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Abstract
Objective: Mesenchymal Stem Cells (MSCs) are adult multipotent cells that possess regenerative and 

immunosuppressant properties. Homing of MSCs to target organs remains a major challenge as intravenous delivery 
results in intravascular entrapment of most MSCs in vascularized organs. Intra-Arterial (IA) administration of MSCs 
to arteries feeding a specific organ improved the delivery of cells to these organs but often resulted in vessels 
obstruction. To improve targeting of MSCs into a transplant we designed a novel method for IA delivery of MSCs 
during the transplantation procedure. This study was aimed at evaluating the safety and efficacy of this method.

Methods: A syngeneic groin free flap between Lewis rats was performed in all experiment groups. Treatment 
groups included 3 groups (n ≥ 7) in which 1 × 106, 0.5 × 106 or 0.05 × 106 adipose derived MSCs (ASCs) were 
administered via a femoral artery branch prior to the final reperfusion of the flap. In vivo real time fluorescence imaging 
and intravital microscopy were used to define ASCs IA movement after transplantation.

Results: High concentrations of ASCs per injection resulted in poor flap survival rates (14.3%) due to flap 
necrosis. At 0.05 × 106 ASCs, increased long-term flap viability rates (85%) were observed. Whole-body imaging of 
fluorescently labeled ASCs demonstrated significant targeting of cells into the flap even at such a low cell quantity. 
ASCs were detected in proximity to small blood vessels within the viable flap. 

Conclusions: Local IA administration of ASCs into a vascularized transplant/flap is feasible and allows high local 
cell concentrations with minimal cell dosing.
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Introduction 
Mesenchymal Stem Cells (MSCs) are multipotent, as evidenced 

upon culture by their ability to undergo differentiation into adipogenic, 
osteogenic and chondrogenic fates [1]. The immune modulating 
properties of MSCs have been repeatedly demonstrated in vitro and in 
vivo and may be used to prevent allograft rejection by host inflammatory 
cells and molecules [2,3].

Since the first successful human hand transplantation in 1998 
[4], and the first partial human face allotransplantation in 2005 [5], 
Vascular Composite Allotransplantation (VCA) has gained popularity 
as a viable alternative for tissue reconstruction. However, VCA 
transplants are not routinely performed due to the life-long need for 
immunosuppression with potentially harmful adverse effects such as 
increased rates of neoplasia and opportunistic infection. Consequently, 
alternative methods for establishing life-long tolerance while 
minimizing toxicity are needed. Systemic introduction of mesenchymal 
stem cells to prevent VCA rejection is a promising alternative evident 
in in vivo systemic application of adipose derived MSCs (ASCs) to a 
VCA swine or rat models [3,6-8]. However, despite their proven ability 
to actively target inflamed and ischemic tissues [9] the vast majority 
of systemically intravenous (IV) administrated MSCs are found 
entrapped in vascularized organs such as the lungs and liver with very 
limited localization of the cells to the target organs [10-13]. Due to this 
inefficient targeting, MSCs IV administration usually requires large 
quantities of cells in order to reach therapeutic efficacy, most likely due 
to the inefficient delivery of cells to the target organs. Thus, developing 

novel modalities for enhanced targeting of MSCs allowing improved 
treatments with substantially reduced cell quantities, treatment cost 
and cell culturing time remains a major challenge in MSCs based cell 
therapy. 

The localization of MSCs to vascularized organs following their 
IV administration is assumed to be caused largely by their passive 
entrapment in small vessels due to their large size [9]. An alternative 
to IV administration is Intra-Arterial (IA) injection to arteries feeding 
a specific organ. This has shown to increase the quantity of cells that 
reach the target organ fed by the injected artery [14-18]. Despite the 
efficient organ targeting by IA administration a large proportion 
of the cells was still found trapped in the lungs [15]. Additionally, 
IA administration of MSCs to the brain in animal models of stroke 
demonstrated increased risk of microvascular occlusion, loss of blood 
flow and death in association with cell dose [14,16-18]. 

The aim of the current study was to develop a novel modality that 
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will allow enhanced targeting of MSCs into a transplanted allogeneic 
tissue/organ or alternatively into an autologous free flap. This was 
achieved by harnessing the tendency of MSCs to entrap in small vessels 
due to their large size and was based on IA delivery of cells to the 
transplanted free flap immediately following anastomosis and prior to 
flap reperfusion. This improved IA delivery system may be adapted to 
any vascularized flap on the one hand or any tissue or organ transplant 
on the other. 

