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	Q Firstly, can you tell me a bit about your career to date and what 
you are working on right now?

TH My career began many years ago, starting in England. My background is in 
biochemistry, including a PhD from the University of London.

I started getting enthusiastic about disruptive technologies when I joined the 
Physiological Laboratory at the University of Cambridge, and was fortunate to work with 
many remarkable people, including Tim Rink and Roger Tsien. Roger later went on to win 

In this podcast episode, Jokūbas Leikauskas, Editor, BioInsights, speaks to Trevor Hallam, 
who served as Chief Scientific Officer of Sail Biomedicines until July 2025. The interview, 
recorded in June 2025, explores advances in RNA therapeutics, particularly circular RNA 
(circRNA or eRNA) technologies, and how they may help overcome current limitations in 
delivery, durability, and specificity for applications such as CAR-T cell therapies and autoim-
mune disease treatment.
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“...the key realization is that optimizing each component 
individually...is necessary but not sufficient.”
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the Nobel Prize for his work in fluorescent technologies. That experience immediately 
opened my eyes to disruptive technologies and how they could be applied. At the time, 
there was very little funding in academic institutions in the UK, so a big part of the cul-
ture involved sitting around and thinking about what would make a ‘killer experiment’. 
It taught me not only about disruptive technologies but also how to use them properly. 
Sometimes that does not lead to easy answers—it often highlights the key biological ques-
tions that need to be solved. Ultimately, that became my passion.

I then spent over a decade in large pharmaceutical companies in R&D, culminating in 
about nine years at AstraZeneca as Head of R&D at one of their Swedish sites following 
a merger. I also had the opportunity to head medical affairs, messaging, scientific liai-
sons, and call centers across the entire US commercial product base at the time. After that, 
AstraZeneca invited me to help develop a biologics strategy, which put me in front of many 
small companies with fascinating takes on what might be considered disruptive. A few of 
them excited me, and that experience ultimately shaped my future moves.

I have always had a passion for drug design, particularly involving disruptive technol-
ogies. I spent some time working with unnatural peptides, which has come full circle and 
proved useful in my current role at Sail Biomedicines. During that period, we had an approved 
drug, but our work also expanded into metabolic disease and cardiovascular indications.

In 2011, I moved into the antibody space by joining a company focusing on synthetic 
biology called Sutro Biopharma. They were using a technology that allowed proteins to be 
produced in just 10 hours, at any scale, like a conventional biologic—but with the added 
ability to incorporate conjugation sites, which was previously unknown. We applied that 
to antibody-drug conjugates (ADCs), as well as other targeted therapies, such as prodrug 
cytokines, conjugate vaccines, and bispecific antibodies. It was a truly disruptive approach.

That work advanced the entire ADC field into targeted therapeutics that were not 
only well-designed but also formulated as single molecules. This approach significantly 
enhanced the therapeutic window. With all that targeting expertise under my belt, RNA 
became the next area in my sights.

I was thrilled when I was invited to join Flagship Pioneering and Laronde as Chief 
Scientific Officer to explore how RNA technologies could be advanced, not just for vac-
cines, but as therapeutic moieties more broadly, which is what ultimately brought me to 
Sail Biomedicines.

	Q What are the key limitations of current mRNA therapeutic 
approaches, as you see them?

TH The whole field of RNA therapeutics, at least gain-of-function RNA or 
translatable RNA in general, ultimately depends on delivery, which is still 

the biggest challenge. How do you deliver beyond the liver when these therapeutics are 
usually encapsulated in LNPs? Lipids are, of course, very efficiently metabolized by the 
liver, so the liver becomes a major sink as soon as you introduce these therapies.

The other critical aspect is dose efficiency. If you do not have very efficient delivery to 
the right cells or tissues, where you want the RNA to produce the encoded protein, then 
you will not see sufficient expression. As a result, you must increase the dose, and that 
leads to other challenges, such as tolerability. That is the big difference compared to vac-
cines, which use very small doses with long-lasting effects.
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Regarding therapies involving gain-of-function, the dosing scale is different, with tol-
erability issues coming to the forefront. There is also the challenge of repeat dosing, which 
has not typically been a strength of these first-generation RNA medicines. 

