
Publication status: This preprint has been published elsewhere.
DOI of the published preprint: https://doi.org/10.1590/1807-2577.20250043

Fibroblast cellular responses to calcium hydroxyapatite-based
biomaterials

Roger Kirschner, Henrique Ballassini Abdalla, Juliana Trindade Clemente-Napimoga, Marcelo
Henrique Napimoga

https://doi.org/10.1590/SciELOPreprints.15345

Submitted on: 2026-03-11
Posted on: 2026-03-11 (version 1)
(YYYY-MM-DD)

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1590/SciELOPreprints.15345
https://doi.org/10.1590/1807-2577.20250043
https://doi.org/10.1590/SciELOPreprints.15345
http://www.tcpdf.org


 

e20250043 

Fibroblast cellular responses to calcium hydroxyapatite-based biomaterials 

Respostas celulares de fibroblastos a biomateriais à base de hidroxiapatita de cálcio 

 

Roger KIRSCHNERa 

https://orcid.org/0000-0002-8673-945X 

Henrique Ballassini ABDALLAa 

 https://orcid.org/0000-0002-7517-2830 

Juliana Trindade CLEMENTE-NAPIMOGAa 

 https://orcid.org/0000-0003-1068-3039 

Marcelo Henrique NAPIMOGAa* 

 https://orcid.org/0000-0003-4472-365X 

 

a Instituto de Pesquisas São Leopoldo Mandic, Faculdade São Leopoldo Mandic, 

Campinas, SP, Brasil 

 

How to cite: 

Kirschner R, Abdalla HB, Clemente-Napimoga JT, Napimoga MH. Fibroblast cellular 

responses to calcium hydroxyapatite-based biomaterials. Rev Odontol UNESP. 

2026;55:e20250043. https://doi.org/ 

 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15345

https://orcid.org/0000-0002-8673-945X
https://orcid.org/0000-0002-7517-2830
https://orcid.org/0000-0003-1068-3039
https://orcid.org/0000-0003-4472-365X
https://doi.org/


Resumo 

 Introdução: A hidroxiapatita de cálcio (CaHa) é amplamente utilizada em 

procedimentos estéticos como bioestimulador de colágeno. Objetivo: Este estudo avaliou 

como diferentes concentrações de CaHA (0,5% a 2,5%) em três formulações comerciais 

(Stiim®, Rennova® e Radiesse®) influenciam a viabilidade celular, a proliferação de 

fibroblastos humanos e a expressão gênica de marcadores da matriz extracelular, 

incluindo colágeno tipo I e III, osteocalcina e osteopontina. Material e método: As CaHa 

foram avaliadas quanto à viabilidade celular, proliferação e expressão gênica de 

marcadores de matriz extracelular em fibroblastos humanos (n=3, por tempo avaliado). 

A viabilidade celular foi analisada pelos ensaios de MTT e exclusão por azul de tripano, 

a proliferação por contagem celular e a expressão gênica de colágeno tipo I e III, 

osteocalcina e osteopontina por RT-PCR. Resultado: Stiim® apresentou aumento 

significativo da viabilidade em baixas concentrações (1% e 2%) após 24 h e em 0,5% e 

1% após 72 h, enquanto a concentração de 2,5% reduziu drasticamente a viabilidade. 

Radiesse® demonstrou maior estabilidade, com estímulo precoce de proliferação e 

indução sustentada de colágeno tipo I e III. Rennova® exibiu resposta mais tardia e 

variável, com redução da proliferação em concentrações intermediárias. A expressão de 

osteocalcina e osteopontina variou entre as formulações, com Radiesse® apresentando 

efeito estimulatório mais intenso. Os resultados indicam que os efeitos da CaHa sobre 

fibroblastos dependem da formulação e da concentração, influenciando diretamente o 

comportamento celular e o potencial bioestimulador. Conclusão: Esses achados, 

baseados em expressão genica, sugerem que a CaHA pode estimular a neocolagênese. 

