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Abstract 

Optimal Administration Routes 

for Adipose-Derived Stem Cell Therapy in Ischemic Flaps 

 

Jong Hwa Kang 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Dae Hyun Lew) 

 

Improvement of flap survival represents an ongoing challenge in reconstructive 

surgery. The angiogenic potential of adipose-derived stem cells (ASCs) offers a 

promising approach to improve viability of random pattern flaps. Recently, to 

maximize the therapeutic effects of ASCs, increasing focus is being placed on how to 

deliver the stem cells to target lesions. The purpose of the present study was to 

compare the effectiveness of different administration routes of ASCs to improve the 

viability of the random pattern skin flap. ASCs labeled with PKH26 were applied via 

four methods to the cranially-based random pattern skin flaps of rats: 1) intravenous 
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injection; 2) subcutaneous injection; 3) application with collagen sponge seeding; and 

4) application with fibrin glue seeding. ASCs led to a significant increase in flap 

viability in the subcutaneous injection group and the collagen sponge group. 

Cutaneous blood flow was increased in the intravenous injection, subcutaneous 

injection, and collagen sponge groups. Capillary density in the intravenous injection 

group and collagen sponge group was significantly greater than in the control group 

(no treatment). PKH26-positive cells via the collagen sponge were distributed more 

densely within the flap than in other groups. This study demonstrated that the 

collagen sponge method delivered ASCs most effectively within the flap and 

increased flap vascularity. The clinical therapeutic effects of ASCs can therefore be 

maximized when the optimal delivery route is chosen. 

 

 

 

---------------------------------------------------------------------------------------------------------------- 

Key words: adipose-derived stem cell, flap survival, angiogenesis, administration 

route, collagen sponge, distribution 
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I. INTRODUCTION 

Random pattern skin flaps have been used extensively as a reconstructive option in 

the field of reconstructive surgery. However, distal skin flap ischemic necrosis is a 

well-known complication. The main factors in the pathogenesis of skin flap ischemic 

necrosis are: unpredictable vasospasm, thrombosis, inadequate arterial inflow, and 

insufficient venous outflow. Among them, insufficient vascular perfusion is thought 

to be the major factor that causes several detrimental changes in the tissue, resulting 
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in flap necrosis. 

Although a surgical delay procedure has been used previously to increase viability 

of the ischemic flap, recent advances in vascular biology have suggested the use of 

various exogenous agents to stimulate the development of new blood vessels.1-7 These 

agents include sympatholytics, vasodilators, prostaglandin inhibitors, anticoagulants, 

glucocorticoids, growth factors and free radical scavengers. However, most studies 

have investigated one exogenous factor at the time, which alone may not be sufficient 

to generate a strong effect on angiogenesis.8 

Mesenchymal stem cell therapy also offers a promising approach to improve 

viability of ischemic flaps.9,10 Adipose-derived stem cells (ASCs) represent an 

alternative source of pluripotent stem cells with characteristics similar to those of 

bone marrow mesenchymal cells (BMSCs).11 ASCs have several advantages over 

BMSCs, i.e. easy to isolate, relatively abundant, and expanding rapidly.12,13 There are 

several potential mechanisms by which ASCs could significantly contribute to the 

induction of neovascularization of the ischemic flap. ASCs possess not only the 

ability to differentiate into multiple cell types, but also to secrete significant levels of 

many cytokines, such as vascular endothelial growth factor (VEGF), hepatocyte 

growth factor (HGF), and fibroblast growth factor (FGF).10,14-17 

Recently, increasing focus is being placed on how to deliver the stem cells to target 

lesions.18-20 The stem cells must be delivered in a preparation that remains in contact 
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with the flap and supports their viability within the hostile microenvironment.21 To 

maximize the therapeutic effects of ASCs, the optimal route of cell delivery must be 

selected. The purpose of the present study was to compare the effectiveness of 

different administration routes of ASCs to improve the viability of the random pattern 

skin flap. 