	Q How can utilizing circRNA help to address these challenges? What 
unique benefits does it offer versus other forms of RNA?

TH We have taken circRNA as the foundation for the modality we are devel-
oping at Sail Biomedicines. In its natural form circRNA is quite inert and typ-

ically does not translate. Therefore, we have also introduced internal ribosome entry sites 
(IRES), which are originally viral mechanisms that enable ribosomes to initiate translation 
on circRNA. In contrast, typical mRNA, whether modified or natural, has an open 5´ end, 
which provides a straightforward entry point for the ribosome to attach and begin pro-
ducing protein. With circRNA, we hijacked these viral strategies to enable the ribosome 
to access what is, by nature, an ‘endless’ RNA circle. That is why we refer to our version as 
Endless RNA (eRNA)—it is engineered to support translation.

The promise here is greater stability and a longer duration of translation. However, it is 
not an endless translation, and in many ways, we do not want that. If you think about how 
proteins are made biologically, there is tight control. The step between DNA and protein, 
transcription, is highly regulated to turn genes on and off as needed and control protein 
production.

The other side of this is that mRNA is meant to be transient—it produces protein while 
it is present, and once transcription of that mRNA stops, protein production stops as well. 
Naturally, mRNA has evolved not to linger in the system. Therefore, one of the big chal-
lenges is achieving durability, because now we want it to be stable and preserved. 

Furthermore, it is important to interrogate how you will use that durability. It is not 
always the case that more translation or longer translation is better. Modified RNAs per-
form very well—they are highly efficient and very fast. But there are important trials and 
tribulations depending on the use case. If the goal is simply to produce a large amount of 
protein very quickly, then either technology can be effective.

This gets into the nuance of how we apply these platforms. With conventional mRNA, 
it is essentially uncontrolled. The open 5´ end means that as soon as the mRNA is intro-
duced into the system, protein production begins, and it happens fast and at high levels. 
However, it typically does not last long—maybe 24–48 hours of useful translation. In con-
trast, with eRNA, you can achieve similar or even greater amounts of protein but spread 
out over five to seven days of useful translation.

It is slightly less efficient because the ribosome must be recruited using this IRES 
mechanism, which is not as straightforward, quick, or efficient as an open 5´ end. If both 
methods ultimately produce the same total amount of protein, it becomes interesting to 
think about why that might matter.

“Naturally, mRNA has evolved not to linger in the system... 
one of the big challenges is achieving durability,  

because now we want it to be stable and preserved.”



152 Nucleic Acid Insights 2025; 2(7), 149–157 · DOI: 10.18609/nuc.2025.020

NUCLEIC ACID INSIGHTS

For example, the CFTR protein in cystic fibrosis is a highly complex ion channel in the 
lung. From many published papers on natural CFTR expression, we know that its trans-
lation is slowed down at certain points. This happens to give sections of the protein time 
to fold properly before moving on to translate the rest of this rather long sequence. Proper 
folding is critical for functionality.

If translation happens too quickly, there may not be enough time for the protein to fold 
correctly, and, as a result, it may lose its function. With eRNA, we now have an oppor-
tunity to slow the process down a bit. Since the molecule is more durable, we can allow 
proteins more time to fold properly, which can lead to better function relative to the total 
amount of protein produced. Another way we can modify this is by adjusting translation 
efficiency itself. Since we know that eRNA has slightly less efficient initiation due to the 
IRES, we can play with that—using less efficient or more efficient IRES elements to fine-
tune translation.

Regarding secreted biologics, whether it is a T  cell engager, a bispecific antibody, or 
even a GLP-1 variant, the challenge with both traditional and modified mRNA is that 
when you have a wide-open mRNA, you get a large burst of protein production. That leads 
to a big spike in the plasma, which can cause toxicity issues. We are very familiar with 
that challenge in the GLP-1 space and the constant struggle to stay within the therapeutic 
window for weight loss without tipping over into nausea, which undermines the benefit. 
Controlling the peak plasma concentration (Cmax) is a well-known issue for biologics. 

Similarly, we can control this in mRNA-based protein production by dialing down the 
rate of initiation using the IRES mechanism. This lets us essentially program the transla-
tion to stay within the desired clinical plasma exposure range without toxicity.

