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Abstract. – OBJECTIVE: Our study aimed to 
evaluate the effect of soft tissue regeneration in 
nude mice using grafts made from the combina-
tion of adipocytes from fat tissue mesenchymal 
stem cells and fibrin gel from peripheral blood. 

MATERIALS AND METHODS: Mesenchymal 
stem cells were isolated from adipose tissue 
and identified according to ISCT criteria. The 
scaffold used was fibrin obtained from peripher-
al blood. The grafts in this study were generat-
ed by transferring mesenchymal stem cells on-
to a fibrin scaffold. Two types of grafts, the re-
search sample (fibrin scaffold containing adi-
pocytes differentiated from mesenchymal stem 
cells) and the control sample (fibrin scaffold on-
ly), were grafted under the dorsal skin of the 
same mouse. After each research period, sam-
ples were collected and evaluated by histo-
logical methods to observe the existence and 
growth of cells inside the grafts.

RESULTS: The results showed that the study 
group’s graft integrated better within the tissue 
when compared with the control group. In addi-
tion, the grafts in the study group showed the 
presence of cells with characteristic morphol-
ogy of adipocytes one week after transplanta-

tion. In contrast, control samples showed dimor-
phous shapes and features mainly composed of 
non-homogenous fragments. 

CONCLUSIONS: These initial conclusions 
might be considered a first step in generating 
safe bio-compatible engineered grafts specifi-
cally usable in post-traumatic tissue regenera-
tion procedures.

Key Words:
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scaffold, Soft tissue regeneration.

Introduction

Autologous fat grafting is the gold standard 
for repairing and regenerating damaged soft tis-
sue. Despite the great achievements there is still 
the need to adopt better strategies to obtain 
higher-quality graft materials for these urges. 
Adipose-like bioengineering grafts are a press-
ing concern worldwide, and new results1 have 
been showing enough potential to replace pure 
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autologous adipose tissue. The current study pro-
posed the creation of a fibrin tissue substrate as 
a scaffold to locate stem cells for a ready-to-go 
bio-compatible adipose scaffold to use in clin-
ical reconstructive procedures2-8. Our team has 
recently been designing new 3D biomaterial by 
combining human autologous adipose-derived 
mesenchymal stem cells (AT-MSCs) inserted on-
to a fibrin-gel scaffold obtained from human 
autologous peripheral blood. Although many 
studies9-15 have described the unique features of 
AT-MSCs in regenerative medicine, the interest in 
fibrin gel and its use in clinical procedures, though 
it dates back to the late 19th century, still remains to 
be fully disclosed. This study highlighted fibrin’s 
unique features as a highly polyhedric biomaterial 
capable of containing different types of cells and 
stem cells to regenerate damaged soft tissues16-24. 
The study involved the use of nude mice which 
received subcutaneous implantation of graft com-
posed of AT-MSCs and fibrin gel substrate, and the 
fibrin gel only both positioned on either side of the 
back. The follow-up time to pair samples on mice 
for two weeks, then the grafts on research mice 
will be collected at 2 study time points. Twelve 
nude mice were used in the study and were divided 
into two groups, each group consisted of 6 mice. 
Mice were evaluated for the first time during the 
first week after the transplantation and divided in 
two experimental groups, the graft group (total of 
3 mice, graft with stem cells) and the control group 
(total of 3 mice, graft without stem cells). In the 
second week, mice were evaluated on two exper-
imental groups, the graft group (total of 3 mice, 
graft with stem cells) and the control group (total 
of 3 mice, graft without stem cells). This study 
revealed that AT-MSCs and fibrin grafts showed 
quite unique biological and physical properties that 
mimic the native extracellular niche (ECM niche), 
crucial for stem cell adhesion, growth, prolifera-
tion, and differentiation along particular lineages. 
This study also focused on the current and future 
applications of AT-MSCs and fibrin gel grafts, 
which may represent a new perspective for further 
potential explorations in tissue engineering for 
clinical applications.

Materials and Methods

Materials
Fat tissue was obtained from the fat tissue of 

healthy donors through liposuction in the oper-
ating room and after they gave consent allowing 

their use for research purposes. They have been 
used to isolate and cultivate mesenchymal stem 
cells. Plasma was collected from the Department 
of Hematology, following the hospital’s guide-
lines and regulations. The plasma was then used 
to collect fibrin to generate the scaffolds to home 
adipose tissue mesenchymal stem cells24-26. The 
mice used in the experiment are nude, male, 
about 6-8 weeks old, and weighing about 20-35 
grams.

