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 A novel detection system for an expressed gene in single cells based on hot cell-
direct reverse transcription polymerase chain reaction (RT-PCR) using a device for cell 
isolation was developed.  The system comprised a microscope to observe single cells 
and a thermal cycler to perform RT-PCR.  We detected the mRNA of the glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene in isolated Jurkat cells.  In addition to the 
observation of single cells in microchambers after cell isolation, a marked fluorescence 
increase of the RT-PCR product from a single cell was observed with this new detection 
system.  Relative fluorescence intensity (RFI), which was attributed to the level of 
GAPDH gene expression in each cell, was 2.30 ± 0.41 (ranging from 1.7 to 3.1) of the 
chambers with a single cell after RT-PCR, while that with no cells was 1.01 ± 0.01.  The 
RFI of expressed β-actin was 2.63 ± 0.70 (ranging from 1.2 to 3.3) and similar to that of 
GAPDH.  These results indicate that the gene expression level is different in each single 
cell, even when the expressed gene is a housekeeping gene, such as GAPDH and β-actin.

1. Introduction

 Recently, the development of microfluidic devices for chemical and biochemical 
analyses has attracted major interest.  Microfluidic devices integrate several laboratory 
processing steps into a single portable platform, in which miniaturization enables highly 
parallelized, multiplexed and fast detection processes.(1)  These systems, often referred to 
as lab-on-a-chip devices, typically contain several reaction chambers for simultaneously 
handling sample and reagent with actuation and detection mechanisms.  The advantages 
of these systems include reduced reagent consumption, space requirements and analysis 
time.(2,3)  By exploiting these advantages, microfluidic devices are being increasingly 
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used for research in the life sciences.  In particular, the handling of a small amount of 
reagent has enabled the manipulation of a single cell on a microfluidic device.(4–7)

 Centrifugally driven microfluidic platforms facilitate the precise handling of fluidic 
samples at the microscale.  Liquid is driven by centrifugal pressure generated by spinning 
the disc at specific rotational frequencies.(8)  The advantage of this type of device is the 
elimination of bulky external pumps required to manipulate liquids.  Only a low-power 
and low-cost rotational motor is required to spin the disc.  These microfluidic platforms 
are generally referred to as “lab-on-a-disc” devices.(9)  It has been shown that flow rates 
from 5 nL s–1 to over 0.1 mL s–1 can be centrifugally generated.(10)