Descritores: Hidroxiapatita de cálcio; estética; cosmético dérmico; dermatologia; 

harmonização orofacial; colágeno; fibroblastos; biomateriais; STIIM; Diamond; 

Radiesse. 
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Abstract 

Introduction: Calcium hydroxyapatite (CaHa) is widely used in aesthetic procedures as 

a collagen biostimulator. Objective: This study evaluated how different concentrations 

of CaHA (0.5% to 2.5%) in three commercial formulations (Stiim®, Rennova®, and 

Radiesse®) influence cell viability, human fibroblast proliferation, and gene expression 

of extracellular matrix markers, including type I and III collagen, osteocalcin, and 

osteopontin. Material and method: CaHa were evaluated on cell viability, proliferation, 

and gene expression of extracellular matrix markers in human fibroblasts (n=3, each time-

point). Cell viability was assessed using MTT and trypan blue exclusion assays, 

proliferation by cell counting, and gene expression of type I and III collagen, osteocalcin, 

and osteopontin by RT-PCR. Result: Stiim® showed a significant increase in viability at 

lower concentrations (1% and 2%) after 24 h and at 0.5% and 1% after 72 h, while the 

2.5% concentration drastically reduced viability. Radiesse® demonstrated greater 

stability, with early proliferation stimulation and sustained induction of both type I and 

III collagen. Rennova® exhibited a later and more variable response, with reduced 

proliferation at intermediate concentrations. Osteocalcin and osteopontin expression 

varied between formulations, with Radiesse® showing a stronger stimulatory effect. The 

results indicate that HA effects on fibroblasts are formulation- and concentration-

dependent, directly influencing cellular behavior and biostimulatory potential. 

Conclusion: These gene expression findings suggest that CaHA may promote pathways 

associated with dermal neocollagenesis.  

Descriptors: Calcium hydroxyapatite; aesthetic; dermal cosmetic; dermatology; 

orofacial harmonization; collagen; fibroblastos; biomaterials; STIIM; Diamond; 

Radiesse. 
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INTRODUCTION 

Calcium hydroxyapatite (CaHA) is a crystalline compound that closely resembles 

the mineral phase of human bone, providing it with a natural affinity for biological tissues. 

Owing to its structural compatibility and biocompatibility, CaHA has attracted increasing 

attention as a multifunctional biomaterial, with applications ranging from orthopedic use 

to tissue repair and regenerative therapies1,2. Its composition, mainly constituted by 

calcium and phosphate ions, underpins both its stability and capacity to support cellular 

activity and tissue renewal. 

In the field of aesthetic medicine, CaHA offers distinctive advantages by 

triggering the body’s own mechanisms of collagen synthesis. Collagen, a central 

component of the extracellular matrix, is indispensable for maintaining skin resilience, 

elasticity, and mechanical strength. When CaHA is administered intradermally, it 

stimulates dermal fibroblasts, leading to enhanced production of type I and III collagen, 

which are the predominant isoforms in the skin3. Through this process, CaHA not only 

provides immediate structural support and volume restoration but also initiates long-term 

tissue remodeling. Clinical experience has consistently shown that CaHA achieves 

durable outcomes in facial rejuvenation, with gradual replacement of the carrier gel by 

newly formed collagen, resulting in thicker, firmer, and more elastic skin4–6. Evidence 

has also extended its benefits beyond the face, with reports of improved skin quality and 

texture in the cervical region underlining its versatility and safety7.  

Once in the dermis, CaHA microspheres function as a biostimulatory scaffold that 

provides local mechanical cues and promotes direct fibroblast–particle interactions 

associated with increased collagen production, thereby offering a plausible physical basis 

for downstream signaling activation.  In fibroblasts, mechanotransduction is well 

established to engage ERK (extracellular signal‑regulated kinase) as a key pathway that 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15345



is sensitive to matrix loading and tension, linking mechanical stimuli to proliferative and 

matrix‑synthetic responses.  Complementarily, the TGF‑β axis is a central regulator of 

fibroblast activation and myofibroblast differentiation, and its activity is tightly 

intertwined with mechanical inputs within fibrotic and reparative contexts, collectively 

driving extracellular matrix deposition and remodeling.  Taken together, these 

mechanistic frameworks—ERK‑mediated mechanotransduction and TGF‑β–driven 

activation—provide a biologically grounded rationale for how mechanically active 

scaffolds such as CaHA could modulate gene expression programs involved in 

neocollagenesis, while acknowledging that causal links specific to CaHA require direct 

protein‑level and functional validation8,9. 

