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Abstract 

This protocol introduces a streamlined and efficient method for isolating human fibroblast from skin primary cell culture with a spe
cific focus on its application to keloid, hypertrophic scar, and normal skin biopsies. Additionally, the absence of suitable animal mod
els for keloid and hypertrophic scar has led preclinical research to rely on in vitro studies using primary cell cultures. This approach 
addresses the challenges of existing protocols in terms of time, cost, equipment, and technical expertise required. The method 
involves derivation, culture, and characterization analysis including cell proliferation, migration, and fibroblastic marker (Vimentin, 
CD90, CD73, and CD105) expression. Our study yielded high amounts of fibroblast from tested skin explants while maintaining their 
in vivo-like characteristics and behaviour. Immunostaining assay confirmed that the cultivated fibroblast was positively expressed 
Vimentin. Flowcytometry results showed high expression of CD90 and CD73 while relatively showing lower expression of CD105. 
Fibroblast derived from keloid tissue showed the highest rate of proliferation and migration ability compared to the other samples. 
These findings suggest an efficient and reproducible technique to cultivate high qualified fibroblast from human skin in normal or 
pathological condition, particularly for keloid and hypertrophic scar. The application of this protocol provides a foundation for fur
ther studies to investigate the progression and potential intervention of aberrant fibrotic dermatological disorder, in vitro.
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Introduction
Fibroblast is a fundamental tissue component critically involved 
in regulating various aspects of skin biology such as wound 
healing, tissue repair, and maintaining skin integrity [1]. 
Dysregulation of fibroblast function is observed in fibrotic der
matological conditions, particularly keloid and hypertrophic scar 
[2]. The phenotypic alteration of keloid and hypertrophic scar- 
derived fibroblasts is reflected in its stronger anti-apoptosis and 
migration abilities compared to normal skin fibroblasts. In addi
tion, keloid fibroblasts show higher response to growth factors 
that eventually contribute to high synthesis and deposit of extra
cellular matrix components [3–5]. The lack of suitable animal 
models that accurately mimic keloid and hypertrophic scar 
remains a significant challenge for the in vivo studies. Keloids 
are unique to human possibly due to differences in skin structure 
and immune system function compared to animal models. 
Consequently, most researchers utilize keloid tissue or primary 
cells isolated from keloid for preclinical research studies [6]. 
Thus, establishing a reliable method for isolating and 

characterizing human fibroblast from keloid, hypertrophic scar, 

and normal skin biopsies is essential for biomedical research. 

These cells serve as an ideal primary cell-based model for under

standing cell signalling, extracellular matrix production, drug 

screening or safety testing, among others [7].
Primary cultures are ideal methods for isolating fibroblasts 

that represent the in vivo state of the tissue origin [8]. These ex

plant methods are considered as the simplest techniques in pri

mary culture and have several advantages. This approach allows 

for the continuation of molecular communication between tissue 

fragments and migrating cells by releasing cytokines and growth 

factors, providing a suitable environment for cell growth and pro

liferation without the need for exogenous supplementation [9]. 

Most of the existing protocols for growing and isolating fibroblast 

from primary cell culture of keloid, hypertrophic scar, and nor

mal skin are complicated and expensive. These protocols often 

require the use of digestive enzyme (either fully or partially), 

such as collagenase type I, as demonstrated by Liang et al [10] 

and Nejaddehbashi et al [11] for isolating fibroblast from keloid, 
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hypertrophic scar, normal skin samples. Furthermore, Henrot 
et al [12] and Raktoe et al [13] utilized Dispase II to separate epi
dermis and dermis layers of the skin in the initial step, followed 
by collagenase solution in the following step of their study. 
Besides the digestive enzyme, use of appropriate cell culture me
dia is crucial to support cell growth in subsequent culturing 
phase. For instance, Kurzyk et al. have utilized commercially 
available fibroblast growth media that may be difficult to obtain 
in some regions [14]. This approach poses challenges for 
researchers with limited resources and facilities.

In this article, we proposed a streamlined and cost-efficient 
method for isolating and culturing human fibroblast from skin 
primary cell culture, with specific focus on application to keloid, 
hypertrophic scar, and normal skin biopsies. The fibroblasts were 
cultivated by explant primary culture method with cell culture 
basal complete media (10% serum and 1% antibiotic-antimycotic 
solution). This protocol aims to ensure that the fibroblast yield 
retains its in vivo-like characteristics and behaviour. It is 
expected to valuable model for investigating fibroblast behaviour 
in both physiological and pathological states, particularly in fi
brotic skin like keloid and hypertrophic scar. By establishing this 
protocol, we aim to facilitate an efficient protocol for further 
study to explore potential intervention targeting aberrant fibrotic 
response in dermatological disorders.

