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Summary Compared to pure hyaluronic acid filler, cross-linked hyaluronic acid (HAc) exhibits 
superior biocompatibility and longevity as a dermal filler. We previously developed compos- 
ite HAc-hydroxyapatite (HAp) fillers. Herein, we systematically compared the protein-level in- 
crease and gene expression between HAc-micro-HAp and HAc-nano-HAp in mice and determined 
the mechanisms underlying the biological responses to HAc and HAp. 
Five-week-old female BALB/c-nude mice were classified into five groups: normal skin, Radiesse, 
Restylane, HAc-nano-HAp, and HAc-micro-HAp. Fillers (200 μl) were injected to evenly fill the 
back of mice. Skin biopsies were performed to investigate collagen and elastic fiber synthesis 
after filler injections. Western blot analysis, real-time polymerase chain reaction analysis, and 
immunohistochemistry were performed to investigate protein and gene expression changes. Or- 
gan (liver, lung, spleen, and kidney) toxicity of HAc-nano-HAp was determined by hematoxylin 
and eosin staining after 12 weeks. Protein and gene expression analyses indicated that, com- 
pared with pure fillers, HAc-nano-HAp and HAc-micro-HAp hydrogels preferentially promoted 
collagen and elastic fiber formation through the TGF- β pathway. The composite fillers also 
exhibited no evidence of organ toxicity. 
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HAc–HAp filler might play an important role in collagen and elastic fiber regeneration. HAc filler 
stimulates collagen type 1 and elastic fiber synthesis through the TGF- β/Smad pathway. The 
role of HAc–HAp composite fillers in photoaging in animal models and their effects on skin, 
including elasticity and tensile strength, should be investigated. 
© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Skin aging and laxity are associated with dermal matrix al-
terations such as decreases in collagen levels and elastic
fibers and atrophy. 1–3 However, in the past decade, consid-
erable advances have been made in the field of esthetic
medicine with regard to the use of dermal fillers to improve
skin defects. 2–5 

The most commonly used material for dermal filler is
hyaluronic acid (HAc). 6 HAc filler exhibits superior bioactiv-
ity and biocompatibility properties to other fillers. 7 Cross-
linked HAc filler stimulates fibroblasts to produce collagen
fiber through the TGF- β/Smad pathway, 1,3,8 although the
precise pathway is debatable. In the dermal microenviron-
ment, collagen stimulation is associated with enhanced ex-
pression of type II TGF- β receptor, the major regulator of
type I procollagen synthesis in human skin. 8–10 HAc facili-
tates interaction between CD44 and EGFR, thus promoting
MAPK/ERK phosphorylation and inducing TGF- β1-dependent
fibroblast proliferation. 11 HAc can also promote elastic fiber
growth. 1,3 For example, TGF- β stimulates the expression of
many genes necessary for elastic fiber production, includ-
ing elastin and fibrillin. 12,13 However, despite their many ad-
vantages, HAc-based dermal fillers often last for only a few
months in vivo owing to rapid enzymatic degradation. 5 

We previously developed two kinds of HAc-
hydroxyapatite (HAp) composite fillers, HAc-micro-HAp
and HAc-nano-HAp, and demonstrated that a cross-linked
HAc–HAp filler, which has better longevity than pure HAc
fillers, promotes collagen regeneration in a nude mouse
model. 14 In this study, we systematically compared the
biocompatibility, and specific protein and gene expression
changes between HAc-micro-HAp, HAc-nano-HAp, and pure
fillers in mice to determine the mechanisms underlying the
biological responses to HAc and HAp. 

Materials and methods 

HAc–HAp composite filler preparation 

Composite filler preparation 

To fabricate the HAc–HAp composite filler, pure HAc with
molecular weight of 1.8–2.5 MDa was prepared (BioMed,
Seoul, Korea). All composite hydrogels were homogenized
at 7000 rpm for 5 min and autoclaved at 121 °C for 30 min to
prepare the gel particles for injection through a needle. As
the pure HAc filler was prepared using the cross-linker 1,4-
butanediol diglycidyl ether (BDDE), the same cross-linking
system was used to prepare the HAc–HAp composite filler. 

