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and the Characteristics of Fibroblasts Cultured from Keloids,
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SUMMARY: The establishment of primary keloid fibroblast culture has always been a fundamental measure for studying
mechanisms of keloid disease. The quality of the primary cell culture can directly affect the results of further expenimstotsy Was
performed to investigate the optimal growth conditions, including the optimal storage time and collagenase treatmeri tiitve, for
cell culture models and the suitable methods for epidermis-dermis separation in different tissues. Keloid tissues, kehdidegurro
tissues, and normal skin tissues were collected from patients, for primary fibroblast culture. Two methods, tissue exgllageande
digestion, were deployed and compared. Expression levels of the keloid-related-@M#As Coll, and Col3 were assessed in cells
cultured using both methods, to verify the qualities of the primary cells. A comparative analysis was conducted betweaptihedsvo
and among the three different tissues used. Bacterial and lipid contamination was immediately minimized after the sapnptEseesie
Different methods of epidermis removal and different durations of collagenase digestion were required in different tesseregdo g
optimal results. Real-time PCR results showed that the mRNA expression levels of keloid-related genes in cultured firrebdsets c
to their in vivo expression profile, as previously reported in other studies. The results of this study have revealeglyseviettslik the
culture of primary keloid fibroblasts and demonstrated the correlation in gene expression between in vivo keloid fibibbiasgtsoan
primary keloid fibroblasts.
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INTRODUCTION

Keloid is a type of fibrotic dermal tumor characterized So far, little is known about the etiopathogenesis of
by excessive accumulation of extracellular matrix (ECMjeloid disease (Deodhar, 1999; Shih & Bayat, 2010). Due
and overgrown dermal fibroblasts after wound healintp the lack of appropriate animal models, in vitro or ex vivo
(Andrewset al, 2016). Quality of life can be hugely impairedcell models are still the main study methods for elucidating
due to the skin damage and high rate of recurrence afkeloid formation mechanisms (Supp, 2019). Since the
current treatments (Andrewesal). The recurrence rate canbiological characteristics of primary cells are the best model
be as high as 70 %-100 % with simple surgical excisiotg represent the in vivo environment compared to other cell
and a larger lesion usually forms on recurrence. Combinatiorodels, primary cell culture has been a crucial method for
treatment with surgical excision and other treatments likesloid studies (Tucci-Viegat al,, 2010). In addition, dermal
radiation therapy, pressure therapy, or cryotherapy cébroblasts were shown to be the primary ECM producers—
significantly lower the chance of recurrence but still not ta process thought to be a key factor for the onset of keloid
an ideal range (Bermaet al, 2017; Jalowet al, 2017; forming—so the cultivation of primary keloid-derived
Jonest al, 2017). Thus, an effective treatment remains tiibroblasts became the most widely used model ¢8hl,
be developed. 2019; Kanget al, 2020). Thus, the establishment of a reliable
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primary dermal fibroblasts cultivation method is pivotal fosealed and temporarily stored at 4 °C before using a tissue
studying keloids. explant or enzyme digestion method. Cell morphology,
bacterial contamination, and epidermal cell intermixing were
Current studies usually use normal skin-derivedhonitored during the culturing process.
fibroblasts (NF) (Fischegt al, 2020) as a control to com-
pare to keloid-derived fibroblasts (KF) (Katayaetaal, Tissue explant method
2020). This makes it important to comprehend the cultivation
methods of both NF and KF. The keloid tissues are highKeloid-derived fibroblasts culture. Skin tissue was first
fibrotic, and they biologically differ from normal skin tissuestransferred from the bottle to a sterile petri dish and washed
Moreover, the differences are reflected in the culturintyvice with the D'Hanks solution (HyClone, USA) with 100U/
methods of the primary fibroblasts from the two tissuesl penicillin-streptomycin. The keloid epidermis layer was
Fibroblasts belong to the family of connective tissue cell=ut off as much as possible using a surgical scalpel, and the
and the primary fibroblasts are mainly cultivated via twaenter part of the keloid tissue was kept for further
methods, tissue explant and enzyme digestion, which furth@ocessing. Tissues were washed twice with D'Hanks
includes collagenase digestion and trypsin digestion (Tucselution before cutting into 1-3 mm fragments with scissors.
Viegaset al; Kisiel & Klar, 2019). Tissue fragments were transferred into sterile culture bottles
using a 1 ml sterile syringe needle. The tissues were laid as
The a-smooth muscle actin-(SMA), collagen 1flat as possible to increase the adherent area. The interval
(Coll), and collagen 3 (Col3) are highly expressed ibetween the tissue fragments was approximately 0.3-0.5 mm.
myofibroblasts, which are transdifferentiated fronTissue adherence was promoted by incubating the culture
fibroblasts when the skin is injured. These cells are critichbttles inverted in a cell incubator for 2 h. When the tissue
in speeding wound healing, but their persistence was shoWwagments were dried and adhered to the bottle, the culture
to be crucial in keloid formation (Hinz, 2010; Sidgwick &bottles were inverted back. Next, the culture bottles were
Bayat, 2012; Klingberget al., 2013). Although the incubated with the addition of culture media submerging
mechanisms of the transition from fibroblasts tdhe tissue fragments for two days. If there were no bacteria
myofibroblast and the regulations of these fibrosis-relategtowing around the fragments and the cells on the edge of
proteins are not fully understood, myofibroblasts and the#ige tissues grew outward, the media were replaced on the
proteins were considered as hallmarks for keloids arfifth day after inoculation. The media were replaced every
potential therapeutic targets (Baal, 2016). Hereq-SMA,  one or two days. After two or three weeks, the cells formed
Coll, and Col3 were used to assess whether the cultugechonolayer and were sub-cultured at a split ratio of 1:2 or
primary fibroblasts still retained the in vivo features and it:3 by trypsinization with 0.2 % trypsin after reaching
the cells are suitable models for further keloid studies. approximately 100 % confluency.

