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Summary 

The dermal filler Sculptra® has been employed to treat facial volume loss and age-related 

wrinkles in Europe since 1999. Sculptra® injections were administered 87,946 times 

(increase of 25.7% to 2012) in the USA in 2013. Except for histological analysis and clinical 

reports, data based on molecular biology or biochemistry, enlightening the mechanisms of 

action, do not exist to date. In contrast, such data are available for cross-linked hyaluronic 

acid, which is also administered for facial augmentation. To overcome this gap of knowledge, 

a comprehensive study about macroscopic to microscopic events occurring after Sculptra® 

injections was conducted. 

The augmentation of facial tissue with Sculptra® is approved; however, as the required 

repetitive biopsies could not be taken from the face, Sculptra® was injected to the inner side 

of the upper arms of 21 volunteers. Furthermore, this “off label use” was documented: The 

effect of the injections on the volunteer’s subjective quality of life was investigated using a 

questionnaire. For objective evaluation, the upper arms were photographed and 

sonographic measurements were applied.  

Photos of the treated upper arms revealed no changes in their shape during the study 

course. The amount of Sculptra® administered was not sufficient to augment the upper arms 

of postmenopausal women. Furthermore, these applied Sculptra® treatments of the upper 

arm did not improve the volunteers’ quality of life significantly. Upon sonographic 

measurement, however, a highly significant decrease in echogenicity was retrieved by 

comparing baseline subepidermal tissue values (t0) with 20 month (t2) values from either 

arm. Upon comparison of both treated sides, echogenicity was comparable; therefore 22 

MHz sonography is an objective non-invasive measure to document the subcutaneous effect 

of Sculptra®. 

Immunofluorescence staining of sections from biopsies characterised the cell infiltrate and 

collagen type. CD68+ macrophages were found in direct proximity to PLLA, CD90+ fibroblasts 

aligned adjacently, while αSMA positive structures indicated myofibroblasts and 

neovascularisation. Substantial collagen type III deposition was detected right next to PLLA 

particles and collagen type I in the periphery of a given PLLA encapsulation. mRNA 

expression was strongly up-regulated for collagen type I and III transcripts, as well as for 

TGFß1 and TIMP1. PLLA particles were still retrievable 28 months after subcutaneous 

application.  

The augmenting effect of Sculptra® is generated by a complex reaction, comprised of various 

cells, chemokines and cytokines, leading to the proliferation of fibroblasts and their 

differentiation into myofibroblasts, synthesising a substantial amount of collagen in order to 

restore subcutaneous volume deficiencies. Degradation of facial and extra facial PLLA 

particles is considerably slower than described previously. The augmenting effect of 

Sculptra® diminishes over a period of 18-20 months in the face, but the degradation of PLLA 

particles seems to be much slower. Whether Sculptra® stimulates the synthesis of other ECM 

components, such as HA, or rationalises a continuous stimulus for collagen production, at 

least as long as it is not synthesised, should be analysed in further studies. 
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1  1. Introduction 

1. Introduction 

1.1 Anatomy and physiology of human skin 

As a separating layer between the body and its environment, the skin protects against 

external influences. The skin’s architecture, composed of the epidermis, dermis and 

subcutaneous tissue, provides the prerequisites for this interaction [1]. 

Epidermis 

The epidermis is composed of cells, their desmosomal connections and an intercellular lipid 

seal, providing a protective barrier against pathogens, chemicals, allergens, radiation and 

excessive evaporation. 

The epidermis is a multi-layered, keratinised squamous epithelium, derived from the 

ectoderm. The dominant epidermal cell type is keratinocytes (90-95%) producing keratin and 

lipids. The epidermis is subdivided into four further layers, named by the phenotype of the 

differentiating keratinocyte. The most proximal layer is monocellular (stratum basale). 

Proliferating keratinocytes migrate through different differentiation states to the uppermost 

layer, where they finally shed. Basal keratinocytes are characterised by poor cytoplasm and 

mitotically active nuclei. After division, keratinocytes differentiate into synthetically more 

active, cytoplasm-enriched cells, forming the stratum spinosum. Upon formaldehyde fixation 

for histological examination, desmosomal connections to adjacent cells are visible and give 

that layer its name. The most differentiated keratinocyte, with highest synthetic activity and 

flattened nuclei, resides within the stratum granulosum. When keratinocytes have lost their 

nuclei, they are called corneocytes, justifying the stratum corneum.  

Further cells of the epidermis are Langerhans cells, melanocytes and Merkel cells. 

Langerhans cells, representing 3-6% of all epidermal cells, are mobile in all epidermal layers. 

The dendritic Langerhans cells take up antigens and process and present them to T-cells. The 

dendritic melanocytes, located in the stratum basale, synthesise and store melanin within 

melanosomes. Melanocytes transfer melanosomes to surrounding keratinocytes via 

dendritic connections; one melanocyte supplies 36 keratinocytes. Melanosomes cap the 

nuclei of keratinocytes and protect them against DNA damaging UV light. Merkel cells are 

mechanoreceptors for tactile perception and are localised in the stratum basale. 

Furthermore, the epidermis is penetrated by sweat glands as well by pilosebaceous follicles. 

The epidermis and dermis are intertwined through an epidermal-dermal junction zone. 

Hence, the epidermis is not vascularised; the epidermal-dermal junction zone serves as a 

diffusion filter for nutrients and metabolic products between the epidermis and dermis.  
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Dermis 

The dermis supports the epidermis and gives the skin its structure and resilience. This is 

enabled by a dense network of collagen and elastic fibres. This fibre network is embedded 

into an amorphous, hydrophilic matrix, creating the extracellular matrix (ECM). Furthermore, 

the dermis is vascularised and innervated and hosts appendages like hair follicles, sweat 

glands, sebaceous glands and apocrine glands. Blood vessel endothelium expresses CD31 

antigens, whereas lymph vessel endothelium expresses podoplanin, allowing differential 

recognition by specific antibodies. Nerve cells and receptors for the sense of pain and 

temperature are found in the dermis as to the skin appendages belonging to sweat, 

sebaceous glands and hair follicles. Sweat glands serve for thermoregulation, while 

sebaceous glands are responsible for lubricating the skin. 

The dermis is divided into a cell-enriched stratum papillare, possessing a fine collagen 

structure, and a more proximal stratum reticulare.  

Most of the dermis is made up of a network of collagen fibres (type I 50-80%; type III 10-15% 

of the dermal dry weight), which provide its mechanical stability. Collagen type I and III have 

an estimated half-life of 15 years [2]. Additional elastic fibres (elastin 2% of dermal dry 

weight) enable the skin’s flexibility. Elastic fibres are composed of elastin and fibrillin 

microfibrils. As for collagen, elastin possess a calculated half-life of many decades [3]. Elastin 

synthesis is predominantly confined to foetal and early postnatal development. In adults, a 

posttranscriptional mechanism mediates rapid decay of the elastin mRNA, which regulates 

the expression and maintains protein production at undetectable levels [4]. This intact fibre 

network, where cells may attach, is essential for dermal integrity und function [5]. 

The dermal ECM is composed of structural proteins as well as proteoglycans and 

glycosaminoglycans, which are able to bind water to a thousand-fold their own volume. 

Dermal hydration contributes crucially to the skin’s tightness. A prominent 

glycosaminoglycan is hyaluronic acid (HA).  

The major dermal cells are mesenchymal-derived fibroblasts, which are responsible for the 

ECM-turnover. Fibroblasts synthesise precursors of collagens and elastins, which are 

subsequently released into the ECM, where procollagen is cleaved, assembled to fibrils and 

cross-linked to form mature collagen bundles. Fibroblasts also synthesise enzymes, i.e. 

matrix metalloproteinases (MMPs), which are responsible for the degradation of these 

fibrous structures, balancing regeneration or healing of the tissue. MMP-1 is involved in the 

turnover of skin collagen. In healthy young skin, MMP-1 expression is exceedingly low, near 

the limit of detection [6]. Additionally fibroblasts can release tissue inhibitors of matrix 

metalloproteinases (TIMPs) to control MMP activity. Matrix remodelling is required for 

cellular migration [7].  

The spindle-shaped fibroblasts can be identified by antibodies recognising CD90 (Thy-1). 

Fibroblasts are an extremely heterogeneous multifunctional cell population, which exhibit 
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functional differences depending on where they reside. Cultured dermal fibroblasts from 

deeper layers are morphologically larger than those of superficial layers: they proliferate 

slower and produce less collagenase and decorin, but more collagen. Cultured facial dermal 

fibroblasts exhibit lower mRNA expression and the production of TGFß1 and CTGF at the 

protein level. Moreover, cells from deeper layers produce more TGFß1 and αSMA compared 

to cells from more superficial layers [8]. Superficial dermal fibroblasts obtained from the face 

showed lower expression and production of ECMs than dermal fibroblasts obtained from the 

trunk. Facial and trunk dermal fibroblasts of superficial and deep dermis possess identical 

proliferative capacity, but facial dermal fibroblasts express lower fibrotic activity in mRNA 

and protein expression [9].  

Fibroblasts in a less active state are called fibrocytes. During wound healing, fibroblasts can 

differentiate into myofibroblasts, which are characterised by myofilaments and the 

expression of alpha smooth actin (αSMA), also found in endothelial cells. This enables 

myofibroblasts to contract in order to close a wound. Myofibroblasts are characteristic of 

fibrotic tissue. 

Common to the ECM of the dermis are freely moving cells of the immune system. This group 

of cells includes macrophages, which is detectable by antibodies against CD68; these cells 

recognise foreign bodies and phagocytise and degrade them, as well as mast cells, which 

mediate allergic and inflammatory reactions. 

Subcutis 

The subcutis is located beneath the dermis and is separated from the muscles through the 

fascia. The subcutis consists of fat (triglyceride enriched adipocytes), fixed by connective 

tissue septa to the dermis and to the periosteum, respectively, to the aponeurosis. The 

adipose tissue is subdivided into fat lobes, which consist of fat lobules. Fat lobules consist of 

lipid vacuoles possessing adipocytes. Between the fat lobes in the connective tissue septa, 

blood vessels and nerve pathways meander, trekking from there into the dermis. Special 

receptors, Vater pacini corpuscles, are distributed in the subcutis for the purpose of 

mediating vibration sentiency. 

The lipidaceous subcutis provides energy (storage) and mechanical protection. Generally, 

the distribution of fat pads is gender-specific and their shape is related to the nutritional 

condition of a given individual. From an aesthetic point of view, the subcutis fulfils a 

modulating function. Aging correlates with a regression of connective tissue, loss of volume 

and supportive function. With age especially, the subcutaneous fat pads follow gravity.  
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1.2 Pathophysiology of aging 

Skin aging is a complex process influenced by many different factors (Figure 1.1).  

 

 

Figure 1.1 This model schematically depicts factors of pathogenic relevance for skin aging. The induction of 

MMP is for particular importance as they degrade collagen and other components of the ECM. Mainly UV-

induced reactive oxygen species (ROS) and DNA damage lead to the increased induction of MMPs in 

keratinocytes and fibroblasts. Proteolytic enzymes such as elastases and MMPs derived from neutrophil 

granulocytes contribute to degradation of the ECM. Also, UV-exposure directly stimulates the production of 

elastase in fibroblasts. As a result, partially degraded collagen and reduced mechanical tension of fibroblasts 

inhibit neocollagenesis. Reduced mechanical tension leads to the further production of ROS, which again 

results in the increased expression of MMPs. Reprint of Kohl et al. [10]. 

The genetically predetermined form of skin aging is called intrinsic or endogenous skin aging 

[11]. Exogenous factors are superimposed on the process of intrinsic skin aging [12]. The 

dominating exogenous factor is UV radiation. Sun-protected skin areas reflect intrinsic skin 

aging and sun exposed skin areas extrinsic aged skin. 

There are different explanatory approaches of intrinsic skin aging. At first, cellular 

senescence observed by Hayflick (1965) in vitro was thought to cause intrinsic skin aging 

[13]. Cultured cells lose their potential to proliferate and pass only through a limited number 

of divisions. Indicating experiments on keratinocytes [14], fibroblast [15-16] and 

melanocytes [17] showed an age-related reduction of cell division. 

Telomeres consist of 1000-fold repetitive TTAGGG sequences and build up a 7000-12000 

base pairs on the end of every human chromosome. The 3´end of DNA consists of a 100-400 

base pair overhanging single strand, attached to the double strand, forming a t-loop. In 

combination with DNA binding proteins, this structure constitutes a complex, so-called cap, 

protecting the DNA, which recognises double-strand breaks. During DNA replication, DNA 

polymerase is not able to replicate the complete 3´ end. Therefore, a telomere shortening of 
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about 100 base pairs occurs per cell division [18]. Once the telomere is shortened over a 

critical threshold, the telomere loop can no longer form. The result is that the 3‘ overhang is 

exposed. The induced DNA damage results in apoptosis or senescence. Telomerase is a 

ribonucleoprotein enzyme with reverse transcriptase activity, extending the chromosomal 

end with telomere DNA sequences. Telomerase is active in germ line cells, embryo- and 

adult stem and cancer cells, but only in a few somatic cells. Proliferating keratinocytes reveal 

telomerase activity with a loss of ~25 base pairs per year. Whereas slowly proliferating 

fibroblasts expose no telomerase activity, proliferating fibroblasts incur a loss of ~25 base 

pairs per year [19]. Compared to fibroblasts of younger donors, fibroblasts of older ones 

show shortened telomeres [18]. However immunohistochemical staining revealed 

telomerase-positive fibroblasts [20]. How far these ambiguous findings about telomere 

shortening are relevant remain to be further investigated. 

Oxidative stress has a substantial impact on skin aging and contributes to the mutation of 

mitochondrial DNA [21]. The respiratory chain generates reactive oxygen species (ROS) as 

by-products during oxidative phosphorylation and is its main endogen source [22]. If 

protective mechanisms fail, ROS lead to oxidative stress and pose a menace in proximity to 

mitochondrial DNA. Mitochondrial DNA shows a more substantial mutation rate then 

nuclear DNA [23]. If mitochondrial ROS leak into the cytoplasm and/or extracellular space, 

oxidative damage of lipids (membranes), proteins (enzymes) and nucleic acids (DNA) is the 

consequence [24-25]. Skin cells possess anti-oxidative mechanisms diminishing ROS. 

Enzymes, like superoxide dismutase, catalase, glutathione peroxidase, glutathione 

transferases, peroxidases and thiol-specific antioxidant enzymes, are able to convert ROS 

and thus prevent oxidative damage [26]. Furthermore, anti-oxidative molecules, like 

glutathione, vitamin A, C and E and flavonoids support protection. During the process of skin 

aging, the effectiveness of those protective mechanisms is diminished [27-28]. 

Even though oxidative phosphorylation and therefore ROS generation occurs during intrinsic 

as well as extrinsic skin aging, the ROS generation rate is enhanced when UV-irradiated. In 

particular, UVA radiation penetrates deep into the dermis. Cellular chromophores, urocanic 

acid, melanin precursors and riboflavin absorb UVA radiation and thereby generate ROS, 

which in turn leads to lipid, protein and DNA damage. Sander et al. (2002) found oxidative 

modified proteins in the upper dermis of photo-aged and acute radiated healthy skin [29]. 

Furthermore, these authors detected UV dose-dependent protein oxidation in keratinocytes 

and fibroblasts in vitro, supporting the in vivo results. 

The UV-induced release of ROS activates surface receptors of keratinocytes and fibroblasts, 

stimulating signal transduction pathways, influencing growth, differentiation, senescence 

and tissue degeneration. For example, receptor activation stimulates the MAP-kinases p38, 

JNK (c-Jun amino-terminal kinase) and ERK (extracellular signal-regulated kinase) and 

expression of the transcriptional factor activator protein 1 (AP-1). AP-1 induces the up-

regulation of MMPs, MMP-1 (collagenase-1), MMP-2 (gelatinase A), MMP-3 (stromelysin-1) 

and MMP-9 (gelatinase B) [30-31], degrading ECM proteins, like collagen type I, III, IV and 
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elastin. AP-1 negatively regulates the synthesis of procollagen type I [32]. Furthermore AP-1 

inhibits the effect of TGFß, a cytokine promoting collagen production in fibroblasts, while 

AP-1 induces the expression of the intracellular signalling protein SMA7, antagonising TGFß 

[33]. Application of the anti-oxidant N-acetylcysteine can normalise TGFß signalling [34]. 

TIMP1 expression decreases in human skin and contributes to ECM degradation [35]. UV 

irradiation induces the activation of nuclear factor (NF)-κB transcription factor, which in turn 

stimulates the expression of MMPs [30]. Catalytic cleavage of collagen fibres changes the 

mechanical environment of cells situated within the dermis.  

Through transmembranous integrin receptors, fibroblasts attach to proteins of the ECM and 

connect to the intracellular actin cytoskeleton. This linkage is called focal adhesion [36-37]. 

The tension generated by the cytoskeleton is transferred via integrins to the ECM. The 

mechanical tension between the fibroblasts and the three-dimensional structures of the 

ECM stretches the fibroblasts. Focal adhesions are able to activate intracellular signalling 

transduction cascades, thus regulating fibroblast metabolism [38-39]. Fibroblasts under 

tension produce more collagen and less MMP. The accumulation of fragmented collagen 

correlates with decreased mechanical tension on fibroblasts (Figure 1.2), which in turn 

collapse and produce less collagen and more MMP [6, 40]. 

Xia et al. (2013) constructed constitutive active MMP-1 fibroblast mutants and cultured 

them in three-dimensional collagen lattices [41]. These fibroblast mutants reflected 

alterations of aged fibroblasts: reduced plasma area, disassembled cytoskeleton, impaired 

TGFß pathway and reduced collagen production. Exactly those effects are prominent in 

intrinsic and extrinsic photoaged skin and enhance the above-mentioned ROS-induced 

degenerative processes in a self-perpetuating manner.  

Upon UVB exposure, keratinocytes express cytokines stimulating fibroblasts to express 

elastase [42]. Low dose UVB radiation alters the quaternary structure of fibrillin-rich 

microfilaments and of the major adhesive glycoprotein fibronectin. Furthermore, elastic 

fibres are associated with proteins that are susceptible to UV radiation. The susceptibility of 

those proteins may be based on their chromophore-rich amino acids (Cys, His, Phe, Trp and 

Tyr) [43]. UVB-absorbed amino acid residues occur in glycoproteins and proteoglycans [44] 

and collagen, elastin and laminin fragments induce an immunological reaction [45]. 

Neutrophils are indeed stimulated by UV radiation to infiltrate the tissue and to release 

MMP-1, 8, 9 and elastase [46].  

The predominant dermal proteoglycan Decorin binds to collagen type I and protects it 

against proteolytic degradation by MMP-1. UV radiation degrades decorin, and 

polymorphonuclear (PMN) cells simultaneously infiltrate. PMN cells release neutrophilic 

elastase, which degrades decorin to render collagen fibrils more susceptible to MMP-1 [47].  