Materials and methods
Chemicals and materials
Dulbecco's modified Eagle medium (DMEM) low glucose with glu
tamine and pyruvate from Thermo Scientific (11885084, New 
York, USA). Foetal bovine serum (FBS), antibiotic-antimycotic so
lution, and trypan blue from Sigma (SA F2442, St Louis, MO, 
USA). Phosphate buffer saline (PBS) without calcium and magne
sium was purchased from Solarbio Life Sciences (P1020, Beijing, 
China), and accutase was purchased from Stem Cell Technology 
(07920, Vancouver, BC, Canada). Methanol was purchased from 
Merck (1.00983.2500, Darmstadt, Germany). Triton X was pur
chased from Invitrogen (SL038, Carlsbad, CA, USA). Normal goat 
serum (NGS) and dimethylsulphoxyde (DMSO) were purchased 
from Solarbio (D8370, Beijing, China). Vimentin monoclonal anti
body and fluorescein Isothiocyanate (FITC)-conjugated goat anti- 
rabbit antibody were purchased from Thermo Scientific (65-6111 
and SP20, Waltham, MA, USA). Antibodies against CD90, CD73, 
and CD105 were purchased from BD stemflow (Piscataway, NJ, 
USA). Mounting medium with 40,6-diamidino-2-phenylindole 
(DAPI)-aqueous fluoro-shield was purchased from Abcam 
(ab104139, Waltham, MA, USA). Consumables such as 15 and 
50 mL centrifuge tubes, 0.22 µm syringe filter, and 24-well-cell 
culture plate were purchased from Corning (430791 and 430829, 
Charlotte, NC, USA). The tissue culture flask and chamber slide 
were purchased from SPL Life Sciences (13485, Gyeonggi, Korea) 
and Lab-Tek (177445, Rockslide, Denmark), respectively.

Tissue collection
Tissue samples of keloid, hypertrophic scar, and normal skin 
were obtained from the abdomen skin of three patients with their 
consent (one sample per tissue type from three different 
patients). After collection, the samples were submerged immedi
ately in transport media containing DMEM with 6.25% antibiotic- 
antimycotic solution. This study received approval from the 
Ethics Committee of the Faculty of Medicine, Universitas 
Indonesia (Approval No. 1206/UN2.F1/ETIK/PPM.00.02/2023).

Primary cell culture using explant method
The tissue samples were cultured on the same day within 6 hours 
post-surgery. They were transferred to a sterile culture plate, 
where the lipid layer was excised using sterile forceps and a sur
gical blade. The samples underwent six washes in DPBS contain
ing 2% antibiotic-antimycotic solution, with fresh DPBS and 
tubes for each wash to maintain sterility. Thereafter, the samples 
were incubated in DMEM supplemented with 10% FBS and 1% 
antibiotic-antimycotic (complete media) for up to thirty minutes 
at room temperature inside a Biological Safety Cabinet (BSC). 
Ensure that the sample remains fully submerged in the media to 
prevent desiccation and potential tissue damage. All procedures 
were carried out under aseptic conditions in a pre-sterilized BSC 
to avoid contamination. Following the incubation, the epidermal 
layer (the pigmented upper side of the skin) was removed using 
sterile instruments within the culture dish containing complete 
media. The remaining dermal sample was minced into 1–3 mm 
in size for each fragment. Afterwards, each fragment was being 
placed into designated wells of a 24-well culture plate at marked. 
The marked area was created by scratching the surface of the 
well plate using a sterile blade to enhance the attachment of the 
explant, and then the cells could emerge from the explant 
more easily.

The plates were placed semi-opened in the BSC for 30 minutes 
for stabilization. Two hundred microlitres of complete media 
was gently added to each well to prevent explant detachment 
due to rough handling of the liquid. The explants then were incu
bated in a standard incubator at 37�C with 5% CO2. The culture 
media was changed every 2–3 days by adding 300–350 µL com
plete media to each well. When cells reached 70%–80% conflu
ence, they were detached and passaged using Accutase 
(Supplementary material 1).

Immune Cyto-Fluorescence imaging assay for 
Vimentin as fibroblast marker
Vimentin expression was assessed using an immunofluorescence 
imaging system with samples from passage 2 of primary cell cul
tures. Cells were seeded at 10,000 cells per well on chamber 
slides and incubated at 37�C with 5% CO2 for 24 hours. After re
moving the media, each well was washed three times with 200 µL 
PBS. 200 µL fixation solution (methanol) was applied and incu
bated for 15 minutes at room temperature, followed by aspiration 
and three rinses with PBS. 200 µL permeabilization solution (0.3% 
of Triton X in PBS) was then applied and incubated for 5 minutes 
at room temperature before aspiration. The cells were subse
quently blocked with a blocking solution (2% of NGS in PBS) for 
1 hour at room temperature. Vimentin monoclonal antibodies 
(1:100) were added and incubated overnight at 4�C, and the cells 
were rinsed three times with PBS. Secondary antibodies (1:50) 
were added and incubated for two hours at room temperature in 
the dark. Following aspiration and three PBS rinses, the chamber 
was removed using forceps. Two or three drops of mounting me
dia with DAPI were added and incubated for 10 minutes at room 
temperature. The assay area was covered with a cover glass, and 
fluorescence was observed using inverted fluorescence micro
scope (ZOE Fluorescent Cell Imager-Bio-Rad).

CD90, CD73, and CD105 expression analysis
The expression of CD73, CD90, and CD105 markers to identify fi
broblast populations was analysed using flow cytometry. A total 
of 1.0 × 106 cells were suspended in 500 μL of DPBS. 
Subsequently, the suspended cells were washed twice with DPBS, 
and 100 μL aliquots were replaced into four new tubes. Each tube 
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was then incubated with anti-CD73, CD90, and CD105 antibodies, 
along with a lineage-negative cocktail, for 30 minutes. Following 
incubation, cell population analysis was performed using a 
flow cytometer.

