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Abstract 

Fibroblasts are ubiquitous cells in the human body and they are absolutely necessary 

for wounds such as injured skin to heal. Their indispensable role in would healing is 

the reason why we aim to differentiate hADSCs into fibroblasts. Recently articles 

relative to human adipose-derived stem cells (hADSCs) derived conditioned medium 

(hADSCs-CM) have reported on the phenomenon and mechanism of stimulating both 

collagen synthesis as well as migration of dermal fibroblasts. Similarly, Human 

fibroblast-derived Conditioned medium (F-CM) was reported to contain a variety of 

factors known to be important in the growth of skin. However, it is still unknown how 

F-CM stimulates hADSCs in order to secrete Type I collagen. Our data showed that 

protein level of type I pro-collagen secreted by hADSCs in F-CM increased 

significantly compared to hADSCs in normal medium treated for 72 hours. In 

addition, we performed a sircoll collagen assay and found that the amount of collagen 

in F-CM treated hADSCs (72hr) was markedly raised in both the normal medium 

treated hADSCs (72hr) and the F-CM (24hr). We aim to validate that hADSCs in F-

CM would differentiate into fibroblast cells in order to stimulate wound healing in a 

skin defect model. To investigate whether F-CM induces hADSCs into fibroblast cells, 

we performed FACS analysis and verified that both F-CM treated hADSCs and HS 27 

contained the similar expression patterns for CD 13, CD 54, CD 105, whereas, normal 

medium treated hADSCs is significant different. RT-PCR (nanog, oct4A, and sox2 as 

un-differentiation markers, and vimentin, HSP47, and desmin as matured fibroblast 

markers), moreover, supported the characterization that hADSCs in F-CM highly 

differentiated into fibroblast cells. We also observed the TGF-beta/Smad signaling 

pathway in order to discover the mechanism of type I pro-collagen expression in 

hADSCs by F-CM and smad 2/3 protein up-regulation in F-CM treated hADSCs. In 
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vivo, furthermore, we injected cells into balb/c nude mouse skin with a 10 mm punch 

wound, and obtained a significantly positive wound healing effect in the full-thickness 

excision wounded mice in F-CM treated hADSCs group rather than in the hADSCs or 

PBS group. In conclusion, we differentiated F-CM treated hADSCs into fibroblasts 

and tested the efficiency of the cells into a skin injured model.  
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Introduction 

The loss of the dermis in extensive full-thickness wounds such as burns, massive 

avulsion injuries, septic skin necrosis, or extended excision of scars, which is not 

completely solved by the application of split-thickness autografts poses a serious 

problem [1,2]. Conventional split-thickness skin grafts, often widely meshed and 

expanded, are utilized to close large wound deficits [3].  

Lately, it has also been well accepted that fibroblasts play an important role in skin 

regeneration and enhance the healing of wounds through its implantation [4]. 

However, naturally insufficient number of autogenic cells limits their usage. Ethical 

and safety problems should be considered for allogenic cells in skin wound repair [5]. 

For these reasons, stem cells offer a more favorable frontier in skin regeneration or 

wound healing than transplantation of dermal substitutes [4]. Stem cell therapy is 

clinically applied as a safe and effective method for repair of several types of tissue 

damage [7-9]. It is especially important to have an effective dermal replacement 

because dermal tissue does not regenerate into normal dermis in vivo after full-

thickness dermal injuries [10]. 

Wound healing is a well-orchestrated process that can be divided into three 

overlapping phases, beginning with the inflammatory phase, followed by the 

proliferative phase, and concluding with the remodeling phase [11]. Several cell types 

of mesenchymal origin have been implicated in these processes. Fibroblasts, 

fibrocytes and myofibroblasts play critical roles in both early and late phases where 

they contribute to the wound contraction, collagen deposition and finally fibrosis 

[12,13]. Collagens are extracellular matrix (ECM) proteins that are found in nearly all 

eukaryotic organisms except for plants and protozoa [14]. There are approximately 27 

different types of collagens that have been identified; type I collagen is the most 
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prevalent and is found in vertebrate connective tissues such as tendon, ligament, bone, 

skin, and the cornea of the eyes [15]. 