HAc-nano-HAp composite hydrogel 
HAc (10 w/v%) in 0.2 N NaOH solution was cross-linked us-
ing the cross-linker BDDE for 12 h at 40 °C. The cross-linked
hydrogel was dialyzed and fully swollen in distilled water at
room temperature. It was then immersed in a solution of
3 w/v% CaCl 2 and a molar ratio of 1.67 H 3 PO 4 for 2 h. Sub-
sequently, it was dipped in 15% NH 4 OH solution for 30 min
to precipitate 30 wt% of nano-HAp within the hydrogel. The
average size of nano-HAp particles was 200 nm. 

HAc-micro-HAp composite hydrogel 
Prior to cross-linking, HAp microspheres were prepared by
spray drying a solution consisting of HAp powder, PVB, and
KD6, followed by heat treatment at 500 °C for 2 h and
1200 °C for 2 h. HAp microspheres (30 vol%) with an average
size of 20 μm were homogeneously mixed into the 10 w/v%
of HAc solution with BDDE cross-linker in 0.2 N NaOH. The
mixture was sealed and maintained at 40 °C for 12 h to allow
gelation, followed by washing and swelling in PBS (refreshed
daily) at room temperature. 

Animal experiments 

We obtained 24 female, 5-week-old BALB/c nude mice from
ORIENT BIO Inc. (Seongnam, Korea). Mice were fed a stan-
dard diet. After 1 week of acclimatization, the mice were
injected, using a 30-guage needle, with 200 μl of HAp
(Radiesse, Raleigh, North Carolina), HAc (Restylane, Upp-
sala, Sweden), HAc-nano-HAp, or HAc-micro-HAp between
the panniculus adiposus layer and the panniculus carnosus of
the back skin. Four injections were administered per mouse
( n = 20). Uninjected mice served as controls ( n = 4). At
weeks 1, 4, 8, and 12, five skin biopsies were collected and
cut into 3 pieces for real-time polymerase chain reaction
(PCR) amplification, western blot analyses, and histologi-
cal examination. These experiments were approved by the
Institutional Animal Care and Use Committee of the Seoul
National University (IACUC Protocol No. 15-0075). 

Real-time PCR 

The remaining skin tissues ( i.e ., the epidermis, dermis, and
panniculus adiposus layer), following filler removal, were
frozen at −80 °C. RNA was isolated from frozen tissues
(50 mg), using TRIzol reagent (500 ml) (Molecular Research
Center, Cincinnati, OH, USA), resuspended in RNase-free
water, and quantified in a UV spectrophotometer. cDNA was
prepared from 1 mg total RNA using TOPscript TM RT DryMIX
(Enzynomics, Inc., Daejeon, Korea) according to manufac-
turer’s instruction. Real-time PCR was performed in an ABI
7500 (Applied Biosystems, Inc., Foster City, CA, USA) with
SYBR Premix Ex Taq TM (TaKaRa, Otsu, Japan) as follows:
15 min at 95 °C, followed by 40 cycles of 10 s at 95 °C,
15 s at 60 °C, and 30 s at 72 °C. The average threshold cycle
for each gene was determined from triplicate reactions. The
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Table 1 Target genes used for real-time PCR. 

List of genes 

Procollagen-sense 
Procollagen-antisense 
EGFR-sense 
EGFR-antisense 
Smad2-sense 
Smad2-antisense 
Smad3-sense 
Smad3-antisense 
Elastin-sense 
Elastin-antisense 
Fibrillin-sense 
Fibrillin-antisense 
ß-Actin-sense 
ß-Actin-antisense 

EGFR, Epidermal growth factor receptor. 
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ene expression levels were normalized to that of ß-actin. 
he target genes were Egfr, Smad2, Smad3 , procollagen, 
lastin, and fibrillin ( Table 1 ). 

estern blot analysis 

rozen, filler-free skin biopsy samples were homogenized in 
ysis buffer and centrifuged at 16,873 g for 10 min, and the
upernatants were used for western blot analysis. The pri- 
ary antibodies were as follows: anti-mouse collagen type 
 (Abcam), anti-EGFR (Abcam), anti-TGF- β (Abcam), anti- 
mad2/3 (Cell Signaling Technology (CST), Danvers, MA, 
SA), anti-MAPK (Erk1/2) (CST), anti-phosphorylated MAPK 
Erk1/2) (CST), anti-Smad7 (Santa Cruz Biotechnology, Dal- 
as, TX, USA), and anti- β-actin (Abcam). The secondary an-
ibody was anti-rabbit IgG (Abcam). Proteins were visualized 
y enhanced chemiluminescence (Thermo Fisher Scientific, 
ockford, IL, USA). Western blots were performed thrice for 
ach protein. Data were quantified by band-intensity den- 
itometric analysis (ImageJ). 