 

 

II. MATERIALS AND METHODS 

 

1. Isolation and preparation of ASCs 

ASCs were isolated from human subcutaneous adipose tissue acquired from a 

healthy woman who underwent elective liposuction. All experiments involving 

human cells were performed in accordance with the Helsinki Guidelines, and written 

informed consent was obtained from the patients before the surgery. The adipose 

tissue samples from three patients were digested with 0.1% collagenase (Wako, 

Osaka, Japan) under gentle agitation for 30 minutes at 37°C and then centrifuged at 

1300 rpm for 10 minutes to obtain the stromal vascular fraction. The pellet was 

suspended in phosphate-buffered saline (PBS) and filtered with a 70-μm pore cell 

strainer (BD Falcon, Bedford, MA, USA). The cell suspension was centrifuged at 

1300 rpm for 3 minutes, and the supernatant was discarded. The pellet was 
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resuspended in Dulbecco’s modified Eagle’s medium (Invitrogen, Grand Island, NY, 

USA), 10% fetal bovine serum (Hyclone, Logan, Utah, USA), and 1% penicillin-

streptomycin solution (Sigma, Steinheim, Germany). After cell counting using trypan 

blue, the cells were seeded at a concentration of 5 × 105 cells per 1 cm2 in tissue 

culture 75T flasks and incubated at 37°C in 5% CO2. The medium was replaced every 

3 days, and the non-adherent cells were discarded. Cells were used between passages 

3 through 6. 

 

2. Flow cytometric analysis of phenotype in ASCs 

Flow cytometric analysis was performed to determine phenotypic characterization 

of ASCs. We harvested the third passage ASCs from three samples with 0.05% 

trypsin/0.53 mM ethylenediamine tetraacetic acid (EDTA), and then washed twice 

with PBS. Cell aliquots (1 × 106 cells/1 ml PBS) were stained with primary antibodies 

at room temperature for 30 minutes. The primary antibodies were fluorescein 

isothiocyanate (FITC)-conjugated anti-human CD44, CD90 (AbD Serotec, Oxford, 

UK) or phycoerythrin (PE)-conjugated anti-human CD14, CD29, CD31, CD34, CD45, 

CD73, and CD105 (BD Biosciences, San Jose, CA, USA). Flow cytometry was 

performed on a fluorescence-activated cell sorter (FACS Calibur, BD Biosciences, 

San Jose, CA, USA), and data analysis was performed with Cell Quest software (BD 

Biosciences). 
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3. PKH26-labeling for in vivo tracking of ASCs 

To trace the fate and survival of ASCs after transfer onto random flaps of the rats, 

the cells were labeled with PKH26 Red Fluorescent Cell Linker Kit (Sigma-Aldrich, 

St. Louis, MO, USA) according to the instructions of the manufacturer. 

 

4. Random pattern skin flap model 

All animals were cared for in compliance with the National Research Council’s 

criteria as outlined in the ‘‘Guide for the Care of Laboratory Animals,’’ which was 

prepared by the Institute of Laboratory Animal Resources and published by the 

National Institutes of Health (NIH). Forty Sprague–Dawley rats (body weight ~300-

400 g) were used in this study. Rats were managed in a regulated airflow room, where 

temperature, humidity, and light were strictly controlled. Body hair was removed 

from the entire dorsal area with a depilatory cream. From the dorsum of the prepared 

rats, a 3 × 8-cm random pattern flap, including the panniculus carnosus muscle, was 

elevated vertically with its base on the lower margin of the scapula. To block the new 

blood supply from the bed, a silicone sheath (BioPlexus Corporation, Saticoy, CA, 

USA) was placed on the flap bed, and the flap was sutured with a 4-0 nylon suture to 

its original location. To avoid the possibility that the rats would bite the flaps after 

they recovered from anesthesia, each rat was placed in a separate cage. 
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5. Experimental groups and administration routes of ASCs 

Forty rats were randomized into five groups. In the control group (n = 8), the 

random pattern flap was elevated without any treatment. The remaining 32 rats were 

divided into four groups (n = 8, each group) according to the administration route of 