Recently, articles relative to human adipose-derived stem cells derived conditioned 

medium (hADSCs-CM) have reported on the phenomenon and mechanism of both 

stimulation of collagen synthesis as well as migration of dermal fibroblasts. As 

hADSCs are known to promote wound healing mainly through a paracrine 

mechanism, it is plausible that ADSCs may exert their effect by secreting cytokines 

and growth factors that act on neighboring cells to repair the damaged tissues [16,17]. 

hADSC-CM stimulated both collagen synthesis and migration of dermal fibroblasts, 

which improved the appearance of wrinkles and accelerated wound-healing in animal 

models [18-20]. Similarly, Human fibroblast (HS27) derived Conditioned medium (F-

CM) was reported to contain a variety of factors known to be important in the growth 

of skin [21-23]. However, it is still unknown how F-CM stimulates hADSCs in order 

to secrete Type I collagen. The goal of our study was to find whether F-CM treated 

hADSCs would not only be efficient in wound healing in vitro, but also in the 

regeneration of full-thickness skin defects using hADSCs trasdifferentiated into 

fibroblast-like cells by F-CM in vivo.  
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Materials and Methods 

1. hADSCs Isolation and Culture  

Redundant tissue was collected as skin samples from Seoul National University 

Hospital (SNUH) with written consent from the patients prior to surgery. The study 

was approved by the Seoul National University Hospital biomedical institute and 

Ethics Committee (IRB No. 1108-098-374). 

Human subcutaneous adipose tissue samples were cleaned from fat, blood vessel and 

hair, and cut in to small pieces prior to digestion with collagenase type I (Sigma, USA) 

under gentle agitation for 1hour at 37 °C. The samples were then filtered with 70 mm 

mesh filters, and mixed with DMEM (low glucose) supplemented with 10% fetal 

bovine serum (FBS, Gibco, USA) 1% penicillin/streptomycin solution (P/S, Gibco, 

Grand Island, NY and then centrifuged at 300 g for 20 min. The ADSCs fraction was 

washed with Hank’s balanced salt solution (HBSS), centrifuged at 300 g for 10 min, 

and the supernatant was discarded. The cell pellet was resuspended in DMEM 

supplemented with 10% FBS and cultured in 5% CO2 at 37 °C. Medium was changed 

every 2 days.  

 

2. Preparation of Fibroblast-CM (F-CM) 

To obtain F-CM, human skin fibroblast Hs 27 cell line (CRL-1634, ATCC
®
, USA; 

5x10
5
 cells) were cultured in DMEM (high glucose) (Invitrogen-Gibco-BRL, USA) 

supplemented with 10% FBS and 1% P/S. After 80% confluent, normal grown 

medium was discarded and cells were washed twice with phosphate buffered saline 

(PBS, 3M, USA). Serum-free DMEM (high glucose) supplemented with 1% P/S was 

added in Hs27 cells and kept at 37 °C and in a humidified atmosphere containing 5% 
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CO2. After incubation for 2 days, medium was collected and centrifuged at 300 g for 5 

min, and then filtered through a 0.2 um syringe filter (Millipore, USA). Both cells 

experiment were carried out in early passage (1-5 passage). 

 

3. Differentiation evaluation 

3-1. Western blot analysis  

To observe protein levels in hADSCs, Hs27, and F-CM treated ADSCs (passage 2-5) 

after differentiation treatment for 72 hr, the cells were harvested in 200 µL 1xRIPA 

buffer (40 mM Tris–HCl, pH 7.4, 1% Triton X-100, 0.1% SDS, 0.15 M NaCl, 10% 

Glycerol, 1 mM EDTA, 50 mM NaF, 20 mg⁄ml 1mM PMSF, 1 mM Na3VO4, 5 mM 

dithiothreitol, 1 µg/ml leupeptin, 1µg/ml pepstatin and 1µg/ml aprotinin). In brief,  

cell lysates were ultrasonicated in a sonicator bath and were centrifuged for 10 min at 

10,000g, 4 ºC. Protein concentration was analyzed by BCA protein assay kit (Pierce, 

Rockford, IL, USA). 50 µg of protein samples were separated by 8-12% SDS–

polyacrylamide gel electrophoresis in each group and proteins were transferred onto 

PVDF membranes. The membranes were then washed twice with Tris-buffered saline 

(10 mM Tris, 150 mM NaCl) containing 0.1% Tween-20 (TBST) and blocked with 5% 

non-fat dried skim milk in TBST for 1 hour at room temperature. And then, they were 

further incubated with the primary antibodies (Table 1) overnight at 4 ºC. Then, 

membranes were washed with TBST and were continuously incubated with 

appropriate horseradish peroxidase conjugated secondary antibodies such as anti-

mouse IgG and anti-rabbit IgG , and developed in the ECL incubated with horseradish 

peroxidase conjugated secondary antibody (Santa Cruz, USA). Blots were  

reacted with chemiluminescence substrate (ECL; Millipore, USA) and exposed to X-
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ray film. 

