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“I think anywhere there are bacteria 
in the body is an opportunity to 
engineer them to do something else.” 

Tal Danino, director of the Synthetic 
Biological Systems Laboratory at Columbia 
University, comments on studies by 
Synlogic testing a strain of bacteria 
engineered to produce phenylalanine 
biosynthetic enzymes as a treatment for 
phenylketonuria. (The New York 
Times, 4 September 2018) 

Regeneron buys into CAR-Ts 
with Bluebird Bio deal
Regeneron Pharmaceuticals has broadened 
its cancer immunotherapy focus by partnering 
with gene therapy specialist Bluebird Bio. 
On August 6, the companies announced a 
collaboration to discover and commercialize 
cancer immunotherapies, with a deal that 
includes six initial targets. Regeneron is also 
buying $100 million in Bluebird stock, which 
will be credited against its initial 50% research 
funding obligation.

Bluebird develops individualized cancer 
treatments using chimeric antigen receptor 
T cells (CAR-Ts). Its technology takes human 
immune cells—typically T cells derived from the 
patient—and uses a customized lentiviral vector 
to modify the T cells so that they can recognize 
tumor-specific proteins expressed by cancer 
cells and kill them. The cells are then returned 
to the patient to serve as therapeutic agents that 
specifically target and kill cancer cells. 

Regeneron brings to the table platform 
technologies for the discovery and 
characterization of fully human antibodies and 
T cell receptors directed against tumor-specific 
proteins and peptides. The goal of combining 
the technologies is to expand the types of 
tumors that modified T cells can target by 
enabling them to reach both extracellular and 
intracellular tumor antigens. The deal sees the 
partners sharing research and development 
costs equally for drug candidates up to the time 
of filing to begin human clinical studies. At 
that point, Regeneron may opt in to codevelop 
and cocommercialize a drug, sharing costs and 
profits 50:50. 

The new arrangement comes as Regeneron 
awaits a US Food and Drug Administration 
approval decision on its first immunotherapy, 
the anti-PD-1 checkpoint inhibitor antibody 
cemiplimab, for treating advanced cutaneous 
squamous cell carcinoma. Known primarily for 
its immunology medicines and treatment for 
macular degeneration, Regeneron has been 
building a pipeline in cancer immunotherapy 
for some time. It has two other checkpoint 
inhibitors in the clinic, against lymphocyte-
activation gene 3 and cytotoxic T-lymphocyte 
associated protein 4 (a target often combined 
with a PD-1). A bispecific antibody targeting 
CD20 and CD3 could enter a pivotal study for 
approval in 2019, with other bispecifics in or 
about to enter the clinic.

get a drug to patients as quickly as possible. 
Novo Nordisk will couple Ziylo’s glucose-
sensing molecule with one of its insulin prod-
ucts to create an insulin drug that responds 
instantly to changes in blood sugar.

Ziylo has not given up on the glucose 
monitoring angle either. The deal with Novo 
Nordisk includes the creation of a new com-
pany, Carbometrics, which retains the rights 
to develop nontherapeutic applications of 
glucose-binding molecules, with a focus on 
continuous glucose monitoring applications.

Novo Nordisk has some heavyweight rivals 
in the race to bring glucose-responsive insulins 
to market. Merck & Co. has been working on a 
system that involves attaching the sugar man-
nose to insulin. When glucose levels are low, the 
body’s endogenous mannose receptor preferen-
tially binds mannosylated insulin, keeping it out 
of harm’s way. Then, when glucose levels rise 
again, the mannose binding diminishes because 
of competition from glucose and the insulin is 
released. “This system works very nicely in a 
physiological setting,” says James Mu, a scientist 
in Merck’s early discovery group. “Because we 
are using an endogenous system, it can be very 
fast and efficacious.”

Merck has already tested one compound 
based on this system, MK-2640, in a phase 1 
clinical trial, but ended the program in 2016 
due to a lack of efficacy. Mu and his col-
leagues are now working on a backup com-
pound. “The next step is translating it into 
humans,” he says.

Sanofi is also cofunding early-stage work 
on smart insulins with the type-1 diabetes 
research charity JDRF, including a smart insu-
lin patch developed by Zhen Gu, a professor in 
the Joint University of North Carolina/North 
Carolina State Department of Biomedical 
Engineering. Gu encapsulates insulin and the 
enzyme glucose oxidase in a bilayer vesicle 
made of an amphiphilic polymer—hydro-
philic hyaluronic acid linked to hydrophobic 
2-nitroimidazole. When glucose levels rise, 
the enzyme converts it into gluconic acid, in a 
reaction that uses up the local oxygen, causing 
hypoxia. That reduces the 2-nitroimidazole 
in the polymer, turning it hydrophilic, so the 
vesicle falls apart and releases the insulin. Each 
patch contains hundreds of vesicles attached 
to microneedles. 

But these efforts are still at the early 
stages, and improving the safety profile of 
insulin to reduce the risk of hypoglycemia 
remains a “huge unmet need,” according to 
Jesus Cuaron, a healthcare analyst at the data 
analysis firm GlobalData. “It’s rare that we see 
a huge transformational therapy come out,” 
he says. “The hope is that this [smart insulin] 
could be one of them.”

For Novo Nordisk, acquiring an early-stage 
company like Ziylo was a smart move, says 
Cuaron. Although the company is the big-
gest name in diabetes therapy, its diabetes 
franchise, which includes a variety of human 
insulins, modern insulins and glucagon-like 
peptide-1 products, is facing declining sales 
due to price pressure from insulin biosimilars. 
“There are still a lot of ‘me too’ drugs out there,” 
says Cuaron. “A lot of big pharma companies in 
diabetes are really looking for transformational 
products, not just incremental steps.”

If the gamble on glucose-responsive insulins 
pays off, it will help cement Novo Nordisk’s 
leading position for years to come, he says. 
Much will depend on which company is able 
to get its product to market first, but Cuaron 
says the acquisition of Ziylo seems to have put 
Novo Nordisk in the lead for now.

Schindler says the move is part of Novo 
Nordisk’s focus on developing truly innovative 
new drugs to address big unmet needs, even 
if it means leapfrogging over the company’s 
other drugs. “It doesn’t mean we’re not look-
ing to make what’s already in our pipeline bet-
ter, but small changes are not what motivates 
us,” he says. He expects clinical trials to begin 
within three to four years, but it is likely to be 
more than a decade before the product is ready 
for the market.

A truly glucose-responsive insulin would 
be a huge boon for people with diabetes, 
says Jonathan Rosen, a research scientist in 
the metabolic control division of JDRF. The 
problem with standard insulin is that patients 
have to work hard to keep their blood sugar in 
the correct range. It is dangerous not to take 
insulin, but also dangerous to take too much, 
or to take it at the wrong time. Hypoglycemia, 
when blood sugar levels drop too low, can 
cause coma or even death.

“I don’t know of any other medication where 
patients have to make so many complicated dos-
ing decisions every day,” he says. “Even if you 
are very careful, it’s hard to control blood sugar.”

Eliminating the risk of hypoglycemia would 
have big clinical benefits, as well as relieving 
the psychosocial burden of insulin treat-
ment—a benefit that is often overlooked by 
doctors and researchers, says Rosen. Because 
they fear hypoglycemia, many individuals with 
diabetes keep their blood sugar too high, he 
says. Without that concern they can be more 
aggressive in reducing blood sugar and reap 
long-term benefits, improving both their 
physical and mental health.

“They won’t have to prick their finger every 
day. They won’t need as many injections. They’ll 
spend less time thinking about diabetes, because 
the drug does the thinking for them,” he says.
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