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In drug discovery, it is very important to evaluate liver cells within an organism. Compared to 2D culture  
methods, the development of 3D culture techniques for liver cells has been successful in maintaining long-term 
liver functionality with the formation of a hepatic-specific structure. The key to performing drug testing is 
the establishment of a stable in vitro evaluation system. In this article, we report a Tapered Stencil for Cluster 
Culture (TASCL) device developed to create liver spheroids in vitro. The TASCL device will be applied as a 
toxicity evaluation system for drug discovery. The TASCL device was created with an overall size of 10 mm ×  
10 mm, containing 400 microwells with a top aperture (500 μm × 500 μm) and a bottom aperture (300 μm diam-
eter circular) per microwell. We evaluated the formation, recovery, and size of HepG2 spheroids in the TASCL 
device. The formation and recovery were both nearly 100%, and the size of the HepG2 spheroids increased with 
an increase in the initial cell seeding density. There were no significant differences in the sizes of the spheroids 
among the microwells. In addition, the HepG2 spheroids obtained using the TASCL device were alive and pro-
duced albumin. The morphology of the HepG2 spheroids was investigated using FE-SEM. The spheroids in the 
microwells exhibited perfectly spherical aggregation. In this report, by adjusting the size of the microwells of the 
TASCL device, uniform HepG2 spheroids were created, and the device facilitated more precise measurements of 
the liver function per HepG2 spheroid. Our TASCL device will be useful for application as a toxicity evaluation 
system for drug testing.
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Tapered stencil for cluster culture (TASCL); Medical evaluation

INTRODUCTION

From the last half of the 20th century, liver cells have 
been used in cell therapy (7,13) as well as drug discovery 
and development (3,14–19). When performing drug dis-
covery, it is very important to evaluate liver cells within 
an organism (8,31). Although drug evaluation tests of 
liver cells based on the 2D monolayer culture method 
were a trend through the 1990s, tests using the 3D cul-
ture method were accelerated in the 2000s. Compared to 
the 2D culture method, the development of 3D culture 
techniques for assessing liver cells has been successful in 
maintaining the long-term liver function from the forma-
tion of a hepatic-specific structure (3,4,14,22,25).

In recent years, many research groups have made 
attempts to prepare human liver-like cells by inducing 

differentiation from stem cells (1,2,12) and using these 
cells for drug testing. However, compared with the 
liver functions of human primary hepatocytes, obtaining 
human liver-like cells of sufficient quality is challeng-
ing. Additionally, in advance, human induced pluripotent 
stem cell (iPSC)-derived constructs were transplanted 
into a cranial window of a nonobese diabetic/severe com
bined immunodeficient (NOD/SCID) mouse, the Takebe 
and Taniguchi groups (28,29) also initiated a new attempt 
to prepare to liver-like cells in mice. However, at present, 
it is not yet possible to fully reproduce the functions of 
human liver cells. Moreover, human primary hepatocytes 
isolated from livers and commercially available cryopre-
served human hepatocytes tend to demonstrate large vari-
ations from lot to lot (20,21), and it is difficult to maintain 
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reproducible results in liver cell evaluation tests. In recent 
years, drug interaction studies using human hepatocyte 
preparations from at least three donors have been recom-
mended based on the U.S. Food and Drug Administration 
(FDA) guidance. In particular, the mRNA change by 
investigational drugs has been measured in cultured 
human hepatocytes from three donors (5). To solve this 
problem, toxicity screening tests using liver cell lines 
such as HepG2 (derived from human hepatocellular car-
cinoma of a 15-year-old male) and HepaRG™ (terminally 
differentiated hepatic cells derived from a hepatic pro-
genitor cell line from female hepatocarcinoma; BioPredic 
International) cells are expected to maintain reproduc-
ible results in liver cell evaluation tests. Therefore, the 
key in performing drug testing is to establish a stable in 
vitro evaluation system. As a drug evaluation method 
using liver cells in the 2D culture method, it is relatively 
easier to obtain reproducible data between individual 
culture plates. On the other hand, the results obtained 
using 3D culture methods (spheroid culture) affect the 
reproducibility between individual culture plates. In par-
ticular, it should be mentioned as a cause that the size 
of spheroids formed with the 3D culture method is not 
uniform. Recently, several studies have reported the use 
of liver spheroids created according to the 3D culture 
method (3,4,6,14–19,31). Among them, a method was 
also reported to create a large number of cell clusters in 
3D culture (9). We prepared uniform embryoid bodies 
(EBs) from iPSCs (26,27) at a large scale using a Tapered 
Stencil for Cluster Culture (TASCL) device and induced 
the cells to differentiate into liver cells from EBs (32). 
In addition, in a single seeding, we were successful in 
creating various sizes of 3D hepatocyte constructs using 
a combinatorial TASCL device (16).

