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GENERAL INTRODUCTION 

History of lipofilling 
Transplantation of adipose tissue was first described by Gustav Neuber in 1893.1 
Neuber successfully used resected fat grafts to fill depressed scars in the face and noted 
that only small fat grafts were suitable.1 In those days, fat grafts were only used to 
restore loss of volume of soft tissue defects as a result of trauma or congenital defects. 
In 1910, Lexer was the first to use fat grafts aesthetically to correct wrinkles and fill 
the infraorbital area.2 Two years later, Holländer and Veriag von Velt treated two cases 
of facial lipoatrophy with fat grafts to improve the natural appearance of the face.3 
In 1919, Brunning introduced syringes to transplant fragmented adipose tissue and 
thus no incision was needed on the recipient site.4 It took several years before syringes 
were used to harvest adipose tissue by means of liposuction. In 1926, Miller published 
about infiltration of fat grafts through cannulas to corrects scars in the head and neck 
region.5 Yet, the early ancestor of the modern liposuction technique with a blunt hollow 
cannula were Arpad and Giorgio Fischer in 1975.6 Their liposuction technique was, 
however, rather invasive and traumatic for patients.6 Two years later, Ilyouz modified 
the liposuction technique introduced by Arpad and Giorgio Fischer and created the 
foundation of modern liposuction technique.7 He used tumescent infiltration fluid 
prior to liposuction to create a less invasive and traumatic procedure. Liposuction was 
then performed through a 0.5 to 1 cm incision with a blunt rounded tip cannula in 
1,326 patients. Several other plastic surgeons followed Ilyouz’s example of tumescent 
liposuction; some with small modifications.8-11 In contrast, Fournier and Otteni 
proposed a dry liposuction technique i.e. without tumescent infiltration. Adipose tissue 
obtained by dry liposuction showed histological comparable results with tumescent 
liposuction but was less time-consuming.10 On the other hand, tumescent liposuction 
showed less anaemia, but more seroma in comparison with dry liposuction.12 Further 
instrumental improvement was made by Toledo in 1988 by presenting disposable 
syringes with different sizes for harvesting adipose tissue.13 A great advantage of 
disposable syringes for aspiration of adipose tissue is the reduced risk of contamination 
or biofilms to grow.14 A year later a new technique of injection of adipose tissue, called 
lipofilling, was shown by Fournier.15 However, liposuction and subsequently lipofilling 
did not develop very fast in the early and mid-twentieth century mainly due to large 
variability in results. The inconsistent results were caused by a high variety in volume 
retention due to donor variations and direct use of unprocessed lipoaspirate mixed 
with infiltration fluid as well as over-injection of target sites limiting graft survival. At 
that time, fat grafting was also hampered by legislation issues from the food and drug 
administration (FDA) because it was considered unclear whether lipofilling would e.g. 
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promote risk for breast cancer in mastectomized patients. Coleman understood that 
consistent results of lipofilling could be achieved by developing better techniques and 
instruments for harvesting, processing and injecting lipoaspirate.16-18 He developed 
very fine cannulas to harvest and inject smaller particles of adipose tissue and showed 
it was possible to transplant adipose tissue in areas were only small amount of fat are 
needed, such as in the hands or in the face. Injection of smaller sized graft fragments 
using smaller holes in harvesting cannulas as well as for injection could increase volume 
retention.19 Smaller sized fat grafts most likely engraft better due to faster connection 
to donor vasculature and no diffusion barrier resulting in more living cells in the core. 
Yet, the results remained rather unpredictable and the fate of the injected adipocytes 
was still unknown. 