Methods
Our team used experimental and descriptive 

research methods to conduct this study. The 
total number of evaluated nude mice was twelve 
(following the regulations of the Vietnamese 
Animal Regulatory Act); the mice were divided 
into two experimental groups. Group 1 includ-
ed mice transplanted with engineered adipose 
tissue grafts (research samples) containing dif-
ferentiated adipocytes from AT-MSCs. Group 
2 included mice grafted with fibrin scaffold 
samples (control samples). In each experimental 
group, mice have evaluated at two time points 
1 week (3 mice total) and two weeks (3 mice 
total). Each mouse received grafts on both the 
right and left sides of the back (Fibrin scaffold), 
respectively. The total number of repetitions 
was three times for each session. At each point 
in the research process, mice of the different 
groups were sacrificed to collect grafts and fi-
brin samples, and the specimens were collected 
to evaluate by H&E stain. The research contents 
carry out according to the following steps: (i) 
isolation, identification, and differentiation of 
AT-MSCs from the adipose tissue; (ii) construc-
tion of the fibrin scaffolds; (iii) transfer of AT-
MSCs onto fibrin scaffolds and differentiation to 
adipocyte3,11,26; (iv) the grafts were collected and 
inserted under the skin of the nude mice back 
at day seven. At the study time points, grafts 
were collected and histologically analyzed. The 
grafts’ cellular morphology and structure were 
carefully observed under an optical microscope 
to assess the structural integrity of the graft and 
the presence of adipocytes. Finally, all data were 
analyzed using appropriate methods for each 
study section. 

Isolation, Culture, and Identification of 
Mesenchymal Stem Cells from Human 
Adipose Tissue

Fat tissue (about 20.0-30.0 ml) was transferred 
into sterilized Conical Centrifuge Tubes (Falcon-
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TM, 50 mL, Thermo Fisher Scientific, Waltham, 
MA, USA). Then, in each tube, these tubes added 
a mixture of Dispase-Collagenase enzymes, with 
a volume ratio of 1.0 (fat sample): 2.0 (enzymes), 
and incubated at 37°C for 90 min. After incu-
bation, these tubes were centrifuged to collect 
the cell fraction deposited at the bottom of these 
tubes. Then, this cell fraction was added to a cell 
culture medium (StemProTM MSC SFM, GibcoTM, 
Grand Island, NJ, USA) for cell suspension, and 
continues to take cells were filtered through a 
Cell Strainer (FalconTM, 70 μM, Thermo Fisher 
Scientific, Waltham, MA, USA) to collect the 
mesenchymal stem cells. An erythrocyte lysis 
solution was used to remove red blood cells 
and then centrifuged to collect cell residues. 
Trypan blue solution was used to count the num-
ber of cells in the Neubauer counting chamber. 
Cells were immerged into the StemProTM medi-
um supplemented with Penicillin-Streptomycin 
(10,000 U/mL) (GibcoTM, Grand Island, NJ, USA) 
in a T-25 cm2 flask (Thermo Fisher Scientific, 
Waltham, MA, USA) at 37°C and incubated at 
5% CO2. Stem cells were cultured until the sec-
ond generation and identified as mesenchymal 
stem cells according to ISCT criteria7.

Preparation of Fibrin Scaffold
We generated the fibrin scaffold by combining 

fibrinogen and thrombin from healthy consenting 
donors obtained from 5.0 ml of human peripheral 
blood. This blood was divided into two equal 
parts, 2.5 ml each tube; the first tube for collect-
ed fibrinogen, and the part residue for received 
thrombin. The fibrin scaffold was created by mix-
ing fibrinogen and thrombin in an equal volume 
ratio of 1.0:1.0 (v/v). 

Procedure to Obtain Fibrinogen 
The blood was centrifuged at 3,000 rpm for 

5.0 minutes to collect the plasma fraction6,10. Ap-
proximately 10.0 ml of plasma was collected and 
centrifuged at 3,000 rpm for 5.0 minutes. This 
plasma was then sterilized as a scaffold for cell 
culture by filtration through Minisart® Syringe 
Filters (0.20 µm, Sartorius, Goettingen, Germa-
ny). This plasma was incubated in a refrigerator 
at 4.0°C for 1 hour and then transferred to another 
fridge at -20°C overnight.

Procedure to Obtain Thrombin 
The frozen plasma thawed at 4°C. Then, this 

plasma was supplemented with a sterilized PBS 

solution composed of a ratio of 1.0 ml plasma: 
9.0 ml PBS solution (v/v). Acetic acid (1%) was 
added to adjust the pH to 5.316. This solution 
was left at room temperature for 30 min to give 
a white precipitate and centrifuged at 3,000 rpm 
for 5 min to collect this sediment at the bottom 
of the tube. Then, PBS solution (2.0 ml) was 
added to make a suspension solution. The Na2 
CO3 solution (0.1 M) was used to adjust the pH 
to 7.0. The tube was placed in a thermostatic 
bath at 37°C for 15 minutes and added CaCl

2
 

solution (0.01 M) was to form a white gel. This 
white gel was then removed, and the remaining 
liquid was in the tube as a thrombin solution. 
Thrombin was stored at –20°C and used within 
three months.

