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Kinases take energy from adenosine triphosphate molecules to fuel

other molecules in performing vital biological processes.

Dr Xu Hannah Zhang at City of Hope, Los Angeles, has worked with

colleagues to better understand the p38 family of kinases, and in

particular, how the p38y isoform plays a role in cancer. Her work

has shown - for the first time - that p38y is much more than just a

kinase, and her recent studies point to new avenues in the search for

cutaneous T-cell lymphoma therapeutics.

The Vital Work of Kinases

Vital biological processes such as cell
growth and division (cell proliferation)
and cell death (apoptosis) are fueled
by chemical energy. In our bodies,
adenosine triphosphate (ATP) carries
chemical energy from the food we eat.
Kinases then transfer this energy in

the form of phosphates from the ATP
molecules and add it to other molecules
(such as sugars and other proteins) in a
process known as phosphorylation.

In humans, the p38 mitogen-activated
protein kinases (MAPK) family of kinases
consists of four isoforms (also known as
variants): p38a, p38@3, p38y and p386.
Each isoform performs unique functions
at different developmental stages in the
lifespan, and while p38a and p383 are
found throughout the body, p38y and
p386 are only found in specific tissues.

ATP = Energy

p38y: Links to Cancer

Our understanding of p38y and p38& is
much less extensive than that of p38a
and p38f. However, we do know that
p38y is associated with the spread of

a diverse range of cancers (including
colon, prostate, oesophagal, breast and
liver cancers) and also cutaneous T-cell
lymphoma, a rare form of cancer that
begins in the white blood cells known
as T cells and affects the skin, the body’s
largest organ.

Dr Xu Hannah Zhang at City of Hope and
her colleagues, under the leadership of
Dr Steven T Rosen, Provost and Chief
Scientific Officer of the institute, recently
explored the role of p38y in cutaneous
T-cell lymphoma - and uncovered some
novel and important findings in the
process.
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To Bind or Not to Bind?

Binding sites (so-called ‘pockets’) are
the parts of a protein that allow them to
accommodate via affinity the smaller,
incoming molecules. As p38y shares its
ATP-binding site with other kinases, Dr
Zhang and her colleagues also studied
a non-ATP-binding site to help them

to identify any specific effects of p38y.
They were particularly interested in a
hydrophobic (water-repelling) non-ATP
site capable of attracting lipid-like small
molecules, such as those required to
target p38y for the cure of the diseases
such as cutaneous T-cell lymphoma.

In the field of bioinformatics, molecular
docking is one of the most commonly
used virtual screening methods
supporting drug discovery and can be
used to investigate interactions between
small molecules and proteins. This is




the approach used by Dr Zhang and her colleagues to examine
all 270,000 compounds currently available in the National
Institute of Cancer Development Therapeutics Program library
and assess the extent to which each would bind to the non-ATP
site.

The 80 drugs identified as most effective in binding to the
non-ATP site were investigated further using virtual screening to

determine their potential toxicity to cutaneous T-cell lymphoma
cells. Of these, Dr Zhang and her colleagues selected two

small molecules: CSH71 and CSH18 (note that CSH18CN is a
modified form of CSH18 to increase more specific binding). The
researcers then confirmed the effects of both small molecules
in the laboratory, using real samples.

As expected, both CSH71 and CSH18CN were toxic to cutaneous
T-cell lymphoma cells. The effects of small molecule CSH71
were dose-dependent, but critically, at higher doses, CSH71
was found to bind to the ATP-binding site of p38y and also

the non-ATP site. This observation lead Dr Zhang and her
colleagues to make the novel report that p38y also functions

as a non-kinase in T malignant cells, serving to drive cell
proliferation. In contrast, normal healthy blood cells were
spared because their p38y is silent (not expressed).

Therapeutic and Other Implications

Dr Zhang and her colleagues propose that these new insights
into how drugs can bind to the ATP-binding site and non-

ATP binding site of p38y will lead to treatment innovation in
cutaneous T-cell lymphoma. Specifically, she proposes that
targeting the non-ATP binding site will be a particularly fruitful
avenue of exploration. Itis also worth noting that her findings
also validate the use of relatively new computational screening
techniques in drug discovery with nuclear magnetic resonance
Spectroscopy.

An Intriguing Idea

As a final aside, Dr Zhang notes that CSH71 treatment impacts
olfactory receptors, which give rise to our sense of smell. The
compound CSH18, as also studied by the researchers, impacts
olfactory receptors but in a different collection to CSH71. This
currently unpublished data from Dr Zhang lends support to
the intriguing idea that each compound may trigger a unique
‘fingerprint’ for T cells to react to chemotaxis as part of its
immune defence mechanism. She suggests that our current
understanding of olfactory receptors may require revision, and
further work to unpick how olfactory receptors interact with
other cells and are regulated is now warranted.
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Los Angeles, CA
USA

DrHannah Zhang completed her PhD in Biochemistry and
Molecular Biology at Peking Union Medical College in China
and then completed postdoctoral fellowships at Mount Sinai
Hospital and Albert Einstein School of Medicine. She remained
in New York to take up research appointments at Mount Sinai
Hospital and Weill Cornell Medical College and was later
appointed Assistant Research Professor at the prestigious City
of Hope in Los Angeles. In 2022, Dr Zhang was appointed to her
current position of Associate Research Professor. Her academic
record of publications and funding is testimony to her extensive
research experience and expertise in molecular biology, cell
biology and immunology, and also her thorough knowledge of
the molecular mechanisms of human disease.
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