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INTRODUCTION: Controlling the cell adhesion 

mechanism over the materials surface is a real 

challenge in biotechnological processes. 

Immobilization of cells on surfaces can be strongly 

affected by several properties of a substrate, 

including surface topography and charge density.  

Here, we simultaneously assessed the influence of 

the pH of polyelectrolyte solutions on the 

physicochemical properties of multilayered 
hyaluronan(HA)/chitosan(CHI) films by Atomic 

Force Microscope Infrared-spectroscopy (AFM-

IR) and their ability to bind tumor cells. These 

functional coatings assembled by Layer-by-layer 

technique explore CD44-hyaluronate interactions 

to improve the capture of tumor cells (PC3 line). 

 
METHODS: Films were assembled onto gold and 

glass substrates, by sequentially dipping the 

substrates in each respective polyelectrolyte 

solution (CHI or HA) for 10 min followed by three 

rinse steps for 1min each. The (HA/CHI) coatings 

containing 3.5 or 20.5 bilayers were characterized 

by AFM-IR. Capture of tumor cells over the film 

surface was evaluated after 1h of agitation and 

incubation steps for all (HAX/CHIX)y films in cell 

media, where X refers to the pH of the polymer 

solutions, and y is the number of bilayers 

deposited. 

 

RESULTS: Films prepared at pH 5.0 presented 

the highest cell adhesion potential (Fig.1A), the 

most regular surface in terms of roughness (Fig.1 

C and D) and lower availability of uncomplexed 

carboxyl groups according to IR profile (Fig.1B). 

We believe that all results are a direct consequence 

of the charge density and conformation that HA 

and CHI chains assume with pH variation. CHI 

chains are fairly charged in the pH range studied, 

while the HA molecules are partially charged at pH 

3.0 but fully charged at pH 5.01. Under a high 

charge density, the polyelectrolyte chains assume a 

stiff conformation1, promoting the formation of 

smother films at pH 5.0. The bands at 1730 and 

1650 cm-1in Fig.1B are assigned to the COO- and 

COOH groups, respectively. The increase of the 

band at 1650 cm-1 in (HA5/CHI5) films suggests a 

more pronounced charge compensation between 

the fully charged carboxyl groups from the HA and 

amino groups from CHI for the multilayers films. 

Cell adhesion results show a trend: increasing the 

pH of the polyelectrolytes increases the cell-film 

interaction. 

 

Fig. 1: (A) Capture potential of tumor cells (PC3) 
on (HAX/CHIX)3.5 films; (B) Nano-IR spectra 

of (HAX/CHIX)20.5 films and gold substrate; AFM 

topography images for (C) (HA3/CHI3)3.5  and (D) 

(HA5/CHI5))3.5, where the root-mean-squared 

(RMS) roughness values for these films are 11 and 
3 nm, respectively. 

 

DISCUSSION & CONCLUSIONS: Cell 

adhesion assays suggest that limited 

hyaluronate availability induces cell-film 

adhesion, whereas more irregular and rougher 

surfaces inhibit this process. These findings 

indicate that surface chemistry and 

morphology are critical factors for the 

development of new biomaterials designed for 

selective cell capture. 
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