The Generation of Bio-Scaffold by
Combining AT-MSCs Adipocytes and 
Fibrin Gel

The AT-MSCs were harvested at the second 
subculture and inserted into the fibrin gel. Ap-
proximately 105 cells were mixed with 1.0 ml of 
fibrinogen solution and 1.0 ml of thrombin solution 
to create grafts. Then, these grafts were cultured in 
the StemProTM medium. After one day of culture, a 
new medium was replaced with StemProTM Adipo-
genesis Differentiation Kit (GibcoTM, Grand Island, 
NJ, USA) to induce AT-MSCs differentiation into 
adipocytes. After seven days, these grafts were 
ready for transplantation into mice.

Evaluation of the Survival and Develop-
ment of Grafts in a 
Nude Mice Model

All graft and control samples were surgically 
collected. Specimens were carefully observed 
and evaluated for clinical signs. The pieces were 
then subjected to histology staining procedure 
(H&E staining) to assess the structural integrity 
of the tissue and the presence of adipocytes in the 
graft and control samples (Figure 1).

Statistical Analysis
Data expressed as mean ± standard error of 

the mean (SE). Statistical analysis was performed 
using the t-test to compare the data pairs in the 
results of the two groups if they are typically dis-
tributed, p-value < 0.05, indicating that the results 
are statistically significant. All experiments were 
performed in triple procedure.
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Results

AT-MSCs from Human Adipose Tissue
The results showed that AT-MSCs were phe-

notypically negative for some markers, such as 
CD14, CD45, and HLA-DR. These cells have 
phenotypically positive markers, such as CD13, 
CD44, CD73, CD90, and CD105. We obtained 
stem cells from donor adipose tissues using ap-
propriate culture procedures, which responded 
to the International Society for Cellular Therapy 
(ISCT) criteria for identification as adipose-de-
rived mesenchymal stem cells. (i) AT-MSCs 
must adhere to the bottom of cell culture flasks; 
(ii) AT-MSCs must retain the multipotency trait; 
(iii) AT-MSCs must express a few specific CD 
markers at least CD73, CD90, and CD105. The 

results confirmed the plasticity features of MSCs 
that differentiate into adipocytes, osteoblasts, 
and chondroblasts in vitro under appropriate 
culture and kit conditions.

The AT-MSCs growth in the second subcul-
ture responded to the criteria of the ISCT. The 
cells showed an elongated shape, resembling 
fibroblast-like cells. These cells were adhesive 
to the bottom of the culture flasks. These cells 
were able to differentiate into osteoblasts, chon-
drocytes, and adipocytes (Figure 2) and display 
important mesenchymal stem cell markers such 
as CD73, CD90, and CD105 when assessed by 
Flow cytometry (Figure 3). These cells were 
then homed into the fibrin scaffold and induced 
to differentiate into the adipose-tissue scaffold, 
eventually grafted in nude mice.

Figure 1. Evaluation of soft tissue grafts. A, Soft tissue graft. B, Each model received two grafts control and research samples. 
We inserted the research samples to the right-back side of the mouse. And the control samples were grafted to the left-back side 
of the mouse.

Figure 2. Isolation and culture of stem cells from adipose tissue. A, Fat tissue process. B, Cells after seven days of culture, 
shaped like fibroblasts (Giemsa staining), 20×. C, Cells observe by a phase-contrast microscope. They have an elongated shape 
that adheres to the bottom of the flask, 20×.
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Result of Obtaining Fibrin Used 
as Scaffolds

The fibrin gel obtained from the combination 
of fibrinogen and thrombin showed the traits of a 
well-structured bio-scaffold composed of a porous 
internal architecture with interconnecting micro 
tunnels, an ideal home to accommodate stem cells 

(Figure 4). The cells were effectively adhered and 
developed within the scaffold, capable of chang-
ing the internal morphology, as shown in Figure 
5. The appearance of fat droplets within the cells 
confirmed the presence of adipocytes. These fat 
droplets tended to become more numerous as the 
culture time increased to form consistent clumps. 

Figure 3. Results of evaluation by flow cytometry to identify mesenchymal stem cells. AT-MSCs were phenotypically negative 
for some markers like CD14, CD45, and HLA-DR and positive for some feature markers, such as CD13, CD44, CD73, CD90, 
and CD105.