ASCs. In each rat, ASCs (1 × 107 cells) suspended in 1 ml PBS were applied after 

elevating the random pattern flaps via each route as follows: 1) intravenous injection 

(group A), the ASC suspension was carried through a tail vein; 2) subcutaneous 

injection (group B), the ASC suspension was directly injected into the flap for even 

distribution; 3) application with collagen sponge seeding (group C; Gelfoam, Pfizer, 

New York, NY, USA), ASC suspension was injected into the thin collagen sponge, 

absorbed, and spread evenly, and then this collagen sponge was in contact with the 

overall raw surface of the flap; 4) application of fibrin glue seeding (group D; 

Tissucol, Baxter Healthcare, Deerfield, IL, USA), 1 ml of fibrin glue was applied to 

the flap bed, and then the ASC suspension was evenly applied onto the unsolidified 

fibrin glue. 

 

6. Flap viability by planimetric analysis 

The elevated flaps were returned to their original positions, and flap survival was 

evaluated on postoperative days 14. A digital photograph was taken, and the Scion 

image (NIH-Scion Corporation, Frederick, MD, USA) program by which flap 



 9 

survival rate could be digitally measured was performed by two blinded observers. 

Using the program, the length of the image was converted to the actual length, and the 

surface area was calculated. The survival area was defined by the deduction of the 

demarcated area of necrosis from the total surface area. Flap survival was calculated 

by the percentage of viable surface to the total surface area. 

 

7. Cutaneous blood flow by laser doppler flowmetry 

To assess changes in blood flow within the flap, the Periflux system 5000 (Perimed 

AB, Jarfalla, Sweden) was used. Two serial measurements of skin vascularity were 

taken from the proximal-third of the flap using laser doppler flowmetry: before the 

flap elevation and on postoperative day 14. Data were measured three times at 1-

minute intervals, and the mean value was obtained. Data were presented as a ratio of 

postoperative to preoperative values for comparison (postoperative perfusion unit 

(PU) / preoperative PU). 

 

8. Neovascularization assessment by capillary density 

Two weeks after the flap elevation, samples were taken from the proximal-third of 

the flap and fixed with 10% formaldehyde. Formaldehyde-fixed tissues were 

transferred into a paraffin-embedded block, mounted on a slide, and stained with 

hematoxylin and eosin. Tissue sections were pretreated with a 3% hydrogen peroxide 
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solution for 10 minutes to block endogenous peroxidase, and were treated with 

protein block serum-free reagent (X0909, DAKO, Carpinteria, CA, USA) for 30 

minutes to prevent non-specific reactions. Sections were incubated at 4°C overnight 

with primary antibodies [anti-mouse platelet endothelial cell adhesion molecule-1 

(PECAM/CD31) polyclonal antibody; M20, Santa Cruz Biotechnology, Santa Cruz, 

CA, USA] and then incubated at room temperature for 20 minutes with DAKO 

Envision Kit (DAKO) as secondary antibodies. To calculate the amount of 

neovascularization, the CD31 positively stained vessels were counted in a high-power 

(×200) field. Three slides were taken from each rat, and each slide was analyzed by 

two blinded observers. 

 

9. Immunostaining 

Additional flap samples, which were harvested from the proximal-third of the flap 

2 weeks after the flap elevation, were used for observation of PKH26-labeled cells. 

Cryosections of the tissues were prepared, and fluorescence expression was assessed 

by fluorescence microscopy (BX51, Olympus, Tokyo, Japan) using a fluorescent 

digital camera (DP72, Olympus). 

 

10. Statistical analysis 

All values are presented as mean ± standard deviation. Analysis was performed 
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using SPSS version 13.0 software (SPSS, Inc., Chicago, IL, USA). Kruskal-Wallis 

test was performed to determine the significance of all data. Furthermore, the Dunn 

procedure was performed for multiple comparisons to examine differences between 

any two groups. An adjusted level of p < 0.05 was considered statistically significant. 

