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 Background: Skin fibroblasts are primary mediators underlying wound healing and therapeutic targets in scar prevention and 
treatment. CD26 is a molecular marker to distinguish fibroblast subpopulations and plays an important role in 
modulating the biological behaviors of dermal fibroblasts and influencing skin wound repair. Therapeutic tar-
geting of specific fibroblast subsets is expected to reduce skin scar formation more efficiently.

 Material/Methods: Skin burn and excisional wound healing models were surgically established in mice. The expression patterns of 
CD26 during wound healing were determined by immunohistochemical staining, real-time RT-PCR, and western 
blot assays. Normal fibroblasts from intact skin (NFs) and fibroblasts in wounds (WFs) were isolated and sorted 
by fluorescence-activated cell sorting (FACS) into 4 subgroups – CD26+ NFs, CD26– NFs, CD26+ WFs, and CD26– 
WFs – for comparisons of their capacities of proliferation, migration, and collagen synthesis. Pharmacological 
inhibition of CD26 by sitagliptin in skin fibroblasts and during wound healing were further assessed both in vi-
tro and in vivo.

 Results: Increased CD26 expression was observed during skin wound healing in both models. The CD26+ fibroblasts 
isolated from wounds had significantly stronger abilities to proliferate, migrate, and synthesize collagen than 
other fibroblast subsets. Sitagliptin treatment potently diminished CD26 expression, impaired the prolifera-
tion, migration, and collagen synthesis of fibroblasts in vitro, and diminished scar formation in vivo.

 Conclusions: Our data reveal that CD26 is functionally involved in skin wound healing by regulating cell proliferation, migra-
tion, and collagen synthesis in fibroblasts. Pharmacological inhibition of CD26 by sitagliptin might be a viable 
strategy to reduce skin scar formation.
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Background

Scar formation, the common result of skin wound healing, seri-
ously impairs the appearance and functions of organs and poses 
a major health care burden. It is characterized as excessive syn-
thesis, secretion, and abnormal deposition of collagen-dominant 
extracellular matrix (ECM) [1]. Currently, therapeutic strategies, 
including hormonal injections, surgical resection, local applica-
tions of biological, and lasers, are used in clinical practice to pre-
vent or ameliorate skin scarring [2]. However, these treatments 
usually fail to achieve optimal effects and do not satisfy the high 
expectations of patients [3]. Therefore, scar prevention and re-
duction still are major unresolved challenges in clinical practice.

Skin fibroblasts are the key effector cells involved in wound 
healing and have strong abilities to synthesize and secrete 
ECMs to fill wounds and also to differentiate into myofibro-
blasts for scar contracture [4]. Mounting evidence has suggest-
ed that the abundance and functionality of skin fibroblasts 
often determine the quality and outcomes of wound healing. 
Therefore, inhibiting excessive collagen synthesis in fibroblasts 
might effectively reduce skin scar formation. In contrast, en-
hancing their synthesis of ECM can improve impaired healing 
in patients with systematic diseases such as diabetes [5,6].

Recently, pioneering studies have revealed that skin fibroblasts 
are not a unique phenotype as previously thought, but rather 
are a heterogeneous population with distinct phenotypes and 
functional characteristics [7]. Therapeutic targeting of the spe-
cific fibroblast population responsible for ECM synthesis might 
be more effective and promising in scar reduction. CD26/di-
peptidyl peptidase 4 (DPPIV) is a multifunctional, transmem-
brane glycoprotein that widely exists on the cell surface in 
various tissues. A line of evidence has revealed that CD26 is 
involved in cell adhesion, apoptosis, T cell activation, and im-
mune regulation. The roles of CD26 in skin diseases and its bi-
ological effects have become a research hotspot [8]. Through 
flow sorting and functional validation, this CD26+ fibroblast 
subpopulation has been identified as the primary cell type in-
volved in collagen synthesis during skin scar formation and 
has superior collagen-forming capacity as compared to other 
subpopulations [9]. Meanwhile, CD26+ fibroblasts synthesize 
more collagen during skin wound healing and can induce fi-
broblast activation in skin fibrotic tissue of TGF-b-induced sys-
temic sclerosis [10]. CD26 inactivation interferes with TGF-b-
induced ERK signaling and reduces the ability of fibroblasts 
to synthesize collagen [11]. However, oral administration of 
the CD26 inhibitor linagliptin reduced the expression of in-
flammatory factors and reduced wound inflammation but in-
creased myofibroblasts in healing wounds of diabetic ob/ob 
mice [12]. This discrepancy highlights the need to further clar-
ify the role of CD26 during wound healing, especially in spe-
cific biological and pathological contexts. Arwert et al found 