Materials and Methods 
Animals

Fifty inbred Lewis rats (LEW; RT1l strain) aged 12 weeks and 
weighing 280-320 g were used. The study was conducted in accordance 
with the Guide for the Care and Use of Laboratory Animals and 
approved by our Institutional Animal Care and Use Committee 
protocol in Tel Aviv Sourasky Medical Center or Weizmann Institute 
of Science. 

Animal flap model

The well-described groin free flap rat model was used [19]. 
Syngeneic groin free flaps were performed between a Lewis donor and 
a recipient Lewis rat. A groin free flap based on the femoral artery and 
vein was harvested from the donor rat. This composite flap was raised 
over the abdominal muscular fascia and included skin, panniculus 
carnosum and subcutaneous fat (Figure 1). Immediately after donor 
flap harvest and flap femoral vessels division, irrigation with 10 ml 
Ringer Lactate; 50 U heparin was performed via the flap’s femoral 
artery until clear fluid could be seen coming out of the femoral vein. In 
the recipient rat, the proximal femoral vein and artery including its 1 
cm branch were dissected and prepared for anastomosis. The recipient's 
"arterial branch" (An arterial branch off the femoral artery proximal 
to the superficial inferior epigastric artery branch) was temporarily 
closed distally with a 10-0 nylon suture for later local arterial injection 
of ASCs. After donor flap transfer to the recipient rat, the donor vessels 
were anastomosed in an end-to-end fashion onto the host femoral 
vessels with a 10-0 nylon interrupted suture (Figure 2A). At this stage 
the ASCs were administered into the flap as described below. Following 
ASCs administration, the flap was inset using 4-0 interrupted suture. 

ASCs injection model

Injection into the flap was performed immediately after vascular 
anastomosis and a positive milking flow test. Arterial inflow to the flap 
was arrested by placing a vascular clamp proximal to the anastomosis 
and the arterial branch. Next, the distally placed suture on the arterial 
branch was taken off, leaving its end patent for local arterial injection. A 
blunt 30-gauge needle was introduced into the arterial branch, located 
proximal to the anastomosis and distal to the arterial vascular clamp 
(Figure 2B). In order to achieve a steady and accurate application of 
the cells, the injection was performed by the microsurgeon stabilizing 
the needle in the arterial branch lumen as his assistant pushed on the 
syringe gently till its content was emptied (Figure 2C). Next, the patent 
arterial branch was closed with a nylon 10-0 suture adjacent to its origin 
from the femoral artery. After 10 minutes of arrested flow, allowing the 
cells to settle in, the arterial vascular clamp was released permitting 
reperfusion to occur. Subsequently the skin paddle was sutured into 
place as described above. 

Culturing of ASCs

As previously described [20], Adipose-derived Stem Cells (ASCs) 
were extracted from subcutaneous fat tissue of Lewis rats using 0.1% 

collagenase (Sigma, St. Louis, MO, USA). ASCs were cultured in 
high glucose Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Paisley, Scotland, UK) supplemented with 10% FCS (Thermo Scientific 
HyClone, Tauranaga, New Zealand). Cultures were propagated at 37°C 
in a 10% CO2 atmosphere. 

ASCs differentiation

Adipogenic differentiation: Confluent cells were cultured 
in adipogenic medium containing 10 μg/mL insulin, 1×10-6M 
dexamethasone, 0.5 mM IBMX (3-isobutyl-1-methyl xanthine) and 
50 μM indomethacin (all from Sigma). After 21 days, the cells were 
fixed by 4% formalin (20 min at room temperature [RT]) and stained 
with 0.5% Oil Red (10 min, at RT) (Sigma). Following the staining cells 

Figure 1: Groin free flap harvest based on the femoral vessels (x). This 
composite flap (*) is raised over the abdominal muscular fascia includes skin, 
panniculus cornosum and subcutaneous fat.

A. C.

B.