The increasing demand for minimally invasive procedures has fueled the growth 

of the global aesthetics market, with biostimulatory fillers such as CaHA occupying a 

central role. As new products and technologies emerge, comprehensive understanding of 

the biological mechanisms activated by these materials becomes essential. Investigating 

how CaHA interacts with host tissues particularly in promoting neocollagenesis and 

modulating cellular responses is fundamental for ensuring efficacy, safety, and 

predictable clinical outcomes. Such knowledge contributes not only to the development 

of next-generation biomaterials but also to the refinement of evidence-based approaches 

in aesthetic practice. 

 

MATERIAL AND METHOD 

 

Cell Line and Culture Conditions 

 

Gingival fibroblasts were obtained from explants of healthy attached human 

gingiva from three different donors, which were harvested during periodontal surgery for 
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crown lengthening10. The current cell passage for this study is 13th. The cells were 

previously cultured in Dulbecco’s Modified Eagle Medium (DMEM, Sigma Chemical 

Co., St. Louis, MO, USA) supplemented with 10% fetal bovine serum (Nova 

Biotecnologia, São Paulo, SP, Brazil) and 1% antibiotic–antimycotic solution (Sigma, St. 

Louis, MO, USA). The cultures were maintained in a CO₂ incubator (Thermo Scientific, 

Forma II Water Jacket, USA) under a humidified atmosphere containing 95% air and 5% 

carbon dioxide, and the medium was refreshed every two days. Once cells reached 

confluence, detachment was achieved using a solution containing 1 mM 

ethylenediaminetetraacetic acid (EDTA; Gibco/Invitrogen, Grand Island, NY, USA) and 

2.5 mg/mL trypsin (Gibco). 

 

Calcium Hydroxyapatite Preparations 

 

Three commercially available CaHA formulations were tested: Stiin® (CG Bio 

Co. Ltd., South Korea), Radiesse® (Merz North America Inc., USA), and Diamond® 

(Innovapharma Brasil Farmacêutica Ltda., Brazil). All three products consist of calcium 

hydroxyapatite microspheres dispersed in a carboxymethylcellulose (CMC) gel carrier, 

forming a semi‑solid injectable suspension, which is the standard presentation of 

CaHA‑based biostimulators. To maintain experimental consistency, all products were 

handled in their original commercial form and diluted in culture medium on the day of 

each assay. The study was conducted independently, without funding, material supply, or 

methodological involvement from the manufacturers. On the day of each assay, CaHA 

products were diluted in culture medium ranging from 0.5% to 2.5%. This range was 

defined based on preliminary experiments from our research group, which identified 

non‑cytotoxic yet bioactive doses for human dermal fibroblasts, and is in line with 
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previous in vitro studies evaluating dose‑dependent effects of hydroxyapatite on 

fibroblast viability and extracellular matrix gene expression5. The following production 

batches were used: Stiin® (S2Q23013), Diamond® (2282301), and Radiesse® 

(A00155260). 

 

Cell Viability Assay (MTT) 

 

For viability assessment, human fibroblasts were seeded into 96-well plates at a 

density of 2 × 10⁵ cells per well and incubated for 24 h before treatment. Cells were then 

exposed to Stiin®, Radiesse®, or Diamond® at concentrations ranging from 0.5% to 

2.5%. Viability was analyzed after 24, 48, and 72 h using the 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma) assay. For this, 10% of MTT solution 

(5 mg/mL) was added to each well and incubated for 4 h at 37 °C. After removing the 

supernatant, 100 μL of dimethyl sulfoxide (DMSO; Sigma) was added to dissolve the 

formazan crystals. Plates were shaken for 5 min, and 100 μL of the resulting solution was 

transferred to a new plate. Absorbance was measured at 570–650 nm using a microplate 

reader (Epoch; Bio-Tek, Winooski, VT, USA). Cell viability was expressed as the value 

of optical density (OD). All assays were performed in triplicate at each time point, and 

the analyses were conducted in a blinded manner. 

