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Significant Accomplishments in FY08
Rac GTPases as therapeutic targets in chronic myeloid leukemia and acute myeloid leukemia  

Two milestone studies have been published in the journal Cancer Cell in November 2007 and June 2008, respectively,
that involved collaborative efforts between several laboratories in the division and have important implications for future
treatment of leukemia. In the work spearheaded by Drs. David Williams and Jose Cancelas, the investigators used a
mouse model of chronic myeloid leukemia initiated by the BCR-ABL oncogene. They showed that the disease is greatly
attenuated in a strain of mice that is defective in signaling through the Rac family of small GTPase proteins. When a Rac
inhibitor was used, to mimic therapeutic intervention to treat human patients, there was also a very significant inhibition of
leukemia growth, and these effects were also seen against BCR-ABL mutant proteins that develop in patients and are
currently resistant to standard chemotherapy. This Rac inhibitor was identified by Dr. Yi Zheng, who also collaborated
with the laboratory of Dr. James Mulloy on a model for acute myeloid leukemia. In this model, the investigators used
human blood stem cells and introduced the leukemia oncogene MLL-AF9 into these cells, mimicking what happens in
patients. The Mulloy lab is the only lab in the country to successfully transform a human blood stem cell to leukemia,
which they transplanted into mice to establish an animal model for therapeutic testing of compounds on human leukemia
cells. These investigators showed that the leukemia they created was highly sensitive to inhibition of the Rac signaling
pathway, in fact much more sensitive than normal blood stem cells. These data demonstrate that the Rac signaling
pathway plays a critical role in the growth and survival of chronic myeloid leukemia induced by BCR-ABL as well as
acute myeloid leukemia induced by MLL-AF9. Therapeutic targeting of Rac could be a unique and important approach to
treating leukemias. Dr. Zheng’s lab is currently working with Amgen to develop new versions of this drug that could be
used in human patients.

Mutation of Neurofibromatosis type 1 gene in neurofibroma formation
Neurofibromatosis type 1 (NF1) is an autosomal dominant inherited disease, affecting 1:3500 individuals worldwide.
Nearly all (>90%) of NF1 patients develop plexiform and/or dermal neurofibromas composed of axons, Schwann cells,
fibroblasts, perineurial cells, endothelial cells, and mast cells. Schwann cells are believed to be the primary pathogenic
cells in neurofibromas because they show biallelic mutation at NF1. However, other cell types present in tumors, in the
NF1+/- state, also show cell autonomous defects and have been proposed to be essential for neurofibroma formation.
The Cancer Biology program, led by Dr. Nancy Ratner, discovered that the timing the NF1 gene mutation determines
whether neurofibroma tumors will form (Cancer Cell, Feb. 2009). In this study, Ratner and her colleagues reported that if
the NF1 gene mutated on day 12.5 of a mouse’s embryonic development, neurofibroma tumors formed. If the gene
mutated at other times during development, in cell culture studies, cells did not alter proliferation. The new data support
a key mechanism in tumor development, in which loss of Nf1 at the correct time in development facilitates tumor
formation in a wild-type environment. The discovery was made using the first successful robust neurofibromatosis 1
mouse neurofibroma model, a mouse that Ratner’s team genetically altered to mimic the disease that occurs in humans.
Riding on the success of this work, the "Cincinnati Center for Neurofibromatosis Research" was formed with Dr. Ratner
as the Principal Investigator. The center will receive funding of one million dollars per year from the National Institutes of
Health. Its goal is to identify and therapeutically target signaling pathways that underlie peripheral nerve tumors resulting
from NF1 loss of function. The center combines the cutting edge basic science with the ongoing CCHMC pre-clinical
therapeutics testing effort funded by the Children’s Tumor Foundation, which is under the supervision of Dr. Tim Cripe.

Significant Publications in FY08
Li J, Sejas DP, Zhang X, Qiu Y, Nattamai KJ, Rani R, Rathburn KR, Geiger H, Williams DA, Bagby GC, Pang Q
 (2007). "TNF-alpha induces leukemic clonal evolution ex vivo in Fanconi anemia group C murine stem cells."
J Clin Invest 117(11): 3283-95.

