
124 SCAFFOLDS: AN ATTRACTIVE
CONCEPT TOWARDS TISSUE
REGENERATION

MIEKE VANDENHAUTE1, ELIEN GEVAERT2, RIA CORNELISSEN2, 
CATHÉRINE VERFAILLIE3 AND PETER DUBRUEL1*

1POLYMER CHEMISTRY AND BIOMATERIALS RESEARCH GROUP, 

GHENT UNIVERSITY, KRIJGSLAAN 281 (S4), B-9000 GHENT,
2DEPARTMENT BASIC MEDICAL SCIENCES,

FACULTY OF MEDICINE, GHENT UNIVERSITY, BELGIUM,
3INTERDEPARTMENTAL STEM CELL INSTITUTE,

KULEUVEN, BELGIUM.

MAILTO: PETER.DUBRUEL@UGENT.BE 

[Engineering of Biomaterials, 116-117, (2012), 124-125]

Introduction

The maintenance of functional cells in vitro and in vivo is 

an important topic of investigation [1]. In the presentwork, 

hydrogels composed of Pluronic® F127 derivatives (PEO-

PPO-PEO) are investigated as possible HepG2cell matrices 

to assess their applicability for tissue engineering purposes. 

To enable the production of complexthree-dimensional and 

fully interconnected scaffolds starting from CAD data, the Bi-

oplotter™ technology has been applied. In the present work, 

recent developments are presented on the fabrication of cov-

alentlycrosslinked 3D scaffolds using two strategies includ-

ing UV-photopolymerisation and a biosynthetic enzymatic

pathway.

Materials and methods

Polymerizable Pluronic® F127 derivtives were ob-

tained via the modification

of the terminal hydrooxyl

functionalities [2]. For the

synthesis of UV-photopo-

l ymer i zab le  P lu ron i c® 

F127-UV1 and F127-UV2,

methacryloyl chloride was

applied, introducing photo-

crosslinkable methacrylate

end-groups with (F127-UV2)

and without (F127-UV1) a

spacer. For the bio-inspired

enzymatic pathway, dedi-

cated end-groups were

i n t r oduced .  Th i s  ena -

bled a biosynthetic reac-

tion, resulting in crosslink-

i n g  o f  t h e  P l u r o n i c ®  d e r i v a t i v e s  ( F 1 2 7 - E 1

and F127-E2). The derivatives developed have been 

characterized using 1H-NMR and FTIR spectroscopy.

Aqueous solutions have been prepared and hydrogel 

sheets were developed using UV-curing (in the presence of

2 mol% Irgacure® 2959 as photoinitiator) or enzy-

matic crosslinking. The hydrogels developed were

characterized for their sol/gel fractions, temperature-de-

pendent swelling properties, degradation and mechanical

properties. For the fabrication of 3D polymer scaffolds, 

30% (w/w) aqueous solutions were applied. The 3D

construction of the scaffolds occurred in a laminar fash-

ion by a computer-controlled deposition of the material

[3]. After the plotting step, the crosslinking of the end-

groups was performed as indicated above. The scaffolds

developed were characterized using optical microscopy 

and SEM. The hydrogels were applied as encapsulation

matr ices for  HepG2 ce l ls .  Cel l  v iab i l i ty  s tud-

ies were performed using Calcein AM/PI staining.

Results and discussion

The FTIR and 1H-NMR spectra indicated that the Pluron-

ic® derivatives were successfully synthesized, showing

a high degree of substitution (>90%) as required for both 

the photo-polymerization as well as for the enzymatic

crosslinking. Interestingly, enzymatic crosslinking results in 

a shorter gelation time compared to the photocrosslinking,

even at lower Pluronic® concentrations. The hy-

drogels developed were characterized in depth and

were suitable to be applied as starting materials to fab-

ricate 3D scaffolds using the Bioplotting™ process (see

FIG.1). Preliminary biocompatibility and cell viabil-

ity studies using HepG2 (see FIG.2) indicated that the

functionalization strategy elaborated and applied showed

a signiÞ cant effect on the cell viability of HepG2 cells.

FIG. 1. 3D scaffolds based on Pluronic® F127-UV1, fabricated by the Bioplotting™ process (left: Bioplotter, ri-
ght: hydrated samples with respectively 20 and 15 layers).

FIG. 2. Preliminary cell viability test of HepG2 cells encapsulated in F127-UV2 (left)
and F127-E1 (right), using a Calcein AM/Propidium Iodide staining.



125Conclusions

The results indicate that 3D scaffolds can be success-

fully developed starting from various Pluronic® F127

derivatives and by applying different crosslinking strate-

gies. At present, the potential of the scaffolds developed

to function as cell carriers is further evaluated (gene ex-

pression studies,…). The results will be presented at the

meeting. Future work will focus on the Þ ne-tuning of the 

degradation behaviour and biocompatibility as well as

on the 3D Bioplotting of hydrogels containing encapsulated cells.
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Introduction

Mankind has always been confronted with failing tis-

sues and organs. As a consequence, medicine has tried to

offer solutions for conditions which might, in some cases, 

be life threatening. Throughout the years, nature-inspired

biomaterials have been one of the approaches which have

been deemed useful. 

In our laboratories at Ghent University, we have initiated

in 2006 a large research platform in which gelatin and its

derivatives are screened for a large variety of biomate-

rial applications. In collaboration with various national and

international research groups, we have been developing

and studying porous gelatin or gelatin-coated scaffolds as

cell carriers.

Results and discussion

Due to the solubility of gelatin at physiological conditions, 

a strategy has been elaborated to chemically functionalize 

part of the gelatin amino acids with cross-linkable groups

enabling permanent cross-linking (FIGURE 1).

While the Þ rst generation scaffolds were developed using 

a cryogenic treatment of permanently cross-linked gelatin-

methacrylamide, technological capabilities have signiÞ cantly 

evolved. This has among other resulted in the development

of perfectly interconnecting scaffolds using the Bioscaffolder 

technology. Starting from a scan of a part of the human body, 
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FIG. 2. From left to right: Cryogenic Unit (CU), gelatin scaffold produced using 
CU, Bioplotter Unit (BU), gelatin scaffold produced using BU.

FIG. 1. Chemical modiÞ cation of gelatin amine functions using methacrylic
anhydride leading to a permanently cross-linkable gelatin derivative.