It is most likely that all of the above-mentioned degenerative damage is comparable to the 

process of wound healing; imperfect repair is the consequence and solar damage the result 

[30, 48]. 
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Figure 1.2 Fragmentation of collagen fibrils within dermis of aged/photoaged skin causes collapse of 

fibroblasts. A) Transmission electron micrograph of fibroblast (artificially coloured pink for clarity) within the 

dermis of young adult, sun-protected human skin. Note the elongated, stretched appearance, and extended 

cytoplasm (C) away from the nucleus (N) of the fibroblast, which is in close proximity to abundant collagen 

fibrils (arrows, original magnification x2000). B) Transmission electron micrograph of fibroblast (artificial 

coloured for clarity) within dermis of photodamaged human skin. Note the collapse of the cytoplasm inwards 

nucleus (N), and lack of adjacent collagen fibrils compared to (A). Fibroblast is surrounded by amorphous 

material (*). C) Model depicting relationship between mechanical tension, and collagen production and 

fragmentation in human skin. In sun-protected young adult human skin, intact type I collagen fibrils in the 

dermis provide mechanical stability and attachment sites for fibroblasts. Receptors (integrins) on the surface of 

fibroblasts attach to collagen (and other proteins in the dermal extracellular matrix). Cytoskeletal machinery 

(actin-myosin microfilaments, not shown) within fibroblasts pulls on the intact collagen matrix, which in turn 

offers mechanical resistance. Dynamic mechanical tension that is created promotes the assembly of 

intracellular scaffolding (microtubules/intermediate filaments, not shown), which pushes outward to cause 

fibroblast stretch. This stretch is required for fibroblasts to produce normal levels of collagen and MMPs. In 

photodamaged/aged human skin, attachments of fibroblasts to integrins are lost, and fragmented collagen 

fibrils fail to provide sufficient mechanical stability to maintain normal mechanical tension. Reduced 

mechanical tension causes fibroblasts to collapse, and collapsed fibroblasts produce less procollagen and more 

collagenases (COLase). Reduced collagen production and increased collagenase-catalysed collagen 

fragmentation results in the further reduction of mechanical tension, thereby causing continual loss of 

collagen. Reprint of Fisher et al. [6]. 

C 

A B 
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UV radiation evokes DNA mutations and UVB radiation, in particular photocarcinogenic 

cyclobutane pyrimidine dimers and 6,4 photoproducts. UVA radiation generates 

phosphodiester bond breaks in DNA. To repair DNA damage, skin cells possess different 

mechanisms: DNA double-strand breaks are repaired via the non-homologous end-joining 

(NHEJ) and homologous recombination (HR) pathways. Lesions on single-stranded DNA are 

repaired via nucleotide excision repair (NER) and base excision repair (BER). However, the 

efficiency of cellular DNA repair machinery may decline with age [49]. 

Aging is also accompanied by altered dermal vascularisation. The dermis of intrinsic aged 

skin exhibits a significant decrease in vessel size, but no change in the vascular density when 

compared to young skin. However, the papillary dermis of photoaged skin exhibits a 

significant decrease in both vessel size and vascular number [50]. 

1.2.1 Clinical aging  

Above-mentioned, age-dependent cellular and structural alterations reflect the clinical 

complexity. Skin collagen fibres provide tensile strength, elastic fibres resilience and 

proteoglycans hydration in young skin. Intrinsic aged skin is thin, characterised by fine 

wrinkles, dryness and reduced elasticity. This appearance results from the degradation of 

the fibrous ECM components collagen type I, III, IV and elastin [51]. Furthermore, the 

amount of glycosaminoglycans, like HA, decreases with age. HA plays an important role in 

cellular adhesion, cellular motility and other biological functions, as well as binding water 

[52-53]. Depletion of ECM components leads to atrophy and dermal shrinkage.  

The epidermis protects the skin against excessive dehydration. Intrinsic aged skin exhibits 

epidermal atrophy, i.e. thinning of up to 10-50% between the ages of 30-80, correlated with 

normal barrier function; however, barrier repair properties are diminished [11]. 

Extrinsic, especially photoaged skin, exhibits deep wrinkles and a more distinct loss of 

elasticity. The additional fragmentation of collagen type I and III and VII, rationalises the 

destruction of forming anchor fibrils to the DEJ [54]. Furthermore, more glycosaminoglycans 

and poorly functional elastin are deposited [55]. However, glycosaminoglycans co-localised 

in a degenerated elastin fibre network possess no hydrating properties [56]. Therefore, skin 

thickening, known as solar elastosis, manifests. 

Besides the described epidermal and dermal alterations, the subcutaneous tissue atrophies 

with age. The smooth contour of a young face is based upon an elevated, finely distributed 

fat volume, hence the subcutaneous fat of the face is partitioned into multiple, independent 

anatomical compartments [57]. There are superficial and deep fat compartments, separated 

by septa ascending from the underlying fascia and inserting into the dermis. This framework 

provides a “retaining system” for the human face. Implicit in this concept is the suggestion 

that the face ages three-dimensionally, with separate compartments changing relative to 

one another by both position and volume [58]. Additional alterations in muscular structure 

and bone resorption add to the appearance of the aging face [59-60]. All of this contributes 

to the appearance of folds and changes the facial contour. 
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While studies on facial aging and methods to intervene are numerous, only a few on the 

integumental aging processes are retrievable from the literature. Recently, there has been 

some interest on the aging hand, neck and décolleté being noticeable. However, especially in 

postmenopausal women, the upper arm changes rapidly. This aging process will eventually 

lead to a change in clothing habits and quality of life. In summary, the aesthetic aspect of the 

female upper arm is influenced by three genetically determined factors: 1. Disposition to 

being overweight, 2. Lipoedema, and 3. fat cell hyperplasia expressed in a dysmorphic upper 

arm. In particular, the inactivity atrophy of arm and shoulder girdle musculature and atrophy 

of facia brachialis and lateral positioned retinacula cutis are responsible for sagging of the 

upper arm. Furthermore, the atrophy of triceptical fat body contributes to the arm 

deformity [61].  

1.3 Augmentation for clinical rejuvenation 

Age-related atrophy of subcutaneous fat correlates with a decline of facial volume and an 

altered facial contour. To counteract this volume loss, dermal fillers are applied. However, 

the application of dermal fillers can be accompanied by adverse reactions [62].  

Currently, these dermal fillers are divided into “resorbable” and “permanent”. Facial fat loss 

can be compensated by autologous fat injections. The utilisation of autologous fat is 

reasonable, if simultaneous liposuction is requested [63]. Otherwise the procedure for tissue 

harvest and implantation is laborious and the longevity of a fat transplantation is 

controversial. Thus this method, when compared to minimally invasive injectable fillers, 

seems to have gone out of fashion [64]. Minimally invasive treatments are cost efficient and 

considerably more pleasant, and are accompanied by a minimal down-time.  

Currently, the most frequently used filler is cross-linked HA. In the USA, 1,872,172 

procedures were performed in 2013 (Cosmetic Surgery National Data Bank 2013). Cross-

linked HA is principally extracted from a non-pathogenic bacterium Streptococcus equi, but 

may also originate from animals. Native HA is an essential component of the ECM with a 

high degree of water binding capacity. Molecular biological and biochemical studies have 

partially revealed the mechanism of action of cross-linked HAs [65-66]. When cross-linked 

HA, compared to physiological saline solution, is injected into the skin of 70 year-old 

individuals, stretched, proliferating fibroblasts with enhanced collagen type I expression 

evolve in the micro environment of cross-linked HA. Further, proliferation of endothelial 

cells and keratinocytes is enhanced, reflecting an increase in epidermal thickness. Stretching 

of fibroblasts seems to depend on the interaction between these cells and their 

environment. Stretched fibroblasts are stimulated to synthesise appropriate amounts of 

collagen and fewer MMPs. 

Hence, collagen is the main dermal component; it is also applied as dermal filler. Bovine 

collagen and human collagen, derived from human fibroblast cell lines, have previously been 

employed. Prior to the application of bovine collagen, hypersensitivity needs to be checked. 

First generation injectable collagens were quickly degraded, which led to the development 

of glutaraldehyde cross-linked collagens, with longer durability. Further, a porcine-derived 
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collagen-based filler has been employed [64], which is cross-linked by ribose-induced 

glycation, mimicking the natural in vivo cross-links [67]. 

Calcium hydroxyapatite occurs in teeth and bones. It is available as a dermal filler in the form 

of microspheres, suspended in carboxymethylcellulose, glycerin and water [68]. In the USA, 

160,926 procedures were implemented in 2013 (Cosmetic Surgery National Data Bank 2013). 

This slow resorbable filler may stimulate collagen neo synthesis. Most likely, calcium 

hydroxyapatite spheres are degraded in vivo compared to smaller bone fragments via 

phagotycing macrophages. Histological examination reveals calcium hydroxyapatite 

microspheres surrounded by foreign body giant cells and fibroelastic fibres 6 months after 

injection. At this time, these microspheres exhibit alterations in shape, but no migration 

within the tissue [69]. Drobeck et al. (1984) and Misiek et al. (1984) conducted animal tests, 

including subcutaneous hydroxyapatite discs and particle implantations: Drobeck et al. 

(1984) observed a few macrophages and proliferating fibroblasts within a collagen capsule 

[70], while Misiek et al. (1984) noticed mild inflammation, granulation tissue with foreign 

body giant cells and collagen deposition [71]. 

The poly-L-lactic acid (PLLA)-based product Sculptra® also belongs to the group of slow 

resorbable dermal fillers, and will be described in the next subchapter in detail. 

One of the permanent fillers is polymethylmethacrylate microspheres (20%), suspended in 

80% bovine collagen and lidocaine. Due to the presence of bovine collagen, hypersensitivity 

must be checked prior to application. Histological examination reveals capsules composed of 

collagen, fibroblasts, macrophages and foreign body giant cells around each single 

microsphere [72]. Those non-phagocytisable and not enzymatically degradable microspheres 

may maintain lifelong stimulation of collagen synthesis. The advantage of these 

microspheres is seen in their smooth surface, which is responsible for a low incidence of 

granulomatous reactions. Bovine collagen prevents clumping of microspheres and seems to 

maintain separation between them [73]. 

 

 

 

 

 

 

 



11  1. Introduction 

1.3.1 Sculptra®  

Sculptra® has been used for the restoration of facial volume loss and age-related wrinkle 

flattening in Europe since 1999 (Figure 1.3). Initially, Sculptra® was employed to minimise 

facial lipoathrophy of HIV-positive patients on anti-retroviral therapy. In the USA, Sculptra® 

was approved for the treatment of lipoathrophy by the FDA in 2004 and subsequently for its 

aesthetic use in 2009. Current literature provide information referring to its augmenting 

effect, and discuss injection techniques and product dilutions, in order to optimise the 

aesthetic benefit and minimise adverse reactions [74-77]. 

 

Figure 1.3 Prae (left) and post (right) 4 Sculptra® injections into the naso-labial folds (Schürer, unpublished) 

The augmenting effect of Sculptra® can last for more than 2 years [78] and late-onset 

nodules are possible when the immune status changes [79-80]. Besides injection-related 

local short-term reactions like oedema and swelling, adverse reactions like nodules could be 

limited by 1. Using higher dilutions, 2. Avoiding superficial injections, 3. Massaging the 

treated area and 4. Optimising the injection techniques. 

While the employment of Sculptra® for facial treatment is approved, few publications focus 

on its off label use [81]. Three successful cases for rejuvenation of the dorsal hand, the 

intercostal space and stria distensae with highly diluted Sculptra® (150 mg/10 ml PLLA) have 

been described by Schell (2006) [82]. Furthermore Schulmann et al. (2008) published a case 

report where a chest wall deformity appeared after breast reconstruction; implanting PLLA 

significantly improved the aesthetic appearance (150 mg/5.5 ml PLLA) [83]. Also, 36 patients 

with different degrees of cutaneous flaccidity, atrophy and wrinkles in the neck and chest 

were treated by Mazzuco and Hexsel (2009) with PLLA (150 mg/10 ml) [84]. They reached a 

patient satisfaction score of 91.6% by questionnaire evaluation, while three independent 

evaluators attested to an improvement of 81-100% using photos of 21 patients. Significantly 

reduced scar size and severity of acne patients were achieved by Sculptra® (150 mg/5 ml 

PLLA) treatments [85]. 

In addition to photo-documentation, the augmenting effect of Sculptra® can be non-

invasively objectified by sonography. Schelke et al. (2010) measured the distance between 

the skin’s surface and bone and described an increased distance in the temple area of one 

individual [86]. Valantin et al. (2003) documented a significant increase of total cutaneous 

thickness during a 96 week time span in HIV positive patients with facial lipoathrophy [87]. 
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The lyophilisate of one vial of Sculptra® comprises 150 mg poly-L-lactic acid, 90 mg sodium 

carboxymethylcellulose and 127.5 mg mannitol. 

Poly-L-lactic acid (PLLA) is attributed to be the active ingredient. The tissue response to 

polylactic acid (PLA), used since the late 1960s as a surgical material, was initially examined 

in rodents [88-91]. They reported inflammatory reactions, infiltrating lymphocytes and 

macrophages forming giant cells. Furthermore, activated fibroblasts were observed. 

Examination with C14-marked PLA showed that PLA is metabolised to CO2 and H2O. 

Additionally, PLA could be found neither in lymph nodes nor in other organs after in situ 

application. 

Lemperle et al. (2003) examined the PLLA-injected human forearm tissue of one individual 

[92]. Histological examination revealed fine capsules surrounding the PLLA-based 

microspheres, as well as macrophages and lymphocytes three months after implantation. Six 

months after implantation, the porous surface of PLLA microspheres was surrounded by 

macrophages and giant cells and the degradation of PLLA was completed in month nine. A 

nasolabial tissue biopsy of a 55 year-old woman, taken 12 months after the last Sculptra® 

treatment, revealed aggregation of giant cells, histiocytes and collagen fibres. Repeated 

biopsies after 30 months of implantation showed PLLA-free and collagen-enriched tissue 

[93]. These authors concluded a progressive dissolution of PLLA-microparticles and an 

association with a gradual ingrowth of type I collagen. Goldberg et al. (2013) analysed picro 

Sirius red-stained PLLA-treated tissue sections by digital microscopy and quantitatively 

assessed collagen I and III: compared to baseline, the mean level of type I collagen - and not 

type III collagen – increased significantly [94]. 

In summary, the augmenting effect seems to be achieved by capsule formation as a tissue 

response to foreign biomaterial [95-98]. 
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1.4 Foreign body reaction 

The foreign body reaction (FBR) is an innate host response to protect the tissue from foreign 

incorporated, potentially toxic material by forming a delimitative impermeable tissue 

capsule. Incorporated foreign material evokes a complex, dynamic inflammatory and wound 

healing response including cell infiltration, i.e. macrophages and fibroblasts orchestrated by 

cell signalling mechanisms via chemokines and cytokines, eventually resulting in FBR.  

The cascade of the host response is initialised via opsonisation of the foreign body surface by 

blood and interstitial proteins. Immune cells recognise absorbed proteins by receptors and 

produce cytokine and chemokines, recruiting and activating further cells (Figure 1.4).  

Considering implantology, this host reaction may impair the function of implants. For 

example, fibrotic encapsulated blood vessel substitutes or heart valves are useless and 

biosensors are only able to fulfil function when the analyte reaches the sensor unimpeded. 

Thus, prevention or at least reduction of FBR is an object of research in biomaterial 

engineering. The point of vantage is the surface property of the material, because chemical 

and physical properties of a foreign body determine the extent of the immune reaction. 

Biocompatible materials, respectively biocompatible surfaces or coatings, are required. A 

further attempt might be the employment of nanofibre-mediated siRNA gene silencing, 

reducing the collagen capsule [99]. 

After the insertion of a foreign body, two events trigger an inflammatory response: On the 

one hand, the immediate, above-mentioned opsonisation, and on the other hand, the injury 

of the micro-vasculature and tissue releasing histamine by local mast cells [95]. Opsonisation 

is a dynamic process known as “Vroman effect” with smaller mobile proteins absorbing first 

and being replaced by larger, more immobile proteins with higher affinity. The combination 

and concentration of these adsorbed proteins, as well as their conformational changes, 

determine the attachment and survival of cells [100]. Host proteins absorbing to the surface 

of biomaterial are albumin, complement fragments, fibrinogen, fibronectin, Immunoglobulin 

G and vitronectin [101-103]. Fibrinogen, complement fragments and vitronectin are 

recognised by integrin receptors of macrophages and neutrophils [104]. In particular, 

fibrinogen is essential for initiating the inflammatory response [103]. Absorption and 

denaturation of fibrinogen leads to exposure of normally occult P1 (γ190-202) and P2 (γ377-

395) epitopes, comparable to fibrin after the thrombin-mediated conversion of fibrinogen. 

Macrophages recognise those epitopes by Mac-1 (Macrophage-1 antigen), adhere and 

become activated [105].  
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Parallel to opsonisation, mast cell degranulation mediates the inflammatory response. When 

H1 and H2 histamine receptors are inhibited, the recruitment of macrophages/monocytes 

and neutrophils is significantly reduced (80%) [106-107]. This underlines the importance of 

histamine and pro-inflammatory cytokines, like IL-1ß and TNFα, to activate neutrophils as 

well as endothelial cells, expressing vascular cell adhesion molecule (VCAM)-1, intercellular 

adhesion molecule (ICAM)-1 and E-selectin [108-109]. These adhesion molecules enable 

neutrophils and other leukocytes to extravasate into the blood stream. Leukocytes are 

guided by a gradient of chemokines to the foreign material. Neutrophils granulate by 

releasing further inflammatory factors and additionally producing vascular endothelial 

growth factor (VEGF). Histamine [110] and VEGF are initiators and stimulators of 

angiogenesis [111-113]. 

Extravasated platelets release further chemoattractants like transforming growth factor 

(TGF-ß) and platelet-derived growth factor (PDGF). Via diapedesis, enabled by histamine 

release and the versatile chemokine gradient of TGF-ß, PDGF, leukotriene (LTB4), interleukin 

(IL-1), IL-6 generated by aforementioned cells, monocytes and macrophages are attracted to 

the foreign body, replacing neutrophils. 

Upon receptor-mediated adhesion to host proteins, monocytes/macrophages by themselves 

release chemokines like PDGF, tumour necrosis factor (TNFα), IL6, granulocyte-colony 

stimulating factor (G-CSF), granulocyte macrophage colony stimulating factor (GM-CSF) 

[114], and monocyte chemotactic protein (MCP-1) [115], attracting more 

monocytes/macrophages. Macrophages are further attracted by RANTES, macrophage 

inflammatory protein, MIP-1α, MIP-1ß, MCP-2, MCP-3 and MCP-4 [116]. 

In general, the responsiveness of cells to chemokines seems to be different from 

subpopulation to subpopulation. Weber et al. (2000) examined monocyte subpopulations 

CD14+CD16+ and CD14++ and found that CCR2 is virtually not expressed on the CD14+CD16+ 

surface [117]. This would impair transendothelial chemotaxis and MCP-1-induced up-

regulation of CD11b. On the other hand, CD14+CD16+ is expressed more than CCR5 and is 

thus more responsive to MIP-1α then CD14++. 

Leucocytes adsorb via different receptors to opsonised host proteins, covering foreign body 

surfaces. Several receptor families with overlapping ligand distribution have been revealed. 

There are families of integrins, FC receptors, toll-like receptors, and scavenger receptors 

[118]. Hence, integrin- and FC-receptors bind to host proteins and play the primary role in 

FBR, while toll-like- and scavenger-receptors play the secondary role. However, direct 

binding ability of toll-like receptor and scavenger receptors to charged materials have been 

described [119-120], while they may play a minor part in FBR. 

Integrin receptors enable the cell to migrate through the ECM and interact through signal 

transduction with the environment [121]. Monocytes and macrophages express integrins 

with three different types of ß-chains in order to bind fibrinogen, fibronectin, ICAMs, 

complement fragments and vitronectin, leading to measuring (monocytes) and activation of 



1. Introduction  16 

cytokine production, enabling phagocytosis, mobility or just survival [104]. Luttikhuizen et al. 