Figure 4. Research results to create fibrin scaffold used for cell culture. A, Observe the fibrin scaffold under an optical 
microscope after being stained with H&E (10×). B, Histological results show that the fibrin scaffold has a tubular structure 
connected (20×). C, Fibrin fibers have a branching structure, and these fibers are connected, which helps the cell adhere and grow 
on the fibrin scaffold (SEM, ×400, 50 µm).
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Fat droplets are considered an essential criterion 
to assess the presence of adipocyte phenotypes, as 
stated by the ISCT criteria for identification as adi-
pose-derived mesenchymal stem cells. These new-
ly generated adipocytes were then homed into the 
fibrin scaffold to create fatty tissue to be grafted 
under the skin of nude mice. The team evaluated 
the graft caused by the introduction of AT-MSCs 
into the fibrin scaffold (Figure 5).

Direct observation under the inverted mi-
croscope showed that cells could firmly home 
within grafts (Figure 5A). The cells were rhom-
bus-shaped with dendrites. The AT-MSCs devel-
oped and grew within the fibrin gel showing a 
good state of differentiation to adipocytes due to 
using a suitable cell differentiation medium, con-
firmed by fat-droplet formation and accumulation 
(Figure 5B). The adipocyte favored the staining 
procedure with Oil Red O (Figure 5C-5D). The 
AT-MSCs cultured and differentiated adipocytes 
on the fibrin scaffold were directly observed un-
der the phase inversion microscope (Figure 5E) 
and on the histological slides (Figure 5F). The 
observational results showed that the cells had 
fat droplets around the cell nucleus (Figure 5F), 
demonstrating that AT-MSCs successfully differ-
entiated into adipocytes in vitro.

Results of Evaluating the Survival and 
Growth of Cells Inside the Grafts in 
Nude Mice
Research samples (grafts containing 
differentiated adipocytes from MCSs)

The study samples were surgically removed 
and assessed. Observation at the surgical site 
showed no signs of inflammation or abnormali-
ties. The grafts were smaller in size, suggestive 
of well absorption process within the host (Fig-
ure 6A).

The histology results confirmed that the struc-
ture of the study group grafts remained integral 
and homogeneous. The observation revealed the 
presence of a few inflammatory cells and a high 
presence of adipocytes, which were the cells we 
expected to appear. The result proved the excel-
lent state of cells one week after transplantation 
showing that the graft integrated well into the 
surrounding host tissue. The grafts were almost 
absorbed within the host tissue two weeks after 
transplantation.

The Control Samples (Fibrin-Gel 
Scaffolds Without Cells)

Control samples were surgically re-acquired 
and histologically evaluated. After one week 

Figure 5. Results of evaluation of adipose tissue engineering grafts. A, and B, The MSCs differentiated into adipocytes on the 
surface and inner fibrin scaffolds (10×). C, and D, Oil Red O staining results for adipocytes have differentiated from MSCs on 
the scaffold fibrin (10×, 20×). E, and F, Histological staining H&E, showing cells growing inside scaffold fibrin. Evaluation of 
histological staining showed that the cells differentiated into adipocytes. Cells that have demonstrated the properties of fat cells 
are lipid storage (yellow arrowheads) (10×, 40×).
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of implantation, the models showed no signs of 
inflammation or other abnormalities at the sur-
gical site. However, the evaluation results show 
that the fibrin gel has a change in size; namely, 
the size of fibrin is smaller than the original 
size before grafting under the dorsal skin of 
mice. Histological results showed that the graft 
structure degenerated into smaller, amorphous 
parts with many blood vessels infiltrating and 
the appearance of inflammatory cells; no fat 
cells were present in the observed tissue struc-
ture. The fibrin gel was totally absorbed into 
the host tissue two weeks after implantation. 
The results after two weeks of transplantation 
were similar to those of the study sample, and 
we do not have histological data at this point 
(Figure 7).

Discussion

The multipotent AT-MSCs are involved in the 
regenerative pathways participating in different 
levels, directly generating new adult clones, same 
as those of the damaged tissues and allowing the 
derivation of other functional cells and growth 
factors for regenerative purposes. Stemness of the 
AT-MSCs obtained in culture regarding prolifer-
ation, and multiple lineage phenotype is essential 
for inducing these stem cells to specific lineage 
differentiation. In this study, primary characteri-
zation using surface markers and lineage pheno-
type confirmed the suitable quality of AT-MSCs 
before attempting to assess their reparative ca-
pacities. Adipocytes derived from mesenchymal 
stem cells using exogenous differentiated induc-

Figure 6. Evaluation of histological results on grafts (the research samples). A, Surgery to collect grafts back. B, The graft 
was processed into a slide and stained with H&E dye (4×). C, Observe the specimen at the 10× objective (10×). D, The graft 
contains a lot of fat cells (black arrow) and blood vessels (blue triangle) (40×). Two weeks after grafting, we surgically collect 
all remaining. The absence of inflammation processes and abnormal signs were confirmed at the surgical site. At this stage, the 
graft was fully integrated within the host tissue.
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ers often in transient changes with the upregu-
lation of a few adipose markers. Exploiting the 
potential of growth factors naturally included in 
the fibrin scaffold as natural inducers for stable 
and diverse differentiation of AT-MSC soft tissue 
cells opens several opportunities. In soft tissue 
regeneration, converting mesodermal origin AT-
MSCs into regular, highly differentiated lineage 
tissue (muscles, tendons, vessels, heart, etc.) is a 
significant challenge27-33.