 

 

III. RESULTS 

 

1. Characterization of ASCs 

Human ASCs have been well characterized with regard to the morphology and the 

profile of expressed surface clusters of differentiation (CD) markers. For cell 

characterization, ASCs were harvested and cultured for three passages. ASCs were 

characteristically plastic adherent with an elongated fibroblast-like morphology (Fig. 

1). 

FACS plots showed results of phenotypic analysis of ASCs based on surface 

markers. ASCs were negative for CD14, CD31, CD34, and CD45 and positive for 

CD29, CD44, CD73, CD90, and CD105 (Fig. 2). The reason why broad peaks were 

observed in the several surface markers is that ASCs were not completely 

homogenous because ASCs for FACS plots were harvested from three patients. 
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Fig. 1. Light microscopic image of ASCs after three passages. The cells show a 

spindle-shaped appearance. Scale bar = 50µm.
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Fig. 2. FACS plots indicating results of phenotypic analysis of ASCs based on surface 

markers. (A-D) ASCs were negative for CD14, CD31, CD34, and CD45. (E-I) Cells 

were positive for CD29, CD44, CD73, CD90, and CD105. Isotype control-labeled 

cells are seen in the gray peak to the left of the plots, with distinct black peaks noted 

at the right of the plots. Black peaks indicate a distinct cell population labeling 

positive for the indicated marker.
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However, whether the peaks of each surface marker (black peaks) are shifted from 

control peaks (grey peaks) is clearly distinguished; thus, it would be no problem to 

identify the property of the cells. FACS analysis revealed that ASCs expressed CD29 

(81.3 ± 2.8%), CD44 (97.7 ± 3.6%), CD73 (96.8 ± 2.4%), CD90 (96.6 ± 1.7%), and 

CD105 (90.6 ± 4.3%); however, they did not express CD14 (3.7 ± 1.3%), CD31 (0.7 

± 0.3%), CD34 (3.9 ± 1.1%), or CD45 (0.5 ± 0.2%). These data were relatively 

similar to that of adipose-derived stem cells in previous articles. 

 

2. Histology of the fat graft 

Upon examination by planimetric analysis, the regions of survival and necrosis 

were clearly demarcated. Generally, the experimental group revealed increased flap 

survival compared the control group (Fig. 3). After two weeks, the survival 

percentages of the flaps in group A (intravenous injection), group B (subcutaneous 

injection), group C (collagen sponge seeding), group D (fibrin glue seeding), and the 

control group (no treatment) were 49.5 ± 8.8%, 53.2 ± 5.8%, 54.9 ± 5.4%, 46.3 ± 

9.2%, and 39.2 ± 4.3%, respectively (Fig. 3). Survival for groups B and C was 

significantly increased, but groups A and D showed no statistically significant 

differences compared to the control group (Fig. 4). These observations suggest that 

delivery with collagen sponge and subcutaneous injection could be a good 

administration route clinically.
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Fig. 3. The regions of survival and necrosis are clearly demarcated in each group. On 

postoperative day 14, the survival areas of the flap are larger in intravenous injection 

(group A), subcutaneous injection (group B), collagen sponge seeding (group C), and 

fibrin glue seeding group (group D) than in control group. Mean percentage of 

survival area of each group is described in the lowest row. Collagen sponge seeding 

group (group C) shows the highest survival rate and the subcutaneous injection group 

(group B) follows the next. 
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Fig. 4. Flap viability by planimetric analysis on postoperative day 14. The results are 

expressed as mean ± standard deviation. * = statistic significance in comparison with 

control group (p < 0.05). 
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3. Cutaneous blood flow by laser doppler flowmetry 

Before flap elevation, the initial vascular flow measurements in the experimental 

and control groups showed no statistical differences. On postoperative day 14, the 

calculated rates (postoperative PU / preoperative PU) of cutaneous blood flow were 

1.71 ± 0.41 in group A, 1.79 ± 0.30 in group B, 1.81 ± 0.18 in group C, 1.49 ± 0.38 in 

group D, and 1.06 ± 0.31 in the control group. The results for groups A, B, and C 

were significantly different from the control group (Fig. 5). 

