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Pathway found for treatment-resistant lung
cancer

September 20 2019

MCG investigators (from left) medical student John Howard, Drs. Mumtaz and
Amyn Rojiani, molecular pathologist Dr. Ravindra Kolhe and postdoctoral
fellow Dr. Wei Xiao Credit: Phil Jones, Senior Photographer, Augusta
University

A big way chemotherapy works is by prompting cancer cells to commit
suicide, and scientists have found a pathway the most common lung
cancer walks to avoid death.
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Scientists at the Medical College of Georgia and Georgia Cancer Center
at Augusta University have found a first step appears to be lung cancer
cells expressing high levels of the molecule TIMP-1, classically
considered a tumor inhibitor but at high levels already associated with a
poor prognosis for patients.

TIMP-1 then turns up expression of the immune system modulator IL-6,
which is already associated with resistance to cancer chemotherapy.

Levels of both increase even further in the face of chemotherapy
treatment, a mainstay for treatment of the common, non-small cell lung
cancer they studied.

Chemotherapy resistance is a big problem in this lung cancer type,
particularly when the cancer recurs at which point it's also more
aggressive, says Dr. Mumtaz Rojiani, cancer biologist.

To see just how TIMP-1 contributes, Rojiani and her colleagues first
explored whether TIMP-1 enabled cancer cells' uncanny ability to
essentially spit out a chemotherapy drug. While they didn't see evidence
of that phenomenon in their studies in human lung cancer cells, they did
see an increased level of 1L-6.

IL-6 is a sugar-coated protein that can turn inflammation both up and
down and actually has been shown to regulate TIMP-1 —rather than vice
versa—in some cancers.

But in lung cancer, at least, the scientists saw TIMP-1 take the lead in
avoiding cell suicide, a natural process that should happen when cells

become dysfunctional.

"At least in lung cancer, we are showing that it is TIMP-1 that is
controlling IL-6," says Mumtaz Rojiani, corresponding author of the
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study in the journal Cancers.

"We have shown for the first time that if TIMP-1 goes up, IL.-6 goes up
and if TIMP-1 goes down, IL-6 decreases ... and we have shown it in
multiple different ways," says Dr. Amyn Rojiani, chair of the MCG
Department of Pathology and a study coauthor.

Their work indicates levels of this destructive duo may be an even more
valuable indicator of a patient's prognosis as well as an important new
target for improving it.

In their studies, they looked at both human non-small cell lung cancer
cells and the same cells with TIMP-1 knocked out, then used two
frontline chemotherapeutic agents, gemcitabine and cisplatin, and found
IL-6 production went down and cell death went up in response to the
drugs in the cells with TIMP-1 missing, says Mumtaz Rojiani.

"We gave the two chemotherapy drugs and when we looked at the effect
of those drugs we found that TIMP-1 was affecting apoptosis in cell
lines and when we knocked it down, we found more apoptosis even in
the presence of these drugs," says Mumtaz Rojiani. "So we know
TIMP-1 is affecting apoptosis."

When they added TIMP-1, they saw IL-6 go back up and cell survival
increase, she says. In fact, when they gave more IL-6, cell death also was
reduced, however just adding TIMP-1 also increased IL-6 and using
antibodies to neutralize just TIMP-1 also reduced levels of 1L-6.

When they looked again at cancer cells that survived, they were even
more treatment-resistant than the cells they came from and had higher
levels of TIMP-1 and IL-6, Mumtaz Rojiani says.

"You develop chemo-resistant clones that have higher levels than the
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original cancer cells," says Amyn Rojiani.

To ensure the IL-6 was functional at this higher level, they looked
downstream at the IL-6 signaling pathway, which includes STAT3, a
regulator of gene activity. STAT3 is known to be involved in controlling
cell growth and division, movement and apoptosis, all of which cancer
uses. With high levels of IL-6, they watched STAT3 move into the cell
nucleus, which means i1t was also activated.

To see if this tumor-promoting synergy they identified in human lung
cancer cell lines also occurred in patients, they turned to the Cancer
Genome Atlas database, compiled by the National Cancer Institute,
which includes samples and full genome sequencing from patients with a
huge variety of outcomes, including chemotherapy resistance and death,
says Dr. Wei Xiao, MCG postdoctoral fellow and the study's first author.

They found that patients with non-small cell lung cancer who had both
low TIMP-1 and IL-6 had higher survival rates and these two genes were
commonly elevated together, Xiao says. Also, just IL-6 being elevated
did not affect survival as much as just TIMP-1 being elevated. But they
found patient survival was much worse when both were elevated rather
than TIMP-1 alone. "The two-gene signature became very important,"
says Mumtaz Rojiani.

Next steps include examining exactly how STAT3 is helping reduce
apoptosis in this scenario. They already are wondering if there is some
sort of feedforward mechanism that also means another thing active
STAT3 does is activate even more TIMP-1.

They also want to look at other cancers to see if the same chain of events
also is set in motion, particularly in those where others have reported it's
IL-6 driving TIMP-1. The order definitely matters because it helps
define the function of downstream molecules, they say.
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Theirs is the first report of this relationship where TIMP-1 affects IL-6,
which activates STAT3 in this most common lung cancer type.

Multiple studies have reported that TIMP-1 is significantly elevated in
lung cancer cells versus healthy lung cells. Theirs defines a role for
elevated TIMP-1 in cancer cells developing resistance to chemotherapy,
the scientists say.

Cancer makes heavy-handed use of both MMPs, or matrix
metalloproteinases, and their natural inhibitor TIMP-1. MMPs get
secreted following injury to degrade adjacent tissue like collagen so a
myriad of cells and factors can move in for repair. Particularly near the
end of the repair process, levels of TIMP-1 increase to help keep the
process from getting out of hand and healthy tissue from also getting
destroyed, says Amyn Rojiani. Cancer takes advantage of MMPs to
ensure it can grow at its main site and spread to others.

If we don't have an injury—or cancer —we likely have very low levels
of TIMP-1, the scientists say.

Lung cancer is the leading cause of cancer death in both men and
women, and the non-small cell type accounts for 80-85 percent of lung
cancers, according to the American Cancer Society.

More information: Wei Xiao et al, TIMP-1-Mediated
Chemoresistance via Induction of IL-6 in NSCLC, Cancers (2019). DOI:
10.3390/cancers11081184

The Georgia Cancer Coalition helped fund the research.
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