Normal skin fibroblast culture. The normal skin fibroblast
MATERIAL AND METHOD culture method was similar to the description in Keloid-derived
fibroblasts culture method. However, due to the thinness of
normal skin tissue, there were differences in the process:
Sources of samplesNormal skin, keloid, and keloid-
surrounding tissue specimens were obtained from patieliZy Removal of subcutaneous tissues as thoroughly as
(18-30 years old) undergoing plastic surgery at the Chinapossible until observing an exposed granular sebaceous
Japan Union Hospital of Jilin University. The patients hadgland layer.
no organic lesions, and the skin at the sampling sites had(bd Separation of epidermis and dermis using dispase Il
infections or ulcerations. All patients had signed the informedTissues were digested with 2.5 mg/ml dispase 1l (Coolaber,
consent form. China) overnight at 4 °C and washed with PBS twice after
discarding the dispase Il. Epidermis was peeled off with
Primary culture: Keloid and normal skin tissues were tweezers or scraped off with sterile surgical blades and
collected by surgical excision, and the subcutaneous tissudéefore washing with PBS twice to ensure no remaining
were cut off with scissors. Subsequently, the tissues werepidermis.
cut into squares or strips with a scalpel, disinfected with
alcohol gauze, and transferred into a sterile cell culture botBmzyme digestion methodThe methods of separating NF
containing DMEM supplemented with 10 % fetal bovineand KF epidermis were the same as described in section
serum (FBS, Biological Industries, Israel) and 500U/niTissue explant method. Dermal tissue was transferred to a
penicillin-streptomycin (Gibco, USA). Each bottle wassix-well plate and cut into pieces as fine as possible before
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adding 1 mg/ml of collagenase I. Digestion was performadin; and maintenance at 4 °C. A PrimeScript™ RT Reagent
at 37 °C for 1-3 h with gentle shaking for digestion, ankit with gDNA Eraser (Takara Biotechnology Co., Ltd.) was
five times volume of stop solution (serum cultureused according to the manufacturer's protocol with a CFX
medium:PBS=1:1) was added. Real-Time PCR Detection system (Bio-Rad Laboratories,
Inc.) for gPCR. The thermocycling conditions were as
The above solution containing cells were treated ifollows: Initial denaturation at 95 °C for 3 min; and 45 cycles
three ways: of denaturation at 95 °C for 15 sec, annealing at 6°C for 20
s and extension at 72 °C for 30 s. The primers used are
1) The mixture was directly transferred to a six-well platdemonstrated in Table I. Gene expression was normalized
for further culturing, and the culture medium was replaced the level of GAPDH in a given sample. The expression
with fresh medium the next day. When cell clusters wettevel of genes and gene alternative splicing products were
observed, tissue fragments were carefully removed bycalculated and analyzed using the**2 relative
pipette. Cell clusters or adherent single cells were keptgoantification method (Livak & Schmittgen, 2001). Each
grow. experimental treatment was conducted in triplicate. All data
2) The mixture was filtered through a sterile it filter are presented as meanstandard deviation. Data was
mesh. The filtered solution was transferred into a six-wedinalyzed using SPSS software (version 22.0; IBM Corp.,
plate for culturing, and culture medium was replaced witArmonk, NY, USA). Analysis of variance followed by
fresh medium after 48 h. Dunnett's test was performed. P<0.05 was considered to
3) The mixture was centrifuged for 8 min at 1600. The indicate a statistically significant difference.
supernatant was discarded, and the remnant cells W?’r%le I. Primers and conditions for polymerase chain reaction
resuspended in fresh media and counted using %alysié poly
hemocytometer. The cells were cultured in a culture dish g
and the adherence of the cells was monitored after 48
When adherent cell clusters or cells were observed, tH&SMA