Figure 2: (A) Recipient arterial branch (⇒) temporarily closed distally for later 
local arterial injection of ASCs. The donor flap (*) femoral artery (a) and vein 
(b) were anastomosed end-to-end to recipient vessels under microscopic 
magnification. (B) Schematic representation, following flap (*) anastomosis, of 
the 30-gauge blunt needle (←←) introduced into the arterial branch, proximal to 
the anastomosis (←) and distal to the arterial vascular clamp (x). (C) In order 
to achieve a steady and accurate application of the cells, the injection was 
performed by the microsurgeon stabilizing the needle in the arterial branch 
() lumen as his assistant pushes on the syringe (S) gently till its content 
is emptied. Anastomosis ( ♦); Flap artery (A); Flap vein (V); Flap pedicle (*). 
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Intravital Microscopy (FIM) and Laser Speckle Imaging (LSI) were 
performed on a modified zoom stereomicroscope SZX12 (Olympus, 
Japan) coupled with the CCD camera PIXELFLY QE, 12 bit (PCO, 
Germany) to track the labeled ASCs 23-27. A FIM mode, excitation/
emission filter set was adjusted as 460–490/ 510–550 nm, respectively. 
LSI is an advanced analog of Laser Doppler Imaging and it was used for 
obtaining additional information about blood perfusion in each flap. 
Image acquisition and processing during LSI mode were performed as 
previously described in the literature [23-27]. 

Fluorescent vascular studies: To better define the flap perfusion, 
fluorescein sodium salt (Sigma-Aldrich, Israel) was administrated in 
a bolus injection through the rat’s tail vein (2 mg/kg in a volume of 
0.5 ml). 

Statistical analysis

Fisher’s exact test was used to assess the statistically significant 
differences between experimental groups. A P value of <0.05 was 
considered to be statistically significant.

Results
Fate of groin free flap following direct arterially injected ASCs: 

To prove the feasibility and safety of our novel IA modality, 200 μl of 
saline only was administered through the arterial branch immediately 
following vascular anastomosis in the control group (group I; n=4). All 
flaps survived and were viable at postoperative day 10. 

were photographed (Olympus IX71 microscope with a DP73 camera) 
and Oil red O was extracted by 4% IGEPAL (Sigma) in Isopropanol 
and quantified at 520 nm using a TECAN Infinite M200 plate reader 
(TECAN, Männedorf, Switzerland).

Osteogenic differentiation: Confluent cells were cultured in 
StemPro® Osteogenesis Differentiation Kit (Gibco). After 21 days, the 
cells were fixed with 4% formalin (20 min at RT) and stained with 2% 
Alizarin Red (Sigma), pH 4.2 (10 min at RT). The induction medium 
was replaced every 3-4 days in all cases. Photographs were taken using 
an Olympus IX71 microscope with a DP73 camera.

Flow cytometry. Surface marker analysis: Cells were harvested 
and incubated with a 4-color panel containing CD90.1-pacific blue 
and CD29-APC (Miltenyi Biotec, Auburn, CA, USA), CD45-APC/
cy7 (Biolegend, San Diego, CA, USA) and live/dead-aqua blue dye 
(Invitrogen molecular probes, Eugene, OR, USA) for 30 min. Data 
analysis was performed by the flow-Jo software (Tree star, Ashland, 
OR USA).

Experiment design

All rats underwent transplantation with a syngeneic groin free flap. 
In the control group, (group I; n=4), 200 μl of saline was administered 
intra-arterially through the arterial branch immediately following the 
vascular anastomosis. 

In the treatment groups ASC were administered intra-arterially 
through the arterial branch immediately following vascular 
anastomosis. ASCs were administered in 200 µl saline in the following 
groups: Group II 1 × 106 ASCs (n=7), Group III 0.5 × 106 ASCs (n=8) 
and group IV 0.05 × 106 ASCs (n=8). 

Flap viability

The transplanted groin flap was observed daily for signs of flap 
ischemia and necrosis as defined by the well-characterized sequence 
of swelling, discoloration, epidermolysis, dyskeratosis, and necrosis. 
A flap that survived 10 days post-harvest was considered to be 
permanently viable (Figure 3I). Flap failure due to complete vessel 
occlusion was apparent by flap necrosis at post-transplant day 2-3 
(Figure 3II) demonstrating an early, clinically visible, ischemic assault. 

Imaging studies

Whole body near infrared imaging: ASCs were labeled by a near 
Infrared (IR) fluorescent, lipophilic carbocyanine DiOC18(7) (DIR) dye 
(Molecular Probes) Life Technologies, Carlsbad, CA, USA, which is 
weakly fluorescent in water but highly fluorescent when incorporated 
into lipoid cell membranes, was used according to [21,22] DIR ]has 
absorption and fluorescence maxima at 750 and 782 nm, respectively, 
which corresponds to low light absorption and auto-fluorescence in 
living tissues. Labeled cells were intra-arterially administered into the 
flap and imaging was performed using an in vivo pre-clinical imaging 
system Xenogen’s IVIS SPECTRUM® 100 Series Imaging System 
(Caliper Life Sciences, Alameda, California, currently Perkin Elmer) 
immediately after flap anastomosis and 24 hours post-transplantation. 
Viability of all cells was examined following their labeling and prior to 
their administration by Trypan blue staining (Sigma-Aldrich, Israel).