	Q Achieving extrahepatic and tissue-specific delivery is a peren-
nial challenge for the mRNA therapeutic space. How is Sail 
Biomedicines approaching this challenge?

TH The first priority is avoiding the liver, because that is where most of the 
dose tends to end up, at least when using LNP-carried RNA. 

Furthermore, if you can maintain plasma exposure, you have a real chance of getting 
the therapy to the target cells. Interestingly, the exposure does not have to be as long as 
we might think. There have been many different strategies—some aiming for nanopar-
ticles to circulate for a week or two, others sufficing with just a day. Most unoptimized 
particles only last several hours before being cleared. The question becomes: what is the 
right hotspot? 

We are tying all this together—the circulation and exposure—with strategies to 
improve uptake efficiency into specific cells and enhance specificity. Our approach uses 
ligands attached or conjugated to the outside of the LNP. These ligands are designed to rec-
ognize specific proteins expressed on target cell types or tissues. Once sufficient exposure 
with your base particle is established, adding this targeting ligand enables highly efficient 
endosomal uptake of the LNP into the intended cells. The efficiency is 100–1,000 times 
greater for a given plasma concentration compared to an LNP on its own.

One major advantage of targeting is the specificity—you can deliver the payload 
exactly where you want it. But just as important is the leftward shift in the dose-response 
curve. The amount of circulating LNP needed is now dramatically reduced. This is crucial 
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because, as I mentioned earlier, we do not need the nanoparticle to circulate for too long 
due to tolerability problems. The same goes for large doses—higher doses lead to more 
accumulation in the liver, which then requires metabolic clearance, not to mention clear-
ance of other components through the kidneys and other pathways.

All things considered, by combining lower dosing with highly efficient targeting, the 
tolerability is improved significantly. Additionally, when you combine that with the 
extended durability of eRNA, the advantages compound.

Looking at the whole system, what we are talking about is a complex, systems-based 
approach. It becomes a real challenge to tease apart the structure-activity relationships 
because there are so many interacting components, which is exactly why we are now 
leveraging machine learning to help navigate this complexity.

	Q What other potentially promising approaches are you seeing to 
address issues surrounding delivery?

TH There are many advanced modalities, such as bispecific antibodies and 
even ADCs, which target CAR-T cells, particularly in the autoimmune dis-

ease space. If we take out a certain T cell population, we could reset an autoimmune dis-
ease. The big question, of course, is whether you can do it safely.

For example, Singh’s paper, published in 2022, demonstrated that lentiviral CAR-T cell 
therapy could deplete B cells and reset the immune system, allowing progenitor B cells to 
grow back and effectively making patients symptom-free [1].

Many companies are exploring this from various angles, but what we are excited about 
is our ability to target T cells using LNPs. I have mentioned circulation and the efficiency 
of targeting, and now we can get those T cells to express a CAR that recognizes B cells and 
fully depletes them.

This technology is complex compared to lentiviral methods, where you have an inte-
grated technology delivered in a single dose. In essence, the patient’s cells are harvested, 
transformed ex  vivo into CAR  T  cells, amplified, and then the patient undergoes fairly 
intense conditioning to accept those cells back. 

In order to achieve all of that with just a simple IV injection, we need an IV-targeted 
LNP carrying extended RNA, where we can truly optimize CAR expression in circulating 
T  cells, especially those in the spleen. Then, we want to drive sufficient expression so 
these CAR-T cells can target and fully deplete B cells, even after a very short dosing cycle, 
maybe one to three doses over just a few days.

If we can pull that off safely and effectively, it would open this entire space to patients 
receiving treatment in community centers instead of highly specialized clinical centers of 
excellence that currently handle these therapies. 

There are already a few companies that have entered the clinic with similar approaches, 
showing this may be possible, although the efficiency gains required to make it stick 
remain significant. 

“Looking at the whole system, what we are talking  
about is a complex, systems-based approach.”
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	Q Can you tell us more about your current pipeline and your biggest 
milestones to date?