Proliferation and migration assay
To assess fibroblast proliferation rates, 4 × 103 cells were seeded 
in each well of a 24-well plate. The cells were incubated in com
plete media at 37�C and 5% CO [2] for 24, 48, and 72 hours. Each 
sample was plated out in quadruplets for each time points. Cells 
were harvested every 24 hours, followed by cell number and via
bility measurement using the trypan blue exclusion method. The 
resulting cell number and viability data at each time point (24, 
48, and 72 hours) were plotted to generate a cell growth curve.

We used the scratch assay to evaluate the migration rates of 
fibroblast from each tissue. Cells were seeded at a density of 1.0 
× 105 cells per well in a six-well plate and cultured until >90% 
confluence. Each sample was plated out in quadruplets. The 
well-plate surface was scratched vertically using sterile 200 µL 
tips, followed by washing with PBS and changing media. The cells 
were incubated at 37�C for 24 hours. Cell migration toward the 
scratch was observed using an inverted microscope at the 0-hour 
and the 24-hour incubation period. The migration rate was evalu
ated by calculating the percentage of relative closure after 
24 hours. The measurement was carried out using ImageJ soft
ware with Wound_healing_size_tool_updated.ijm plug-in. The 
proliferation and migration data were analysed using GraphPad 
Prism 9.0 Software (GraphPad Software Inc., La Jolla, CA, USA) 
and presented as the means ± SD (n¼ 4). Difference between 
samples were performed using ANOVA with probability values of 
significant differences, denoted as �P< .05, ��P< .01, 
and ���P< .001.

Results
Primary cell culture and amplification
The present protocol allows culture and isolation of fibroblast 
from all samples. The primary cell culture was performed by us
ing dermis part of normal, hypertrophic scar, keloid, and keloid- 
adjacent skin samples. The result showed that the fibroblast cul
ture and isolation from all samples are relatively simple with 
high success rate. None of the cultures are contaminated or 
failed to grow (Table 1, Fig. 1). Cells are able to proliferate and 
propagate for subsequent assay. In addition, the cells can be 
used directly or be kept frozen and grow back once thawed.

The cells began to migrate from the edge of the explant be
tween the third and sixth days after incubation. The cells from 
keloid and keloid-adjacent skin samples exhibited faster growth 
compared to those form hypertrophic scar and normal skin sam
ples. Consistent with this result, the time to reach confluence 
was faster on keloid and adjacent keloid skin samples compared 
to hypertrophic and normal skin (Fig. 1). Cells derived from nor
mal skin are relatively heterogeneous in morphological features 
(Fig. 2b), while cells derived from the other samples are 

homogeneous displaying fibroblastic morphology only (amorphic 
with single nucleus in the centre of the cell) (Fig. 2a). 
Interestingly, all samples, including normal skin, displayed ho
mogeneous fibroblastic cells population right after subculturing 
process. These homogenous cells (passage 2) were employed for 
proliferation and migration analysis.

Vimentin expression assay
The harvested cells were evaluated by immune cyto- 
fluorescence imaging assay for Vimentin as fibroblast marker.  
Figure 3 shows that all the samples are positively expressed 
Vimentin in the cytoplasmic domain of the cells. Vimentin is 
widely acknowledged as fibroblast marker and epithelial–mesen
chymal transition (EMT) [15]. This type III of intermediate fila
ment cytoskeletal protein is expressed by epithelial cells 
particularly in those undergoing EMT [16].

CD90, CD73, and CD105 expression assay
Besides the Vimentin, fibroblast shared some characteristics 
with mesenchymal stem cell (MSC), including the expression of 
CD90, CD73, and CD105 surface markers [17]. Figure 4 demon
strates positive expression of CD90, CD73, and CD105 in all sam
ples. CD90 and CD73 showed high expression levels (>99%) 
across all samples, whereas CD105 exhibited relatively lower ex
pression levels (<75%).

Proliferation and migration assay
The isolated cells were examined for their proliferation and mi
gration capability. The result identified that the cells derived 
from keloid had the highest proliferation rate, followed by keloid- 
adjacent skin, hypertrophic scar, and normal skin (Fig. 5). In line 
with this result, the migration assay (Fig. 6a) revealed that keloid 
fibroblast exhibited the highest migration rates compared to the 
other samples. Additionally, fibroblast derived from hypertrophic 
scar demonstrated higher migration rate than those from both 
keloid-adjacent skin and normal skin samples.

To support those results, we also measured cells’ relative clo
sure (%) after 24 hours (Fig. 6b). The findings revealed that keloid 
fibroblasts exhibited the highest rate of the area covered, indicat
ing their increased migratory capacity. Fibroblasts from hyper
trophic scars showed a higher area covered than those from 
normal and adjacent keloid skin, suggesting a higher activity 
level in scar tissue. On the other hand, fibroblasts from both 
keloid-adjacent skin and normal skin samples demonstrated the 
lowest percentage of closure area in the migration test, highlight
ing their comparatively slower migration rate.

Discussion
Skin fibroblasts are the most common type of cell playing crucial 
role in maintaining tissue homeostasis and wound healing pro
cess [18]. Fibroblast derived from primary cell culture is relatively 
closer to its in vivo conditions. Therefore, establishing a simple 
and affordable method for cultivating fibroblast from primary 
cell culture was important to obtain a perfect model for in vitro 

Table 1. Comparison of keloid, adjacent skin, hypertrophic scar, and normal skin primary culture.

