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1. Abbreviations 

ASDCs Adipose-derived stem cells 

ADAMTs A disintegrin and metalloproteinase with thrombospondin motifs 

BMP  Bone marrow-derived protein 

CCM  Conditioned culture medium 

CM  Culture medium 

CELA  Cell-enriched lipoaspirate 

CMC-1 OA Osteoarthritis of the 1st metacarpal joint  

DASH  Disabilities of the Arm, Shoulder and Hand Questionnaire 

HSCs  Hematopoietic stem cells  

JSN  Joint space narrowing 

IL  Interleukin 

iPS cells Induced pluripotent stem cells 

MHQ  Michigan Hand Questionnaire 

MMP  Matrix-Metalloprotease 

MRI  Magnetic Resonance Imaging 

MSCs  Mesenchymal stem cells 

OA  Osteoarthritis 

ROM  Range of motion 

SVF  Stromal vascular fraction 

TGF-ß Tissue growth factor beta 

TNF-α  Tumor necrosis factor alpha 

VAS  Visual analogue scale 
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2. Introduction 

2.1. Osteoarthritis 

Osteoarthritis (OA) is not only one of the most common chronic diseases in the elderly popu-

lation, but also the most common joint disorder in the USA. The lifetime prevalence of OA in 

Germany is 27.1% for women and 17.9% for men [23]. Before the age of 45, this degenerative 

joint disease affects men more frequently, then women. After the age of 50, women are more 

often affected. Osteoarthritis frequently affects the hands, especially the fingers, lower back 

and neck. Furthermore, it effects weight-bearing joints, such as the knees and hips [21]. The 

number of symptomatic patients is steadily increasing due to the aging population and the con-

stant rise of obesity worldwide. OA causes pain, stiffness and subsequently weakness, which 

ultimately result in loss of function of the affected joints. Thus far, OA is a massive and steadily 

growing factor regarding healthcare costs.  

 

Currently, no known treatment for OA is available and the damage caused by OA is irreversible. 

OA is an irreversible disease with no curative treatment options. During the course of the dis-

ease, loss of the articular cartilage surface occurs; which plays a fundamental role. This is fol-

lowed by joint space narrowing (JSN) and, subsequently, pathologic changes within the un-

derlying bone occurs. Patients suffer from pain, swelling, joint tenderness and consequently 

loss of mobility. Ultimately, surgery including salvage procedures or even total joint replace-

ments might be required; to restore some of the joint function [24]. There are multiple causes 

in the development and progression of OA. These risk factors differ depending on; the affect-

ed joint, gender, genetic background, age, and occupation. Most frequently, multiple factors 

combined, lead to the degenerative processes; which subsequently cause OA [16]. 

 

OA is a chronic disease that develops gradually over many years. It is diagnosed based on 

clinical and radiological examinations. Typical radiological features are JSN, osteophytes and 

bone cysts in more severe cases. Almost half of the patients with OA, show only radiological 

features; without any clinical symptoms [21], [25]. Clinically OA can be diagnosed by typical 

symptoms including; pain, stiffness, reduced movement, swelling and crepitus. Joint pain is the 

limiting symptom [25]. However, the origin of the pain is yet to be fully understood. Be-cause 

the articular cartilage is not innervated; it is difficult to determine if the pain is directly involved. 

Biopsychosocial factors, could play a role [26]. Other structures of the joint; the subchondral 

bone, periosteum, synovium and joint capsule are all innervated. Therefore, they play a role in 

the development of pain during OA [25].  
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Figure 1: The molecular cross-talk is altered in osteoar-

thritic joints. The changed interaction in osteoarthritic 

joints depends on different cytokines and growth factors. 

These different factors lead to a changed bone and carti-

lage metabolism. By destruction of the tidemark, the sub-

chondral tissue is prone to increased inflammatory signal-

ing. Articular chondrocytes and the synovium affect the 

subchondral tissue via different factors, such as vascular 

endothelial growth factor (VEGF). This leads to differen-

tiation processes an often ends in chondrocyte hypertro-

phy and enchondral ossification. Adapted and modified 

after [25], [26]. 

 

 

 

 

Figure 2: Severe CMC-1 joint OA. The X-ray image 

shows typical signs of osteoarthritis such as joint nar-

rowing sclerosis, cyst formation and the development of 

osteophytes (red circle). Modified Eaton and Littler stag-

ing system after [35]. 

 

 

 

 

 

 

 

 

 

 

 

To date, there is no curative treatment of OA; mainly because the hyaline cartilage cannot be 

restored. Therefore, symptomatic treatment is the mainstay of therapy. This includes temporary 

immobilization, NSAR therapy, occupational therapy, Cryotherapy, direct intraarticular injec-

tions, corticoids or buffer substances such as hyaluronic acid, or ultimately, surgery. The main 

problem with the treatment of OA is, that patients often present late; when the disease has pro-

gressed, and significant amounts of cartilage has been destroyed. Early modulation to the pro-

gression of the disease, maybe beneficial in order to maintain the hyaline cartilage; and thus 

increasing the lifespan of the affected joint. One possibility to detect early-stage OA might be 

the discovery of valid prognostic molecular biomarkers. Early detection of the disease would 

allow for early treatment. Leading to either a deceleration, or even a halt in the progression of 

OA. It is therefore, pivotal to gain a deeper understanding of the biology of the entire joint in 

general and the osteoarthritic cartilage in particular, in response to intrinsic and extrinsic stimuli 

[27]. 

