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Developing an assay that measures DNA methylation, 
an independent predictor of leukemia prognosis 

ScientistSpotlight

Acute myelogenous leukemia (AML), also called acute myeloid leukemia or acute myelocytic leukemia, is generally a disease of older people, 
although it is also the second most common blood cancer in children. The American Cancer Society estimates that there are about 54,270 
new cases of leukemia diagnosed in a year, about 20,830 of which will be AML. In 2016, 24,400 deaths are expected from leukemia. The 
disease affects about 500 children in the US each year. 

The study of DNA mutations in tumor cells has shed much light on various types of cancers. In AML and other leukemias, alterations in DNA 
methylation are well-recognized, and the aggressiveness of AML tumors can be determined by studying methylation. Mutations in genes that 
regulate DNA methylation have been shown to cause different forms of leukemia. Studies have also demonstrated that the prognosis of 
patients with AML can be predicted by this altered DNA methylation pattern with as few as 17 loci. However, tests that directly measure 
multiple-locus DNA methylation are typically expensive and technically challenging, making them difficult to perform in a routine setting.

Gerald Wertheim and his colleagues have developed a novel approach to simultaneously analyze DNA methylation patterns at the 17 target 
loci by integrating multiplexed branched DNA technology from Affymetrix and fluorescent microsphere technology from Luminex. The 
method uses techniques that are inexpensive and can be easily performed in a routine setting. The technique is called expedited microsphere 
HpaII tiny fragment enrichment by ligation-mediated PCR or xMELP. It accurately reflects the methylation levels at each analyzed locus and 
enables segregation of individuals with acute myeloid leukemia into prognostic subgroups. Dr. Wertheim and his colleagues have recently 
published papers in the Journal of Molecular Diagnostics and the journal Clinical Chemistry.1,2

Affymetrix: Tell us about your studies of DNA methylation.

Wertheim: My primary interest has been on developing methods to better diagnose leukemia and lymphoma and to assess their prognosis in 
patients. Ultimately, we hope that clinicians can use our findings to help guide their therapy choices. We have known for some time that 
mutations are present in leukemia tumor cells, but we have not had the information to risk-stratify patients optimally. So I have been focusing 
on DNA methylation, which is thought to control transcription in certain numbers of genes. There are a number of pieces of evidence 
demonstrating that differential DNA methylation is important for AML prognosis. Many researchers have shown that genes that regulate DNA 
methylation are mutated in different types of leukemias, and some have directly shown that looking at DNA methylation alone can predict the 
outcome in patients with AML. Our goals are to find a set of genetic loci that vary in their DNA methylation patterns among patients, which 
can predict who will do well and who will do poorly with therapy, and to then develop a clinically relevant assay to detect levels of 
methylation at these loci. 

Affymetrix: How did you develop your analysis method?

Wertheim: About five years ago, we started to look for an alternative to quantitative PCR (qPCR) because it can be difficult to multiplex. With 
an ultimate goal of taking our assay to the clinic, we wanted to find a technique that was relatively inexpensive and could be multiplexed. We 
wanted to be able to look at multiple methylated regions to improve robustness, and we needed an assay that was highly reproducible.    



Because we use microsphere technology in the clinical lab, I initially tried a microsphere assay without branched DNA, and it did not have 
appropriate analytical sensitivity. One of my collaborators was aware of the QuantiGene® Plex Assay from Affymetrix and suggested that we look 
at it for our work. QuantiGene Plex Assay uses branched DNA (bDNA) to amplify the signal rather than amplifying the target, and it sufficiently 
improved our sensitivity. Having the branched DNA amplification signal has been critical. 

We found that this QuantiGene Plex assay was remarkably quantitative. qPCR is thought by many to be “gold standard” in terms of quantitation, 
and we found that the results with QuantiGene Plex Assay and qPCR were virtually identical. Thus, this looked like the robust, multiplex assay 
program that could ultimately be used in high-throughput clinical lab settings. Evaluation of methylation is done through the measurement of 
microspheres and does not require custom-made, solid-phase oligonucleotide microarrays or high-throughput sequencing. The examination of 
methylation levels is performed by flow cytometric analysis of fluorescent microspheres, alleviating the need for high-throughput sequencing. 
This assay format can be easily expanded for the evaluation of 80 loci without an increase in reactions; the simultaneous assessment offers 
advantages, including streamlined workflow and relatively fast turnaround time.

The technical staff from Affymetrix taught us how to set up the instruments and run the assay. They were readily available by phone to help 
when I had questions. In terms of designing probes, the Affymetrix technical team was fantastic. We were also able to have Affymetrix run some 
of our samples so we could compare runs and rapidly troubleshoot problems.  

Affymetrix: What are the next steps in your work?

Wertheim: We’ve had a couple of publications on the technical aspects of the assay. Our next manuscript shows that DNA methylation 
determined by xMELP is certainly an independent prognostic variable for adult patients with AML, and that the tests can be run in the clinical lab. 
This work shows that methylation, quantified by this assay, predicts outcome independently of all clinically used factors for prognosis and 
improves outcome prediction.  

We have done preliminary clinical research on a pediatric cohort with this assay, and our results indicate that DNA methylation is a predictor in 
children as well. We are also working on studying an older subset of adults, those over 60 who have a very bad prognosis, to see if the 
predictions are any different. Additionally, we are looking at other types of diseases, such as lymphoblastic leukemia.  

Affymetrix: How could this testing method impact clinical practice?

Wertheim: Our xMELP assay requires only ~250 ng of DNA. Turnaround time is two to three days, with a cost per sample of between $100 and 
$150. These specifications are well within the general requirements for making it feasible for the clinical lab to run. 

We’ve developed a preliminary risk scoring system, which we call the M-score, that gives an idea of the overall prognosis. For example, a patient 
who is determined to have a high M-score might experience better outcomes if therapies are tailored for an aggressive leukemia. For patients 
with favorable prognoses, the risks of aggressive therapies might outweigh the potential benefits. We are working on further development and 
refinement of our multivariate prognosis classification scheme for AML and hope that it will be put into clinical practice in future. 

There are multiple factors that go into how patients respond to chemotherapy and how clinicians think about their patients. The genetic makeup 
of tumors is clearly one aspect, but there are certainly others. I think that going forward, the diagnostic field is going to have to look at some of 
these other aspects, such as RNA expression analysis or epigenetic events. Hopefully, our assay will give clinicians a more accurate indication of 
prognosis and will help guide their decisions.
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