Image-based analysis of cell-biomaterial interactions:
from image to quantitative representation
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Introduction

The development of new-generation microscopic technology offers a powerful tool to probe cell-
microenvironment interactions [1]. Of note, live-cell imaging with high-throughput capacity has been
proven advantageous to study the dynamic and complex process of cell-microenvironment crosstalk
12]. Yet, one remaining bottleneck is the lack of an automatic and efficient image processing and
analysis pipeline to process such a large volume of imaging data in a high-throughput fashion and to
extract hidden information effectively [3]. Here, we explore the possibility of using image-based
analyzing methods to identify informative groupings. Cellular behaviors were modified using an
artificial extracellular microenvironment, polymeric biomaterials, through surface modification in @
controllable manner. The cell-biomaterial interaction was detected using fluorescence microscopy.
Then, pipelines for image-based quantitation were created and tested for analyzing the
morphological changes within cells in response to the alterations in their extracellular environments.

Results

The PDA modification was achieved through the polymerization of DA in Tris-HCI buffer (pH = 8.5,
Figure A). The resulting PDA layer was obtained at either the L/S interface (PDA coating) or the A/L
interface (PDA film) as shown in Figure B. After transfer to the dioxide thermal oxide silicon (si/sio,)
wafer, the thickness of the PDA coating (Figure C) and the PDA film (Figure D) was determined by the
scratch method using AFM. Within the same reaction time, the thickness of the PDA film (101.07 + 0.83
nm) formed at the A/L interface was ~ 4 times thicker than the PDA coating (17.96 + 0.10 nm) formed at
the L/S interface (Figure 1E).
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Morphological changes in cells that interacted with different biomaterial surfaces were detected and
visualized through immunostaining. There were remarkable changes in the entire cells as well as
intracellular compartments such as the nuclei. Detailed parameters depicted morphological changes
was extracted and presented using computer vision.
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Conclusion

Here, we applied the PDA-lbased material as a basement membrane mimic for the study of cell-BM
interactions in vitro. Compared to the PDA coating that formed at the L/S interface, the PDA film
assembled at the A/L interface was able to induce remarkable deformation in cellular morphology.
Particularly, with the development of high-resolution and high-throughput microscopic platforms, the
application of computer vision offers a great opportunity to probe the cellular complexity and
visualize the structural and functional heterogeneity of cells at multiscale, such as identifying more
efficient parameters to quantify the morphological changes of cells. Together, through surface
modification, cellular behaviors can be regulated in a controlled manner; of which the surface
properties induced changes in cell morphology were recorded and processed by computer vision,
which extracts numerical features from cells to help understand the cellular response to signals in
their extracellular environment.

Methods and Materials

PDA-functionalized substrates were acquired at either the liquid/solid (L/S) or the air/liquid (A/L)
interface. Briefly, dopamine hydrochloride was used to prepare a 2.0 mg/mL solution in a sterile 50
MM Tris-HCI buffer at pH 8.5, which immediately starts the oxidative self-polymerization. To form the
PDA coating, substrates were immersed in the solution at the beginning of the reaction and lasted for
24 h. To functionalize the substrates with PDA film, the Langmuir Transfer technique was applied at the
A/L interface 24 h after the polymerization reaction started. The PDA-modified surface was next
characterized by measuring its topography and hydrophilicity. To study the response of cells to the
PDA-modified biosurface, human kereatinocytes, HaCaT cells, were cultured on the PDA-modified
surface. Cellular responses were evaluated using Immunofluorescence staining. More than 1500
images were collected by confocal microscopy. The morphological changes in cell nuclei were
analyzed using Open CV. Then representative images were selected for illustration.
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