The fate of injected adipocytes
To date, two main theories about the fate of injected adipocytes have been described 
in literature. The first theory is the ‘host cell replacement theory’ described by Neuhof 
and Hirshfeld in 1923.20 The ‘host cell replacement theory’ stated that transplanted 
adipose tissue completely necrotized in a few months after transplantation and is 
replaced by fibrotic tissue or newly formed metaplastic adipocytes. The transplanted 
adipose tissue functions as a scaffold for ingrowth of newly formed fibrotic or adipose 
tissue both from recipient origin.20 The second theory is the ‘cell survival theory’ 
introduced by Peer in 1955.21 The ‘cell survival theory’ assumed that (part of ) the fat 
graft survived after transplantation. Survival of transplanted cells in fat grafts depends 
on capillary ingrowth of recipient vessels and formation of anastomosis between 
donor and recipient vessels.21 Formation of anastomosis or angiogenesis is induced 
by the occurrence of hypoxia due to the delay between harvesting and injecting 
lipoaspirate.22,23 However, mature adipocytes are sensitive to hypoxia and trauma 
induced by harvesting, processing and injection of fat grafts resulting in apoptosis.24-26 
Adipocytes that are located more favourably i.e. close to newly formed anastomosis 
in the periphery and therefore shorter exposed to hypoxia tend to survive longer.21 
On the other hand, adipocytes secrete more vascular endothelial growth factor under 
hypoxia stimulating angiogenesis.27  

The survival of more cells in the periphery of transplanted adipose tissue was later 
confirmed by Carpaneda and Ribeiro showing that five days postoperative after 
transplantation three zones i.e. peripheral zone, intermediate zone and central zone 
surrounded by a collagen capsule could be distinguished.28 
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Figure 1. Schematic overview of the fate of lipoaspirate after injection based on a combination of the 
host cell replacement theory and cell survival theory. Lipoaspirate contains three zones: peripheral zone 
(almost all adipocytes and adipose derived stromal cells survive), regeneration zone (most adipocytes 
die but are replaced by newly formed small adipocytes induced by surviving adipose derived stromal 
cells) and necrotic zone (all adipocytes and adipose derived stromal cells die and are replaced by fibrotic 
tissue or absorbed).
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Twenty-one days postoperative, the three zones were more clearly characterized: 
peripheral zone showed viable adipocytes with only a few pseudocysts, the intermediate 
zone was characterized by infiltration of inflammatory cells as well as more pseudocysts, 
while the central zone was characterized by necrosis and mainly pseudocysts. Sixty 
days postoperative, the transplanted fat grafts were reduced in volume (60 percent of 
the viable cells died) with still a collagen capsule presented. The central necrotic zone 
now was twice as small as the peripheral zone showing an inflammatory process with 
fatty pseudocysts and formation of collagen.28 However, viability evaluated by only 
morphology or presence of nuclei is not sufficient to distinguish between living and 
dead adipocytes because an adipocyte is too large to evaluate in a single histological 
section. 

Eto et al. used perilipin, a protein that covers lipid droplets, to discriminate between 
living (positive for perilipin) and dead adipocytes (negative for perilipin) after fat 
grafting in a mouse model.24 He showed that the fate of injected adipocytes could be 
explained by a combination of the ‘host cell replacement theory’ and the ‘cell survival 
theory’. In line with the ‘cell survival theory’, Eto et al. showed that transplanted fat 
grafts contained three zones: peripheral zone, regeneration zone and necrotic zone 
(Fig. 1). In the peripheral zone, almost all adipocytes and adipose derived stromal 
cells (ASCs) survive (cell survival). In line with the ‘host cell replacement theory’ most 
adipocytes die within one day postoperative in the regeneration zone but are replaced 
by newly formed small adipocytes induced by surviving ASCs (cell replacement). In the 
necrotic zone, all adipocytes and ASCs die without regeneration and dead space will 
be filled with scar formation or absorbed (Fig. 1).24 Moreover, mature adipocytes are 
larger and more fragile than ASCs and have therefore less resistance to hypoxia and 
trauma induced by harvesting, processing and injection of fat grafts.29-31 Nowadays, 
many animal and human studies have been performed to study the fate of injected 
fat grafts with a variety of explanations and therefore no clear conclusion.32 Although, 
many studies have shown the important role of processes like fibrosis, inflammation 
and neoangiogenesis.32 