 Since the polymerase chain reaction (PCR) was first described in 1985,(11) it has 
become an essential method in the field of genetic analysis, providing a method of 
amplifying DNA sequences of interest.  A large variation in gene expression and 
behavior has been observed for genetically identical cells.(12,13)  Reverse transcription 
PCR (RT-PCR) is presently a gold standard to examine expressed mRNA.  In the case of 
RT-PCR of cells in a tube, the difference in gene expression between single cells cannot 
be detected because the level of an expressed gene of all cells is averaged in the tube.  
By isolating a single cell from a large number of cells, an understanding of the behavior 
of that individual cell would be possible.  A key to this process would be the detection 
of expressed mRNA in each cell.  Recently, gene expression analysis for single cells on 
microdevices has gained considerable interest.(14–17)  However, it is necessary to add the 
reaction mixture for RT-PCR into the reaction chamber on these microdevices after cell 
isolation and lysis.  Therefore, high-throughput detection for gene expression analysis in 
single cells is difficult on these microdevices because the system is very complicated.  To 
detect a specific expressed gene among a large number of single cells, the microdevice 
needs to combine simple single cell isolation in a high-throughput manner and RT-PCR 
for single cells in the same reaction chamber.
 We have developed an original compact disc (CD)-shaped device with microchannels 
and microchambers for single cell isolation,(18) and succeeded in sequential PCR of the 
invA gene from Salmonella enterica cells isolated on a device fabricated from silicon and 
glass.(19)  We have also reported a method of performing cell lysis and RT-PCR of mRNA 
in the same chamber by heat treatment, which we named hot cell-direct RT-PCR, and the 
fluorescence detection of RT-PCR products was carried out using a double-dye probe.(20)  
Hot cell-direct RT-PCR for single cells is important to investigate the expressed gene 
of each single cell.  After hot cell-direct RT-PCR on the device, the fluorescence of 
each microchamber was detected using an image analyzer (LAS-3000, Fujifilm, Japan).  
The number of microchambers with cells estimated using a Poisson distribution was 
positively correlated to the number of chambers that showed an increase in fluorescence, 
which implied the presence of a cell or cells in the chamber.  These results suggest that 
hot cell-direct RT-PCR in our device has the potential to detect mRNA in an isolated cell 
at the single cell level.  However, whether a chamber contained a cell or not could not 
be determined, because the image of chambers using the image analyzer before and after 
the isolation of a single cell could not be precisely observed due to the limitations of the 
resolution of the image analyzer.  Since the area of each pixel of the image analyzer is 50 
× 50 μm2, it is too large to obtain the image of a single cell (10–20 μm).  However, the 
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image of U-shaped microchambers of the device, whose size is 300 μm (width) × 200 
μm (height), cannot be obtained precisely.  In fact, the pixels detected as microchambers 
included not only the microchamber itself but also the surrounding platform.  Thus, 
the measured fluorescence of a microchamber was the average fluorescence of the 
chamber and the periphery.  To detect accurate fluorescence, a detection system with a 
high resolution is necessary.  The observation of single cells in microchambers under a 
microscope and the detection of the fluorescence intensity of each microchamber before 
and after hot cell-direct RT-PCR are definitely necessary to verify the amplification of 
mRNA in a single cell.
 In this work, we developed a detection system that could acquire an image of all 
microchambers on the device automatically with a sufficiently high resolution to obtain 
the image of each cell and the shape of microchambers, which could not be obtained 
using the image analyzer, and could detect the amplification of mRNA in a single 
cell by hot cell-direct RT-PCR in each microchamber.  This detection system for an 
expressed gene in a single cell comprised a microscope that could observe single cells 
in microchambers, a control system to acquire the image of all microchambers, and a 
thermal cycler to perform hot cell-direct RT-PCR on the device.  Furthermore, more 
accurate and sensitive fluorescence detection was possible with this detection system.  
A marked increase in fluorescence of single cells in microchambers after RT-PCR of 
two housekeeping genes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and 
β-actin, was automatically confirmed using this detection system, and the remarkable 
performance of the system was demonstrated when compared with that of the image 
analyzer.