Property Keloid Adjacent skin Hypertrophic scar Normal skin

Contamination No No No No
Days for growth initiation 2–3 3–4 5–6 5–6
Days of reaching confluence 8–10 10–12 12–14 12–14
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experiment. This study established an efficient approach to culti
vating fibroblast from normal, hypertrophic scar, keloid, and 
keloid-adjacent normal skin using the explant method without 
enzymatic digestion.

Many existing protocols are complex and costly, primarily due to 
the use of digestive enzyme in all or part of the process. Previous re
search utilized dispase [19, 20] or liberase [21] to separate the epi
dermis and dermis part of skin biopsy at the initial part of the 
primary culture. Followed by subsequent digestion process, collage
nase was used to shred the dermis to separate the fibroblast cells 
from the tissue matrices [22]. However, we recognize that some 
studies referenced utilized enzymatic digestion to isolate diverse 
cellular populations, aligned with their specific research objectives. 
In contrast, our research focused solely on isolating fibroblast using 
a more efficient method. The adherent fibroblast-like cells could be 
observed between the third and sixth days of incubation in this 
study, a significantly faster compared to the previous protocol by 
Iannelo et al [23] which reported fibroblast appearance within 1– 
4 weeks of incubation. Additionally, the simple composition of the 
culture media enhances the simplicity of this protocol.

Combining the explant method and basic composition of cul
ture media in this study has successfully reduced the risk of con
tamination, addressing the limitation of the explant technique. 
To ensure the sterility of the cultures, particularly for long-term 
experiments, an optional microbiological test such as Bactec sys
tem can be incorporated after the final tissue wash. Bactec is a 

microbial detection system that utilizes enriched culture media 
to detect microbial growth in samples. After the final wash of tis
sue fragments, a small tissue fragment can be introduced into a 
Bactec vial and monitored for microbial contamination. This step 
can be used to confirm the absence of bacteria, fungi, and other 
contaminants before proceeding with long-term fibroblast cul
tures [24, 25]. The cells could grow well in complete media con
taining only basic recipe of culture media (10% of FBS, and 1% of 
antibiotic and antimycotic solution) without any additional sup
plementation. Contrarily, most recent research supplemented 
the media with N(2)-L-alanyl-L-glutamine, heparin, epidermal 
growth factor (EGF), and ascorbic acid 2-phosphate (AA2P) into 
the fibroblast growth media [20, 26]. The omission of such sup
plements in the current protocol provides a viable alternative for 
cultivating the adherent fibroblast-like cell populations with the 
quality equivalent to that previous research.

Human skin fibroblast are typically characterized by their 
elongated, spindle, or fusiform shape with elliptical nucleus [27]. 
Occasionally, they can be recognized by their branched cyto
plasm that form triangle, flat-star, or irregular shape [28]. 
Consistent with these observations, the initial cells emerging 
from the explant exhibited morphological heterogeneity, display
ing diverse appearances like spindle-shape, triangle, flat-star, or 
irregular shape with single or more nucleus in the centre of the 
cell. The most heterogeneous cell types were identified from the 
normal skin sample which may be attributed to the thinner 

Figure 1. Human skin primary cell culture from keloid, adjacent keloid, hypertophic scar, and normal skin on day-3, -6, -8, and -13. Inverted phase- 
contrast microscope at 40x magnification (scale bar 100 µM).
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dermis layer of this samples, leading the explant to include the 
cells from the reticular and dermo-hypodermis junction area. 
The typical cells in the reticular and dermo-hypodermis junction 
were more heterogenous from small tricuspid to larger stellate 
shapes with visible trabecular networks [28]. Additionally, 
dermo-hypodermis junction area lies over the hypodermis layer 
which is composed of adipose tissue [29], and exhibits varying 
cell types, including brown-coloured, differentiated adipocytes 

characterized by small lipid granules within their cytoplasm [30], 
contributing to the cellular heterogeneity (Fig. 2b).

On the other hand, the separation step of epidermis and der
mis layer from keloid sample was easier than the other samples 
due to the thicker dermis layer of keloid, suggesting that most of 
the keloid explants are derived from papillary and reticular area. 
The identical morphology of fibroblast from these areas is thin 
with bi- or tricuspid shapes [28], consistent with the result to this 

Figure 2. Phase-contrast appearance of the cells. (a) homogenous population of fibroblastic cells; yellow arrow demarks bi- and tricuspid shape and red 
arrow demarks stellate shape of fibroblast cell. (b) heterogenous population of cells culture; blue arrow demarks suspected brown adipocyte cell. 
Inverted phase-contrast microscope 100× magnification (scale bar 100 µM).

Figure 3. Immunostaining for Vimentin as fibroblast marker in keloid, keloid adjacent skin, hypertrophic and normal skin. Scale bar is 100 µm and 100x 
magnification.
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study (Fig. 2a). Nevertheless, the same typical fusiform morphol
ogy fibroblast from all the samples in this study could be 

obtained even after several passaging process.
It was showed that all the cultured cells in this experiment 

were positively expressed Vimentin as the classic marker of fi

broblast (Fig. 3). Vimentin is widely recognized marker of fibro
blast and EMT. Accordingly, Vimentin tunes signalling cascade to 

regulate cell migration and extracellular matrix remodelling par
ticularly collagen [15]. Despite its association with mesenchymal 

cells, Vimentin is also found in non-mesenchymal cell type such 
as epithelial cell suggested its contribution to the migratory and 
aggressive behaviour of epithelial tumour cells [31]. Therefore, 

this study utilized CD90, CD73, and CD105 as additional fibro
blastic markers to further characterize the cultured fibroblasts. 