3-2. FACS analysis 

To confirm the characterization of hADSCs, Hs27, and F-CM treated ADSCs after 

differentiation treatment for 72 hr, FACS analysis was performed. The cells in each 

group were incubated with FITC-conjugated antibodies for CD14, CD19, CD34, 

CD45, and CD105 (BD Pharmingen, USA), and PE-conjugated antibodies for CD13, 

CD54, and CD73 (BD Pharmingen, USA) for 30 min at room temperature. As control, 

cells were stained with FITC-isotype control IgG and PE-isotype control IgG. Cells 

were subsequently washed twice with FACS buffer and analyzed on FACScan flow 

cytometer (Beckton Dickson, CA) using CellQuest Pro software. 

 

3-3. RT- PCR analysis 

To observe differentiated mRNA levels after F-CM treatment, total RNA was isolated 

with RNeasy mini kit (Qiagen, USA) according to the manufacturer's instruction. 

Total RNA concentrations were determined by UV-Vis Spectrophotometer with 

absorbance at 260 nm (NanoDrop 2000, Thermo Scientific, USA). For RT-PCR, 1 ㎍ 

of mRNA was reverse-transcribed with oligo (dT) 18 using Thermal cycler (C-1000 

Touch, Bio-rad, USA). PCR was performed using mixtures contained Taq DNA 

polymerase (Thermo Scientific, USA) and the appropriate primers (Table 2) with 

Thermal cycler (C-1000 Touch, Bio-rad, USA). Cycling parameters were 95°C for 5 

minutes (I), 95°C for 30 seconds (II), 53-58°C for 30 seconds (III), 72°C for 1 minute 

(IV) followed by 40 cycles (II-IV), 72°C for 7 minutes (V), and 4°C for overnight 

(VI).  
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3-4. Immunohistochemistry  

For staining collagen, tissue sections were cut and placed on slides. Using the 

Discovery XT automated immunohistochemistry stainer (Ventana Medical Systems, 

Inc., Tucson, AZ, USA), slides were stained using the following procedure. Slides 

were incubated in DAB+ H2O2 substrate for 8 min at 37°C followed by Hematoxylin 

and Bluing reagent counterstain at 37°C. Reaction buffer (pH 7.6 Tris buffer) was 

used as washing solution. The resulting 12-lm-thick sections were mounted on slides 

precoated with 10% poly-L-lysine (Sigma), and were blocked with goat serum for 1 h, 

followed by incubation with primary antibodies to anti-collagen type I (rabbit 

polyclonal, 1:40, Sigma) at 4°C overnight. After washes with PBS, sections were 

allowed to incubate with secondary antibodies conjugated with fluorochrome TRITC 

(goat anti-rabbit, 1:250, Sigma) at room temperature in the dark for 2 h. Following 

further PBS washes, sections were mounted in fluorescent mouting medium and 

observed under a confocal microscope. 

 

4. Full thickness skin wound model and cell transplantation  

In the in vivo wound healing assay using cell transplantation, balb/c nude mouse 

(male; 11 weeks old; Weighing 20 ± 3 g) were fed and maintained under a 12 h 

light/dark cycle at 22–25 °C in 55–60% humidity. All conditions including diet, 

drinking, and defecation were normal. All experimental protocols were approved in 

strict accordance with the guidelines for Seoul National University Hospital IACUC 

institute (IACUC No. 13-0292-C0A3).  
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In the full thickness skin wound model, we briefly anesthetized the mice by 

subcutaneous injection of a mixture of zoletil (0.1 ml/kg) and rompun (0.05 ml/kg). A 

full-thickness skin wound was produced on the dorsum by three 10-mm biopsy 

punches lateral to the midline of back. After the creation of the wounds, all mice were 

housed separately. In the negative control group (n=6), 100 ul of PBS was injected 

intradermally around the wound base at 6-7 injection sites. The control group (n=6) 

was injected with 100 ul of PBS containing 6×10
5
 cells hADSCs intradermally around 

the wound base at 6-7 injection sites. And, the experimental group (n=6) was injected 

with 100 ul of PBS containing 6×10
5
 cells F-CM treated hADSCs around the wound 

base at 6-7 injection sites.  

