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Fruit fly studies help scientists swat
aggressive relapsing leukemia

December 16 2013

Using genetic information initially uncovered in fruit fly studies,
scientists have developed a unique therapeutic strategy that stops an
aggressive and deadly form of leukemia in laboratory models of the
disease.

Reporting their results Dec. 16 in the Journal of Clinical Investigation,
researchers say their findings provide strong evidence for developing
clinical therapies that block what are called microRNAs to help treat
acute myelogenous leukemia (AML). The study was led by scientists at
Cincinnati Children's Hospital Medical Center and included a multi-
institutional team of researchers.

"Using ancient and evolutionarily conserved molecular pathways, we
demonstrate for the first time in mice transplanted with human AML the
therapeutic potential of targeting microRNAs to significantly improve
current therapies," said H. Leighton Grimes, PhD, senior investigator
and a researcher in the divisions of Immunobiology and Experimental
Hematology/Cancer Biology at Cincinnati Children's. "This work
provides a proof of principle that moves forward the concept of RNA
therapies capable of blocking microRNAs that trigger relapsed AML."

About 70 percent of people with AML respond initially to standard
chemotherapy. Unfortunately, five-year survival rates vary between

15-70 percent, depending on the subtype of AML.

Grimes and his research colleagues are aiming for a new therapeutic
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approach that could augment existing treatments. An important goal is
helping increase the number of patients with aggressive and relapsed
AML who are eligible for a bone marrow transplant. At present, bone
marrow transplant is the only curative therapy for relapsed AML, but
many patients do not respond well enough to chemotherapy to have the
procedure.

In mouse models of AML and in relapsed human AML, scientists and
clinicians are concerned about so-called leukemia-initiating cells. These
initiating cells are a subset of human AML cells capable of taking hold
after being transplanted into mouse models of the disease. Similarly, it is
suspected that a subset of human AML cells in patients can reinitiate
disease if chemotherapy does not eliminate all of the leukemic cells.
When this occurs, these cancer stem cells are thought to be responsible
for relapse in people with AML.

In their study, the authors tested a particularly aggressive, high-relapse
form of AML driven by what are called homeobox or Hox genes. Cancer
proteins fueled by HOX genes (in particular one called HoxA9, which
can be traced back to Drosophila fruit flies) result in an AML subtype
with very poor prognosis for people.

The researchers initially studied genes and related molecular pathways
that decide the fate of cells forming in the posterior half of fruit fly
embryos. They focused on molecules called transcription factors that
activate genes — specifically two fruit fly transcription factors that are
related to those found in mammals: HoxA9 (which activates genes) and
Gfil (a transcriptional repressor). By competing against each other to
control gene expression, the transcription factors determine the fate of
the cells.

The scientists then extended this concept to uncover a similar fight
between HoxA9 and Gfil in controlling the transformation of
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mammalian blood cells by leukemia-causing proteins. It was known prior
to this study that HoxA9 plays an important role in transforming cells to
become leukemic, but Grimes and his colleagues discovered that Gfil is
able to cancel this effect. The researchers believe Gfil does this by
repressing key target genes that HoxA9 must activate to continue the
leukemia process.

Specifically, Gfil competes with HoxA9 over control of two
microRNAs — miR-21 and miR-196b. MicroRNAs are small strands of
genetic code that fine tune the production of proteins from messenger
RNA (mRNA), which convey genetic information from DNA to cells. In
the case of miR-21 and miR-196b, the scientists found these
microRNAs fuel the production of leukemia initiating cells that can
trigger a relapse of aggressive AML in mice.

To therapeutically translate the effect of Gfil repressing microRNAs
targeted by HoxA9, the scientists blocked miR-21 and -196b — and their
production of leukemia initiating cells — by using short synthetic strands
of RNA called antagomirs. The structure of antagomirs allows them to
block the function of specific microRNAs inside a living organism, like
a mouse.

Grimes and his colleagues tested the antagomirs in several different
experiments involving AML cells and in mouse models of AML. The
experiments showed the antagomirs stopped the growth of leukemia
cells. This included a typically fatal form of multi-lineage leukemia
caused by an abnormal rearrangement of chromosomes (called
chromosomal translocations) involving the human chromosome band
11g23. Researchers report antagomir therapy eliminated these leukemia
cells.

In one test, the scientists treated humanized mouse models (transplanted
with human 11g23-translocation leukemia) with a combination of
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antagomirs that block miR-21 and miR-196b and chemotherapy. Mice
treated with either chemotherapy alone or chemotherapy with control
antagomir therapy died on average in about 62 days. Mice treated with
chemotherapy and miR-21 and miR-196b-specific antagomirs saw their
survival extend significantly to an average of about 80 days.

The researchers emphasized that significant additional study is required
before extending their findings to the treatment of human leukemia
patients.
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