In this article, we report the application of the TASCL 
device to prepare HepG2 spheroids in vitro. TASCL 
devices will be applied as toxicity evaluation systems for 
drug discovery. A TASCL device was created with an 
overall size of 10 mm × 10 mm, containing 400 microwells 
with a top aperture (500 μm × 500 μm) and bottom aper-
ture (300 μm diameter circular) per a microwell. A six-
well plate with an ultralow attachment surface (Corning 
Inc., Corning, NY, USA) under the TASCL device was 
used in the evaluation experiment. We assessed the for-
mation, recovery, and size of the HepG2 spheroids in the 
TASCL device. In addition, we investigated the determi-
nation of live and dead cells and the albumin secretion 
activity of the HepG2 spheroids.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle’s medium (DMEM), 
Dulbecco’s phosphate-buffered saline without Ca2+ and 

Mg2+ supplementation (D-PBS-free), and antibiotics (pen- 
icillin and streptomycin) were purchased from Life 
Technologies, Inc. (Carlsbad, CA, USA). Fetal bovine 
serum (FBS) was obtained from Funakoshi Co, Ltd. 
(BIO-WEST, Nuaille, France). Paraformaldehyde (PFA) 
was purchased from Sigma-Aldrich (St. Louis, MO, 
USA). All other materials and chemicals not specified 
above were of the highest grade available.

Cells

HepG2 cells (male human hepatocellular carcinoma 
cells) were purchased from the American Type Culture 
Collection (ATCC, Manassas, VA, USA).

Fabrication of the TASCL Device

The TASCL device was created using polydimeth
ylsiloxane (PDMS; SYLGARD® 184; Dow Corning, 
Midland, MI, USA) as previously described (10,11,16). 
The TASCL device was placed on a six-well cell cul-
ture plate (Falcon 353046; Becton Dickinson, Franklin 
Lakes, NJ, USA) and sterilized under ultraviolet (UV) 
for 12 h. The upper surface of the TASCL device was 
coated with an aqueous solution of poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide) triblock 
copolymer (1 wt% Anti-Link; Allvivo Vascular, Inc., 
Lake Forest, CA, USA) for 12 h at room temperature. The 
copolymer self-assembles on a hydrophobic surface and 
forms a hydrophilic layer that prevents cell adhesion. The 
bottom surface of the TASCL device is maintained intact 
due to the self-sealing ability of PDMS, whereas the top 
surface is hydrophilic. The array of 400 microwells was 
placed at the center of the TASCL device and surrounded 
by a trench to prevent the uncontrolled intrusion of cells 
from the boundary area.

Figure 1A shows a schematic diagram of the TASCL 
device. A TASCL device was created with an overall 
size of 10 mm × 10 mm, containing microwells with a 
top aperture (500 μm × 500 μm) and bottom aperture 
(300 μm diameter circular) per microwell. The TASCL 
device can be easily installed on a commercially avail-
able culture dish and used to freely replace the cell 
adhesion surface matrix. In this study, we applied hydro-
phobic treatment of the surface inside the TASCL device 
and placed a six-well plate with an ultralow attachment 
surface (Corning Inc.) under the TASCL device.

Schematic Figure of Spheroid Formation 
in the TASCL Device

Figure 1B shows a schematic diagram of spheroid 
formation using the TASCL device. First, HepG2 cells 
are seeded at the same time by simply placing a drop-
let of cell suspension onto the TASCL device (cell sus-
pension process). HepG2 cells are equally divided into 
the microwells of the TASCL device (sedimentation 
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process), and HepG2 spheroids are formed after 1 day 
of culture (cluster formation process). HepG2 spher-
oids can be created under the single initial condition 
simultaneously by injecting the cell suspension onto the 
TASCL device.