 

5. Wound healing analysis 

The wounds from individual mouse were digitally photographed, and the wound area 

was measured on days 3, 7, and 10 after cell transplantation. Time to wound closure 

was defined as the time at which the wound bed was completely re-epithelialized and 

filled with new tissue. Wound area was measured by tracing the wound margin and 

calculated using an image analysis program (Image J, National Institute of Health, 

Bethesda, USA). The investigators who measured the wound were blinded. The 

wound healing rate was calculated as follows: (Area of original wound-Area of 

remaining wound)/Area of original wound ×100 [23]. 
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6. Histological study 

To evaluate whether injected F-CM treated cells enhanced wound healing in full 

thickness skin by repairing dense cell structure and secreting collagen, we sacrificed 

animals at each 12 and 24 weeks after injection. The specimens were fixed in 10% 

buffered neutral formalin (v/v) for 1 day. After washing with tap water, the specimens 

were de-paraffined in xylene and dehydrated in graded ethanol series (80–100%), and 

embedded in paraffin. The sample tissues were sectioned at 6-7 μm thickness and 

were stained with hematoxylin & eosin (H&E). The sections were examined under 

light microscopy (DMLA, Leica, Germany). 

 

7. Statistical analysis 

All data are presented as mean  SE, and the statistical difference between each group 

was assessed by Kruskal-Wallis analysis by pairwise comparisons using a Tukey’s 

post hoc test (GraphPad Prism, version 5.01,  

USA). P values < 0.05, 0.01, and 0.001 were significantly considered statistically. 
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Results 

 

1. Increased expression of type I collagen in hADSCs by F-CM in vitro   

To determine the expression of type I pro-collagen in fibroblast-CM (F-CM) treated 

hADSCs, we set each group: 1% FBS+DMEM only, 1% FBS+DMEM-ADSCs, F-

CM only, and F-CM +ADSCs. Both 1x and 2 x density of F-CM, expression of type I 

collagen was significantly increased in F-CM treated hADSCs compared to 1% 

FBS+DMEM-ADSCs treated for 72 hours as well as F-CM only treated for 48 hours 

by western blot analysis (fig. 2A). The band intensities were significantly increased 

for type I pro-collagen. Protein expression was shown in a higher concentration for F-

CM treated hADSCs, when compared with in 1% FBS+DMEM  

only, 1% FBS+DMEM-ADSCs, or F-CM only, after incubated with 72 hours (fig. 

3A). Moreover, the amount of total collagen using sircol assay indicated a similar 

pattern as western blot analysis occurring at about 1x density (fig. 3B).    

 

 

2. Characterization of hADSCs, HS27, and F-CM_hADSCs 

Human ADSCs have been well characterized with regard to profile of expressed 

surface cluster of differentiation (CD) markers and mesenchymal stem cells must 

express CD105, CD73, and CD90 and lack the hematopoietic lineage markers c-kit, 

CD14, CD11b, CD34, CD45, CD79, CD19, and HLA-DR. [25-27].  

As shown in fig. 4A-4B, hADSCs exhibited a fibroblast-like morphology. F-CM 

treated hADSCs showed close similarities to HS27 rather than hADSCs. Especially 

significant differentiation between F-CM treated hADSCs & HS27 and hADSCs was 

shown in CD13 and CD54.   
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3. Differentiation of hADSCs into fibroblast-like cells by F-CM in vitro 

To confirm whether hADSCs induced by F-CM for 72 hours was differentiated into 

fibroblast cells, FACS was analyzed. The surface protein marker, both CD13 and 

CD54 exhibited that F-CM treated hADSCs for 72 hours containing HS27 were 

similar but, were significantly different from hADSCs (Fig. 4A, 4B; P<0.05).  

Furthermore, RT-PCR revealed the mRNA expression for F-CM treated hADSCs, 

HS27, and hADSCs.  