 

4. Neovascularization assessment by capillary density 

The CD31 positively stained vessels were counted from the fifteen slides in each 

group. The capillary densities in the flaps as assessed using CD31 staining were 

increased overall in the experimental groups (Fig. 6). The average capillary counts in 

a high-power (×200) field were 16.9 ± 2.8 in group A, 13.5 ± 1.9 in group B, 17.9 ± 

2.1 in group C, 11.1 ± 1.8 in group D, and 9.1 ± 1.1 in the control group. The results 

were significantly greater in groups A and C than in the control group (Fig. 7). 

Additionally, there was a statistically significant difference between group C and 

group D. 

 

5. Immunostaining 

Animals in the control group showed no evidence of identifiable PKH26-positive 
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Fig. 5. Cutaneous blood flow by laser doppler flowmetry on postoperative day 14. 

The values were taken from the proximal-third of the flap. The results are expressed 

as mean ± standard deviation. PU = perfusion unit. * = statistic significance in 

comparison with control group (p < 0.05).
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Fig. 6. Capillary identification with CD31 immunohistochemistry. The specimens 

were taken from the proximal-third of the flap on postoperative day 14. The capillary 

densities in the flaps are increased overall in (A) intravenous injection, (B) 

subcutaneous injection, (C) collagen sponge seeding, and (D) fibrin glue seeding 

group compared to (E) the control group. Particularly, large vessels are observed in 

(A) intravenous injection and (C) collagen sponge seeding group. Arrow = capillary 

vessel. Scale bar = 200µm. 
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Fig. 7. Neovascularization assessment by capillary density. The capillary density is 

defined as the mean number of capillaries in a high-power (×200) field. The results 

are expressed as mean ± standard deviation. * = statistic significance in comparison 

with control group (p < 0.05).
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cells, but the presence of PKH26-positive cells were observed in the experimental 

groups. The PKH26-positive cells in group A were identified scattered within the flap, 

indicating ASCs via intravenous injection were widely distributed throughout the flap. 

In group B, PKH26-positive cells were observed with a localized pattern. In group C, 

PKH26-positive cells were distributed densely within the flap, which suggests that the 

collagen sponge delivered ASCs into the flap very effectively in comparison to the 

other administration routes. However, the PKH26-positive cells in group D were 

confined to the flap bed, and few PKH26-positive cells were identified within the flap. 

This finding indicates that ASCs adhered via fibrin glue cannot penetrate the flap (Fig. 

8). 

 

 

IV. DISCUSSION 

This is the first study that compares the effectiveness of various administration 

routes of ASCs in ischemic random pattern skin flaps; however, several previous 

experiments demonstrated that increased viability of flaps can be achieved with 

delivery of stem cells.8,9 Carriers that accelerate the adhesion of cells within the flap 

and provide a hospitable environment can help to maximize the efficacy of stem cell 

therapy. Therefore, administration with an appropriate carrier will be more effective 

than simple routes such as intravenous injection and subcutaneous 
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Fig. 8. Fluorescent cell membrane labeling demonstrating PKH26-positive adipose-

derived stem cells. These figures are based upon a premise that PKH26-positive cells 

exist within the flap, because the specimen was taken from tissues within the flap. (A) 

PKH26-positive cells in intravenous injection group are scattered within the flap. (B) 

In subcutaneous injection group, PKH26-positive ASCs are engrafted with a localized 

pattern. (C) Note that PKH26-positive cells in collagen sponge seeding group are 

densely distributed within the flap. (D) In fibrin glue seeding group, PKH26-positive 

cells are confined to the flap bed, and few PKH26-positive cells are identified within 

the flap. (E) The control group shows no evidence of identifiable PKH26-positive 

cells. The lower left side of each slide indicates the flap bed. Scale bar = 100µm. 



 23 

infiltration. 