that the expression of CD26 in dermal tissue increased sig-
nificantly, while its expression in the tumor stroma decreased 
during wound-induced skin tumorigenesis in InvEE transgen-
ic mice. Importantly, the use of sitagliptin (an CD26 inhibitor) 
delayed InvEE tumor growth, while combined treatment with 
sitagliptin and Kineret (an IL-1a inhibitor) reduced tumor in-
cidence and delayed tumor formation [13]. Moreover, CD26 
inhibitors can significantly inhibit TGF-b-induced profibrot-
ic effects, thus suggesting that inhibition of CD26 may be a 
promising treatment for fibrotic skin diseases [14].

Given that CD26+ fibroblasts are the predominant subpop-
ulation of fibroblasts involved in collagen biosynthesis and 
wound healing, this study evaluated the feasibility and effec-
tiveness of CD26 as a potential target for scar reduction using 
sitagliptin to achieve anti-scarring effects against this specific 
fibroblast subpopulation.

Material and Methods

Skin Wounding Models and Chemical Treatments

The mouse models of both excisional and burn wound heal-
ing were utilized to investigate the expression patterns and 
functions of CD26 during wound healing and scar formation. 
These models were established as in previous reports, with 
minor modifications [15]. In total, 15 C57/B6 mice (4-6 weeks 
old) were divided into 3 groups: normal, excisional, and burn 
wound healing models, and each individual mouse was ad-
ministered only 1 treatment. The mice were left to familiar-
ize themselves with the housing facility for 1 week before ex-
periments. The anesthesia method used here was 3% chloral 
hydrate intraperitoneal injection. I. Excisional wound model: 
After anesthetization and hair removal of C57/B6 mice, a tis-
sue punch (8 mm in diameter) was used to make 2 symmetrical 
full-thickness wounds along the dorsal midline. To avoid skin 
wound contracture, silicone splints (8 mm aperture) were fixed 
at the edge of the wound using stitches after skin excision. II. 
Burn wound model: After anesthesia and back hair removal, a 
customized iron rod with a diameter of 10 mm was preheat-
ed for 10 min in a 100°C water bath. Then, the rod was con-
tacted directly on the back skin for 10 s. The wound samples 
were harvested on days 7, 14, and 21 and further processed 
for gene expression assays and histopathologic analyses. All 
animal experiments were reviewed and approved by the Ethics 
and Research Committee of Nanjing Medical University and con-
formed to the guidelines of the Institutional Ethics Committee.

Chemical	Treatments	In	Vivo

A burn skin wound model was used to measure CD26 expres-
sion during wound healing and determine the scar-reducing 
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effects induced by chemically targeting CD26 in vivo. C57/B6 
mice (4-6 weeks old) were randomly divided into 3 groups 
(n=5 per group) as follows: I. Control group, II. Burn wound 
group, III. Sitagliptin-treated group. I. Control group: Mice were 
without any treatment. II. Burn wound group: The burn wound 
group comprised mice with wounds 8 mm in length obtained 
after the procedure, similar to previous reports [15]. The pro-
cedure was as follows: after anesthesia and back hair remov-
al, a customized iron rod with a diameter of 10 mm was pre-
heated for 10 min in a 100°C water bath. Then, the rod was 
contacted directly on the back skin for 10 s. As a burn wound 
group, no treatment was given to the wound after scalding 
until sacrifice at the prescribed time. III. Sitagliptin-treated 
group: Sitagliptin (10 mg/kg, S5079, Selleckchem, Houston, 
USA) was administered subcutaneously around the wound 
edges after burn injury at 24-h intervals and continued until 
sacrifice. The first dose was immediately administered post-
burn, and the final dose was given 1 h before tissue collec-
tion. Tissue samples were harvested on day 14 and stored at 
-80°C until further gene expression quantification and histo-
pathologic analyses were performed.

