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Extracellular Matrix-like Cell-Adhesive Hydrogels three-dimensional environment similar to soft tissues with a high
from RGD-Containing Poly(ethylene glycol) water content, which allows diffusion of nutrients and cellular
Diacrylate waste through the elastic netwdtkAnother advantage of

photogenerated PEG hydrogels over natural physical gels such
as alginate is that their material properties can be more easily
adjusted to fit the desired application.

It is well-known that PEG hydrogels do not facilitate the
adhesion of cells due to their bioinert and nonadhesive néture.

Junmin Zhu,T Jeffrey A. Beamish] Chad Tang,
Kandice Kottke-Marchant,® and Roger E. Marchant* T+

Department of Biomedical Engineering, Case Western
Resere University, Cleeland, Ohio 44106; Department of

Macromolecular Science, Case Western Reséiniversity, They alone cannot provide an ideal environment for culturing
Cleveland, Ohio 44106; and Department of Clinical anchorage-dependent cells, such as endothelial cells (ECs),
Pathology, Cleeland Clinic Foundation, 9500 Euclid smooth muscle cells (SMCs), fibroblasts, or osteoblasts. To
Avenue, Cleeland, Ohio 44195 facilitate cell adhesion, Hern and Hubbell reported the use of

monoacrylated RGD peptide with and without a PEG spacer,
copolymerized with PEGDA to make biospecifice PEG hydro-
gels? This method has been extensively studied and has been
o shown to stimulate cell adhesion, spreading, and growth on the
Hydrogels produced by photopolymerization have recently gthenyise nonadhesive surfaces of PEG hydrd§ék-owever,
attracted significant interest as scaffolds for repairing and tpe extent of incorporation of the monoacrylated peptides by
regenerating a wide variety of tissues, such as cartilage, boneqpolymerization with PEGDA is limited by concentration of
and vasculaturé Photopolymerization allows the hydrogel to either component and never exceeded that of the PEGDA
be generated in vitro or in vivo from a low-viscosity solution  hrecyrsor for the concentrations studfeEGDA polymerizes
of monomers or macromers in a minimally invasive marfer. - peer than monoacrylated peptide because PEGDA macromer
The most important photopolymerizable hydrogels are poly- s acrylated at two sites. As a result, increasing incorporation

(ethylene glycol) (PEG) hydrogels, which have been extensively ¢ nyonaacrylated peptides affects the mechanic properties and
investigated as scaffolds for tissue engineering due to their o swelling ratio of the hydrogel8.

biocompatibility and low toxicity? Several types of PEG

macromers, such as PEG diacrylate (PEGDA), PEG dimeth- 10 address this problem, we report a novel strategy to
acrylate (PEGDM), star PEG multiple acrylate, and related synthesize a PEGDA macromer with a cell-adhesive peptide

biodegradable macromers like PEG-lactide diacrylate and pro- l9a2nd. A hexapeptide, GRGDSP, with specific binding to the
teolytically degradable PEG diacrylates, have been used as thdNt€grin receptors expressed on the surface of a variety of cell
precursors to form cross-linked PEG hydrogels in the presencelyPeS, is used as the peptide sequence for the bioactive
of UV light and a photoinitiatof¢ PEG hydrogels have modlflcatlgn of PE_GDA. This macromer with RGD peptide
desirable mechanic properties and provide a highly swollen atached in the middle of the PEG chain (denoted as RGD-
PEGDA, 3), as shown in Scheme 1, combines the photopolym-
erization ability of PEGDA and the bioactivity of RGD peptides.