CD90 and CD73 showed high expression levels (>99%), whereas 
CD105 exhibited relatively lower expression level (<75%) in all 

the samples. This result aligns with findings from Sober et al [32] 
that showed fewer CD105-positive cells (<60%) was obtained 

from foreskin derived fibroblast compared with MSC (>99%). 
This finding could provide a useful insight to differentiate fibro

blast from MSC. In line with this study, Nauli [33] demonstrated 

that fibroblast derived from keloid showed higher expression of 
CD90 and CD73 (>94%) and lower expression of CD105 (<30%). 
Therefore, the cultivated fibroblast using this protocol demon
strated robust expression of fibroblastic markers, including 
Vimentin, CD90, and CD73 supporting their identification and 
functional analysis.

The fibroblast yielded using this method was consistently rep
resenting their natural characteristic and behaviour. Keloid fibro
blast revealed the earliest and confluence growth from the 
explant primary culture in this study. In accordance with the 
proliferation rate, keloid fibroblast showed the highest prolifera
tion rate compared to the other samples (Fig. 5). The rapid growth 
of keloid fibroblast represents natural behaviour keloid forma
tion which grows beyond the original wound boundaries [34]. 
Adjacent skin performs high proliferation rate after keloid, possi
bly due to its proximity to the keloid highly influenced by keloid 
microenvironment. Hypertrophic scar shows moderate increase 
of proliferation rate over the normal skin aligns with its charac
teristic of raised, but not excessively growing scar. At last, the 
normal skin’s gradual increase serves as a baseline, indicating 
typical cell turnover and regeneration without abnormal 
growth signals.

The results are consistent with the migration assay that quan
tified keloid fibroblast exhibited the highest rate of migration ca
pability by the cell scratch test (Fig. 6). This result underscores 
the aggressive nature of keloid fibroblast in terms of their migra
tion ability to invade beyond the nearby normal tissue. Keloid 
fibroblasts are acknowledged to have higher proliferation rate 
that leads to excessive amounts of extracellular matrix produc
tion and deposition. In addition, keloid fibroblast exhibited an ac
celerated wound closure phenotype in scratch assay. Those 
change in cellular behaviour are intricately associated to keloid 
pathophysiology and other fibrotic disorder [35–37]. Similar with 
keloid, hypertrophic scar is known as fibrosis-associated disorder 

Figure 4. Flowcytometry characterization of CD90, CD73, and CD105 from keloid, keloid-adjacent skin, hypertrophic scar, and normal skin fibroblast.

Figure 5. The proliferation rate of keloid, keloid-adjacent skin, 
hypertrophic scar, and normal skin fibroblast on day-1, -2, and -3.
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[38]. Results of this study showed that hypertrophic scar-derived 
fibroblast exhibited high degree of migration ability, though to a 
lesser extent compared to keloid-derived fibroblast. Conversely, 
it was higher compared to normal skin from normal and keloid- 
adjacent skin. This finding is consistent with Fang et al [39] that 
showed keloid and hypertrophic scar-derived fibroblast pos
sessed higher migration ability compared to normal fibroblast.

This study presents an efficient method for isolating human 
fibroblast from primary skin cell cultures, applicable to keloid, 
hypertrophic scar, and normal skin biopsies. The cost- 
effectiveness is achieved by reducing the reliance on digestive en
zyme and media supplementation during the culture process. 
While this protocol efficiently cultivates fibroblast with preserve 
its in vivo-like characteristics and behaviour, it was not directly 
compared with the other existing protocols. Therefore, it is 
addressed as the limitation of this study. Moreover, our protocol 
is designed for short-term studies, we did not conduct karyotyp
ing to assess genetic stability. We suggest conducting karyotyp
ing for long-term experiments involving multiple passages. 
Lastly, we did not measure the cell yield and viability from 
each tissue fragment, which would provide useful data on the 
protocol's efficiency.

Conclusion
The current study has successfully generated a high yield of fi
broblast from keloid, hypertrophic scar, and normal skin 
explants while maintaining their native characteristics and be
haviour using this simple and efficient method. Immunostaining 
confirmed positive Vimentin expression in the cultivated fibro
blast. Flowcytometry analysis revealed high expression levels of 

CD90 and CD73, with comparatively lower expression of CD105 
in the isolated fibroblast. Notably, fibroblast derived from keloid 
exhibited enhanced proliferation and migration capabilities com
pared to the other samples. These findings underscore the effec
tiveness and reproducibility of our method for cultivating 
fibroblast whether in normal or pathological conditions, particu
larly in keloid and hypertrophic scar.

Acknowledgements
Support from Centre or Education Services, Ministry of 
Education, Culture, Research, and Technology of the Republic of 
Indonesia and Indonesia Endowment Funds for Education (LPDP) 
are gratefully acknowledged. Special thanks to Rizkyana Avissa 
for her assistance in editing the supplementary video.