Adipose derived stromal cells 
In 2001, Zuk et al. discovered that adipose tissue is a rich source of mesenchymal stem 
cells (MSCs) or ASCs, which are easily enzymatically isolated and expanded in culture.33 
Adipose tissue consists of two large components: adipocytes (parenchyme) and 
stroma.34,35 The stroma consists of a cellular part called stromal vascular fraction (SVF) 
held together by extracellular matrix (ECM). The SVF comprises all non-adipocyte cell 
types e.g. ASCs, endothelial cells, smooth muscle cells, immune cells and fibroblasts.36,37 
ASCs are located around vessels in SVF as precursor cell types e.g. pericytes and in 
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bigger vessels as supra-adventitial cells, however, controversy remains to their exact 
nature and location.38-41 The discovery of ASCs was a breakthrough in understanding 
the regenerative capacity conveyed by grafted adipose tissue. In vitro, ASCs showed 
to be capable of multilineage differentiation potential in adipogenic, osteogenic, 
chondrogenic and myogenic cell lineages.33,42 Moreover, ASCs could be cultured upon 
multiple passages without inducing senescence. The multilineage differentiation 
capacity and extensive culture period suggested that ASCs are a stem cell-like or 
progenitor cell type. Latter, several other studies showed the capability of ASCs to 
differentiate into neuron-like cells43, cardiomyocytes44, hepatocytes45, pancreatic cells46 
and epithelial cells.47 However, these in vitro proof of concepts might not reflect the 
ASCs’ physiological behaviour. The multilineage differentiation ability of ASCs has led 
research groups to believe that the therapeutic effect of ASCs is through differentiation 
into target cells, while other studies have shown that the plethora of secreted paracrine 
factors, exosomes and cytokines results in stimulation of important processes regarding 
facial lipofilling e.g. angiogenesis and skin tissue regeneration.48-52 

Clinical use of ASCs as cell-based therapy is expensive and time-consuming due to 
enzymatic isolation and culture.53 Also, cultured ASCs changes significantly in terms 
of phenotype and function after adherence to tissue culture plastic, while the real 
phenotype of uncultured ASCs remains unknown. After multiple days of culture, the 
in vivo phenotype of ASCs emerges to an in vitro phenotype by losing CD34 expression 
and gaining CD105 expression.38,54 Functionally, the ASCs secretome changes upon 
culture. During culture, many aspects affect the secretion of cytokines and growth 
factor such as hypoxia (e.g. increased vascular endothelial growth factor secretion) or 
3D versus 2D culture (e.g. upregulation of genes related to cell adhesion and wound 
healing in 3D culture).55,56 In this way, relating in vitro experimental data to clinical 
evidence and vice versa is difficult. 

Till recently, the Gold standard to isolate SVF containing ASCs from adipose tissue is by 
means of enzymes, requires a laboratory and is thus time-consuming and expensive.33 
Enzymatic digestion of adipose tissue yields a heterogeneous cell suspension containing 
only cells e.g. ASCs, endothelial cells, smooth muscle cells, pericytes, fibroblasts and 
immune cells. Due to expensive and time-consuming enzymatic isolation procedures, 
intra-operative non-enzymatic or mechanical isolation procedures increased popularity. 
Mechanical isolation procedures to isolate SVF only use centrifugation and shear stress 
to disrupt the larger and weaker cells i.e. adipocytes.
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Lipofilling and skin rejuvenation 
In 2006, Coleman was the first to describe that lipofilling was more than a permanent 
filler.57 Coleman described that the overlying skin of transplanted adipose tissue showed 
signs of improvement e.g. less scarring caused by acne and decreased pores size.57,58 
He surmised that the observed skin rejuvenation was facilitated by the presence of 
ASCs in fat grafts.57. In 2013, Tonnard et al. showed three clinical cases with reduced 
dark coloration of the lower eyelid and reduced number of wrinkles of the décolleté 
and perioral after treatment of Nanofat.59 This was the first case report showing skin 
rejuvenation after the use of emulsified lipoaspirate. Since the publication of the 
Nanofat procedure, an increase interest in facial skin rejuvenation using regenerative 
components of adipose tissue e.g. SVF has been.59-69 In most studies, SVF has been used 
as additive to lipofilling to increase the ratio of regenerative cells/per ml of lipoaspirate 
injected in facial planes. The rationale behind SVF enriched lipofilling is to enhance skin 
rejuvenation. However, most of these studies lack a proper study design with objective 
outcomes. Thus far, no solid conclusion could be made whether SVF as additive to 
facial lipofilling or as monotherapy is effective for skin rejuvenation, although a large 
commercial market already exists. 