Isolation and Culture of Normal and Wound Fibroblasts 
and Chemicals Treatment

Primary dermal fibroblasts were isolated from 4-6-weeks-old 
naive unwounded and wound healing C57/B6 mice. Normal 
and wounded skin sections were placed in 0.5% Dispase II 
(Roche) at 4°C overnight to remove the epidermis. Then, the 
dermis was cut into small pieces by sharp scissors and cultured 
in DMEM/F12 (Dulbecco’s modified Eagle’s medium/F12) con-
taining 10% fetal bovine serum (FBS, Gibco, USA) and antibi-
otics (penicillin 100 U/ml, streptomycin 100 U/ml, Gibco, USA) 
at 37°C in a humidified incubator with 5% CO2. Migrated fi-
broblasts from skin explants expanded to 70% confluency and 
were passaged using trypsin (Invitrogen). Early passage fibro-
blasts (passages 2-6) were used for all experiments. Sitagliptin 
(20 nM) was used to pretreat fibroblasts for 24 h after 12 h of 
starvation with serum-free DMEM/F12. Then, these fibroblasts 
were used for proliferation, apoptosis, and migration assays.

Flow Cytometry for Cell Sorting

FITC anti-mouse CD26 (559652, BD Pharmingen) antibody was 
used to perform flow cytometry assays to measure the abun-
dance of CD26+ fibroblast subsets and isolate CD26+/CD26– fi-
broblast subpopulations from intact skin (NFs) and wounded 
skin (WFs). For fluorescence-activated cell sorting (FACS), ac-
cording to the manufacturer’s instructions (FACS Aria II SORP, 
BD Biosciences), the isolated dermal fibroblasts were washed 
with Hank’s balanced salt solution (HBSS). Then, the cells 
were washed with buffer (PBS+2% FBS) and incubated with 
FITC anti-mouse CD26 antibody on ice for 1 h in the dark. The 

stained cells were analyzed by FACS with 488 nm excitation, 
and green fluorescence emission was measured after the incu-
bation period. At least 10 000 events were recorded per sam-
ple. The cell populations of both NFs and WFs were separated 
into 4 groups: CD26+ NFs, CD26– NFs, CD26+ WFs, and CD26– 
WFs. FACS-sorted cells were collected for further experiments.

Cell Proliferation and Apoptosis Assays

Cell proliferation was determined by CCK-8 cell viability assay 
(Cell Counting Kit-8, Dojindo, Japan). According to the man-
ufacturer’s instructions, approximately 3×103 cells/well were 
inoculated into 96-well plates and then cultured in medium 
containing 10% CCK-8 reaction solution. Two hours later, absor-
bance was measured at a wavelength of 450 nm by a spectro-
photometer plate reader (Multiskan MK3, Thermo). Cell apop-
tosis was determined by flow cytometry analysis. Additionally, 
the cells were trypsinized and resuspended in single-cell sus-
pensions. Then, the cells were stained with an Annexin V: PI 
Apoptosis Detection Kit (BD Bioscience) and detected by a 
FACS Calibur flow cytometer (BD Biosciences). Data were an-
alyzed using FlowJo analysis software.

Cell Migration Assays

Cell migration assays were performed using 2 methods – wound 
healing and transwell assays – as previously reported [16]. For 
wound healing assays, approximately 1×106 cells/well were in-
oculated in 6-well plates. An artificial wound was then formed 
on the confluent cell monolayer with the tip of a sterile 10-μl 
pipette. The suspended cells were thoroughly rinsed with 
PBS, cultured in DMEM/F12 with 1% FBS for 0, 6, and 12 h 
and photographed. For the transwell assay, 1×105 viable cells 
were suspended in 200 μl of serum-free DMEM/F12 medium 
and inoculated into the upper chamber. Then, complete me-
dium containing 10% serum was added to the lower cham-
ber. After 12-h incubation, a cotton swab was used to gently 
remove unmigrated cells, while the underside of the mem-
brane was stained with a 0.1% crystal violet solution. Images 
were taken, and the number of migrated cells was calculated.

