
 

i 

 

  

Universität Ulm 

Medizinische Fakultät 

Institut für Pathologie 

Direktor: Prof. Dr. med. Peter Möller 

 

 

 

 

Analysis of the genomic and protein status of MDM2 and 

CDK4 in a multiphenotypic tumour with co-existing lines of 

lipogenic and osteogenic differentiation 

 

 

 

 

Dissertation zur Erlangung des 

Doktorgrades der Medizin 

der Medizinischen Fakultät der Universität Ulm 

 

 

 

 

 

 

 

vorgelegt von 

David Glover 

Ulm Januar 2016 

  



 

ii 

 

 

Amtierender Dekan: Prof. Dr. rer. nat. Thomas Wirth 

1. Berichterstatter:  Prof. Dr. med. Thomas Barth 

2. Berichterstatter:  Prof. Dr. med. Lars Bullinger 

Tag der Promotion:  19. Mai 2017 

 

 

  



 

iii 

 

 

 

 

 

Dedicated to my parents for their enduring support, patience and confidence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inspired by Dave Wottle, 800m Olympic Gold medallist, Munich, 1972. 

“The run of a lifetime, in a hat”



      

I 

 

Table of ContentsTable of ContentsTable of ContentsTable of Contents    

Table of Contents ........................................................................................................................ I 

Abbreviations ............................................................................................................................ III 

1 Introduction ....................................................................................................................- 1 - 

1.1 Lipogenic Tumours ..................................................................................................- 3 - 

1.1.1 Lipoma (ICD-0 code: 8850/0) ...........................................................................- 3 - 

1.1.2 Atypical lipomatous tumour (ALT) (ICD-0 code: 8850/1) ................................- 4 - 

1.1.3 Dedifferentiated liposarcoma (DDLPS) (ICD-0 code: 8858/3) .........................- 6 - 

1.1.4 Further liposarcomas .......................................................................................- 7 - 

1.2 Conventional Osteosarcoma (ICD-0 code: 9180/3) ................................................- 8 - 

1.3 Aims of the study ................................................................................................. - 11 - 

2 Materials and Methods ............................................................................................... - 12 - 

2.1 Apparatus and Software ...................................................................................... - 12 - 

2.2 Chemicals ............................................................................................................. - 13 - 

2.3 Methods ............................................................................................................... - 14 - 

2.3.1 Selecting samples .......................................................................................... - 14 - 

2.3.2 Immunohistochemistry ................................................................................. - 15 - 

2.3.3 Fluorescence in situ hybridization ................................................................ - 17 - 

2.3.4 Analysis and interpretation of results .......................................................... - 20 - 

3 Results .......................................................................................................................... - 25 - 

3.1 Case Study ............................................................................................................ - 25 - 

3.1.1 Gross and histological analysis ..................................................................... - 25 - 

3.1.2 Radiographic results...................................................................................... - 29 - 

3.1.3 Gross images ................................................................................................. - 30 - 

3.1.4 IHC and FISH results ...................................................................................... - 33 - 

3.1.5 Microscopic findings ..................................................................................... - 37 - 

3.2 Cohort Study ......................................................................................................... - 44 - 

3.2.1 IHC and FISH results ...................................................................................... - 44 - 



      

II 

 

3.2.2 Microscopic findings ..................................................................................... - 46 - 

4 Discussion .................................................................................................................... - 49 - 

4.1 Literature .............................................................................................................. - 52 - 

4.2 Postulated Theories ............................................................................................. - 55 - 

4.3 Conclusion ............................................................................................................ - 57 - 

5 Summary ...................................................................................................................... - 58 - 

6 References ................................................................................................................... - 60 - 

7 Ethics Compliance ........................................................................................................ - 63 - 

8 Acknowledgements ..................................................................................................... - 64 - 

9 Curriculum Vitae .......................................................................................................... - 65 - 

 

  



      

III 

 