Spheroid Formation of HepG2 Cells Using 
the TASCL Device

Figure 1C shows the study protocol for spheroid forma-
tion of HepG2 cells using the TASCL device. HepG2 cells  
at density of 4 × 104, 2 × 105, and 4 × 105 cells/TASCL 

Figure 1.  Fabrication of the Tapered Stencil for Cluster Culture (TASCL) device. (A) The TASCL device consisted of microwells 
measuring 10 mm × 10 mm with a thickness of 0.55 mm. Each microwell in the TASCL device had a top aperture (500 μm × 500 μm) 
and bottom aperture (300 μm diameter circular). The TASCL device was observed under phase-contrast microscopy. Scale bars: 1 mm 
and 200 μm. (B) A schematic diagram of cell seeding and the cluster formation process using the TASCL device. Human hepatocel-
lular carcinoma cell (HepG2) spheroids can be created under multiple initial conditions simultaneously by injecting the cell suspension 
onto the TASCL device. (C) The study protocol for spheroid formation of HepG2 cells using the TASCL device. DMEM, Dulbecco’s 
modified Eagle’s medium; FBS, fetal bovine serum; SEM, scanning electron microscope.
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were inoculated on a TASCL device to form 3D spher-
oids. The viability of the HepG2 cells was greater than 95%, 
as determined by a trypan blue dye exclusion test. The final 
concentration of trypan blue (Gibco®, Life Technologies 
Inc.) was 0.2%. The cells were then cultured in 0.35 ml 
of DMEM supplemented with 10% FBS, 100 U/ml of peni-
cillin, and 100 U/ml of streptomycin (culture medium) 
for 4 days. A six-well plate with an ultralow attachment 
surface was used as the bottom portion of the TASCL 
device. A total of 0.35 ml of HepG2 cells suspended in 
medium (4 × 104, 2 × 105, and 4 × 105 cells/TASCL calcu-
lated to be 100, 500 and 1,000 cells/microwell each) was 
applied to each microwell. The culture medium on the 
TASCL was changed and recovered every 24 h. The cells 
were incubated at 37°C under a humidified 5% CO

2 
atmo-

sphere and then cultured for 4 days in the TASCL, after 
which the albumin secretion activity was determined, as 
described below. The morphology of the HepG2 spher-
oids was observed under a phase-contrast microscope 
(Olympus, Tokyo, Japan).

Determination of Live and Dead Cells 
in the HepG2 Spheroids

HepG2 spheroids were stained with calcein acetoxy
methyl ester [calcein AM, 4 mM in anhydrous dimethyl 
sulfoxide (DMSO)] and ethidium homodimer-1 [EthD-1, 
2 mM in DMSO/H

2
O 1:4 (v/v)] (LIVE/DEAD® Viability/

Cytotoxicity Kit, for mammalian cells, L3224; Molecular 
Probes®, Life Technologies Inc.) to detect live and dead 
cells. A total of 4 μl of the supplied 2 mM EthD-1 stock 
solution was transferred to 2 ml of D-PBS-free. Then, 1 μl 
of the supplied 4 mM calcein AM stock solution was added 
to 2 ml of the EthD-1 solution. The working solution con-
taining 2 μM of calcein AM and 4 μM EthD-1 was then 
added directly to the HepG2 spheroids. After the cells were 
incubated for 20 min at 37°C, calcein AM-positive green 
fluorescence in the live cells and EthD-1-positive red fluo-
rescence in the dead cells were judged to be present using 
a fluorescence microscope (Olympus, Tokyo, Japan). After 
trypsin (Gibco®, Life Technologies Inc.) treatment of the 
HepG2 spheroids, the cell viability was measured using a 
trypan blue exclusion assay under the conditions used for 
the experiments.

Quantitation of Albumin Secreted 
by the HepG2 Spheroids

HepG2 spheroids were cultured in the TASCL device, 
and the culture medium was changed every 24 h. The 
level of albumin production was assessed based on the 
accumulation of albumin in the culture medium after 24 h 
using a human albumin enzyme linked immunosorbent 
assay (ELISA) quantification kit, as instructed by the 
manufacturer (Bethyl Laboratories, Inc. Montgomery, 
TX, USA).