RNA	Isolation	and	Real-time	Quantitative	PCR

Trizol reagent (Invitrogen) was used to extract total RNA from 
fresh tissue, and the PrimeScript TM RT-PCR kit (Takara) was 
used for reverse transcription and PCRs [17]. Detailed gene-
specific primers for CD26 and collagen I (Col1) are listed as 
follows: CD26 (forward: AGTCGCAAAACTTACACTCTAACTG, re-
verse: GAGCTGTTTCCATATTCAGCATTG) and Col1 (forward: 
TCTGCGACAACGGCAAGGTG, reverse: GACGCCGGTGGTTTCTTGGT). 
Relative mRNA expressions were quantified and compared with 
the internal control (GAPDH) by the comparative CT method.
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Protein Extraction and Western Blotting Assay

Cells were collected and lysed with ice-cold RIPA lysis buffer 
containing protease inhibitor cocktail (Roche, Germany). The 
lysates were separated by SDS-PAGE and then transferred onto 
PVDF membranes (Bio-Rad). After blocking with 5% BSA, the 
membranes were incubated with primary antibodies against 
CD26 (1: 1000, ab187048, Abcam), Col1 (1: 500, sc-8784, 
Santa Cruz), and GAPDH (1: 2000, #2118, CST) overnight at 
4°C. After incubation of the membranes with horseradish per-
oxidase (HRP)-conjugated secondary antibodies (Santa Cruz), 
the blots were finally visualized by enhanced chemilumines-
cence (Bio-Rad).

ELISA

After FACS sorting, NFs and WFs were separated into 4 groups 
– CD26+ NFs, CD26– NFs, CD26+ WFs, and CD26– WFs – and col-
lected for further culture. CD26+ NFs, CD26– NFs, CD26+ WFs, 
and CD26– WFs were incubated in fibroblast complete medium 
to 80% confluency and then prepared with serum-free culture 
medium for 12 h. The released CD26 and Col1 proteins from 
CD26+ NFs, CD26– NFs, CD26+ WFs, and CD26– WFs were mea-
sured using a CD26 ELISA Kit (Abcam, ab264630) and COL1 
ELISA Kit (Biovision, E4618-100) according to the manufactur-
er’s instructions. All assays were performed in triplicate and 
repeated in 3 cell samples.

Immunofluorescence Staining

Cells were inoculated on glass coverslips, fixed with 4% para-
formaldehyde, and washed with PBS. Cells were blocked with 
3% BSA for 30 min at room temperature and then incubat-
ed with a primary antibody against CD26 (1: 1000, ab187048, 
Abcam) overnight. Subsequently, the cells were incubated with 
the secondary antibody and DAPI nuclear staining. A confocal 
microscope or Zeiss fluorescence microscope was used to ob-
serve the immunofluorescence and for photography.

Histologic and Immunohistochemical Staining

Normal and wounded mouse skin tissues were harvested and 
fixed overnight with 4% paraformaldehyde. Then, the tissue 
was washed, dehydrated, and embedded in paraffin. Next, 4-μm 
tissue sections were prepared for Masson trichrome staining 
(Sigma-Aldrich) and immunohistochemical staining (IHC) ac-
cording to well-established protocols. Masson trichrome stain-
ing was used to analyze total collagen accumulation accord-
ing to the manufacturer’s instructions. For IHC staining, after 
deparaffinization, rehydration, and antigen retrieval (sodi-
um citrate buffer, pH 6.0), the samples were incubated with 
CD26 primary antibody (1: 1000, ab187048, Abcam) and cor-
responding secondary antibodies (Maxim, China) as described 

previously [15]. The negative controls group underwent incu-
bation without primary CD26 antibody.

Statistical Analysis

Quantitative data are presented as the mean±SD from 3 inde-
pendent experiments and were analyzed by t test or ANOVA, 
as appropriate. To confirm the reproducibility and reliability, 
all independent in vitro experiments were performed in tripli-
cate. P values less than 0.05 (2-sided) were considered statis-
tically significant. All statistical analyses were performed using 
GraphPad Prism 7 (GraphPad Software) and SPSS 22.0 (IBM).