Receied October 31, 2005
Revised Manuscript Receéd December 27, 2005

T Department of Biomedical Engineering, Case Western Reserve Uni-

versity. In contrast to hydrogels prepared from the copolymerization of
¥ Department of Macromolecular Science, Case Western Reserve Uni- PEGDA and the monoacrylated RGD peptides, this RGD-
versity. PEGDA macromer can be polymerized or copolymerized with

§ Cleveland Clinic Foundation. . .
* Corresponding author: Tel 216-368-3005; Fax 216-368-4969; e-mail Other PEGDA macromers to form ECM-like cell-adhesive PEG

rxm4@case.edu. hydrogels with better distribution of RGD peptides and higher

10.1021/ma052333s CCC: $33.50 © 2006 American Chemical Society

Published on Web 01/24/2006
ublished on We CDV



1306 Communications to the Editor

Scheme 1. Synthesis of RGD-PEGDA
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peptide incorporation without affecting the hydrogel physical
properties.

Scheme 1 shows the synthetic reactions leading to the

formation of RGD-PEGDAJ). To attach the RGD peptide in

the middle of PEG chain, the RGD-containing hexapeptide,
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generate Dap-GRGDSR)(with two free amine groups at the
N-terminus!? followed by reacting with acryloyl-PEG-NHS
(Acr-PEG-NHS,2) (M,, 3400) to generate the final produgt
Dap-GRGDSP was synthesized using Fmoc chemistry by solid-
phase peptide synthesis (SPPS) on a PAL resin, cleaved by
Reagent K, and purified by reverse-phase HPEEs structure

was confirmed by MALDI-TOF MS analysis with a peak at
m/z = 673.65 for [M+ H]™ (calculated mass 673.7) and a peak
atnmv/z= 695.93 for [M+ NaJ" (calculated mass 695.7) (Figure
la).

RGD-PEGDA was synthesized by reacting Dap-GRGDSP
with a double amount of Acr-PEG-NHS in 50 mM sodium
bicarbonate buffer (pH 8.2) for 24 h at room temperatiie
and purified by dialysis through a membrane wWlly cutoff of
5000. The MALDI-TOF MS of RGD-PEGDA (Figure 1b)
shows a unique distribution with a repeatiiy, difference of
44, which corresponds to one PEG repeating unit. The maximum
peak at 7435.27 corresponds to the structui® wthich resulted
from the conjugation ©2 M Acr-PEG-NHS ad 1 M RGD
peptide. A control macromer with the same PEGDA backbone
as3 was synthesized by reacting ethylenediamine (EDA) with
Acr-PEG-NHS in methylene chloride to produce EDA-contain-
ing PEGDA (denoted as EDA-PEGDA).

Hydrogels were fabricated in the form of thin disks (diameter
10 mm, thickness 1 mm) with 20% (w/v) of macromers and
0.05% (w/v) of Irgacure 2959 photoinitiatdin PBS under UV

GRGDSP, was capped with diaminopropionic acid (Dap) to irradiation (365 nm, 23 mW/cn¥) for 10 min. The swelling
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Figure 1. MALDI-TOS MS spectra of (a) Dap-GRGDSP and (b) RGD-PEGDA.

PEGDA hydrogels 24 h after seeding SMCs.

Figure 2. Photomicrographs of SMCs cultured on the surfaces of hydrogels formed from 20% (w/v) macromers in PBS: (a) EDA-PEGDA hydrogels
2 h after seeding SMCs; (b) EDA-PEGDA hydrogels 24 h after seeding SMCs; (c) RGD-PEGDA hgd2ogelfter seeding SMCs; (d) RGD-
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Table 1. Properties of Hydrogels Prepared from 20% (w/v) thank Coby Larsen for the assistance with cell culturing and
Macromers the facilities provided by Center for Cardiovascular Biomaterials.
hydrogel My q M (g/mol) &R
RGD-PEGDA 7435 14202 2257+ 30 75.8+ 0.2 Supporting Information Available: Details of Experimental
EDA-PEGDA 6883 14.1 0.3 20264 42 70.7+- 1.3 Section. This material is available free of charge via the Internet at
PEGDA6GK 6303 13.6:0.2 1791+ 26 64.7+ 0.8 http://pubs.acs.org.
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