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Keloids are skin tumours caused by aberrant growth 
of dermal fibroblasts. Cellular senescence contributes 
to aging and various pathological conditions, including 
cancer, atherosclerosis, and fibrotic diseases. Howe-
ver, the effects of cellular senescence and senolytic 
drugs on keloids remain largely unknown. This study 
investigated senescent fibroblasts in keloids and as-
sessed the effects of dasatinib on these cells. Tissues 
acquired from keloid removal surgery were analysed 
for senescence-associated β-galactosidase-positive 
cells, p16 expression, and the effects of dasatinib tre-
atment on keloids. Keloid tissue was xenotransplan-
ted into mice, and the effect of intralesional dasatinib 
injection on keloid growth was observed. The results 
showed that the numbers of β-galactosidase-positive 
and p16-expressing cells were higher in the keloids 
compared with in the controls. Dasatinib induced se-
lective clearance of senescent cells and decreased 
procollagen expression in cultured keloid fibroblasts. 
In this xenotransplant keloid mouse model, intralesio-
nal injection of dasatinib reduced gross keloid tissue 
weight and the expression of both procollagen and 
p16. In addition, dasatinib-treated keloid fibroblasts 
conditioned medium reduced procollagen and p16 ex-
pression in cultured keloid fibroblasts. In conclusion, 
these results suggest that an increased number of 
senescent fibroblasts may play an important role in the 
pathogenesis of keloids. Therefore, dasatinib could be 
an alternative treatment for patients with keloids.
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A keloid scar is a fibroproliferative disease following a 
dysregulated wound healing process that is characte-

rized by overdeposition of extracellular matrix including 
collagen in the dermis. Clinically, keloids appear as firm 
nodules that extend beyond the borders of the original 
wound. In addition to cosmetic disfigurement, patients 
also report pruritus and pain (1). Several treatment 
modalities exist, including intralesional corticosteroid 
injections, revision surgery, cryotherapy, and laser 

therapy. However, the efficacy of these treatments remains 
unsatisfactory, and keloid recurrence is common (2).

Cellular senescence, a state in which cells undergo 
stress-induced cell cycle arrest, has recently been impli-
cated in aging and age-related diseases, such as cancer, 
atherosclerosis, and osteoarthritis (3). Therefore, remo-
val of senescent cells may be an effective treatment for 
these diseases. Senolysis is a therapeutic strategy for 
selectively eliminating senescent cells, consequently 
removing detrimental components of the senescence-
associated secretory phenotype (SASP). Several drugs, 
including dasatinib, quercetin, navitoclax, and 17-dime-
thylaminoethylamino-17-demethoxygeldanamycin, have 
shown selective effects on senescent cells (4). Dasatinib, 
a tyrosine kinase inhibitor, was originally developed 
to target oncogenic breakpoint cluster region-Abelson 
tyrosine-protein kinase 1 (BCR-ABL) and is used to 
treat chronic myeloid leukaemia (5, 6). During the past 
decade, dasatinib, in combination with quercetin, has 
shown senolytic activity by targeting crucial signalling 
pathways involved in the maintenance of senescent cells, 
such as tyrosine kinases and phosphoinositide 3-kinase 
(7–10). In patients with systemic sclerosis-associated 
interstitial lung disease, dasatinib showed clinical im-
provement, with decreased expression of SASP and 
other senescence-related genes, thereby suggesting that 
cellular senescence is an important pathological compo-
nent of fibrotic diseases (7, 11). Moreover, dasatinib and 
quercetin alleviated physical dysfunction in idiopathic 
pulmonary fibrosis in a human open-label trial (12). 

SIGNIFICANCE
Keloids are a fibroproliferative condition involving aber-
rant deposition of extracellular matrix including collagen 
because of dysregulated wound healing. Although surgi-
cal removal is possible, keloid recurrence is common, and 
other treatment modalities remain unsatisfactory. Senoly-
sis is a therapeutic strategy to selectively eliminate senes-
cent cells, consequently removing detrimental components 
of the senescence-associated secretory phenotype. This 
study showed that the anti-fibrotic effect of dasatinib in 
keloid fibroblast cultures and xenotransplant keloid tissue 
in mice involved the selective clearance of senescent cells 
and senescent-secreted secretome modulation. These re-
sults suggest a possible therapeutic application of senolytic 
treatment for keloids.
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However, the role of senescent cells in keloids remains 
largely unexplored. 