Nanog, oct4A, and sox2 were indicated as un-differentiation markers, and vimentin, 

HSP47, and desmin were indicated as matured fibroblast markers. Oct4A and Sox2 in 

hADSCs showed significant increased expression rather than in the F-CM treated 

hADSCs and HS27 cell line. Reversely, vimentin, HSP47, and desmin in hADSCs 

exhibited significantly more decreased expression than both in F-CM treated hADSCs 

and HS27 (Fig. 5A, 5B; * P<0.05, ** P<0.01).  

Immunocytochemistry was also achieved in order to confirm whether F-CM treated 

hADSCs transdifferentiated into fibroblast. In brief, each F-CM treated hADSCs and 

hADSC was cultured according to procedure, and each cells were mixed with cytodex 

(Sigma, USA) as cell carrier. Next, the backs of balb/c nude mice were injected using 

cytodex mixed F-CM treated hADSCs, hADSC, and PBS. At 2 weeks after 

implantation, mice were sacrificed for biopsy and samples were embedded into 

paraffin. For immunocytochemistry analysis, we introduced human induced vimentin 

as 1
st
 antibody as well as alexa 546 (red color) as 2

nd
 antibody. Hoechst 33342 was 

used as the counterstain. The F-CM treated hADSCs injected group showed an 

obvious red spot compared to other hADSCs and PBS groups. (Fig. 6)    
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4. Mechanism of Pro-collagen type I increase in F-CM treated hADSCs in vitro  

Figure 7 indicated alternative molecules in the F-CM medium soup as well as the 

mechanism of pro-collagen type I in F-CM treated hADSCs (fig. 7A, B). Briefly, 

normal medium (DMEM containing 1% FBS and 1% 1% P/S) and fibroblast 

conditioned medium (DMEM containing 1% FBS and 1% 1% P/S) by HS27 were 

each incubated for 48 hr to acquire conditioned medium. And then, molecules in 

medium soups were detected using anti-TGF b, anti-FGF2, and anti-VEGF through 

western blot analysis. Fibroblast-CM (F-CM) group only showed an intense 

expression of TGF-b and a little expression of FGF-2 and VEGF compared to normal 

medium. Image of figure 7B was for mechanism of pro-collagen type I by smad 

signal pathway through western blot analysis. hADSC was treated by F-CM for 72 

hours, and hADSC and HS 27 incubated for 72 hours. Both the phospho-smad2 and 

phospho-smad3 was only activated in the F-CM treated ADSC group unlike the 

ADSC and HS 27 groups. Also, smad4 showed increased expression in three groups. 

Finally, F-CM treated hADSC exhibited strong expression for pro-collagen type I 

than other groups. Moreover, hADSC treated by F-CM, hADSC, and HS 27 for 72 hr 

were studied to confirm an increase of h-collagen type I using immunocytochemistry 

analysis (fig. 8). F-CM treated hADSC group indicated strong red expression of h-

collagen type I than the other two groups which showed little expression. 

 

5. Wound healing on animals in vivo 

To measure wound healing in vivo, a full-thickness excision wound model was 

created by inflicting an 10 mm circle wound on the backs of balb/c nude mice(fig. 9). 

We performed F-CM treated hADSCs injection group as experiment, hADSCs 
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injection group as control, and PBS injection group as negative control. At 3 days 

after implantation, all 3 groups showed a similar pattern with minimal wound healing 

rate. At 7 days, however, grafts of F-CM treated hADSCs injection group were 

integrated into surrounding skin, and the color was similar to normal skin. In hADSCs 

and PBS injection group, only small parts of the grafts were integrated into the wound 

with little scarring and the color of the graft was darker than that of normal skin. At 

10 days, we found that F-CM treated hADSCs injection group exhibited accelerated 

wound contraction and re-epithelialization, showing significant reduction in the 

wound size than the PBS injection group (P<0.01).  

 

6. Histological evaluation  

To evaluate the histology of wound healing in vivo, we obtained each sample at 1, 2 

weeks after cell implantation into the full-thickness excision wounded back. And then, 

paraffin sample blocks, H&E stain, immunohistochemistry protocols were achieved. 

As shown in figure 10, F-CM treated hADSCs injection group began to emerge to the 

border of dermis with an unclear boundary compared to the other two groups at 1 

week of grafting (fig. 10). Also, in comparison to the F-CM treated hADSCs injection 

group, both the hADSCs and PBS injection group showed rich fibrosis and follicle 

disappearance caused by long term wound healing. In collagen type I pattern, a 

similar pattern in which collagen type I was stained a dark brown color which did not 

seem to stain the dermis appeared in all 3 groups(fig. 11).   