istological observations 

he injected skin biopsies, measuring 1 cm × 1 cm, were 
xtracted and fixed in 10% formaldehyde for 24 h, then
mbedded in paraffin, and sectioned (6 μm). The sections 
ere stained with Verhoeff–Van Gieson to visualize the pro- 
uction of elastin. Representative images were analyzed 
sing image analysis software (ImageJ; National Institutes 
f Health, Bethesda, MD, USA) (Leica QWin V3; Leica Mi- 
rosystems Cambridge, England, UK). To determine the or- 
an (liver, lung, spleen, and kidney) immunogenicity of HAc- 
ano-HAp nanoparticles, hematoxylin and eosin staining was 
erformed after 12 weeks. 

mmunohistochemical analysis 

issue sections were cut and placed on microscope slides. 
he Discovery XT-automated immunohistochemistry stainer 
Ventana Medical Systems, Inc., Tucson, AZ, USA) was used 
o stain slides, and the Ventana Chromo Map Kit was used for
etection. The tissue sections were deparaffinized, and a 
C1 standard [buffer containing Tris, borate, and ethylene- 
iaminetetraacetic acid, pH 8.4] was used to retrieve the
ntigen. Inhibitor D (3% H 2 O 2 , endogenous peroxidase) was
ubmerged in for 4 min at 37 °C. The slides were incubated
ith 1:3000 antitropoelastin (Abcam, Cambridge, MA, USA) 
or 32 min at 37 °C, followed by incubation with OmniMap
nti-rabbit horseradish peroxidase as a secondary antibody 
or 20 min at 37 °C. The other slides were incubated with
:500 vimentin (Abcam) as the primary antibody for 32 min
t 37 °C. The slides were incubated in diaminobenzidine
ith H 2 O 2 as the substrate for 8 min at 37 °C, followed by
ounterstaining with bluing hematoxylin reagent at 37 °C. 
ris buffer (pH 7.6) was used as the washing solution. Each
lide was measured at five locations, and the mean values
ere compared. The stained slides were evaluated using im-
ge analysis software (Leica QWin V3 and Leica Microsys- 
ems CMS GmbH, Wetzlar, Germany). 

tatistical analysis 

ll data were analyzed by the Kruskal–Wallis test, with
BM SPSS software version 20.0 (Armonk, NY, USA). Step-up
ann–Whitney tests were performed with a multiple com- 
arison adjustment. A P -value < 0.05 was considered statis-
ically significant. 

esults 

ermal collagen and elastic fiber formation after 
adiesse and HAc-micro-HAp treatment 

eal-time PCR and western blot analysis 
o detect gene expression and protein level, real-time PCR
nd western blot were performed. As assessed by real-time
CR after 4 and 12 weeks ( Figure 1 ), the EGFR, Smad2 , pro-
ollagen, elastin, and fibrillin mRNA expression levels ex- 
ibited similar patterns. The procollagen levels were sig- 
ificantly higher in the HAc-micro-HAp group than in the
adiesse group ( P < 0.005). The Smad2 and fibrillin levels
f the HAc-micro-HAp group were significantly higher than 
hose of the Radiesse group ( P < 0.05), whereas the Smad3
evels were significantly lower ( P < 0.05). No significant dif-
erences in the expression of any gene were observed be-
ween groups at week 12, at which time the gene expression
evels decreased. Protein expression was visualized by west- 
rn blotting at 12 weeks after filler injection (Supplemen-
ary Figure 1). The HAc-micro-HAp groups showed a similar
attern for TGF- β, EGFR, p-MAPK, Smad2/3, and collagen
ype 1 expression, whereas the Radiesse group did not. The
evel of P-MAPK in the Radiesse group did not change signif-
cantly compared with that in the normal group. Expression 
f Smad7, an inhibitor of the TGF- β/Smad signaling path-
ay, was not negatively correlated with Smad2/3 protein 
xpression in either group ( P < 0.05). 