The molecular pathogenesis of the myeloid leukemias that frequently occur in patients with Fanconi anemia (FA) is
not well defined. Hematopoietic stem cells bearing inactivating mutations of FA complementation group C (FANCC)
are genetically unstable and hypersensitive to apoptotic cytokine cues including IFN-gamma and TNF-alpha, but



are genetically unstable and hypersensitive to apoptotic cytokine cues including IFN-gamma and TNF-alpha, but
neoplastic stem cell clones that arise frequently in vivo are resistant to these cytokines. Reasoning that the
combination of genetic instability and cytokine hypersensitivity might create an environment supporting the
emergence of leukemic stem cells, we tested the leukemia-promoting effects of TNF-alpha in murine stem cells.
TNF-alpha exposure initially profoundly inhibited the growth of Fancc-/- stem cells. However, longer-term exposure
of these cells promoted the outgrowth of cytogenetically abnormal clones that, upon transplantation into congenic
WT mice, led to acute myelogenous leukemia. TNF-alpha induced ROS-dependent genetic instability in Fancc-/- but
not in WT cells. The leukemic clones were TNF-alpha resistant but retained their characteristic hypersensitivity to
mitomycin C and exhibited high levels of chromosomal instability. Expression of FANCC cDNA in Fancc-/- stem
cells protected them from TNF-alpha-induced clonal evolution. We conclude that TNF-alpha exposure creates an
environment in which somatically mutated preleukemic stem cell clones are selected and from which unaltered TNF-
alpha-hypersensitive Fancc-/- stem cells are purged.

Thomas EK, Cancelas JA, Chae H-D, Cox AD, Keller PJ, Perrotti D, Neviani Druker BJ, Setchell KDR, Zheng
Y, Harris CE, Williams DA  (2007). "Rac guanosine triphosphatases represent integrating molecular
therapeutic targets for BCR-ABL-induced myeloproliferative disease." Cancer Cell12(5): 467-78.

Chronic myelogenous leukemia (CML) is a clonal myeloproliferative disease (MPD) initiated by expression of the
p210-BCR-ABL fusion protein. We demonstrate in a murine model of p210-BCR-ABL-induced MPD that gene
targeting of Rac1 and Rac2 significantly delays or abrogates disease development. Attenuation of the disease
phenotype is associated with severely diminished p210-BCR-ABL-induced downstream signaling in primary
hematopoietic cells. We utilize NSC23766, a small molecule antagonist of Rac activation, to validate biochemically
and functionally Rac as a molecular target in both a relevant animal model and in primary human CML cells in vitro
and in a xenograft model in vivo, including in Imatinib-resistant p210-BCR-ABL disease. These data demonstrate
that Rac is an additional therapeutic target in p210-BCR-ABL-mediated MPD.

 

Wei J, Fox C, Wunderlich M, Alvarez S, Cigudosa JD, Wilhelm JE, Zheng Y, Cancelas J, Gu Y, Jansen
M, DiMartino F, Mulloy JC 2008. "Microenvironment determines lineage fate in a human model of MLL-AF9
leukemia." Cancer Cell13(6): 483-95

Faithful modeling of mixed-lineage leukemia in murine cells has been difficult to achieve. We show that expression of
MLL-AF9 in human CD34+ cells induces acute myeloid, lymphoid, or mixed-lineage leukemia in immunodeficient
mice. Some leukemia stem cells (LSC) were multipotent and could be lineage directed by altering either the growth
factors or the recipient strain of mouse, highlighting the importance of microenvironmental cues. Other LSC were
strictly lineage committed, demonstrating the heterogeneity of the stem cell compartment in MLL disease. Targeting
the Rac signaling pathway by pharmacologic or genetic means resulted in rapid and specific apoptosis of MLL-AF9
cells, suggesting that the Rac signaling pathway may be a valid therapeutic target in MLL-rearranged AML.

Wu J, Williams JP, Rizvi TA, Kordich JJ, Witte D, Meijer D, Stemmer-Rachamimov AO, Cancelas JA, Ratner
N (2008). "Plexiform and dermal neurofibromas and pigmentation are caused by Nf1 loss in desert hedgehog-
expressing cells." Cancer Cell13(2): 105-16.