At 2 weeks, F-CM treated hADSCs injection group showed an increase in dermal 

thickness and little fibrosis. Also, the follicle density was no different between 

wounded skin and normal skin (fig. 10). However, in the hADSCs and PBS injection 
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group, there was slight shrinkage in follicle density and in the structure of dermis. In 

general, when inflammation is very severe and wound healing is lengthy, there is 

abundant fibrosis. A paucity of fibrosis means rapid wound healing leading to a 

normal skin structure. Abundant fibrosis makes dense scarring, and the dermis 

structure will disappear following shrinkage in follicle density. Increase of collagen 

type I in F-CM treated hADSCs injection group was evident with intense staining in 

brown (fig. 11). Other two groups with blue stain indicated no existence or increase of 

collagen type I in the dermis. 
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Discussion 

Stem cells are the fundamental study in the cell or tissue engineering field. Many 

studies regarding stem cells are reported in the regeneration of wounded tissue using 

specific differentiated cells. However, we did not come across a study where stem 

cells were transdifferentiated into fibroblasts in order to regenerate wound tissue. 

Fibroblasts are very important in the promotion of wound healing. We recognized that 

fibroblasts are ubiquitous cells, but their amount and function is very sparse. 

Therefore, we tried to differentiate hADSCs into fibroblast. In the present study, we 

demonstrated that hADSCs can be differentiated to fibroblast-like cells by F-CM. By 

FACS analysis, we demonstrated that the characteristics of the stemness gene allowed 

the possibility of hADSCs to differentiate into fibroblasts. Compared with other 

MSCs, ADSCs can easily be harvested from patients and can be cultured and 

expanded rapidly. In addition, long-term cultured ADSCs retain their mesenchymal 

pluripotency [16]. In this study, we confirmed that the human ADSCs not only 

express characteristic surface markers (CD149, CD19, CD45, and CD34 negative; 

CD105, CD13, CD54, and CD73 positive) but also is significantly different from 

HS27 and F-CM treated hADSCs. We aim to validate that hADSCs would 

differentiate into fibroblast cells by F-CM in order to stimulate wound healing in a 

skin defect model. With hADSCs harvested from human adipose tissue, we induced 

differentiation of hADSCs into fibroblast-like cells by F-CM treatment because of the 

massive fibroblast requirement for defected skin wound healing. To confirm that 

hADSCs induced by F-CM for 72 hr was differentiated into fibroblast-like cells, 

FACS analysis was performed, showing that F-CM treated hADSCs and HS27 cell 

surface markers were similar, and were significantly different from that of hADSCs 

(fig. 4A, B). In addition, RT-PCR and immunohistochemistry showed that the 
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increased expression of matured fibroblast-like cells in F-CM treated hADSCs was an 

obvious result of its differentiation (fig. 5A, B).  

Human dermal skin fibroblasts play key roles in wound healing by secretion of type I 

collagen and cytokines [28, 29]. We observed to confirm the expression of type I pro-

collagen protein in F-CM treated ADSCs using western blot analysis as well as the 

expression of total collagen protein level using sircol assay. Figure 2, 3A indicated 

that the band size were significantly increased for type I pro-collagen expression in 

higher concentration in F-CM treated hADSCs (1time, 2times) at 72 hr after treatment. 

In addition, the amount of total collagen also showed a similar result, which contains 

significantly increased amount in higher concentration of F-CM treated 

hADSCs(1time, 2times) at 72 hr after treatment (Figure 3B). 

In recent studies, the transplantation of BMSCs has been reported to activate the 

healing process due to their capacity to differentiate in the skin epidermis and 

appendages, thus to mediate dermal regeneration [30]. And also several studies have 

recently demonstrated accelerated rates of wound closure after transplantations of 

BMSCs, mesenchymal stem cells, or ADSCs [31-33]. Moreover, in cutaneous 

wounds, the partial or whole epidermis was destroyed but the vascular structure was 

not damaged. ADSC transplantation exerts a moderately superior therapeutic potential 

to ADSC-CM injection. Transplanted ADSC is able to differentiate into endothelial 

cells and smooth muscle cells, which contributes to about 9% of the ADSC mediated 

angiogenesis.  