istological and immunohistochemical analysis 
upplementary Figure 2(A) and (B) shows the results of
erhoeff–Van Gieson staining. Elastic fiber (black area in the
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Figure 1 Real-time PCR was performed after 4 and 12 weeks. The procollagen levels were significantly higher in the HAc-micro- 
HAp group than in the Radiesse group ( ∗∗P < 0.005). The Smad2 and fibrillin levels of the HAc-micro-HAp group were significantly 
higher than those of the Radiesse group ( ∗P < 0.05), whereas the Smad3 levels were significantly lower ( ∗P < 0.05). ∗∗Statistically 
significant when compared with the normal group ( P < 0.005). 

Figure 2 Collagen and elastic fiber formation in the Radiesse and HAc-micro-HAp groups. ∗Statistically significant when compared 
with the normal group ( P < 0.05); statistically significant difference between the Radiesse and HAc-micro-HAp groups ( P < 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dermis) was measured as the mean value of 5 different fields
on the same slide. A significant increase in the dermal elas-
tic fiber was observed at weeks 1, 4, 8, and 12 after the
filler injections. The elastic fiber area of the HAc-micro-
HAp group was significantly larger than that of the Radiesse
group at week 1 ( P < 0.05, Figure 2 ). Immunohistochem-
istry analysis of the fibroblast marker vimentin (Supplemen-
tary Figure 2(C) and (D)) showed initial increased levels in
the HAc-micro-HAp group, with significant increases after
1, 4, and 8 weeks ( P < 0.05, Figure 2 ). The tropoelastin
levels (Supplementary Figure 2(E) and (F)) of the Radiesse
and HAc-micro-HAp groups increased significantly at weeks
1 and 8. At week 12, the tropoelastin levels in the HAc-
micro-HAp group were significantly higher than those in the
Radiesse group ( P < 0.05, Figure 2 ). 
Dermal collagen and elastic fiber formation after 
Restylane and HAc-Nano-HAp treatment 

Real-time PCR and western blot analysis 
At week 4, the Egfr, Smad2 , procollagen, elastin, and fib-
rillin mRNA expression levels had similar patterns, whereas
no significant differences were observed for Smad3 . The
Egfr and elastin levels of the HAc-nano-HAp group were sig-
nificantly higher than those of the Restylane group ( P <

0.005, Figure 3 ). No significant differences in the expres-
sion of any gene were observed between groups at week 12,
at which time the gene expression levels decreased. West-
ern blotting at 12 weeks after filler injections showed that
the Restylane and HAc-nano-HAp groups had similar levels
of TGF- β, EGFR, p-MAPK, Smad2/3, and collagen type 1
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Figure 3 Real-time PCR was performed after 4 and 12 weeks. The Egfr and elastin levels of the HAc-nano-HAp group were sig- 
nificantly higher than those of the Restylane group ( ∗∗P < 0.005). ∗∗Statistically significant when compared with the normal group 
( P < 0.005). 

Figure 4 Collagen and elastic fiber formation in the Restylane and HAc-nano-HAp groups. ∗Statistically significant when compared 
with the normal group ( P < 0.05); statistically significant difference between the Restylane and HAc-nano-HAp groups ( P < 0.05). 
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Supplementary Figure 3), although the EGFR, p-MAPK, and 
ollagen type 1 levels of the HAc-nano-HAp group increased 
ignificantly compared to those in controls ( P < 0.005).
mad7 expression was negatively correlated with Smad2/3 
rotein expression in both groups. 

istological and immunohistochemical analysis 
he elastic fiber (Supplementary Figure 4(A) and (B)) area of
he HAc-nano-HAp group was significantly larger than that 
f the Restylane group at week 4 ( P < 0.05, Figure 4 ). The
imentin levels (Supplementary Figure 4(C) and (D)) in the 
estylane and HAc-nano-HAp groups increased significantly 
fter 4 weeks but did not exhibit additional changes after 8
nd 12 weeks ( P < 0.05, Figure 4 ). At weeks 1, 4, 8, and
2, a significant increase in the dermal elastic fiber was 
bserved after the filler injections. The tropoelastin levels 
Supplementary Figure 4(E) and (F)) of the Restylane and 
Ac-nano-HAp groups increased significantly at week 1. At 
eeks 8 and 12, the tropoelastin levels of the HAc-nano-
Ap group were significantly higher than those of the Resty-
ane group, whereas the two filler groups maintained similar
ropoelastin levels after 12 weeks ( P < 0.05, Figure 4 ). 