Our results showed that both subcutaneous injection and application with collagen 

sponge seeding were feasible routes for enhancing flap viability at 2 weeks after 

surgery. However, capillary density in the collagen sponge group was significantly 

greater than in the control group, and the subcutaneous injection group did not show 

any differences with the control group. These data can be explained by several 

hypotheses. First, ASCs are delivered more effectively through the collagen sponge. 

Fluorescent cell membrane labeling using PKH26 showed that ASCs delivered with 

the collagen sponge were distributed more evenly in the flap than the locally injected 

ASCs (Fig. 8). Subcutaneous injection may evenly distribute ASCs in the flap, but 

their density is not optimal according to microscopic examination. On the other hand, 

when the collagen sponge that absorbs ASCs equally contacts the flap bed, ASCs are 

distributed densely into the flap. Second, as a carrier the collagen sponge can affect 

angiogenesis, whether indirectly or directly. Gelfoam, the collagen sponge used in 

this study, is a porous, gelatin sponge prepared from purified porcine skin. The 

hemostatic properties of this collagen derivative involve enhancing platelet adhesion 

and activation, which are induced by its surface irregularities.22 Growth factors from 

such activated platelets can influence ASCs. Moreover, recent studies showed that 

platelet-derived growth factor (PDGF) and basic FGF play a critical role in the 

process of ASCs differentiation into capillary structures.23,24 This hypothesis 
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demonstrates that the collagen sponge can provide a microenvironment that enhances 

the angiogenic capability of ASCs. 

ASCs are also known to promote the healing process of full-thickness wounds.25,26 

Furthermore, recent studies suggest that cell therapy with ASCs via a three-

dimensional scaffold is an effective technique for accelerating wound healing (3, 4, 

28). The scaffold alone in soft tissue regeneration facilitates host cell infiltration and 

revascularization, and results in integration with the recipient tissue.30 When stem 

cells are seeded in a scaffold, the scaffold not only serves as a cell carrier providing 

mechanical support, but also accelerates cell-scaffold interactions.28-33 These 

interactions then influence the cellular responses of stem cells (e.g., differentiation 

and paracrine angiogenic activation). The collagen sponge in this study must be 

distinguished from the scaffold in wound healing because the target region of the 

stem cells differs. In wound healing, scaffolds play an integral role in entrapping the 

ASCs and preventing the cells from being washed away, whereas the collagen sponge 

releases the ASCs into the flap, or target region.31 If the collagen sponge did not 

release the ASCs, little-to-no effect would be observed on surrounding tissues. 

Therefore, the role of the ASCs carrier in this study emphasizes the importance of the 

release of ASCs for extensive distribution rather than their entrapment which is a goal 

of scaffolds in wound healing. 

Unlike the collagen sponge group, the application of fibrin glue group showed no 
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statistical differences from the control group in any aspect. Fibrin is a critical blood 

component responsible for hemostasis and has been used extensively as a biopolymer 

scaffold in tissue engineering.34 Previous reports demonstrated that stem cells 

combined with a fibrin glue scaffold accelerate tissue regeneration.21,35 Nevertheless, 

the major reason that application of ASCs with fibrin glue could not increase flap 

viability was the insufficient release of ASCs into the flap due to entrapment within 

the fibrin glue scaffold. Immunofluorescence staining with PKH26 in the fibrin glue 

group showed that ASCs were confined to the flap bed, and few PKH26-positive cells 

were identified within the flap, suggesting that the fibrin glue could not deliver ASCs 

into the flap. 

The intravenous injection and subcutaneous injection groups were similar in that 

neither used a carrier, but the results in these groups were somewhat different. 

Although flap viability in the subcutaneous injection group was superior to that in the 

intravenous injection group, the capillary density in the intravenous injection group 

was greater than in the subcutaneous injection group. These results suggest that 

intravenously injected ASCs were carried sufficiently to the proximal portion where 

the histologic samples were taken, but they did not reach the entire flap. Distribution 

of ASCs injected via an intravenous route depends on the vascular system of the flap 

and is an unreliable method due to decreased vascularity within the flap. Moreover, 

the systemic application of ASCs has the disadvantage of requiring relatively high 
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doses, which raises a concern for the possibility of systemic side effects. Our study 

indicates that subcutaneous administration facilitates a therapeutic effect for flap 

viability rather than intravenous administration. 