TH SAIL-0804 is our lead program, and it involves a CAR-T-encoded eRNA 
encapsulated in a targeted LNP. The RNA expresses an anti-human CD19 

CAR, which, once expressed, can engage its antigen targets on B cells and deplete them.
The targeting ligands are particularly interesting because they facilitate efficient entry 

of the LNP carrying the RNA payload into both CD4 and CD8 T cells. Although most tradi-
tional approaches focus on CD8 T cells, CD4 T cells actually represent the largest popula-
tion of T cells.

Since this is a transient modification of the total T cell population for just a few days, 
we thought this might be a promising way to ‘up the horsepower’ by targeting both CD4 
and CD8 T cells. CD4 T cells are certainly capable of killing as well, and since they are more 
plentiful than CD8s, this approach broadens the potential impact.

Additionally, our early studies suggest this approach is very well tolerated: we have 
been able to produce several thousand CARs per cell and transfect upward of 80% or more 
of peripheral T cells in vivo using this targeted LNP method, which is phenomenal.

The combination of targeting a larger population of T cells—both CD4 and CD8—using 
a targeting ligand is very exciting, along with the way we assemble that conjugated ligand 
onto the nanoparticle. Many conjugation chemistries, often borrowed from the ADC field, 
are not as stable as you would want, but the chemistry we use ensures an irreversible 
association.

It is common to see some loss of targeting ligands from their payloads in ADCs, and 
unfortunately, some of those same chemistries are now being used with targeted LNPs, 
which is concerning. Losing the targeting ligand means losing dose efficiency.

We chose to use ‘click chemistry’—a highly specific method of conjugation that does 
not come off. I think of this as more like spot welding—it is not going to spontaneously 
detach from the nanoparticle during circulation, which is key.

With this stable conjugation, the nanoparticle retains its ability to internalize once it 
finds the right cell. Combined with our targeted ligands for CD4 and CD8 T cells, and the 
extended RNA expression from our eRNA, we are seeing full depletion in CD34 humanized 
mice.

These are human CD34 cells derived from human umbilical cord blood, which are then 
engrafted into immunocompromised mice and left for 6  months so the human immune 
cells can colonize and develop fully, including all the progenitors in the bone marrow. After 
this 6-month setup, we administer our in vivo CAR-T therapy.

We observed that a sequence of doses of the targeted eRNA leads to complete depletion, 
not only in the peripheral blood but also in the spleen, lymph nodes, and, importantly, in 
the bone marrow, which is crucial for achieving an immune reset.

When we plot this on a log scale, we observe about a three-order-of-magnitude deple-
tion—far below 1%, which on a linear scale would lose resolution. We are reaching around 
0.1% or less of these populations, essentially hitting the noise level of the system. This 

“Although most traditional approaches focus on CD8 T cells,  
CD4 T cells actually represent the largest population of T cells.”
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depletion occurs not only in peripheral cells but also in bone marrow progenitor B cells, 
pre-B  cells, and mature B  cells—we are reducing the population right down to the 
progenitors.

Longitudinally, as the cells begin to recover around days 8–10, the repopulating cells 
coming from bone marrow stem cells are predominantly progenitors. While this is not evi-
dence of an immune reset, it strongly suggests that we are establishing a fresh population 
of progenitor cells, which is necessary for any meaningful reset in humans. 

Another exciting aspect of this is the systems approach I mentioned earlier. The sys-
tems we design and control are just one side of the equation. The other key part is con-
text—understanding the biology, the underlying pathophysiology of the disease, and how 
we fit into this system by using T cells.

T cells are naturally designed to seek out infected tissues, where they encounter for-
eign RNA from viruses and similar pathogens. Unlike many other cells, T cells are not shut 
down by some of the impurities that can be present in RNA generation processes carried 
over into therapies—they are quite hardy and resistant. Normal cells have mechanisms 
that prevent translation of potentially viral proteins, but T cells do not. Additionally, once 
T cells identify a target antigen, they amplify the signal by clonally expanding and acti-
vating. They are primed to turn on many downstream responses, proliferate, and attack 
the target. This clonal expansion is central—it is what gives T cells their diversity.