Direction  Primer saquences
Forward GACAATGGCTCTGGGCTCTGTAA

culture media were removed and replaced with fresh me- Reverse  TGTGCTTCGTCACCCACGTA
dia. The cells were passaged according to cell growtl@ol1 Forward ~GAGGGCAACAGCAGGTTCACTTA
conditions. Reverse ~ TCAGCACCACCGATGTCCA
Col3 Forward ~CCACGGAAACACTGGTGGAC
Identification of cell model Reverse  GCCAGCTGCACATCAAGGAC

- . . GAPDH Foward GTGAAGGTCGGAGTCAACG
Immunofluorescence (IF) staining.Primary KF, keloid-
surrounding tissue-derived fibroblasts (KSF), and NF were Reverse  TGAGGTCAATGAAGGGGTC
inoculated into a six-well plate at a concentrationx(@  ®-SMA, apha-smooth musde actin; Col1, collagen type 1;
cells/well. When the cells reached ~60 % confluency, thé&ol3, collagen type3.
cells were fixed and stained with primary antibody, rabbit
anti-Vimentin antibody (1/200 dilution) (Bioworld, USA)
or rabbit anti-a-SMA antibody (1/100 dilution) (Abcam,
USA). This was followed by secondary antibody staininRESULTS
with Alexa Fluof1594 goat anti-rabbit IgG (1/200 dilution).
DAPI was used to stain the cell nucleus. Samples were kept
in the dark. Cell morphology was examined undeMorphology and contaminations of bacteria, lipids, or
fluorescence microscopy. Vimentin positive cells werepithelial cells
counted.

Tissue explant methodAfter cultivating the keloid tissue
Reverse transcription-quantitative polymerase chain fragments for three to five days, a few cells started to grow
reaction (RT-qgPCR) analysisTotal RNAwas isolated using out of the fragment. Some spindle cells could clearly be
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)pbserved on the edges of the tissue after five days. More
according to the manufacturer's protocol from KF, KSF, antells could be observed after 12 days, and the cells began to
NFand quantified spectrophotometrically. A RevertAid Firstlisseminate. The gap between tissues became narrower while
Strand cDNA Synthesis kit (Takara Biotechnology Co., Ltdgell density increased. KF cells grew faster and dissociated
Dalian, China) was used for the generation of cDNAom the tissue at an earlier time point compared to NF. KF
according to the manufacturer's protocol. The thermocyclireglls could occupy all free spaces between tissues at around
conditions were as follows: 42 °C for 60 min; 70 °C for 82-15 days (Fig. 1).
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Fig. 1. Cell growth of NF and KF in tissue explant method. Normal skin and keloid tissue fragments were cultivated via tissue
explant method after surgical excision. Cell dissociation and growth can be observed under the microscope during the time