Thus, ADSC induced beneficial effect is predominantly mediated by paracrine 

mechanism, of which direct differentiation plays a minor role [34]. 

To study the effect of F-CM treated hADSCs in wounded skin in vivo, we 

intradermally injected F-CM treated hADSCs, hADSCs into the backs of balb/c nude 
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mice with a full-thickness excision wound model (fig. 9).  F-CM treated hADSCs 

injection group accelerated the wound contraction and re-epithelialization reduced the 

wound size rather than hADSCs injection and PBS injection group at 10 days. To 

evaluate histology about wound healing in vivo, moreover, we sacrificed to obtain 

each sample at 1, 2 weeks. F-CM treated hADSCs injection group indicated increased 

wound healing pattern at 2 weeks through H&E stain (fig. 10). Immunohistochemistry 

exhibited increase of collagen type I and intense brown staining was clearly observed 

in the F-CM treated hADSCs injection group compared to other two groups (fig. 11). 

The FGF, TGF-ß1, and platelet derived growth factor (PDGF) promote the synthesis, 

deposition, and organization of a new extracellular matrix (ECM) collagen, 

fibronectin, FGF, and TGF-β, which all contribute to wound healing, cell signaling, 

and tissue remodeling [35, 36]. The TGF-b signaling pathway plays an important role 

in each of these processes. The TGF-b1 signaling mechanism functions through the 

TGF-b type I (TbRI) and TGF-b type II (TbRII) transmembrane serine/threonine 

protein kinase receptors. Upon TGF-b1 binding to its type II receptor directly, TbRI is 

recruited to TbRII where it forms a ligand-receptor heterotetrameric complex [37, 38]. 

Under physiological conditions, TLP binds the type II receptor even when the 

pathway has been previously activated by TGF-b1, and the type II receptor is 

constitutively active. It transphosphorylates and activates the type I receptor, whose 

direct substrates are Smad2 and Smad3. Phosphorylation of receptor-activated Smads 

(R-Smads) leads to the formation of complexes with the common mediator Smad 

(Co- Smad), which are then imported to the nucleus. Nuclear Smad oligomers bind to 

DNA and associate with transcription factors to regulate expression of target genes 

[39, 40]. In the process of tissue fibrosis, TGF-b1 is likely to facilitate the expression 

of the extracellular matrix gene to increase the synthesis  
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and deposition of collagen, fibronectin, and proteoglycan [41]. 

We performed mechanism of pro-collagen type I in F-CM (containing TGF b, FGF2, 

and VEGF cytokine) treated hADSCs (fig. 7). F-CM treated hADSCs exhibited 

increased pro-collagen type I expression via activated phospho-smad2, phospho-

smad3, and smad4 unlike other groups. Moreover, hADSC treated by F-CM, hADSC, 

and HS 27 for 72 hr were studied to confirm an increase of h-collagen type I using 

immunocytochemistry analysis (fig. 8). In further studies, we plan to distinguish the 

level of F-CM treated hADSC fibroblasts and normally produced level of fibroblasts 

without ADSC stimulation.  

 In conclusion, our team tried to differentiate F-CM treated hADSCs into fibroblast 

and confirmed the efficiency of differentiated cells under a wound model through 

promotion of collagen type I from fibroblasts. Our study is the first research of such 

kind, and we believe that differentiated fibroblast by hADSCs can be applied to treat 

various wound tissue of the human body.  
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Table 1 

No. Antibody Antibody size 

(KDa) 

