
Killing Cancers with Z-DNA

A small molecule induces Z-DNA formation in tumors

to activate an inflammatory cell-death pathway that is

expressed in the cells supporting growth of the

cancer cell. The resulting response is specific for the

mutant proteins expressed by cancer cells.

In a paper appearing in Nature today, an

international group of scientists have

unlocked a new way to kill hard to treat

cancers. 

CHARLESTOWN, MA, UNITED STATES,

May 25, 2022 /EINPresswire.com/ --

Summary Text

From basic science to a new treatment

modality. The left-handed Z-DNA

conformation was dismissed as

biologically irrelevant despite strong

biochemical and genetic evidence

supporting a role for this alternative

conformation in regulating immune

responses. The authors report in this

paper how a small molecule can induce

Z-DNA formation in tumors to activate a cell-death pathway that is highly inflammatory. They

show that this small molecule enhances anti-tumor immunity and improves survival in pre-

clinical models of melanoma when used with checkpoint-specific antibodies that prevent the

This paper outlines the first

therapeutic application of

the new field of  flipon

genetics”

Alan Herbert

cancer cells from inactivating the responding immune

cells.

Full Text

In a paper appearing in Nature today, an international

group of scientists have unlocked a new way to kill hard to

treat cancers. These tumors resist current

immunotherapies, including those using Nobel Prize

winning check-point blocking antibodies.

The approach exploits Z-DNA. Rather than twisting to the right like Watson and Crick B-DNA, Z-

DNA has a left-handed twist. One role for Z-DNA is to regulate the immune response to viruses.

The response involves two proteins that specifically recognize-Z-DNA, AADR1 and ZBP1. They do

so through a Zα domain that binds to the Z-DNA structure with high affinity. The Zα domain was

originally discovered by Dr. Alan Herbert of InsideOutBio, a communicating author on the paper.

The ADAR1 Zα domain turns off the immune response against self, while the other ZBP1 Zα

turns on pathways that kill virally infected cells, as previously shown by Dr. Sid Balachandran, the

other communicating author on the paper. The interactions between ADAR1 and ZBP1

http://www.einpresswire.com
http://www.nature.com/articles/s41586-022-04753-7
http://doi.org/10.1038/s41431-019-0458-6


The flip to Z-DNA caused by the drug activates Z-DNA

binding protein 1 (ZBP1). The inflammatory cell death

induced then fires up the immune system to

specifically attack the tumor cell. The pathway is

expressed within the tumor but not normal cells.

determine whether a tumor cell lives

or dies.

Both Zα proteins are induced during

inflammation by interferon. They are

not usually present in normal cells.

Both proteins are also expressed in

tumors, especially in normal cells

called fibroblasts that cancer cells force

to support their growth. Normally

tumors rely on ADAR1 to suppress cell

death pathways that would otherwise

kill the tumor.

The team found a small molecule that

could bypass ADAR1 suppression and

directly activated tumor cell death by

ZBP1. The drug acts regardless of the

mutation that causes the cancer. The

form of cell death induced is highly immunogenic. The response destroys the fibroblasts

supporting the tumor growth. By doing so, the drug enhances the effectiveness of

immunotherapy using the checkpoint blocking antibody targeted at PD-1. The drug is a member

of the curaxin family and was introduced to clinic for another reason. The compound has proven

safe in Phase I trials but still requires further research to confirm its clinical use in conjunction

with anti-PD1 provides a benefit in the treatment of cancers.

Dr Herbert of InsideOutBio says “This outcome is the work of a highly collaborative team. It is a

nice milestone in our understanding of how alternative DNA conformations, like Z-DNA, play an

important role in human biology. The paper shows how basic research can lead to new and

unexpected therapies. The process has taken a long time, starting with the initial discovery of the

Zα domain and then to the identification of Zα DNA variants that cause genetic diseases in

humans. These discoveries validated a biological role for Z-DNA. The work now has led us to a

new therapeutic approach for the treatment of cancer. It is a pleasing turn around given that the

initial Z-DNA discoveries were widely dismissed by the scientific community as of little biological

importance and further work was not ranked as worthy of funding by the National Institutes of

Health peer review panels. The paper was only possible through the collaborations of the team

at Fox Chase Cancer Center led by Dr. Balachandran and the computational scientists at the

Higher School of Economics lad by Dr. Poptsova, with help from Dr. Walkley at University of

Melbourne, Dr. Xu form University of Miyazaki and Dr. Thomas at St. Jude Children’s Research

Hospital. It is a sign of the times that this collaboration succeeded though I have none meet any

of the others in person.”

Z-DNA is formed in normal cells by sequences called flipons that under physiological conditions

can reversibly flip to the left-handed conformation. The structure was discovered by accident in

the first ever synthetic crystal ever solved by X-ray crystallography. Other classes of flipons exist

and are also highly likely to play important roles in biology. Flipons are highly dynamic structures

that have been hard to study as it is challenging to determine their exact conformation inside



cells. Dr Herbert says that “It is similar to other highly dynamic systems in physics where you can

only find the flipon conformation by making a direct measurement, but only if the act of

measurement does not bias the result.”

InsideOutBio is an early-stage privately funded biotech company developing therapeutics for the

treatment of cancer.
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