2.1.1. Carpometacarpal osteoarthritis of the thumb- the price of an opposable thumb 

The CMC-1 joint is a unique joint in the human body representing the only saddle joint. It is 

formed in a biconcave-convex shape. The joint consists of the trapezium bone of the wrist and 

the first metacarpal bone of the thumb. Its stabilization is ensured by a specialized ligamentous 
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apparatus, consisting of 11 different ligaments [32]. The unique shape of the articulating sur-

faces allows for six different types of movements. These include flexion-extension, abduction-

adduction and rotational movements, which when combined, enable the thumb to perform the 

opposition maneuver, i.e., opposing the thumb’s pulp to that of the other fingers [31], [32]. 

Evolutionarily, the opposition of the thumb distinguished humans from primates. Enabling 

them to grasp objects, to use tools and to perform many other tasks with their hands; ultimately 

resulting in an increase of brain volume. Unfortunately, there is a high price for this increased 

range of motion of the human thumb, namely early onset osteoarthritis. Due to the high degree 

of mobility along with an extensive utilization and relative overuse of the CMC-1 joint during 

a lifecycle, it is highly predisposed to age-related degenerative changes. High mobility of the 

thumb combined with the age-related ligament instability, traumatic ruptures, joint inflamma-

tion and hormonal changes collectively contribute to the development of CMC-1 OA [31]– 

[34].  

 
Figure 3: CMC-1 joint. Classification and thereby the diagnosis of CMC-1 OA can 

be achieved using different radiographic views of the thumb and/or arthroscopy 

[31] Eaton et al. described 1984 radiographic stages I to IV of CMC-1OA [35]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arthritis of the distal interphalangeal and CMC-1 OA are the most common degenerative joint 

diseases of the hand [28]. The largest longitudinal cohort study was conducted in Finland be-

tween 1978 and 1980, when 3595 hand radiographs were analyzed from patients aged 30 years 

and older. The age-adjusted prevalence of CMC-1 OA with a Kellgran and Lawrence stage 2, 

3 or 4 was 7% for men and 15% for women [29]. A smaller British study assessed 143 post-

menopausal women, aged 45-70 years. It identified a 25% prevalence of radiographically diag-

nosed CMC-1 OA with an Eaten and Littler stage 2,3 or 4 [30]. Both studies confirmed an age-

related occurrence of CMC-1 OA, with its peak in the fifth to sixth decade of life. Furthermore, 

women were shown to develop Thumb-OA more often, due to hormonal predisposition [29], 

[30]. Like with almost all other types of OA, patients with CMC-1 OA often present with late-

stage form of OA; as pain symptoms often occur in later stages of the disease, when synovitis 

and inflammation appear [31]. Furthermore, the diagnosis is often delayed because patients try 

to adjust their hand activity to the circumstances. By using splints and ultimately limiting their 

hand movement. Like is the case for all other forms of osteoarthritis, there is no curative treat-

ment option for CMC-1 OA available. Hence, treatment is symptomatic and often only tempo-

rarily efficient [28], [31].  
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2.1.2. Diagnosis and treatment options 

Classically, the diagnosis can be made clinically. The clinical history along with the clinical 

examination usually result in a high degree of suspicion. Classification and diagnosis of CMC-

1 OA can be achieved using different radiographic views and arthroscopy of the thumb. With 

progression of the disease patients experience more severe symptoms, including swelling, sub-

luxation and tenderness of the joint, which can be clinically examined [37], [38]. A CT scan is 

not necessary for diagnosis but reveals details about the localization and extent of the degener-

ation, as well as the existence of loose intra-articular bodies. MRI scans help to quantify the 

cartilage damage. They also unveil the amount of inflammatory process resulting from the ar-

thritic changes. In recent years, arthroscopy has become a tool to treat and classify CMC-I-

arthritis. This technique has not yet been established as a standard procedure [31]. In 1984, 

Eaton et al. described four radiographic stages of CMC-1OA (table 1) [32]. 

 

Table 1. Stages of CMC1- osteoarthritis 

Stage I Possible widening of the joint space 

Stage II Narrowing of the joint space, osteophytes, loose 

joint bodies (<2mm) 

Stage III Severe joint space narrowing, osteophytes, loose 

joint bodies (>2mm) 

Stage IV CMC-1 osteoarthritis combined with scaphotra-

pezial osteoarthritis 

 
Modified Eaton and Littler staging system after [35]. 

 

More importantly however, the radiological stages do not correlate with the clinical severity of 

the disease [21], [25]. Badia et al. described arthroscopic stages I to III for CMC-1 OA, based 

on the intra-articular findings. Obviously, arthroscopic evaluation might detect earlier degen-

erative changes than found in x-rays and may thus change treatment modalities [36].  