Intravital microscopy: ASCs were labeled by Carboxyfluorescein 
Succinimidyl Ester (CFSE) (Invitrogen, CA, USA) and their viability 
was examined following their labeling and prior to their administration 
by Trypan blue staining (Sigma-Aldrich, Israel). CFSE labeled cells were 
intra-arterially administered into the flap and Combined Fluorescent 

I.

II.

Figure 3: Clinical evaluation of syngeneic flap survival following ASC 
administration determines the level of vessel occlusion by administered cells. 
(I) A syngeneic flap that survived 10 days post-harvest was considered to be 
permanently viable. (a) post-operative day 2; (b) post-operative day 6; (c) 
post-operative day 13. (II) Flap failure due to vessel occlusion was recorded 
at post-transplant day 2-3 demonstrating swelling and discoloration in post-
operative day 2 (a) and epidermolysis, dyskeratosis, and necrosis in post-
operative day 3 (b).
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In the treatment groups each rat received a volume of 200 μl 
saline with decreasing concentration of ASCs (ASCs characterization 
is shown in supplementary Figure 1). As can be seen in Figure 4 and 
in Supplementary Table 1, administration of 1 × 106 cells (group 
II; n=7) resulted in a low flap survival rate (14.3%) due to vessel 
occlusion followed by flap necrosis and death. Reducing the quantity of 
administered cells to 0.5 × 106 ASCs resulted in increased flap survival, 
although flap death was still observed in 50% of the animals (group 
III; n=8). Flap survival rates further increased to 75% in flaps injected 
with a lower cell quantity of 0.05 × 106 (group IV), demonstrating a 
significant (p=0.045) correlation between the amount of administered 
cells and the rate of flap survival. 

Fate of Labeled Injected ASCs 
Macroscopic whole-body imaging with DIR labeled ASCs at 1 × 

106 administered dose (n=2) were studied to better understand the in 
vivo fate of ASCs. ASCs remained concentrated in the flap and could 
not be observed in any other sites, such as the lung or liver, when 
imaged immediately after injection and again 24 hours later (Figure 
5). However, a vascular flow study of the transferred flap revealed that 
although perfusion was intact immediately after injecting the ASCs, it 
was completely impeded on the arterial side after 24 hours, indicating a 
subclinical ischemic event. Dissection of the flap’s vasculature revealed 
a clotted artery and vein with no perfusion. At a concentration of 0.05 
× 106 whole-body imaging with DIR labeled ASCs (n=3) again showed 
cells to be concentrated within the flap immediately after injection 
and 24 hours later (Figure 6Ia and 6Ic respectively). To confirm that 
the vascular flow was not disturbed at this cell concentration, a green 
fluorescent dye was systemically administered IV and its appearance 
in the flap skin was examined. Fluorescence within the flap skin was 
of similar intensity to the surrounding normal skin revealing intact 
perfusion 20 minutes and 24 hours after injecting the ASCs (Figure 6Ib 
and 6Id respectively). 

To better define ASCs location within the transplanted flap, cells 
were labeled with CFSE, a membrane permeable green fluorescent dye. 

CFSE labeled ASCs were followed by intravital microscopy revealing 
ASCs localization in the vicinity of vessels at the capillary level (Figure 
6II). Imaging of CFSE labeled cells in vivo demonstrated also the 
viability of the ASCs following their administration. Direct microscopic 
Doppler flow study demonstrated intact flap perfusion 24 hours after 
surgery and ASCs administration (Figure 7). At postoperative day 10 
these three imaged flaps injected with a concentration of 0.05 × 106 cells 
were viable and intact. 