The aim of this study was to investigate whether sene-
scent cells are increased in keloids and to further explore 
the effect of dasatinib as a senolytic drug to treat keloids.

MATERIALS AND METHODS
Keloid biopsy from patients

After obtaining informed consent from 6 patients with keloids, 
tissues were acquired following keloid removal surgery. A dermal 
fibroblast cell line was isolated from tissues and cryosectioned. 
The biopsied specimens were divided into 2 groups: lesional and 
perilesional normal skin. This study was approved by the Seoul 
National University Institutional Review Board and conducted 
according to the principles of the Declaration of Helsinki.

Isolation of keloid dermal fibroblast

For the primary culture of dermal fibroblasts, human dermal fi-
broblasts were isolated by mechanical and enzymatic digestion, 
using a previously described protocol, and cultured in Dulbecco’s 
modified Eagle medium (DMEM, Welgene, Gyeongsan, South 
Korea) with 10,000 U/mL penicillin, 10,000 μg/mL streptomycin 
(Life Technologies, Waltham, MA, USA), and 10% foetal bovine 
serum (GE Healthcare, Little Chalfont, UK and Life Sciences, UT, 
USA). Cells were maintained in a humidified 5% CO2 atmosphere 
at 37°C. Only cells cultured between passages 1 and 4 were used 
for subsequent experiments.

Dasatinib treatment

The cells were cultured to 60% confluence, serum starved for 24 
h, and treated with 1, 5, or 10 nM dasatinib or phosphate-buffered 
saline (PBS) for 24 h.

Senescence-associated β-galactosidase analysis

Cells were cultured to 40% confluence and senescence-associated 
β-galactosidase (SA-β-galactosidase) activity was measured using 
a senescence detection kit (Cell Signaling Technology, Danvers, 
MA, USA) according to the manufacturer’s instructions. The 
number of positive cells was quantified after 24 h.

RNA and protein extraction

mRNA and protein were extracted from snap-frozen tissue samples 
comprising keloids or perilesional tissue. The crushed tissue was 
lysed using the TRIzol reagent according to the manufacturer’s 
protocol (Thermo Fisher Scientific, Waltham, MA, USA) for both 
RNA and protein analyses.

qRT-PCR

Total RNA (1 µg) was used in a 20 µL reaction mixture for first-
strand cDNA synthesis using the First Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific). cDNA was amplified using a 7500 real-
time PCR system (Thermo Fisher Scientific) and SYBR Premix Ex 
Taq (Perfect Real-time; Takara Bio, CA, USA) according to the 
manufacturer’s protocol, with the following primer pairs: 36B4 
(forward, 5-TGGGCTCCAAGCAGATGC-3; reverse, 5-GGCTT-
CGCTGGCTCCCAC-3), p16 (forward, 5-CAACGCACCGAA-
TAGTTACG-3; reverse, 5-CAGCTCCTCAGCCAGGTC-3), and 
procollagen (forward, 5-CTCGAGGTGGACACCACC CT-3; 
reverse, 5-CAGCTGGATGGCCACATCGG-3). The PCR thermo-

cycling conditions were as follows: 50°C for 2 min and 95°C for 
2 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. 
The relative mRNA expression levels were normalized to those 
of 36B4, and the relative expression levels of the target genes 
were calculated using the 2−ΔΔCq method (13). Each experiment 
was repeated 3 times.

Immunoblotting

The cells were washed with ice-cold PBS and lysed with radio-
immunoprecipitation assay lysis buffer (Millipore, Billerica, MA, 
USA) mixed with a protease inhibitor mixture (Roche, Basel, 
Switzerland) and phosphatase inhibitor mixture (Sigma-Aldrich, 
St Louis, MO, USA). The cell lysates were centrifuged at 13,500 × 
g at 4°C for 15 min, and the supernatants were collected. The total 
extracted protein concentration was quantified using a bicinchoni-
nic acid assay reagent (Sigma-Aldrich). Equal amounts of protein 
were separated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and transferred to polyvinylidene difluoride mem-
branes (Roche). The membranes were blocked with 5% skimmed 
milk diluted in Tris-buffered saline containing 0.1% Tween-20, 
and then incubated with primary antibodies: mouse anti-β-actin 
(Santa Cruz Biotechnology, Dallas, TX, USA), mouse anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Thermo 
Fisher Scientific, Waltham, MA, USA), mouse anti-procollagen 
(clone SP1.D8, Developmental Studies Hybridoma Bank, Iowa 
City, IA, USA), rabbit anti-p16 (Abcam, Cambridge, UK). β-actin 
and GAPDH were used as loading controls. The membranes were 
then washed and incubated with a mouse polyclonal antibody 
(Genetex, Irvine, CA, USA) against β-actin and procollagen and 
a rabbit polyclonal antibody (Genetex) against p16 and p21. Im-
munoreactive bands were visualized using an enhanced chemilu-
minescence detection system (Thermo Fisher Scientific), and band 
density was measured using the ImageJ software (version 1.51; 
National Institutes of Health, Bethesda, MD, USA). The protein 
expression was normalized to that of β-actin.