The knowledge that the fibrin matrix supports 
the differentiation and proliferation of different 
phenotypes within the separate compartments of 

the soft tissues prompted the design of a cell-spe-
cific fibrin niche for the differentiation of AT-
MSCs to these lineage cells31-33. The study high-
lights that the AT-MSCs could be differentiated 
into different proliferating progenitor stages and 
then into adipocytes. The behavior and character-
istics of each cell type suggest the presence of a 
biomimetic process that makes these steady and 
stable changes in well-organized and bio-compat-
ible soft tissue.

Fibrin has been studied6,10 and used in clinical 
procedures as a coagulation agent and bio-glue 
for decades. Until now, fibrin has been discovered 

Figure 7. Evaluation of histological results on fibrin scaffold (the control samples). A, The fibrin scaffold sample was collected 
and histologically performed (H&E staining) (4×). B-C, Observe the results at the objective (10×) and (40×), respectively. The 
fibrin samples are not intact (blue squares), they divide into many lobes, and many blood vessels are present. No adipocytes 
existed, but many inflammatory cells were inside the fibrin matrix.
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to have a new potential application in tissue en-
gineering as a scaffold for culturing many types 
of cells to create many different types of tissue 
engineering grafts10,24-33. Therefore, we designed 
this study to develop soft tissue grafts based on 
the patient’s peripheral blood and adipose tissue 
to have grafts with structures similar to autol-
ogous adipose tissue. These grafts open thera-
peutic prospects for traumatic and postoperative 
soft tissue lesions (cancer). This research helps to 
develop new technical grafts that can use safely 
and effectively. 

The fibrin matrix also supports the differen-
tiation of MSCs into adipocytes in adipocyte 
differentiating medium. The outcomes showed 
that the final product is highly similar to human 
adipose tissue, with adipocytes growing within 
the fibrin matrix9,14,23,24,30-32. The experiments us-
ing exogenous differentiation inducers inhibitors 
have proven that specific signaling promotes AT-
MSCs proliferation, developing into different cell 
phenotypes comprising adipocytes, mimicking 
the body’s pathway. Thus, the coordinated ac-
tion of AT-MSCs and fibrin gel signaling within 
the host’s tissue microenvironment could be the 
basis for soft-tissue repairing and new cell for-
mation31-35. 

Adipocytes were identified and morphological-
ly assessed by observation under an inverted mi-
croscope. In addition, these cells were evaluated 
histologically, and fat droplets were found within 
the cytoplasm of the cells. We evaluated graft 
survival and growth in nude mice during the first 
week after transplantation, and the test confirmed 
that these cells retained the characteristics of adi-
pocytes (Figure 6-7). The grafts did not show any 
unwanted reaction and were integrated correctly 
and absorbed within the host tissue. 

Biopsies performed on either graft samples 
“Research or Control” showed safety and excel-
lent integration within the host tissues; however, 
the research samples showed longer and better 
stability within the host tissues. Histological re-
sults of the graft showed the presence of fat cells 
in the tissue structure, and the cells increased 
and matured at the time of transplantation. This 
evaluation result is consistent with the use of Oil 
Red O dye to identify adipocytes because fol-
lowing the differentiation process of AT-MSCs 
into adipocytes will gradually accumulate lipid 
droplets inside the cells and more and more with 
time the induction of differentiation. We assume 
that the constitutive components of fibrin gel and 
AT-MSC signaling are elicited and influence dif-

ferentiation; however, graft proliferation and re-
absorption have yet to be carefully observed and 
evaluated because the study time is not well-con-
trolled. Conversely, control samples generated 
empty disorganized structures that progressively 
deteriorated faster. This study may contribute to 
a “ready-to-go” proposal in a critical scenario of 
post-traumatic and post-surgical events, explic-
itly in breast tissue reconstruction and complex 
plastic surgery resections. 