 

Taken together, the diagnosis should not only be made by radiographical examination, but 

should also include the patient’s history, clinical assessment, and pain evaluation [31]. For the 

clinical examination, it is important to measure the range of motion (ROM), as well as the pinch 

and strength grip. To ensure an objective investigation, measurement devices such as the dyna-

mometer and pinch gauges should be used [31]. In order to evaluate the pain and the associated 

changes in quality-of-life; there are several questionnaires available. The most frequently used 

are the Disabilities of the Arm and Shoulder (DASH) and Michigan Hand Questionnaire 

(MHQ) [31]. 
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The treatment options for patients suffering from CMC-1 OA are very limited. Initially, patients 

with pain secondary to CMC-1 OA should always be managed conservatively. Conservative 

treatment options include immobilization with a splint, pain relief with non-steroidal anti-in-

flammatory drugs (NSAIDs) and physiotherapy [20], [28], [37]. As the disease progresses, in-

tra-articular injection of corticosteroids and hyaluronic acid, combined with splinting (3 weeks), 

has been shown to give 80% of the treated patients temporary pain relief. However, when the 

steroids subside, a higher degree of pain may result due to overuse during the pain-free period 

[39]– [41]. Multiple cortisone injections may be done with caution, as this may induce weak-

ening of the stabilizing joint ligaments [39]. In addition, their effect tapers off with repetitive 

use. Hyaluronic acid injections may also be considered, yet studies are scarce, and the cost 

benefit ratio has to be considered. If used, several sequential injections are warranted, yet the 

exact amount has yet to be determined [39].   

 

When conservative treatment options have failed, surgical treatment/intervention is recom-

mended. Surgical interventions are primarily used in patients with progressed CMC-1 OA 

(Eaton II-IV). They include osteotomy, trapezium bone excision, ligament reconstruction with 

or without tendon interposition and various prosthetic implants with or without the excision of 

the trapezium bone [20], [31].  

 

Overall, conservative treatment options only temporally hinder the development of symptoms, 

but in the long term, surgical intervention is usually necessary. Most of the techniques irrevers-

ibly destroy the natural anatomy of the wrist. They are associated with a significant degree of 

postoperative pain and usually require an immobilization of the thumb for 4-8 weeks. There-

fore, there is a need for new treatment options that help avoid surgical intervention. In an at-

tempt to do so; regenerative therapies like, autologous fat injection was added to the treatment 

modalities of CMC-I OA. 

2.1.3. Autologous fat injection as a novel treatment for CMC-1 OA 

Autologous fat injection has recently been investigated as an alternative treatment for CMC-1 

OA. It is hoped to be a less invasive alternative to surgery, with the regenerative potential. In a 

prospective, non-randomized pilot study, we previously compared the clinical outcome of pa-

tients, who received a radiologically guided injection of 1-1.5 ml autologous lipoaspirate as a 

treatment for CMC-1 OA to a classical cortisone injection [42]. In this study, 24 patients aged 

47-75 years with early stage OA (Eaton I-II) received a one-time injection of autologous adi-

pose tissue, which was harvested from the abdomen with the Lipivage 200-5 liposuction sys-

tem. The harvested fat tissue was homogenized using two Luer-Lock Syringes, but not centri-

fuged, before injection into the patient’s CMC-1 joint. After the treatment, the thumb was im-

mobilized with a splint for one week. Patients in the control group received a one-time injection 

of 10 mg triamcinolon without subsequent immobilization with a splint. The clinical outcome 

of patients in both groups was measured by evaluating the pinch and grip strength, the pain 

(VAS), as well as the DASH and MHQ questionnaires, preoperatively as well as two, six and 

twelve weeks postoperatively. Patients in both groups showed a significant reduction of stress 

pain after 2 weeks. Neither method had a significant effect on the hand force. The DASH and 
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MHQ showed an initial improvement of life quality among patients in the control group, which 

lasted for 6 weeks only, whereas patients in the fat injection group experienced a continuous 

and prolonged improvement [42]. Bohr et al. used an even more innovative approach for the 

treatment of CMC-1 OA called cell-enriched lipoaspirate arthroplasty (CE-LA) [4]. For the 

preparation of a cell-enriched lipoaspirate the SVF of adipose tissue, which is a rich source of 

pre-adipocytes, endothelial cells, immune cells and MSCs, later called ADSCs is added in dif-

ferent ratios to the lipoaspirate before transplantation. This method is being used to improve 

autologous fat transplantations through the potential regenerative properties of ADSCs [6]. In 

the case-report a 62-year-old male with CMC-1 OA at stage II after Eaton and Littler received 

a one-time CELA. For the CELA, abdominal liposuction with a standard liposuction technique 

was performed to obtain autologous lipoaspirate. To increase the amount of the SVF the ob-

tained lipoaspirate was centrifuged. Subsequently, 1 ml of the enriched lipoaspirate was in-

jected in the CMC-1 joint, followed by a 10-day immobilization with a splint. According to the 

authors, this procedure led to freedom from pain after a period of 5 weeks. For outcome analysis 

the DASH score was evaluated pre- and post-CELA, showing a score of 46/100 pre-CELA 

compared with a score of 22/100 post-CELA, which indicates an improvement of the patient’s 

life quality after CELA treatment [4]. 