 

Cell Proliferation 

 

Cell proliferation was assessed using the Trypan Blue vital exclusion assay at 24, 

48, and 72 hours after seeding. Briefly, 10 µL of the cell suspension was mixed with 10 

µL of Trypan Blue, and 10 µL of the resulting mixture was loaded onto a hemocytometer 
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(Neubauer chamber; Fisher Scientific, Pittsburgh, PA, USA). Viable and non‑viable cells 

were counted under an inverted phase‑contrast microscope (Nikon Eclipse TS100), and 

total cell number was determined according to standard procedures. Results were 

expressed as the number of cells ×10⁴. 

 

Reverse Transcription and Quantitative PCR (RT-qPCR) 

Quantitative gene expression analyses were performed using the SYBR Green 

system (Thermo Fisher Scientific, Waltham, MA, USA) on the 7500 Fast Real-Time PCR 

System (Applied Biosystems, Foster City, CA, USA). At 24, 48, and 72 h, total RNA was 

isolated from cell cultures using the Illustra RNAspin Mini Kit (GE Healthcare, 

Milwaukee, WI, USA), following the manufacturer’s instructions. RNA quality and 

concentration were determined spectrophotometrically at 260, 280, 230, and 320 nm (GE 

Healthcare). First-strand cDNA was synthesized from 1 µg of total RNA in a Veriti® 

Thermal Cycler (Applied Biosystems) using the RevertAid First Strand cDNA Synthesis 

Kit (Thermo Fisher Scientific), yielding 40 ng of cDNA. Relative quantification was 

performed using GAPDH as the housekeeping gene, and expression levels were 

calculated with the 2–ΔΔCt method. The control group was used as the reference 

(calibrator) for the 2–ΔΔCt calculation. All the genes sequencing are summarized in Table 

1. 

 

Statistical Analysis  

The data were initially tested for normality. Thereafter, data were analyzed by 

One-way ANOVA, followed by Bonferroni post hoc test for multiple comparisons, using 

GraphPad 10.2. All data are presented as mean ± SD. A P-value less than 0.05 was 

considered significant. 
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RESULT 

 Comparison of cell viability among different commercial calcium hydroxyapatite 

formulations. 

To investigate the influence of different concentrations of commercial calcium 

hydroxyapatite compounds on fibroblast cells, cell viability and proliferation were 

assessed using the MTT assay and the Trypan Blue dye exclusion assay, 

respectively.Figure 1A presents the data for the Stiim brand. At 24 hours of incubation, 

the 1% and 2% concentrations produced a statistically significant increase in cell viability 

(p<0.05) compared with the control. At 48 hours, no statistically significant differences 

were detected at any tested concentration (p>0,05). After 72 hours of exposure to Stiim 

calcium hydroxyapatite, a significant increase in viability was observed at 0.5% and 1% 

(p<0.05), whereas a marked decrease in viability occurred at 2.5% (p<0.05). Figure 1B 

shows the results for the Diamond formulation, revealing a later time- and dose-

dependent response pattern. During the first 24 and 48 hours of exposure, no statistically 

significant differences (p>0.05) in cell viability were observed at any concentration. After 

72 hours, only the 2.5% concentration preserved viability comparable to the control 

(p>0.05), while all other concentrations from 0.5% to 2% displayed a statistically 

significant reduction in viability (p<0.05). Finally, Figure 1C presents the data for 

Radiesse, indicating stable cell viability: none of the concentrations at any of the three 

time points differed significantly from the control (p>0.05). 