Conclusions

We know this study still has to solve some 
substantial limitations linked to the low number 
of cases and data with more convincing results. 
We are also conscious of the need for deeper 
investigative analysis to reach more reliable and 
solid outcomes. These observations include the 
essential prerequisite for verifying the optimal 
time for graft harvesting and better understand-
ing cells’ performance and their regenerative 
potential within the grafts. The density of cells 
and the number of fat cells within the graft are 
also crucial to consider. In this study, we found 
that some limitations need to improve in future 
studies: (1) degradation and absorption quickly 
when using fibrin as a cell scaffold; (2) evaluate 
the potential for heterotopic ossification that 
may induce by ectopic lipodystrophy adipocytes 
and the degree of toxicity; (3), difficulty in 
quantification and identification of adipocytes 
within the fibrin structure in vitro as well as in 
transplantation in mouse models. Nonetheless, 
these results are a promising research direction 
in adipose tissue engineering, especially consid-
ering their potential in soft tissue regeneration 
and plastic surgery29,30. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Authors’ Contribution
Conceptualization, T.D.H., H.K.N., B.T.N., T.C.T., C.I.G., 
A.M.I., M.G.B., V.H.P. and F.I.; methodology, H.L.B.T., 
E.M.S., T.A.N.H., A.M.I., F.I., G.R., C.I.G., and G.D.; soft-
ware, R.L., P.D., M.G.B. and F.I.; validation, F.I., C.I.G., 
V.H.P., M.G.B. and T.C.T.; formal analysis, F.I., C.I.G., 
K.C.D.N., A.M., V.H.P. and T.C.T.; investigation, T.D.H., 
H.K.N., B.T.N., M.G.B., T.C.T., and F.I.; resources, T.C.T., 
G.D., K.C.D.N., V.H.P. and F.I.; data curation, F.I. and 
C.G.I.; writing original draft preparation, F.I., A.M.I., 



Mesenchymal stem cells and autologous fibrin in soft tissue regeneration

3679

C.I.G., V.H.P., G.R. and T.C.T.; writing review and editing, 
F.I., A.M.I., C.I.G., M.G.B., V.H.P. and T.C.T.; visualization, 
F.I., A.M., G.D., C.I.G., V.H.P. and T.D.H.; supervision, F.I., 
C.I.G. and T.C.T.; project administration, F.I., B.R., A.M.I., 
C.I.G. and K.C.D.N. All authors have read and agreed to the 
published version of the manuscript.

ORCID ID
Thao Duy Huynh: 0000-0001-5397-8000; Khanh Hoa 
Nguyen: 0009-0006-6793-2592; Angelo Michele Inchingo-
lo: 0000-0003-0104-6337; Ha Tran: 0000-0001-5848-1124; 
Gianna Dipalma: 0000-0002-5947-8987; Antonio Mancini: 
0000-0002-7103-4086; K. Cao Diem Nguyen: 0000-0002-
2747-8210; Binh Nguyen Thanh: 0009-0002-8168-1591; Bi-
agio Rapone: 0000-0002-0062-6594; Francesco Inchingolo: 
0000-0003-3797-5883; Ciro Gargiulo Isacco: 0000-0002-
0067-9725; Cong Toai Tran: 0000-0001-5722-8581.

Funding
This research received no external funding.

Ethics Approval
The entire study has conducted according to Vietnamese 
Ministry of Health guidelines. All procedures have been 
followed the declaration of Helsinki for the reuse of human 
biospecimens in scientific research and the human study 
protocols approved by the Research Ethics Committee in 
Biomedical Research of Pham Ngoc Thach Medical Univer-
sity with number: n496IRB-VN01013.

Informed Consent
Informed consent was obtained from all subjects involved 
in the study.

Availability of Data and Materials
All experimental data to support the findings of this study 
are available contacting the corresponding author upon re-
quest.

References

  1)	 Hebert Lamblet, Lydia Masako Ferreira. Fat ob-
tained from plastic surgery procedures – stem 
cells derived from adipose tissue and their poten-
tial in technological innovation: a narrative litera-
ture review and perspective on dissociative meth-
ods. Eur J Plast Surg 2022; 45: 701-731.

  2)	 Hariastawa IA, Rantam FA, Hardjowijoto S. The 
application of dried amniotic membrane scaffold 
with adipose derived-mesenchymal stem cell 
seeding as graft in urethral reconstruction (ex-
periment on rabbit). Int J Surg Open 2020; 24: 
32-37.

  3)	 Argentati C, Morena F, Bazzucchi M, Armentano 
I, Emiliani C, Martino S. Adipose Stem Cell Trans-
lational Applications: From Bench-to-Bedside. Int 
J Mol Sci 2018; 19: 3475.

  4)	 Rady D, Abbass MMS, El-Rashidy AA, El Moshy 
S, Radwan IA, Dörfer CE, Fawzy El-Sayed KM. 
Mesenchymal Stem/Progenitor Cells: The Pros-
pect of Human Clinical Translation. Stem Cells Int 
2020; 2020: 8837654.

  5)	 Liao H-T, Marra KG, Rubin JP. Application of 
platelet-rich plasma and platelet-rich fibrin in fat 
grafting: basic science and literature review. Tis-
sue Eng Part B Rev 2014; 20: 267-276.