 

Both treatment options; the injection of lipoaspirate into the CMC-1 joint and the CELA - may 

result in pain reduction and improvement of the life quality. However, both studies have limi-

tations, including low patient number and the fact that no objective examination was per-formed 

to evaluate the OA stage of the patients pre- and post-treatment. The comparison of X-Ray 

imaging or magnetic resonance imaging (MRI) before and after the treatment, could have 

shown objective evidence of potential changes in the joint after the different treatments. A more 

accurate but also more invasive examination would be the analysis of different inflammation 

markers in the synovial fluid, obtained through arthroscopy, before and after the treatments. It 

is evident that many questions about the potential effects of these treatments remain unan-

swered. Most importantly, we need to study, the effects of fat tissue on the osteoarthritic chon-

drocytes and how adipose tissue can potentially inhibit or modify CMC-1 OA.  

 

2.2. ADSCs for treatment of osteoarthritis - experimental studies 

ADSCs are under investigation in several clinical applications for; autoimmune, degenerative 

and inflammatory diseases, including OA. Articular cartilage destruction during OA causes 

considerable therapeutic challenges, due to its inability to self-repair. The utilization of ADSCs 

in the field of articular cartilage regeneration is promised to repair damaged cartilage. Because 

the application of ADSCs is a not yet clinically approved for any treatment in humans, most of 

the studies, which explore the effects of these cells on OA focus on in vitro and animal model 

experiments. 

 

In the year 2001, Zuk et al. first described the possibility of ADSCs to differentiate into different 

mesenchymal cell lineages, including the chondrogenic lineage [43]. In order to differentiate 

chondrogenically in vitro, ADSCs need to be cultured under hypoxic conditions in a three-

dimensional culture environment, formed into a pellet or micro-mass culture with specific 
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growth factors (TGFβ1, TGFβ2, TGFβ3, BMP2, BMP6, BMP7), which promote the chondro-

genic differentiation [44]– [46]. Additionally, it has been shown that ADSCs are also able to 

form cartilaginous tissue in a mouse model [47]. 

 

Later, Goldring et al. introduced co-culturing experiments in the field of regenerative cartilage 

research to study the cross talk between different cells in the joint [17], [48], a model that has 

since been used excessively by other groups [49]. 

In different co-culture experiments, using osteoarthritic chondrocytes and ADSCs an increased 

cartilage formation was detected. This condition might be explained by differentiation of AD-

SCs into potent chondrocytes or chondrocytes stimulated through ADSCs [49]. Recent xeno-

genic co-culture studies explored the individual contributions of chondrocytes and MSCs to 

matrix formation of either cell types [50]. These studies suggested that chondrogenic differen-

tiation of MSCs does not contribute to cartilage formation. The increased matrix production 

was shown to be the result of MSCs activating chondrocytes through their secretome [49].  

At the beginning, it was believed that MSCs and ADSCs have the ability to influence surround-

ing cells to release bioactive factors which can then lead to tissue regeneration [49], [51]. After 

different experiments in this field, it is now believed that MSCs and ADSCs are capable of 

secreting paracrine factors themselves that enhance cell viability, proliferation, and matrix pro-

duction leading to tissue regeneration [49]. 

Several studies aimed to mimic the OA microenvironment in joints, by inducing inflammatory 

processes in chondrocytes via cytokines, including IL1β and TNFα (Figure 1). Platas et al. 

showed that conditioned culture medium (CCM) from ADSCs enhanced the expression of col-

lagen type II in chondrocytes treated with IL1β while decreasing MMP13 expression [11]. Lai 

et al. evaluated interactions between ADSCs and osteoarthritic chondrocytes through three dif-

ferent culture models: CCM, bi-layered culture and mixed co-culture in different ratios [10]. It 

could be shown that CM and bi-layered co-culture had negligible effects on cartilage formation, 

while a mixed co-culture of chondrocytes and ADSCs at a ratio of 1:3 enhanced cartilage matrix 

growth and reduced catabolic processes [10]. Furthermore, in vivo animal models showed a 

regenerative effect of ADSCs on OA cartilage. In an experimentally-induced OA mouse model, 

Huurne et al.  showed that injected ADSCs inhibit synovial lining thickening and even prolon-

gate joint destruction by decreasing inflammation in the joint [12]. All together, these studies 

provide evidence, that ADSCs have a potentially regenerative effect on OA. However, there is 

no evidence yet that the described regenerative effects on osteoarthritic chondrocytes also apply 

to the CMC-1 joint. 