anoparticle safety 

he kidney, liver, lung, and spleen were stained with H&E
t week 12. H&E staining identified no organ damage, struc-
ural malformation, or necrosis. Additionally, no abnormal 
nflammatory cell infiltration and no abnormal increase in 
acrophages were observed in any of the organs (Supple-
entary Figure 5). 

iscussion 

Ac filler is the most common dermal injection, 3,6,15 

ith cross-linked HAc fillers (CaHA) effectively increasing 



1360 Y. Fan, T.-H. Choi and J.-H. Chung et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dermal thickness and extracellular matrix components 1,4,16 

including collagen and elastic fibers. 17,18 The CaHA Radiesse
is highly effective with regard to improving facial con-
tours; 4 , 19–21 however, its longevity is insufficient owing to
its biodegradability. 21 In comparison, we previously demon-
strated the longevity of the HAc–HAp composite filler, and
its effects on collagen synthesis were demonstrated in a
nude mouse model. 14 Imaging and MRI volumetric analyses
revealed that the HAc–HAp composite filler had better
longevity than pure HAc, with HAc-nano-HAp exhibiting the
best stability among the tested groups. In our previous
study, at week 8, the collagen areas of the HAc-nano-HAp
group had increased significantly and similar collagen lev-
els were maintained after 12 weeks. 14 This effect may be
associated with regulation of the TGF- β/Smad pathway. 

As growth should therefore be most obvious in the pre-
vious stage, here, we analyzed gene expression changes
at week 4. The Egfr, Smad2 , and procollagen mRNA ex-
pression levels exhibited similar patterns at week 4, and
the procollagen levels were significantly higher in the HAc-
micro-HAp group, suggesting the upregulated expression of
Egfr and Smad2 promoting collagen synthesis . HAc colla-
gen formation occurs through Egfr and Smad2 . In contrast,
Smad3 expression showed a contrasting pattern to a sig-
nificant degree. In the extracellular matrix environment,
both Smad2 and Smad3 can inhibit increases in the expres-
sion of the other. 22 Thus, upregulated expression of Smad2
promoted Smad3 degradation. The significant increase in
the fibroblast marker vimentin 23,24 in the HAc-micro-HAp
group suggested enhanced fibroblast numbers, consistent
with the dermal thickness and collagen area findings re-
ported in our previous study. It also supports the hypoth-
esis summarized in Supplementary Figure 6. It is not clear
whether Radiesse also induces collagen formation through
the TGF- β/Smad pathway. Literature shows that HAp in-
jected into the living bone promotes new bone formation
by osteoblasts and osteoclasts; 25 furthermore, the HAp scaf-
fold is similar to the natural bone extracellular matrix and
promotes bone regeneration through the BMP/Smad path-
way. 26 When injected into soft tissue, HAp also induces new
collagen formation by fibroblast activation. 18,25 However,
the specific pathway for these effects has not been eluci-
dated. 

In addition, upregulated expression of Egfr and Smad2
promoting elastin and fibrillin synthesis further indicated
that HAc promotes collagen and elastic fiber formation
through similar TGF- β/Smad pathways (Supplementary Fig-
ure 6). Cross-linked HAc increases the expression of elastin
and fibrillin in elastic fiber through the TGF- β/Smad path-
way. Elastic fiber has two distinct components: microfib-
rils and elastin. 12 Tropoelastin is a precursor of elastin, and
fibrillin-1 is a major component of the microfibrils within
elastic fibers. 27,28 In the last week of the study, although
elastic fiber levels were equivalent between the groups,
tropoelastin levels were significantly higher in the com-
posite group. Furthermore, the Smad2 and fibrillin levels
were significantly higher in the HAc-micro-HAp group at
week 4. These findings provide direct and indirect evidence
that HAc-micro-HAp can promote enhanced elastic fiber for-
mation. The HAc-micro-HAp group proteins exhibited simi-
lar patterns of gene expression unlike the Radiesse group
( Figure 1 ). As Radiesse promotes collagen growth by an-
other signaling pathway, elastic fiber growth may be me-
diated by another pathway as well. Some studies have
shown that collagen and elastic fiber formation induced
by HAp are associated with their remodeling and produc-
tion. 21,29 