AIM AND OUTLINE OF THE THESIS 

The aim of studies described in this thesis is to design and develop a new intra-operative 
mechanical isolation procedure to isolate SVF; to evaluate the skin rejuvenative effect 
of SVF on a decreased skin quality caused by aging and scarring using our newly 
developed mechanical isolation procedure to isolate SVF. Using in vitro experiments, 
this thesis aims to identify the regenerative components of SVF responsible for 
stimulating important processes related to skin rejuvenation. 

To date, the Gold standard for SVF isolation is enzymatic isolation. However, an 
increasing number of countries forbids by legislation the use of enzymes to manipulate 
tissue. To bypass legislation, a growing number of alternative mechanical isolation 
procedures are being developed. Chapter 2 comprises a systematic review of the 
available intra-operative enzymatic and mechanical isolation procedures. In this 
systematic review, procedure characteristics and composition of isolated SVF are 
compared. Chapter 3 describes the development and validation of our own developed 
mechanical isolation procedure to isolate SVF, the so-called Fractionation of Adipose 
Tissue (FAT) procedure. After several years of gaining experience using the FAT 
procedure, minor practical issues were discovered which led to development of a 
new version of the FAT procedure. Chapter 4 describes the validation of the latest 
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FAT procedure using additional validation techniques, while chapter 5 shows the 
immunomodulative effect of SVF on chondrocytes. In chapter 6, an extensive overview 
is given of protocols to use and validate the FAT procedure. 

A decrease in skin quality can be caused by a physiological process i.e. ageing or 
pathophysiological processes e.g. scarring or fibroproliferative diseases. Although the 
mechanism of (patho)-physiological processes affecting skin quality differs highly, 
many studies suggest that lipofilling or any component of adipose tissue e.g. SVF 
provides skin rejuvenation regardless the nature of decreased skin quality. In chapter 
7 an extensive overview is given of the role of lipofilling as anti-scarring treatment. 
In this review, both the clinical evidence as well as the mechanism of action based on 
in vitro and animal experiments is described. In chapter 8, a multicenter prospective 
randomized placebo-controlled trial is performed to study the effect of SVF on scarring 
in a mamma-reduction model. Of each patient, one breast serves as control, while the 
wound of the other breast receives SVF. We hypothesized that early intervention to 
improve wound healing would result in a less visible scar. In chapter 9, a randomized 
placebo-controlled trial is performed investigating the effect of lipofilling on facial skin 
rejuvenation due to ageing. Our hypothesis is that the addition of platelet-rich plasma, 
a known stimulator of ASCs, results in an improved skin elasticity in comparison with 
lipofilling alone. To further increase skin elasticity, we hypothesized that the addition 
of SVF to facial lipofilling in combination with platelet-rich plasma would benefit. 
Chapter 10 shows the results of a randomized placebo-controlled trial comparing 
SVF in combination with lipofilling and platelet-rich plasma to lipofilling and platelet-
rich plasma alone. SVF is obtained by means of the FAT procedure. Chapter 11 
systematically describes the clinical evidence of using adipose tissue as a treatment for 
facial skin rejuvenation due to ageing. 

