
 

Novel mechanisms of action discovered for
skin cancer medication Imiquimod
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Imiquimod is a medication successfully used in the treatment of skin
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diseases. In addition to its known mechanism of action, it also triggers
other processes in the body. Scientists at the Technical University of
Munich (TUM) have succeeded in explaining the molecular
fundamentals of these additional effects. The results also shine a new
light on other known molecular processes which could indicate an
approach to the treatment of inflammatory illnesses.

The fact that a given medication has been approved for use doesn't
automatically mean that all of its mechanisms of action have been
completely investigated and understood. New findings and technical
possibilities continuously enable more precise insights into the processes
that take place within the human body. As a result, we constantly gain a
better understanding of how known medicines work and what
approaches could be practical for new medications.

PD Dr. Olaf Groß, group leader at the TUM Institute for Clinical
Chemistry and Pathobiochemistry , has been working together with his
team to investigate Imiquimod. This medication has been successfully
used to treat viral skin infections and certain types of skin cancer since
1997. The scientists have now published their results in the journal 
Immunity.

Imiquimod is an immunomodulatory agent, which means it triggers an
immune reaction which causes the body's immune system to attack
modified cells. For several years, this process was the medication's only
known mechanism of action. However, in the meantime it has been
shown that imiquimod also triggers other processes in the body. On one
hand, imiquimod directly impairs the growth of cancer cells. On the
other hand, Imiquimod activates a complex within cells of the immune
system termed the inflammasome. While the inflammasome is very
important for our body's ability to defend against infection, uncontrolled
activation of the inflammasome can lead to inflammatory diseases. "We
think that these other mechanisms of action of Imiquimod might
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contribute to the efficacy or adverse side effects of the medication," says
Olaf Groß.

Intervention in the mitochondria

Imiquimod specifically activates the NLRP3 inflammasome, which is a
special type of inflammasome that responds to tissue stress and cellular
damage. Olaf Groß and his team were able to show that NLRP3 is
activated because Imiquimod impairs the respiratory chain in
mitochondria. The respiratory chain is a series of mitochondrial protein
complexes that generates the energy, in the form of a molecule called
adenosine triphosphate, or ATP for short, that cells need to survive.

"Inhibition of the respiratory chain by imiquimod not only impairs ATP
production, but also results in the production of toxic oxygen radicals,"
explains Dr. Ritu Mishra, one of the two primary authors of the study.
"Imiquimod causes an especially large amount of radicals to be released.
In contrast to other substances that intervene in the respiratory chain but
generate a lower amount of radicals, here a threshold value is exceeded
that results in the activation of NLRP3."

Implications for anti-inflammatory medications

"There is a lot of excitement about generating new anti-inflammatory
medications by targeting the NLRP3 inflammasome," says Dr. Christina
J. Groß, also one of the study's primary authors. "We hope that our
research will lead to the design of medications that can prevent
dangerous hyperactivation of the NLRP3 inflammasome that may occur
in diseases like gout and multiple sclerosis." Olaf Groß and his team are
following-up on this study by investigating whether the effect of
imiquimod on the mitochondria is the mechanism behind the
unexplained finding that imiquimod directly inhibits growth of cancer
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cells. After that, they plan to investigate new chemical substances related
to Imiquimod in order to find out how the various effects of the
medication can be uncoupled.

  More information: Christina J. Groß et al, K+ Efflux-Independent
NLRP3 Inflammasome Activation by Small Molecules Targeting
Mitochondria, Immunity (2016). DOI: 10.1016/j.immuni.2016.08.010
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