Neurofibromatosis type 1 (Nf1) mutation predisposes to benign peripheral nerve (glial) tumors called neurofibromas.
The point(s) in development when Nf1 loss promotes neurofibroma formation are unknown. We show that
inactivation of Nf1 in the glial lineage in vitro at embryonic day 12.5 + 1, but not earlier (neural crest) or later
(mature Schwann cell), results in colony-forming cells capable of multilineage differentiation. In vivo, inactivation of
Nf1 using a DhhCre driver beginning at E12.5 elicits plexiform neurofibromas, dermal neurofibromas, and
pigmentation. Tumor Schwann cells uniquely show biallelic Nf1 inactivation. Peripheral nerve and tumors contain
transiently proliferating Schwann cells that lose axonal contact, providing insight into early neurofibroma formation.
We suggest that timing of Nf1 mutation is critical for neurofibroma formation.

Yang L, Wang L, Kalfa T, Cancelas JA, Shange X, Pushkaran S, Mo J, Williams DA, Zheng, Y (2007). "Cdc42
critically regulates the balance between myelopoiesis and erythropoiesis." Blood110(12): 3853-61.

The Rho GTPase Cdc42 regulates adhesion, migration and homing, as well as cell cycle progression, of
hematopoietic stem cells, but its role in multi-lineage blood development remains unclear. We report that inducible
deletion of cdc42 in cdc42-floxed mouse bone marrow by the interferon-responsive, Mx1-Cre mediated excision led
to myeloid and erythroid developmental defects. Cdc42-deletion affected the number of early myeloid progenitors
while suppressing erythroid differentiation. Cdc42 deficient mice developed a fatal myeloproliferative disorder
manifested by significant leukocytosis with neutrophilia, myeloid hyper-proliferation, and myeloid cell infiltration into
distal organs. Concurrently, Cdc42-deficiency caused anemia and splenomegaly accompanied with decreased bone
marrow BFU-E and CFU-E activities and reduced immature erythroid progenitors, suggesting that Cdc42-deficiency



marrow BFU-E and CFU-E activities and reduced immature erythroid progenitors, suggesting that Cdc42-deficiency
causes a block in the early stage of erythropoiesis. Cdc42 activity is responsive to stimulation by SCF, IL3, SDF-1,
and fibronectin. The increased myelopoiesis and decreased erythropoiesis of the knockout mice are associated with
an altered gene transcription program in hematopoietic progenitors, including upregulation of pro-myeloid genes such
as PU.1, C/EBP1 and Gfi-1 in the common myeloid progenitors and granulocyte-macrophage progenitors and
downregulation of pro-erythroid gene such as GATA-2 in the megakaryocyte-erythroid progenitors. Thus, Cdc42 is
an essential regulator of the balance between myelopoiesis and erythropoiesis.
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Lilith Reeves, MS

Collaboration with National Toxicology Program for insertional mutagesis studies; Production of large scale GMP virus
vector for international gene therapy trials

Tim Cripe, MD, PhD
Tissue inhibitor of metalloproteinase-3 via oncolytic herpesvirus inhibits tumor growth and vascular progenitors,
published in Cancer Res

Hartmut Geiger, PhD
The retinoblastoma tumor suppressor is a critical intrinsic regulator for hematopoietic stem and progenitor cells under
stress, published in Blood.

Jose Cancelas, MD, PhD
FIP1L1/PDGFRa synergizes with SCF to induce systemic mastocytosis in a murine model of chronic eosinophilic
leukemia/hypereosinophilic syndrome, published in Blood

Susa Wells, PhD
Papillomavirus E6 and E7 proteins and their cellular targets, published in Front Biosci

James Mulloy, PhD
p53 signaling in response to increased DNA damage sensitizes AML1-ETO cells to stress-induced death, published in
Blood

Qishen Pang, PhD
Defective homing is associated with altered Cdc42 activity in cells from patients with Fanconi anemia group A,
published in Blood

Punam Malik, MD
Improved human beta-globin expression from self-inactivating lentiviral vectors carrying the chicken hypersensitive
site-4 (cHS4) insulator element, published in Mol Ther

Dao Pan, PhD
Progression of multiple behavioral deficits with various ages of onset in a murine model of Hurler syndrome, published
in Brain Res

Ruhikanti Meetei, PhD
FAAP100 is essential for activation of the Fanconi anemia-associated DNA damage response pathway, published in
EMBO J