Scanning Electron Microscopic Observation 
of the HepG2 Spheroids

A scanning electron microscope (SEM) was used to 
visualize HepG2 spheroids in the TASCL device. HepG2 
spheroids were fixed with 4% PFA and then cooled 
down to 4°C overnight. Afterward, the fixed samples 
were rinsed three times with D-PBS. A reagent for SEM 
sample preparation was prepared by transferring 20 μl 
of Hitachi’s Exclusive IL1000 Ionic Liquid for Electron 
Microscopy Applications (HILEM IL1000; Hitachi High-
Technologies Corp., Tokyo, Japan) to 160 μl of Milli-Q 
water (Milli-Q Integral Water Purification System; 
Merck-Millipore, Darmstadt, Germany). The resulting 
approximately 10% IL1000 Ionic Liquid solution was 
then added directly to the samples at room temperature 
for 1 h. The samples were subsequently transferred to a 
filter paper and dehydrated at room temperature within 
30 min. Carbon tape (Nissin Enamel Manufacturing Co. 
Ltd., Nagoya, Japan) was attached to a SEM stage (JEOL 
Ltd., Tokyo, Japan) surface, and the obtained samples 
were placed on the SEM stage. The morphology of the 
samples was investigated using a field emission scanning 
electron microscope (FE-SEM; JEOL JSM-7500F) at an 
acceleration voltage of 15 kV.

Statistical Analysis

Data are presented as the mean ± standard deviation (SD). 
Each experiment was repeated three times (n = 3). The statis-
tical significance was determined using unpaired Student’s 
t-tests for comparisons between the 4 × 104 and 4 × 105 
groups. A value of p < 0.05 was considered to be significant.

RESULTS

Formation of HepG2 Spheroids in the TASCL Device

HepG2 cells at density of 4 × 104, 2 × 105, and 4 × 105 
cells/TASCL were inoculated on the TASCL device 
for 4 days starting from cell seeding. HepG2 cells at 
4 × 104, 2 × 105, and 4 × 105 cells/TASCL were counted to 
be 100, 500, and 1,000 cells/microwell each. After 1, 2, 
and 4 days of culture, HepG2 spheroids were observed 
in the TASCL device under a phase-contrast microscope 
(Fig.  2). The HepG2 spheroids formed in the TASCL 
device exhibited perfectly spherical aggregation on 
day 1 (Fig. 2A–C), and their spherical morphology was 
maintained after 2 and 4 days of culture (Fig. 2D–I). 
We also evaluated the formation efficiency, recovery, 
and size of the HepG2 spheroids in the TASCL device 
(Fig. 3). HepG2 spheroids forming a single cluster were 
counted as a successful spheroid on day 2. The formation 
and recovery were both nearly 100% (Fig. 3A and B). 
The size of the HepG2 spheroids formed in the TASCL 
device was determined based on the formula for the vol-
ume of a sphere. The size of the spheroids determined 
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Figure 3.  Efficiency of the formation, recovery, and size of HepG2 spheroids in the TASCL device. HepG2 cells at density of 4 × 104, 
2 × 105, and 4 × 105 cells/TASCL were inoculated on the TASCL device for 2 days. (A) The efficiency of spheroid formation was evalu-
ated. (B) The efficiency of spheroid recovery was evaluated. (C) The size of the formed spheroids was measured in the case of 100, 
500, and 1,000 cells/droplet. Data are shown as the mean ± standard deviation for triplicate experiments.

Figure 2.  Phase-contrast photomicrographs of the HepG2 spheroids created using the TASCL device. HepG2 cells at a density of 
4 × 104 (A, D, and G), 2 × 105 (B, E, and H), and 4 × 105 cells (C, F, and I) were seeded onto the TASCL device (calculated to be 100, 
500 and 1,000 cells/microwell each) and then cultured for 4 days. The culture periods were as follows: day 1 (A, B, and C), day 2 (D, 
E, and F), and day 4 (G, H, and I). Scale bar: 500 μm.
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by their phase-contrast images in the HepG2 cells at 
density of 4 × 104, 2 × 105, and 4 × 105 cells/TASCL was 
0.8 × 106 μm3, 2.8 × 106 μm3, and 5.7 × 106  μm3, respec-
tively (Fig. 3C) (The experiments were done three 
times, and data are shown as the mean ± SD.), indicating 
that the size of the HepG2 spheroids increased with an 
increase in the initial cell seeding density.

SEM Images of HepG2 Spheroids 
in the TASCL Device

The morphology of the HepG2 spheroids was investi-
gated using FE-SEM at an acceleration voltage of 15 kV. 
HepG2 cells at a density of 4 × 105 cells/TASCL were 
seeded onto a TASCL device and cultured for 2 days 
(Fig. 4). Figures 4A and B show phase-contrast images 
of the resulting HepG2 spheroids. SEM images of the 
microwells in the TASCL device and HepG2 spheroids in 
the microwells were also observed (Figs. 4C and D). The 
spheroids in the microwells exhibited perfectly spheri-
cal aggregation (Fig. 4D) with a diameter and size of 
218 ± 10.1 μm and 5.4 ± 0.69 × 106 μm3, respectively. The 
experiments were done three times, and data are shown 
as the mean ± SD.