Cell proliferation assay

The cells were seeded in 6-well plates, cultured to 60% confluence, 
starved for another 24 h in serum-free DMEM, and treated with 
dasatinib for 24 h. Cell viability was tested using the Ezy-Cytox 
Cell Viability Assay Kit (Daeil Bio, Seoul, South Korea) according 
to the manufacturer’s instructions. In summary, the Ezy-Cytox 
reagent was added to each well, incubated for 1 h, and transfer-
red to a 96-well plate. The absorbance of the collected medium 
was determined spectrophotometrically using a microplate reader 
(Molecular Devices, San Jose, CA, USA) at 450/650 nm.

Xenotransplantation of human keloid tissue

Keloid tissues were obtained from patients during surgical exci-
sion. For xenotransplantation, donor tissues were prepared using 
a 5-mm punch (weight range 0.09–0.1 g) and preserved in normal 
saline (0.9% sodium chloride solution). Female athymic nude 
BALB/c mice (age 6 weeks) were anaesthetized with isoflurane, 
and human keloid tissues were transplanted at the recipient site, 
which was prepared using a 5-mm punch on each side of the 
back, within 2 h of keloid tissue acquisition. On the fifteenth day 
after transplantation, the tissue had completely healed and was 
intralesionally injected with vehicle (PBS) or 10 nM dasatinib 
for 2 weeks (3 times/week). Lesions were obtained for further 
analysis 7 days after the final treatment. Measurement of graft 
weight and western blot analysis of xenotransplant tissue was 
carried out according to a previously described protocol (14). 
The study was approved by the Institutional Care and Use Com-
mittee (IACUC) of Seoul National University, and the number 

http://medicaljournalssweden.se/actadv
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of animals used was kept to a minimum to reduce suffering, 
according to the protocol.

Immunohistochemical and immunofluorescence staining

Tissues from both patients and xenotransplanted mice were fixed 
in a 4% paraformaldehyde solution overnight at 4 °C. The tissue 
blocks were embedded in paraffin, cut into approximately 5-µM 
sections using a microtome, and affixed on slides, which were de-
paraffinized and rehydrated using a series of xylene and ethanol 
solutions. The antigens were retrieved with Tri-sodium citrate (0.1 
nM sodium citrate, 0.05% Tween 20, pH 6.0) in a high-pressure 
cooker for 30 min. The slides were then incubated with rabbit 
anti-p16 antibody (ab54210; Abcam). The primary antibody was 
washed with PBS and incubated with a rabbit secondary antibody 
for 1 h. The colour was developed using a liquid AEC substrate 
kit (GBI Labs, Bothell, WA, USA). The slides were mounted and 
observed. The number of p16-positive cells from 3 fields of each 
sample was quantified manually by 3 researchers and is represented 
as the mean value±standard deviation (SD). To observe the thick-
ness of collagen, tissue sections were stained with haematoxylin 
and eosin (H&E) and Masson’s trichrome.

For immunofluorescence staining, the tissue sections were 
incubated with rabbit anti-p16 antibody (ab5421, Abcam). The 
primary antibody was washed with PBS and incubated with 
the fluorescent-tagged anti-rabbit Alexa Fluor 488 secondary 
antibody (Invitrogen, Life Technologies, Carlsbad, CA, USA) 
for 1 h at room temperature. The nuclei were counterstained 
with DAPI. The sections were mounted on slides using an 
Immu-Mount (Thermo Fisher Scientific). Fluorescence images 
were acquired using a Leica (Wetzlar, Hesse, Germany) TCS 
SP8 microscope.