SVF is believed to be pro-regenerative by secreting a plethora of released factors by 
ASC. Additionally, SVF contains extracellular matrix which is able to bind and release 
secreted factors by ASCs and thus functions as a natural scaffold to guide tissue 
regeneration. In chapter 12, an off the shelve product is created based on gelated 
extracellular matrix incubated with released factors from ASCs. We hypothesized that 
this hydrogel would be able to stimulate important processes regarding wound healing 
and skin rejuvenation i.e. angiogenesis as well as fibroblast migration and proliferation. 
In chapter 13, the toxicity of the hydrogel as a 3D in vitro culture model was studied. 

Finally, in chapter 14, the findings of this thesis and implications are being summarised 
and discussed as well as directions for future perspectives are underlined. 



18

Chapter 1

REFERENCES 

1. Neuber G. Fettransplantation. Chir Kongr 
Verhandl Deutsche Gesellschaft für Chir 
1893;22:66.

2. Lexer E. Freie fett transplantation. Dtsch 
Med Wochenschr. 1910.

3. Hollander E, Veriag von Velt JM. Cosmetic 
surgery. Handbuch der Kosmetik. 1912:pp. 
690–691.

4. Brunning P. Contribution à l'étude des 
greffes adipeuses. Bull Mem Acad R Med 
Belg. 1919.

5. Miller C. Cannula Implants and Review 
of Implantation Techniques in Esthetic 
Surgery. The Oak Press. 1926.

6. Fischer A, Fischer G. First surgical 
treatment for molding body's cellulite with 
three 5 mm incisions. Bull Int Acad Cosmet 
Surg. 1976;3(35).

7. Illouz YG. Body contouring by lipolysis: 
a 5-year experience with over 3000 
cases. Plastic and reconstructive surgery. 
1983;72(5):591-597.

8. Reed LS. Some thoughts on suction-
assisted lipectomy. Plastic and reconstructive 
surgery. 1983;72(5):624-626.

9. Teimourian B. Face and neck suction-
assisted lipectomy associated with 
rhytidectomy. Plastic and reconstructive 
surgery. 1983;72(5):627-633.

10. Fournier PF, Otteni FM. Lipodissection in 
body sculpturing: the dry procedure. Plastic 
and reconstructive surgery. 1983;72(5):598-
609.

11. Kesselring UK. Regional fat aspiration for 
body contouring. Plastic and reconstructive 
surgery. 1983;72(5):610-619.

12. Triana L, Triana C, Barbato C, Zambrano 
M. Liposuction: 25 years of experience in 
26,259 patients using different devices. 
Aesthetic surgery journal / the American 
Society for Aesthetic Plastic surgery. 
2009;29(6):509-512.

13. Toledo L. Annals of the International 
Symposium “Recent Advances in Plastic 
Surgery”. Syringe liposculpture for face and 
body. 1989:177.

14. Roberts CG. The role of biofilms in 
reprocessing medical devices. American 
journal of infection control. 2013;41(5 
Suppl):S77-80.

15. Fournier PF. Facial recontouring 
with fat grafting. Dermatologic clinics. 
1990;8(3):523-537.

16. Coleman SR. Structural fat grafts: the 
ideal filler? Clinics in plastic surgery. 
2001;28(1):111-119.

17. Coleman SR. Facial recontouring with 
lipostructure. Clinics in plastic surgery. 
1997;24(2):347-367.

18. Coleman SR. Long-term survival of fat 
transplants: controlled demonstrations. 
Aesthetic plastic surgery. 1995;19(5):421-
425.

19. Coleman SR. Hand rejuvenation with 
structural fat grafting. Plastic and 
reconstructive surgery. 2002;110(7):1731-
1744; discussion 1745-1737.

20. Neuhof H, Hirshfeld, SD. The 
Transplantation of Tissues. 1923:1–297.

21. Peer LA. Cell survival theory 
versus replacement theory. Plastic 
and reconstructive surgery (1946). 
1955;16(3):161-168.

22. Pu LL, Coleman SR, Cui X, Ferguson RE, 
Jr., Vasconez HC. Autologous fat grafts 
harvested and refined by the Coleman 
technique: a comparative study. Plastic and 
reconstructive surgery. 2008;122(3):932-
937.