Survival of HepG2 Spheroids in the TASCL Device

HepG2 spheroids were stained with calcein AM and 
EthD-1 to discriminate between live and dead cells. Calcein 
AM-positive green fluorescence in the live cells and EthD-
1-positive red fluorescence in the dead cells were observed 
using a fluorescence microscope. HepG2 cells at density of 
4 × 104, 2 × 105, and 4 × 105 cells/TASCL were seeded onto 
the TASCL device and then cultured for 2 days (Fig. 5Aa, 
b, and c; phase contrast). Most cells observed in the HepG2 
spheroids were viable (Fig. 5Ad, e, and f), although some 
dead cells were found (Fig. 5Ag, h, and i).

We also measured the cell viability using a trypan 
blue exclusion assay under the conditions used for the 
experiments shown in Figure 5A. The cell viability of the 
HepG2 spheroids at density of 4 × 104, 2 × 105, and 4 × 105 
cells/TASCL was approximately 95%, 92%, and 89% 
(Fig. 5B) (p < 0.05 4 × 104 compared with 4 × 105 cells/
TASCL), respectively, at 2 days after inoculation.

Liver Function of HepG2 Spheroids 
in the TASCL Device

HepG2 cells at density of 4 × 104, 2 × 105, and 4 × 105 
cells/TASCL were seeded onto the TASCL device and 

Figure 4.  Scanning electron microscope (SEM) images of the HepG2 spheroids in the TASCL device. HepG2 cells at a density of 
4 × 105 were inoculated on the TASCL device for 2 days. (A, B) Phase-contrast photographs of the HepG2 spheroids observed from the 
microwell in a TASCL device. (C) SEM image observed of the microwell in a TASCL device. (D) SEM image of HepG2 spheroids 
(artificial red color) observed within the microwell of a TASCL device. The spheroids in the microwells exhibited perfectly spherical 
aggregation with a diameter and size of 218 ± 10.1 μm and 5.4 ± 0.69 × 106 μm3, respectively. Data are shown as the mean ± standard 
deviation for triplicate experiments.
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then cultured for up to 4 days (Fig. 6). In order to examine 
the liver function of the HepG2 spheroids in the TASCL 
device, we also evaluated the amount of albumin secre-
tion in the medium over 24 h on days 2 and 4 of culture. 
The albumin secretion activity of the HepG2 spheroids at 
density of 4 × 104, 2 × 105, and 4 × 105 cells/TASCL on day 
2 increased in a cell number-dependent manner (Fig. 6A) 
(p < 0.01 4 × 104 compared with 4 × 105 cells/TASCL). In 

the time-dependent change of culture, the activities on 
day 4 were almost the same (Fig. 6B).

DISCUSSION

Liver cells are already being used successfully in cell 
transplantation with therapeutic approaches (7). In the past 
few decades, liver cells have been used for cell therapy in 
regenerative medicine (7,20,21) and drug toxicity screening 

Figure 5.  The live/dead cells and single cell viability in the HepG2 spheroids created using the TASCL device. (A) HepG2 cells at a 
density of 4 × 104, 2 × 105, and 4 × 105 cells were inoculated on the TASCL device for 2 days (phase contrast; a, b, and c). HepG2 spher-
oids were stained with calcein AM and EthD-1 to visualize live and dead cells. Calcein acetoxymethyl ester (calcein AM)-positive 
green fluorescence (d, e, and f) in live cells and ethidium homodimer-1 (EthD-1)-positive red fluorescence (g, h, and i) in dead cells 
were observed with a fluorescence microscope. (B) After trypsin treatment, single cell survival was measured using a trypan blue 
exclusion assay. Data are shown as the mean ± standard deviation of triplicate values. *p < 0.05.
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tests for drug discovery (3,8). Cytotoxicity evaluation 
methods using drug discovery tests have changed from 2D 
culture methods to 3D culture methods. In comparison with 
2D culture, 3D culture has an advantage that the cells can 
maintain their function for a long period (3,4,14,22). In the 
present study, we developed a toxicity evaluation system 
for assessing liver cells by utilizing the 3D culture method. 
Using HepG2 cells as a liver cell line, HepG2 spheroids 
partially formed on the TASCL device and mimicked the 
function and intrinsic morphology of liver tissue.