Conditioned medium and cytokine array

The cells were seeded in a 100-mm plate and treated with 10 nM 
dasatinib (conditioned medium (CM)) or vehicle for 48 h. The 
cells were reseeded in DMEM without growth factors for 96 h 
and incubated at 37°C. CM was used for downstream analysis of 
keloid fibroblasts. The remaining CM was harvested and stored at 

−80°C for protein cytokine array analysis using a RayBio Human 
Cytokine Antibody Array 5 (RayBiotech, Peachtree Corners, GA, 
USA). Membranes were treated and analysed according to the 
manufacturer’s protocol. Densitometric analyses were performed 
using ImageJ software. Keloid fibroblasts were treated with 10 
ng/mL CXCL5, CCL5, CCL7, and CCL8 (R&D Systems, Min-
neapolis, MN, USA) for 24 h.

Statistical analysis

The results of at least 3 independent representative experi-
ments with each of the data are represented as mean±standard 
deviation (SD) values. The Mann–Whitney U test was used 
to analyse differences between groups using SPSS (version 
23.0; IBM, Armonk, NY, USA). Statistical significance was 
set at p < 0.05.

RESULTS

Senescence-associated-β-galactosidase-positive cells 
and p16 expression are increased in keloids
First, this study compared the presence of senescent fibro-
blasts in keloid and perilesional normal tissues using SA-
β-galactosidase activity analysis in primary cell cultures. 
Quantitative analysis of cultured fibroblasts demonstra-
ted that the number of SA-β-galactosidase-positive cells 
was significantly higher in lesional keloid fibroblasts 
than in perilesional normal fibroblasts (p < 0.05, Fig. 1). 
To confirm these findings, p16 expression in the lesional 
and perilesional tissues was investigated. Compared 
with perilesional skin, keloid lesions showed signifi-
cantly increased numbers of p16+ cells (Fig. 1C, D). In 
addition, p16 overexpression was revealed by real-time 
quantitative reverse transcription PCR (qRT-PCR) in 
keloid lesions (Fig. 1E).

Fig. 1. Increased number of β-galactosidase+ cells and p16 expression in keloid lesion. (A) Senescence-associated-β-galactosidase (SA-β-
galactosidase)-positive fibroblasts in keloid and perilesional skin (scale bars: 100 μm). (B) SA-β-galactosidase-positive fibroblast quantification in keloid 
and perilesional skin (p < 0.05). (C) Representative image of sections immunostained with anti-p16 antibody (scale bars: 100 μm) (D) Relative changes 
in the number of p16-expressing cells in lesional and perilesional tissues (p < 0.05). (E) p16 and procollagen mRNA expression in keloid tissue and 
perilesional skin (p < 0.05). The data are expressed as mean±SD. Representative data are shown from 6 independent experiments.

http://medicaljournalssweden.se/actadv
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Dasatinib selectively eliminated p16-positive cells and 
suppressed procollagen expression

To evaluate the effect of dasatinib on cultured keloid 
cells, doses ranging from 1 nM to 1 µM were admi-
nistered. Cell viability and senescence were evaluated 
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-

tetrazolium bromide and SA-β-Gal assays, respecti-
vely. Although up to 10 nM dasatinib did not affect 
the viability of fibroblasts from perilesional skin, the 
number of fibroblasts from keloid lesions significantly 
decreased after treatment with the lowest dose of 1 nM 
dasatinib. The percentage of β-galactosidase-positive 
cells also decreased significantly in keloid fibroblasts 

Fig. 2. Dasatinib reduced p16 and procollagen expression and the number of cells with β-galactosidase activity in keloid fibroblasts. (A) 
Cell viability and senescence-associated-β-galactosidase (SA-β-galactosidase)-positive cell percentage were measured in fibroblasts cultured from lesional 
or perilesional tissue after 1 nM–1 µM dasatinib treatment for 24 h. (B) Western blot showing decreased procollagen and p16 expression in dasatinib-
treated lesional fibroblasts. (C) Quantification of western blot results showing reduced procollagen and p16 expression in a concentration-dependent 
manner (p < 0.05). (D) The SA-β-galactosidase staining shows a concentration-dependent reduction in SA-β-galactosidase-positive cells (1–10 nM). The 
data are expressed as mean±standard deviation (SD). Representative data are shown from 3 independent experiments. (*p < 0.05, lesional control vs 
dasatinib treatment; #p < 0.05, perilesional control vs dasatinib treatment).

http://medicaljournalssweden.se/actadv
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after  treatment with 1 nM dasatinib (Fig. 2A). These 
findings suggested that dasatinib selectively targets 
β-galactosidase-positive cells in keloid fibroblasts. 
Treatment with 1–10 nM dasatinib also significantly re-
duced p16 and procollagen protein expression in keloid 
fibroblasts in a concentration-dependent manner (Fig. 
2B, C). The number of SA-β-galactosidase-positive cells 
exposed to dasatinib also decreased in a concentration-
dependent manner (Fig. 2D).