 

Comparison of Cellular Proliferation Among Different Commercial calcium 

hydroxyapatite Formulations 
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The next stage of testing was conducted to evaluate the influence of different 

concentrations of hydroxyapatite brands on the fibroblast proliferation capacity over the 

analyzed time points. In Figure 2A, after 24 hours of contact with the Stiim 

hydroxyapatite, it was observed that, except for the 2.5% concentration, which showed 

no statistical difference (p > 0.05), the other concentrations demonstrated a statistically 

significant inhibitory effect on fibroblast proliferation (p < 0.05). The same pattern was 

observed after 48 hours, in which only the 2% concentration did not differ significantly 

from the control (p > 0.05), while all other concentrations showed a statistically 

significant reduction in cell proliferation (p < 0.05). In Figure 2B, after 24 hours of contact 

with the Diamond hydroxyapatite, the tested concentrations of 1.5%, 2%, and 2.5% 

resulted in a statistically significant reduction in fibroblast proliferation compared to the 

control group (0%) (p < 0.05). At 48 hours, only the 2.5% concentration exhibited a 

statistically significant reduction in proliferation; however, after 72 hours, concentrations 

ranging from 0.5% to 2% showed a significant decrease in proliferation, while only the 

2.5% concentration presented a statistically significant increase in fibroblast proliferation 

(p < 0.0001). In Figure 2C, regarding Radiesse analysis, after 24 hours, there was a 

statistically significant increase in fibroblast numbers at concentrations of 1% (p < 0.001) 

and 2.5% (p < 0.0001), whereas no significant differences were observed at the other 

concentrations. At subsequent evaluations, after 48 hours, concentrations from 1.5% to 

2.5% showed a statistically significant reduction in cell proliferation compared to the 

control group (p < 0.05), and after 72 hours, all tested concentrations exhibited a 

statistically significant decrease in proliferation (p < 0.001). These data suggest that 

Radiesse exerts a more pronounced inhibitory effect on fibroblast proliferation over time. 

 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15345



Evaluation of Type I Collagen gene expression in the Presence of Different 

Concentrations of Commercial calcium hydroxyapatites 

One of the main characteristics of hydroxyapatite formulations commercially used 

for aesthetic purposes is their ability to stimulate collagen production in the skin, 

primarily by fibroblast cells. Therefore, we evaluated this collagen-inducing mRNA 

expression potential for type I collagen using polymerase chain reaction (PCR) analysis. 

In Figure 3A, at a concentration of 0.5%, Radiesse hydroxyapatite showed a 

statistically significant increase in gene expression compared to the other brands and the 

control group (p < 0.01) across all three time points analyzed. At 24 h and 72 h, Stiim 

hydroxyapatite also promoted a significant increase in gene expression relative to the 

control and Diamond (p < 0.05). In Figure 3B, referring to the 1% concentration, Radiesse 

maintained the same pattern at 24 h, showing significantly higher gene expression than 

the other brands and the control (p < 0.01). Both Stiim and Diamond also exhibited a 

significant increase in type I collagen mRNA expression compared to the control (p < 

0.05). In Figure 3C, at a concentration of 1.5%, Radiesse demonstrated a statistically 

significant increase in type I collagen gene expression at all three time points when 

compared to the other brands (p < 0.05). After 24 h, Diamond also showed a significant 

increase in gene expression compared to Stiim and the control. Interestingly, after 72 h, 

both Stiim and Diamond exhibited a reduction in type I collagen gene expression, with a 

statistically significant difference relative to the control and Radiesse (p < 0.05). 

 

Evaluation of Type III Collagen gene expression in the Presence of Different 

Concentrations of Commercial calcium hydroxyapatites 

Type III collagen also plays an important role in skin architecture; therefore, the 

next analysis aimed to quantify the messenger RNA expression of this gene after exposure 
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to commercial hydroxyapatites at 24, 48, and 72 hours. In Figure 4A, at a concentration 

of 0.5%, type III collagen mRNA expression after 24 hours was significantly higher in 

the Stiim and Radiesse groups compared to the control and Diamond (p < 0.05). After 48 

hours, only Radiesse maintained elevated gene expression levels compared to the other 

groups (p < 0.05). At 72 hours, both the control group and Radiesse exhibited significantly 

higher gene expression compared to the other brands (p < 0.05). In Figure 4B, 

corresponding to the 1% concentration, no statistically significant differences were 

observed between groups at 24 and 48 hours (p > 0.05). However, at 72 hours, Diamond 

showed a significant reduction in gene expression compared to the other groups (p < 

0.05). In Figure 4C, at a concentration of 1.5%, after 24 hours, Stiim showed significantly 

increased mRNA expression compared to the control and Diamond (p < 0.05). At 48 

hours, Radiesse induced the highest gene expression among the groups (p < 0.05). At 72 

hours, both Stiim and Diamond exhibited a significant reduction in mRNA expression 

compared to the control and Radiesse (p < 0.05). 