  6)	 Hartman AR, Galanakis DK, Honig MP, Seif-
ert FC, Anagnostopoulos CE. Autologous whole 
plasma fibrin gel. Intraoperative procurement. 
Arch Surg 1992; 127: 357-359.

  7)	 Dominici M, Le Blanc K, Mueller I, Slaper-Corten-
bach I, Marini F, Krause D, Deans R, Keating A, 
Prockop D, Horwitz E. Minimal criteria for defin-
ing multipotent mesenchymal stromal cells. The 
International Society for Cellular Therapy position 
statement. Cytotherapy 2006; 8: 315-317.

  8)	 Patrikoski M, Mannerström B, Miettinen S. Per-
spectives for Clinical Translation of Adipose 
Stromal/Stem Cells. Stem Cells Int 2019; 2019: 
5858247.

  9)	 Serratrice N, Bruzzese L, Magalon J, Véran J, 
Giraudo L, Aboudou H, Ould-Ali D, Nguyen PS, 
Bausset O, Daumas A, Casanova D, Granel B, 
Andrac-Meyer L, Sabatier F, Magalon G. New 
fat-derived products for treating skin-induced le-
sions of scleroderma in nude mice. Stem Cell Res 
Ther 2014; 5: 138.

10)	 Gsib O, Duval J-L, Goczkowski M, Deneufchatel 
M, Fichet O, Larreta-Garde V, Bencherif SA, Eg-
les C. Evaluation of Fibrin-Based Interpenetrating 
Polymer Networks as Potential Biomaterials for 
Tissue Engineering. Nanomaterials (Basel) 2017; 
7: 436.

11)	 Sawadkar P, Sibbons P, Ahmed T, Bozec L, Mud-
era V. Engineering of a Functional Tendon Using 
Collagen As a Natural Polymer. ACS Biomater Sci 
Eng 2019; 5: 5218-5228.

12)	 Quick AJ. Hemorrhagic Diseases and Thrombo-
sis. Lea & Febiger, 1966.

13)	 Rojas-Rodriguez R, Lujan-Hernandez J, Min SY, 
DeSouza T, Teebagy P, Desai A, Tessier H, 
Slamin R, Siegel-Reamer L, Berg C, Baez A, La-
likos J, Corvera S. Generation of Functional Hu-
man Adipose Tissue in Mice from Primed Progen-
itor Cells. Tissue Eng Part A 2019; 25: 842-854.

14)	 Setayeshmehr M, Esfandiari E, Hashemibeni B, 
Tavakoli AH, Rafienia M, Samadikuchaksaraei A, 
Moroni L, Joghataei MT. Chondrogenesis of hu-
man adipose-derived mesenchymal stromal cells 
on the [devitalized costal cartilage matrix/poly(vi-
nyl alcohol)/fibrin] hybrid scaffolds. Eur Polymer J 
2019; 118: 528-541.

15)	 Warth RJ, Shupe PG, Gao X, Syed M, Lowe WR, 
Huard J, Harner CD. Fibrin Clots Maintain the Vi-



T.D. Huynh, H.K. Nguyen, A.M. Inchingolo, H.L. Bao Tran, G. Dipalma, et al

3680

ability and Proliferative Capacity of Human Mes-
enchymal Stem Cells: An In Vitro Study. Clin Or-
thop Relat Res 2020; 478: 653-664.

16)	 Saxena S, Jain P, Shukla J. Preparation of two 
component Fibrin Glue and its clinical evalua-
tion in skin grafts and flaps. Indian J Plastic Surg 
2003; 36: 14-17.

17)	 Muller S, Ader I, Creff J, Leménager H, Achard 
P, Casteilla L, Sensebé L, Carrière A, Deschase-
aux F. Human adipose stromal-vascular fraction 
self-organizes to form vascularized adipose tis-
sue in 3D cultures. Sci Rep 2019; 9: 7250.

18)	 Shukla L, Yuan Y, Shayan R, Greening DW, 
Karnezis T. Fat Therapeutics: The Clinical Ca-
pacity of Adipose-Derived Stem Cells and Exo-
somes for Human Disease and Tissue Regener-
ation. Front Pharmacol 2020; 11: 158.

19)	 Debnath T, Chelluri LK. Standardization and qual-
ity assessment for clinical grade mesenchymal 
stem cells from human adipose tissue. Hematol 
Transfus Cell Ther 2019; 41: 7-16.

20)	 Chandrababu K, Senan M, Krishnan LK. Ex-
ploitation of fibrin-based signaling niche for de-
riving progenitors from human adipose-derived 
mesenchymal stem cells towards potential neural 
engineering applications. Sci Rep 2020; 10: 7116.