Intralesional injection of dasatinib reduced xenotrans-
planted keloid tissue size and suppressed procollagen 
and p16 expression
To validate the senolytic effect of dasatinib on keloids 
in vivo, human keloid tissues were implanted into the 
backs of athymic nude BALB/c mice. After 6 intrale-
sional dasatinib injections over 2 weeks (three times/
week), xenotransplant tissues were extirpated and eva-
luated (Fig. 3A). Tissue weight in the dasatinib-treated 
lesions was significantly lower compared with that in the 
vehicle-treated lesions (p < 0.05, Fig. 3B). Furthermore, 
both p16 and procollagen protein expression levels were 
lower in the dasatinib-treated lesions (p < 0.05, Fig. 3C, 
D). Histopathological analysis using both H&E and 

Masson’s trichrome staining showed reduced collagen 
bundle thickness in dasatinib-treated tissues (Fig. 4A). 
Immunofluorescence staining and quantification of 
p16-positive cells showed a significant reduction of 
p16-positive cells in dasatinib-treated lesions (p < 0.05, 
Fig. 4B).

Profibrotic effect of senescence-associated secretory 
phenotype was attenuated by dasatinib treatment
To determine whether the antifibrotic effect of dasatinib 
is mediated by SASP reduction in keloids, an in vitro as-
say was performed to test the effect of CM from keloid 
fibroblasts, with and without dasatinib treatment, on 
keloid fibroblasts. The cells cultured in dasatinib-treated 
CM showed significantly reduced expression of procol-
lagen and p16 (Fig. 5A). In addition, CM was analysed 
using a cytokine array, with some notable differences 
between the vehicle- and dasatinib-treated CM groups. 
The 4 secretomes that were significantly reduced by da-
satinib treatment were CCL5, CCL7, CCL8, and CXCL5 
(p < 0.05). The effects of CXCL5, CCL8, CCL7, and 
CCL5 on keloid fibroblasts were investigated; CCL8, 
CCL7, and CCL5 induced procollagen overexpression 
(p < 0.05).

Fig. 3. Intralesional dasatinib reduced 
xenotransplanted lesion size and 
procollagen and p16 expression. (A) 
Macroscopic examination of the dasatinib-treated 
(right) and vehicle-treated (left) keloid tissues 
at baseline and after treatment. (B) Tissue 
weight after intralesional 10 nM dasatinib or 
phosphate-buffered saline (PBS) treatment for 2 
weeks (thrice/week, p < 0.05). (C) Western blot 
analysis of procollagen and p16 expression from 
dasatinib-treated and vehicle-treated lesions 
(p < 0.05). (D) Quantification of western blot 
results (p < 0.05). The data are expressed as 
mean±standard deviation (SD). Representative 
data are shown from 3 independent experiments.

http://medicaljournalssweden.se/actadv
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DISCUSSION

Fibrosis is a major pathological condition characte-
rized by distortion of normal tissue architecture by 
uncontrolled production of extracellular matrix, which 
eventually disrupts proper organ function. Recently, the 
accumulation of senescent cells has been suggested to 
be an important cause of internal organ fibrosis (12, 15). 
Therefore, senotherapeutics has emerged as a feasible 
approach for treating fibrotic disorders (15). Although the 
association between cellular senescence and abnormal 
skin wounds is largely unknown, a recent study showed 
that abnormal scars, including keloids and hypertrophic 
scars, showed increased senescence markers (p16) using 
immunochemical staining (16).

This study examined the presence of senescent cells 
in keloid fibroblasts and tissues and found an increased 
number of senescent cells in keloids. These findings 
are consistent with those of previous reports (16, 17). 
We further investigated the antifibrotic and senolytic 
effects of dasatinib in keloid fibroblasts. Dasatinib 
reduced procollagen expression and keloid fibroblast 

senescence in vitro. Moreover, a keloid xenotransplant 
model, in which human keloid tissues were implanted in 
athymic nude mice, showed that intralesional dasatinib 
injection reduced the macroscopic size and weight of the 
xenotransplant keloid tissue. In addition, p16 and pro-
collagen expression levels were significantly decreased 
by dasatinib treatment. H&E and Masson’s trichrome 
staining revealed reduced collagen bundle thickness 
in the dasatinib-treated tissues. The expression of p16-
positive cells indicated by immunofluorescence staining 
in keloid tissue was also significantly reduced by dasa-
tinib treatment compared with vehicle-treated controls.