 

Evaluation of Osteocalcin gene expression in the Presence of Different Concentrations 

of Commercial calcium hydroxyapatites 

In Figure 5A, at a concentration of 0.5%, all three calcium hydroxyapatite brands 

showed a statistically significant increase in osteocalcin expression compared to the 

control group (p < 0.05) after 24 hours. At 48 hours, only Radiesse maintained elevated 

gene expression levels relative to the control (p < 0.05), while the other brands showed 

no significant differences (p > 0.05). After 72 hours, Radiesse continued to induce higher 

osteocalcin mRNA expression compared to the other groups (p < 0.05), whereas Diamond 

exhibited a significant reduction in gene expression, differing from the control, Stiim, and 

Radiesse (p < 0.05). In Figure 5B, at a concentration of 1%, no significant differences 
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were observed among the groups at 24 or 48 hours (p > 0.05). However, at 72 hours, the 

Stiim group showed a significant increase in osteocalcin gene expression compared to 

Radiesse (p < 0.05). Finally, in Figure 5C, corresponding to the 1.5% concentration, no 

statistically significant differences were detected among the groups at any of the 

evaluated time points (p > 0.05). 

 

Evaluation of Osteopontin Production in the Presence of Different Concentrations of 

Commercial calcium hydroxyapatites 

In Figures 6A and 6B, at concentrations of 0.5% and 1%, no statistically 

significant differences were observed in osteopontin gene expression at any of the 

analyzed time points (p > 0.05). However, at the 1.5% concentration (Figure 6C), after 

24 hours, the Radiesse group exhibited a significant increase in gene expression compared 

to the Stiim and Diamond groups (p < 0.05), a pattern that persisted at 48 hours. At 72 

hours, however, no statistically significant differences were detected among the groups 

(p > 0.05). 

 

DISCUSSION 

 

Calcium hydroxyapatite (CaHA) has been established as a reliable biostimulatory 

agent in aesthetic medicine for more than a decade, with consistent evidence supporting 

its ability to induce type I and III collagen production. When deposited in dermal or 

subdermal layers, CaHA microspheres act as a scaffold that facilitates fibroblast 

recruitment and triggers robust neocollagenesis4,7,11. 

In the present study, Radiesse demonstrated the strongest overall bioactivity, as 

reflected by elevated expression of collagen types I and III, together with osteocalcin and 

osteopontin, across a broad range of concentrations and time points. Stiim elicited 

intermediate responses, including an early induction of type III collagen and a marked 
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increase in osteocalcin at 1% after 72 h. In contrast, Diamond generally exhibited weaker 

responses, with reduced expression trends at later intervals. 

These findings highlight brand- and concentration-dependent differences in 

fibroblast behavior. Previous reports have indicated that composites containing 

approximately 70% CaHA maintain high cell viability, with progressive increases in 

metabolic activity over several days12. This aligns with the present observation of 

enhanced viability at lower Stiim concentrations (1–2%) at 24 h, as well as the 

proliferative effects of Radiesse at 1–2.5%. Conversely, the reduction in cell responses at 

higher concentrations (2.5%) after 72 h may reflect cytotoxic stress or particle overload, 

phenomena described in studies using hydroxyapatite microcrystals. 

Radiesse has previously been shown to upregulate type III collagen at 24 h, 

followed by type I collagen at 72 h5,6. The present results reproduce this sequential 

activation pattern, as demonstrated in Figures 3 and 4. Ex vivo and in vitro models 

similarly report COLIII induction at early time points, followed by COLI increases, 

supporting the temporal dynamics identified here5. Clinically, reviews have shown that 

type III and I collagen levels rise progressively from 4 to 12 months following CaHA 

injection13,14, suggesting that the in vitro data generated here represent the initial stages 

of a prolonged neocollagenesis process. Beyond collagen induction, CaHA has also been 

reported to enhance elastin synthesis and reinforce the extracellular matrix, contributing 

to sustained improvements in skin density, elasticity, and overall quality2,15. The 

fibroblast gene expression profiles obtained in this study are in line with these 

mechanisms. 

