
PARALLEL DISCRETE CHEMICAL STIMULATIONS OF 
MATRIX-ARRAYED NEUROSPHERES 

USING A MICROHOLE ARRAY DEVICE 
Takashi Yasuda1, Go Takase1, Kwang Young Jung1, Makoto Yamanaka1, 

Tomoko Tamura2, Kanji Yahiro2 
1Kyushu Institute of Technology, Japan, 2STEM Biomethod Corporation, Japan 

 
ABSTRACT 

We developed a microdevice for chemical stimulation of neurospheres. The device consists of 8 x 8 microwells for 
cell culture and 8 microchannels for transportation of stimulating solutions. The bottom of each well is made of a SiN 
membrane of 1 μm in thickness, and has 24 x 24 microholes of 2 μm in diameter which are used for diffusive release of 
stimulant molecules from the microchannel to the microwell. We succeeded in formation of a single neurosphere having 
average diameter of 160 μm in each well. Also, it was found that the stimulation using 20 % FBS (fetal bovine serum) 
highly enhanced the differentiation from NSCs (neural stem cells) to neurons. 
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INTRODUCTION 
A neurosphere is a highly significant biological tool for basic researches of nerve regeneration. Several researchers 

have succeeded in development of microdevices for building a large number of uniform-sized 3D multicellular 
aggregates including neurospheres [1-4]. However, multiple chemical factors cannot be analyzed simultaneously on their 
single device because it doesn’t allow a single aggregate to be stimulated individually. We present a novel technique for 
arraying multiple neurospheres, 3D multicellular aggregates of NSCs, in a matrix on a microdevice, and stimulating each 
row of neurospheres individually with a differentiation-inducing factor that is released from microhole arrays. This 
technique permits parallel discrete stimulations using several different factors on a single device, and, therefore, can be 
used for the high-content assay in differentiation induction of NSCs. 

 
METHODS 

The device consists of 8 x 8 microwells, 8 inlets, 8 air vents, and 8 microchannels (Fig. 1). The wells are arranged in a 
matrix, and each of the channels is located directly under a row of wells. The bottom of each well is made of a 
transparent thin SiN membrane, and has multiple microholes. Before starting the stimulation, a single neurosphere is 
formed in each of the wells (Fig. 2(a, b)). When solutions including differentiation-inducing factors are injected into the 
channels, the solutions flow up to the well bottoms by capillary force. Then, the factor molecules are released from the 
microholes, and delivered to the neurospheres by diffusion, which induces the cell differentiation. (Fig. 2(c)). 
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Figure 1.  Schematic of a microhole array device. Figure 2.  Procedure of neurosphere formation and 
stimulation. 
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EXPERIMENTS 
Figure 3 shows the photographs of the fabricated device. The microwells were formed by anisotropic etching of a Si 

wafer. The well bottom measuring 350 μm x 350 μm was made of a 1 μm thick SiN membrane deposited by plasma 
CVD. The 24 x 24 microholes of 2 μm in diameter were opened in the membrane of each well bottom by dry etching 
with CF4 plasma. This microwell plate was sandwiched between two plates made of PDMS (polydimethylsiloxane); one 
includes 8 channels, and the other is used to make a cell-culture chamber surrounding the microwell array. 

We carried out experiments for formation and stimulation of neurospheres on the fabricated device. First, in order to 
prevent NSCs from adhering to a SiN surface, it was coated with PEG (polyethylene glycol) molecules. Next, NSCs were 
disseminated onto the microwell array in an optimal cell density of 2300 cells/well. Within a day, NSCs aggregated and 
formed a few neurospheres in each well. Then, they merged with one another, and the total number of neurospheres on 
the device decreased with time. Eventually a single neurosphere having an average diameter of 160 μm was formed in 
each well in 5 days (Fig. 4, 5). Also, the standard deviation of neurosphere diameter was highly improved during a single 
neurosphere formation (Fig. 6). 

Next, we stimulated the neurospheres using medium containing FBS (fetal bovine serum) which is a 
differentiation-inducing factor of NSCs. After the stimulation for three days, β-tubulin III which is a microtubule element 
found almost exclusively in neurons was fluorescently stained in order to evaluate differentiation from NSCs to neurons 
(Fig. 7). Experiments using FBS of eight concentrations of 0.1 to 40 % indicated that 20 % FBS most highly enhanced 
the differentiation (Fig. 8). 

 
 

 

Figure 3.  Photographs of the mcrowell array (a), the 
microhole array (b, c), and the entire device (d). 

Figure 4.  Single neurosphere formed in each 
microwell. 

 
 

100 120 140 160 180 200 220 240 260 280

Neurosphere diameter [µm]

N
eu

ro
sp

he
re

 c
ou

nt
s [

-]

0

5

10

15

20

25

30

Time [day]

(111)
(92)

(76)
(72)

(64)

0 1 2 3 4 5

St
an

da
rd

 d
ev

ia
tio

n 
of

 
ne

ur
os

ph
er

e 
di

am
et

er
 [µ

m
]

0

10

20

30

40

50

60

70

Figures in parentheses denote the total 
number of neurospheres on the device.

 

Figure 5.  Neurosphere diameter distribution. Figure 6.  Decrease in standard deviation of 
neurosphere diameter. 
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Figure 7.  Bright-field images (a-c) and fluorescence 
images (d-f) after FBS stimulations. 

Figure 8.  Fluorescence intensity of neurospheres 
differentiated by FBS stimulation. 

 
 

CONCLUSIONS 
The fabricated device succeeded in forming a single neurosphere in each microwell and stimulating a row of 

neurospheres individually through the microholes opened in the microwell bottoms. As a result, it was found that a 
neurosphere was most rapidly differentiated by 20 % FBS stimulation. In the near future, we will evaluate differentiation 
and morphological change of neurospheres after injecting other different factors into microchannels on a single device. 
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