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Presenter
Presentation Notes
I would like to thank Joe for inviting me to participate in this section. I am a biomedical engineer and my lab is working on the development of technology platform for molecular detection of diseases including cancer. I have to admit that my lab do not work on bladder cancer. But, I hope the technologies that I will be talking about can also be useful for bladder cancer daignsotics. 
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Methylation As a Cancer Biomarker

22

Abnormal epigenetic changes appear to be an early event before detection of genetic mutations. Thus, 
detection of promoter methylation  is a promising approach for early diagnosis of cancer.

DNA Methylation contributes to the progression of carcinogenesis by silencing 
of tumor suppressor genes

(J.G. Herman & S. Baylin, New England Journal of Medicine, 2003)



DNA Extraction Bisulfite Conversion PCR Detection
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- Ethanol precipitation Methyl C C

Non-Methyl C U

Current Method for Promoter Methylation Detection

Advantages: High sensitivity and specificity

Limitations: • Still not sensitive enough to reliably detect methylated DNA in body fluids 
such as serum, sputum , stool and urine (requiring nested PCR, digital PCR).

• Tedious and labor-intensive process which is not amenable for routine clincal 
utilizations. 

• Sub-optimal effieiecny in recovery of circualting DNA 
3



MS-qFRET: Methylation-Specific QD-FRET for DNA Methylation Detection

( Bailey et al., Genome Research, 2009; Bailey, Methods, 2010; Zhang, Theranostics, 2012)

CGC CG
GCG GC

CGU CG

GCG GC
+

CGC CG
GCG GC

UGU UG

GUG GU
+

5’
5’

5’
5’

5’

5’

5’

5’

No Product

QD

Methylated DNA Unmethylated DNA

Bisuflite Conversion

Add quantum dots

PCR with labeled 
methylation specific 
primers

No QD-FRET

biotin

fluorophore

QD

FRET

hν1
QD Excitation

hν2
Fluorophore

Excitation)

biotin

fluorophore

4



Quantum Dot-Fluorescence Resonance Energy Transfer (QD-FRET) 
DNA Nanosensor

1

2

(Zhang et al., Nat Mater, 2005) 5

Presenter
Presentation Notes
Most people have been using quantum dots as fluorescent labels and contrast agents for cell or animal imaging a to improve imaging resolution. My lab uses quantum dots in a different way. We use quantum dots as transducers to develop biosensors for molecular detection. 
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Single-molecule/nanoassembly Detection
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Quantitative  Aanalyis of DNA Methylation Detection with QD-FRET Nanosensor

7

Presenter
Presentation Notes
DAC: 5-aza-2’-deoxycytidineMyelodysplastic syndromes (MY-eh-loh-dis-PLAS-tik SIN-dromz).  (MDS)Bone marrow aspirate samples 



DNA Methylation Detection with QD-FRET Nanosensor
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Detection limit: 
 Detect methylated DNA in the presence of 
10,000 excess of unmethylated alleles
15 pg DNA ( 5 genomic equivalents)

(Bailey et al., Genome Research, 2009)
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TMS1 gene 



DREAMing
Discrimination of Rare EpiAlleles by Melt
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Bisulfite 
Converted

DNA 

Extraction
and 

Bisulfite
Conversion

U
HM

U

HM

M

M

Temperature

Derivative
Melt Profiles

DREAM
Analysis

Quasi-digitization Melt Temperature/
Methylation Density

Sequencing
(Optional)

• Cancers comprise heterogeneous populations of cells at primary and metastatic 
sites. 

