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Copper a clue in the fight against cancer
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(A) Structure of Memol (PDB: 3BCZ), with the putative metal-binding site, side
chains of His (49, 81, and 192), Asp (189), and Cys (244) in red, orange, and
blue stick representation. (B) Redox cycling of Cu(II)/Cu(]) is fueled by
reducing agents (here, ascorbate acid) in aerobic conditions that result in the
production of toxic ROS (shown in red color) from nontoxic molecular oxygen,
O, (shown in blue), such as superoxide radicals (O, "), hydrogen peroxide
(H,0,), hydroxyl radicals (‘OH), and hydroxide ions ("OH). (C) Cu(I)-BCA,
competition assay with Memol at strict anaerobic conditions. Absorption spectra
of Cu(I)-BCA, (10 uM) as a function of additions of Memol (0.25 to 1.25 molar
ratio of Memol to Cu(I)). All of the spectra were analyzed after background
subtraction. (D) Normalized absorbance at 562 nm plotted as a function of added
Memol (x-axis given as Memol to Cu(I) ratio in the sample, Cu(I) concentration
1s 10 uM). Data from three independent experiments are included. Results for
the best fits of Eq. 2 (Materials and Methods, SI Appendix) assuming one
(black), two (red), or three (blue) independent Cu(I) site per Memol protein.
The R? values for fits assuming 1, 2, or 3 Cu(I) per protein are 0.83, 0.97, and
0.90, respectively. (E) Absorption spectra of 5 uM Memol premixed with 2:1
molar ratio of Cu(I) (10 uM) at anaerobic conditions, following the additions of
BCA (2.5 to 50 molar ratio of BCA over Cu(I)). Cu(I)-BCA, (10 uM) shown for
reference. All of the spectra were analyzed after background subtraction. (F)
Absorbance at 562 nm of BCA titrations (2.5 to 50 molar ratio of BCA over
Cu(I)) to premixed samples of 10 uM Cu(I) mixed with 3.3 uM (3 Cu per
protein), 5 uM (2 Cu per protein), and 10 uM (1 Cu per protein) Memol. The
error bars represent the SD for the average of three independent measurements.
Credit: Proceedings of the National Academy of Sciences (2022). DOI:
10.1073/pnas.2206905119

For cancer cells to grow and spread around the human body, they need
proteins that bind copper ions. New research about how cancer-related
proteins bind the metal and how they interact with other proteins, opens
up potential new drug targets in the fight against cancer.
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Human cells need small amounts of the metal copper to be able to carry
out vital biological processes. Studies have shown that the level of
copper in tumor cells and blood serum from cancer patients is elevated,
and the conclusion is that cancer cells need more copper than healthy
cells. Higher levels of copper also mean more active copper-binding
proteins.

"Therefore, these proteins are highly important to study when it comes
to understanding the development of cancer and deeper knowledge about
them can lead to new targets for treatment of the disease," says Pernilla
Wittung-Stafshede, professor of chemical biology at Chalmers
University of Technology, Sweden.

Most cancer-related deaths are due to the fact that
metastases—secondary tumors—form in several places in the body, for
example, in the liver or lungs. A protein called Memol is part of the
signaling systems that cancer cells use to grow and spread around the
body. Previous research has shown that when the gene for Memol is
inactivated in breast cancer cells, their ability to form metastases
decreases.
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The red cancer cell uses the white protein Memol to bind the green copper ions.
Credit: Yen Strandqvist, Chalmers University of Technology

A research group from Chalmers wanted to take a closer look at the
connection between Memol and copper. In a new study published in the
scientific journal PNAS, the researchers examined the Memol protein's
ability to bind copper ions through a series of test tube experiments.

They discovered that the protein binds copper, but only the reduced
form of copper. It is this form of copper ions that is most common in
living cells. It's an important discovery because reduced copper, while it
is needed in the body, also contributes to redox-reactions that
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damage—or even kill—the cells. The researchers found that when
Memol interacted with copper, the metal's toxic redox reactions were

blocked.

"This poses a risk for the tumor to be dependent on a lot of copper
because it can provoke chemical reactions that are harmful to the cancer
cells. We believe that Memol, by binding copper when needed, protects
the cancer cells so that they can continue to live and spread," says
Pernilla Wittung-Stafshede, who is one of the study's lead authors.

The researchers also saw that Memol can form a complex with another
copper-binding protein found in our cells—Atox1. It is a copper
transporter inside human cells and the research team has previously
shown that Atox1, with the help of copper, contributes to breast cancer
cells being able to move and form metastases. Overall, the findings in
the new study mean that copper and copper-binding proteins could be
targets for future cancer treatment.

"We saw how copper ions could transfer between the proteins Memol
and Atox1 in test tubes, and when we looked in breast cancer cells, we
found that the two proteins were close to each other in space. Based on
this, we conclude that the exchange of copper between these proteins can
take place in cancer cells as well as in test tubes and thus be of biological
relevance," says Pernilla Wittung-Stafshede.

The researchers now want to move forward with determining the copper
ion binding sites in Memol, and how the presence of copper affects
Memol's activities in cancer development.

"When we expand our basic knowledge of the role of copper-binding
proteins in cancer cells, we also open the door to new treatments," says
Pernilla Wittung-Stafshede.
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More information: Xiaolu Zhang et al, Memol binds reduced copper
ions, interacts with copper chaperone Atox1, and protects against copper-

mediated redox activity in vitro, Proceedings of the National Academy of
Sciences (2022). DOI: 10.1073/pnas.2206905119
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