Christof VonKalle, PhD
High-resolution insertion-site analysis by linear amplification-mediated PCR (LAM-PCR), published in Nat Methods

Christopher Baum, MD
Physiological promoters reduce the genotoxic risk of integrating gene vectors, published in Mol Ther

Stella Davies, MB, BS, PhD, MRCP
Pharmacogenetics of minimal residual disease response in children with B-precursor acute lymphoblastic leukemia: a
report from the Children's Oncology Group, published in Blood



David Williams, MD
Rac1 is essential for intraembryonic hematopoiesis and for the initial seeding of fetal liver with definitive hematopoietic
progenitor cells, published in Blood

Yi Zheng, PhD
Rac1 controls the formation of midline commissures and the competency of tangential migration in ventral
telencephalic neurons, published in J Neurosci

Fukun Guo, PhD
Rac GTPase isoforms Rac1 and Rac2 play a redundant and crucial role in T-cell development, published in Blood

Division Collaboration
Collaboration with Hematology/Oncology
Collaborating Faculty: Dr. Wagner

MGMT Toxicology Program for Insertional Mutagenesis studies clinical trial

Collaboration with Hematology/Oncology
Collaborating Faculty: Dr. Cripe

HSV Animal Safety studies clinical trial

Collaboration with Allergy and Immunology
Collaborating Faculty: Dr. Rothenberg

FIP1L1/PDGFRa in chronic eosinophilic leukemia.  Published in Blood.

Collaboration with Pulmonary Biology
Collaborating Faculty: Dr. Whitsett

Transcriptional control of lung stem cells, NIH/NHLBI funded project

Collaboration with Surgery
Collaborating Faculty: Dr. Crombleholme

Tissue inhibitor of metalloproteinase-3 via oncolytic herpesvirus inhibits tumor growth and vascular progenitors.
Published in Cancer Res.

Collaboration with Infectious Diseases; Immunobiology
Collaborating Faculty: Dr. Sawtell; Dr. Hildeman

Efficacy and safety of the oncolytic herpes simplex virus rRp450 alone and combined with cyclophosphamide.
Published in Mol Ther.

Collaboration with Biomedical Informatics
Collaborating Faculty: Dr. Aronow

Molecular analysis of human cancer cells infected by a multi-mutated oncolytic HSV-1 reveals a role for SOCS1 in
virus replication. Published in Cancer Gene Therapy.

Collaboration with Pathology; Hematology/Oncology
Collaborating Faculty: Dr. Collins; Dr. Perentesis

Effective in vivo targeting of the mTOR pathway in malignant peripheral nerve sheath tumors. Published in Mol
Cancer Ther.

Collaboration with Developmental Biology
Collaborating Faculty: Dr. Kuan

Generating preliminary data in support of R01 application on gene therapy for CNS manifestations in MPS I via
BBB-targeted protein delivery.

Collaboration with Hematology/Oncology
Collaborating Faculty: Dr. Joiner

Sickle Cell Center grant (awarded 4/2008) Project 4— genetic manipulation of red cell volume regulation.

Collaboration with Immunobiology
Collaborating Faculty: Dr. Hildeman



Collaborating Faculty: Dr. Hildeman
Rac GTPase isoforms, Rac1 and Rac2, play redundant and critical role in T-cell development, published in Blood.

Collaboration with Developmental Biology
Collaborating Faculty: Dr. Kuan

Rac GTPase in mammalian brain development, funded NIH R01 grant; Rac1 controls the formation of midline
commissures and the competency of tangential migration in ventral telencephalic neurons, published in J.
Neuroscience

Collaboration with Pathology
Collaborating Faculty: Dr. Mo

Cdc42 critically regulates the balance between myelopoiesis and erythropoiesis, published in Blood

Collaboration with Hematology/Oncology
Collaborating Faculty: Dr. Smith

Defective adhesion, migration and homing are associated with altered Cdc42 activity in cells from Fanconi anemia
patients, published in Blood

Collaboration with Pathology
Collaborating Faculty: Dr. Setchell

Rac guanosine triphosphatases represent integrating molecular therapeutic targets for BCR-ABL-induced
myeloproliferative disease.  Published in Cancer Cell.
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