Discussion
MSCs have been shown to serve as regenerative and 

immunosuppressive tools both in vitro and in vivo [28]. MSCs 
application for immunosuppressive purposes in both clinical practice 
in humans and animal research include mainly systemic delivery via a 
peripheral vein leading to the entrapment of most injected MSCs in the 
lung’s pre capillaries at their first pass [10-13]. These MSCs reach their 
destination in decreased concentration and lowered bioavailability at 
the target tissue [12]. Previous studies demonstrated improved organ 
targeting of MSCs by IA administration into an intact artery feeding 
an organ [14-18]. However, large quantities of cells were still required 
to achieve significant organ detainment by IA administration and the 
majority of cells were still reported to reach the lungs [15]. To enhance 
MSCs entrapment within a vascularized groin flap we thus utilized the 
inherent characteristics of the transplantation procedure and delayed 
flap reperfusion following IA cell administration. This allowed the cells 
to settle within the blood vessels prior to the blood flow reconstitution. 
Although seemingly easier, we did not attempt to administer the cells 
directly into the pedicle artery prior to anastomosis, due to the long 
and unstandardized anastomosis time that was required following 
cell administration. Using our technique we were able to demonstrate 
strong targeting of ASCs to the transplanted flap. Importantly, however, 
administration of high quantities of cells to the transplant led to vessel 
occlusion and flap necrosis. Using reduced cell quantities we were able 
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Figure 4: Flap survival is affected by the number of ASCs administered. 
Syngeneic flap transplantation was performed and flaps were injected with 
either saline only (group I) or 1 × 106ASCs (Group II), 0.5 × 106 (group III) 
or 0.05 × 106 (group IV). The percent of surviving flaps in each group is 
presented. P value was calculated using Fisher’s exact test.

Figure 5: IA administered ASCs (1 × 106) were detected within the flap but 
eventually led to blood flow occlusion. IA administration of DIR labeled ASCs 
was performed during a syngeneic groin flap transplantation.  Fluorescent 
signal was detected by whole body in vivo imaging immediately following 
surgery (b), at 20 minutes (c) and at 24 hours (d) after surgery. Whole body 
image before injection served as a background control (a).
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to achieve good cell targeting to the flap without critically affecting its 
blood perfusion and achieving high rates of flap survival. Thus, our 
novel IA administration technique provides a feasible alternative to IV 
administration achieving efficient and safe targeting into a transplant 
with limited cell quantities. 

Prior to the beginning of our study and during the construction of 
our novel delivery method, injecting the cells through the arterial pedicle 
was attempted, with the goal to ease the technique. The shortcoming 
with injecting the cells into the arterial pedicle prior to performing the 
anastomosis was that, this resulted in long and uncontrolled duration 
of blood flow cessation due to the different anastomotic challenges. We 
decided that the most controlled manner for cells injection was after 
completion of the anastomosis and following a satisfying patency-flow 
test. Different methods for cells injection following the anastomosis 
were tried and resulted in inferior injection ease. Puncturing the 
proximal recipient femoral artery led to bleedings and vessel injuries 
which we thought could lead to results bias. Furthermore, removing 
some anastomotic sutures also led to more injury to the already divided 
vessel edge. It seemed to us that the least traumatic approach was to 
cannulate the arterial branch leading to the pedicle. After injection, the 
branch was divided at its origin. This served us in a very consistent way 
in relation to flow cessation duration and a-traumatic cell delivery.

We anticipated that the major mechanism influencing cell 

detainment within the flap vasculature following IA administration 
would be passive entrapment. However, the delayed reperfusion allows 
also time for the administered cells to settle and adhere to blood vessels 
within the flap also by active arrest mechanisms through various 
surface proteins [9]. We speculated that delaying blood reperfusion 
to the flap after IA cell administration and letting them settle within 
the flap's vasculature would allow their enhanced retention once 
blood flow is reconstituted. Indeed using this protocol we were able to 
observe strong targeting of the cells to the flap. Macroscopic whole-rat 
imaging with DIR labeled ASCs (group III) revealed that the cells were 
concentrated within the flap immediately following injection and also 
24 hours later in a viable and well-perfused flap. Importantly a strong 
florescent signal was observed even when as little as 0.05 × 106 cells were 
injected into the flap indicating strong cell retention. Thus, despite a 
20-fold reduction in ASCs administered compared to systemic delivery 
methods, significant intra-flap ASCs delivery was still achieved.

Previous reports demonstrated that the massive MSC entrapment 
in the lungs following their IV administration was reduced dramatically 
24 hours post transplantation (around 10% of the signal remained) 
[11,29]. An apparent reduction of the cell signal within the flap was 
observed also in the current study between time 0 and 24 hours post 
their administration (Figure 6Ia and 6Ic). As was summarized in a 
recent review [30] MSCs survival in vivo is limited and most of the 
cells disappear rapidly. Importantly, despite the rapid clearance of 
most cells, a strong and repetitive immunosuppressive effect of MSCs 
is still evident in both animal models and in the clinic [31,32]. Thus, we 
assume that the significant targeting of ASCs to the flap, as was evident 
immediately following their administration and at 24 hours, would 
suffice for an improved immunosuppressive effect compared to IV/
systemic administration that achieves only limited specific localization 
of cells to target organ/tissue. 