(2006) precisely described the complement receptors CR1, CR3 and CR4, binding to 

complement fragments and belonging to the family of integrins, expressed by macrophages 

[98]. CR1 recognises C3b, C4b and Cbi and is involved in particle binding. CR3 and CR4 bind 

to C3bi and facilitate phagocytosis. 

Integrin binding induces a rearrangement of the cell’s cytoskeleton and the formation of 

podosome-like adhesion structure adhesion structures [122]. This enables macrophages to 

engulf the surface of the foreign body.  

FC receptors, FcγRI, FcγRII and FcγRIII-detected particles, which are opsonised with IgG and 

complement fragments, stimulate phagocytes in order to release pro-inflammatory 

cytokines like IL-1, Il-6 and TNFα [98]. 

Macrophages are specialised phagocytes, maturing from monocytes, originating from 

myeloid progenitor cells in the bone marrow. Myeloid progenitor cells develop into 

monoblasts, pro-monocytes and eventually into monocytes, which are released into the 

blood stream. When initiated, monocytes migrate into the tissue, mature under the 

influence of macrophage colony-stimulating factor (M-CSF), granulocyte macrophage colony-

stimulating factor (GM-CSF) and interleukin 3 (IL-3) to macrophages [123]. Macrophages 

phagocytise cell debris arising during tissue remodelling and cells undergone by apoptosis. 

Further, macrophages try to phagocyte entities, process them intracellularly, or, if this fails, 

to engulf and process them extracellularly.  

Besides their classification referring to surface receptor expression, macrophages are 

classified with respect to their activation (Figure 1.5). Classically activated macrophages (M1) 

are activated by microbial components like lipopolysaccharides (LPS) via toll-like receptor 4 

[124] or Th1 cytokine interferon-γ (IFN-γ). These macrophages try to phagocytise pathogens 

and to destroy them due to the secretion of reactive nitrogen- (NO, ONOO-) and oxygen-

species (H2O2, O2
-) [125-126]. Furthermore, they secrete pro-inflammatory cytokines like 

TNFα, IL-1, IL-6, IL-12 and IL-23 and initiate thereby a Th1-response. 

M1 is faced by a more heterogeneous group of immune-modulating and tissue-remodelling 

M2 macrophages, recently divided into three subpopulations (M2a, M2b, and M2c) [127]. 

The current literature reveals an inconsistent nomenclature concerning the term 

“alternative activated macrophages”, standing on the one hand for all M2 macrophages, and 

on the other hand only for the M2a macrophage subpopulation [128]. 
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Figure 1.5 An illustration of different subsets of macrophages, their inducers, phenotype, and functions. The 

plasticity of macrophages allows them to polarise into populations with different phenotypes and functions in 

response to stimuli. Macrophages can be differentiated from monocytes in the presence of M-CSF. Upon 

stimulation of danger signals, IFN-γ+LPS or TNF-α, macrophages can acquire the M1 phenotype, which is 

associated with high microbicidal and anti-tumour activity, the production of pro-inflammatory cytokines and 

activation of Th1 responses. Macrophages can also be alternatively activated into various M2 phenotypes, 

including M2a, M2b, and M2c. M2a (induced by Il-4 and IL-13) and M2b (induced by immune complex +TLR or 

IL-1R ligands) secrete higher amounts of IL-10 but reduced IL-12 and are associated with Th2 responses. M2c 

(induced by IL-10) produce elevated levels of IL-10 and TGFß and is associated with immune suppression and 

tissue remodelling. These activation states of macrophages are hypothetical ends of the spectrum of the 

macrophage phenotype with the actual macrophage phenotype viewed as within a continuum of functional 

sates. Reprint of Kou and Babensee [129]. 
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M1 macrophages express higher amounts of IL-12, IL-23 and less IL-10, underlining Th1 

relation. M2 express lower amounts of IL-12 and Il-23, but higher amounts of anti-

inflammatory IL-10 [127]. M1 macrophages up-regulate inducible nitric oxide synthase, 

catabolising L-arginine to nitric oxide and citrulline; this is in contrast to M2 macrophages, 

except M2b, which induce arginase 1 converting L-arginine to ornithine a precursor of 

polyamines and prolines necessary for collagen synthesis [130].  

M2a, alternative activated macrophages, are stimulated by Th2 cytokines IL-4 and IL-13. M2a 

produce lower levels of NO due to higher arginase activity. Mannose receptor expression is 

up regulated by IL-4 [131]. M2b are induced to bind to immune complexes. In common with 

M1, they initially show strong NO production, and consequently a lower arginase activity, 

followed by the expression of pro-inflammatory cytokines like TNFα, IL-1, IL-6. In contrast to 

M1, M2b produce IL-10, effecting Th2, whereas M1 produce IL-12, effecting TH1. M2c are 

induced by IL-10 and produce higher level IL-10 and TGFß [127]. 

Macrophages cannot strictly be divided into categories, because there are fluent transitions 

between their subtypes. Macrophages possess plasticity and can switch between classically 

activated and alternatively activated variants. There seems to be a progress in plasticity. 

First, classical activated macrophages clear pathogens and destroy ECM via MMP, 

collagenase, elastase and hyraluronidase release, to reach the place of action in time. 

Subsequently, they switch in response to cytokines to the alternative modus to contribute to 

tissue remodelling.  

Macrophages are key cells in the FBR. If the foreign body is too large or not conventional 

phagocytisable, single macrophages fuse to foreign body giant cells (FBGC), also called 

multinucleated giant cells. This process is also known as “frustrated phagocytosis”. Fusion of 

FBGC is initiated by IL-4 and/or IL-13 [132-134]. Furthermore, vitronectin and the expression 

of mannose receptors support fusion [135-136] and IL-4 and IL-13 enhance the expression of 

mannose receptors [134]. Further receptors, such as P2X7 and DC-STAMP, seem to be 

essential for fusion. Macrophage clones, displaying elevated P2X7 expression, were able to 

fuse in contrast to clones with low P2X7 expression in vitro. Moreover, a P2X7 blocker 

inhibited fusion [137]. Fusion of FBGC in DC-STAMP-deficient mice was abrogated [138]. 

Further receptors like MFR and CD47 might also participate in fusion [139-141]. CLL2 is 

involved in FBGC-fusion; hence, it is reduced in CCL2-null mice as well as upon CCL2-antibody 

and/or CCL2-inhibitor application in vitro [142]. Furthermore, the surface composition of a 

foreign body is crucial for macrophage fusion and cytokine/chemokine expression of FBGC. 

Thus, the material surface is determining whether adequate host proteins are able to bind 

and promote fusion [143-144]. Hernandez-Pando et al. (2000) examined the cytokine 

production of murine FBGC by means of immunohistochemistry and mRNA expression 

analysis [145]. After the first 4 weeks, IL-1α and TNFα were abundant, but TGFß was 

negative. After 55-60 days, IL-1α and TNFα were barely detectable, but TGFß expression was 

very strong. In contrast, Luttikhuizen et al. (2007) reported low TGFß mRNA expression in 

the FBGC of rats compared to the surrounding tissue [146]. 
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Macrophages secrete various compounds, like proteolytic active enzymes, free radicals and 

reactive oxygen species, with the intent to degrade the foreign material. Furthermore, they 

can secrete MMPs and TIMPs, influencing tissue modulation. 

FBGC generate via the release of reactive intermediates and degrading enzymes a damaging 

milieu for the foreign body. Absorbable polymers, like poly-lactic acid or poly-glycolic acid 

primarily underlie degradation, i.e. polymer chains are broken up. Subsequently, resorption 

to monomers and eventually metabolism in the Krebs´ cycle follow. 

Foreign body absorption takes time, alongside its fibrotic encapsulation and separation from 

the surrounding tissue. Granulation tissue consists of macrophages, infiltrated fibroblasts 

and neo-vascularisation. It is a precursor of the fibrotic capsule [96].  

Macrophages and FBGC are both mediators of the FBR, communicating via cytokines with 

monocytes, neutrophils, fibroblasts, T-and B-cells and influencing those. Macrophages are 

involved in ECM deposition and remodelling. IL-4 activated macrophages express fibronectin 

mRNA and protein and ßIG-H3 (TGFß1 induced cell adhesion molecule), relevant for cell 

attachment in the wound healing phase. Song et al. (2000) employed macrophage-fibroblast 

co-cultures to study the effect of classically and alternatively (IL-4) activated macrophages 

on fibroblasts [147]. Alternatively activated macrophages enhance collagen synthesis, 

whereas classically activated macrophages suppress collagen synthesis. Coincidently, 

alternatively activated macrophages increasingly express mRNA of pro-fibrotic TGFß1 and 

PDGFAA and PDGFBB. In contrast, mRNA of TNFα and MMP7 was increased in classically 

activated macrophages. TNFα stimulates the collagenase production in fibroblasts [148-149] 

and reduces collagen type I production [150], leading to ECM degradation. 

TGFß is the key cytokine during fibrosis and leads to fibrotic diseases in several organs, like 

lungs [151], kidneys [152], liver [153], and heart [154]. Encapsulation comprises chronic 

fibrosis and thus TGFß represents the leading actor during this tissue reaction. There are 

three TGFß isoforms (TGß1, ß2, ß3) that have been identified in mammals, which are 

secreted as inactive precursors along with TGFß binding protein in order to attach to the 

ECM. The activated form of TGFß is generated by proteolytic cleavage, removing TGF binding 

protein via MMP-2 and MMP-9 activity [155]. Active TGFß binds to the TGFß type III 

receptor, presenting in turn TGFß to the signal transducing TGFß type I and II receptors. 

Signal transduction is ensured by phosphorylation of Smad2 and Smad3, mediating fibrotic 

responses [156-157]. Li et al. (2007) investigated the role of TGFß in foreign body capsules 

(FBC) in rats at different time points [156]. mRNA and protein levels of TGFß1 was 

significantly increased in FBC at all of the time points compared to the control. Furthermore, 

immunohistochemistry of FBC revealed a high number of stained cells for phosphorylated 

Smad2 and presence of TGFß1 compared to the control tissue. Besides TGFß1, the 

connective tissue growth factor (CTGF) might be an important cytokine for FBC. Mazaheri et 

al. (2003) reported on reduced capsule formation around an implant using antisense CTGF in 

a rat model [158]. Moreover, according to the corporate work by Ward et al. (2008) and Li et 

al. (2007) [133, 156], CTGF mRNA expression in FBC is substantially higher at all of the time 
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points compared to control tissue. Further, IL-13 mRNA expression was increased, 

accompanied by an increased T-cell abundance at all of the time points [133]. Th2 cell 

product IL-13 is known to stimulate fibroblast-dependent collagen formation [159-160], 

even in a TGFß-independent manner [161]. 

TGFß1 and PDGF are initially secreted by platelets [162] and serve as chemoattractants for 

fibroblasts [163-164]. Subsequently, macrophages produce TGFß, stimulating fibroblasts to 

produce CTGF [165]. TGFß appeals an anti-inflammatory effect and inhibits macrophage 

production and secretion of chemoattractants CCL2 and CCL3, reducing the infiltration of 

further phagocytes [166]. PDGF, TGFß and CTGF are mitogens for fibroblasts [167]. 

Moreover, TGFß archives reduced the production of MMP and enhanced the production of 

TIMP [168]. mRNA expression of collagen and TIMP is increased by TGFß, while that of 

MMPs is decreased [169]. 

TGFß leads to an increased production of collagen type I and III, fibronectin and 

proteoglycans by fibroblasts and myofibroblasts [170-172]. Fibroblasts differentiate under 

the influence of TGFß1 into myofibroblasts, while PDGF promotes myofibroblast 

proliferation [173-174]. Myofibroblasts are characteristic of granulation tissue, synthesise 

more collagen type III than type I [175] and are featured through αSMA expression, which 

enables their contraction. During wound healing, they are involved in wound closure. 

Fibroblasts are Thy-1 positive; as soon as they are activated by TGFß, they differentiate into 

myofibroblasts, which are Thy-1 negative [176]. Thy-1 negative cells have a significantly 

higher myofibroblast gene and protein expression compared to Thy-1 positive cells. 

Moreover, Thy-1 negative cells show significantly greater collagen contraction compared to 

Thy-1 positive cells, indicating more fully differentiated myofibroblasts. Myofibroblast resist 

apoptosis, consequently leading to an accumulation in fibrotic tissue [177]. 

Fibrocytes were characterised as collagen+/vimentin+/CD34+/bone marrow-derived 

circulating cells [178]. They migrate from the blood rapidly to injured tissue. In vitro, those 

fibrocytes express αSMA when activated by TGFß1 and contract collagen gels. Therefore, 

they exhibit two important properties of myofibroblasts and complete the population of 

granulation tissue [179]. Moreover, during fibrosis, further cell types, like endothelial, 

epithelial mesenchymal stem cells are also capable to form myofibroblast cells [180].  

The following observations indicate that specific properties of a foreign body determine 

whether it is capsulated by collagen type I and/or Type III: von Recum et al. (1993) examined 

the capsule of silastic, hydroxyapatite and polished titanium implants by immune 

histochemistry [181]. For all materials, a collagen type III positive staining was found, only 

the capsule around polished titanium was additionally collagen type I positive and even 

more prominent than collagen type III. Shannon et al. (1997) repeated the immune staining 

of capsule tissue around titanium and examined further capsule tissue around stainless steel 

[182]. Contrary to the previous study, they found an equal amount of collagen type I and III 

in the capsule around the titanium implant as well as around the stainless steel implant.  
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Tan et al. (2012) examined the tissue response to titanium oxide and hydroxyapatite 

implants in rabbits [183]. Therein, immune histological approaches of titanium oxide and 

hydroxyapatite tissue capsules first revealed collagen type III, decreasing over time, which 

was finally replaced by collagen type I. Li et al. (2007) and Ward et al. (2008) analysed the 

capsule tissue around amphiphilic polyurethane covered mock biosensors: Li et al. (2007) 

reported increased mRNA expression of collagen type I in capsule tissue with the highest 

expression after 21 days compared to control tissue [156]. Immunofluorescence staining 

showed elevated collagen type I content and αSMA positive structures at day 7 and 21, 

indicating vasculature and myofibroblasts. During days 48-55, collagen type I staining 

dominated entirely and αSMA was almost non-detectable, suggesting less pronounced 

vasculature and fewer myofibroblasts. Immunofluorescence staining performed by Ward et 

al. (2008) revealed capsule tissue with an increased amount of collagen type I, decorin and a 

slightly elevated amount of fibronectin comparing to control tissue [133].  

During wound healing, collagen type III is initially expressed and is later replaced by collagen 

type I. Higgins et al. (2009) investigated FBR concerning its cell surface markers and soluble 

mediators [184]. Therefore, they implanted nylon meshes subcutaneously into mice and 

analysed the tissue 2, 4 and 10 weeks after implantation by immunohistochemistry. The 

implant was principally surrounded by F4/80 and CD11c positive macrophages and FBGC in a 

first cell layer. None of the cells were CD11c positive, which is an established marker for 

dendritic cells. T- and B-cells (CD3+; B220+) were not retrieved in close proximity to the 

implant site, but in the periphery. IL-13, Il-4, IL-10 and TGFß were present in the tissue at all 

of the time points. In detail, IL-4 was found in small macrophages and FBGCs close to the 

implant, but not in the periphery. IL-13 was found in FBGCs and macrophages distributed 

throughout the wound. IL-10 was present in direct proximity to the implant in FBGCs and 

macrophages. TGFß-positive staining was apparent in FBGCs, macrophages, fibroblasts and 

throughout regions of fibrosis. Additionally, Th1-associated IL-6, TNFα, IFN-γ and MCP-1 

were tested. IL-6 was retrieved at all of the analysed time points in fibroblasts and 

macrophages in the periphery. TNFα und IFN-γ were not detected at any time point. At least 

MCP-1 was expressed at every time point in macrophages and FBGCs surrounding the lesion. 

Klinge et al. (2014) characterised the inflammatory cell infiltrate of granuloma of human 

explanted meshes [185]. More than 80% of the cells expressed CD68, CD8, CD45R0 as well as 

vimentin. CD4 and desmin were expressed in 30-80% of the cells. Altogether, this indicates 

that the cell infiltrate of an FBR does not comprise macrophages exclusively, but rather of a 

variety of cells in different transitions. 
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In summary, current data on skin aging reveal dermal and subcutaneous structural changes. 

Age-related lipoatrophy is prominent. To counteract this visible loss of tissue, minimally-

invasive procedures, such as the injection of augmenting material have evolved. Hence, the 

focus lies on its clinical effect; biochemical studies have been neglected in the long-term. 

Side effects, such as granulomatous reactions to dermal filler, have been described. Only 

recently have biochemical studies on the effect of cross-linked HA been performed in order 

to elucidate fibroblast physiology and the mechanism responsible for the augmenting effect. 

Such studies on Sculptra®, hydroxyapatite and other fillers are still missing. Hence, dermal 

implantation of a filler is comparable to the implantation of a foreign body; the current 

literature on FBR has been reflected in detail. If a study on the tissue response of Sculptra® is 

planned, detailed knowledge of FBR in general is required to plan the required experiments. 

Here, the study was performed with human volunteers; hence, it is human tissue that is of 

concern. Murine studies were not considered, since Sculptra® is applied and approved for 

the augmentation of rhytides and volume loss in humans. However, performing human 

studies requires special consideration compared to murine studies. For example, volunteers 

have to feel that they are in good hands to agree on procedures like injections and punch 

biopsies. Care-taking and communication was as essential as the layout of a long-term study. 
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2. Study design 

The present study was approved by the ethical committee of the University of Osnabrück 

11th November 2009 (reference number 4/71040/06) and conducted according to the ethical 

principles of the declaration of Helsinki. Participating volunteers were insured. 

Included were twenty-one healthy, 50-65-year-old, Fitzpatrick skin type I-III volunteers. 

Excluded were individuals I) with connective tissue diseases, II) on oestrogen [186], thyroid 

or corticosteroid therapies [187], III) consuming nicotine [188] or vast amounts of green tea 

[189], IV) exposed to intensive UV-radiation [189], hence these factors may influence the 

expression of MMPs and consequently cutaneous collagen metabolism. 

Prior to the study every volunteer was instructed in oral and written form about the 

investigational product and risks of participating in the study. Participants could resign from 

the study at any time without assigning a reason. Every volunteer gave their informed 

consent (cf. 7.4). 

The clinical course of the study was documented by photography and sonography in three-

monthly visits. Volunteer’s qualities of life were evaluated by a questionnaire prior to and at 

the end of the study phase. In total, four visits, receiving Sculptra® subcutaneous, were 

carried out at three monthly intervals. To ensure molecular biological and histological 

examinations of skin biopsies over the 20 months time phase, 21 volunteers were 

randomised into three groups (A, B, C). A base line punch biopsy was taken from every 

volunteer. Two further biopsies were taken two weeks after injections # 1 and # 4 (group A), 

two weeks after injection # 2 and 8 months after the last injection (group B) and two weeks 

after injection # 3 and 10 month after the last injection (group C) (Figure 2.1;Table 2.1). 

Volunteer # 9 permitted a fourth biopsy in month 38. 