2. Materials and Methods

2.1 Reagents and sample preparation
 RT-PCR reagents and the preparation of Jurkat human leukemia T cells (DS Pharma 
Biomedical, Japan) have been described in detail, in ref. 20.  In brief, Jurkat cells were 
cultured in RPMI 1640 medium (Gibco, Life Technologies, Japan) supplemented with 
10% fetal bovine serum at 37 °C and 5% CO2.  After proliferation, the Jurkat cells were 
washed with 10 mmol L–1 phosphate buffer saline (pH 7.6) (PBS) three times at 1000 
rpm for 3 min.  RT-PCR was performed using Tth DNA polymerase (Roche Diagnostics 
GmbH, Germany).  RNase inhibitor (40 U μL–1) and dNTP mixture (2.5 mmol L–1 each) 
were purchased from Ambion, Life Technologies, Japan.  We used a double-dye probe 
and primer for GAPDH and β-actin (NIPPON EGT, Japan) to detect RT-PCR products 
by fluorescence.  These probes were labeled with 6-carboxyfluorescein (FAM) and with 
a quencher.  Segments of 86-bp and 63-bp for GAPDH and β-actin gene mRNA in Jurkat 
cells were amplified by RT-PCR.  Jurkat cells were suspended in the reaction mixture 
that served both for isolation and RT-PCR.  The Jurkat cells (200 cells μL–1) were mixed 
with the reaction mixture, which consisted of RT-PCR buffer, 0.2 U μL–1 Tth DNA 
polymerase, 2.5 mmol L–1 Mn(OAc)2 solution, 1.6 U μL–1 RNase inhibitor, 400 μmol L–1 
dNTP mixture, 400 nmol L–1 forward and reverse primers, and 200 nmol L–1 probe for 
GAPDH or β-actin.
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2.2 Fabrication of CD-shaped device
 The fabrication of the CD-shaped device was performed according to a method 
previously described in ref. 20.  Briefly, the microchannel and microchambers (a depth 
of 40 μm) were fabricated by deep reactive ion etching (deep-RIE) on a silicon wafer (ϕ 
= 10 cm, the thickness is 525 μm).  The etched silicon wafer was anodically bonded to a 
glass plate (thickness of 500 μm) that has holes (ϕ = 2 mm) for inlets and vents bored by 
microblasting.  Twenty-four microchannels are arranged on a device, and 313 U-shaped 
microchambers are arrayed on the outer side of each microchannel.  The width of each 
channel is 100 μm.  The dimensions of the microchambers are 300 μm (width) × 200 μm 
(height) × 40 μm (depth), the gap between microchambers is approximately 200 μm, and 
the microchamber can accommodate approximately 1 nL of sample solution [Fig. 1(a)].
 In this experiment, the hydrophobicity of each microchannel and microchambers 
was very important.  Without a hydrophobic treatment, the RT-PCR reagents in the 
microchambers moved to the neighboring microchambers during RT-PCR.  Therefore, 
to prevent the displacement of solution to neighboring microchambers, we modified 
the surface of the microchannels and microchambers to be highly hydrophobic by 
applying triethoxymethylsilane (Wako, Japan).  For this modification, we infused 3 
μL of triethoxymethylsilane into each microchannel by capillary force, followed by 
baking at 80 °C overnight.  After baking, the triethoxymethylsilane did not remain in the 
microchannel and microchambers.

2.3 Hot cell-direct RT-PCR in tube
 The hot cell-direct RT-PCR method has been described in detail, in ref. 20.  In brief, 
hot cell-direct RT-PCR is a method for lysing cells and performing RT-PCR in the same 
reaction container such as a tube or a chamber.  Tth DNA polymerase is a thermostable 
polymerase and has high reverse transcription activity.  Therefore, it was possible to 
perform RT-PCR in the reaction mixture using Tth DNA polymerase after heat treatment 
for cell lysis at 95 °C for 10 min.  In this study, Tth DNA polymerase was used for 
both reverse transcription and PCR in the same reaction container.  Jurkat cells were 
suspended in the reaction mixture for RT-PCR (1000 cells μL–1).  After the cell lysis 
step, thermal cycling was initiated at 42 °C for 15 min as the RT step, followed by 40 
PCR cycles of 94 °C for 30 s (denaturation) and 60 °C for 60 s (annealing and extension) 
using a 7500 real-time PCR system (Applied Biosystems, Japan).  The fluorescence 
intensity of RT-PCR products of the GAPDH gene was measured using the real-time 
PCR system.

2.4 Detection system for expressed gene in single cells
 We designed a system to acquire the images of a single cell before its lysis and to 
detect the fluorescence image of the microchambers before and after hot cell-direct 
RT-PCR of the target gene in this study.  The system comprised an epifluorescence 
microscope (Olympus, Japan), heating-cooling equipment as a thermal cycler (UT70U100F, 
Ampere, Japan), a controllable XY stage (Ohkura Industry, Japan), a CCD camera (Clara, 
Andor, Northern Island) and a personal computer for system controls [Fig. 1(b)].  This 
system was provided by Ohkura Industry, Japan.  The single cells or RT-PCR products 



Sensors and Materials, Vol. 26, No. 8 (2014) 627

in microchambers were observed with an epifluorescence microscope.  The images of 
all microchambers were automatically acquired with the movement of the controllable 
XY stage along the microchannels from inlet to outlet.  In this detection system, to 
prevent defocusing by acquiring the image of all microchambers, alignment of two 
anchoring points on the device was carried out prior to the imaging of microchambers.  
Furthermore, the fluorescence intensities of each microchamber were quantified from 

Fig. 1. Microfluidic design of a CD-shaped device and detection system for an expressed gene 
in single cells.  (a) Microfluidic design and details of microchannel and microchambers of device.  
(b) The detection system was composed of an epifluorescence microscope, a thermal cycler, a 
controllable stage and a personal computer for system control.  The device was set on the stage of 
the detection system.