 

The pilot study from Ceteno et al. may provide first information of treatment with MSCs for 

CMC-1 OA [19]. Four male and two female patients (mean age 59.5 years) with symptomatic 

CMC-1 OA received an intraarticular injection of autologous culture expanded MSCs. The 

clinical outcome has been compared with the outcome of patients in the control group, who 

received no treatment except analgesics. The authors claim to observe positive effects in the 

treatment group regarding the reduction of typical osteoarthritis symptoms compared to the 

untreated control group [19]. 
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Figure 4: In the osteoarthritic joint anabolism and catabolism is misbalanced. Different cell types in the joint, including cells from the synovium, 

immune cells and chondrocytes secrete a variety of pro-inflammatory factors. These pro-inflammatory factors, which include for example 

IL1β, TNFα, IL6 and IL18, promote catabolic processes in the cartilage ECM through activation of degradative factors like for example MMPs 

and ADAMTs. The expression of ant- inflammatory factors such as INFβ, IL4, IL10 and IL13 is reduced. It is believed, that ADSCs can 

modulate the inflammatory micro milieu in osteoarthritic joints. Adapted and modified after [52], [53]. 

 

2.3. Adipose tissue 

2.3.1. Composition and function 

Adipose tissue is composed of adipocytes, loose connective tissue matrix and the SVF. The 

SVF consists of preadipocytes, capillary endothelial cells, infiltrated monocytes/macrophages, 

and a population of multipotent stem/progenitor cells. Adipose tissue is a richly vascularized 

and innervated tissue. These different components function as complex metabolic and endo-

crine organ that fulfills important metabolic and physiologic functions. There are two types of 

adipocytes: white adipocytes and brown adipocytes. Brown adipocytes, which consist of mul-

tiple small lipid droplets, that are responsible for dissipating energy for thermogenesis [7], [54]. 

Brown adipocytes are almost only found in newborns and rarely in adults; they will not be 

further discussed here. White adipocytes consist of triglycerides in a fat droplet [54], [55]. Ad-

ipose tissue acts as energy storage, regulator of endocrine and metabolic processes, as well as 

thermal regulator. Furthermore, adipose tissue protects inner organs from mechanical dam-age 

[55], [56]. 

 

As an endocrine organ, adipose tissue secretes different proteins with metabolic and endocrine 

functions. Leptin is an adipocyte-derived protein and acts as a metabolic signal for energy stor-

age, thereby the leptin levels decrease with caloric restriction and weight loss [54], [57]. Addi-

tionally, leptin has several peripheral endocrine functions, including promotion of proliferation 



 

11 

and differentiation of hematopoietic cells, alteration of cytokine production by immune cells, 

stimulation of endothelial cell growth and angiogenesis, and acceleration wound healing [54], 

[58]. Furthermore, adipocytes and cells from the SVF secrete the cytokines TNFα and IL6. In 

the adipose tissue, these cytokines influence the development of obesity and diabetes [54], [59], 

[60]. In the periphery, these cytokines play a role in inflammatory process-es [61], [62]. An-

other secreted protein of adipocytes is Adiponectin, whose most important functions include 

anti-diabetic, anti-inflammatory, and anti-atherogenic effects [54], [63]. In addition to their 

function to secrete proteins with endocrine functions, adipocytes express many enzymes, which 

play a role in the activation and inactivation of steroid hormones [54]. 

2.4. Adipose-derived stem cells 

2.4.1. Isolation and characterization of ADSCs 

In the past, only two categories of stem cells were known. The embryonic stem cells are de-

rived from the blastocysts and the adult stem cells are derived from postnatal tissues. The lat-

ter, include bone marrow (MSCs) and blood (hematopoietic derived stem cells, HSCs) [64], 

[65]. Within the first couple of cell divisions, embryonic cells are considered totipotent cells, 

meaning they can form any kind of cell type within the human body. At a later stage they are 

considered pluripotent, meaning they can differentiate into cells of the mesenchymal, endo-

dermal and ectodermal linage. Multipotent cells such as MSCs, HSCs and ADSCs can differ-

entiate into the different cell types within the mesodermal linage- adipogenic, osteogenic and 

chondrogenic [65]. Collectively, multipotent stem/progenitor cells show self-renewal capacity 

and the potential to multilineage differentiation [66]. 

Adipose tissue is an easily obtainable connective tissue, which contains abundant ADSCs. 

These can be isolated by enzymatic digestion of the SVF. Therefore, adipose tissue is an easily 

accessible source for ADSCs. This is an advantage over MSCs, which are traditionally har-

vested from the bone marrow. Besides the fact that ADSCs can isolated easier, the approach is 

safer and larger amounts of ADSCs can be harvested as compared to an MSC harvest from the 

bone marrow. However, there are several differences in functional and biological proper-ties of 

ADSCs and MSCs, including differences in their phenotype, differentiation potential, transcrip-

tome, proteome, and immunomodulatory activity [67], [68]. Nonetheless, ADSCs fulfill all 

characteristics of multilineage stem/progenitor cells, including differentiation capacity, prolif-

eration capacity and clonogenicity [66]. 

