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Abstract : 

The In-Check System is based on a miniaturized silicon lab-on-chip (LoC) where the Polymerase 
Chain reactor lives together with a customizable microarray module for running a seamless nucleic 
acid test [1]. This device is designed for accurate temperature performances control, such as accuracy 
and heating rate provided by both a sophisticated chip calibration process and a precise control by the 
Temperature Control System (TCS). In addition, the device, is optimized for a microarray fluorescence 
reading operation by an external instrument, the optical reader (OR). Finally, it is based on micro-
fluidic features that enable to load the chip and fill the reaction chambers without the risk of bubble 
formation or leaks. 

In this manuscript are reported the experimental results for the detection of human betaglobine gene 
(HBB) directly from human cells in less than 2 hours in a silicon reactor. The sample preparation 
process was entirely performed in one single step into the silicon reactor. It was fully characterized by 
RT-qPCR. We performed also a comparison study showing higher performances in the LoC silicon 
reactor than the standard tube. Moreover, the DNA extracted was amplified by PCR, and the resulting 
product hybridized on the microarray. All the results suggest that the hybridization reactions performed 
on the silicon LoC can be used to exploit the discriminatory power of microarrays for a specific gene 
detection. 
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In-Check system 

The development of a simple and rapid point-of-
care diagnostic platform is essential for the 
evolution of sensing for healthcare technologies 
[2].  This work represents a first step towards 
the integration of a sample preparation reaction 
into a silicon reactor and thus enabling the 
whole seamless process of sample prep, PCR 
amplification and microarray hybridization in a 
single disposable device [3-5]. These promising 
results open the potential to extend ST In-
Check System to a full test from sample in to 
answer out.  

In-Check system developed by 
STMicroelectronics (Italy) is an open platform 
for fast and automated nucleic acid 
identification. In this context In-Check combines 
the power of PCR amplification with the multi-
analytical capability of microarray, and the 
ability to perform the sample preparation in one 
step without further purification phases. The In-
Check system reported in figure 1 is comprised 
of a miniaturized silicon chip (LoC) assembled 
in a standard PCB: a temperature control 
system, (TCS) an optical reader and the 
software platform. 
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Fig. 1 In-Check system composition 

 

In-Check:  sample preparation-PCR-
hybridization integrated test.  

The Lab-on-Chip is a silicon based device, 
manufactured by MEMS technology, bonded 
with dry resist glue togheter with a silicon wafer 
cap and mounted ona a 1“x3“ PCB support that 
provides mechanical, thermal, and electrical 
connection. 
The LoC is composed by two silicon 
microreactors fluidically connected to a 
mycroarray chamber. Each silicon microreactor 
(maximum volume of 12 ul) contains resistors 
and sensors at different position for thermal 
process (scheme 1). 
 

 
 

Scheme 1 Lab-on-Chip sheme 

 
The LoC integrated, within the same device, the 
sample preparation process and the DNA 
amplification together with a microarray for the 
detection of the Cy5 dye fluorescence intensity. 
In figure 3 is reported the In-Check fully 
integrated process from sample to answer 
information, for the detection of nucleic acid 
from human cells. 

 

 

Fig. 2 In-Check full-integrated process from 
sample to answer 

 
Sample preparation process: In order to 
evaluate the performance of the sample 
preparation module DNA extraction process 
was performed by means of a mix composed by 
a different amounts of SKOV3 cultured human 
cells (10000, 5000 and 1000 cells). For 
comparison, the same study was performed on 
LoC and on standard PCR tube. The DNA 
extraction efficiency was evaluated by real-time 
RT-PCR, with SYBR Green detection, on a 
StepOnePlus Real-Time PCR System (Applied 
Biosystems). Amplification specificities were 
evaluated by analyzing the melting curves of 
the resulting amplicons.  

Figure 3 shows the relative fold changes of the 
amplification signals for the DNA extracted from 
the different amounts of cells, in tube and in the 
LoC system as compared to the amplification of 
the DNA extracted using a competitor 
(QIAGEN). 
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Fig. 2. qRt-PCR signal for the DNA extracted in LoC, 
standard tube and in tube by QIAGEN (competitor). 

 

Integrated PCR and Microarray 
Hybridization.  

The HBB-gene, by extracted DNA, was 
amplified by PCR on microarray chamber and 
the amplicon detected on ssDNA microarray.  

 In figure 5 is reported an example of 
fluorescence hybridized microarray image for 
the full-integrated process: sample preparation-
PCR-hybridization performed by In-Check 
system. 

 

 

 

 

 

 

Fig. 3.  Hybridized Microarray image and microarray 
layout. 

 

Conclusion 

This study reported the application of In-Check 
system for the detection of HBB-gene directly 
on human cells. The In-Check system 

performed the sample preparation, PCR and 
hybridization detection in one chip and in less 
than two hours without further purification, 
concentration and separation steps. 
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