The Restylane and HAc-nano-HAp groups, which are all
HAc-cross-linked groups, upregulated the expression of Egfr
and Smad2, promoting collagen and synthesis and indi-
cating that HAc promotes collagen formation through the
TGF- β/Smad signaling pathway. As Smad3 expression did
not change significantly, Smad2 likely plays a primary role
in the HAc-induced TGF- β/Smad signaling pathway. Con-
versely, Smad7, an inhibitor of the TGF- β/Smad pathway, 30 

increased in the Restylane group, suggesting that Smad7 and
Smad2/3 protein expression was inversely correlated in the
Restylane and HAc-nano-HAp groups, further supporting the
hypothesis described in Supplementary Figure 6. These re-
sults are consistent with changes in gene expression and
protein generation, resulting in collagen fiber assembly in
skin tissues. 

Additionally, the two HAc groups had similar trends with
regard to Egfr, Smad2, elastin, and fibrillin gene expression
further suggested that cross-linked HAc increases the ex-
pression of elastin and fibrillin in elastic fiber through the
TGF- β/Smad pathway. Although the elastic fiber decreased
in all filler groups at week 12, the HAc-nano-HAp group gen-
erally exhibited greater increases in elastic fibers than the
Restylane group. The formation of elastic fiber is related to
TGF- β, 13 which supports our hypothesis that the HAc filler
stimulates an elastic fiber increase through the TGF- β/Smad
pathway (Supplementary Figure 6). 

Nanoparticles with 1–10 nm diameter might stimulate
cytotoxicity by direct effects on chromosomes, ribosomes,
and membranes. 31 However, HAp nanoparticles of < 50 nm
are nontoxic at the cellular level. 32 The surface morphol-
ogy of HAc-nano-HAp was analyzed in our previous study,
and spherical nanoparticles with a size of 200 nm were ob-
tained. 14 Consistent with this result, immunogenicity anal-
ysis by H&E staining of the HAc-nano-HAp nanoparticles
(200 nm) indicated no evidence of morphologic damage or
inflammatory response. 

These data support the hypothesized collagen and elastic
fiber mechanism shown in Supplementary Figure 6, whereby
the HAc–HAp filler can effectively increase collagen and
elastic fibers and enhance the longevity of the filler. The
TGF- β/Smad signaling pathway could promote the prolifer-
ation of fibroblasts through the induced Smad proteins. Ex-
pression levels of the protein Smad2/3 were upregulated,
inhibiting the expression of the protein Smad7, further indi-
cating that the TGF- β/Smad signaling pathway is involved in
the process of fibroblast formation and promotes collagen
formation. The subsequent results validate the hypothesis
that HAc–HAp composite filler promotes collagen and elas-
tic fiber regeneration at both the gene and protein levels,
resulting in collagen and elastic fiber assembly in the skin
tissue. 

Conclusion 

Compared with pure filler, the HAc–HAp composite filler
has lower degradability; therefore, it has better longevity
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nd biological properties. The HAc–HAp composite filler pro- 
otes more collagen and elastic fiber regeneration through 
he TGF- β/Smad pathway than the currently available pure 
llers. Accordingly, this newly formulated HAc–HAp compos- 
te filler likely represents a better option for correcting cos- 
etic problems such as wrinkles. The antiaging effect of the
omposite filler can last for a long time, and it can help clin-
cians and patients avoid multiple injections to maintain the 
kin rejuvenation. 
Although there are no organ morphological changes or 

mmune reactions on histology, definitive evidence of mate- 
ial safety and safe cross-linking is needed prior to clinical 
pplication. This is the limitation of this study and a poten-
ial field of future research. 
Further research should focus on the role of HAc–HAp 

omposite fillers in photoaging in animal models, their toxi- 
ity, and their effects on the physical properties of the skin,
uch as elasticity and tensile strength. 
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