
 

Popular artificial sweetener could lead to new
treatments for aggressive cancers
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A form of saccharin, an artificial sweetener, could lead to the development of
drugs that battle aggressive cancers. Credit: Doug Dollemore, American
Chemical Society

Saccharin, the artificial sweetener that is the main ingredient in Sweet 'N
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Low, Sweet Twin and Necta, could do far more than just keep our
waistlines trim. According to new research, this popular sugar substitute
could potentially lead to the development of drugs capable of combating
aggressive, difficult-to-treat cancers with fewer side effects.

The finding will be presented today at the 249th National Meeting &
Exposition of the American Chemical Society (ACS).

"It never ceases to amaze me how a simple molecule, such as
saccharin—something many people put in their coffee everyday—may
have untapped uses, including as a possible lead compound to target
aggressive cancers," says Robert McKenna, Ph.D., who is at the
University of Florida. "This result opens up the potential to develop a
novel anti-cancer drug that is derived from a common condiment that
could have a lasting impact on treating several cancers."

The new work examines how saccharin binds to and deactivates carbonic
anhydrase IX, a protein found in some very aggressive cancers. It is one
of many driving factors in the growth and spread of such cancers in the
breast, lung, liver, kidney, pancreas and brain. Carbonic anhydrase IX
helps regulate pH in and around cancer cells, allowing tumors to thrive
and potentially metastasize to other parts of the body. Because of this
finding, the researchers wanted to develop saccharin-based drug
candidates that could slow the growth of these cancers and potentially
make them less resistant to chemo or radiation therapies.

Except for in the gastrointestinal tract, carbonic anhydrase IX is
normally not found in healthy human cells. According to McKenna, this
makes it a prime target for anti-cancer drugs that would cause little or no
side effects to healthy tissue surrounding the tumor.

Unfortunately, there's a catch.
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Carbonic anhydrase IX is similar to other carbonic anhydrase proteins
that our bodies need to work properly. So far, finding a substance that
blocks carbonic anhydrase IX without affecting the other ones has been
elusive. And that's where saccharin—ironically, once considered a
possible carcinogen— comes in.

In earlier work, scientists from a group led by Claudiu T. Supuran,
Ph.D., at the University of Florence, Italy, discovered that saccharin
inhibits the actions of carbonic anhydrase IX, but not the 14 other
carbonic anhydrase proteins that are vital to our survival. Building on
this finding, a team led by Sally-Ann Poulsen, Ph.D., at Griffith
University, Australia, created a compound in which a molecule of
glucose was chemically linked to saccharin. This small change had big
effects. Not only did it reduce the amount of saccharin needed to inhibit
carbonic anhydrase IX, the compound was 1,000 times more likely to
bind to the enzyme than saccharin.

Using X-ray crystallography, McKenna and his students Jenna Driscoll
and Brian Mahon have taken this work a step further by determining
how saccharin binds to carbonic anhydrase IX, and how it or other
saccharin-based compounds might be tweaked to enhance this binding
and boost its anti-cancer treatment potential.

McKenna's team is currently testing the effects of saccharin and
saccharin-based compounds on breast and liver cancer cells. If
successful, these experiments could lead to animal studies.

  More information: Saccharin and its carbohydrate-conjugate shows
promise for isoform selective inhibition of Carbonic Anhydrase IX: a
lead approach to anti-cancer drug development, 249th National Meeting
& Exposition of the American Chemical Society (ACS). 

Abstract
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Carbonic anhydrase IX (CA IX) is a zinc metalloenzyme that is highly
expressed in several aggressive cancer types and its expression has been
linked to a poorer prognosis in patients. Inhibition of CA IX has shown
to be advantageous in terms of reducing tumor cell proliferation, growth,
and inducing chemo- and radiosensitivity in solid tumors. As such, CA
IX has been characterized as an ideal anti-cancer target due to its
minimal expression in normal human tissue and its physiochemical
properties. Despite inhibition of CA IX showing great therapeutic
promise, designing selective CA IX inhibitors has been challenging due
to its high homology with other ubiquitously expressed human isoforms.
Here we demonstrate that saccharin, the main additive in "Sweet N'
Low", can be used as a lead compound for structure-based drug design
of CA IX selective inhibitors. Furthermore we show how the linkage of
a carbohydrate fragment to saccharin enhances CA IX inhibition by
>1000-fold over other isoforms and provide insights into the structure-
activity relationships of such compounds. This data presents a new class
of CA IX inhibitors that will potentially aide in the treatment of several
cancers.
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