Author contributions
Sri Suciati Ningsih (Conceptualization [equal], Formal analysis 
[equal], Funding acquisition [equal], Investigation [equal], 
Methodology [equal], Visualization [equal], Writing—original 
draft [lead]). Sri Widia A Jusman (Conceptualization [equal], 
Formal analysis [equal], Funding acquisition [equal], 
Investigation [equal], Methodology [equal], Visualization [equal], 
Supervisor [Lead]). Rahimi Syaidah Formal analysis [equal], 
Methodology [equal], Writing [equa] Visualization [equal], 
Supervisor [equal]), Raisa Nauli (Formal analysis [equal], Funding 
acquisition [equal], Investigation [equal], Methodology [equal], 
Visualization [equal], Writing—original draft [equal. Fadilah 
Fadilah (Conceptualization [equal], Formal analysis [equal], 
Funding acquisition [equal], Supervisor [equal])

Figure 6. Migration assay visualization (a) and quantification of relative closure area of fibroblast (b). Inverted phase-contrast microscope 100× 
magnification (scale bar 100 µM). (ANOVA, LSD, n¼ 4, �P< .05).

Efficient protocol for human fibroblast isolation | 7  
D

ow
nloaded from

 https://academ
ic.oup.com

/biom
ethods/article/9/1/bpae082/7849646 by guest on 16 July 2025

https://academic.oup.com/biomethods/article-lookup/doi/10.1093/biomethods/bpae082#supplementary-data


Supplementary data
Supplementary data are available at Biology Methods and 
Protocols online.

Data availability
All the data supporting findings of this study are available within 
the manuscript and/or the supplementary data.

Conflict of interest statement. None declared.

Funding
This study was supported by Centre or Education Services, 
Ministry of Education, Culture, Research, and Technology of the 
Republic of Indonesia and Indonesia Endowment Funds for 
Education (LPDP).

Ethical aspects and conflict of interest
Authors declare no conflict of interest of this current study.

References
01. Plikus MV, Wang X, Sinha S et al. Fibroblasts: origins, definitions, 

and functions in health and disease. Cell 2021;184:3852–72. 

https://doi.org/10.1016/j.cell.2021.06.024
02. Andrews JP, Marttala J, Macarak E et al. Keloids: the paradigm of 

skin fibrosis—Pathomechanisms and treatment. Matrix Biol 

2016;51:37–46. https://doi.org/10.1016/j.matbio.2016.01.013
03. Berman B, Maderal A, Raphael B. Keloids and hypertrophic 

scars: pathophysiology, classification, and treatment. Dermatol 

Surg 2017;43:S3–S18. https://doi.org/10.1097/DSS.0000000000 

000819

04. Ogawa R. Keloid and hypertrophic scars are the result of chronic 

inflammation in the reticular dermis. Int J Mol Sci 2017;18: 

606–16. https://doi.org/10.3390/ijms18030606
05. Lee HJ, Jang YJ. Recent understandings of biology, prophylaxis 

and treatment strategies for hypertrophic scars and keloids. Int 

J Mol Sci 2018;19:711–30. https://doi.org/10.3390/ijms19030711
06. Supp DM. Animal Models for Studies of Keloid Scarring. Adv 

Wound Care (New Rochelle) 2019;8:77–89. https://doi.org/10.1089/ 

wound.2018.0828
07. Oliveira T, Costa I, Marinho V et al. Human foreskin fibroblasts: 

from waste bag to important biomedical applications. J Clin Urol 

2018;11:385–94. https://doi.org/10.1177/2051415818761526
08. Strobel O, Dadabaeva N, Felix K et al. Isolation and culture of 

primary human pancreatic stellate cells that reflect the context 

of their tissue of origin. Langenbecks Arch Surg 2016;401:89–97. 

https://doi.org/10.1007/s00423-015-1343-6

09. Hendijani F. Explant culture: an advantageous method for isola

tion of mesenchymal stem cells from human tissues. Cell Prolif 

2017;50:1–14. https://doi.org/10.1111/cpr.12334
10. Liang Y, Zhou R, Fu X et al. HOXA5 counteracts the function of 

pathological scar-derived fibroblasts by partially activating p53 

signaling. Cell Death Dis 2021;12:40. https://doi.org/10.1038/ 

s41419-020-03323-x
11. Nejaddehbashi F, Bayati V, Mashali L et al. Isolating human der

mal fibroblasts using serial explant culture. Stem Cell Investig 

2019;6:23– 11. https://doi.org/10.21037/sci.2019.08.05
12. Henrot P, Laurent P, Levionnois E et al. A Method for Isolating 

and Culturing Skin Cells: application to Endothelial Cells, 

Fibroblasts, Keratinocytes, and Melanocytes From Punch 

Biopsies in Systemic Sclerosis Skin. Front Immunol 2020;11: 

566607–12. https://doi.org/10.3389/fimmu.2020.566607
13. Raktoe RS, Haasterecht L van, Antonovaite N et al. The effect of 

TGFbRI inhibition on extracellular matrix structure and stiff

ness in hypertrophic scar-specific fibroblast-derived matrix 

models. Biochem Biophys Res Commun 2021;559:245–51.
14. Kurzyk A, Szumera-Cie�ckiewicz A, Miłoszewska J et al. 3D 

modeling of normal skin and cutaneous squamous cell carci

noma. A comparative study in 2D cultures, spheroids, and 3D 

bioprinted systems. Biofabrication 2024;16:1–15. https://doi.org/ 

10.1088/1758-5090/ad2b06
15. Ostrowska-Podhorodecka Z, Ding I, Norouzi M et al. Impact of 

vimentin on regulation of cell signaling and matrix remodeling. 