The cultivations were usually successful if the tissuagere quite different. Since the keloid tissues are thicker and
were processed within 4 h after surgical excision. Thaenser, cutting off the thicker epidermis layer would cause
chances of bacterial contamination increased when stordgss contamination of epidermal cells than using dispase |
time exceeded 4 h. Cells were found with difficulty tao remove epidermis. On the contrary, normal skin is thinner,
disseminate and replicate and lipid contamination could ofterhich brought a challenge to completely separate epider-
be observed when the storage time was longer than 24ntis and dermis via the cutting method. Although neither of
Cells contaminated with bacteria or lipids demonstrated lotlie methods can avoid the contamination of epidermal cells
chance to be rescued, which could lead to unsuccessiuthe NF cultivation, dispase Il digestion was more suitable
cultivation (Fig. 2). to remove epidermis for normal skin tissues. Due to the

differences in thickness and density, keloids needed to be
Collagenase | digestion methodThe cells formed small treated with collagenase for a longer time compared to nor-
clusters and adhered to the bottom of the plates or petral skins. The number of fibroblasts generated from keloids
dishes, and the shape of the cells started to elongate at 48proved with the increase in collagenase digestion time.
after keloids were digested and cultivated. At 72 h, celldowever, 1 h digestion worked the best for normal skin,
were observed to morph from a round to a spindle shaad the fibroblast numbers decreased if the tissues were
On the fifth day, the cells clearly turned into a spindle shapeeated with collagenase for longer than 2 h (Fig. 4).
Cell replication could be observed from day five, and KF
were confluent and aligned in parallel clusters on day 18ssessment of the primary fibroblasts from different
The adherence of cells cultivated from normal skin tissussues
took longer compared to cells from keloids. Cell adherence
was observed at 72 h, and cell replication was observed @all morphology. Cells cultivated from keloids, keloid-
the fifth day. NF cells had fully spread out on the tenth dagurrounding tissues, and normal skin all matched the
but they were not as confluent as KF (Fig. 3). phenotype of fibroblasts when observed under optical
microscope, but there were still differences. NF cells were

The collagenase digestion time and the separationlife standard fibroblasts with a spindle shape, branched

epidermis and dermis required for keloids and normal skaytoplasm, and even distribution. KF cells lacked contact
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inhibition; therefore, some cells
overlapped with others and the cell
alignment was disordered. KSF cells

Tissue-adhesive method

culture

Times(Day) ™=  ° ! ? L were either spindle-shaped or triangle-
Be 0% Be: 0% ‘_ shaped, and they formed large nest-like
@ AL e L@ oo L g oo Y clusters during cultivation (Fig. 5A).
Keloids "g
g 4-24h Y [ [ F3 X Fibroblast purity. Fibroblast cells are
1 derived from primitive mesenchyme,
24-48h ® »*0 *0 X and they express a high level of vimentin
(Chenget al, 2016). The third passage
T;;‘;‘;‘I;:y) —_ 7 9 1 Culture result of primary KF, KSF, and NF were
labelled by immunofluorescence. DAPI-
. i Be30n We0% v stained nuclei were shown in blue to
< -0 L@ T0% indicate the total cell number count, and
""SE‘SI ":f o . vimentin positive cells were shown in
& i »* * W red. The ratio of vimentin positive and
el - *e ¥e < DAPI positive cells _in gach group were
all close to 100 %, indicating that cells
were nearly all confirmed to be
@ Fibroblasts growth ¢ Mixed epidermal cells fibroblasts at the third generation of
We Mixed epidermal cells @ Lipid droplet pollution primary culture (Flg SB)

Fig. 2. Storage time is a crucial factor in primary fibroblast cultivation. Long storage
time may result in bacterial or lipid contamination in the cell culture which further
resulted in unsuccessful primary fibroblast cultivation.
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[ . i = MR ="\1 \
5 ; _ 7 1 . . '\ 8
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Day3 Days5 Dayl0
| |
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Fig. 3. Cell growth of NF and KF in collagenase digestion method. Normal skin and keloid tissue fragments were cultivated via
collagenase digestion method after surgical excision. Cell adherence and growth can be observed under the microscope during

the time course.
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Keloid-related gene expressioniWhen
KF, KSF, and NF were cultured to