2.4.2. Current state of knowledge in the use in regenerative medicine 

The field of regenerative medicine using ADSCs and other potent cell types such as MSCs is 

constantly growing. Due to their mesodermal origin, the application of multipotent stem cells 

seems obvious in the field of bone and cartilage repair [69]– [72]. Additionally, areas of inter-

est are cardiovascular tissue regeneration, nerve repair, tendon regeneration and the immuno-

modulatory effect of ADSCs [73] – [78]. It seems that there are no limitations within the po-

tential therapeutically applications of ADSCs.  Several research groups have studied the po-

tential of ADSCs in the field of organ tissue engineering, including liver repair, pancreas sub-

stitution and urinary tract organ reconstruction [46], [79]– [81]. Furthermore, skin repair re-

veals to be a big research area using ADSCs [81]. Even diseases such as multiple sclerosis, 

diabetes and Huntington´s disease have been studied in the field of ADSCs regenerative medi-

cine [82]– [84]. 
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Interestingly, studies have shown that ADSCs might also show the potential of being repro-

grammed in so called “induced pluripotent stem cells” (iPS cells), which could open doors to 

even more advanced regenerative therapies [85]. 

2.5. Liposuction 

Several different methods for harvesting adipose tissue are available. These are ranging from 

the classical fat resection to the conventional suction-assisted liposuction over to newer tech-

niques; such as the water-jet-assisted, nutational infrasonic and ultrasound-assisted liposuction 

[13], [14]. Regarding the variety of different liposuction techniques, there are differences in the 

viability and quality in ADSCs obtained through different techniques. An example for a con-

ventional suction-assisted liposuction method is the so-called Lipivage200-5 system. The 

Lipivage200-5 is a single-use, disposable system, which can be used for the extraction of adi-

pose tissue up to 200 ml. This technique is easy and timesaving, since fat harvesting and sub-

sequent washing steps are carried out in one step. The harvested tissue can be immediately re-

injected due to the system concentrating the fat cells. It is being used primarily for lipofilling 

in the field of aesthetic surgery as well as for plastic and reconstructive surgery [8], [86]. The 

Body-Jet system is an example for a water-assisted liposuction method. Hence, this liposuc-

tion system consists of a negative-pressure pump linked to a water pump, which creates a fan-

shaped water jet during liposuction [87]. This technique allows a gentle cell detachment from 

tissue resulting in a reduced mechanical injury. In addition, this technique is known to reduce 

cardiovascular side effects, since the fluid injected into the patient is much lower than during 

other liposuction methods [88]. 

3. Zielsetzung und Eigenanteil 

Das erste Ziel dieser Arbeit war die Evaluation von zwei im klinischen Alltag gängigen Lipo-

suktionsverfahren, um zu zeigen welches Verfahren sich zur Fettgewinnung besser eignet, um 

adipose derived stem cells (ADSCs) aus dem gewonnen Lipoaspirat zu isolieren. Die aus Fett-

gewebe gewonnen ADSCs sind eine leicht zugängliche und reichhaltige Quelle zur Gewinnung 

von multipotenten Vorläuferzellen. Sie besitzen die Fähigkeit sich in verschiedene Zelllinien 

zu differenzieren und weisen immunmodulatorische Eigenschaften auf. Diese Vorläuferzellen 

stellen eine vielversprechende Quelle für zellbasierte Therapie im Bereich der regenerativen 

Medizin dar. Aus unseren Versuchen geht hervor, dass beide Liposuktionsverfahren im Hin-

blick auf die Qualität der isolierten ADSCs geeignete Isolationsverfahren sind. Somit sind beide 

Liposuktionsverfahren als gleichwertige Methoden zur Fettgewinnung anzusehen 

Im nächsten Schritt war es unser Ziel die Unterschiede des immunmodulatorischen Potentials 

von Fettgewebe und ADSCs darzustellen. In der Pathogenese vieler chronisch entzündlicher 

Erkrankungen wie z.B. Arthrose, Rheumatoider Arthritis und Morbus Crohn verlagert sich das 

Gleichgewicht von pro-und anti-entzündlichen Zytokinen zu Gunsten der proentzündlichen 

Faktoren. Humanes Fettgewebe, und viel mehr die darin enthaltenen Fettgewebsstamm-zellen, 

zeigten im Rahmen experimenteller Studien immunmodulatorisches Potential. In unseren Ver-

suchen wurden Fettgewebe sowie ADSCs erfolgreich mit TNFα behandelt um eine entzündli-

che Reaktion zu triggern. Hierbei konnten wir eine starke inflammatorische Antwort von Fett-

gewebe und ADSCs nach Behandlung mit TNFα nachweisen und das veränderte Genexpressi-

onsprofil sowie die veränderten Pathways darstellen. Für klinische Zwecke wurden ADSCs 

bereits in experimentellen Studien als antiinflammatorische „Bioreaktoren“ für die Therapie 
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von chronisch entzündlichen Erkrankungen wie beispielsweise Arthrose, Morbus Crohn, Dia-

betes mellitus und chronische Wundheilungsstörung erprobt. Die Ergebnisse der zweiten Pub-

likation sollen zum Verständnis der immunmodulatorischen Wirkung von Fettgewebe sowie 

ADSCs dienen und den Weg für zukünftige anti-inflammatorische Therapien weisen. 