Front Cell Dev Biol 2022;10:869069–15. https://doi.org/10.3389/ 

fcell.2022.869069
16. Sivagurunathan S, Vahabikashi A, Yang H et al. Expression of 

vimentin alters cell mechanics, cell-cell adhesion, and gene ex

pression profiles suggesting the induction of a hybrid EMT in 

human mammary epithelial cells. Front Cell Dev Biol 2022;10: 

929495–16. https://doi.org/10.3389/fcell.2022.929495
17. Denu RA, Nemcek S, Bloom DD, PH et al. Fibroblasts and 

mesenchymal stromal/stem cells are phenotypically indistin

guishable. Acta Haematol 2016;136:85–97. https://doi.org/10. 

1159/000445096
18. Griffin MF, desJardins-Park HE, Mascharak S et al. 

Understanding the impact of fibroblast heterogeneity on skin fi

brosis. Dis Model Mech 2020;13:441–64. https://doi.org/10.1242/ 

dmm.044164

19. Inoue Y, Hasegawa S, Hasebe Y et al. Establishment of three 

types of immortalized human skin stem cell lines derived from 

the single donor. Biol Pharm Bull 2021;44:1403–12. https://doi. 

org/10.1248/bpb.b21-00058

20. Ebner-Peking P, Krisch L, Wolf M et al. Self-assembly of differen

tiated progenitor cells facilitates spheroid human skin organoid 

formation and planar skin regeneration. Theranostics 2021;11: 

8430–47. https://doi.org/10.7150/THNO.59661

21. Kabacik S, Lowe D, Cohen H et al. Isolation of five different pri

mary cell types from a single sample of human skin. STAR Protoc 

2022;3:101378. https://doi.org/10.1016/j.xpro.2022.101378
22. Aydo�gdu N, €Oztel ON, Kara€oz E. Isolation, culture, cryopreser

vation, and preparation of umbilical cord-derived mesenchy

mal stem cells as a final cellular product under good 

manufacturing practices–compliant conditions. Methods Mol Biol 

2021;2286:73–84. https://doi.org/10.1007/7651_2020_332

23. Iannello G, Patel A, Sirabella D et al. Simple, fast, and efficient 

method for derivation of dermal fibroblasts from skin biopsies. 

Curr Protoc 2023;3:e714. https://doi.org/10.1002/cpz1.714
24. Almuhayawi M, Altun O, Abdulmajeed AD et al. The perfor

mance of the four anaerobic blood culture bottles BacT/ALERT- 

FN,-FN Plus, bactec-plus and-lytic in detection of anaerobic 

bacteria and identification by direct MALDI-TOF MS. PLoS One 

2015;10:e0142398. https://doi.org/10.1371/journal.pone. 

0142398
25. Li G, Sun J, Pan S et al. Comparison of the performance of three 

blood culture systems in a chinese tertiary-care hospital. Front 

Cell Infect Microbiol 2019;9:285. https://doi.org/10.3389/fcimb. 

2019.00285
26. Supp DM, Hahn JM, Combs KA et al. Isolation and feeder-free 

primary culture of four cell types from a single human skin 

sample. STAR Protoc 2022;3:101172. https://doi.org/10.1016/j. 

xpro.2022.101172

8 | Ningsih et al.  

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

ethods/article/9/1/bpae082/7849646 by guest on 16 July 2025

https://academic.oup.com/biomethods/article-lookup/doi/10.1093/biomethods/bpae082#supplementary-data
https://academic.oup.com/biomethods/article-lookup/doi/10.1093/biomethods/bpae082#supplementary-data
https://doi.org/10.1016/j.cell.2021.06.024
https://doi.org/10.1016/j.matbio.2016.01.013
https://doi.org/10.1097/DSS.0000000000000819
https://doi.org/10.1097/DSS.0000000000000819
https://doi.org/10.3390/ijms18030606
https://doi.org/10.3390/ijms19030711
https://doi.org/10.1089/wound.2018.0828
https://doi.org/10.1089/wound.2018.0828
https://doi.org/10.1177/2051415818761526
https://doi.org/10.1007/s00423-015-1343-6
https://doi.org/10.1111/cpr.12334
https://doi.org/10.1038/s41419-020-03323-x
https://doi.org/10.1038/s41419-020-03323-x
https://doi.org/10.21037/sci.2019.08.05
https://doi.org/10.3389/fimmu.2020.566607
https://doi.org/10.1088/1758-5090/ad2b06
https://doi.org/10.1088/1758-5090/ad2b06
https://doi.org/10.3389/fcell.2022.869069
https://doi.org/10.3389/fcell.2022.869069
https://doi.org/10.3389/fcell.2022.929495
https://doi.org/10.1159/000445096
https://doi.org/10.1159/000445096
https://doi.org/10.1242/dmm.044164
https://doi.org/10.1242/dmm.044164
https://doi.org/10.1248/bpb.b21-00058
https://doi.org/10.1248/bpb.b21-00058
https://doi.org/10.7150/THNO.59661
https://doi.org/10.1016/j.xpro.2022.101378
https://doi.org/10.1007/7651_2020_332
https://doi.org/10.1002/cpz1.714
https://doi.org/10.1371/journal.pone.0142398
https://doi.org/10.1371/journal.pone.0142398
https://doi.org/10.3389/fcimb.2019.00285
https://doi.org/10.3389/fcimb.2019.00285
https://doi.org/10.1016/j.xpro.2022.101172
https://doi.org/10.1016/j.xpro.2022.101172


27. Tai C, Xie Z, Li Y et al. Human skin dermis-derived fibroblasts 

are a kind of functional mesenchymal stromal cells: judge

ments from surface markers, biological characteristics, to ther

apeutic efficacy. Cell Biosci 2022;12:105–23. https://doi.org/10. 