Dilution Reference 

1 TGF b 13 1:2,000 Santa Cruze, USA 

2 FGF 2 19 1:4,000 Cell Signaling Technology, USA 

3 VEGF 21 1:1,000 Santa Cruze, USA 

4 Phospho-smad 2 60 1:500 Cell Signaling Technology, USA 

5 Phospho-smad 3 52 1:500 Cell Signaling Technology, USA 

6 Total-smad 2/3 60/52 1:1,000 Cell Signaling Technology, USA 

7 Smad 4 70 1:1,000 Cell Signaling Technology, USA 

8 Pro-collagen type I 170 1:2,000 Santa Cruze, USA 

9 B-actin 45 1:2,000 Cell Signaling Technology, USA 
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Table 2 

No. Oligo name Sequence(5’-3’) Primer 

size 

1 Nanog Forward: CCT CCT CCC ATC CCT CAT 

Reverse: GGA TGG GCA TCA TGG AAA 

18 

18 

2 Oct4 Forward: CCC TCC AGG TGG TGG 

Reverse: GGC CTT GGA AGC TTA 

15 

15 

3 Sox2 Forward: CTC CGG GAC ATG ATC AGC 

Reverse: AGT GCT GGG ACA TGT GAA 

18 

18 

4 Vimentin Forward: AGG ATG TTG ACA ATG CGT 

Reverse: ATC GAT TTG GAC ATG CTG 

18 

18 

5 HSP47 Forward: AGC AGC AAG CAG CAC TAC 

Reverse: AAT TTC TCG TCC CAG TGT 

18 

18 

6 Desmin Forward: CAG ACC TAC TCT GCC CTC 

Reverse: GAT CAT CAC CGT CTT CTT 

18 

18 

7 B-actin Forward: TCC ACA TGC TTT ATT CCA 

Reverse: TGG CAC CCA GCA CAA TGA 

18 

18 
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국문초록 
 

섬유아세포는 피부 상처의 치유 등에 필수 적인 체내에 흔한 세포이다. 

섬유아세포는 창상 치유에 있어서 중요한 역할을 하기 때문에 본 연구는 

hADSC를 섬유아세포로 분화시키는 것을 목적으로 하고 있다. 인간 지방 

유래 줄기 세포(hADSC) 유래 conditioned medium(hADSC-CM)과 

관련된 최근 연구를 통해 콜라겐 합성과 진피 섬유아세포의 이동에 의한 

효과 및 작용 기전이 보고되었다. 마찬가지로 인간 섬유아세포 유래 

conditioned medium (F-CM)는 피부의 성장과 관련되어 다양한 인자를 

포함하고 있다는 것이 밝혀졌다. 그러나 F-CM이 어떤 기전으로 Type I 

콜라겐의 분비를 위해 hADSC를 활성화시키는지는 아직 밝혀지지 않았다. 

본 연구의 결과 F-CM 안에 있는 hADSC가 표준 배지에서 72시간 

있었던 hADSC에 비해 유의하게 type I pro-collagen의 분비를 높인 

것으로 나타났다. 또한 본 연구는 sircoll collagen assay를 통해 F-CM 

처리된 hADSC (72hr)가 표준 배지에 처리된 hADSC (72hr) 나 F-CM 

(24hr)에 비해 콜라겐의 양이 뚜렷하게 증가 된 것이 관찰되었다. 본 

연구는 F-CM 처리 한 hADSC가 피부 손상 모델에 있어서 창상 치유를 

위해 섬유아세포로 분화하는 것을 평가하였다. F-CM이 hADSC를 

섬유아세포로 유도하는지 알아보기 위해 FACS 분석을 시행하였으며 이를 

통해 F-CM 처리 한 hADSC와 HS 27 모두 CD 13, CD 54, CD 105의 

비슷한 발현 양상을 보였음을 확인하였다. 하지만 표준 배지 처리 한 

hADSC와는 확연히 다른 발현 양상을 보였다. RT-PCR (nanog, oct4A, 

미분화 표지로서 sox2, vimentin, HSP47, 성숙 섬유아세포 표지로 
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desmin)을 통해 F-CM 처리 한 hADSC가 섬유아세포로 분화하는 특성을 

뒷받침하고 있다. 본 연구는 F-CM 처리 한 hADSC의 type I collagen의 

발현과 smad 2/3 단백질의 상향 조절되는 기전을 확인하기 위해 TGF-

beta/Smad 신호 전달 경로를 연구 하였다. 더욱이 in vivo로 10mm 

punch wound가 있는 balb/c nude mouse 피부에 세포를 주입하여 F-CM 

처리 한 hADSC 그룹이 hADSC 혹은 PBS 그룹에 비해 유의할만하게 

창상치유에 있어 더 좋은 결과를 보였음을 확인하였다. 결론적으로 우리는 

F-CM 처리 한 hADSC를 섬유아세포로 분화시켰으며 피부 손상 모델에 

있어서 그 효용성을 확인하였다. 

 

 

 

 

 

 

 

 

 

 

주요어:  Fibroblast-conditioned medium, 섬유아세포, 지방 유래 줄기 
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