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Abstract 

 
 The principal aim of this study is to develop and 

characterize ultra-thin physically adsorbed 
thermoresponsive films and to investigate their 
suitability as regenerative cell culture substrates. 
Physical adsorption is an operationally simple coating 
technique that is routinely used to coat surfaces for cell 
culture practices. Studies have shown that ‘thick’ (μm 
thick) pNIPAm films are unsuitable as cell culture 
substrates as cells resist attaching to these surfaces and 
therefore ultra-thin (nm thick) polymer films have 
become very prevalent in this area.1  
 
1. Introduction 
 

Poly-N-(isopropylacrylamide) (pNIPAm) polymer 
films have been used for the enzyme-free detachment of 
cells and cell sheets since the early 1990s. Above a 
transition temperature known as the lower critical 
solution temperature (LCST) pNIPAm films exist in a 
condensed, hydrophobic state which is conducive to cell 
adhesion and subsequent proliferation. Once the desired 
level of cell growth is achieved the cells can be 
detached either as individual cells or as a cell sheet, 
simply by lowering the temperature below the 
polymer’s LCST. Four polymers were used in this 
study; (1) commercially sourced pNIPAm, (2) NIPAm-
co-N-tertbutylacrylamide (NtBAm), (3) NIPAm-co-
acrylamidobenzophenone (AcBzPh) and (4) NIPAm-
co-NtBAm-co-AcBzPh. These were chosen due to their 
unique advantages: (1) polymerization circumvention, 
(2 and 4) relative hydrophobicity which is known to 
encourage cell adhesion or (3 and 4) crosslinking 
capability which guarantees the film is grafted, 
desirable in-terms of avoiding polymer chains mixing 
with the cells. 
 
2. Experimental 
 

 The physically adsorbed films were characterized 
using atomic force microscopy (AFM) (roughness and 
thickness), x-ray photoelectron spectroscopy (XPS) 
(percentage composition), and advancing contact angle 
(surface wettability). Human pulmonary microvascular 

endothelial cells (HPMEC) were seeded on the prepared 
films and cell viability was assessed qualitatively using 
light microscopy and quantitatively using cell viability 
assays. Scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) were used to 
investigate the surface of the cell sheets and cellular 
junctions respectively. Fluorescence microscopy was 
used to assess the re-adhesion capability of HPMEC 
sheets that had been detached from thermoresponsive 
polymers films and reseeded.     
 
3. Results and Discussion  
 

Successful adsorption of the thermoresponsive 
coatings was confirmed using XPS. It was found that 
cell proliferation and viability are optimal on surfaces 
produced below the polymer’s LCST with contact 
angles in the range of 77o-79o, roughness of 4.5 - 15.6 
nm and thickness of 10.8 – 15.9 nm. Cell detachment 
was achieved by lowering the temperature below the 
particular polymer’s LCST. Detachment times ranged 
from 20 minutes for polymer (1) to 3.5 hours for 
polymer (4). TEM and SEM analysis confirmed that 
HPMEC grown on the thermoresponsive coatings are 
comparable to HPMEC grown on the controls. 
Fluorescence microscopy proved that cell sheet re-
adhesion was possible for polymer surfaces produced 
below the LCST for polymers 2-4. 
 
4. Conclusions 
 

The results outlined show that the simple and 
accessible physical adsorption method can be 
successfully employed to produce pNIPAm-based films 
capable of hosting and detaching cells and cell sheets 
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