Results

Expression Patterns of CD26 in Wounded and Intact Skin

Previous reports have provided clues that CD26 plays critical 
roles in collagen synthesis and deposition during skin wound 
healing and organ fibrosis [9,18]. To substantiate the roles of 
CD26 in skin wound healing, we initially measured the expres-
sion patterns of CD26 in both excisional wounds and burn 
wounds compared with intact skin. As shown in Figure 1A, 1B, 
immunohistochemical staining of samples revealed that CD26+ 
cells in both excisional and burn wounds gradually increased, 
with a peak at postoperative day 14. Consistently, as shown 
in Figure 1C, 1D, remarkable upregulations of CD26 and Col1 
at the mRNA level were observed in both excisional and burn 
wounds, especially at postoperative day 14. Prior studies have 
identified CD26 as a marker for a specific fibroblast subpop-
ulation in the mouse dermis and its aberrant upregulation in 
burn wound keloids [9,10,18]. We next sought to examine the 
proportions of CD26+ fibroblasts in burn wounds. Through flow 
cytometric analyses, we found that 48.0% (±5.8%) of fibro-
blasts in wounds were CD26+, whereas only 29.7% (±8.3%) of 
fibroblasts in intact skin were CD26+. Together, these results 
validated that CD26+ fibroblasts are critically involved in skin 
wound healing and that their upregulation can contribute to 
scar formation (Figure 1E).

CD26 Promotes Collagen Biosynthesis, Cell Proliferation, 
and	Migration	In	Vitro

Considering that our results suggested a profibrogenic role of 
CD26 in collagen biosynthesis during skin wound healing, we 
proceeded to delineate the functional differences among 4 fi-
broblast subpopulations sorted from intact skin (CD26+ NFs 
and CD26– NFs) and wounds (CD26+ WFs and CD26– WFs) by 
comparing their capacities for cell proliferation, migration, 
and collagen biosynthesis. As expected, the results from the 
CCK-8 assay showed that WFs proliferated faster than NFs. 
Importantly, the proliferation rate of CD26+ fibroblasts was 
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Figure 1.  Patterns of CD26 Expression in Intact Normal Skin and Skin Wound Models. (A) Immunohistochemical staining of CD26 in 
samples of excisional wounds on days 7, 14 and 21. The lower panel corresponds to the high magnification area in the 
upper panel. (B) Immunohistochemical staining of CD26 in burn wound samples on days 7, 14, and 21. The lower panel 
corresponds to the high magnification area in the upper panel. (C) The mRNA expression levels of CD26 and Col1 were 
significantly increased in samples of skin excisional wounds compared with normal skin (n=5). (D) The mRNA expression 
levels of CD26 and Col1 were significantly increased in burn wound samples compared with normal skin (n=5). (E) The 
proportion of CD26+ fibroblasts was significantly higher in WFs than in NFs (detected by FACS and its quantification) (n=5). 
Scale bar: 200 μm, t test, * P<0.05 vs Intact skin group, ** P<0.01 vs Intact skin group.
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significantly higher than that of CD26- fibroblasts in both NFs 
and WFs (Figure 2A). To confirm the collagen-promoting biosyn-
thesis role of CD26, the protein abundance of CD26 and Col1 
in these 4 subpopulations was measured and compared. Both 
CD26 and Col1 proteins were significantly enriched in those 
CD26+ fibroblasts, especially in CD26+ WFs (Figure 2B, 2C). The 
migratory potentials of fibroblasts were measured by wound 
healing and transwell assays. As shown in Figure 2D, 2E, the 
migratory abilities of CD26+ WFs were significantly superior to 
those of the other 3 subpopulations. Collectively, these results 

confirmed that CD26+ fibroblasts have diverse biological behav-
iors and phenotypes as compared to CD26– fibroblasts and sug-
gest that therapeutic targeting of CD26 during wound healing 
to reduce scarring warrants further experimental exploration.

