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Study of evaluation methods for cell culture system using three-dimensional scaffolds

Hideyuki Sakoda®, Ryusuke Nakaoka, Atsuko Matsuoka and Toshie Tsuchiya

In tissue engineering and related studies, in vitro evaluations are often carried out by a three-
dimensional cell culture, where cells are inoculated in three-dimensional scaffolds. Cell number is one of
the most fundamental parameters in cell cultures and especially important in three-dimensional cell
cultures because cell behavior is sometimes dependent on the cell density. However, there are many
studies where cell number is not specified, probably due to the difficulty of evaluating cell number in
the three-dimensional cell culture.

In this study, we examined if existing methods to evaluate cell number established for conventional
two-dimensional cell cultures could be applied to the three-dimensional cell cultures using collagen
composite scaffolds and human articular chondrocytes as an example of the three-dimensional cell
culture. The cells were inoculated on the conventional cell culture plate or the scaffolds and the cell
number was estimated by different methods and the results were compared with each other. Firstly,
DNA quantification method was shown to be able to estimate cell numbers in either two-dimensional
or three-dimensional culture. Secondary, the results of non-destructive cell number estimation method
using alamarBlue reagent were found to be consistent with those of DNA quantification method in
either two-dimensional or three-dimensional culture. However, the results of the other non-destructive
cell number estimation method using TetraColor ONE reagent were not consistent with those of other
methods in the three-dimensional culture.

It was concluded that when applying existing evaluating methods established for the two-dimensional
cell cultures to a three-dimensional cell culture, it is important to validate them for the three-

dimensional cell culture.
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Fig. 1 Relationship between added cell numbers and estimated
cell numbers in mixtures of cells and scaffolds by DNA
quantification
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Fig. 2 Cell distribution in (a) two-dimensional culture (X 100)
and (b)-(e) three-dimensional culture (x40)
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Fig. 3 Distribution of red fluorescence (dead cell marker) in (a)
two-dimensional culture, (b) three-dimensional culture and (c)
scaffold only (%100)
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Fig. 5 Cell proliferation in 2D-culture (added cell numbers: 1, 2,
4,8%10"*) and 3 D-culture (n = 34).
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