I collagenase digestion method

Separation of epidermis and dermis thefifth passage, the mRNA expression
cut Dispasell Cotinps]mes levels ofa-SMA, Col1, and Col3, which
—— were shown to be involved in the keloid
1h — Day4 development, were examined. The RT-
PCR results show that the expression
Keloids O | 2h [ _ e Day4 levels ofa-SMA, Coll and Col3 were
5 up-regulated in KF (P<0.01) and down-
'g 3h ) _ e Day3 regulated in KSF (P<0.01) compared to
] NF (Fig. 6A). The IF staining result
g further confirmed that the protein
z | 8 * s Dayd expression levels afi-SMA in three
= primary fibroblasts were KF>NF>KSF
norfl»ml B [2n * Day4 (Flg 6B)
skin @ . .
3h * Day4
— > B —s %
Fibroblasts cell quantity[T] Mixed epidermal cells quantity[T]

Fig. 4. Epidermis removal methods and collagenase digestion time can affect the primary
fibroblast cultivation results. To generate the best result, different methods of epidermis
removal and lengths of collagenase treatment are required for keloids and normal skins.

Vimentin DAPI Vimentin/DAPI

B

Fig. 5. Primary fibroblast morphology and fibroblast purity assessment. KF, KSF, and NF differ morphologically from each other
(A). Each cell culture was stained with DAPI (blue) and rabbit anti-vimentin and second antibody AF594 goat anti-rabbit 1gG
(red). Images of KF cells are shown in (B). Most of the cells were shown to be positive in both, indicating that the celfivated
were nearly all fibroblasts.
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Fig. 6. Genes involved in keloid formation were shown to be up-regulated in KF but down-regulated in KSF compared to N\\AThe mR
expression levels of all three genes were tested via RT-PCR (A), amSt& protein level was confirmed via IF staining with DAPI
(blue) and rabbit anti-SMA and second antibody AF594 goat anti-rabbit IgG (red) (B).

DISCUSSION

The treatment of keloids has always been #agments and normal skin fragments were collected from

conundrum for cosmetic surgery. Due to the lack of prop¥pung patients aged from 18 to 30 to ensure the activity of
animal models, cell models are the major tools for keloidne fibroblasts. All samples were cultured using both the
etiopathogenesis studies. Currently, inducing specific céifsue explant and enzyme digestion methods to generate
types via cytokine TG or siRNA knockdown based on primary fibroblasts, so a thorough comparison can be
the in vitro primary keloids or normal skins fibroblast cultur€onducted between the two methods and across the three
is the most commonly used method (€uial, 2020; Xuet ~ tissue types.

al., 2020). Therefore, validating the in vitro primary KF or

NF cultivation is the key for further studies. Primary It was shown in this study that it was best to process
fibroblasts share many features with in vivo fibroblasts argmples within 4 h after excision to minimize the chance of
can keep the characteristics for a few passages. Howe®tamination. When the storage time exceeds 4 h, the
the replication of primary fibroblasts has a limit, so a newossibility of bacterial contamination increased significantly
primary fibroblast culture must be set up frequently. Thié the tissue explant method. Although the low level of bac-
methods commonly used to culture primary fibroblastigria did not affect the cell dissociation from the fragments,
include tissue explant and enzyme digest (Villegas Biaz it was aggravated when cells were sub-cultured. Keloids are
al., 2018; Lago & Puzzi, 2019; Katayamieal) which may highly fibrotic and have thickened epidermis and dermis
also vary in process details for different labs. On top of thdtimandjajaet al, 2018; Potteet al, 2019) so the epider-
factors like bacteria or epidermal cell contamination an@is must be cut off as much as possible to avoid the
over-digestion can easily result in unsuccessful culturé@ntamination of epidermal cells, and it is necessary to
during cultivation (Kiinzeét al, 2019). Furthermore, there €xtend the collagenase digestion time to 3 h. Normal skin
still must be an assessment to verify the quality of tHéssues are thinner in both epidermis and dermis, so the tissue
cultivated cells and determine how much they can relate @splant method can be more suitable when the size of the
the in vivo environment. All the factors mentioned abov&agmentsis large, and 30-90 min collagenase digestion can
could add to the difficulty of beginners finding a suitabl®€e used when the fragments are smaller. Though the epider-
method for primary keloid fibroblast culture. Here, keloidnis of normal skin is thinner, the separation and removal
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still must be thorough to minimize the epidermal cell RESUMEN: La identificacion de un cultivo de
contamination. If epidermal cells are observed in the tissfieroblastos queloides primarios, siempre ha sido una medida fun-
explant method, they can be eliminated by removing tlemental para estudiar los mecanismos de la enfermedad queloide.