21)	 Liu T, Xu J, Pan X, Ding Z, Xie H, Wang X, Xie H. 
Advances of adipose-derived mesenchymal stem 
cells-based biomaterial scaffolds for oral and 
maxillofacial tissue engineering. Bioactive Mate-
rials 2021; 6: 2467-2478.

22)	 Jiang X, Lai XR, Lu JQ, Tang LZ, Zhang JR, Liu 
HW. Decellularized adipose tissue: A key factor 
in promoting fat regeneration by recruiting and in-
ducing mesenchymal stem cells. Biochem Bio-
phys Res Commun 2021; 541: 63-69.

23)	 Fan XL, Zhang Y, Li X, Fu QL. Mechanisms un-
derlying the protective effects of mesenchymal 
stem cell-based therapy. Cell Mol Life Sci 2020; 
77: 2771-2794.

24)	 Aoyagi Y, Kuroda M, Asada S, Bujo H, Tanaka 
S, Konno S, Tanio M, Ishii I, Aso M, Saito Y. Fi-
brin glue increases the cell survival and the trans-
duced gene product secretion of the ceiling cul-
ture-derived adipocytes transplanted in mice. Exp 
Mol Med 2011; 43: 161-167.

25)	 Kawase T. A Strategic and Worldwide Coopera-
tive Challenge Required for the Next Generation 
of Platelet Concentrates. Int J Mol Sci 2022; 23: 
3437.

26)	 Han Y, Li X, Zhang Y, Han Y, Chang F, Ding J. 
Mesenchymal Stem Cells for Regenerative Medi-
cine. Cells 2019; 8: 886.

27)	 Tran CT, Huynh DT, Gargiulo C, Tran Le BH, 
Huynh MH, Nguyen KH, Filgueira L, Strong DM. 
Adipose tissue can be generated in vitro by us-
ing adipocytes from human fat tissue mesenchy-
mal stem cells seeded and cultured on fibrin gel 
sheet. Cell Tissue Bank 2013; 14: 97-106. 

28)	 Hsu YK, Sheu SY, Wang CY, Chuang MH, Chung 
PC, Luo YS, Huang JJ, Ohashi F, Akiyoshi H, Kuo 
TF. The effect of adipose-derived mesenchymal 
stem cells and chondrocytes with platelet-rich fi-
brin releasates augmentation by intra-articular in-
jection on acute osteochondral defects in a rabbit 
model. Knee 2018; 25: 1181-1191.

29)	 Krawczenko A, Klimczak A. Adipose Tissue-De-
rived Mesenchymal Stem/Stromal Cells and Their 
Contribution to Angiogenic Processes in Tissue 
Regeneration. Int J Mol Sci 2022; 23: 2425.

30)	 Labusca L. Adipose tissue in bone regeneration - 
stem cell source and beyond. World J Stem Cells 
2022; 14: 372-392.

31)	 Matsushita Y, Ono W, Ono N. Toward Marrow Ad-
ipocytes: Adipogenic Trajectory of the Bone Mar-
row Stromal Cell Lineage. Front Endocrinol (Lau-
sanne) 2022; 13: 882297.

32)	 Inchingolo F, Hazballa D, Inchingolo AD, Malca-
ngi G, Marinelli G, Mancini A, Maggiore ME, Bor-
dea IR, Scarano A, Farronato M, Tartaglia GM, 
Lorusso F, Inchingolo AM, Dipalma G. Innova-
tive Concepts and Recent Breakthrough for Engi-
neered Graft and Constructs for Bone Regener-
ation: A Literature Systematic Review. Materials 
2022; 15: 1120. 

33)	 Gargiulo Isacco C, Nguyen KCD, Ballini A, Pad-
uanelli G, Pham VH, Sergey KI, Schiffman M, 
Tran TC, Huynh TD, Filgueira L, Nhan V, Dipal-
ma G, Inchingolo F. Innovative Scaffold Solution 
for Bone Regeneration Made of Beta-Tricalci-
um Phosphate Granules, Autologous Fibrin Fold, 
and Peripheral Blood Stem Cells. In: Duscher D, 
Shiffman MA. (eds) Regenerative Medicine and 
Plastic Surgery. Springer, Cham 2019. Available 
at: https://link.springer.com/chapter/10.1007/978-
3-030-19962-3_13#citeas.

34)	 Sano M, Tanabe A, Urushihata N, Liu XL. Ef-
fect of human adipose-derived mesenchymal 
stem cell conditioned medium on musculoskele-
tal pain. Eur Rev Med Pharmacol Sci 2022; 26: 
1570-1578.

35)	 Lei LT, Chen JB, Zhao YL, Yang SP, He L. Res-
veratrol attenuates senescence of adipose-de-
rived mesenchymal stem cells and restores their 
paracrine effects on promoting insulin secretion 
of INS-1 cells through Pim-1. Eur Rev Med Phar-
macol Sci 2016; 20: 1203-1213.