23. Fisher C, Grahovac TL, Schafer ME, 
Shippert RD, Marra KG, Rubin JP. 
Comparison of harvest and processing 
techniques for fat grafting and adipose 
stem cell isolation. Plastic and reconstructive 
surgery. 2013;132(2):351-361.



19

General introduction and outline of the thesis

24. Eto H, Kato H, Suga H, et al. The fate 
of adipocytes after nonvascularized fat 
grafting: evidence of early death and 
replacement of adipocytes. Plastic and 
reconstructive surgery. 2012;129(5):1081-
1092.

25. Kato H, Mineda K, Eto H, et al. 
Degeneration, regeneration, and 
cicatrization after fat grafting: dynamic 
total tissue remodeling during the first 3 
months. Plastic and reconstructive surgery. 
2014;133(3):303e-313e.

26. Suga H, Glotzbach JP, Sorkin M, Longaker 
MT, Gurtner GC. Paracrine mechanism of 
angiogenesis in adipose-derived stem cell 
transplantation. Annals of plastic surgery. 
2014;72(2):234-241.

27. Wang B, Wood IS, Trayhurn P. Hypoxia 
induces leptin gene expression and 
secretion in human preadipocytes: 
differential effects of hypoxia on adipokine 
expression by preadipocytes. The Journal of 
endocrinology. 2008;198(1):127-134.

28. Carpaneda CA, Ribeiro MT. Study of the 
histologic alterations and viability of the 
adipose graft in humans. Aesthetic plastic 
surgery. 1993;17(1):43-47.

29. Suga H, Eto H, Aoi N, et al. Adipose 
tissue remodeling under ischemia: death 
of adipocytes and activation of stem/
progenitor cells. Plastic and reconstructive 
surgery. 2010;126(6):1911-1923.

30. Bellini E, Grieco MP, Raposio E. The 
science behind autologous fat grafting. 
Annals of medicine and surgery (2012). 
2017;24:65-73.

31. Yoshimura K, Suga H, Eto H. Adipose-
derived stem/progenitor cells: roles in 
adipose tissue remodeling and potential use 
for soft tissue augmentation. Regenerative 
medicine. 2009;4(2):265-273.

32. Harrison BL, Malafa M, Davis K, Rohrich 
RJ. The discordant histology of grafted 

fat: a systematic review of the literature. 
Plastic and reconstructive surgery. 
2015;135(3):542e-555e.

33. Zuk PA, Zhu M, Mizuno H, et al. 
Multilineage cells from human adipose 
tissue: implications for cell-based therapies. 
Tissue engineering. 2001;7(2):211-228.

34. van Dongen JA, Tuin AJ, Spiekman M, 
Jansma J, van der Lei B, Harmsen MC. 
Comparison of intraoperative procedures 
for isolation of clinical grade stromal 
vascular fraction for regenerative purposes: 
a systematic review. Journal of tissue 
engineering and regenerative medicine. 2017.

35. Spiekman M, van Dongen JA, Willemsen 
JC, Hoppe DL, van der Lei B, Harmsen MC. 
The power of fat and its adipose-derived 
stromal cells: emerging concepts for fibrotic 
scar treatment. Journal of tissue engineering 
and regenerative medicine. 2017.

36. Bourin P, Bunnell BA, Casteilla L, et al. 
Stromal cells from the adipose tissue-
derived stromal vascular fraction and 
culture expanded adipose tissue-derived 
stromal/stem cells: a joint statement of 
the International Federation for Adipose 
Therapeutics and Science (IFATS) and the 
International Society for Cellular Therapy 
(ISCT). Cytotherapy. 2013;15(6):641-648.

37. Eto H, Suga H, Matsumoto D, et al. 
Characterization of structure and cellular 
components of aspirated and excised 
adipose tissue. Plastic and reconstructive 
surgery. 2009;124(4):1087-1097.

