs on the
market today. So, there's a huge group
of chemistries that just can never be
produced either through chemical
synthesis or precision fermentation
because of their complexity. 

Also, when it comes to taking the drugs directly
from plants in fields or forests, if they don't come
from large acre field-based crops like corn or soy,
there's not enough infrastructure in place to really
extract them. Many valuable drugs come from rare
plants. One example is QS21, a saponin used as a
vaccine adjuvant. It's produced in the bark of a
Chilean tree. There's only so many of these trees
to go around.

Plants also present a unique opportunity in the
sense that they have evolved to have symbiotic or
defensive relationships with a wide variety of
bacteria, other plants and animals. This means
they have naturally developed the ability to bond
to certain receptors in other organism’s cells
without requiring excessive modification. 

Most plant-based systems in pharma today are
either field-based, in a greenhouse or working with
single plant cells. The latter approach is quite
difficult because plants have evolved, unlike
microbes, to work in a matrix of cells, not just
single cells. So as soon as you start singulating
them, there's all kinds of challenges in terms of
evolution and keeping them mixed in a solution
without damaging them and getting them to grow
and produce the diversity of chemistries that are
really needed for pharmaceutical development.

11THE POWER OF PLANTS 
A SPECIAL FEATURE ON PLANT-BASED SYNTHETIC BIOLOGY 



Approaches to plant-based synbio, like those used by Calyxt, leverage the plant's cells growing as a matrix
to produce chemistries of interest within a bioreactor. In that environment, the cell matrix behaves like a
full plant - only it grows much, much faster than it ever could in a field and without the land use, fertilizer
and other costs. Whereas most fermentation approaches rely on submerging cells in a liquid growth
medium, for plant-based synbio, it’s bathed in the medium instead.That means scientists bring the media
to the plant cells, remove it and recycle it, only replenishing what the process uses. The technology is
even able to support a continuous flow process where a reaction is always occurring, instead of batch
productions like traditional fermentation.

This approach is also far more scalable. In a normal precision fermentation process, once a bioreactor is
filled with media and cells, they sit there for a period of time and just grow. That means all that solution is
just sitting there for that length of time or more and not being used for anything else. With plant-based
synbio approaches, the same media can be used across multiple vats of material because you're bathing
it periodically. 

The discipline is also applying machine learning to the process, using it to identify tens of thousands of
potentially valuable compounds and engineer plant cells to produce them. Each design, build, test, learn
cycle brings invaluable insights that only strengthen the database on which the program draws.

12New Frontiers in Synthetic Biology: A Forbes Ignite Guide



CONTINUED DEVELOPMENTS 
IN PERSONALIZED MEDICINE

Synbio is also enabling a new era of
personalized medicine. The tools are now
here to enable a patient’s own DNA to be the
foundation of their treatment. The most
significant advances in this regard have been
with the treatment of cancer.

What we’ve learned in our search for the cure
to this ancient menace is that one-size-fits-all
solutions are much less effective than
treatments that are highly targeted to specific
tumor cell types and tumor locations within
the body. If cancer ever disappears, it will
likely not be because we have found “the”
cure, but rather scores of them. It will die a
death of a thousand cuts.

Compare the experience of a cancer
patient on chemo or radiation today with
some of the newer more targeted
therapies being developed today. Instead
of enduring months of debilitating
treatments and slowly watching the
tumor shrink - or not - some patients
have experienced their cancer
disappearing within a matter of days
with side effects that are minimal
compared to the well-known suffering
that accompanies traditional methods. 

Unfortunately, these cures remain relatively
expensive due to the painstaking work
involved in actually manufacturing them. 

Cells must first be extracted from the
individual patient - often stem cells from bone
marrow which are painful to extract. Then, the
cells must be shipped off to a facility capable
of engineering those cells to create a therapy.
This can take weeks. From there, the therapy
is sent back to an authorized treatment center
(of which there are not nearly enough today)
where the patient is administered the
treatment and carefully monitored. 

What industry insiders call the long “vein-to-
vein” time between patient DNA extraction
and administration of treatment is one
factor that limits the scalability of synthetic
biology. 

This means that it’s likely, absent a major
change in the production process, these
treatments will remain expensive and
inaccessible to parts of the population.But
scientists are working on that.

One of the most promising advances being
explored is the possibility that these
treatments might be created with generic
donor cells instead of the patient’s own
DNA.This method is known as allogenic cell
therapy, as compared to the patient-specific
autologous approach. It’s not easy task to
make donor cells perform this task when the
entire reason for the efficacy of cellular
therapies is that they are perfectly designed 
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treatments. While large organizations are
building out internal synthetic biology
centers of excellence and developing their
own therapies, most of the innovation in
synbio drug discovery and development
comes through partnerships with innovative
startups.