To elucidate the mechanism underlying the antifibrotic 
effect of dasatinib, we analysed the effect of CM from 
keloid fibroblasts treated with or without dasatinib on 
keloid fibroblasts. Keloid fibroblasts incubated with 
CM from dasatinib-treated keloid fibroblasts showed 
significantly reduced procollagen and p16 expression 
compared with cultured keloid fibroblasts incubated with 
CM from vehicle-treated keloid fibroblasts (p < 0.05). 
The expression of cytokines, such as CCL-5, CCL-7, 

Fig. 4. Intralesional dasatinib reduced collagen bundle thickness and p16+ cells in the xenotransplanted keloid model. (A) Haematoxylin and 
eosin, Masson’s trichome, and p16 staining of vehicle- and dasatinib-treated lesions (scale bars: 100 µm). (B) Immunofluorescence staining of p16 and 
quantification of p16-positive cells on the vehicle-treated and dasatinib-treated lesion (scale bars: 100 µm; p < 0.05). Data expressed as mean±standard 
deviation (SD). Representative data are shown from 3 independent experiments.

http://medicaljournalssweden.se/actadv
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Fig. 5. Dasatinib-treated conditioned medium (CM) reduced procollagen and p16 expression in keloid fibroblasts and downregulated 
several cytokines (CXCL5, CCL8, CCL7, and CCL5). (A) Schematic representation of experimental methods. Keloid fibroblasts were treated with 
dasatinib or vehicle for 48 h. Cells were re-seeded with fresh medium and incubated for 96 h. The CM was collected, used for cytokine array analysis, 
and its effect on cultured keloid fibroblast was evaluated. (B) Western blot analysis of procollagen and p16 expression from keloid fibroblast cultured with 
dasatinib-treated and vehicle-treated CM (p < 0.05).  (C) Quantification of western blot results (p < 0.05). (D) Cytokine antibody arrays with conditioned 
media from dasatinib- and vehicle-treated keloid fibroblasts (red: positive control; green: downregulated cytokines; top-right: CXCL5, CCL8, CCL7, CCL5). 
(E) Fold change in cytokine expression in CM from cultured keloid fibroblasts treated with dasatinib or vehicle. (F) Western blot analysis of procollagen 
expression from keloid fibroblasts cultured with 10 ng/mL CXCL5, CCL8, CCL7, and CCL5 (p < 0.05). (G) Quantification of western blot results (p < 0.05). 
Data expressed as mean±SD. Representative data are shown from 3 independent experiments.

http://medicaljournalssweden.se/actadv
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CCL8, and CXCL-5, was downregulated in the dasatinib-
treated CM compared with that in the vehicle-treated 
CM (p < 0.05). These cytokines are involved in fibrosis 
in several organs, such as the liver, kidneys, and lungs 
(18–22). CCL-5 contributes to early-stage liver fibrosis 
in non-alcoholic fatty liver disease; and, it has been 
considered as a potential therapeutic target for renal 
interstitial fibrosis (19, 22). CCL-7, previously known 
as monocyte chemoattractant protein 3, is overexpressed 
in systemic sclerosis and is associated with the extent 
of skin sclerosis and severity of pulmonary fibrosis (20, 
21). CCL8 has been proposed as a candidate molecule 
for differential diagnosis and prediction of survival in 
idiopathic pulmonary fibrosis (18). Consistently, these 
cytokines also showed a pro-fibrogenic effect on cultured 
keloid fibroblasts in this study.

In addition to keloids, recent data demonstrated that 
senescent cell accumulation plays a direct role in fibrosis 
and contributes to fibrotic diseases in the liver, kidneys, 
and lungs (12, 15, 23). Therefore, senotherapeutics 
may be a viable strategy for treating multiple fibrotic 
conditions (15). Recent clinical evidence has shown a 
benefit of senolytic therapy for fibrotic diseases, such 
as pulmonary fibrosis and systemic sclerosis-related 
interstitial lung disease (10, 11).

In conclusion, the results of this study demonstrate 
that dasatinib has antifibrotic effects in keloid fibroblasts 
and xenotransplant keloid tissue in mice through the 
selective clearance of senescent cells and modulation 
of the senescence-secreted secretome. These findings 
suggest a possible therapeutic application of senolytic 
treatments for keloids.
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