 

Figure 2.1 Time line of events 
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Table 2.1 Study procedure 

 

 

 

 

 

 

 

 

 

 

 

 

month 0 3 6 9 12 15 18 20 38 

visit 1 2 3 4 5 6 7 8 9 

patient history, 

information, 

agreement 

X         

questionnaire X       X  

Photo 

documentation 

X X X X X X X X  

sonography X X X X X X X X  

biopsy group A,B,C  

Group A 

two 

weeks 

after 

injection 

B  

two 

weeks 

after 

injection 

C  

two 

weeks 

after 

injection 

A  

two 

weeks 

after 

injection 

  B C Volunteer 

#9 

Sculptra® injection X X X X      
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3. Material and Methods 

3.1 Material 

If not mentioned specifically, plastic ware was purchased from Sarstedt (Nümbrecht) and 

Eppendorf (Hamburg). 

3.1.1 Chemicals 
Table 3.1 Chemicals and manufacturers. 

chemicals manufacturer 

agarose Bioline 

disodiumhydrogenphosphate Merck 

dNTP Mix Roche 

BSA, Tween 20, Triton-X 100, glycerine, calcium 
acetate, citric acid 

Sigma-Aldrich 

potassium chloride, EDTA, TRIS, sodium chloride, 
potassium hydrogen phosphate , sodium acetate, 
ethidium bromide, bromphenol blue 

Serva 

 

3.1.2 Oligonucleotides 

Oligonucleotides were purchased from Eurofins MWG Operon, Ebersberg. Applied as 

lyophilisate primers were dissolved in H2O to a stock dilution of 100 pmol/µl and stored at     

- 20°C. Primer solutions of 10 pmol/µl were used for PCR.  

Table 3.2 Primers for real-time PCR. 

gene forward primer reverse primer Product (bp) 

RPLP0 GCGACCTGGAAGTCCAACTA TCCTTGGTGAACACAAAGCC 260 

Col1A1 CAAAGTCTTCTGCAACATGG TCTGCTGGTCCATGTAGG 261 

Col3A1 AAGGGGAGCTGGCTACTTC GAGTAGGAGCAGTTGGAGG 271 

ACTA2 ACAATGAGCTTCGTGTTGCC AGGTAGTCAGTGAGATCTCG 295 

TGFB1 GACATCAACGGGTTCACTAC GTCCAGGCTCCAAATGTAGG 298 

TIMP1 AAAGGGTTCCAAGCCTTAGG AGGGAAACACTGTGCATTCC 256 

DN AGCAAAGTTAGTCCTGGAGC GCAATGCGGATGTAGGA 272 

PDGFB TGTCCAGGTGAGAAAGATCG TGCGTGTGCTTGAATTTCCG 240 

CTGF AGTTTGAGCTTTCTGGCTGC CATGTCTCCGTACATCTTCC 245 

 

Coding sequences for primer design were retrieved from NCBI 

(http://www.ncbi.nlm.nih.gov/ nucleotide/) (10th July 2012). Primer design was 

implemented with the help of www.primerfox.com (Fuchs, 10th July 2012). Specificity of the 

suggested primers was checked by the nucleotide blast of NCBI 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&

PAGE_TYPE=BlastSearch&SHOW_DEFAULTS=on&LINK_LOC=blasthome) (10th July 2012). 
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3.1.3 Antibodies 

Primary and secondary antibodies listed in table 3.3 and 3.4 were used for 

immunofluorescence staining of human skin cross sections. 

Table 3.3 Primary antibodies 

primary antibody clonality/host  Company/catalog no. dilution 

anti human collagen type I monoclonal IgG1 mouse  abcam (ab90395) 1:500 

anti human collagen type III polyclonal IgG rabbit  abcam (ab7778) 1:400 

anti human CD90/Thy1 polyclonal IgG sheep  R&D Systems (AF2067)  1:10 

anti human CD68 Monoclonal IgG1 mouse  abcam (ab955) 1:100 

anti human αSMA monoclonal IgG2a mouse  abcam (ab7817) 1:100  

anti human CD31 polyclonal IgG rabbit  abcam (ab28364) 1:10 

anti human podoplanin Monoclonal IgG1 mouse  abcam (ab10288) 1:1400 

 

Table 3.4 Secondary antibodies 

secondary antibody host Company/catalog no. dilution 

anti mouse IgG Cy3 sheep Sigma Aldrich (C2181) 1:500 

anti sheep IgG Alexa Fluor 647  donkey Invitrogen (A21448) 1:125 

anti rabbit IgG Alexa Fluor 647 donkey abcam (ab150075) 1:125 

 

3.2 Clinical methods 

3.2.1 Photo documentation 

Upper arms of the volunteers were photographed (Nikon D 70; objective Sigma DC 18-200 

mm 1:3,5-6,3 D, ring flash Sigma EM- 140 DG) at a distance of one meter in ventral and 

dorsal position. Photos were arranged employing Adobe Photoshop elements 7.0. 

3.2.2 Sonography 

The treatment course was monitored by sonography. Hence Sculptra® was injected 

subcutaneously a 22 MHz ultrasonic probe was selected. The sonography unit type DUB-USB 

(taberna pro medicum, Lüneburg) was attached to a Sony Vaio notebook with installed DUB 

SkinScanner 3.95 software. Penetration depth was 10 mm and intensification was 48 dB. 

Sonography is a non-invasive imaging method using ultrasonic waves to visualise tissue 

structures. Ultrasonic waves permeating tissues are reflected differently, depending on the 

sound conduction properties of the tissue structures. The intensity of reflections and the 

time span between impulse and echo are detected and composted to a picture with more or 

less echogenic structures. The program illustrates the data in an A-scan and a B-scan. A-scan 

(amplitude modulation) shows the intensity of the echo and its penetration depth in form of 

amplitudes. B-scan (brightness modulation) is a two dimensional illustration of the skin cross 

section.  

The DUB SkinScanner software possesses a tool for measuring the echo density of a freely 

selectable rectangle in sectors of a B-scan. Upon the clinical visits sonographic scans of both 
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upper arms of each volunteer were collected in terms of a loop (succeeding pictures). Three 

scans of one loop were chosen and analysed as follows: B-scan was phase adjusted. The first 

vertical measuring line was set to the entry echo of the epidermis. The second vertical 

measuring line was set 0.7 cm into the depth of the scanned tissue. Than the first measuring 

line was set under the echo of the epidermis. Now both horizontal measure lines were 

spanned up to an area of 20 mm2. This procedure gave standardized depths and areas, 

minimized inter- and intraspecific differences and allowed evaluation of scans. Echo density 

of three B-scans per upper arm where calculated to an arithmetic average. Differences 

between left and right arm (Mann-Whitney U test) and changes between baseline measures 

and at months 20 (Wilcoxon test) were analysed using SPSS® (Version 19; IBM Corporation, 

Somers, NY, USA). 

3.2.3 Tissue sampling 

Following thoroughly disinfection an 1 cm2 area of the left inside of the upper arm skin was 

anaesthetised by 1 ml of local anaesthetic Xylonest 1% (AstraZeneca, Wedel). 3 mm Ø, deep 

punch biopsies (kai Europe, Solingen) of skin and subcutis were taken and the defect closed. 

Stiches were removed two weeks later. Punch biopsies were divided, one half was 

transferred for molecular biological examination into a sterile Eppendorf tube and was 

immediately snap frozen and stored in liquid nitrogen, the second half was fixed in formalin 

4% and sent to the dermatohistopatholocic laboratory of P. Kind, MD (Offenbach).  

3.2.4 Injection of Sculptra® 

Sculptra® (Sanofi Aventis, Berlin), available in its lyophilised form (vial à 150 mg poly-l-lactic 

acid microspheres (Ø40-63 µm), 90 mg carboxymethylcellulose and 127.5 mg pyrogen free 

mannitol) was reconstructed with 8 ml of sterile water, plus 2 ml of Xylocaine (1%) 

(AstraZeneca, Wedel) to the final volume of 10 ml/vial.  

To allow slow and complete water absorption of PLLA microspheres, the lyophilisate was 

reconstructed with 5 ml sterile water at least 24 hours prior to the injections. Remaining 

above mentioned 3 ml sterile water and 2 ml of Xylocaine was added to the suspension a 

few minute prior to application. It is recommended to take up resuspended Sculptra® at 

body temperature into 1 ml luer lock syringes (DB, Franklin Lakes, NJ; USA). Prior to the 

injection, treated skin areas were disinfected with octenisept (Schülke & Mayr, Norderstedt). 

Resuspended Sculptra® was injected subcutaneously (26 G needles), employing a tunnelling 

technique during slow retraction (Figure 3.1). Per injection site 0.2 ml of the suspension was 

applied. A total of one vial Sculptra® was injected per upper arm every three months. During 

the study course 4 vials per upper arm/ volunteer were employed. Injections were carried 

out by the head of the clinical trial, N. Y. Schürer, MD (Osnabrück). After the last injection 

treated area was massaged with the aim to distribute the applied material.  
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Figure 3.1 Sculptra® injection into the ventral aspect of the upper arm 

3.2.5 Quality of Life  

In cooperation with Prof. Augustin (Institut für Versorgungsforschung in der Dermatologie 

und bei Pflegeberufen, Universitätsklinikum Hamburg-Eppendorf) the questionnaire Freiburg 

Life Quality Assessment-k (Fragebogen zur Lebensqualität, Haut und Kosmetik) (cf. 7.5) was 

employed to evaluate the volunteers quality of life status prior to and after the study. 44 

questions and five respective answers inquired I) the general wellbeing, II) the mindset to 

the skin and III) to the outer appearance in general. Each answer was valued and classified 

into 5 topics namely hiding of the body, dissatisfaction of the outer appearance, avoiding 

contact, aiming for cosmetics, and dissatisfaction with the skins appearance. Values of each 

topic were averaged and expressed in a diagram. The questionnaire is modified to the core 

questionnaire referred in Augustin et al. (2004)[190].  

3.3 Molecular biological methods 

Gene expression analysis regarding the influence of Sculptra® on the human dermis and 

subcutis were carried out by realtime PCR [191]. Therefore, total RNA was prepared from 

the tissue samples and mRNA was transcribed by reverse transcriptase, dNTPs and 

oligo(dT)20 primer into cDNA. cDNA represents the unity of all expressed genes to the time 

point of tissue collection and serves as a template for real-time PCR.  

3.3.1 Total RNA isolation from skin tissue samples 

Total RNA from skin tissue samples was isolated using the RNeasy Fibrous Tissue Mini Kit 

(Qiagen, Hilden) following manufacturer´s recommendation. Tissue samples were 

homogenized with the Ultra-Turrax T25 (IKA, Staufen) at 18000 rpm for 30 s in 300 µl RLT 

buffer. RLT buffer contains chaotropic guanidinium isothiocyanat, which lyses cells and 

inactivates RNases. Lysates were dissolved with 590 µl RNase free water and incubated with 

6 U proteinase K at 55°C for 10 minutes. During the following centrifugation step, cell debris 

was pelleted by 10000 xg for 3 minutes. Supernatants were mixed with 450 µl 96% ethanol 

and centrifuged through a silica membrane (RNeasy mini column) at 8000 xg for 15 s. The 

silica membrane was washed with 350 µl RW1 buffer by a further centrifugation step at 

8000 xg for 15 s. To remove bound DNA from this membrane, a 15 minute digestion was 

performed via the incubation of 27 units DNase I in 80 µl RDD buffer at room temperature. 

Digested DNA was washed off with 350 µl RW1 buffer at 800 xg for 15 s followed by two 



29  3. Material and Methods 

more washing steps with 500 µl RPE buffer at 8000 xg. Finally isolated total RNA was eluted 

twice with 40 µl RNase free H2O.  

Purity and concentration of isolated total RNA was analysed photometrically using a 

NanoPhotometer (IMPLEN, Munich). Concentration was determined by the absorption at 

260 nm and calculated according to the absorption of 1 correlating with the RNA 

concentration of 40 ng/µl. Nucleic acids absorb ultraviolet light by a wave-length of 260 nm, 

whereas aromatic amino acids of proteins absorb ultraviolet light at 280 nm. The quotient of 

RNA-/protein-content reflects the purity of the sample. The sample was used when the 

quotient was higher than 1.8. Isolated RNA was immediately used for synthesis of cDNA. 

3.3.2 Polymerase chain reaction (PCR) 

PCR enables the enzymatic exponential duplication of desired DNA segments [192]. PCR was 

required to examine the binding ability and annealing temperature of gene specific primers 

for the real-time PCR. Therefore different PCR assays of current primer pairs were incubated 

in gradient PCR cycler (Eppendorf, Hamburg) enabling different temperatures for each assay 

during the annealing phase. Amplification was carried out by DreamTaq DNA polymerase 

(Fermentas, St. Leon-Roth). A 25 µl sample containing 100 ng cDNA, gene specific primers 

(forward and reverse á 0.6 µM), 0.2 µM dNTPs, 2.5 µl 10x DreamTaq buffer, 2.5 U DreamTaq 

DNA polymerase, was incubated as follows: 60 s at 94°C; 35x [30 s at 94°C; 30 s at 56°C or 

58°C or 60°C; 30 s at 72°C] 10 min at 72°C. Resulting PCR fragments were further processed 

like described in 3.3.5 Agarose gel electrophoresis. 

3.3.3 Reverse transcription  

For cDNA-synthesis from isolated total RNA ThermoScript PCR System (Invitrogen, 

Darmstadt) was used following manufacturer´s recommendations. For first strand synthesis 

20 µl sample containing 15 U reverse transciptase, 2.5 µM oligo(dt)20 primer, 5 µM dNTP mix 

and 200 ng RNA were incubated at 55°C for 1 h. The reaction was terminated by incubating 

at 85°C for 5 minutes. Finally 2 U RNAse H was added and incubated by 37°C for 20 min, in 

order to remove the RNA. Synthesized cDNA was stored at -80°C until it was used as 

template in real-time PCR. 

3.3.4 Real-time PCR 

Real-time PCR is a variant of PCR to detect the accumulating amount of specific DNA 

fragments via fluorescence measuring. Thereby fluorescence dye Sybr Green (Fermentas, St. 

Leon-Rot) intercalates into double stranded DNA and the fluorescence signal increases 

proportional to the PCR product amount. During the experiment the cycle number 

(quantification cycle (Cq) or threshold cycle (Ct)) is recorded when reaching a certain DNA 

amount. For standardization ribosomal phosphoprotein large P0 (RPLP0) was used as a 

housekeeping gene [193]. Housekeeping genes are expressed in the same strength to every 

time point in every cell and a comparison of Cqs ratios enables a conclusion on the examined 

genes. Examinations were carried out by the iCylcler real-time PCR system (BioRad, Munich) 

in triplicates, according to manufacturer´s recommendations. Briefly, 25 µl sample 

containing 75 ng cDNA, gene specific primers (forward and reverse á 1µM) and Maxima SYBR 
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Green/Fluorescein qPCR Master Mix were incubated as follows: 10 min at 95°C; 35x [30 s at 

95°C; 30 s at 58°C; 30 s at 72°C] 3 min at 72°C. Specificity of current PCR products was 

controlled by melting curve analysis (cf. 7.3). Finally data were analysed by the q-gene 

approach according to Simon (2003) [194]. 

3.3.5 Agarose gel electrophoresis 

To analyse PCR products according to their size 0.8% agarose matrix in TAE buffer (40 mM 

TRIS, pH 8, 10 mM NaAC, 1 mM EDTA) was accomplished according to Sambrook et al. 

(1989) [195]. To enhance the density of the sample and to obtain an indication about the 

position of the DNA sample by a dye, DNA samples were mixed in a ratio 1:5 with gel loading 

buffer (5x TAE, 30% glycerin, 0.25% bromphenol blue). Separation ensued by a tension of 80 

V over 65 minutes at a distance of electrodes of 13 cm. Separated DNA fragments were 

stained by ethidium bromide (2 µg/ml) for 20 minutes, washed in H2O, visualized and 

documented by VersaDoc (BioRad, Munich). DNA fragment sizes were estimated in relation 

to the SmartLadder (Eurogentec) standard. Under UV-Light prominent bands were excised 

and DNA fragments were purified employing the QIAquick Gel Extraction Kit (Qiagen, Hilden) 

according to the manufacture´s recommendations. DNA fragments were sequenced by 

Seqlab (Göttingen). 

3.4 Histological examinations 

3.4.1 Haematoxylin eosin staining 

Embedding formalin fixed tissue in paraffin, manufacturing 3 µm thick serial cross-sections 

on Superfrost slides (Menzel, Braunschweig), and staining with haematoxylin and eosin 

(H&E) according to Böhmer (1865) was ensured by the dermatohistopatholocic laboratory of 

P. Kind, MD (Offenbach) [196]. 

Haematoxylin stains acidic structures, like nuclei and endoplasmatic reticula blue. Eosin 

stains basic structures, like cell plasma proteins, mitochondria and collagen in red colour. 

Documentation of H&E-stained tissue was ensured by Olympus microscope (BX60) and by 

Cellp software. For detection of birefringent PLLA-particles polarized light was employed. 

3.4.2 Immunofluorescence staining 

Paraffin embedded cross-sections were initially dewaxed (deparaffinized) and rehydrated. 

Dewaxing of sections ensued by 3 times 5 minutes incubation in xylene (Sigma-Aldrich, 

Taufkirchen) and rehydration in an ethanol dilution series. Therefore sections incubated 

twice in 100% ethanol for three minutes and currently once in 95%, 90%, 80% and 70% 

ethanol for 3 minutes. A three-minute rinse off with water followed. 

For antigen retrieval the cross-sections were incubated for 15 minutes in boiling sodium 

citrate buffer (10 mM sodium citrate, 0.05% Tween 20, pH 6.0) or in Tris-EDTA buffer (10 

mM Tris, 1 mM EDTA, 0.05 Tween 20, pH 9.0). Than the heat was switched off and cross-

sections were left for further 30 minutes within the buffer. After two washing steps with H2O 

for two minutes, cross-sections were blocked with 2% bovine serum albumin (BSA) in 
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phosphate buffered saline with triton (PBS-T) (137 mM sodium chloride, 10 mM phosphate, 

2.7 mM potassium chloride, pH 7.3 and 0.1% Triton X-100). This blocking step was carried 

out in a humidified chamber at room temperature. Cross-sections were incubated with the 

primary antibody (cf. table 3.3) diluted in PBS-T + 2% BSA over night at 4°C. Two washing 

steps for 3 minutes, each with PBS-T, followed by one with PBS (137 mM sodium chloride, 

10mM phosphate, 2.7 mM potassium chloride, pH 7.3) preceded a 1 h incubation period 

with the secondary antibody, diluted in PBS-T + 2% BSA (cf. table 3.4) and 4´,6-Diamidino-2-

phenylindole dihydrochloride (10 µg/ml) (DAPI) (Sigma, Taufkirchen) at room temperature. 

Two wash steps with PBS-T and finally with PBS (137 mM sodium chloride, 10 mM 

phosphate, 2.7 mM potassium chloride, pH 7.3) (three minutes each) followed. Mounting 

was ensued by a drop of Vectashield mounting medium (Vector Laboratories, Burlingame, 

CA, USA), the gap between the slide and covers lip was sealed by nail polish. Microscopy of 

the specimens followed by application of the fluorescence microscope Olympus IX70 and the 

metamorph software (Molecular Devices, Sunnyvale, USA). Furthermore, the microscope 

Olympus IX881 with confocal laser scanning unit fluoview FV1000, equipped with a multi 

argon laser (458/488/515 nm), laser diodes (405, 559, 635 nm), objective UPLSAPO 20x NA 

0.75 air, LUCCPLFLN 40x NA air, UPLSAPO 60x NA 1.2 water and acquiring software FV10-

ASW Version 3.0 was employed. Raw data was analysed with the software Image J. 