1186/s13578-022-00842-2
28. Haydont V, Neiveyans V, Perez P et al. Fibroblasts from the hu

man skin dermo-hypodermal junction are distinct from dermal 

papillary and reticular fibroblasts and from mesenchymal stem 

cells and exhibit a specific molecular profile related to extracel

lular matrix organization and modeling. Cells 2020;9:368. 

https://doi.org/10.3390/cells9020368
29. Zhang Z, Shao M, Hepler C et al. Dermal adipose tissue has high 

plasticity and undergoes reversible dedifferentiation in mice. 

J Clin Invest 2019;129:5327–42. https://doi.org/10.1172/JCI130239
30. Jiang C, Zhai M, Yan D et al. Dietary menthol-induced TRPM8 ac

tivation enhances WAT 1C “browning 1D” and ameliorates diet- 

induced obesity. Oncotarget 2017;8:75114–26. https://doi.org/10. 

18632/oncotarget.20540
31. Velez-Delvalle C, Marsch-Moreno M, Castro-Mu~nozledo F et al. 

Epithelial cell migration requires the interaction between the 

vimentin and keratin intermediate filaments. Sci Rep 2016;6: 

24389–10. https://doi.org/10.1038/srep24389

32. Sober SA, Darmani H, Alhattab D et al. Flow cytometric charac

terization of cell surface markers to differentiate between fibro

blasts and mesenchymal stem cells of different origin. Arch Med 

Sci 2023;19:1487–96. https://doi.org/10.5114/aoms/131088

33. Nauli R. Peran Enzim Asam Amino Levulinat Dehidratase terha
dap Ekspresi mRNA Sitoglobin: Kaitannya dengan Proliferasi 
dan Viabilitas Fibroblas Keloid. Tesis 2022:38–54.

34. Ud-Din S, Bayat A. Keloid scarring or disease: unresolved quasi- 
neoplastic tendencies in the human skin. Wound Repair Regen 
2020;28:422–6. https://doi.org/10.1111/wrr.12793

35. Deng CC, Hu YF, Zhu DH et al. Single-cell RNA-seq reveals fibro

blast heterogeneity and increased mesenchymal fibroblasts in 
human fibrotic skin diseases. Nat Commun 2021;12:3709–16. 
https://doi.org/10.1038/s41467-021-24110-y

36. Ashcroft KJ, Syed F, Bayat A. Site-specific keloid fibroblasts alter 
the behaviour of normal skin and normal scar fibroblasts 
through paracrine signalling. PLoS One 2013;8:e75600. https:// 

doi.org/10.1371/journal.pone.0075600
37. Alishahedani ME, Yadav M, McCann KJ et al. Therapeutic candi

dates for keloid scars identified by qualitative review of scratch 

assay research for wound healing. PLoS One 2021;16:e0253669. 
https://doi.org/10.1371/journal.pone.0253669

38. Kim H, Anggradita LD, Lee SJ et al. Ameliorating fibrotic pheno
types of keloid dermal fibroblasts through an epidermal growth 

factor-mediated extracellular matrix remodeling. Int J Mol Sci 
2021;22:1–17. https://doi.org/10.3390/ijms22042198

39. Fang F, Huang R-L, Zheng Y et al. Bone marrow derived mesen

chymal stem cells inhibit the proliferative and profibrotic phe
notype of hypertrophic scar fibroblasts and keloid fibroblasts 
through paracrine signaling. J Dermatol Sci 2016;83:95–105. 

https://doi.org/10.1016/j.jdermsci.2016.03.003

© The Author(s) 2024. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons. 
org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly 
cited. For commercial re-use, please contact journals.permissions@oup.com
Biology Methods and Protocols, 2024, 9, 1–9
https://doi.org/10.1093/biomethods/bpae082
Methods Article

Efficient protocol for human fibroblast isolation | 9  
D

ow
nloaded from

 https://academ
ic.oup.com

/biom
ethods/article/9/1/bpae082/7849646 by guest on 16 July 2025

https://doi.org/10.1186/s13578-022-00842-2
https://doi.org/10.1186/s13578-022-00842-2
https://doi.org/10.3390/cells9020368
https://doi.org/10.1172/JCI130239
https://doi.org/10.18632/oncotarget.20540
https://doi.org/10.18632/oncotarget.20540
https://doi.org/10.1038/srep24389
https://doi.org/10.5114/aoms/131088
https://doi.org/10.1111/wrr.12793
https://doi.org/10.1038/s41467-021-24110-y
https://doi.org/10.1371/journal.pone.0075600
https://doi.org/10.1371/journal.pone.0075600
https://doi.org/10.1371/journal.pone.0253669
https://doi.org/10.3390/ijms22042198
https://doi.org/10.1016/j.jdermsci.2016.03.003

	Active Content List
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Author contributions
	Supplementary data
	Data availability
	Funding
	Ethical aspects and conflict of interest
	References


