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Fig. 3 Microscopic view of the hydrogel groups stained with Masson'’s trichrome stain. All soft tissues inside the hydrogel were stained blue

(Masson’s trichrome; original magnification, x 40). a Hydrogel alone, b hydrogel combined with bFGF, ¢ hydrogel combined with fibroblasts, and
d hydrogel mixed with bFGF and fibroblasts
A\

Discussion of approval P]. There are many studies on HGF regard-
Many materials are now available for soft tissue augmending its biocompatibility and adverse effects. Some
tation. Autologous fat and dermal grafts have been pre-authors have reported that HGF showed little foreign
ferred, but donor site morbidity and the high resorption body reaction in human skin 36]. Other authors have
rate (up to 70%) 31 33| limit their use. Xenogenic and reported that HGF underwent minimal cell infiltration
allogenic collagen-derived dermal fillers, such as bovingn the surrounding fibrous capsules in a rat model and
collagen and human collagen, have been frequently apeonsidered HGF to be biocompatibles]. Similar results
plied in clinics and are regarded as the main commerciallywere shown in this study. The HGF implant remained
available fillers on the market34]. However, their clinical surrounded by the fibrous capsule without any interac-
use is decreasing due to the many problems arising frontions with the host tissues. There was minimal cell infil-
their non-autogenic properties, namely, the possibility of tration into the implants.
recipient hypersensitivity and the risk of infectious disease HA-based hydrogels have been used in tissue engineer-
transfer b, 39]. ing for drug delivery systems, wound healing, and tissue
Recently, HA derivatives have been introduced for softregeneration of nerves, bones, and cartilag&,[38]. How-
tissue augmentation. There are several commercial prod-ever, there have been few studies about the application of
ucts on the market, such as AcHyal (Tedec Meiji Farma,HA-based hydrogels to soft tissue augmentation. For other
Madrid, Spain), HydraFill (Allergan, Irvine, CA), Hyla- kinds of hydrogels, there have been efforts to apply hydro-
form (Genzyme, Framingham, Mass), Captique (Gen-gels as biomaterials or scaffolds for soft tissue regeneration.
zyme and Allergan), Juw#erm (Allergan), Restylane A covalently linked, heparin-containing GAG hydrogel was
(Q-Med, Uppsala, Sweden), Purogen (Mentor, Santaused for the controlled release of growth factors during soft
Barbara, CA), and Rofilan Gel (Rofil Medical Inter- tissue regeneration in vivo and showed potential as a new
national, Breda, Netherlands). Among the HA derivates,biomaterial 39). Agarose gel was evaluated in an animal
HGF (Restylane®) is the most popular because of its prianodel and considered a biocompatible product as a dermal
Food and Drug Administration approval, satisfactory filler [40]. Some hydrogel fillers are already available on the
safety margin, and recently reported the large consensusnarket. Polyacrylamide hydrogel has been approved for
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Fig. 4 Microscopic view of the hyaluronan gel filler (HGF) groups stained with HE. All groups showed no soft tissue regeneration. HGF remained
surrounded by a thin fibrous capsule (HE; original magnification, x 40). a Hyaluronan gel filler alone, b hyaluronan gel filler combined with bFGF,
¢ hyaluronan gel filler combined with fibroblasts, and d hyaluronan gel filler mixed with bFGF and fibroblasts

facial contouring in many countries under the brand name angiogenesis and wound repaid8 52]. Recently, there
Aguamid (Contura S.A., Montreux, Switzerland®l, 42. have been many efforts to apply fibroblasts and growth
Bio-Alkamid (Polymekon, Milan, Italy) has also been intro- factors to soft tissue regeneration39, 53 56]. There
duced as a polyalkylimide hydrogel fille4B, 44. HA- have been studies about the long-term corrective effects
based hydrogels were evaluated as soft tissue augmentatiaf injectable soft tissue fillers mixed with cells or growth
materials in this study. HA-based hydrogels showed highfactors b7, 58]. Autologous dermal fibroblasts mixed in
bioactivity. Hydrogel alone induced the ingrowth of fiborous HGF were used for nasal augmentation, and their clin-
tissues into the gel, demonstrating that hydrogel alone,ical efficacy was evaluated in patient§7]. In another
without cells or growth factors, could be applied for soft study, injectable alginate containing mesenchymal stem
tissue augmentation. These histological characteristics otells was studied in a rabbit model, and it was found to
HA-based hydrogels are similar to those of other kinds ofbe a useful soft tissue augmentation materi&lg]. In this
hydrogels reported in previous studies. Maler et al. showedstudy, human fibroblasts and bFGF were mixed into
that there was a significant stromal invasion into gels with hydrogel and HGF. The addition of fibroblasts improved
alginate that was gelled before injection and alginate withthe ability of the hydrogel to support the integration of
the cell adhesion tripeptide RGD (alginate-RGD) in a ratsurrounding tissue and the formation of the collagen
model [45]. Other authors demonstrated that alginate- matrix. The expression of human collagen type | was
RGD subcutaneous implants could support tissue andshown by RT-PCR in HB, HF, and HBF. It is known that
vascular ingrowth into gels in animal model€, 47]. Fer- bFGF can induce the migration of mesenchymal stem
nandez et al. investigated the biocompatibility of agarosecells and human fibroblasts28, 29]. Therefore, human
gel as a dermal filler and showed dense cellular infiltrationcollagen type | was expressed in HB in the present study,
and mature collagen bands inside agarose implants in a ravhich suggests that bFGF could induce the migration of
model [40]. human fibroblasts from neighboring implanted material
It has been reported that growth factors and cells, containing human fibroblasts (HF, HBF). HBF and HF
especially fibroblasts and bFGF, function in tissue regenshowed a statistically significant increase in the percent-
eration at various stages and play an important role inage of soft tissue formation in the hydrogel. Similar
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