Beschreibung des Eigenanteils Publikation 1: Ausführliche Literaturrecherche, Mitgestal-

tung des Versuchsaufbaus, Aquirierung von Fettgewebsproben und Isolierung von ADSCs, 

Durchführung aller Experimente zur Charakterisierung der ADSCs, Gestaltung der Abbildun-

gen, Verfassen des Manuskripts, Bearbeitung der Revision. 

 

Beschreibung des Eigenanteils Publikation 2: Ausführliche Literaturrecherche, Mitgestal-

tung des Versuchsaufbaus, Durchführung aller Experimente, gemeinsame Analyse und Inter-

pretation der Versuchsergebnisse mit den Ko-Autoren der Studie, Verfassung des Manu-

skripts, Bearbeitung der Revision. 

4. Abstract 

 

Background: CMC-1 OA is a common degenerative disease of the hand. It causes symptoms 

such as pain, stiffness and weakness of the CMC-1 joint, which eventually results in the loss of 

function [1], [2]. Current conservative CMC1 OA treatments are symptomatic and short-lasting. 

Often surgical therapy, mostly including the removal of the trapezium bone, is the therapy of 

choice for late stage CMC-I arthritis [2], [3]. 

In order to overcome this limitation in treatment options, a regenerative approach with autolo-

gous fat injections is discussed by different authors [4] – [6]. Adipose tissue is a loose connec-

tive tissue consisting of adipocytes, and the stromal vascular fraction (SVF). The SVF is mainly 

composed of different immune cells, fibroblasts, vascular endothelial cells and adipose-derived 

stem cells (ADSCs) [7]. The therapeutical benefit of autologous fat injections might be pro-

vided by ADSCs, as these cells show impressive capabilities in the area of regenerative medi-

cine and tissue engineering [8], [9]. Interestingly, ADSCs were shown to influence the degen-

erative inflammatory microenvironment in osteoarthritic joints through their paracrine actions 

[10] – [12].  

 

Objective: Until now there are only limited analysis of characteristics and functional properties 

of ADSCs that yield upon different liposuction methods. Regarding the variety of different 

liposuction techniques, there may be differences in the viability and quality in ADSCs obtained 

through different techniques. These are ranging from the classical resection, the conventional 

suction-assisted liposuction over to newer techniques, such as the water-jet-assisted, nutational 

infrasonic and ultrasound-assisted liposuction [13], [14]. The Lipivage200-5 system can serve 

as a conventional suction-assisted liposuction method.  Whereas the Body-Jet system is a water-

assisted liposuction method. In order to the extended field of different fat harvesting methods 

their clinical properties, such as operative time, harvesting volume, blood loss, skin reactions 

and usage costs have been investigated and compared [15]. However, there is a serious research 

gap with regard to the comparison of different liposuction techniques in terms of preservation 

of the cellular contents. Thus, we compared both methods by examining the clonogenicity, the 
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proliferation capacity and the metabolic activity. Furthermore, we examined the differentiation 

potential of ADSCs to differentiate into the adipogenic, osteogenic and chondrogenic lineage. 

Furthermore, we aimed to reveal paracrine differences of autologous fat and ADSCs that might 

modulate the biological response of osteoarthritic chondrocytes with a focus of donor variabil-

ity. 

 

Methods: The proliferation potential of ADSCs, was examined by different experiments in-

cluding cumulative population doublings (cumPD), population doubling time (PDT), colony 

forming units (CFU) and cell metabolism assays. In order to show the multipotency, ADSCs 

were differentiated into adipogenic, osteogenic and chondrogenic lineages. 

Furthermore, fat tissue- and ADSC-conditioned medium were produced by culturing both 

groups for 48 hours with TNFα (tumor necrosis factor alpha) to trigger the inflammatory re-

sponse in vitro. Normal cell culture medium served as a control. To validate an effective induc-

tion of inflammation, stimulated and unstimulated samples were analyzed for upregulated in-

flammatory markers by Next-Generation-Sequencing.  

 

Results: Our study show that ADSCs isolated from adipose tissue after liposuction with differ-

ent liposuction systems show similar cell characteristics and functional properties. Technical 

differences such as different cannula sizes used for the different systems might contribute to 

the slightly different cell characteristics. Still both methods should be equally considered for 

clinical use. The second part of our study shows that fat tissue and ADSCS treated with TNFα 

responded very heterogeneously to TNFα treatment. Our analysis reveals that ADSCs are po-

tentially more reliable and predictable when used therapeutically. Furthermore, our study shows 

potential changes in biological processes, such as immune system response, inflammatory re-

sponse, and cell activation in treated ADSCs.  

5. Zusammenfassung 

Einleitung: Rhizarthrose ist eine vorwiegend im höheren Alter vorkommende Erkrankung, die 

bis zu 80% der älteren Bevölkerung betrifft [19]. Vor allem Menschen die beruflich viel Hand-

arbeit leisten und/oder Sportarten ausüben, haben ein höheres Risiko an Rhizarthrose zu erkran-

ken. Bis heute gibt es keine Heilungsmöglichkeiten, sondern lediglich krankheitsverzögernde 

und schmerzlindernde Therapiemaßnahmen im konservativen und chirurgischen Bereich. Im 

Rahmen der konservativen Behandlung werden Physiotherapie, Ruhigstellen des Gelenks mit-

tels einer Schiene, Analgetika und Injektionen (Kortison- und Hyaloronsäure) angewandt [20]. 

