
 

Low forms of cyclin E reduce breast cancer
drug's effectiveness

February 9 2010

Overexpression of low-molecular-weight (LMW-E) forms of the protein
cyclin E renders the aromatase inhibitor letrozole ineffective among
women with estrogen-receptor-positive (ER+) breast cancers,
researchers from The University of Texas M. D. Anderson Cancer
Center report in Clinical Cancer Research.

The M. D. Anderson research, led by Khandan Keyomarsi, Ph.D.,
professor in M. D. Anderson's Department of Experimental Radiation
Oncology and the Hubert L. and Olive Stringer Professor in Medical
Oncology, found evidence that women whose cancers express the LMW-
E are more likely to develop resistance to letrozole. However, their
research also showed that treating breast cancer cells with a cyclin-
dependent kinase 2 (CDK2) inhibitor can reverse letrozole resistance.

Cyclin E is one of the proteins that regulates the cell cycle, influencing
how rapidly a cell passes through the four phases and divides. In tumor
cells, cyclin E is converted to low-molecular weight forms, an event that
does not occur in normal cells. High levels of LMW-E accelerate the
cell's transition through the G1phase, an important checkpoint that can
arrest the cell cycle if DNA damage is detected. Elevated levels of LMW-
E have been linked to uncontrolled cell proliferation and a poor outcome
in breast cancer patients.

Outwitting Drug Resistance
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Keyomarsi estimated that approximately 70 percent of all breast cancer
patients are estrogen receptor positive (ER+), of which a large
percentage are post-menopausal, and would thereby be a candidate to
receive an aromatase inhibitor as maintenance therapy. Aromatase
inhibitors can reduce the risk of early metastasis among postmenopausal
women with ER+ breast cancer. However, not every patient responds to
aromatase inhibitors, and those who do will develop resistance to the
drugs over time, explained Keyomarsi. Understanding the mechanisms
behind this resistance has been a long-standing goal in breast cancer
research.

The M. D. Anderson team hypothesized that ER+ breast cancer patients
whose tumors express the LMW forms of cyclin E would be less
responsive to treatment with an aromatase inhibitor. To test their
hypothesis, the researchers exposed aromatase-overexpressing
MCF-7/Ac1 breast cancer cells to the full-length form of cyclin E or to
the LMW-E forms ("low forms").

"We found that we could negate the growth inhibitory effects of
letrozole with the low forms of cyclin E but not with the wild-type cyclin
E," said Keyomarsi, the study's senior author. "The mechanism behind
this is that the low forms of cyclin E increase the activity of the cyclin E
complex, and this complex is what mediates the negative effects."

CDK2 Inhibitor Restores Letrozole's Growth
Inhibition

After confirming that the LMW forms of cyclin E suppress the anti-
proliferative effects of letrozole, the researchers examined whether a
CDK2 inhibitor could reverse the drug resistance in the unresponsive
breast cancer cells.
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"We challenged the aromatase-overexpressing cells with either the wild-
type or the low forms of cyclin E and then treated them with the CDK2
inhibitor roscovitine," Keyomarsi said. "When we did that, we could kill
all the cells."

The researchers also looked back at the results of another ongoing study
from their group in which 128 ER+ breast cancer patients were treated
with an aromatase inhibitor. "Of those, 100 expressed normal levels of
wild-type cyclin E, and 28 overexpressed the low forms," Keyomarsi
said. "When we looked at recurrence, three of the hundred with wild-
type cyclin E had experienced a recurrence compared to four of the
twenty-eight with the low forms. That in itself tells us there is a huge
difference between the two groups of patients based on the pattern of
expression of normal versus low forms of cyclin E."

Of the seven patients who had a recurrence, six had high levels of cyclin
E activity. Keyomarsi noted that these patients can be treated with a
CDK2 inhibitor, which is now clinically available.

"I believe that in the very near future we will be able to take advantage
of the knowledge we now have about the low forms of cyclin E, and
identify the patients who have these forms and devise a personalized
treatment," Keyomarsi added.
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