Sitagliptin Suppresses the Profibrogenic Roles of CD26+ 
Fibroblasts	In	Vitro

Previous pioneering studies clarified a potent CD26-targeting 
mechanism by sitagliptin and demonstrated its promising 
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Figure 2.  CD26 promotes cell proliferation, migration, and collagen biosynthesis in vitro. (A) Cell proliferation was remarkably 
increased in CD26+ WFs (CCK-8 viability assay). (B) The expressions levels of CD26 and Col1 were significantly increased 
in CD26+ WFs. Representative images of WB are shown. (C) The concentrations of CD26 and Col1 in the supernatant were 
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Figure 3.  Sitagliptin inhibits the pathological features of CD26+ wound fibroblasts in vitro. (A) The expression of CD26 and Col1 in WFs 
and CD26+ WFs was measured by western blot following a concentration gradient of sitagliptin treatment. Representative 
images are shown. (B) Immunofluorescent staining of CD26 in WFs and CD26+ WFs after sitagliptin treatment. Representative 
images are shown. (C) The migration ability of CD26+ WFs was significantly reduced following sitagliptin treatment (20 nM) 
in wound healing assays. (D) The migration ability of CD26+ WFs was significantly reduced after sitagliptin treatment (20 nM) 
in transwell assays. (E, F) An evident increase in apoptosis within the WFs and CD26+ WFs following sitagliptin treatment 
(20 nM) as assayed by Annexin V-PI staining and its quantification (n=5). Scale bar: 100 μm. t test, * P<0.05 vs WF group, 
** P<0.01 vs WF group.
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function as a single agent against various fibrotic diseases, in-
cluding kidney fibrosis, systemic sclerosis, and hepatic fibro-
sis [11,19,20]. Therefore, to verify the therapeutic potentials 
of sitagliptin in wound healing and scar prevention, we inves-
tigated its inhibitory functions in vitro. First, we chose a suit-
able dose of sitagliptin through concentration gradient and 
identified 20 nM as the appropriate dose (Figure 3A). As ex-
pected, sitagliptin exposure induced a remarkable decrease in 
CD26 and Col1 protein expression in CD26+ WFs compared to 
WFs (Figure 3B, 3C). Moreover, as shown in Figure 3D, 3E, the 
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Figure 4.  Pharmacological inhibition of CD26 inhibits collagen biosynthesis during skin wound healing and reduces scar formation. 
(A) Immunohistochemistry staining of CD26 in samples of normal skin, burn wounds, and wounds treated with sitagliptin. 
Scale bar: 100 μm. (B) Masson staining in samples of normal skin, burn wounds, and wounds treated with sitagliptin and 
its quantification (n=5). Scale bar: 200 μm. (C) The protein expressions levels of CD26 and Col1 in tissue samples following 
sitagliptin treatment were measured by western blot. Representative images are shown. (D) The mRNA expression levels 
of CD26 and Col1 were significantly decreased in samples of skin burn wounds following sitagliptin treatment (n=5). t test, 
* P<0.05 vs Normal group, ** P<0.01 vs Normal group.

migratory properties of CD26+ WFs were significantly impaired 
after sitagliptin treatment. In addition, an annexin V-PI flow cy-
tometric assay showed a significant increase in the proportions 
of apoptotic cells in sitagliptin-treated CD26+ WFs (Figure 3F).

Pharmacological Inhibition of CD26 Inhibits Collagen 
Biosynthesis During Skin Wound Healing

Having revealed the inhibitory properties of sitagliptin by 
targeting CD26 in vitro, we further developed a burn wound 
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model to establish the treatment effects of sitagliptin in vivo. 
Following burn wound establishment, sitagliptin (10 mg/kg) 
was injected after burn injury at 24-h intervals and continued 
until sacrifice on day 14. The dorsal skins of all 3 groups (intact 
skin, burn wound, and sitagliptin-treated burn wound) were 
harvested for histopathological analyses for CD26 and Col1 
expression. The IHC results revealed lower CD26 staining in 
samples from sitagliptin-treated wounds than in burn wounds 
without treatment (Figure 4A). In agreement with these re-
sults, Masson staining indicated a significant decrease in col-
lagen fibers and a thinner dermal layer at the wound site in 
sitagliptin-treated wounds than in other wounds (Figure 4B). 
Furthermore, sitagliptin treatment yielded a remarkable decline 
in the mRNA expressions and protein abundance of CD26 and 
Col1 in wounds (Figure 4C, 4D), suggesting the potential in-
hibitory effects of sitagliptin on collagen synthesis during the 
skin wound healing process.