In addition to its effects on dermal markers, CaHA has been shown to stimulate 

osteogenic differentiation in experimental models. Specifically, osteocalcin and 

osteopontin—both characteristic of mineralized tissue—are induced in osteoblast 

cultures exposed to CaHA16. Although fibroblasts were used in the present work, the 

detection of osteogenic markers suggests that CaHA may promote partial phenotypic 

reprogramming or activate broader pathways of matrix remodeling. For instance, the 

increases in osteopontin observed at 0.5% and 1.5% CaHA in Stiim and Radiesse (Figures 

5 and 6) are consistent with preclinical evidence linking CaHA exposure to this protein. 

Osteocalcin, while primarily secreted by osteoblasts, can also be expressed by 

dermal fibroblasts and other mesenchymal cell types under osteogenic stimuli, such as 
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hydroxyapatite exposure. It plays a regulatory role in extracellular matrix turnover and 

metabolic signaling during tissue remodeling17. Osteopontin, in contrast, is a 

multifunctional glycoprotein involved in tissue regeneration, immune regulation, and 

angiogenesis. It promotes cell adhesion through integrin and CD44 binding, supports 

fibroblast migration, and functions as a chemoattractant for immune cells during wound 

healing. In addition, it contributes to collagen deposition and vascularization, reinforcing 

its importance in regenerative processes18. 

Several limitations must be acknowledged. First, these findings were generated in 

2D monolayer fibroblast cultures, which do not fully replicate the mechanical, vascular, 

and immunological features of human dermis. Second, gene expression analysis alone 

cannot confirm protein synthesis or functional ECM remodeling; therefore, protein‑level 

validation and longer-term studies are necessary. Third, the relevance of osteopontin and 

osteocalcin in aesthetic applications is not yet fully defined, and their roles should be 

interpreted cautiously. Further research should explore protein secretion, ECM 

deposition, and interactions with immune and vascular cells to better contextualize these 

findings. 

Taken together, these gene expression findings suggest that CaHA may promote 

pathways associated with dermal neocollagenesis and may influence markers linked to 

mineralized tissue formation. Given the cell culture-based nature of this study and the 

absence of protein‑level validation, these observations should be interpreted as 

preliminary and caution to in vivo extrapolation. 

 

FIGURES 
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Figure 1. Cell viability of fibroblasts exposed to three Calcium hydroxyapatite (CaHA) 

brands. Fibroblast cultures were treated with (A) Stiim, (B) Rennova, or (C) Radiesse at 

concentrations of 0% (control), 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% (v/v). Cell viability 

was assessed using the MTT assay at the specified time points. Data are presented as 

mean ± SD. All assays were performed in triplicate at each time point.. Statistical analysis 

was performed using one-way ANOVA followed by Bonferroni’s post hoc test. Symbols 

indicate statistical significance compared with the control group (p < 0.05, **p < 0.001, 

***p < 0.0001). 
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Figure 2. Cell proliferation of fibroblasts exposed to three Calcium hydroxyapatite 

(CaHA) brands. Fibroblast cultures were treated with (A) Stiim, (B) Rennova, and (C) 

Radiesse at concentrations of 0% (control), 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% (v/v). Cell 

proliferation was assessed using the Trypan Blue exclusion at the indicated time points. 