3.5 Biochemical methods 

3.5.1 Collagenase test 

A collagenase test was performed using the substrate kit for quantitative collagenase 

determination (Sigma-Aldrich, Taufkirchen) according to the manufacture´s 

recommendation based on Grassmann and Nordwig [197]. Besides the test approaches, 

blanks and standards were carried out with and without Sculptra® to be aware of an 

influence of Sculptra® on the absorption measurement. For each relevant approach 50 µl 

Sculptra® solution (vial diluted in 8 ml water and 2 ml Xylocaine) was washed in citrate 

buffer (0.1 M citric acid, 0.01 M calcium acetate, pH 6.3) to exclude Xylocaine. Solids were 

sedimented and resuspended in the I) collagenase, II) standard and III) blank solution. 

Collagenase incubation at 37°C for 5 minutes was ensured in a Thermomixer comfort 

(Eppendorf, Hamburg) by 500 rpm to avoid subsidence of Sculptra® particles. The reaction 

was stopped via incubation at 99°C for 15 minutes. Absorption was determined by 

SpectraMax Plus (Molecular Devices, Biberach an der Riss). Volume activity (U/ml) and 

specific activity (U/mg) were calculated like follows. 
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4. Results 

4.1 Clinical monitoring 

The upper arm as treatment area was selected for the following reasons: for biological 

examinations tissue harvesting by punch biopsies was necessary. Hence small scars remain, 

biopsies were taken at the less visible inner site of the upper arm. Furthermore, women 

suffer at a certain age from the loss of tissue elasticity of the upper arms. Hence 

employment of Sculptra® for extra facial augmentation is documented successfully in the 

literature, Sculptra® was applied to the inner site of the upper arm. The development of 

nodules is described in literature. Therefore, in case of the development of late onset 

nodules, unsightly appearances would be less visible on the inner site of the upper arm. 

During this 20 months-study no dropouts were recorded. Palpable patches of small nodules 

had developed by 2 of the 21 volunteers in the Sculptra® treated upper arms. Four more 

volunteers reported about the development of palpable nodules 10-28 months after the last 

injection in a follow-up telephone interview.  

 

 

Figure 4.1A Left upper arm of volunteer #21 before the treatment (at baseline)

 

Figure 4.1B Left upper arm of volunteer #21 after 20 months of treatment (after 4 

Sculptra® injections at 3 months intervals) 
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Figure 4.2A Right upper arm of volunteer #9 before the treatment (at baseline) 

 

Figure 4.2B Right upper arm of volunteer #9 after 20 months of treatment (after 4 

Sculptra® injections at 3 months intervals) 

 

Direct visual comparison of Sculptra®-untreated and -treated (after four injections) upper 

arm photo documentation revealed no objective changes in shape and / or structure 

(Figure 4.1A, B and Figure 4.2A, B: exemplary before and after pictures of two volunteers).  
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4.2 “Quality of Life” questionnaires 

To document the volunteers’ opinion on the augmenting effect of Sculptra® to the inner site 

of the upper arm, their quality of life was questioned prior to and after 4 Sculptra® 

injections, i. e. before and 20 months after the first injection. Questions and answers were 

assigned to 5 topics: 1) “hiding the body”, 2) “dissatisfaction of outer appearance”, 3) 

“avoiding contact”, 4) “effort to maintain attractiveness”, and 5) “skin problems”. Figure 4.3 

represents the 5 topics in bars accordingly, prior to (prae, yellow bar) and 20 months after 

the first injection (post, blue bar). 

 

 

Figure 4.3 Comparison of volunteers’ quality of life prae (yellow bar) and after 4 Sculptra® injections, i.e. 20 

months after the first injection (blue bar). Five double bars refer to 5 topics: 1) “hiding the body”, 2) “outer 

appearance dissatisfaction”, 3) “avoiding contact”, 4) “effort to maintain attractiveness”, and 5) “skin 

problems”. Degrees of topics are given in numbers (y-axis): 0 = not at all; 1 = slightly; 2 = moderate, 3 = 

considerably; 4 = very much / a lot. 

The values for “hiding the body” (bar 1) and “outer appearance dissatisfaction” (bar 2) drop 

from 1.0 and 1.9 to 0.9 and 1.8, however without significance. Degree of “avoiding contact” 

(bar 3) increased from 0.2 to 0.3 and that of “to maintain aesthetic attractiveness” (bar 4) 

decreased from 3.0 to 2.9. The degree of “skin problems” (bar 5) decreased from 1.1 to 0.7. 

None of these changes were statistically significant. “Quality of life” did not chance in the 

present study.  
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4.3 Sonography of subcutaneous tissue 

Present sonography set up was applied to monitor the treatment progress and to objectively 

document subcutaneous tissue changes after Sculptra® injections. The DUB SkinScanner 

Software possesses a tool for measuring the echo density in a spanned of rectangle in a 

standardised way (cf. 3.2.2). Here two representative pictures of the sonographic status are 

presented: recorded at baseline, prior to any Sculptra® injection (Figure 4.4A) and 20 months 

later after 4 Sculptra® injections (Figure 4.4B).  

 

 

Figure 4.4A-B Comparison of 22 MHz sonography scans from the ventral aspect of the upper arm from 

volunteer #9 of Sculptra® untreated (A) tissue and Sculptra® treated tissue (four injections over a 20 months 

time period; B). Echo density decreases from 16 (A) to 13 (B). 

Echo densities of three B-Scans per upper arm, visit and volunteer were averaged and 

statistically analysed by SPSS. The echogenicities of the left and right upper arms at time 

points t0 (first day of study prior to any injection of Sculptra®), t1 (13 months after the first 

and 2.5 months after the last injection) and t2 (20 months after the first and 10 months after 

the last injection) are presented in Figure 4.5. Statistical significance of differences between 

the left and the right arm (Mann-Whitney U test) and between t0 and t1, respectively t2 

(Wilcoxon test) was determined. For the left upper arm (blue bar) the echogenicity was 

calculated at t0 to a mean of 16.03+-2.86 (SD) and for the right arm (red bar) to 17.18 

(mean)+-2.54 (SD). At t1 the echogenicity declined to 13.07 (mean) +-2.58(SD) (blue bar, the 

A 

B 
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left arm) and to 13.86 (mean) +- 2.91 (SD) (red bar, right arm). At t2 the echogenicity 

declined further to 12.60 (mean) +-1.90 (SD) (blue bar, the left arm) and to 12.75 (mean)     

+-2.38 (SD) (red bar, right arm). There were no significant differences between the left and 

the right arm at time points t0 (p ≤0,116), t1 (p≤0,489) and t2 (p≤0,956). Highly significant 

changes (p≤0.000) took place when the time course of either arm was compared from t0 to 

t2 and further in the right arm from t0 to t1. Significant change of echogenicity was revealed 

in the left arm (p≤0.007) when t0 and t1 was compared. No change was observed when t1 

was compared with t2, neither for the left (p≤0.140) nor for the right arm (p≤0.147).  

 

Figure 4.5 Comparison of the mean echo densities of the tissues during the study course. The three double 

bars represent mean echo densities (y-axis/no defined unit) of left (blue) and right (red) arms prior to Sculptra® 

treatment (t0), 13 months after the first and 2.5 months after the last injection (t1) and 20 months after the 

first and 10 months after the last injection (t2). 

A highly significant decrease in echogenicity was retrieved comparing baseline tissue 

values (t0) with 20 month (t2) values from either arm and tissue value (t0) with 13 month 

(t1) value from the right arm. A significant decrease in echogenicity was retrieved 

comparing baseline tissue value (t0) with 13 month (t1) value from the left arm. 
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4.4 Histopatholoy of skin biopsies 

Figure 4.6 illustrates a human skin histology of an untreated tissue section from epidermis 

via dermis to subcutis.  

 

Figure 4.6 Histology of human skin. H&E stained cross-section of untreated tissue in bright field view. 

After Sculptra® injection, microscopy of H&E stained tissue cross-sections revealed 

birefringent PLLA particles under polarized light in tissues from 8 of the 21 volunteers. All 

Sculptra® treated sections presented with a massive invasion of lymphocytes and 

macrophages, latter forming foreign body giant cells (Figure 4.7A-D).  
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Figure 4.7A-D Histology of Sculptra® treated human skin. H&E stained cross-section of Sculptra® treated tissue 

in bright field (left) and polarized view (right). (A, B) illustrates an overview of the epidermal and dermal 

section; (C, D) an overview of the dermal and subcutaneous section. Sculptra® is injected subcutaneously under 

slow retraction. Thus blue stained channel-like structure within Sculptra® particles might demonstrate an 

injection channel in a superficial dermal layer (A, B) (arrows) and in the subcutaneous layer Sculptra® particle 

depots evoke granulomas (C, D) (oval). Haematoxylin stains acidic structures, like nuclei blue, implying a 

massive cell infiltrate around birefringent Sculptra® particles. 

Apart from the study protocol, a fourth biopsy was taken 28 months after the last injection 

of one volunteer. Birefringent Sculptra® particles along with the above described cellular 

reaction were observed even 28 months after the last injection (Figure 4.8A-H). 
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Figure 4.8A-H Sculptra® particles are still present 28 months after the last injection. H&E stained cross-section 
of Sculptra®-treated tissue in bright field (left) and polarized view (right). (A, B) illustrates an overview of the 
epidermal and dermal section; (C, D) an overview of the dermal and subcutaneous section. (E, F) focuses on a 
granuloma. (G, H) presents a closer view on Sculptra® particles surrounded by haematoxylin stained nuclei 
(blue), represent most likely macrophages, lymphocytes and foreign body giant cells. 

Under polarized light birefringent Sculptra® particles along with foreign body reactions are 

visible in H&E stained tissue cross-sections of a biopsy from the inner arm, taken 28 

months after the last Sculptra® injection.  
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4.5 Characterization of the cell infiltrate 

In further experiments antibodies against human CD68, CD90 (Tyr-1) and αSMA should 

detect macrophages, fibroblasts and myofibroblasts/endothelia cells by 

immunofluorescence microscopy. For positive control studies the CD68 antibody was tested 

on spleen tissue (Figure 4.9), the CD90 antibody on fresh scar tissue (Figure 4.12) and αSMA 

antibody on untreated skin tissue (Figure 4.17.) 

 

Figure 4.9A-D Positive control immunofluorescence staining of human spleen tissue employing human CD68 

antibody. Human spleen tissue is visualised in DIC (A) view. Immunofluorescence staining revealed CD68
+ 

macrophages (B, orange). Nuclei (C, blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). A, B and C 

were merged in D (here: red represents CD68 positive signal). 

Human spleen tissue was used as positive control for macrophage detection. CD68 staining 

of spleen tissue confirmed competency of the antibody to recognise macrophages (Figure 

4.9A-D). Staining pattern of untreated dermal and subcutaneous tissue employing the CD68 

antibody is illustrated in Figure 4.10A-C. 
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Figure 4.10A-C CD68 staining pattern of human skin. Immunofluorescence staining against CD68 (red) of 

epidermal/dermal (A), dermal (B) and subcutaneous (C) tissue. Nuclei (blue) were visualised by 4´,6-diamidino-

2-phenylindole (DAPI). 

CD68-positive signals are not abundant in untreated epidermal, dermal and subcutaneous 

tissue (Figure 4.10A-C).  

To further detect CD68+ cells in Sculptra® treated tissues, immunofluorescence staining was 

performed employing the previously worked out conditions (Figure 4.9-4.10).  

 

Figure 4.11A-B CD68
+
 cells were found in direct proximity of Sculptra® particles. Immunofluorescence staining 

of Sculptra® particle-surrounding capsule tissue revealed CD68
+
 macrophages (red) in close proximity to 

Sculptra®. Nuclei (blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). (A) represents an overview of 

capsule tissue, (B) a close up on particles. 
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Cells in direct proximity of Sculptra® particles were CD68+ (Figure 4.11).  

Moreover the ability of CD90 antibody to recognise fibroblasts was tested on fresh scar 

tissue. 

 

Figure 4.12A-E Positive control immunofluorescence staining of fresh human scar tissue employing human 

CD90 antibody. Human scar tissue is visualised in DIC (A) view. Immunofluorescence staining revealed CD90
+ 

fibroblasts (D, green). Nuclei (C, blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). Channels A, C 

and D were merged in B. Channels C and D were merged in E. 

Human scar tissue was used as positive control for fibroblasts detection. CD90-staining of 

scar tissue confirmed competency of the antibody to recognise fibroblasts (Figure 4.12). 

Staining pattern of untreated dermal and subcutaneous tissue employing the CD90 antibody 

is illustrated in Figure 4.13. 
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Figure 4.13A-B CD90 staining pattern of human skin. Immunofluorescence staining of epidermal/dermal (A), 

dermal (B) tissue revealed CD90 (green) positive signals. Nuclei (blue) were visualised by 4´,6-diamidino-2-

phenylindole (DAPI). 

CD90-positive signals were detected in a scattered fashion in proximity to vessels and 

appendages (Figure 4.13A-B). 

Double immunofluorescence staining of macrophages and fibroblasts, employing antibodies 

against CD68 and CD90, should elucidate the cell formation in response to Sculptra® 

particles. Figure 3.14 gives an overview of Sculptra® treated tissue. CD68+ cells are abundant 

in proximity to Sculptra® particles, whereas CD90+ cells are abundant in a greater distance to 

the particles (Figure 4.14A-F). 

 

Figure 4.14A-F Characterisation of inflammatory cell infiltrate. Sculptra® particles are surrounded by capsule 

tissue visualised in DIC (A) view. Double immunofluorescence staining of capsule tissue revealed in close 

proximity to Sculptra® particles CD68
+ 

macrophages (red, E) and CD90
+ 

fibroblasts (green, F) in the periphery. 

Nuclei (D, blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). All channels were merged in B, 

without DIC in C. 
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After illustrating an overview of Sculptra® treated tissue and the CD68+ and CD90+ cell 

infiltrate a closer view on a few particles was generated (Figure 4.15A-F). 

 

Figure 4.15A-F Characterisation of inflammatory cell infiltrate. Sculptra® particles are surrounded by capsule 

tissue visualised in DIC (A) view. Double immunofluorescence staining of capsule tissue revealed in close 

proximity to Sculptra® particles CD68
+ 

macrophages (red, E) and CD90
+ 

fibroblasts (green, F). Nuclei (D, blue) 

were visualised by 4´,6-diamidino-2-phenylindole (DAPI). All channels were merged in B, without DIC in C. 

Zooming directly on a Sculptra® particle an inner cell layer of CD68+ cells and in an outer 

layer CD90+ cells is presented (Figure 4.16A-F). 
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Figure 4.16A-F Characterisation of inflammatory cell infiltrate. A Sculptra® particle is surrounded by capsule 

tissue visualized in DIC (A) view. Double immunofluorescence staining revealed in close proximity to the 

Sculptra® particle CD68
+ 

macrophages (red, E) in a first cell row and CD90
+ 

fibroblasts (green, F) in a second cell 

row. Nuclei (D, blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). All channels were merged in B, 

without DIC in C. 

αSMA is expressed in endothelial cells and myofibroblasts. The competency of the antibody 

to mark αSMA expressing cell types was tested on untreated dermal tissue. 

A B C 

D E F 



4. Results  48 

 

Figure 4.17A-C αSMA staining pattern of human skin. Immunofluorescence staining of epidermal/dermal (A), 

dermal (B) and subcutaneous (C) tissue revealed αSMA
+
 endothelial cells (light blue). Nuclei (blue) were 

visualised by 4´,6-diamidino-2-phenylindole (DAPI).  

αSMA staining shows the typical pattern of papillary and subcutaneous plexi, vascularised 

subcutaneous tissue and confirmed competency of the antibody to recognise αSMA 

expressing cells (Figure 4.17). 

To examine Sculptra® treated tissue on the abundance of myofibroblasts and vessel 

formation it was stained with a αSMA antibody.  
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Figure 4.18A-F Sculptra® particle surrounding tissue revealed positive αSMA structures. Immunofluorescence 

staining of Sculptra® particle surrounding capsule tissue revealed αSMA positive vessel- (black arrow) and 

myofibroblast-like (white arrow) structures (light blue). Nuclei (blue) were visualised by 4´,6-diamidino-2-

phenylindole (DAPI). (A-D) presents an overview of Sculptra® particle surrounding granulation tissue. (E-F) 

focuses on a few Sculptra® particles and surrounding cells. 

αSMA staining of Sculptra® treated tissue shows stonger staining pattern in the granulation 

tissue. Neovascularisation takes place and on a closer view myofibroblasts are 

differentiating in proximity to the Sculptra® particles (Figure 4.18). 

Additionally αSMA mRNA expression was tested (Figure 4.19). 
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Figure 4.19 αSMA mRNA expression during course of study. The expression of αSMA mRNA is illustrated 

during different time points. The first three bars represent the mRNA expression of group A, B and C prior to 

any Sculptra® injection. Following four bars represent mRNA expressions two weeks after each Sculptra® 

injections for indicated groups. The second last bar represents mRNA expression 8 months and the last bar for 

10 months after the last Sculptra® injection. 

The first three bars represent αSMA mRNA expression of untreated tissue from group A, B 

and C. The expression varied between 0.26 and 0.31. Two weeks after the first Sculptra® 

injection the mRNA expression level increased up to 0.36 in group A. The following three 

biopsy time points were exactly two weeks after the next three Sculptra® injections at three 

months intervals. The expression varied between 0.26 and 0.31. For long term observation 

biopsies were taken 8 months (group B) 0.27 and 10 months (group C) 0.41 after the last 

Sculptra® injection. In comparison to untreated tissue the αSMA mRNA expression was up-

regulated two weeks after the first injection and fell immediately on the baseline level and 

stayed at the same level, until it rose 10 months  after the last injection.  
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αSMA staining indicated a new formation of vessel structures. For differentiation between 

blood- and lymph vessel endothelial cells commonly used markers CD31 and podoplain were 

applied for immunofluorescence staining. For testing the antibodies they were used on 

untreated dermal tissue. 

 

Figure 4.20A-E CD31 staining patern of untreated dermal tissue. Dermal tissue was visualised in DIC (A) view. 

Immunofluorescence staining of dermal tissue revealed CD31 positive structures (E, green). Nuclei (D, blue) 

were visualised by 4´,6-diamidino-2-phenylindole (DAPI). All channels were merged in B, without DIC in C. 

CD31 antibody marks vessels structures und shows additionally a low scatterned staining 

pattern (Figure 4.20). 
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Figure 4.21A-E Podoplanin staining pattern of untreated dermal tissue. Dermal tissue was visualised in DIC (A) 

view. Immunofluorescence staining of dermal tissue revealed podoplanin positive structures (E, red). Nuclei (D, 

blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). All channels were merged in B, without DIC in C. 

Podoplanin marks vessel structures und shows additionally a remarkable scatterned 

staining pattern (Figure 4.21). Interestingly CD31 positve (Figure 4.20) and podoplanin 

positive (Figure 4.21) vessel structures resemble in consecutively sectioned tissue samples. 
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Sculptra® particle evoked granulation tissue was stained against CD31 and podoplanin to 

differentiate between blood- and lymphatic vessels.  

 

Figure 4.22A-I Attempt for differential illustration of blood- and lymph vessel structures in Sculptra® particle 

surrounding tissue. Sculptra® particles are surrounded by capsule tissue visualised in DIC (A) view. 