The angiogenic potential of ASCs has been hypothesized to be the combined result 

of the ability to produce angiogenic growth factors and to differentiate into 

endothelial cells.8 In this study, we did not demonstrate which of these mechanisms is 

more dominant. However, regardless of whether the main action of ASCs is paracrine 

signaling or differentiation, it is clear that flap viability will increase when ASCs are 

distributed extensively rather than locally. Even if the paracrine signaling effect is 

dominant, the effectiveness is limited to the immediate surroundings, because various 

signaling molecules degrade before reaching areas further away. Therefore, an 

optimal administration route should deliver the ASCs evenly throughout the flaps. 

 

 

V. CONCLUSIONS  

This study demonstrated that among various administration routes, use of a 

collagen sponge spread ASCs most effectively within the flap and increased the 

vascularity of the flap. Therefore, the collagen sponge is proposed as the optimal 

route for improving the viability of the flap. Although subcutaneous injection was 

also an effective route to improve flap survival, capillary density was not significantly 
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increased with this method. These experiments demonstrate that the clinical 

therapeutic effects of ASCs can be maximized when the optimal delivery route is 

chosen.
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< ABSTRACT (IN KOREAN)> 

 

허혈성 피판에서 지방줄기세포를 이용한 치료의 최적 투여 경로 

 

<지도교수 유 대 현> 

 

연세대학교 대학원 의학과 

강 종 화 

 

 

피판의 생존을 향상시키기 위한 노력들은 성형외과 영역에서는 매우 흥

미롭고 도전적인 분야이다. 지방줄기세포의 혈관신생 능력은 임의피판의 

생존율을 향상시킬 수 있는 좋은 방법이 될 수 있다. 최근 지방유래줄기세

포의 치료 효과를 극대화 하기 위해, 줄기세포를 목표 부위에 효과적으로 

전달하는 방법들에 초점을 맞춘 연구들이 진행되고 있다. 저자의 연구 목

적은 임의피판의 생존율을 향상시키기 위해, 여러 가지 투여 경로를 통하

여 지방줄기세포를 주입하여 그 효과를 비교하는 것이었다. 

PKH26으로 표지된 지방유래 줄기세포를 서로 다른 네 가지의 투여경로

로 주입하여, 쥐의 두부방향에 기저를 둔 임의형태 피부피판의 생존율을 

알아보았다. 네 가지 투여경로는 1) 정맥 투여, 2) 피부하층 투여, 3) 콜라

겐 스폰지에 살포하여 피판에 적용, 4) 피브린 접착제에 살포하여 피부피

판에 적용하는 경로로 나누었다. 지방줄기세포는 피부하층에 주입한 군과 
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콜라겐 스폰지에 살포하여 피판에 적용한 군에서 현저하게 피판의 생존이 

증가하였다. 피부의 혈류는 정맥에 주입한 군과 피부하층에 주입한 군, 그

리고 콜라겐 스폰지에 살포하여 피판에 적용한 군에서 증가하였다. 모세혈

관 밀도는 정맥을 통해 주입한 군과 콜라겐 스폰지에 살포하여 피판에 적

용한 군에서 대조군에 비해 현저하게 증가하였다. PKH26에 양성인 세포들

은 콜라겐 스폰지에서 피판 내 넓은 곳에 보다 높은 밀도로 분포하였다. 

본 연구는 콜라겐 스폰지에 지방줄기세포를 살포하여 피판에 적용한 군

에서 피판의 생존에 더욱 효과적이었다. 지방줄기세포의 임상적인 적용에 

있어서, 최대의 치료 효과를 얻기 위해서는 최적의 투여경로를 선택하는 

일이 중요하다. 
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