(a)

(b)
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the fluorescence images.  The personal computer of the system controls the temperature 
of the thermal cycler, the movement of the device on the controllable XY stage, and the 
conditions of the exposure time for the fluorescence detection.

2.5 Single cell isolation on CD-shaped device
 Prior to RT-PCR of the mRNA in Jurkat cells on the device, single cells were isolated 
on the device.  One microliter of Jurkat cell suspension (200 cells μL–1) was introduced 
into an inlet of the device.  The device was then rotated clockwise at 3500 rpm for 30 
s using a spin-coater (MS-A100, Mikasa, Japan).  The cell suspension flowed through 
the microchambers [Fig. 2(b)] and cells were isolated into individual microchambers 
in accordance with a Poisson distribution [Fig. 2(c)].  Sequentially, excess solution was 
finally drained from each microchannel at 3500 rpm.  After spinning the device, the 
reaction mixture was completely isolated in the microchambers.

2.6 Hot cell-direct RT-PCR on CD-shaped device
 Hot cell-direct RT-PCR of single Jurkat cells on the device, which has been reported 
in ref. 20, was slightly modified in this study.  After single cell isolation, the device was 
placed on the stage of a conventional thermal cycler (Astec, Japan) or the detection 
system.  These stages were shaped to fit the device.  Thermal cycling was initiated at 
95 °C for 10 min as heat treatment for cell lysis and 42 °C for 15 min as the RT step, 
followed by 40 PCR cycles of 94 °C for 20 s (denaturation), 54 °C for 20 s (annealing) 
and 72 °C for 20 s (extension), and a further 72 °C for 5 min as the final extension step.  

Fig. 2. A scheme for single cell isolation and hot cell-direct RT-PCR on device.  (a) A 
large number of microchambers align along a microchannel.  (b) The cells flow through the 
microchannel and the microchambers.  (c) The cells are distributed into individual microchambers 
after flowing through the applied cell suspension.  (d) The cells are lysed at 95 °C for 10 min.  (e) 
The mRNA is reverse transcribed to cDNA.  (f) The cDNA is amplified by PCR.  (g) An increase 
in fluorescence of the double dye probe for RT-PCR products is measured using the detection 
system.

(a)

(b)

(c)

(d)

(e)

(f)

(g)
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A scheme of the hot cell-direct RT-PCR reaction for a single cell in the microchamber is 
indicated in Fig. 2.  The fluorescence intensities of RT-PCR products of the GAPDH and 
β-actin genes were measured using the detection system before and after hot cell-direct 
RT-PCR on the device.  The relative fluorescence intensity (RFI) indicated the after-to-
before ratio of hot cell-direct RT-PCR.

3. Results and Discussion

3.1	 Detection	of	fluorescence	of	hot	cell-direct	RT-PCR	products
 Before measuring the fluorescence intensity after hot cell-direct RT-PCR of single 
cells in the device, the fluorescence of the RT-PCR products of the expressed GAPDH 
gene in a tube was detected using this detection system.  The concentration of Jurkat 
cells in a tube was set at 1000 cells μL–1, which corresponded to a density of one cell per 
microchamber.  Figure 3(a) indicates the increase in fluorescence of the samples by hot 
cell-direct RT-PCR in a tube using the real-time PCR system.  As for the reaction mixture 
that contained 1000 Jurkat cells μL–1, the increase in fluorescence was clearly confirmed 
and saturated after 30 PCR cycles.  In contrast, the fluorescence intensity of the negative 
control containing no cells did not increase at all.