Immunofluorescence staining revealed in close proximity to Sculptra® particles CD31 (green, F) and podoplanin 

(red, E) positive structures. Nuclei (D, blue) were visualised by 4´,6-diamidino-2-phenylindole (DAPI). All 

channels were merged in B, without DIC in C. For differential consideration Channels E and D were merged in 

G; Channels F and D were merged in H. 

Obviously CD31 staining was remakable around Sculptra® particles (Figure 4.22F). 

Podoplainin staining was more diffuse (Figure 4.22E). CD31 and podoplain staining did not 

reveal vessel like structures. 
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4.6 Fibroblasts encapsulate Sculptra® particles  

The ideal dermal filler stimulates collagen neosynthesis in the injected tissue to correct 

volume loss changing tissue properties. (Myo-) fibroblasts were observed in the Sculptra®-

treated tissue (cf. Figure 4.14; 4.18). Further, it is of interest to examine whether they 

produce collagen.  

To test anti-human collagen type I and anti-human collagen type III antibodies, Sculptra® 

untreated tissue was stained by immunofluorescence. In figure 4.23 the distribution of 

collagen-type I and -type III is illustrated in the dermis. 

 

Figure 4.23A-E Collagen type I and collagen type III distribution of untreated human dermal tissue. Epidermal 

and dermal skin layers are visualised in DIC (A) view. Immunofluorescence staining of dermal tissue revealed 

collagen type I (D, red) and type III (E, green) distribution. Nuclei (C, blue) were visualised by 4´,6-diamidino-2-

phenylindole (DAPI). B represents a merge of A, C, D and E. 

Furthermore, Sculptra® treated tissue was stained against collagen type I and III.  
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Figure 4.24A-F Collagen-encapsulation of Sculptra® particles. Sculptra® particles are surrounded by capsule 

tissue visualised in DIC (A) view. Immunofluorescence staining revealed substantial positive collagen type III 

signals (F) and no collagen type I signal (E). Nuclei (D, blue) were visualised by 4´,6-diamidino-2-phenylindole 

(DAPI). All channels were merged in B, without DIC in C.  

Collagen type III was found in direct proximity of Sculptra® particles (Figure 4.24B; F). 

Collagen type I was not found to surround these particles (Figure 4.24E). However, 

collagen type I was found in the periphery of a given granuloma (Figure 4.25). 

 

Figure 4.25 Collagen type I staining of Sculptra® granuloma surrounding tissue. Immunofluorescence staining 

of Sculptra® treated tissue revealed collagen type I positive fibres in capsule periphery. Nuclei (blue) were 

visualised by 4´,6-diamidino-2-phenylindole (DAPI). 
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While collagen type I protein is not expressed within a granuloma, mRNA expression 

analysis shows a strong up-regulation of collagen type I (Figure 4.26) in the biopsies. 

 

Figure 4.26 Collagen type I mRNA expression increased direcly after the first Sculptra® injection and stayed 

up regulated until the end of study. The expression of collagen type I mRNA is illustrated during different time 

points. The first three bars represent the mRNA expression of group A, B and C prior to any Sculptra® injection. 

Following four bars represent mRNA expressions two weeks after each Sculptra® injections for indicated 

groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month after the last 

Sculptra® injection. 

The first three bars represent collagen type I mRNA expression of untreated tissue from 

group A, B and C. The expression varied between 0.64 and 1. Two weeks after the first 

Sculptra® injection the mRNA expression level increased up to 2.58 in group A. The following 

three biopsy time points were exactly 2 weeks after the next three Sculptra® injections at 

three months intervals. The expression varied between 2.04 and 3.25. For long term 

observation biopsies were taken 8 months (group B) and 10 months (group C) after the last 

Sculptra® injection. Collagen type I mRNA expression was still elevated (1.97 and 2.05). In 

comparison to untreated tissue the collagen type I mRNA expression was increased after 

the first injection and remained on an elevated level until 10 month after the last injection. 

Furthermore, the mRNA Expression of collagen type III was analysed (Figure 4.27). 
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Figure 4.27 Collagen type III mRNA expression increased directly after the first Sculptra® injection and stayed 

up regulated until the end of study. The expression of collagen type III mRNA is illustrated during different 

time points. The first three bars represent the mRNA expression of group A, B and C prior to any Sculptra® 

injection. Following four bars represent mRNA expressions two weeks after each Sculptra® injections for 

indicated groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month after 

the last Sculptra® injection. 

The first three bars represent collagen type III mRNA expression of untreated tissue from 

group A, B, C. The expression varies between 0.08 and 0.14. Two weeks after the first 

Sculptra® injection the mRNA expression level increased to 0.3 in group A. Two weeks after 

the second Sculptra® injection the mRNA expression level decreased to 0.12 in group B. The 

following two biopsy time points were exactly two weeks after the next two Sculptra® 

injections at three months intervals. The expression varied between 0.37 and 0.43. For long 

term observation biopsies were taken 8 months (group B) 0.38 and 10 months (group C) 0.22 

after the last Sculptra® injection. Collagen type III mRNA expression was still elevated. In 

comparison to untreated tissue the collagen type III mRNA expression was increased after 

the first injection, decreased after the second injection in group B, increased after the third 

injection and remained on an elevated level until 10 month after the last injection. 

Fibroblasts encapsulate Sculptra® particles with collagen typ III, whereas collagen type I is 

found in the periphery of the tissue reaction. Further, colagen type I and III mRNA 

expression is up-regulated. 
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Decorin is a prominent proteoglycan in the human dermis and interacts with collagen. 

Therefore the mRNA Expression of decorin was analysed (Figure 4.28). 

 

Figure 4.28 Decorin mRNA expression was only increased directly after the first Sculptra® injection, dropped 

and stayed on the level of the beginning. The expression of decorin mRNA is illustrated during different time 

points. The first three bars represent the mRNA expression of group A, B and C prior to any Sculptra® injection. 

Following four bars represent mRNA expressions two weeks after each Sculptra® injections for indicated 

groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month after the last 

Sculptra® injection. 

The first three bars represent decorin mRNA expression of untreated tissue from group A, B 

and C. The expression varied between 1.89 and 2.05. Two weeks after the first Sculptra® 

injection the mRNA expression level increased up to 2.77 in group A. The following three 

biopsy time points were exactly two weeks after the next three Sculptra® injections at three 

months intervals. The expression varied between 1.46 and 1.79. For long term observation 

biopsies were taken 8 months (group B) 1.78 and 10 months (group C) 1.63 after the last 

Sculptra® injection. In comparison to untreated tissue the decorin mRNA expression was 

only elevated after the first Sculptra® injection.  

The activity of MMPs is fine tuned by the TIMPs. Therefore, the mRNA Expression of TIMP 

was analysed (Figure 4.29). 
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Figure 4.29 TIMP1 mRNA expression increased slightly after the first and massive after the fourth Sculptra® 

injection and stayed up regulated until the end of study. The expression of TIMP1 mRNA is illustrated during 

different time points. The first three bars represent the mRNA expression of group A, B and C prior to any 

Sculptra® injection. Following four bars represent mRNA expressions two weeks after each Sculptra® injections 

for indicated groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month 

after the last Sculptra® injection. 

The first three bars represent TIMP1 mRNA expression of untreated tissue from group A, B 

and C. The expression varied between 0.1 and 0.15. Two weeks after the first Sculptra® 

injection the mRNA expression level increased up to 0.26 in group A. During the following 

two biopsy time points were exactly two weeks after the next two Sculptra® injections at 

three months intervals. The expression droped and varied between 0.13 and 0.15. Two 

weeks after the fourth Sculptra® injection the expression increased massively to 0.77. For 

long term observation biopsies were taken 8 months (group B) 0.53 and 10 months (group C) 

0.45 after the last Sculptra® injection. In comparison to untreated tissue the TIMP1 mRNA 

expression increased slightly after the first Sculptra® injection, massively after the fourth 

injection and was still elevated until the end of the study.   



4. Results  60 

4.7 mRNA expression of growth factors 

Several growth factors and cytokines are responsible for the recruitment, proliferation, 

differentiation and activity of cells. Therefore mRNA expression of collagen metabolism 

related TGFß1 (Figure 4.30), PDGFB (Figure 4.31) and CTGF (Figure 4.32) were analysed. 

 

Figure 4.30 TGFß1 mRNA expression increased slightly after the first Sculptra® injection and is remarkable 

enhanced till the end of the study. The expression of TGFß1 mRNA is illustrated during different time points. 

The first three bars represent the mRNA expression of group A, B and C prior to any Sculptra® injection. 

Following four bars represent mRNA expressions two weeks after each Sculptra® injections for indicated 

groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month after the last 

Sculptra® injection. 

The first three bars represent TGFß1 mRNA expression of untreated tissue from group A, B 

and C. The expression varied between 0.027 and 0.038. Two weeks after the first Sculptra® 

injection the mRNA expression level increased slightly up to 0.053 in group A. During the 

following two biopsy time points were exactly two weeks after the next two Sculptra® 

injections at three months intervals. The expression varied between 0.043 and 0.057. Two 

weeks after the fourth Sculptra® injection the expression increased massively to 0.128. For 

long term observation biopsies were taken 8 months (group B) 0.191 and 10 months (group 

C) 0.133 after the last Sculptra® injection. In comparison to untreated tissue the TGFß1 

mRNA expression increased slightly after the first Sculptra® injection, massively after the 

fourth injection and was still elevated until the end of the study.  
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Figure 4.31 PDGFB mRNA expression increased slightly after the first Sculptra® injection and is remarkable 

enhanced till the end of the study. The expression of PDGFB mRNA is illustrated during different time points. 

The first three bars represent the mRNA expression of group A, B and C prior to any Sculptra® injection. 

Following four bars represent mRNA expressions two weeks after each Sculptra® injections for indicated 

groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month after the last 

Sculptra® injection. 

The first three bars represent PDGFB mRNA expression of untreated tissue from group A, B 

and C. The expression varied between 0.015 and 0.023. Two weeks after the first Sculptra® 

injection the mRNA expression level increased to 0.03 in group A. The following three biopsy 

time points were exactly two weeks after the next three Sculptra® injections at three months 

intervals. The expression varied between 0.016 and 0.023. For long term observation 

biopsies were taken 8 months (group B) 0.014 and 10 months (group C) 0.025 after the last 

Sculptra® injection. In comparison to untreated tissue the PDGFB mRNA expression was 

up-regulated two weeks after the first injection, dropped after the second injection, 

increased after the third injection, decreased after 8 month after the last injection and was 

enhanced 10 month after the last injection. 
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Figure 4.32 CTGF mRNA expression was only increased directly after the first Sculptra® injection, dropped 

and stayed on the level of the beginning. The expression of CTGF mRNA is illustrated during different time 

points. The first three bars represent the mRNA expression of group A, B and C prior to any Sculptra® injection. 

Following four bars represent mRNA expressions two weeks after each Sculptra® injections for indicated 

groups. The second last bar represents mRNA expression 8 month and the last bar for 10 month after the last 

Sculptra® injection. 

The first three bars represent CTGF mRNA expression of untreated tissue from group A, B 

and C. The expression varied between 0.048 and 0.057. Two weeks after the first Sculptra® 

injection the mRNA expression level increased up to 0.102 in group A. The following three 

biopsy time points were exactly two weeks after the next three Sculptra® injections at three 

months intervals. The expression varied between 0.054 and 0.058. For long term 

observation biopsies were taken 8 months (group B) 0.061 and 10 months (group C) 0.056 

after the last Sculptra® injection. In comparison to untreated tissue the CTGF mRNA 

expression was up regulated two weeks after the first injection and dropped after the 

second injection on the level of untreated tissue. 
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Supplement to privous expression analysis: 

Pior to real-time PCR it was essential to find spicific primer pairs for the genes of interest. 

Here, an exemplary agarose gel is displayed after separating DNA fragments synthesised in a 

PCR with designed TGFß1 or Col1A1 primer pairs (Figure 4.33). Red marked bands were cut 

out, DNA extracted and sequenced by Seqlab (Göttingen). Sequenced DNA segments 

coincide with the corresponding sequences published by NCBI (Figure 7.1;7.2). 

      

Figure 4.33 Designed primer pairs were employed to synthesise specific PCR products. PCR products (TGFß1 

and Col1A1) were mixed with gel loading buffer and subsequently DNA fragments were separated by agarose 

gel electrophoresis. DNA fragments were stained by ethidium bromide, visualised and documented by 

VersaDoc. 

PCR products, synthesised during real-time PCR, were checked by melting curve analysis 

(7.3). Thus melting curves were single peaked at relevant melting temperatures, PCR 

products were judged to be specific. 

4.8 Sculptra® does not impair collagenase activity 

A possible effect of Sculptra® on collagenase activity was determined in vitro. Collagenase 

activity was calculated at 0.843 U/ml and the specific activity at 0.337 U/mg. In the presence 

of Sculptra® collagenase specific activity slightly dropped to 0.324 U/mg. Sculptra® does not 

exert a crucial inhibitory effect on collagenase activity. 
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5. Discussion 

5.1 Upper arm augmentation 

Facial rejuvenation with Sculptra® has been approved for many years and clinical studies 

have demonstrated successful augmentation [74-77]. A few publications have reported 

successful extrafacial rejuvenation of the dorsal hand, intercostal spaces, stria distensae, 

chest wall deformities after breast reconstruction, buttocks and the neck and chest [81-84]. 

Postmenopausal women tend to suffer from upper arm sagging. Besides a genetic 

predisposition for dysmorphism, the course of aging and atrophy of musculature and fascia 

systems are responsible for these alterations [61]. The attempt to use Sculptra® for 

rejuvenation of the aged upper arm is understandable. However, in contrast to facial 

augmentation and the above-mentioned examples of the successful extrafacial use of 

Sculptra®, before and after photos of treated upper arms in the present study revealed no 

changes in shape or structure during the study course (compare Figure 4.1A, B with 4.2A, B). 

The lack of visible augmentation may be due to the total amount of material injected. Each 

upper arm of the 21 volunteers was injected four times at three month intervals with 

150 mg PLLA in a 10 ml dilution (total 600 mg PLLA/upper arm). The application of at least 

two vials of Sculptra® (300 mg PLLA) per cheek (about 50 cm2) is recommended, distributed 

over 3-4 visits to augment the face. Throughout the present study, four vials of Sculptra® 

(600 mg PLLA) were injected into each upper arm (about 190 cm2). Extrapolating the 

amounts of Sculptra® applied per cm2 upper arm, it can be suggested that, compared to the 

face, only half of the amount was injected into each upper arm. The disposition of Sculptra® 

was limited by the initial sponsor of the study. Schulman et al. 2008 administered a total of 

8x150 mg PLLA (2 vials Sculptra®/visit in four one month intervals) to correct a chest wall 

deformity after breast reconstruction [83]. Lorenc (2012) augmented buttocks during two 

treatments using 150 mg PLLA in 12 ml dilutions per buttock and session [81]. Mazzuco and 

Hexsel (2009) rejuvenated necks and chests during an average number of 1.8 sessions per 

patient and an average total dose of 7.13 ml (109.5 mg) 1:10 dilution (range 4-18.5 ml) per 

patient [84]. Schell (2006) rejuvenated a dorsal hand with two treatments with a one-

quarter vial of Sculptra® (1:10) 75 mg PLLA, intercostal and peristernal depression with one 

vial of Sculptra® (1:10) 150 mg PLLA [82]. Taken together, various parts of the integument 

have been augmented with PLLA. However, a systematic study is not available so far. Despite 

the previously mentioned studies, describing successful extrafacial Sculptra® augmentation, 

it is not possible to approximate the amount of PLLA necessary for upper arm augmentation 

Taking the dimension of volume to be augmented into consideration, the study of Schulman 

et al. 2008 might be the most suitable. Furthermore, in general, smaller amounts of 

Sculptra® are necessary to augment the face; hence, facial tissue is comprised of fine 

subcutaneous fat pads distributed in independent anatomical departments [57]. Higher 

amounts are necessary to augment more prominent volume deficiencies. In comparison to 

the other mentioned locations, the tissue structure of the upper arm differs. With aging, 

besides the atrophy of the facia brachialis and retinacula cutis, the more distinct atrophy of 

the prominent musculature and fat tissue contributes to the more pronounced arm 
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deformity. Independent subcutaneous fat pads, as known to exist in the face, are not part of 

the physiological anatomy of the upper arm. Further, quite a few postmenopausal women 

gain weight, which contributes to the arm circumference. Non-invasive measures for 

documentation, such as arm circumference and skin structure, depend very much on the 

position of the arm and tightening of measuring device and are therefore open to influence. 

For that reason, these measures have been avoided in the clinical part of the study. 

Health-related quality of life has gained substantial interest in most fields of medicine. 

Several studies have shown that many skin conditions may correlate with a markedly 

reduced quality of life [190]. To evaluate whether the volunteers’ quality of life changes 

during Sculptra® treatment, FLQA-k questionnaires provided by Prof Augustin were 

employed. Values of the topics: “hiding the own body”, “dissatisfaction of the outer 

appearance” and “cosmetic efforts” slightly decreased until the end of the study (Figure 4.3). 

This implies that volunteers had a slightly reduced desire to hide their own body, were less 

dissatisfied with their outer appearance and spent less effort on cosmetics. The value for the 

topic “avoiding contact” was slightly increased, revealing that volunteers were less 

interested in contact. The value for the topic “skin problems” decreased to the end of the 

study, implying that volunteers were more satisfied with their skin. 

In general the subjective well-being of the volunteers, with special focus on their skin and 

outer appearance, did not really improve. Taking the more objective photo documentation 

into consideration, Sculptra® treatments of the upper arm did not improve the volunteers’ 

quality of life. The applicability of Sculptra® to augment the upper arms of postmenopausal 

women could not be documented by employing this particular set up of volunteer selection, 

treatment course and documentation. 

5.2 The development of palpable nodules 

The incidence of Sculptra®-evoked palpable nodule formation varies considerably in the 

literature: Denoted incidences were raised in studies which included individuals with I) 

different immune statuses, II) different treatment locations, III) different dilutions and IV) 

different injection techniques. However, over the years in general, the formation of 

subcutaneous nodules could be roughly limited from formally 44% in 2003 [87] to the 

present level of 18.15%-2.8% [74, 76-78, 198] by optimising its dilution factor and the 

injection techniques [199].  

Here, one vial (150 mg PLLA) was dissolved in 10 ml dH2O and xylocaine, which reflects the 

current recommendation for dilution. In this prospective study on extra-facial tissue 

augmentation, 28% of PLLA-treated volunteers (6 of 21) developed palpable nodules in the 

ventral aspect of the upper arm. More precisely, 2 volunteers developed nodules in the first 

month and 4 volunteers developed late-onset nodules corresponding to former findings [79-

80]. No further studies on the employment of Sculptra® to augment upper arms have been 

published. Therefore, the incidence of nodule formation on upper arm tissue has not been 

studied so far. Hence, the recommended high dilution of Sculptra® and subcutaneous 

injections were administered; the incidence of nodule formation seems to be relatively high. 
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Emphasising that nodule formation not only depends on the applied dilution of Sculptra®, 

but also on the applied location, injection technique and on the immune status of a given 

individual, it is indeed difficult at that point to enunciate a recommendation on how to use 

Sculptra® for augmentation of the upper arm. 

