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Statement of Purpose: In vitro biomaterial microenvi-
ronments are used as platforms to enable research in
many areas in which identification of subpopulations
within heterogeneous cell populations are of great im-
portance, including cancer cell biology, developmental
biology, and mechanobiology*?®. Moreover, the recent
emphasis on designing programmable and dynamic bio-
material microenvironments has added to the need for
methods of identifying cell subpopulations in both space
and time**®. To ensure that biomaterial platforms contin-
ue to drive advances in these and other areas, the goal of
the present study was to develop a non-destructive, non-
invasive, microscopy-based method for identifying cell
subpopulations that demonstrate distinct motility behavior
when interacting with each other and with biomaterial mi-
croenvironments. The approach was to perform neural
network clustering of motility metrics derived from auto-
mated cell tracking data.

Methods: Neural network clustering was applied to mo-
tility metrics output from a recently developed automated
cell-tracking algorithm, termed ACTIVE (Automated
Contour-based Tracking for In Vitro Environments)’. The
MATLAB “Neural Network Clustering” module was used
to implement neural-network-based clustering and identi-
fication of cell subpopulations. To test the approach, the
method was applied to a dataset in which motility metrics
from two distinct populations were combined to produce a
single, heterogeneous population in which every cell was
derived from one of two known populations. To generate
the two populations, ACTIVE was used to analyze cell
motility on two substrates: a substrate comprising aligned
sub-micron scale wrinkles and flat tissue culture polysty-
rene (TCPS)®. On both substrates, C3H10T1/2 cells were
seeded at 20,000 cells per cm?, stained with Hoechst dye,
and imaged for 24 hours. The neural network was trained
using the following motility metrics from ACTIVE: 1) av-
erage major cell axis, 2) average minor cell axis, 3) aver-
age cell area, 4) average velocity in the x direction, 5) av-
erage velocity in the y direction, 6) average large eigen-
value component of the gyration tensor, 7) average small
eigenvalue component of the gyration tensor, and 8) aver-
age asphericity.

Results: Following training of the neural network, reclas-
sification of the cell data within the network revealed two
distinct cell subpopulations corresponding to the cells that
had been cultured on the two different substrate topogra-
phies. Heat maps, which display the trained weights for
each individual cell feature (Figure 1) indicate that the
two cell populations are predominantly influenced by the
following metrics in no particular order: average major
cell axis (1), average minor cell axis (2), average cell area
(3), average large eigenvalue component of the gyration
tensor (6), and average small eigenvalue component of
the gyration tensor (7). The relative importance of these

particular metrics suggests distinct nuclear morphology
and track shape between the two substrate environments.
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Figure 1: Heat map displaying clustering characteristics
for each cell feature. Values for each feature were re-

scaled to reflect a [-1,1] range from black to red, respec-
tively. Input numbers as defined in the text.
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Flgure 2 The |dent|f|cat|on of subpopulatlons Wlthln the
heterogeneous population. A) Hit map where each cell is
associated with its best matching node within the net-
work. By isolating the B) wrinkled and C) TCPS data,
clustering of distinct subpopulations is confirmed.

Each cell was matched to its corresponding node in the
network most closely associated with its scaled features
(Figure 2A). The resulting clusters (left/right clusters ap-
parent in Figure 2A) were validated as distinct subpopula-
tions by producing independent hit maps for the wrinkled
and TCPS data sets (Figure 2B,C). The information from
the figures above indicates that this approach is capable
not only of identifying cell subpopulations but also of de-
termining quantitative cell motility characteristics that de-
fine the subpopulations.

Conclusions: The results suggest that neural network
clustering of motility metrics derived from automated cell
tracking may provide a non-destructive, non-invasive, mi-
croscopy-based method for identifying cell subpopula-
tions. When applied in combination with biomaterial mi-
croenvironments that are available or in development, this
approach is anticipated to enable new strategies for identi-
fying and studying cell subpopulations relevant to cancer,
tissue development, and regenerative medicine.
References: [1] Irimia D. Int Biol 2009; 1: (506-12.), [2]
Aman, A. Dev biol 2010; 341: (20-33.), [3] Erickson, I.E.
Tiss Eng A. 2009; 15: (1041-52.), [4] Yim EKF. Biomat
2005; 26: (5405-13.), [5] Davis KA. Biomat 2011; 32:
(2285-93.), [6] Tseng L-F. Acta Biomat 2013; 9: (8790-
01.), [7] Baker RM, NEBEC 2013; (96-97), [8] (Yang P.
Soft Matt 2013; 9: (4705-14.)

Abstract #657
©2014 Society for Biomaterials