• DREAMing uses quasi-digital detection and precise melt curve analysis to 
distinguish individual copies of epiallelic species at single-CpG-site resolution

(Pisanic et al, Nucleic Acids Res, 2015)

Presenter
Presentation Notes
-Cancers comprise heterogeneous populations of cells at primary and metastatic sites. The presence or emergence of distinct subclones with drug-resistant genetic and epi-genetic phenotypes with these pollutions can complicate therapeutics.-While QD enhanced MSP have the high sensitivity to detect circulating methylated NDA, this method is not able to analyze the heterogeneity of promoter DNA methylation.-Recently, we developed an alternative approach called DREAMing, which uses quasi-digital detection and precise melt curve analysis to distinguish individual copies of epiallelic species at single-CpG-site resolution. -we perform limiting dilutions of the samples such no more than two epiallelic species are present per reaction volume in a micro-well.  -Following PCR amplification and melt curve generations, wells containing only unmethayled DNA shows a  single peak with low melt temperature while wells containing fully methylated or partially methylated DNA show a secondary peak. -The melt temperature can be used to discriminate epiallelic variants based on methylation density.  



Discrimination of Epiallelic Variants Based on Melt Temperature   
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Assessment of BRAC1 Epigenetic Heterogeneity MDS/MPN Patient Samples

A B

BRCA1 BRCA1
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# 
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Avg. 
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0% 75.6 76 77.3

20% 4.2 3 78

100% 4.2 5 80.5

PD
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Presenter
Presentation Notes
-We performed a mock assay to demonstrate the ability of DREAMing to identify and quantify individual BRCA1 epiallelic variants. -We mixed a small quanity of synthetic epialleles conating of 20 methylation densty and 100% methylation densty in a high background 5000 excess of unmethayled DNA. -In this experiment, 4.2 copies of epi-alleles of 20% methylation density and 4.2  copies of epi-alleles of 100% methylation density were expected; The assay reported detection of 3 copies of 20% methylation density and 5 copies of 100% methylation density. -Panels C, D show methylation patterns of two patient samples measured by DREAming. The overall epialleic fraction  for patient P1 is 1.7% and for patient P2 is 0.005. 



Microfluidic Array Chip for Digital Melt Analysis of Methylation Heterogeneity   
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Presenter
Presentation Notes
-We are developing a high-desnity microfluidic array chip for Digital Mel analysis of Methylation heterogeneity-This is an example of methylation analysis on a 4094 well.



Integrate DNA Isolation and Bisulfite Conversion Using  
Silica Superparamagnetic Particles 

              
 

Detection

Methylation on Beads (MOB)

 Induced magnetic property in a 
magnetic field, easy for 
manipulation

 Reversible DNA binding and 
desorption by tuning the buffer 
condition

 Small size provides large surface 
area for DNA binding

 Size varies from 10 nm to 1000 nm

13(Bailey et al, Clinical Chem, 2010; B. Keeley, Clinica Chimica Acta, 2013)

Presenter
Presentation Notes
-DNA methylation detection involves  a tedious sample preparation process inducing DNA extraction and bisulfite conversion of DNA.-This process requires many labor-intensive steps as well as transfer between numerous reaction vessels, thus  causing loss of DNA and compromised sensitivity. -We develop a streamlined sample preparation method, called MOB, that integrates DNA extraction and bisulfite conversion into a single tube process using silica superpramagnetic particles  as a common DNA carrier to enhance the DNA yield after ssmple preparation. 



Comparison of MOB and Conventional Method

14
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Methylation Detection in Primary Tissue

15(Yi et al., Clinical Cancer Research, 2013)

(N= 123)

Presenter
Presentation Notes
-We examined the methylation status of all eight of our candidate genes in a large series of primary pancreatic tumor samples (n=123); normal pancres (n=4) and precursor lesion PANIS (n=20)- Interesting, two of the genes, BNC1 (91%) and ADAMTS1  (67%) that demonstrated frequent methylation in this cohort of primary pancreatic cancer  samples also showed frequent methylation in the precursor lessions PanIN (BNC 70%(14/20); ADAMTS1 25%(5/20)-Both genes showed lack of endogenous gene expression and significant re-expression after DAC treatment in these cell lines.-This shows the promise of using these two genes as markers for early detection.