5.3 Sculptra® injections lead to sonographic detectable subcutaneous tissue 

changes 

In recent years, sonography has been successfully applied to characterise fillers and filler-

treated dermal/subcutaneous tissues. Schelke et al. (2010) examined various fillers, 

including PLLA and HA, employing a 13 MHz probe [86]. Injected HA was less reflective than 

the surrounding tissue and visible as a fairly distinct hypoechogenic lesion with some 

hyperechogenic reflections. Wortsman et al. (2012) confirmed these findings, reporting 

about subcutaneous hypoechoic pseudocysts with numerous echoes by using a probe with 

variable frequencies (7-15 MHz) [200]. Furthermore, they observed progressively smaller 

filler depots over time, until they were undetectable after 6 months. Grippaudo and Mattei 

(2010) used a 10-13 MHz probe, attested similar findings and reported about HA, revealing a 

well-defined regular hypoechoic mass in the subcutaneous tissue without internal echoes, 

comparable to collagen filler [201]. Sonographic patterns of permanent fillers such as 

polyacrylamide and polyalkylimide show a hyperechoic mass. Wortsman et al. (2012) 

concluded that synthetic fillers generally generate stronger echoes (hyperechogenicity) and 

different predominant posterior artefacts; for example, silicone appears to be mostly 

associated with sound scattering, polymethylmethacrylate with reverberance and calcium 

hydroxyapatite with shadowing, indicating absorption of the ultrasound waves [200]. 

Sonography was employed as an objective measure to document the effect of Sculptra® on 

subcutaneous tissue (Figure 4.5). Upon comparison of baseline (t0) with 20 month (t2) 

values of either arm, a highly significant decrease of echogenicity was determined. 

Furthermore, a highly- and significant decrease of echogenicity for the right and left arm 

from t0 to t1 was found. There was no significant change in echogenicity documented 

between t1 and t2. Upon comparison of both treated sides, the echogenicity was 

comparable. The absence of significant changes between t1 and t2 may be due to no further 

PLLA-injections during that time period or a shorter timespan between the measured points. 

Taking the results of mRNA expression of collagen type I and III into consideration, both 

expressions showed their maximum 10 months after the first injection (Bio 3 group A), 

corresponding to t1 in sonography. Thus most prominent (significant) changes took place 

prior to this time point.  

Heterogeneous echo patterns reflect tissue structures with different sound conduction 

properties. Homogeneous echo patterns, however, reflect tissue structures with comparable 

sound conduction properties. The echogenicity of Sculptra®-treated subcutaneous tissue 

decreased significantly, reflecting a more homogenous echo pattern and thus a more 

homogeneous subcutaneous tissue. This effect may be due to the increased deposition of 

collagen type I and III in the treated area. 
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To my knowledge, this is the first time a 22 MHz probe has been applied to examine 

Sculptra® treated tissue, and it seems better suited to this kind of investigation of tissue 

changes, than a 13 MHz probe used for example by Schelke et al. (2010) [86] or a multi-

frequency 7.5-13 MHz probe by Valantin et al. (2003) [87]. Using those probes, no changes in 

echogenicity patterns could be detected after PLLA application, only the increased distance 

between the skin and underlying bony surfaces due to its augmenting effect on total 

cutaneous thickness. Especially in combination with the measuring tool in the DUB software, 

Sculptra®-induced tissue changes are detectable non-invasively due to a decrease in 

echogenicity over time, even though these tissue changes might not be obvious at first sight. 

Furthermore, these measures do not depend on nearby bony surfaces. 

At this point, sonography employing a 22 MHz ultrasonic probe might not only allow 

objective documentation of subcutaneous tissue changes during a long-term treatment 

course, but will also justify repetitive treatments over a longer time period in patients 

fostering unrealistic expectations. A 22 MHz ultrasonic probe provides a higher resolution, 

enabling a more detailed illustration of dermal and subcutaneous structures. The DUB 

software enables a detailed assessment of the echogenicity in specific areas.  

5.4 PLLA particles still present 28 months after the last injection causing FBR 

Complete degradation of PLLA particles within 9 months or 30 months after Sculptra® 

injections has been assumed by Lemperle et al. (2003) and Vleggaar and Bauer (2004) [92-

93], respectively. In contrast, in the present study, 38% of Sculptra®-treated volunteers 

revealed PLLA particles in the biopsies taken. Upon polarised light microscopy, every PLLA-

positive tissue correlated with the picture of a foreign body reaction (Figure 4.7A-D). 

Furthermore, even 28 months after the last Sculptra® injection, an abundance of particles 

was detected in one biopsy (Figure. 4.8A-H). These findings contrast those of Lemperle et al. 

(2003) and Vleggaar and Bauer (2004) [92-93]. Matching particle shapes and sizes in our 

study at 28 months with those 10 months after the last injection, no significant changes 

were detectable. Therefore, PLLA-degradation within months is unlikely, at least not in every 

individual. At this point, it should also be taken into consideration that tissue biopsies may 

not always meet PLLA-injected depots. In this study, Sculptra®-injections and further 

biopsies were carried out adjacent to the scar of the initial biopsy of untreated tissue. In 

spite of that, PLLA particles were found first in biopsies of one individual after the second 

injection and more often only after the fourth injection in tissues of 8 individuals; the higher 

the number of injections, the higher the likeliness of finding PLLA-depots by biopsy. Here, in 

62% of cases, the biopsies did not contain PLLA. Hence, the biopsies were taken 2 weeks 

after the injections, and assuming an impossible PLLA-degradation within that time frame, 

the biopsies most likely did not meet the PLLA depot despite biopsy alignment to the initial 

scar. Therefore, perhaps neither Lemperle et al. (2003) nor Vleggaar and Bauer (2004) [92-

93] met a given PLLA depot 9 months or 30 months after the Sculptra® injections, 

respectively. Reszko et al. (2009) confirmed upon light microscopy the presence of PLLA 3 

years after the injection in one case report [80]. This finding is in alignment with the present 

study and allows the assumption that PLLA particles are degraded in a much slower manner 
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than previously assumed. However, at this point, interindividual metabolic differences must 

also be taken into consideration; hence, it is unclear whether some individuals degrade PLLA 

faster than others.  

5.5 The biological basis for Poly-L-Lactic acid-induced augmentation 

Upon light microscopy, foreign body granulomas with numerous FBGCs were detectable 

around birefringent PLLA particles. In general, foreign body reactions to foreign material 

comprise one of three succeeding events; namely I) host protein absorption, II) cell 

recruitment and III) fibrotic encapsulation [97]. Depending on the host protein absorption, 

different immune cells are recruited and interact; for instance, macrophages binding via 

integrin receptors. Macrophages release cytokines like TGFß1, CTGF, PDGF and GM-CSF, 

guiding and activating more cells. Furthermore, macrophages fuse to FBGCs when they fail 

to phagocytise the foreign body. Attracted through TGFß1 and PDGF, fibroblasts reach the 

foreign material. Together with CTGF, TGFß1 and PDGF act as mitogens for fibroblasts. 

Fibroblasts by themselves produce TGFß1 and PDGF. Therefore, macrophages and 

fibroblasts are under autocrine and paracrine communication. TGFß1 stimulates fibroblasts 

to produce ECM, especially collagen, and to further differentiate into myofibroblasts. 

Myofibroblasts are characteristic of granulation tissue [175] and synthesise more collagen 

type III than type I. Macrophages and fibroblasts also release MMP and TIMP. Both proteins 

influence the balance of ECM turnover and that of the collagen metabolism. Neo-

vascularisation of fibrotic tissue is common. To confirm those foreign body reactions to PLLA, 

the cell infiltrate of PLLA-treated tissue was characterised by immunofluorescence staining.  

Here, CD68+ cells were found to be in direct interaction with PLLA particles and in a second, 

more distant cell layer, CD90+ cells (Figure 3.16A-F). CD68 and CD90 (Tyr-1) are established 

markers for macrophages and fibroblasts, respectively, and were tested successfully 

previously on spleen (Figure 4.9A-D) and fresh scar (Figure 4.12A-E) tissue, serving as 

positive controls. Both antibodies were additionally applied to untreated skin tissue to 

estimate the normal staining pattern (Figure 4.10A-C; 4.13A-B). Higgins et al. (2009) 

detected F4/80+ (mouse equivalent to CD68) macrophages, surrounding a first row of nylon 

meshes in mice [184], while Klinge et al. (2014) found more than 80% of CD68+ cells in 

human explant meshes [185]. Macrophages polarise in response to a given stimulus into 

different subpopulations with different phenotypes and functions. Song et al. (2000) 

illuminated the difference between TNFα-/IFN-γ- and IL-4-induced subpopulations of 

macrophages and the regulatory mechanisms controlling fibrogenesis, by performing 

fibroblast-macrophage co-cultures: IL-4-induced, alternatively activated macrophages 

stimulate fibroblast and collagen synthesis, whereas LPS/IFN-γ-induced, classically activated 

macrophages markedly reduce collagen production of fibroblasts [147]. Furthermore, mRNA 

and protein expression of TGFß1, PDGFAA and PDGFBB were elevated in alternatively 

activated macrophages. Classically activated macrophages exhibited enhanced mRNA and 

protein expression of TNFα and MMP-7. Kou and Babensee (2010) summarised different 

primary polarisation types of macrophages [129]. Macrophages acquire into classically 

activated macrophages (M1) upon danger signals like microbial component LPS and TH1-
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derived cytokine IFN-γ. These macrophages kill pathogens by the release of reactive nitrogen 

and oxygen species. Furthermore, M1 produce the pro-inflammatory cytokines TNFα, IL-12, 

IL-1, IL-6 and IL-23. Macrophages, stimulated by Th2-derived cytokines IL-4 and IL-13, 

polarise into alternatively activated macrophages (M2a). These macrophages produce anti-

inflammatory cytokines like IL-10 and collagen precursor polyamine and fuse to FBGCS to 

encapsulate foreign bodies. Macrophages bound to immune complexes differentiate into 

the M2b phenotype, synthesising IL-10, pro-inflammatory cytokines, TNFα, IL-1, IL-6 and 

reactive nitrogen and oxygen species. IL-10 induces the M2c phenotype to produce more IL-

10 and TGFß1 induces fibrosis.  

Here, CD68-staining revealed an abundance of macrophages in close proximity to PLLA 

particles (Figure 4.11A-B; 4.16A-F). The macrophage phenotype was not determined; 

however, according to the current literature, M2a and M2c phenotypes are most likely 

involved. The transition of the earlier dominant M2a to the later dominant M2c type is most 

likely. This hypothesis would not only explain the early up-regulation of PDGFB- and CTGF-

mRNA expression (only after the first injection), but also the late expression of TGFß1 mRNA 

in respect to the early and consistent increased collagen type I and type III mRNA expression.  

The detection of a myriad of fibroblasts in the neighbourhood of PLLA particles raised the 

question of whether they also synthesise collagen. Collagen neosynthesis has been assumed 

in Sculptra®-treated subcutaneous tissue [93]. Here, immunofluorescence staining of PLLA-

treated tissue revealed the substantial deposition of collagen type III in proximity to PLLA-

particles (Figure 4.24B). A positive collagen type I staining in proximity to PLLA was missing 

(Figure 4.24E), but fibres in the periphery of the PLLA particles could be stained (Figure 4.25). 

Hence, collagen type I and III antibodies were successfully tested on untreated tissue; the 

histopathological picture presented is interpreted to be as such (Figure 4.23A-E). Strongly 

elevated mRNA expression of collagen type I and III was noted immediately after the first 

PLLA injection, lasting for up to 10 months after the last treatment (Figure 4.26; 4.27). 

Therefore, up-regulation of collagen type I and III mRNA expression correlates with collagen 

type I and III protein staining. However, according to immunofluorescence staining, collagen 

type I was not detectable within the granulation tissue. Most likely, collagen type I and III 

proteins are deposited in different areas of PLLA-treated tissue. Coincidently, it must be 

taken into consideration that the measured mRNA level did not reflect the actual protein 

abundance. In general, the cellular concentrations of proteins correlate with the abundances 

of their corresponding mRNA, but not strongly. Several post-transcriptional, translational 

and protein degradation regulations predict the mRNA derived protein abundance only with 

a coefficient factor of 0.4 or 0.6 [202-203]. 

von Recum et al. (1993) examined capsule tissue surrounding silastic hydroxyapatite, which 

stained positive for collagen type III but not for collagen type I [181]. Tan et al. (2012) 

stained tissue capsules formed around titanium oxide and hydroxyapatite in rabbits: 

collagen type III dominated early and decreased over time, paralled by a successive increase 

of collagen type I [183]. In contrast, a significant increased mean level of type I collagen was 
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retrieved in PLLA-treated tissue by Goldberg et al. (2013) [94]. This finding contrasts at first 

sight to ours; however, it is most likely that tissue samples were examined from the 

periphery of the PLLA encapsulating tissue, meaning that PLLA particles are not visible on 

presented photomicrographs. That would in turn support our collagen type I mRNA results.  

TGFß1 mRNA expression of the key mediator of collagen synthesis increased only after 4 

injections in month 10 (Figure 4.30). This late finding did not meet general expectations; 

hence, a mediator for collagen synthesis should be elevated prior to the mRNA expression of 

collagen synthesis, comparable to Higgins et al (2009) and Li et al. (2007a) [156, 184]. 

However, it must be taken into consideration that the interval between a given PLLA 

injection and the biopsy, i.e. 2 weeks, might have been too long to document elevated 

TGFß1 mRNA expression. TGFß1 mRNA might increase within hours after PLLA injection and 

be decreased 2 weeks later. The elevated TGFß1 mRNA expression 10 months after the 

initial PLLA injection might reflect PLLA-accumulation and therefore continuous stimulation 

to synthesise collagen in accordance with the above findings. The late increase of TGFß1 

mRNA expression could imply previously discussed macrophage transition from M2a to 

more M2c macrophages, expressing high amounts of TGFß1. 

TGFß1 stimulates fibroblasts to differentiate to myofibroblasts, characterised by αSMA 

[173]. Staining of αSMA revealed myofibroblasts close to the PLLA particles and smooth 

muscle cells of vessels in the granulation tissue (Figure 4.18). αSMA mRNA expression was 

elevated two weeks after the first injection (Figure 4.19). Immunofluorescence staining of 

capsule tissue formed around polyurethane coated implants in rats elevated the collagen I 

protein content and αSMA positive vascular structures and myofibroblasts [156]. At day 55, 

collagen type I staining dominated entirely within the tissue and αSMA was no longer 

detectable. The findings of αSMA positive vascular structures and myofibroblasts correspond 

with observations made during this study. 

Neovascularisation in PLLA-evoked granulation tissue raised the question of whether blood 

and lymph vessels can be differentiated. For that purpose, antibodies against CD31, an 

established blood endothelial marker, and podoplanin, an established lymph endothelial 

marker [204], were first tested in untreated skin biopsies. Interestingly, CD31- and 

podoplanin-positive vessel structures were found to be similar in consecutively sectioned 

dermal tissue samples (compare Figure 4.20A-E with 4.21A-E). Further, Janson et al. (2012) 

described the expression of podoplanin in fibroblasts [205]. Papillary fibroblasts express 

more podoplanin than reticular fibroblasts in culture and in mammary skin. Braun et al. 

(2011) found podoplanin-positive myofibroblasts [206], calling to mind the fact that the 

blood vessel is surrounded by myofibroblasts and fibroblasts. These findings explain why 

CD31- and podoplanin-positive structures resemble each other in consecutively sectioned 

dermal tissue samples. Hence, CD31-positive endothelia of blood vessels are surrounded by 

podoplanin-positive (myo)-fibroblasts. This marker pair may not be appropriate to 

differentiate between blood and lymph vessels in these skin biopsies. Hence (myo)-

fibroblasts express podoplanin, CD31 and podoplanin positive blood and lymph endothelia 
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structures of PLLA-evoked granulation tissue could not be differentiated. Further, CD31 is 

expressed by macrophages, abundant in the PLLA-treated tissue (Figure 4.11). Therefore, 

CD31- and podoplanin-staining could not differentiate between vessels and other tissue 

structures (Figure 4.22A-I). Furthermore, podoplanin staining did not reveal lymph vessel 

structures, which might be due to the abundance of fibroblasts in the granulation tissue, 

revealed by CD90 staining. However, these results support by means of a second marker the 

abundance of macrophages and (myo)-fibroblasts.  

PDGF serves as a chemoattractant and together with CTGF and TGFß as a mitogen for 

fibroblasts [167]. PDGF also promotes myofibroblast proliferation [174]. Kim et al. (2014) 

determined collagen production in human foreskin fibroblast cultures, stimulated by 

different growth factors and cytokines [207]. PDGF-AA, –BB and TGFß1 were found to be 

powerful collagen-inducing growth factors showing a more than 2-fold increase in type I 

collagen production. To verify whether PDGFB and CTGF are up-regulated after PLLA-

injection, the mRNA expression was analysed accordingly (Figure 4.31; 4.32). Interestingly, 

mRNA expression of both cytokines was up-regulated after the first injection. Except for this, 

neither up- nor down-regulation of PDGFB and/or CTGF mRNA was observed during the 

course of the study. PDGFB up-regulation after the first Sculptra® injection might be 

responsible for the early up-regulation of collagen expression in spite of the absence of 

TGFß1. Ward et al. (2008) found an increased amount of CTGF transcripts on days 7, 21, and 

48-55 in capsule tissue formed around polyurethane coated implants in rats [133]. Mazaheri 

et al. (2003) reported about reduced capsule formation around an implant using anti-sense 

CTGF in a rat model [158]. Both observations imply that CTGF is involved in capsule 

formation, which was observed here. This finding could also imply the interpretation that a 

transition of M2a to more M2c macrophages took place. 

TGFß reduces the expression of MMPs and enhances the production of TIMP [169]. MMPs 

degrade ECM and their activity can be fine-tuned by TIMPs. The mRNA expression of TIMP1 

corresponded to the expression pattern of TGFß1, being up-regulated 10 months after the 

initial PLLA injection (Figure 4.29). An eventual inhibitory effect of Sculptra® on collagenase 

could be excluded by an enzymatic test (ch. 4.8). Decorin is a proteoglycan interacting 

closely with collagen I, and is involved in the maturation of collagen fibrils. Decorin binds to 

collagen fibrils and inhibits MMP1-mediated collagen fibril cleavage [47]. Additionally, 

decorin binds to TGFß1 and has been discussed as a natural inhibitor of fibrosis [208]. mRNA 

expression of decorin (Figure 4.28) was equal to PDGFB and CTGF with consistent 

progression, except for an up-regulation after the first injection. Ward et al. (2008) found 

increased staining of decorin in capsule tissue [133]. 

In summary, I draw a hypothetical model of the augmentation embedding the results into 

the literature: The implementation of Sculptra® into subcutaneous tissue is obligatorily 

accompanied by injury of the micro-vasculature and tissue, which in turn is associated with 

histamine release of the local mast cell and platelet release. Host proteins opsonise PLLA-

particles, undergoing a conformational change. Histamine release mediates the 
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inflammatory response. Attracted neutrophils, lymphocytes and macrophages release 

further chemokines and cytokines and interact with unfolded epitopes of PLLA opsonising 

host proteins. In particular, Th2 cells might release IL4 and IL-13 polarising macrophages into 

an M2a phenotype. M2a increase the proliferation and collagen synthesis of fibroblasts and 

mRNA and protein expression of TGFß1, PDGFAA and PDGFBB in vitro. M2a fuse to FBGCs 

and encapsulate foreign bodies. Here, macrophages and FBGC, elevated fibroblast numbers, 

myofibroblasts, elevated collagen type I and III, TGFß1 (PDGFBB after the first injection) 

mRNA, and PLLA encapsulation by collagen type III were retrieved. M2a produce elevated 

amounts of IL-10 that in turn is capable of polarising macrophages into the M2c type. This 

type produces elevated amounts of TGFß1, which was especially found in the second part of 

the study. TGß1 is the key cytokine during fibrosis and serves as chemoattractant for 

fibroblasts, like PDGF. PDGF, TGFß and CTGF are mitogens for fibroblasts, which could 

explain the prominent fibroblast abundance. Moreover, TGFß enhances the production 

TIMP1, which was noticed here. Fibroblasts differentiate under the influence of TGFß1 to 

myofibroblasts, while PDGF promotes myofibroblast proliferation, which also was observed. 