It’s important also to understand that while
it may take up to a decade for some of these
new technologies in biomanufacturing and
plant-based synbio to produce compounds
at a scale required to treat large swaths of
the population, there are innovations that
are incredibly effective for treating rare
diseases, making very valuable drug
components and curing cancers today.
Moreover, 10 years from now is about the
time it would take from a drug in screening
today to make it through the entire
development process. By the time they’re
ready for market, it’s likely that the scale of
production will be there too.
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to work with an individual patient’s DNA. But
if this can be accomplished – and there are
several experiments today that suggest it
can be – it would mean that therapies could
be engineered on a much larger scale. It
would no longer be necessary to extract
patient DNA, ship it off to a lab, and ship it
back. Tools like this could theoretically be
available at every hospital if the pioneers of
allogenic therapies succeed.

For now, though, autologous approaches
dominate and are likely to for the
foreseeable future.

THE TIME IS NOW

The pharmaceutical industry is being
transformed at an unprecedented clip. The
cures that are being rolled out today have
been in development for a decade or more.
So, to get ahead of the process,
pharmaceutical companies need to start
investing in the next generation of 

New Frontiers in Synthetic Biology: A Forbes Ignite Guide
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THE FUTURE OF SYNBIO - 8 EXPERTS WEIGH IN

So, what’s next for synthetic biology in pharma? How will the evolution of
this technology transform the practice of medicine and the pharmaceutical
industry as we know it? What are some of the roadblocks we need to
overcome and how close are we to doing so? We asked 8 leaders in
pharmaceuticals for their perspective. They address the manufacturing
challenges, but also speak to some of the potential capabilities that a new
generation of treatments could have.

For me, an exciting future use of synthetic biology is in
feedback loops. Many diseases are not static. There
will be certain disease triggers and the cell will go
through different cycles. We are now able to engineer
therapeutics that are responsive to disease triggers
and changes in the cell. With responsive elements
within our designs, we can be more targeted and
controlled in delivery of the therapy which will make it
safer and more tolerated by patients' bodies. 

Synthetic biology touches on many different areas.
There are things we can do within the therapeutic
design itself to improve safety and efficacy. But there's
also things we can do within our model systems that
we use for drug development. For example, the
human immune response is complicated, and there
aren't good models for it today. I think synthetic
biology will play a key role in developing test models
that will replicate human immune responses much
better than we can today so we can design more
targeted and safer therapies for patients.

KEN MCNAMARA
CHIEF OPERATING OFFICER AND

SITE HEAD EDINBURGH, UK AT
ASKBIO, A BAYER COMPANY

New Frontiers in Synthetic Biology: A Forbes Ignite Guide
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If you only talk about the next couple years, it's hard to predict
where synthetic biology is going because research takes time.
Currently, there are quite a lot of clinical trials ongoing for cell
therapy - and some with relatively exciting results. But I don’t think
those are enough to get this field to the next level. It is recognized
that cell therapy can treat cancer and get a significant or complete
response. This is very exciting as a last line of defense for certain
cancer patients, but the technology is only limited to certain uses or
indications. We need to think of ways to expand these treatments
beyond their current indications and move to earlier lines of
treatment. If we are limited to treating just a couple of types of
cancer as the last options, then we are not exploiting the full
potential of cell therapy.

One of the biggest innovations over the next several years will
be in manufacturing. We have largely been dependent on using
CHO cells, which are Chinese hamster ovary cells, for the
manufacture of biologics. There has been a lot of focus in
synthetic biology around how to get these cells to make more
antibodies. But there are companies that are now focusing on
development of cell free systems to manufacture antibodies.
That means much less quality control work is needed for things
like purifying molecules from an animal product like a Chinese
hamster ovary. I think that in the next five years, you're going to
see some of these companies starting to show clinical data with
these cell-free manufactured products. That is going to
significantly change the landscape of biologics development. 

PALLAVUR SIVAKUMAR
VICE PRESIDENT AND HEAD OF

DISCOVERY, IMMUNO-
ONCOLOGY AND CELL THERAPY
THEMATIC RESEARCH CENTER AT

BRISTOL MYERS SQUIBB

Also, over the next few years, we’re going to be getting a lot more real-world data about the performance
of cell and gene therapies. This will help us understand, for instance, the critical elements in a T-cell that
drives efficacy. If we can predict that right up front, we may be able to design these elements into T-cells,
which may make a whole range of therapies more effective.

