
 

Human protein produced in CHO-cells can
save donor blood
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Alpha-1-antitrypsin is a protein produced by the liver. The protein gets
secreted to the blood stream, where it circulates the body to protect the
lungs. However, some people are born with genetic disorders that
hinders production of this protein. These patients can suffer from
decreased lung function, liver diseases and shortness of breath.

In the U.S. and other countries, the disorder is currently treated with
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fractions of human plasma containing Alpha-1-antitrypsin. Treatment
requires an infusion of approximately four grams of protein pr. week. To
obtain this dose, blood from 900 donors is needed, and the treatment
amounts to approximately 100,000 Dollars a year pr. patient.

Now, a group of researchers from The Novo Nordisk Foundation Center
for Biosustainability at Technical University of Denmark has found a
way to produce this protein in mammalian cells.

"The current production of Alpha-1-antitrypsin from blood requires a
constant and large supply of blood from donors. With a recombinant
alternative, you can both formulate the product, concentrate the protein,
purify it, and avoid dependency of blood donors—so we would be able
to ensure security of supply," says Bjørn Voldborg, director of CHO cell
line development at the Novo Nordisk Foundation Center for
Biosustainability.

CHO-cells can produce over 1 gram

The researchers have successfully produced Alpha-1-antitrypsin in CHO 
cells—one of the most deployed cell lines for production of human
therapeutic proteins. Normally, the CHO glycosylation profile of
Alpha-1-antitrypsin is quite different from the human counterpart. The
human version of Alpha-1-antitrypsin has a very specific sugar-structure,
whereas if produced in CHO cells exhibits a variety of sugars, which
renders the protein ineffective in the human body.

The researchers obtained this glycosylation profile by introducing a
human gene encoding an enzyme capable of decorating the sugar
backbones on the Alpha-1-antitrypsin proteins with the correct human
moieties. Furthermore, they removed a number of the CHO cells natural
glycosylation genes using CRISPR-Cas9.
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This effort resulted in a cell line capable of producing over 1.2 grams pr.
liter of cultured CHO cells, thereby making it possible to produce
Alpha-1-antitrypsin from CHO cells at a scale that can eliminate the
need for human donors in the future.

"This is definitely a step in the right direction when we are looking at
production of glycosylated therapeutic proteins. We are quite confident
that we can improve the yield even further, which will make this product
commercially interesting to the pharma industry," says Bjørn Voldborg.

Today, CHO-cells with the best yield produce around 10-12 g/L of
monoclonal antibodies. Hence, this Alpha1-antitrypsin producing cell
line is still only producing around 10 % of this known maximum. One of
the next steps is, therefore, to improve the yield even further.

Great perspectives going forward

The natural Alpha-1-antitrypsin is being degraded rather quickly in the
body. Going forward, researchers wants to make the recombinant
proteins more stable, so Alpha1-antitrypsin deficiency patients would
need fewer injections. Hence, this new knowledge about glycosylation
profiles opens a new window for optimizing human proteins to improve
their stability and function.

"Our hope is to optimize stability and to become so good at designing
glycans, that researchers and companies can order glycan structures on
any protein from us. This will accelerate the production of new
glycosylated proteins for therapeutic use," says Bjørn Voldborg.

Several pharma companies have already shown interest in this research.
The research has been published in Metabolic Engineering.

  More information: Thomas Amann et al, Glyco-engineered CHO cell
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lines producing alpha-1-antitrypsin and C1 esterase inhibitor with fully
humanized N-glycosylation profiles, Metabolic Engineering (2018). DOI:
10.1016/j.ymben.2018.11.014
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