Once the T cells have recognized the antigen, they produce the CAR, engage with the 
target, get activated, and start to amplify. Then, when we come back with a second dose, 
usually around three days later, we see that this dose is taken up by an already expanded 
population of T cells. The impact is tremendous: there are many more CAR-T cells after 
the second dose, leading to full depletion of target cells. A third dose finalizes everything, 
especially in the bone marrow, though we believe two doses might be enough to achieve 
complete clearance and immune reset.

Furthermore, T cells expand dramatically, so you do not need a very high initial dose. 
You give the cells a ‘taste’, and then they do the rest themselves—activating and multiply-
ing. This is a fascinating example of how the design of the therapy works together with 
natural T cell physiology and can impact the treatment of specific indications.

Delivering RNA over 2 or 3 days is ideal—it provides enough CAR expression on the first 
dose to activate a good number of T cells, preparing them for the second dose and onward. 
Fractionated dosing takes advantage of this cellular physiology, offering fantastic benefits 
with a transient treatment.

	Q What will your own and your organisation’s biggest priorities be in 
the coming few years?

TH We would like to apply these approaches across the entire therapeutic 
landscape, and double down on what works. That focus is crucial as this 

field matures. Many companies are pursuing similar goals, and I hope they all find a solu-
tion. It is also important that their solutions are diverse, because out of that variety comes 
a robust industry built on best practices.

One of the biggest learnings for me has been the value of playing to biology’s evolved 
systems and understanding the context of the biological problem you are trying to solve, 
whether it is ensuring proper folding for complex proteins like CFTR or controlling Cmax to 
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avoid toxicity with molecules like GLP-1, as well as using amplification and natural phys-
iological processes.

This approach drives lower dosing, greater efficiency, and ultimately widens the thera-
peutic index. It also supports the possibility of repeat dosing, which is critical for autoim-
mune diseases or chronic conditions like cystic fibrosis, where sustained protein function 
is needed. Looking ahead, it is exciting to start exploring how orthogonal, or independent, 
we can make subsequent doses to further optimize treatment regimens.

One of the things from the oncology field, where I have spent the last 12 years, is the 
realization that there are many complex, multifunctional mechanisms that come into 
play. One of the things I have always been fascinated by in oncology, more recently, is the 
immuno-oncology field, where you are starting to see good therapies now being targeted 
at antibodies rather than a low-dose, sustained chemotherapy.

Eventually, we might bring gain-of-function or other aspects to bear with CAR-T cells, 
for example. You could take those and start putting additional payloads in there, such as 
bispecific antibodies and T-cell engagers, to amplify things further. Additionally, you could 
condition the tumor microenvironment to take cold tumors, which lack T cells, and make 
them warmer. 

There are precedents already in the clinic, such as poking cytokines into tumors, innate 
stimulators of the immune system, and various other biologics. The ability to use the T cell 
as a vehicle to reach tissues or resident cells in tissues where LNPs cannot go is very exciting. 

	Q Finally, what are your hopes—and fears—for the future of the 
mRNA space as a whole as it moves in new directions, and into 
new disease areas?

TH There was massive optimism after the success of RNA vaccines, but the 
truth is, it is an incredibly complex therapeutic modality.

For us, the key realization is that optimizing each component individually—whether 
it is the eRNA sequence, the LNP chemistry, the ionizable lipids, the formulation, or the 
targeting ligand—is necessary but not sufficient. You also must consider the biological 
context: what is the pathophysiology of the disease you are aiming to correct? 

This area is unique because mRNA delivery essentially bypasses natural transcrip-
tional control, turning it ‘all on’ or ‘off’. With our approach, we are trying to reintroduce 
durability and tunable exposure (Cmax), impacting protein translation rates. That is crucial 
because it gives back some of the control lost by jumping straight to mRNA.

Now that we can program RNA therapeutics with precision, the critical next step is to 
program them in the context of the underlying physiology. I also hope that the field con-
tinues to attract strong funding and commitment. We are already seeing some attrition as 
people try numerous approaches that do not fully deliver. What is needed now is a broader 
approach—a deeper understanding of the niches and contexts where these therapies bring 
the real benefits. Through these approaches, I am confident RNA therapeutics will return 
to mainstream adoption. I am genuinely positive and excited about where this is headed 
and how the ecosystem evolves.
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