38. Corselli M, Chen CW, Sun B, Yap S, Rubin 
JP, Peault B. The tunica adventitia of 
human arteries and veins as a source of 
mesenchymal stem cells. Stem cells and 
development. 2012;21(8):1299-1308.

39. Lin G, Garcia M, Ning H, et al. Defining 
stem and progenitor cells within adipose 
tissue. Stem cells and development. 
2008;17(6):1053-1063.

40. Zimmerlin L, Donnenberg VS, Pfeifer ME, 
et al. Stromal vascular progenitors in adult 



20

Chapter 1

human adipose tissue. Cytometry Part A : 
the journal of the International Society for 
Analytical Cytology. 2010;77(1):22-30.

41. Traktuev DO, Merfeld-Clauss S, Li J, et al. 
A population of multipotent CD34-positive 
adipose stromal cells share pericyte and 
mesenchymal surface markers, reside in 
a periendothelial location, and stabilize 
endothelial networks. Circulation research. 
2008;102(1):77-85.

42. Zuk PA, Zhu M, Ashjian P, et al. Human 
adipose tissue is a source of multipotent 
stem cells. Molecular biology of the cell. 
2002;13(12):4279-4295.

43. Safford KM, Hicok KC, Safford SD, et 
al. Neurogenic differentiation of murine 
and human adipose-derived stromal 
cells. Biochemical and biophysical research 
communications. 2002;294(2):371-379.

44. Planat-Benard V, Menard C, Andre M, et al. 
Spontaneous cardiomyocyte differentiation 
from adipose tissue stroma cells. Circulation 
research. 2004;94(2):223-229.

45. Seo MJ, Suh SY, Bae YC, Jung JS. 
Differentiation of human adipose stromal 
cells into hepatic lineage in vitro and in 
vivo. Biochemical and biophysical research 
communications. 2005;328(1):258-264.

46. Timper K, Seboek D, Eberhardt M, 
et al. Human adipose tissue-derived 
mesenchymal stem cells differentiate 
into insulin, somatostatin, and glucagon 
expressing cells. Biochemical and 
biophysical research communications. 
2006;341(4):1135-1140.

47. Brzoska M, Geiger H, Gauer S, Baer P. 
Epithelial differentiation of human adipose 
tissue-derived adult stem cells. Biochemical 
and biophysical research communications. 
2005;330(1):142-150.

48. Freiman A, Shandalov Y, Rozenfeld D, 
et al. Adipose-derived endothelial and 
mesenchymal stem cells enhance vascular 

network formation on three-dimensional 
constructs in vitro. Stem cell research & 
therapy. 2016;7:5.

49. Efimenko A, Starostina E, Kalinina N, 
Stolzing A. Angiogenic properties of aged 
adipose derived mesenchymal stem cells 
after hypoxic conditioning. Journal of 
translational medicine. 2011;9:10.

50. Foubert P, Barillas S, Gonzalez AD, et al. 
Uncultured adipose-derived regenerative 
cells (ADRCs) seeded in collagen scaffold 
improves dermal regeneration, enhancing 
early vascularization and structural 
organization following thermal burns. 
Burns : journal of the International Society 
for Burn Injuries. 2015;41(7):1504-1516.

51. Chung HM, Won CH, Sung JH. Responses 
of adipose-derived stem cells during 
hypoxia: enhanced skin-regenerative 
potential. Expert opinion on biological 
therapy. 2009;9(12):1499-1508.

52. Yang D, Wang W, Li L, et al. The relative 
contribution of paracine effect versus direct 
differentiation on adipose-derived stem cell 
transplantation mediated cardiac repair. 
PloS one. 2013;8(3):e59020.

53. Gimble JM, Guilak F, Bunnell BA. Clinical 
and preclinical translation of cell-based 
therapies using adipose tissue-derived cells. 
Stem cell research & therapy. 2010;1(2):19.

54. Yoshimura K, Shigeura T, Matsumoto D, 
et al. Characterization of freshly isolated 
and cultured cells derived from the 
fatty and fluid portions of liposuction 
aspirates. Journal of cellular physiology. 
2006;208(1):64-76.