In our previous report (16), the creation of 3D hepa-
tocyte constructs was performed with a combinatorial 
TASCL device [overall size of 10 mm × 10 mm, contain-
ing microwells with a top aperture (400 μm × 400 μm, 
600 μm × 600 μm, 800 μm × 800 μm) and bottom aperture 
(40 μm × 40 μm, 80 μm × 80 μm, 160 μm × 160 μm) per 
microwell]. It was possible to create 3D hepatocyte con-
structs of various sizes in a single seeding by changing the 
upper and lower portions of the microwells of the TASCL 
device. On the other hand, in this report, we succeeded in 
constructing uniform-sized HepG2 spheroids by align-
ing the upper and lower portions of the microwells in a 
TASCL device [overall size of 10 mm × 10 mm, contain-
ing microwells with the top aperture (500 μm × 500 μm) 
and bottom aperture (300 μm diameter circular) per micro
well] (Fig.  1). Additionally, in our previous report (16), 
the resulting liver constructs exhibited various cell mor-
phologies when various culture substrates were used in the 
bottom portion of the TASCL device. In the present study,  
we achieved the establishment of a HepG2 cell suspension 
culture in each microwell of the TASCL device using a 
nonadhesive cell culture plate as the bottom portion.

Thus far, several studies have been reported on the 
formation of liver spheroids using 3D culture devices 

(3,4,6,11,16–19,22–24,30–32). In this report, it was initially 
confirmed that the cells can form HepG2 spheroids with dif-
ferent sizes using a TASCL device under various cell seeding 
density conditions (Figs. 2 and 3). As the cell seeding den-
sity increased, the size of the resulting HepG2 spheroids in 
each microwell increased. Compared with culture substrates 
used previously, the present TASCL device is a 3D culture 
device that can create a large number of HepG2 spheroids at 
the same time using a simple operation. However, there have 
so far been few reports of such 3D culture devices.

The SEM images of the resulting HepG2 spheroids 
were nearly spherical aggregates (Fig. 4D). In addi-
tion to the number of cells seeded in each microwell, it 
was possible to create HepG2 spheroids with a nearly 
spherical structure by changing the sizes of the upper 
and lower portions of the TASCL device. In this experi-
ment, microwells with the same size were used to align 
the culture conditions in the TASCL device. It is essential 
to design the TASCL device in accordance with the cell 
number per microwell.

HepG2 spheroids in the TASCL device were cultured 
for 2 days and stained with calcein AM and EthD-1 to 
visualize live and dead cells under a fluorescence micro-
scope (Fig. 5). Most cells of the HepG2 spheroids were 
viable; however, some dead cells were found. As the size 
of the HepG2 spheroids increased, the cell viability was 
found to be decreased (p < 0.05 vs. 4 × 104 compared with 
4 × 105 cells/TASCL) (Fig. 5B). The level of albumin pro-
duction of HepG2 spheroids was measured for 2 and 4 
days of culture (Fig. 6). The albumin activity was found 
to increase with an increase in the size of the HepG2 
spheroids (p < 0.01 4 × 104 compared with 4 × 105 cells/
TASCL) (Fig. 6A). These results suggest that the liver 
function can be evaluated using the TASCL device.

Figure 6.  Albumin secretion in the HepG2 spheroids created using the TASCL device. HepG2 cells at density of 4 × 104, 2 × 105, and 
4 × 105 cells/TASCL were seeded onto the TASCL device and then cultured for 4 days. The amount of albumin secretion in the medium 
was measured by ELISA after 24 h of accumulation on day 2 (A) and day 4 (B) of culture. Data are shown as the mean ± standard 
deviation for triplicate experiments. *p < 0.01.
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In a previous report (16), by changing the size of the 
microwells in the TASCL device, the device was utilized 
as a screening tool for creating cell aggregates with differ-
ent sizes. In the present report, by an adjusted, standard-
ized size of microwells of the TASCL device, uniform 
HepG2 spheroids were created, and the device facilitated 
more precise measurements of the liver function per 
HepG2 spheroid. Our TASCL device will be useful as a 
toxicity evaluation system for drug testing.
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