tissue fragment, scraping off the area with epidermal cellsd calidad del cultivo de células primarias puede afectar directa-
and replacing fr’esh growth medium mente los resultados de otros experimentos. Este estudio se reali-

z6 para investigar las condiciones optimas de crecimiento, in-
. . . . . cluido el tiempo 6ptimo de almacenamiento y el tiempo de trata-
T_o validate the f|broplasts cultivated in th|_s studymiento con Ccﬂaggnasa, para modelos de cul);ivo Cm&‘my
the purity of the cells was first evaluated. The purity of thgs métodos adecuados para la separacién epidermis-dermis en
third passage of the primary cells was shown to be closedigsrentes tejidos. Se recogieron de los pacientes tejidos queloides,
100 % in all tissues, and the few epidermal cells could hgjidos circundantes queloides y tejidos cutaneos normales, para
eliminated during the following sub-culturing. Thiscultivo primario de fibroblastos. Se implementaron y compara-
suggested that the fifth passage of the cells would be in gogod dos métodos, explante de tejido y digestion con colagenasa.
condition to be used in further studies (Baraetyil, 2019). Los niveles de expresion de los genes relacionados con queloides
Thea-SMA, Col1, and Col3 mRNA levels in KF, KSF, andd-SMA, Colly Col3 se evaluaron en células cultivadas usando
NF were next determined using RT-PGRSMA, Col1, and ampos método'.s,'para ve}r?fipar las cual?dades de las célulgs pri-
Col3, shown to participate in keloid formation, werdnarias. Se realizé un andlisis comparativo entre los dos métodos

considered as markers for the fibrosis level of tissues aﬁlgntre los tres tejidos diferentes utilizados. La contaminacion de

din th luati f coll lati acterias y lipidos se minimiz6 inmediatamente después de que
were used In the evaluation of collagén accumulation ag procesaron las muestras. Se requirieron varios métodos de eli-

epithelial-mesenchymal transition (Tredgsttal, 1997, minacisn de la epidermis y diferentes tiempos de digestion con
Sarrazyet al, 2011; Zhwet al, 2016; Limandjaj&t al; Tan  colagenasa en los tejidos para generar resultados 6ptimos. Los
etal, 2019). It was demonstrated that the mRNA expressi@gsultados de la PCR en tiempo real mostraron que los niveles de
levels of these genes were up-regulated in KF, which explaiagresion de ARNm de genes relacionados con queloides en
the keloid fibrosis level. The high expressioroneBMA in  fibroblastos cultivados se correlacionaban con su perfil de expre-
KF was further confirmed on the protein level using IFionin vivo, como se informd en estudios anteriores. Los resulta-
staining, suggesting that the cultivated primary fibroblas@s de este studio indicaron varios puntos clave en el cultivo de
could resemble in vivo fibroblasts and could be used adiroblastos queloides primarios y han demostrado la correlacion

reliable in vitro cell model in further keloid studies. en la expresion génica entre fibroblastos queloidedvo y
fibroblastos queloides primarias vitro.

In conclusion, both tissue explant and collagenase PALABRAS CLAVE: Queloide, Piel normal,

digestion methods can successfully generate high qualg%robmtos’ Cultivo de células primarias@-SMA
and purity primary NF and KF. During the process, a few

procedures must be fine-tuned according to the tissue type
to produce the best results. An improved cell model for keloj§eFERENCES
study can be built based on these methods by adding
cytokines or using the 3D cell culture technique to reconstruct

the in vivo environment. Andrews, J. P.; Marttala, J.; Macarak, E.; Rosenbloom, J. & Uitto, J. Keloids:
Keloids: The paradigm of skin fibrosis - Pathomechanisms and
treatmentMatrix Biol., 5137-46, 2016.

Bai, X. Z.; Liu, J. Q.; Yang, L. L.; Fan, L.; He, T.; Su, L. L.; Shi, J. H,;
Tang, C. W.; Zheng, Z. & Hu, D. H. Identification of sirtuin 1 as a
promising therapeutic target for hypertrophic sc@rsJ. Pharmacol.,
173(10)1589-601, 2016.