QI CAI
DIRECTOR, CELL BIOLOGY AT

KITE: A GILEAD COMPANY
 

A big move for the field will be making manufacturing easier to avoid prolonged cell engineering
processes that delay treatment. Soon, most companies working on synthetic biology will have to
realize that manufacturing is an extra piece they must crack to expedite complex processes for cell
manipulations.This will increase confidence in investor regarding the feasibility of the approach and
facilitate the funding for the realization of clinical products. In addition, improvement in cellular
engineering can expedite the process, through advanced bioengineering approaches that simplify
cellular reprogramming needs.
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It's a principle of synthetic biology to try to only change one variable
at a time. Across this field over the next few years, everybody's
going to be changing one variable and validating them. Then we're
going to start combining them. The biology is going to get so
complex in ten years’ time we're not going to recognize it. In that
time frame, we'll also be using multiple complex biologies together. 

If allogeneic cell biology (where treatments are based on donor
material that is not patient-specific) really takes a foothold, what we
want to do is bring this complex biology in a way that even a small
community hospital will be able to order it and treat patients. Then,
we may move past there to multiple cell therapies. When you think

I think we'll continue to see autologous therapies - those which
rely on extracting an individual patient’s cells, engineering
them, and sending it back as a personalized therapy - remain at
the forefront. That's just really based on the data around these
treatments’ effectiveness. There are other areas where we're
seeing really profound data like, on the gene therapy side,
where diseases are corrected at their root cause with a one-
time treatment. I do think we'll have a couple of those therapies
commercialized in about three years or so. 

Looking further out, I'd say about 10 years, there are
technologies today that will leapfrog both of those approaches, 

PETER OLAGUNJU
CHIEF TECHNOLOGY OFFICER OF

TCR   THERAPEUTICS

specifically in vivo applications. When I say in vivo, this is essentially instead of doing all this cell
manipulation and engineering outside of the body, we create a vehicle for therapy that does that inside of
the body. This essentially strips away much of the costs and complexity. It also broadens access. If you
think about lower cost and lower complexity, then there's more capability to have that product widely
available. And that's the end goal that we're all looking for.

BARBRA SASU
CHIEF SCIENTIFIC OFFICER AT

ALLOGENE THERAPEUTICS

back to when chemotherapy was first invented, if somebody had asked what it really meant, how
many agents it would require or what the dosing regimen would be, we wouldn’t know at all how to
get there.But we did it eventually. That's what it's going to be like in several years’ time, where all
these complex biological techniques are just going to be normal.
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Our core technology for genome editing is based on zinc
fingers. These are programmable DNA binding proteins.
Collaborators can give us genomic DNA sequences, and we
can design proteins to bind those specific sequences.
There are several options; We can attach nucleases to the
zinc fingers to cut the genome, or we can attach
repressors to turn off gene expression. 

We can also put on activators to increase gene expression.
We can, in a sense, attach anything to zinc fingers that
comes out of academic research to enable new modes of
genome modulation. A recently emerging example is base
editing that lets you chemically change a single base and
create gene knockouts without cutting the genome. We
recently unveiled some of the new work we've done on ZF-
driven base editing recently at ASGCT (American Society of
Gene and Cell Therapy). There are many other DNA
modification enzymes available that we can link to zinc
fingers to explore new modes of gene modulation. 

What I would really love to see us be able to do is make cells or
treatments that can sense and respond to damage. When you
take a normal drug, it floods your whole body. It may go
primarily to tissues where it's not needed due to how the drug
is metabolized in our bodies. And that can lead to side effects.
It's also not as efficacious as it could have been had all the drug
gotten to where you wanted it to be. You can imagine, instead,
a cell or treatment that will go into a patient and seek out the
site of damage in that patient, wherever that is, and respond in
kind with a cargo that should help that disease state. 

I'm excited about that potential. You can imagine a closed loop
system where the cell or treatment has been engineered to do 

MARK TOMISHIMA
 VICE PRESIDENT OF PLATFORM

DISCOVERY AT BLUEROCK
THERAPEUTICS, A BAYER

COMPANY

what we want it to do. It can go into that patient, fix the damage, and when it’s done, the cell or treatment
might be on a timer and just decide to disappear out of the patient when it's no longer needed. Or really,
it'd be rationally programmed to do whatever you'd like for it to do at that point. Maybe you'd like for it to
continue to sit and stand guard. I think in the next two to five years we may see a proof of concept of
some elements of a solution like this, but I don't think we will get to clinical trials in that timeframe.

GREGORY DAVIS
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