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Abstract
Myeloid malignancies comprise a heterogeneous group of blood cancers that arise from abnormal stem
or progenitor cells of the bone marrow and often portend a poor prognosis. The major disorders can be
divided into four subsets based on clinical and genetic analyses: myeloproliferative neoplasms (MPN),
myelodysplastic syndromes (MDS), mixed MPN/MDS, and acute myeloid leukemias (AML).
Assigning accurate diagnosis can be quite challenging, and few reliable biomarkers are available for
diagnostic, prognostic, and therapeutic purposes. As such, the purpose of this study was to elucidate
useful biomarkers in various subsets of myeloid malignancies. It is now well established that epigenetic
changes, such as aberrant DNA methylation, underlie all stages of cancer evolution. Epigenetic changes
are reversible, so, in theory, cancer cells may be “reset” by targeted treatment with drugs that modulate
the epigenetic system. Furthermore, clinical trials using demethylating agents such as azacytidine and
decitabine have yielded promising results in hematopoietic malignancies. Intriguingly, acquired
chromosomal lesions, primarily large genomic deletions have major clinical prognostic value at
diagnosis, and appear to predict response to epigenetic therapies, but the mechanisms are completely
unknown. Using microsatellites and SNP arrays, we identified common regions of loss, gain,
uniparental disomy (UPD), and loss of heterozygosity (LOH) in subsets of myeloid malignancy patient
samples. Common regions of LOH were found on chromosome 7 in AML and MDS and common
regions of loss were found on chromosomes 13 and 20 in the classical myeloproliferative disorder
myelofibrosis (MF). As shown in other studies, we also found common UPD on chromosome 9,
including the JAK2 locus in MPDs. We have interrogated these global regions of change, analyzing the
common genes through rigorous bioinformatic analyses to find candidate tumor suppressor genes. We
focused on functional pathways that were connected to genes in the common genomic regions, including
Wnt, Ras, Jak/STAT, and DNA repair. We reasoned that one gene abnormality may only define a small
subset of patients; however, alterations in a common pathway may accurately define the majority of a
disease subset. This represents the hypothesis generation component of our analysis. We present early
validation studies of our candidate genes. We have preliminary evidence that SOCS family members are
methylated in MPNs, offering an explanation for cases with no JAK2 mutation. Additional results
investigating signaling, DNA repair, and cell cycle regulatory pathways will be presented across
multiple myeloid malignancy samples. Further studies and collaborations are required to validate these
targets and pathways in large numbers of patient samples. Common pathway analysis of epigenetic
alterations, in concert with genetic alterations, will undoubtedly lead to a better understanding of the
pathogenesis of cancers and provide useful biomarkers for diagnosis, prognostic stratification, and drug
studies, with the ultimate goal of improving patient survival.
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Background and Rationale

Figure 1. A. Current clinical characteristics of myeloid malignancies (WHO, 2008). B. Strategies for
epigenetic therapy and improved patient outcomes (Jones and Baylin, 2007). C. Schematic of process
and rationale of identifying epigenetic biomarkers.
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Results
Chromosome 7 Biomarkers in AML and MDS

Figure 2. A. Microsatellite data of AML/MDS patient samples identifying LOH regions on Ch 7.
(NOTE: microsatellite markers only covered 7q22-q31.3). SNP array (50K) data of MPN patient
samples identifying UPD regions on Ch 7 is also noted on the figure. Regions of interest are indicated.
B. Our data combined with all previously published LOH regions on Ch 7. Recurrent regions of lesion
are evident. C. Schematic of bioinformatic process leading from LOH and UPD regions to candidate
hypermethylated tumor suppressor genes (TSGs) in AML and MDS. D. Candidate genes are listed,
along with their genomic location, CpG size, described expression, and putative functions. Primers have
been designed for a subset of these genes for MSP testing.
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SNP Analysis of MPNs

Figure 3. A. SNP array data of MF patient samples revealing regions of UPD, gain, and loss. B. SNP
array data of ET and PV patient samples revealing regions of UPD, gain, and loss. Comparative
analysis reveals an increase in chromosomal losses in MF compared to ET/PV. C. SNP array data of all
MPN patient samples revealing common UPD on 9p, always including the JAK2 locus, and frequently
including the p15 and p16 loci. D. Serial cases of MPN patient samples revealing increase in lesion
size on 9p to include p15 and p16 during disease progression. E. Candidate biomarkers for MPNs and
their lesion distribution across disease subtypes. F. Gene ontology (GO) analysis of MF loss vs PV/ET
loss (using EASE program) revealing differential loss of cell cycle and DNA repair genes in MF.
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SOCS Methylation in MPNs

Figure 4. A. MSP data from a panel of genes from MPN patient samples. SOCS pathway members are
more frequently methylated compared to controls. (* Indicates p<0.05, using ANOVA). B. MSP data
from a panel of genes stratified by MPN subtype. C. Frequency of SOCS methylation by MPN
subtype. D. Correlation analysis between SOCS methylation status and JAK2 mutant allele burden. A
trend toward negative correlation can be seen.
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Conclusions and Further Directions
•

•

•
•

Chromosome 7 lesions (LOH and UPD) are common in AML and MDS and portend a poor
prognosis. No mechanism or frequent mutation has been identified, lending credence to
epigenetic involvement.
o We are currently testing our candidate TSGs for hypermethylation using MSP.
Regions of loss on chromosome 13 and 20 are common in MF, but not in ET and PV. These
regions contain genes responsible for cell cycle and DNA repair (e.g. BRCA2, RB1, etc.), which
are likely epigenetically altered.
o We are currently testing DNA repair genes for hypermethylation in MF. Additionally,
cell sensitivity assays are being performed to determine the clinical relevance of these
findings.
SOCS pathway methylation is common in MPNs and represents an alternate pathogenic
mechanism to phenocopy JAK2 gain of function mutations.
o We are currently testing other SOCS members for hypermethylation in MPNs.
Using proper bioinformatics, large scale chromosomal lesions can lead to the identification of
individual biomarkers and commonly altered pathways in myeloid malignancies and other
neoplasms.
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