Methylation Detection in Sera

16

(Yi et al., Clinical Cancer Research, 2013)

(84%)
Overall

(85%)
Overall

Presenter
Presentation Notes
-We conducted a pilot study to see whether we can detect presence of BNC1 and ADAMTS1 promoter DNA methylation in pancreatic cancer patient sera.-We tested serum samples from a series of pancreatic cancer patients, stages I-IV (n=42); as well as a panel of sera from normal healthy individuals (n=26).-We found that serum samples from 33 of the 42 patients with cancer had methylation for BNC1, while 20 of the 42 showed methylation for ADAMTS1. Overall, for all stages included, the sensitivity was determined to be 79% and 48% for BNC1 and ADAMTS1 respectively.-Sensitivity of detection of stage I pancreatic cancers was 90% for both genes. - Specificity of detection was determined to be 89% for BNC1 and 92% for ADAMTS1. ( Amongst the 26 normal serum samples, 3 of the normal samples showed methylation for BNC1while 2 showed methylation for ADAMTS1.)-Use of both genes together for early detection improved sensitivity (81%, 95%CI: 69% to 93%) but not specificity (85%, 95%CI: 71% to 99%)



Fully Integrated Device for Robust Methylation Detection 

              
 

PCR
Detection

Methylation on Beads (MOB)

Methylation on a Chip

Presenter
Presentation Notes
Based on the streamlined sample preparation method, my lab is currently working the development of developing a microfluidic device to carry out the entre methylation detection process including DNA extraction, bisulfite conversion and detection, for high-throughput and robust methylation detection that is needed by routine clinical settings including point-of-care (POC).   
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Using Silica Superparamagnetic Particles (SSP) as a solid phase within droplets  
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Answer 
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Wash

Droplet Magnetofluidics for Integrated DNA Preparation and PCR 

(Zhang, et al . Lab Chip 2011; Zhang et al. Advanced Materials 2013)

Presenter
Presentation Notes
In addition to being used as reactors for PCR amplification. The droplets can be also be used for sample processing to prepare purified genomic DNA for amplification. The sample preparation for a PCR assay begins with lysis of biological samples, followed by extraction of DNA through solid phase extraction.1-3 wash steps are sued to remove cellular debris. And then the DNA is elluted and is ready for downstream PCR amplification and detection.  We have design ed and developed a droplet microfluidic platform that is capale of performing all these steps and PCR on a single chip.
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Fully Integrated Sample Processing and PCR
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“Sample-To-Answer “ Genetic Detection in Droplets
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Quantitative Detection of 
Rsf1 marker in droplets



DNA bisulfite Conversion Chip for Methylation Analysis

A. Stark et al , Biomedical Microdevices, 2016

Sulphonation & hydrolytic deamination
(Bisulfite reagent)

Alkali desulphonation
(Desulphonation reagent)
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22C.H. Chiou et al , Biosensors and Bioelectronics, 2013
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Presenter
Presentation Notes
	One of the advantages of this platform is efficient mixing which is also important for quantitative assay. When the coil-generated magnetic field is parallel to background field, the maximal field occurs at the center of coil such that particles can be attracted at the center of droplet, as shown in the picture on the left. 	When the current is reversed, the local field minimum occurs at the center of coil such that particles can be repelled to the wall of droplet, as shown in the picture on the middle. Therefore, by alternating the polarity of current, the particles can be repeatedly agitated inside the droplet.60 seconds



On-Chip DNA Extraction and Real-time PCR

24

Presenter
Presentation Notes
	This movie shows the on-chip genomic DNA extraction from whole blood. First, we take 5 uL whole blood into the first compartment of cartridge, and then started to process the genomic DNA extraction. The genomic DNA was isolated by silica-coated magnetic particles and directly eluted into a PCR mixture. It totally takes 15 minutes for sample preparation to get the PCR-ready droplet. Only a fraction of time required for manual extraction by a technician. 	Additionally, the DNA extraction yield was found to be about 100 pg of genomic DNA from 100 mammalian cells.50 seconds
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