The present study was supported by the Nationghranyi, U.; Winter, B.; Gugerell, A.; Hegedus, B.; Brostjan, C.; Laufer,

Natural Foundation of China (grant no. 8197]_842); the Jilin G. & Messner, B. Primary human fibroblasts in culture switch to a

Scientific and Technological Development Program (grant %;fggrl"bz'gig”ke phenotype independently of TGF Bdtalls,
no. 20180414038GH; 20190701039GH; 20200201371‘]§érman, B.; Maderal, A. & Raphael, B. Keloids and hypertrophic scars:
20200201580JC). pathophysiology, classification, and treatmedérmatol. Surg., 43
Suppl. 1S3-S18, 2017.
Cheng, F.; Shen, Y.; Mohanasundaram, P.; Lindstrom, M.; Ivaska, J.; Ny,
QIN, H.; LIU, R.; NIE, W.; LI, M.; YANG, L.; ZHOU, C.; T. & Eriksson, J. E. Vimentin coordinates fibroblast proliferation and

i p keratinocyte differentiation in wound healing via TGF-b-Slug signaling.
ZHANG, L. & ZHANG, G. Comparacion de los métodos de Proc. Natl, Acad. Sci. U. S. A., 113(39)320-7, 2016,

cultivo Qe fibroblastos guelmdes prlmarlos y Ia§ carac?gnstlc%%i’ J.; Li, Z.; Jin, C. & Jin, Z. Knockdown of fibronectin extra domain B
de los fibroblastos cultivados a partir de queloides, tejidos cir- gyppresses TGF-b1-mediated cell proliferation and collagen deposition
cundantes queloides y tejidos cutaneos normiales. Morphol., in keloid fibroblasts via AKT/ERK signaling pathwaBiochem.
39(1)302-310, 2021. Biophys. Res. Commun., 52614)31-7, 2020.

ACKNOWLEDGEMENTS

309



QIN, H,; LIU, R.; NIE, W,; LI, M.; YANG, L.; ZHOU, C.; ZHANG, L. & ZHANG, G.  Comparison of primary keloid fibroblast cultivation methods and the characteristics of fibroblasts cultured
from keloids, keloid-surrounding tissues, and normal skin tissutes..Morphol.,39(1)302-310, 2021.

Deodhar, A. K. Aetiopathogenesis of keloids. Indian J. Med. SciVillegas Diaz, M. R.; Baeza, A.; Usategui Corral, A.; Ortiz-Romero, P. L.;
53(12):525-8, 1999. Pablos, J. L. & Vallet Regi, M. Collagenase nanocapsules: An approach
Fischer, K.; Rieblinger, B.; Hein, R.; Sfriso, R.; Zuber, J.; Fischer, A.; to fibrosis treatment. Acta Biomat., 74:430-8, 2018.
Klinger, B.; Liang, W:; Flisikowski, K.; Kurome, Met al Viable pigs  Xu, M.; Sun, J.; Yu, Y.; Pan, Q.; Lin, X.; Barakat, M.; Lei, R. & Xu, J.
after simultaneous inactivation of porcine MHC class | and three TM4SF1 involves in miR-1-3p/miR-214-5p-mediated inhibition of the
xenoreactive antigen genes GGTAL1, CMAH and B4GALNT2. migration and proliferation in keloid by regulating AKT/ERK signaling.

Xenotransplantation, 27(1):e12560, 2020. Life Sci., 254:117746, 2020.
Hinz, B. The myofibroblast: paradigm for a mechanically active cell. Zhu, Z.; Ding, J. & Tredget, E. E. The molecular basis of hypertrophic
Biomech., 43(1):146-55, 2010. scars. Burns Trauma, 4:2, 2016.