Fig. 3. Hot cell-direct RT-PCR in a tube using the real-time PCR system and fluorescence images 
obtained with the detection system.  (a) The black line indicates the positive control with Jurkat 
cells (1000 cells μL–1).  The gray line indicates the negative control without Jurkat cells.  (b) 
Fluorescence image of RT-PCR products of expressed GAPDH gene (1000 Jurkat cells μL–1).  (c) 
Fluorescence image of negative control without Jurkat cells after hot cell-direct RT-PCR.

(a)

(b) (c) 
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 To examine the fluorescence of RT-PCR products of the GAPDH gene using our 
detection system, RT-PCR products obtained using the real-time PCR system were 
introduced and completely separated to each microchamber in the device as positive 
and negative controls.  Figures 3(b) and 3(c) indicate the fluorescence images of the 
microchambers with positive and negative controls, respectively, using the detection 
system after hot cell-direct RT-PCR in a tube.  The RFIs measured using the detection 
system, the after-to-before ratio of hot cell-direct RT-PCR, of the positive and negative 
controls were 2.92 ± 0.01 and 1.02 ± 0.01, respectively (n = 3).  Thus, the detection 
system could be used to measure the increase in fluorescence of RT-PCR products.  
Furthermore, the small standard deviation (SD) of RFI implied that the amounts of 
solution in each microchamber were almost equal.  When we examined the positive and 
negative controls on the device and measured the fluorescence signal using the image 
analyzer, the RFIs of the positive and negative controls were found to be 1.34 ± 0.08 
and 1.04 ± 0.04, respectively.  The RFI of the positive control using the image analyzer 
was lower than that using the detection system, while that of the negative control using 
the image analyzer and that using the detection system were almost the same.  The SDs 
of the positive and negative controls were larger with the image analyzer than with 
the detection system.  It was considered that the fluorescence observed with the image 
analyzer was not necessarily from the microchamber itself because the pixel size was not 
small enough to cover the chamber precisely.  The observed fluorescence included the 
surrounding platform, which in fact corresponds to a background signal, and the ratio of 
the area of the surrounding platform signal to the total area of the fluorescence signal of 
each chamber was different from chamber to chamber.  Thus, the observed fluorescence 
was less accurate than that using the detection system, and SD might have become larger.  
These results imply that measurements of fluorescence in the microchamber with the 
image analyzer were not accurate.  In contrast, the new detection system was accurate.

3.2 Single cell hot cell-direct RT-PCR in CD-shaped device
 To examine the performance of the new detection system, the fluorescence intensity 
of the device after hot cell-direct RT-PCR for GAPDH was first measured using the 
image analyzer.  A conventional thermal cycler was used for RT-PCR of the device after 
the isolation of Jurkat cells (200 cells μL–1).  Although which microchamber entraps a 
single cell from the image obtained using the image analyzer before RT-PCR cannot be 
determined, the RFI of the microchamber with a single cell should be higher than that of 
a microchamber without a cell after RT-PCR.  The RFI of microchambers without any 
cells remained constant after RT-PCR.  The fluorescence intensities of microchambers 
measured using the image analyzer are shown in Fig. 4(a).  We observed that RFI of 
most chambers was about 1.0 but some chambers showed a higher RFI.  As already 
mentioned, the image of a Jurkat cell could not be obtained when the image analyzer 
was used because of its low resolution, and the microchamber showing a higher RFI 
was recognized as being the chamber entrapping a Jurkat cell.  As for RFIs obtained 
using the image analyzer, the microchambers showed RFIs higher than 1.21 and were 
considered to have a single cell while those with an RFI lower than 1.21 contained 
no cell because the maximum RFI of the negative control was 1.21.  Statistically, the 
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number of microchambers showing higher fluorescence after RT-PCR corresponded to 
the value evaluated using a Poisson distribution, according to our previous study in ref. 
21.  The fluorescence intensities of microchambers were also measured using the new 
detection system [Fig. 4(b)], which could acquire images of all the microchambers in a 
microchannel.  Then, the discrimination of microchambers containing single Jurkat cells 
from all microchambers was possible using this new detection system.  Hot cell-direct 
RT-PCR was performed with the thermal cycler equipped in the detection system for 
real-time detection of RFI, which could be measured.  High RFIs (2.74 and 2.42) were 
easily identified for the two microchambers, which corresponded to chambers containing 
a single cell.
 In the case of the image analyzer, the image of a single cell could not be observed 
as mentioned above.  On the other hand, the fluorescence image before hot cell-direct 
RT-PCR for GAPDH using the system, indicating a single Jurkat cell trapped in the 
microchamber, was obtained [Fig. 5(a)].  Although the size of the cell was 10 μm in 
diameter and rather small compared with the microchamber, it was clearly observed 
in the right chamber in Fig. 5(a).  Whether a chamber contained a cell or not could be 
clearly determined using the system.  In the case of 200 Jurkat cells μL–1, approximately 
10% of the observed microchambers had single cells, while a few microchambers had 
two or more cells.  In this study, the expressed gene could be detected in single cells 
after the number of cells in microchambers was counted directly.  Figure 5(b) indicates 