IA administration of cells to ischemic brain led to blood flow 
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Figure 6: (I) ASCs remained in the viable flap following administration of 0.05 
× 106 DIR labeled ASCs and did not disturb blood flow to the flap as seen 
20 minutes (a) after injection as well as 24 hours (c) later; Image taken by 
IVIS. Green fluorescent dye injected systemically, revealed that the flap’s 
perfusion was intact after 20 minutes (b) as well as after 24 hours (d); images 
were taken by fluorescence intravital microscopy after the injection of cells (b) 
and IVIS (d). (II) Intravital microscopy of CFSE labeled ASCs (green labeled 
cells, ) presented intact perfusion (red labeled vessels, ←←) with well-defined 
visualized ASCs localized in vicinity of the capillaries. Flap subcutaneous 
tissue marked (***). 

Figure 7: Doppler flow study 24 hours after surgery and administration of 0.05 
× 106 ASCs demonstrated intact flap perfusion. (I) Doppler study presenting 
intact inflow and outflow (←) from the flap (***). (II) Raw image of flap (***) 
and pedicle containing the flap’s vessels (←←). (III) merge image of flap (***) 
and pedicle (←). 
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obstruction especially when large quantities of cells were entrapped 
within the brain [14,16-18]. 

Due to the high rates of cell entrapment in our model we anticipated 
an increased risk of blood flow obstruction. As a syngeneic rather than 
an allogeneic flap model was used, all necrosed flaps were diagnosed 
as an ischemic failure. Indeed, we found high flap failure rates at 
high administered MSCs quantities while flap viability increased 
dramatically when a lower MSCs quantity was administered. Similarly 
to our findings, a recent report suggested that only cell doses lower 
than 0.1 × 106 do not completely compromise blood flow and can be 
considered safe [18]. The direct correlation between the administered 
cell dose and the blood flow reduction was further demonstrated in 
other studies [14,16,17]. Thus our proposed model allows the delivery 
of a high proportion of injected cells directly into a viable transplant/
flap using very low cell quantities. 

As was appreciated in recent years, MSCs produce and secrete 
innumerable growth factors and cytokines. This paracrine activity of 
MSCs is suggested to be responsible for many of their regenerative 
as well as their immunosuppressive properties [33]. The proximity of 
MSCs to the target tissue is therefore of great importance in order to 
allow an effective paracrine effect. The potential use of MSCs for the 
prevention of tissue or solid organ allograft rejection has already been 
shown in animal models [7,8,34-38]. 

Recent study has shown that inhibition of the catalytic activity 
of histone methyltransferase G9a promotes the differentiation of 
adipose-derived mesenchymal stem cells towards endothelial cells 
[39]. Moreover, as compared with normal human ASCs, blocking the 
function of G9a also leads to the up-regulation of factors involved in 
blood vessel formation [39], it would therefore be of importance to 
investigate in the future whether ASCs pre-treated with G9a inhibitor 
prior to their transplantation could increase the efficiency and 
successfulness of syngeneic groin free flap transplantation.

VCA such as hand or face transplantation is an elective procedure 
performed with the goal of improving patient’s quality of life, in 
contrast to solid organ transplants which are performed in order to 
prolong the patient’s lifespan. Utilization of the immunosuppressive 
qualities of MSCs may offer a novel nontoxic strategy to avoid the life-
long need for immunosuppressant drugs or to decrease daily dosage 
in order to consequently minimize toxicity in VCA. We speculate that 
our novel IA delivery technique could potentially enhance MSC ability 
to prevent allotransplant rejection, due to its ability to increase their 
targeting to the proximity of the rejection site i.e. the donor recipient 
interface.

Conclusions
Our data indicates that IA ASCs local delivery at a correct and 

calibrated concentration can serve as a therapeutic option for better 
stem cell delivery into a transplant or flap. The substantial increase in 
the rate of flap survival in correlation with reduced cell administering 
suggests also that the proposed method is feasible with limited risks. 
However, it clearly demonstrates the possible risk of vessel obstruction 
when high cells quantities are administrated. Therefore prior to 
its application in humans, the method must be adjusted in a more 
compatible large animal model. 
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