Nach Ausschöpfung der konservativen Therapieoptionen, besteht die Indikation zu operativen 

Therapiemaßnahmen. Zu den operativen Maßnahmen zählen die isolierte Trapezektomie, die 

Suspensionsarthroplastik, die Suspensionsinterpositionsarthroplastik sowie die Arthrodese 

[20]. 

Oftmals bieten diese Therapieoptionen den betroffenen Patienten keine zufriedenstellende Bes-

serung ihrer Beschwerden. Somit besteht zunehmend die Notwendigkeit neuer Therapiemög-

lichkeiten, vor allem in Hinblick auf die Regeneration des Knorpelgewebes. In den letzten Jah-

ren wurde die Anwendung von mesenchymalen Stammzellen (MSCs) zur Therapie von Oste-

oarthrose häufig diskutiert. Aus dem menschlichen Fettgewebe lassen sich einfach und in gro-
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ßer Zahl die sogenannten adipose-derived stem cells (ADSCs), isolieren. In verschiedenen Stu-

dien konnte bereits gezeigt werden, dass ADSCs, sowohl immunsuppressive, als auch anti-

inflammatorische Effekte aufweisen können [12]. In den letzten Jahren wurde die Anwendung 

von mesenchymalen Stammzellen zur Therapie von Arthrose häufig diskutiert. Es ist anzuneh-

men, dass ADSCs durch ihre anti-inflammatorischen und immunsuppressiven Eigenschaften 

den therapeutisch bedeutendsten Zellanteil im Rahmen autologer Fettinjektionen ausmachen. 

Daher besteht ein großes Interesse daran zu zeigen, welche Liposuktionsverfahren sich zur Fett-

gewinnung eignen.  

 

Methoden: Um Patienten eine bestmögliche Therapie mit Eigenfettinjektionen zu ermögli-

chen, gilt es die beste Methode zur Fettgewinnung, sowie Isolierung von ADSCs festzumachen. 

Infolgedessen wurden zwei gängige Liposuktionsverfahren Lipivage200 und HumanMed Bo-

dyjetmiteinander verglichen. Dazu wurden Patientenproben hinsichtlich des Liposuktionsver-

fahrens in zwei Gruppen unterteilt. Um den mesenchymalen Stammzellcharakter und die Qua-

lität der isolierten Zellen aus den zwei Verfahren zu untersuchen, wurde die kumulative Popu-

lationsverdopplung zur Wachstumsanalyse, die Fähigkeit zur Kolonienbildung sowie die me-

tabolische Aktivität bestimmt. Des Weiteren wurde das chondrogene, adipogene und osteogene 

Differenzierungspotential analysiert.  

 

Ergebnisse: Aus unseren Versuchen geht hervor, dass es zwischen beiden Liposuktionsverfah-

ren keinen Unterschied im Hinblick auf die Qualität der isolierten ADSCs gibt. Bezogen auf 

die Zellqualität sind beide Liposuktionsverfahren zur Gewinnung von Lipoaspirat für zukünf-

tige Therapien mit ADSCs als gleichwertig anzunehmen. 

Um zukünftig Therapieerfolge mit einer Eigenfettinjektion und in weiterer Folge auch mit iso-

lierten ADSCs verzeichnen zu können, ist es wichtig zu zeigen, welche immunomodulatori-

schen Unterschiede Fettgewebe und die daraus isolierten Vorläuferzellen aufweisen. Arthrose 

ist mit einer Entzündungsreaktion assoziiert. Es kommt im Verlauf der Pathogenese zur Frei-

setzung einer Vielzahl von pro-inflammatorischen Zytokinen. Diese Zytokine führen in der 

Folge zu einer Rekrutierung sowie Aktivierung von weiteren pro- und anti-inflammatorischen 

Zellen. In unserer Studie wurden Fettgewebe und ADSCs inflammatorisch behandelt und die 

unterschiedliche Reaktion untersucht. 

So wurden Fettgewebe sowie ADSCs erfolgreich mit TNFα behandelt um eine entzündliche 

Reaktion zu triggern. Dazu bestätigte die erste Tiefensequenzierung der mRNA den „proof-of-

concept“. Hierbei konnten wir einerseits eine starke inflammatorische Antwort von Fettgewebe 

und ADSCs nach Behandlung mit TNFα nachweisen und das veränderte Genexpressionsprofil 

sowie die veränderten Pathways darstellen. Anderseits konnten wir zeigen, dass das gewonnene 

Fettgewebe erhebliche interindividuelle Unterschiede beim Genexpressionslevel aufwies, je-

doch die daraus isolierten ADSCs ein äußerst homogenes Expressionsprofil hatten. 
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