Data are presented as mean ± SD. All assays were performed in triplicate at each time 

point. Statistical analysis was performed using one-way ANOVA followed by 

Bonferroni's post hoc test. Symbols indicate statistical significance compared with the 

control group (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001). 
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Figure 3. Type I collagen mRNA expression in fibroblasts treated with Calcium 

hydroxyapatite (CaHA) formulations. Fibroblast cultures were exposed to Stiim, 

Rennova, or Radiesse, as well as to a control group (0%), at concentrations of 0.5% (A), 

1.0% (B), and 1.5% (C). Type I collagen gene expression was quantified by RT‑qPCR, 

using GAPDH as the housekeeping gene and the 2⁻ΔΔCt method, with the control condition 

as the calibrator. Data are presented as mean ± SD. All assays were performed in triplicate 

at each time point. Statistical comparisons were performed using one-way ANOVA 

followed by Bonferroni’s post hoc test. Symbols indicate statistical significance relative 

to the control group (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001). 

 

 

 

 

 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.15345



 

Figure 4. Type III collagen mRNA expression in fibroblast cultures treated with 

hydroxyapatite (HA) formulations. Fibroblasts were exposed to different brands of 

calcium hydroxyapatite (Stiim, Rennova, and Radiesse) at concentrations of 0.5% (A), 

1.0% (B), and 1.5% (C), along with the control condition (0%). Type III collagen gene 

expression was quantified by RT‑qPCR, using GAPDH as the housekeeping gene and the 

2⁻ΔΔCt method, with the control group serving as the calibrator. Data are presented as mean 

± SD. All assays were performed in triplicate at each time point. Statistical analysis was 

conducted using one‑way ANOVA followed by Bonferroni’s post hoc test. Symbols 

indicate statistical significance relative to the control group (* p < 0.05, ** p < 0.01, *** 

p < 0.001, **** p < 0.0001). 
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Figure 5. Osteocalcin (OCN) mRNA expression in fibroblast cultures treated with 

calcium hydroxyapatite (CaHA) formulations. Fibroblasts were exposed to different 

brands of calcium hydroxyapatite (Stiim, Rennova, and Radiesse) at concentrations of 

0.5% (A), 1.0% (B), and 1.5% (C), as well as to the control condition (0%). Osteocalcin 

gene expression was quantified by RT‑qPCR, using GAPDH as the housekeeping gene 

and the 2⁻ΔΔCt method, with the control group serving as the calibrator. Data are reported 

as mean ± SD. All assays were performed in triplicate at each time point. Statistical 

comparisons were performed using one‑way ANOVA followed by Bonferroni’s post hoc 

test. Symbols indicate statistical significance relative to the control group (* p < 0.05, ** 

p < 0.01, *** p < 0.001, **** p < 0.0001). 
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Figure 6. Osteopontin (OPN) mRNA expression in fibroblast cultures treated with 

calcium hydroxyapatite (CaHA) formulations. Fibroblasts were exposed to different 

brands of calcium hydroxyapatite (Stiim, Rennova, and Radiesse) at concentrations of 

0.5% (A), 1.0% (B), and 1.5% (C), in addition to the control condition (0%). Osteopontin 

gene expression was quantified by RT‑qPCR, using GAPDH as the housekeeping gene 

and the 2⁻ΔΔCt method, with the control group serving as the calibrator. Data are shown as 

mean ± SD. All assays were performed in triplicate at each time point. Statistical 

comparisons were performed using one‑way ANOVA followed by Bonferroni’s post hoc 

test. Symbols denote statistical significance relative to the control group ((* p < 0.05, ** 

p < 0.01). 
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Table 1: PCR primers for genes encoding Collagen I (COL I), Collagen III (Col III), 
osteopontin (OPN), osteocalcin (OC) and GAPDH. 

 

Human COL I  

Forward - CCAGAAGAACTGGTACATCAGCAA 

Reverse – GGACATCAGGCGCAGGAA 

 

Human COL III  

Forward -  CGCCCTCCTAATGGTCAAGG 

Reverse - AGGGCCTGAAGGACCAGCTT  

 

Human OPN  

Forward – GCCGAGGTGATAGTGTGGTT 

Reverse – AACGGGGATGGCCTTGTATG 

 

Human OC 

Forward – ACCTGTATCAATGGCTGGGAG 

Reverse – AGCAGAGCGACACCCTAGAC 

 

Human GAPDH  

Forward – ACCCACTCCTCCACCTTTGA 

Reverse - TGTTGCTGTAGCCAAATTCGTT 
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