Fig. 4. Typical RFIs following the detection of fluorescence using the image analyzer and 
detection system.  RFIs for GAPDH of each microchamber are shown on the same microchannel 
using (a) image analyzer or (b) detection system.  These chambers are all adjacent on the CD.

(a)

(b) 
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a fluorescence image of the same microchamber after hot cell-direct RT-PCR.  Although 
the fluorescence intensity of the microchamber with no cells shows little increase, that of 
the microchamber with a single Jurkat cell clearly increased.  Figure 5(c) indicates the 
RFI after hot cell-direct RT-PCR in microchambers with a single Jurkat cell and with no 
cells.  The RFIs for GAPDH of ten microchambers with a single Jurkat cell ranged from 1.7 
to 3.1 (2.30 ± 0.41).  In contrast, the fluorescence intensities of ten microchambers with 
no cells showed little increase after hot cell-direct RT-PCR.  The RFIs of microchambers 
with two cells ranged from 3.2 to 3.6, since the fluorescence was saturated by 40 PCR 
cycles.  To verify this phenomenon, the expression of another housekeeping gene, 
β-actin, in single cells was examined using the new detection system.  The RFIs for 
β-actin of ten microchambers with a single Jurkat cell ranged from 1.2 to 3.3 (2.63 ± 
0.70), whereas the fluorescence of microchambers with no cells showed little increase, 
a similar pattern as observed for GAPDH.  This result indicates the possibility that the 
gene expression level was different in each cell, even when the expressed gene was a 
housekeeping gene, such as GAPDH and β-actin.  Besides us, several researchers also 
reported the gene expression heterogeneity at the single cell level within genetically 
identical cell populations in refs. 22 and 23.  This gene expression heterogeneity was 

Fig. 5. Hot cell-direct RT-PCR for GAPDH in microchambers using the thermal cycler of the 
detection system.  (a) Fluorescence image before hot cell-direct RT-PCR.  Arrow indicates a single 
Jurkat cell in a microchamber.  (b) Fluorescence image after hot cell-direct RT-PCR.  (c) RFI in 
microchambers with a single Jurkat cell (black bars) or average RFI of ten microchambers with no 
cells (gray bar).