To conclude, the augmenting effect of Sculptra® is generated by a complex reaction 

comprising of many cells, chemokines and cytokines, consequently leading to proliferation of 

fibroblasts and their differentiation into myofibroblasts, producing an enhanced collagen 

amount and restoring volume defects of the skin. 

The augmenting effect of Sculptra® decreases between 18 and 24 months after the injection 

in the face [78]. The results of this study imply that PLLA particles are degraded in a much 

slower way than described previously by Lemperle et al. (2003) and Vleggaar and Bauer 

(2004) [92-93]. The question, therefore, is why does the augmenting effect decrease over 

time? The half-life of collagen type I and III is estimated to be 15 years [2]. MMP1 expression 

is normally exceedingly low, near the limit of detection [30]. MMP1 mRNA expression was 

examined, but could not be detected. Hence, ensuring that MMP1 is not over-expressed, no 

excessive degradation of collagen should take place.  

During all steps of wound healing and skin regeneration, including cell-migration and 

proliferation, the expression of hyluronan is essential [209-210]. Here, as previously 

mentioned, PDGFB and TGFß1 mRNA was elevated throughout different time points. Heldin 

et al. (1989) investigated the effect of PDGF-BB, -AA, epidermal growth factor (EGF), basic 

fibroblastic grows factor (bFGF) and TGFß1 on hyaluronan synthesis in human foreskin 

fibroblasts [211]. All growth factors were found to stimulate fibroblasts to synthesise 

hyaluronan; PDGF-BB was the most potent stimulator. Kim et al. (2014) quantitated the 

collagen type I and hyaluronan production of foreskin fibroblast cultures, stimulated by 

recombinant growth factors and cytokines. PDGF-AA, -BB, EGF, IL-1α and IL-1ß were the 

most effective hyaluronan-inducing cytokines, while TGFß1 significantly increased 

hyaluronan production, among others [207]. Li et al. (2007) conducted comprehensive 

studies on hyaluronan synthesis of different cell lines [212]. PDGF-BB stimulated human 

dermal fibroblasts, obtained from breast reduction surgery, exhibited the highest 

hyaluronan-synthesising activity in comparison to keloid-, lung- and other fibroblasts. 



73  5. Discussion 

Moreover, the expression of three hyaluronan synthase (HAS) isoforms and two 

hyaluronidase (HYAL) isoforms at the mRNA and protein level were determined in human 

dermal fibroblasts. PDGF-BB treatment induced a 3-fold increase of the already high level of 

HAS2 mRNA and an increase of HAS1 and HYAL1 mRNA, whereas HAS3 and HYAL2 mRNA 

levels were not affected. PDGF-BB also increased the amount and activity of the HAS2 

protein, but not of the HYAL1 and HYAL2 proteins. In contrast to foreskin fibroblasts, TGFß1 

did not stimulate hyaluronan synthesis in dermal fibroblasts, but that of HYALs. 

Consequently, many studies ensure that PDGF-BB stimulates dermal fibroblasts to synthesise 

hyaluronan, but the stimulatory effect of TGFß1 seems to be dependent on the cell type.  

In the present context, PDGF-BB-stimulated fibroblasts may produce hyaluronan, which may 

contribute, together with collagen type I and III, to the well documented Sculptra®-mediated 

augmentation. In contrast to the relatively long half-life of collagen type I and III of about 15 

years, the half-life of native hyaluronan is estimated to less than 1-3 days [213-214]. When 

continuous PDGF-BB-stimulation diminishes, hyaluronan synthesis would decrease and 

previously synthesised hyaluronan would be degraded in less than 1-3 days. TGFß1 

expression accumulated up to the end of the study. According to Li et al. (2007), TGFß1 

might stimulate HYAL activity, contributing to the late-onset hyaluronan degradation [212]. 

It has to be further elaborated, whether this hypothesis explains the decrease in PLLA-

augmentation after a 1-2-year time span.  

Comparable to the current literature about Sculptra®, no further examinations on the 

biological basis of the augmenting effect of calcium hydroxyapatite are available. Comparing 

histological findings of calcium hydroxyapatite with those of Sculptra®, comparable features 

were abundant: FBGC, proliferating fibroblasts and collagen depositions were retrieved [69]. 

An analogous mechanism to PLLA, as described above, is likely. Therefore, this study could 

serve as an exemplary model for further investigations on calcium hydroxyapatite-induced 

augmentation. With respect to the app. 160.000 injections in the USA alone in 2013, further 

biological examinations are required. 

In contrast to Sculptra®- and calcium hydroxyapatite-induced augmentation, the biological 

basis of cross-linked HA-induced augmentation has been studied in detail. Comparing the 

results of cross-linked HA studies with the results of this study, it can be seen that there are 

great differences in initialising the augmentation. Injected cross-liked HA exerts effects on 

the micro-environment of fibroblasts. Stretched fibroblasts proliferate and increasingly 

express collagen type I [66]. Sculptra®-induced soft tissue augmentation is mediated by 

macrophages, recognising Sculptra® particles as foreign bodies. As a consequence, 

macrophages release cytokines stimulating fibroblasts to produce ECM. Wang et al. (2007) 

found up-regulated mRNA levels of CTGF, TGFß1, -2, -3, TIMP1, -2, and -3 in cross-linked HA 

treated tissue [65]. In Sculptra®-treated tissue, up-regulated mRNA levels of TGFß1, CTGF 

and TIMP1 were retrieved. Endothelial cells proliferate more strongly in the micro-

environment of HA. Furthermore, the epidermis thickened and keratinocytes showed a 

stronger proliferation [66]. 
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As far as the elaborated biological examinations on Sculptra®-induced augmentation are 

concerned, the cells involved were characterised and mRNA expression changes indicated 

cytokine signalling between those cells. Tissue changes of Sculptra®-treated upper arms 

were detected by 22 MHz sonography. Thus, the applied sonography set-up can be 

recommended to investigate other fillers employing an ultrasonic probe with a higher 

resolution than commonly used so far. Augmentation generated by 600 mg PLLA per upper 

arm was neither documentable by photography nor subjectively by questionnaires. Further 

examinations employing larger amounts of PLLA are required to examine the applicability of 

Sculptra® to augment the upper arms in postmenopausal women. PLLA could even be found 

28 months after the last injection and is therefore degraded at a much slower pace in human 

tissue than previously assumed. The augmenting effect of Sculptra® diminishes within 18-20 

months; thus, patients require more injections. This implies the accumulation of large 

amounts of PLLA within the tissue, which might be thought-provoking. Also, 28 months after 

Sculptra® injection, the cell infiltrate is still abundant around the particles. Whether other 

ECM components, for example HA, are synthesised during Sculptra®-treatment needs to be 

examined further. Hence, the augmenting effect declines over time; a decrease of 

stimulatory factors may be the rationale, despite the remaining particles. To restore these 

stimulatory factors for continuous ECM deposition, blood plasma injections, as described by 

Kawazoe and Kim (2012) may be a thought-provoking path to take in PLLA-treated tissue 

[215]. 
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7. Appendix  

7.1 Abbreviations  

 

(ICAM)-1 intercellular adhesion molecule 

(NF)-kb nuclear factor κb 

(VCAM)-1  vascular cell adhesion molecule 

A  adenine  

A-, B-scan amplitude modulation-, brightness scan 

ACTA2  gene encoding for alpha smooth muscle actin 

Ala  alanine 

AP-1   transcriptional factor activator protein 1 

BER   base excision repair 

BSA  bovine serum albumin 

C  cytosine 

CCL  C-C chemokine ligand 

CCR  C-C chemokine receptor 

CD  cluster of differentiation 

cDNA  complementary deoxyribonucleic acid 

Col1A1  gene encoding for collagen type I pro-alpha 1 chain 

Col3A1  gene encoding for collagen type III pro-alpha 1 chain 

Cq; Ct   quantification cycle; threshold cycle 

CR  complement receptor 

CTGF  connective tissue growth factor 

Cys  cysteine 

DAPI  4´,6-Diamidino-2-phenylindole 

DC-STAMP dendritic cell-specific transmembrane protein 

DEJ  dermoepidermal junction 

DIC   differential interference contrast 

DN   gene encoding for decorin 

DNA   deoxyribonucleic acid 

dNTP  deoxyribose nucleoside triphosphate 

ECM  extracellular matrix 

EDTA   ethylenediaminetetraacetic acid  

EGF  epidermal growth factor 

FBC   foreign body capsule 

FBGC  foreign body giant cell 

FBR   foreign body reaction 

FDA   Food and Drug Administration 

G  guanine 

G-CSF   granulocyte-colony stimulating factor 

Gly  glycine 
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GM-CSF  granulocyte macrophage colony-stimulating factor 

H&E  haematoxylin and eosin 

HA  hyaluronic acid 

HAS  hyaluronic acid synthase 

His  histidine 

HIV  human immunodeficiency virus  

HYAL  hyaluronidase 

IFN-γ  interferon γ 

IgG  immunoglobulin G 

IL  interleukin 

LM   carrier material 

LPS  lipopolysaccharide 

Mac-1   macrophage-1 antigen 

MCP-1   monocytic chemotactic protein 1 

MHz   megahertz 

MMP  matrix metalloproteinase 

mRNA   messenger ribonucleic acid 

NaAC  sodium acetate 

NCBI  National Center for Biotechnology Information 

NER   nucleotide excision repair 

NHEJ   non-homologous end-joining 

PBS(T)  phosphate buffered saline (Triton X-100) 

PCR  polymerase chain reaction 

PDGF  platelet-derived growth factor  

Phe  phenylalanine 

PLLA   poly-L-lactic acid 

PMN   polymorphonuclear cells 

RNA  ribonucleic acid 

ROS  reactive oxygen species 

RPLP0  ribosomal protein large P0 

rpm  rounds per minute 

SD   standard deviation 

siRNA   small interfering ribonucleic acid 

T  thymine 

TAE  Tris acetate EDTA 

TGFß  transforming growth factor ß 

TIMP  tissue inhibitor of matrix metalloproteinase 

TNFα  tumor necrosis factor α 

TRIS  tri(hydroxymethyl)aminomethane 

Trp  tryptophan 

Tyr  tyrosine 

U  units 
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UV  ultraviolet 

V  volt 

VEGF  vascular endothelial growth factor 

αSMA  alpha smooth muscle actin 
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7.2 DNA sequence alignment 

 

 

Figure 7.1 Alignment of TGFß1 sequence and sequence (Seq1) of the PCR product synthesised in the TGFß1 

approach (cf. 4.33). Green highligted bases are identical. 

 

 

Figure 7.2 Alignment of Col1A1 sequence and sequence (Seq2) of the PCR product synthesised in the Col1A1 

approach (cf. 4.33). Green highligted bases are identical. 
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7.3 Melting curves 

Exemplary melting curves of real-time PCR using cDNA of volunteer 10 biopsy 2. 

αSMA 

 

Col1 

 

CTGF 

 

PDGFB 
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RPLP0 

 

TGFß1 

 

TIMP1 

 

Col3 
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No template control 
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7.4 Informed consent 

   

  Probandin:.....................................  Geburtsdatum:............................. 

  (Name, Vorname) 

 

  Probanden-Initialen: ...................  Probanden-Nummer:..................... 

 

 

„Oberarmaugmentation mit Poly-L-Milchsäure: Klinische, 
histologische und molekularbiologische Untersuchungen“ 

 

Schriftliche Einwilligungserklärung 
zur Teilnahme an der Studie 

 
Alle Fragen zu dieser vorgesehenen klinischen Studie wurden von Frau Prof. Dr. 
med. Schürer zu meiner Zufriedenheit beantwortet. 
 
Ich bin über Wesen, Bedeutung und Tragweite dieser klinischen Prüfung aufgeklärt 

worden, habe die Probandenaufklärung gelesen und verstanden, und hatte 

genügend Zeit für meine Entscheidung. Ich weiß, dass meine Teilnahme freiwillig 

erfolgt. Ich kann jederzeit ohne Angabe von Gründen meine Einwilligungserklärung 

zurückziehen. 

 
Über die Einhaltung der Bestimmungen des Datenschutzes wurde ich 
aufgeklärt, und ich bin mit der Weitergabe der im Rahmen der klinischen 
Prüfung erfolgenden Aufzeichnung von Krankheitsdaten und ihrer Weitergabe 
zur Überprüfung an den Auftraggeber einverstanden. 
 
Eine Kopie der Probandeninformation und dieser Einwilligungserklärung ist mir 
ausgehändigt worden. 
 
 
Hiermit willige ich in die Teilnahme an der o.g. Studie ein. 
(Datum und Unterschrift sind vom Probanden selbst handschriftlich einzutragen.) 
 
 
Osnabrück, den _________________             _____________________________ 
       Unterschrift des Probanden 
 
 
 
Osnabrück, den ________________               _____________________________ 
       Unterschrift der aufklärenden Ärztin 
 



93  7. Appendix 

7.5 Quality of Life questionnaire 

 

(FLQA-k*) Fragebogen zur Lebensqualität, Haut und Kosmetik 

Dieser Fragebogen dient der Beschreibung Ihres Befindens und Ihrer Einstellungen zu Ihrer 

Haut und dem Äußeren allgemein. 

Bitte beantworten Sie die Fragen sorgfältig, aber spontan. Alle Angaben werden streng 

vertraulich behandelt und anonym ausgewertet.  

 

Bitte kreuzen Sie in jeder Zeile an, welche Aussage  

aktuell auf Sie zutrifft: 

1 Ich nehme mir Zeit für Körperpflege. O O O O O 

2 Ich widme meinem Äußeren viel Aufmerksamkeit. O O O O O 

3 Ich neige dazu, meinen Körper zu verbergen. O O O O O 

4 Die äußere Erscheinung sagt viel über einen Menschen aus. O O O O O 

5 Ich vermeide es, die Blicke anderer auf mein Äußeres zu ziehen. O O O O O 

6 Ich schaue häufig in den Spiegel. O O O O O 

7 Ich reagiere stark auf die körperliche Ausstrahlung von anderen. O O O O O 

8 Ich wünsche mir einen anderen Körper. O O O O O 

9 Ich betrachte mich gern. O O O O O 

10 Ich bin mit meinem Aussehen zufrieden. O O O O O 

11 Ich lasse mich gern berühren. O O O O O 

12 Es verunsichert mich, wenn irgend etwas an meinem Äußeren 

nicht so ist, wie es sein sollte. 

O O O O O 

13 Mein Aussehen macht mir Kummer. O O O O O 

14 Ich bin wegen meiner äußeren Erscheinung weniger attraktiv als 

die meisten anderen Menschen. 

O O O O O 

15 Es gibt Situationen, die ich wegen meines Aussehens vermeide. O O O O O 

16 Ich achte auf die Haut anderer Menschen. O O O O O 

17 Ich könnte meine Haut noch sorgfältiger als bisher pflegen. O O O O O 

18 Ich vermeide Sauna oder Schwimmbad, weil andere Leute mich 

anstarren könnten. 

O O O O O 

19 Ich habe das Gefühl, die Leute starren auf meine äußere 

Erscheinung. 

O O O O O 

20 Mein Äußeres schränkt mich generell in meinem Leben ein. O O O O O 
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Bitte kreuzen Sie in jeder Zeile an, welche Aussage  

aktuell auf Sie zutrifft: 

 

21 Wenn ich in den Spiegel schaue, betrachte ich vor allem meine 

Haut. 

O O O O O 

22 Ich mache mir Gedanken darüber, was andere Menschen über 

mein Äußeres denken. 

O O O O O 

23 Ich bin mit meinen Geschlechtsmerkmalen zufrieden. O O O O O 

24 Ein gutes Aussehen ist mir wichtig. O O O O O 

25 Für mein Äußeres gebe ich viel Geld aus. O O O O O 

26 Der Zustand meiner Haut ist mir unangenehm. O O O O O 

27 Ich fühle mich äußerlich nicht mehr attraktiv. O O O O O 

28 Ich möchte gerne mehr für meine Schönheit tun. O O O O O 

29 Am liebsten hätte ich eine andere Haut. O O O O O 

30 Ich habe keine Hoffnung, mein Äußeres wieder zu mögen. O O O O O 

31 Die Vorstellung, andere sehen mich nackt, bereitet mir 

Unbehagen. 

O O O O O 

32 Mein Aussehen beeinträchtigt manchmal meine 

Freizeitaktivitäten. 

O O O O O 

33 Durch meine Haut fühle ich mich eher alt. O O O O O 

34 Ich beneide andere um ihr gutes Aussehen. O O O O O 

35 Ich fühle mich äußerlich attraktiv. O O O O O 

36 Mich schön zu machen, bereitet mir Spaß. O O O O O 

37 Manchmal vermeide ich wegen meines Aussehens Treffen mit 

anderen. 

O O O O O 

38 Ich versuche mich so zu kleiden, daß mein Äußeres möglichst 

wenig auffällt. 

O O O O O 

39 Es fällt mir schwer, zu meinem Aussehen zu stehen. O O O O O 

40 Mein Äußeres hindert mich daran, von mir aus Kontakt mit 

anderen aufzunehmen. 

O O O O O 

41 Ich befürchte, daß ich mit zunehmendem Alter immer 

unattraktiver werde. 

O O O O O 

42 Ich fühle mich in meiner Haut wohl. O O O O O 

43 Ein schönes Aussehen gibt mir ein sicheres Gefühl. O O O O O 

44 Heutzutage zählt nur das Äußere. O O O O O 
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7.6 Erklärung über die Eigenständigkeit der erbrachten wissenschaftlichen Leistung 

 

Ich erkläre hiermit, dass ich die vorliegende Arbeit ohne unzulässige Hilfe Dritter und ohne 

Benutzung anderer als der angegebenen Hilfsmittel angefertigt habe. Die aus anderen 

Quellen direkt oder indirekt übernommenen Daten und Konzepte sind unter der Angabe der 

Quelle gekennzeichnet. 

Bei der Auswahl und Auswertung folgenden Materials haben mir die nachstehend 

aufgeführten Personen in der jeweils beschriebenen Weise entgeltlich/ unentgeltlich 

geholfen. 

1. Das histopathologische Labor von Prof. Kind (Offenbach) fertigte Gewebeschnitte 

und H&E Färbungen an, die für diese Arbeit verwandt wurden. 

Weitere Personen waren an der inhaltlichen materiellen Erstellung der vorliegenden Arbeit 

nicht beteiligt. Insbesondere habe ich hierfür nicht die entgeltliche Hilfe von Vermittlungs- 

bzw. Beratungsdiensten (Promotionsberater oder andere Personen) in Anspruch genommen. 

Niemand hat von mir unmittelbar oder mittelbar geldwerte Leistungen für Arbeiten 

erhalten, die im Zusammenhang mit dem Inhalt der vorgelegten Dissertation stehen. 
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