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The project objective 
The overall strategy of MIRACLE 
is the capture and multigene 
analysis of circulating tumor cells 
(CTCs) from clinical samples. The 
CTCs are immunologically 
captured and then characterized 
by a transistor-embedded active 
sieve. After cell lysis, multiple 
genes are amplified by RT-PCR 
and multiplex ligand-dependent 
probe amplification (MLPA) and 
then quantitatively detected by 
an electrochemical sensor array. 
The CTC counts and single-cell 
genotype will be used for cancer 
prognosis. 

AIM 
The MIRACLE project aims at the realization of a miniaturized system for immuno-
magnetic isolation of circulating tumor cells (CTCs) and disseminated tumor cells (DTCs), 
as well as genotyping by molecular analysis. The technical platform is supported by 
microelectronic, microfluidic, surface chemistry and bioinformatic technologies as well 
as (pre-) industrial manufacturing practice. 

The technology 
Complete integrated platform 
 Direct processing of clinical samples (e.g. blood) 
 Microelectronic chip enables high-throughput single cell  

manipulation, characterization and lysis (10,000 cells analysis    
per chip) 
 Simultaneous gene amplification by MLPA (31 genes for breast cancer) 
 Proved electrochemical DNA quantification  
 Microfluidics allows single-cell sensitivity and highly parallel multi-gene detection 

Year 1&2 of MIRACLE mainly focused on feasibility tests & optimizations of major 
scientific & technical challenges, in order to verify the scientific principles and assess 
the technical hurdles and solutions. The progress in year 1 is summarized by functional 
modules. 

1.1 Cell isolation and analysis (WP 1, 4, 5, 6, 7) 
Because of the low abundance of CTCs (down to 1 cell/mL peripheral blood), antibody-
coated magnetic nanoparticles were used to capture CTCs. A special two-reservoir 
mixing device was designed for the sake of efficient cell-bead mixing and capture. We 
have been able to capture 10 MCF-7 cells in 5 mL blood sample with intact viability. The 
cell capture efficiency will be further improved toward single cell level by the 
employment of multiple antibodies and system optimizations. 

In spite of the state-of-the-art antibody-antigen recognition, the captured cells still 
inevitably include a few thousands of leukocytes in addition to only a few CTCs. The 
isolated cells will be transferred to an active sieve device for CTC identification and 
counting. The active sieve is a microchip composed of 10,000 through-silicon pores, 
where every pore can be individually addressed for dielectrophoretic cell positioning, 
cell impedance measurement and cell lysis by integrated transistor circuit. The 
identified CTCs were then lyzed for downstream gene amplification. The first version of 
active sieve was designed in year 1 and will be taped out for fabrication in year 2. In the 
mean time, the sieve package was also being tested aiming at a wafer-level microfluidic 
& electrical packaging approach to comply with pilot production. 
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Figure 1 (a) An (inverted) passive sieve fabricated by deep silicon etch, (b) a test multi-electrode device for 
electrical manipulation and measurement on MCF-7 cells, (c) the equivalent circuit model for cell impedance 
measurement. 
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1.2 Multiplex gene amplification (WP 2, 5, 6, 7) 
CTCs are not only extremely rare, but also very 
heterogeneous in their phenotype and genotype. Thus, 
single cell analysis is significantly important. For this reason, 
we aim at amplification and detection for multiple genes at 
single cell level. After cell lysis, the mRNA of CTCs are 
collected and amplified in order to study the expression 
profile. Multiplex Ligation-dependent probe Amplification 
(MLPA) was selected due to the multiplexing capabilities. For 
breast cancer and prostate cancer, 31 and 23 genes were 
selected, respectively. In Year 1, the probemix for breast 
cancer was tested for three cell lines and spiked tumor cells 
off-chip and the probemix for prostate cancer was 
developed. For the breast cancer probe mix, the gene 
specificity was verified, with detection limit of single cell RNA 
level.  

1.3 DNA detection (WP 3, 4, 5, 6, 7) 
After MLPA amplifications, the DNA amplicons are 
quantified by an electrochemicalsensor array. The 
sensor chip comprises of 64 electrodes on a print circuit 
board for parallel detection of multiple genes (Figure 
3b). For every gene, the target fragment hybridizes to 
immobilized probes on the sensor surface with a redox 
label. Electrical current catalyzed by the redox label is 
sensed in order to quantify the labels and hence the 
amplicons [Figure 3(a)]. 

Two approaches were tested to optimize the surface chemistry: co-immobilization of short thiolated 
DNA probes and DNA polymer conjugates. A detection limit of 50 pM was achieved. For higher 
detection sensitivity and efficiency, several approaches were tested toward a nanoelectrode array 
instead of normal flat electrodes, where templated DNA deposition and colloidal lithography showed 
promising results. 

1.4 System integration & benchmarking (WP 4, 5, 6, 7) 
The MIRACLE system and components were designed based on requirements from clinical cancer 
diagnosis as well as to meet the instrumentation regulations such as CE mark. The cell isolation, gene 
amplification and detection modules are all supported by microfluidics technology, in particular, by 
injection moulding to improve component reliability. These modules will be evaluated separately in 
clinical conditions and then be integrated. Several critical issues were addressed in the first year, 
such as reagent storage, thermal control method, pneumatic interfacing, twin film valve, etc. 
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Meanwhile, an injection-moulded amplification chip was fabricated and optimized for thermal 
cycling . The chip performance was verified by on-chip RT-MLPA tests with fluorescent detection. 
Future efforts will be focusing on single-cell sensitivity with clinical samples for on-chip 
amplifications. 
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Figure 3 (a) A principle of the DNA sensor; 
(b) the DNA sensor array.  
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