Discussion

Abnormal synthesis, secretion, and deposition of collagen-
dominant ECM during skin wound healing are the main path-
ological bases of scar formation. Although various cells are 
involved in collagen synthesis and scar contracture, like fibro-
blasts and epithelial and adipogenic stem cells, specific skin 
fibroblast subpopulations have been found to govern extracel-
lular matrix synthesis and scar formation [21]. Indeed, fibro-
blasts usually presented remarkable differences in morphology, 
proliferation rate, and synthesis of cytokines and extracellular 
matrix [22,23]. Here, we utilized both in vitro and in vivo ex-
periments to confirm the increased CD26+ fibroblasts during 
wound healing and revealed potent pro-fibrogenic effects of 
CD26 in dermal fibroblasts. Pharmacological targeting of CD26 
reduced the abundance of fibroblasts and collagen production 
during skin wound healing.

Initially, CD26 was identified as a type II transmembrane gly-
coprotein and secreted protein comprising 2 subunits fixed 
on the cell membrane by N-terminal hydrophilic region, and 
was involved in signaling pathways to exert various biologi-
cal effects [8,24]. As an adhesion molecule, CD26 can bind to 
the collagen and fibronectin and slow the migration of murine 
hepatocytes in cell matrix [25]. It functions as a lymphocyte 
extracellular enzyme in regulating nutrient uptake and recy-
cling [26], and as a cell membrane receptor and costimulatory 
molecule to mediate T cell signal transduction by interacting 
with adenosine deaminase, CD45, or CARMA1 [27]. Experiments 
also revealed that in skin transplantation, the deficiency of 
CD26 inhibited the differentiation of CD4+ cells into Th1, Th2, 
and Th17 subsets and instead promotes differentiation into 

Tregs, which contribute to immune tolerance after allograft-
ing. It is noteworthy that CD26 participates in skin healing in 
2 ways: immune regulation and fibroblast regulation during 
skin transplantation [28]. Of particular interest, Rinkevich et al 
identified a subgroup of dermal fibroblasts originating from 
the expression of engrailed-1 (En1) progenitor cells, which are 
closely related to the formation of skin scarring in early preg-
nancy. In addition, CD26 could be used as a marker to enrich 
94% of En1-positive fibroblasts, further supporting the het-
erogeneity of the dermal fibroblast population [9]. Together 
with these findings, our results confirm the key roles of CD26 
by serving as a surface marker for specific fibroblast subsets 
with robust profibrogenic roles and a functional mediator un-
derlying skin wound healing.

Given its roles of CD26 during skin wound healing and scar-
ring, we hypothesized that inhibition of CD26 is a promising 
treatment strategy for skin fibrotic diseases such as keloids. 
Our results show that the proliferation and migration rates 
of CD26-WFS cells are higher than those of CD26-NFS cells. In 
line with this, Awert et al also reported that higher wound clo-
sure, revascularization, and cell proliferation rates were ob-
served in CD26–/– mice [28]. This implies that CD26 regulates 
multiple aspects of wound healing in addition to fibroblasts 
and collagen biosynthesis. Noticeably, sitagliptin exerts signif-
icant anti-fibrogenic effects and displays tremendous transla-
tional potentials [19]. Our results derived from in vitro cellu-
lar experiments revealed that sitagliptin significantly reduced 
CD26 and Col1 abundance in CD26+ fibroblasts, inhibited mi-
gration, and promoted cell apoptosis. Moreover, we developed 
a burn skin wound model and verified that local delivery of si-
tagliptin markedly inhibited collagen production and thicken-
ing of the dermis during wound healing in vivo. These findings 
support the key roles of CD26 during wound healing and offer 
evidence to support a novel therapeutic strategy by targeting 
CD26 to reduce skin scar formation. Of course, much work is 
needed to further delineate the spatiotemporal expressions 
of CD26 during skin wound healing and scar formation and 
unravel the detailed mechanisms mediated by CD26 in driv-
ing skin scar formation.

Conclusions

In conclusion, our results reveal that CD26 participates in skin 
wound healing and scar formation, probably by mediating 
proliferation, migration, collagen synthesis, and secretion of 
fibroblasts. These findings provide clues regarding the ther-
apeutic utility of CD26 inhibitor to effectively inhibit scar for-
mation in the future.
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