(c) 

(a) (b) 
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considered to be caused by the different cell types and different cell cycle phases.  
Therefore, our results of gene expression heterogeneity would also be caused by the 
different cell cycle phases.
 To examine the performance of a thermal cycler in the new detection system, hot 
cell-direct RT-PCR was performed using a conventional thermal cycler as well as the 
detection system.  These fluorescence intensities of GAPDH RT-PCR products were 
measured using the detection system.  The fluorescence intensities of microchambers 
with a single Jurkat cell and with no cells after hot cell-direct RT-PCR using the 
conventional thermal cycler were almost the same as the RFIs using the detection system.  
The averaged RFIs and SDs obtained for these GAPDH measurements are listed in Table 1.   
The RFIs of the microchambers with single cells as assessed using the image analyzer 
were 1.25 times higher than those with no cells but two times higher when the new 
detection system was used.  The SD for RFIs of the microchamber containing a single 
or no cell may have arisen because the difference in expression level for each single 
cell could not be confirmed using the image analyzer.  Consequently, the SD for RFIs 
of the microchamber with cells as assessed using the image analyzer was comparable to 
the SD for RFIs of the negative control.  On the other hand, the fluorescence intensity 
was measured accurately using the detection system because the SD for RFIs of the 
microchamber with no cells was very small and remained constant.  The RFIs of the 
microchambers with single cells measured using the detection system were higher 
than those using the image analyzer.  Furthermore, the RFIs and SDs after hot cell-
direct RT-PCR using the thermal cycler of the detection system were almost the same 
as those using the conventional thermal cycler.  This implies that there is no difference 
in fluorescence after RT-PCR between the detection system and the thermal cycler.  The 
SD for RFIs of the no-cell control as assessed using the new detection system was so 
small that the measured RFIs were considered to be accurate.  Thus, RFI truly reflects a 
difference in the amount of RT-PCR product.  The SDs for the RFIs of microchambers 
with a single cell were significantly high and could indicate a difference in the expression 
level for each single cell.  Only the new detection system could accurately detect 
fluorescence in cells following RT-PCR.

Table 1
Performance of fluorescence detection and thermal cycler of new detection system.

Fluorescence detection Thermal cycling Number of cells RFI
Average SD

Image analyzer Conventional
thermal cycler

Single cell* 1.33 0.04
No cells* 1.06 0.04

Detection system Conventional
thermal cycler

Single cell 2.44 0.42
No cells 1.06 0.01

Detection system Detection system Single cell 2.30 0.41
No cells 1.01 0.01

*It was not confirmed accurately using the image analyzer.



634 Sensors and Materials, Vol. 26, No. 8 (2014)

 The quantitative determination of an expressed gene has been performed by 
separately detecting RT-PCR products for a housekeeping gene and a target gene, 
although it would be theoretically possible to determine the expression of both genes 
simultaneously using two probes and primers specific for each gene.  Furthermore, when 
the fluorescence intensity is measured after each PCR cycle using the detection system, 
the quantitative determination of the expressed gene would be possible at the single 
cell level.  RT-PCR for single cells on this device is expected to have great potential 
for detecting different cell states of many single cells such as developing embryos, 
embryonic stem cells or induced pluripotent stem (iPS) cells, because not only Jurkat 
cells but also fibroblast cells have been isolated in the microchambers of this device in 
ref. 21.

4. Conclusions

 A novel system to detect gene expression in isolated single Jurkat cells was 
developed.  This system was composed of an epifluorescence microscope, a thermal 
cycler, a controllable stage and a personal computer for system control.  Jurkat cells 
were isolated in the microchambers stochastically on the device and observed using this 
detection system.  The confirmation of the number of cells in each microchamber could 
be realized first using the detection system before RT-PCR but it could not be done using 
the image analyzer.  The RFIs for the microchambers with single cell using the detection 
system was 2.30 ± 0.41 and RFIs for microchamber with cell or cells obtained by the 
image analyzer was 1.33 ± 0.04.  The RFIs obtained using the detection system were 
more accurate and higher than those assessed using the image analyzer.  The SD of the 
detection system would indicate a difference in the expression level for each single cell 
because of its accuracy.  In conclusion, single cells could be observed, RT-PCR could 
be performed, and the fluorescence and gene expression level could be detected with 
the new detection system but not using the image analyzer.  The gene expression level 
differed in each single cell even when one of the expressed genes was a housekeeping 
gene.
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