Jaloux, C.; Bertrand, B.; Degardin, N.; Casanova, D.; Kerfant, N. &
Philandrianos, C. Keloid scars (part Il): Treatment and prevention. Ann.
Chir. Plast. Esthet., 62(1):87-96, 2017.
Jones, M. E.; McLane, J.; Adenegan, R.; Lee, J. A. & Ganzer, C. Azorresponding author:
Advancing keloid treatment: a novel multimodal approach to edrianbo Zhang
keloids. Dermatol. Surg., 43(9):1164-9, 2017. Department of Plastic Surgery
Kang, Y.; Roh, M. R.; Rajadurai, S.; Rajadurai, A.; Kumar, R.; Njauw, CChina-Japan Union Hospital of Jilin University
N.; Zheng, Z. & Tsao, H. Hypoxia and HIF-1a regulate collagen og Xiantai Street
production in keloids. J. Invest. Dermatol., 140(11):2157-65, 2020. Changchun
Katayama, Y.; Naitoh, M.; Kubota, H.; Yamawaki, S.; Aya, R.; Ishiko, T. & ..
Morimoto, N. Chondroitin sulfate promotes the proliferation of keloid‘JIIIn 130033
fibroblasts through activation of the integrin and protein kinase §-R- CHINA
pathways. Int. J. Mol. Sci., 21(6):1955, 2020.
Kisiel, M. A. & Klar, A. S. Isolation and culture of human dermal fibroblasts Email: lianbo@jlu.edu.cn
Methods Mol. Biol., 1993:71-8, 2019.
Klingberg, F.; Hinz, B. & White, E. S. The myofibroblast matrix: implications
for tissue repair and fibrosis. J. Pathol., 229(2):298-309, 2013. Corresponding author:
Kunzel, S. R.; Schaeffer, C.; Sekeres, K.; Mehnert, C. S.; Schacht Wall,
. L . (Suang Zhang
M.; Newe, M.; Kdmmerer, S. & EI-Armouche, A. Ultrasonic-augmente .
primary adult fibroblast isolation. J. Vis. Exp., (149), 2019. DOI: https: epartment of T,her'd Sgrgery . . .
/www.doi.org/10.3791/59858 China-Japan Union Hospital of Jilin University
Lago, J. C. & Puzzi, M. B. The effect of aging in primary human dermal 26 Xiantai Street
fibroblasts. PLoS One, 14(7):e0219165, 2019. Changchun
Limandjaja, G. C.; van den Broek, L. J.; Breetveld, M.; Waaijman, TJilin 130033
Monstrey, S.; de Boer, E. M.; Scheper, R. J.; Niessen, F. B. & Gibbs, SR. CHINA
Characterization of in vitro reconstructed human normotrophic,
hypertrophic, and keloid scar models. Tissue Eng. Part C Metho
24(4):242-53, 2018.
Livak, K. J. & Schmittgen, T. D. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method.
Methods, 25(4):402-8, 2001. Received: 13-08-2020
Potter, D. A.; Veitch, D. & Johnston, G. A. Scarring and wound healing. BAccepted: 16-09-2020
J. Hosp. Med. (Lond.), 80(11):C166-C171, 2019.
Sarrazy, V.; Billet, F.; Micallef, L.; Coulomb, B. & Desmouliéere, A.
Mechanisms of pathological scarring: role of myofibroblasts and current
developments. Wound Repair Regen., 19 Suppl. 1:s10-5, 2011.
Shi, C. K.; Zhao, Y. P.; Ge, P. & Huang, G. B. Therapeutic effect of
interleukin-10 in keloid fibroblasts by suppression of TGF-b/Smad
pathway. Eur. Rev. Med. Pharmacol. Sci., 23(20):9085-92, 2019.
Shih, B. & Bayat, A. Genetics of keloid scarring. Arch. Dermatol. Res.,
302(5):319-39, 2010.
Sidgwick, G. P. & Bayat, A. Extracellular matrix molecules implicated in
hypertrophic and keloid scarring. J. Eur. Acad. Dermatol. Venereol.,
26(2):141-52, 2012.
Supp, D. M. Animal models for studies of keloid scarring. Adv. Wound
Care (New Rochelle), 8(2):77-89, 2019.
Tan, S.; Khumalo, N. & Bayat, A. Understanding keloid pathobiology from
a quasi-neoplastic perspective: less of a scar and more of a chronic
inflammatory disease with cancer-like tendencies. Front. Immunol.,
10:1810, 2019.
Tredget, E. E.; Nedelec, B.; Scott, P. G. & Ghahary, A. Hypertrophic scars,
keloids, and contractures. The cellular and molecular basis for therapy.
Surg. Clin. North Am., 77(3):701-30, 1997.
Tucci-Viegas, V. M.; Hochman, B.; Franca, J. P. & Ferreira, L. M. Keloid
explant culture: a model for keloid fibroblasts isolation and cultivation
based on the biological differences of its specific regions. Int. Wound
J., 7(5):339-48, 2010.

310

Email: zhangguang@jlu.edu.cn