55. Amos PJ, Kapur SK, Stapor PC, et al. 
Human adipose-derived stromal cells 
accelerate diabetic wound healing: impact 
of cell formulation and delivery. Tissue 
engineering Part A. 2010;16(5):1595-1606.

56. Pawitan JA. Prospect of stem cell 
conditioned medium in regenerative 
medicine. BioMed research international. 
2014;2014:965849.



21

General introduction and outline of the thesis

57. Coleman SR. Structural fat grafting: 
more than a permanent filler. Plastic 
and reconstructive surgery. 2006;118(3 
Suppl):108s-120s.

58. Coleman SR. Facial augmentation with 
structural fat grafting. Clinics in plastic 
surgery. 2006;33(4):567-577.

59. Tonnard P, Verpaele A, Peeters G, Hamdi 
M, Cornelissen M, Declercq H. Nanofat 
grafting: basic research and clinical 
applications. Plastic and reconstructive 
surgery. 2013;132(4):1017-1026.

60. Amirkhani MA, Mohseni R, Soleimani 
M, Shoae-Hassani A, Nilforoushzadeh 
MA. A rapid sonication based method for 
preparation of stromal vascular fraction 
and mesenchymal stem cells from fat tissue. 
Bioimpacts. 2016;6(2):99-104.

61. Botti G, Pascali M, Botti C, Bodog F, 
Cervelli V. A clinical trial in facial fat 
grafting: filtered and washed versus 
centrifuged fat. Plastic and reconstructive 
surgery. 2011;127(6):2464-2473.

62. Charles-de-Sa L, Gontijo-de-Amorim NF, 
Maeda Takiya C, et al. Antiaging treatment 
of the facial skin by fat graft and adipose-
derived stem cells. Plastic and reconstructive 
surgery. 2015;135(4):999-1009.

63. Covarrubias P, Cardenas-Camarena L, 
Guerrerosantos J, et al. Evaluation of the 
histologic changes in the fat-grafted facial 
skin: clinical trial. Aesthetic plastic surgery. 
2013;37(4):778-783.

64. Rigotti G, Charles-de-Sa L, Gontijo-de-
Amorim NF, et al. Expanded Stem Cells, 

Stromal-Vascular Fraction, and Platelet-
Rich Plasma Enriched Fat: Comparing 
Results of Different Facial Rejuvenation 
Approaches in a Clinical Trial. Aesthetic 
surgery journal / the American Society for 
Aesthetic Plastic surgery. 2016;36(3):261-
270.

65. Song M, Liu Y, Liu P, Zhang X. A promising 
tool for surgical lipotransfer: a constant 
pressure and quantity injection device 
in facial fat grafting. Burns & trauma. 
2017;5:17.

66. Trivisonno A, Rossi A, Monti M, et al. Facial 
skin rejuvenation by autologous dermal 
microfat transfer in photoaged patients: 
Clinical evaluation and skin surface digital 
profilometry analysis. Journal of plastic, 
reconstructive & aesthetic surgery : JPRAS. 
2017;70(8):1118-1128.

67. Willemsen JCN, Van Dongen J, Spiekman 
M, et al. The Addition of Platelet-Rich 
Plasma to Facial Lipofilling: A Double-
Blind, Placebo-Controlled, Randomized 
Trial. Plastic and reconstructive surgery. 
2018;141(2):331-343.

68. Park BS, Jang KA, Sung JH, et al. 
Adipose-derived stem cells and their 
secretory factors as a promising 
therapy for skin aging. Dermatologic 
surgery : official publication for American 
Society for Dermatologic Surgery [et al]. 
2008;34(10):1323-1326.

69. Coleman SR, Katzel EB. Fat Grafting for 
Facial Filling and Regeneration. Clinics in 
plastic surgery. 2015;42(3):289-300, vii.



PART I
Isolation procedures of 
stromal vascular fraction






	Chapter 1