Abbreviations 

°C Degrees Celsius 

µl Microliters 

ALT Atypical lipomatous tumour 

AP Alkaline phosphatase 

CCD Charge-coupled device 

CDK4 Cyclin-dependent kinase 4 

cm  Centimetre 

CT Computer Tomography 

DAPI Diamidino-2-phenylindol. A blue fluorescent stain 

specific for DNA 

DDIT3 DNA damage-inducible transcript 3 gene 

DDLPS Dedifferentiated liposarcoma 

DNA Deoxyribonucleic acid 

EDTA Ethylenediaminetetraaceticacid 

FFPE Formalin-fixed paraffin-embedded 

FISH Fluorescence in situ hybridization 

FNCLCC La Fédération Nationale des Centres de Lutte Contre 

le Cancer 

FUS Fused in Sarcoma Gene 

HCL Hydrochloric acid 

HE Haemotoxylin-Eosin Stain 

HPF High power field. 1 HPF = 0.1734 mm² 

ICD International Statistical Classification of Diseases and 

Related Health Problems 

ICD-0 International classification of disease for oncology 

IgG Immunoglobulin isotype G 

kb Kilobase = 1000 genetic base pairs 

MDM2 Mouse double minute 2 homolog 

mg milligram 

ml Millilitre 

mM Millimolar 

mm Millimetre 

MSC Mesenchymal Stem Cell 

n.a. Not analysed 



      

IV 

 

n.e. Non-evaluable 

PBS Phosphate buffer solution 

Rb Retinoblastoma susceptibility protein 

rec. Recurrence 

rRNA Ribosomal ribonucleic acid 

SE Satellite enumeration. (Allows specific chromosome 

analysis and marker chromosome identification) 

SSC Saline-sodium citrate buffer 

WHO World Health Organization 



      

- 1 - 

 

1111 IntroductionIntroductionIntroductionIntroduction    

Soft tissue and osteogenic tumours represent a heterogenous group of neoplasias, which 

arise embryonically from the mesoderm. The tumours are broadly classified by the line of 

differentiation according to the tissue type they represent. Benign mesenchymal tumours 

closely resemble normal tissue and display a limited capacity for autonomous growth. 

Sarcomas represent the malignant variants, which grow in a destructive and invasive manner 

with the ability for distant metastasis and a high rate of recurrence. It is important to further 

stratify sarcomas based on their histological malignancy, which leads to the subdivision in 

different grades. The FNCLCC (La Fédération Nationale des Centres de Lutte Contre le Cancer) 

grading System as seen in Table 1, has been widely accepted as the most suited method for 

establishing grade, which correlates with the prognosis. Figure 1 shows that a correlation 

exists between grade and survival rate. The average 10 year survival rate of grade 1 sarcoma 

is 93% whereas that of a grade 3 sarcoma is only 23%.  

It must be mentioned that there are limitations of the FNCLCC grading system. It is agreed 

among experts that no grading system is suitable for all types of sarcoma. This is not surprising 

when appreciating that the WHO classifies more than 130 tumours of soft tissue (Fletcher, 

Christopher D. M 2013). For example, the behavior of a well differentiated liposarcoma is 

determined predominantly by its histological subtype, thereby denoting the grade redundant. 

The FNCLCC System also does not take any clinical aspects into consideration, such as patient 

age or co-morbidities, which are of particular prognostic influence. It is important to consider 

the limitations of grading systems when assessing the nature of a soft tissue tumour and to 

appreciate the context in which they exist. However, despite these limitations, grading 

remains one of the most effective and inexpensive ways of assessing the prognosis of a 

sarcoma (Jean-Michel Coindre M.D et al. 2001) which also simplifies the risk stratification.  

 

In the following, an introduction will be given into the soft and osteogenic tissue tumours 

which are of importance to this study.  
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Table 1 - Histopathological parameters in the FNCLCC (La Fédération Nationale des Centres de Lutte Contre le Cancer) grading 

system of sarcomas. A scoring system is used for each histological parameter. The cumulative score can then be used to 

determine the histological grade of the sarcoma concerned.  

Histological parameter Definition  

Tumour differentiation Score 1: Sarcomas closely resembling normal 

adult mesenchymal tissue and 

potentially difficult to distinguish from 

the counterpart benign tumour (e.g. 

well-differentiated liposarcoma) 

Score 2: Sarcomas for which histological typing 

is certain (e.g. myxoid liposarcoma) 

Score 3: Embryonal and undifferentiated 

sarcomas, synovial sarcomas 

Mitotic count (established on the basis 

of 10 HPF (high power field)); 1 HPF = 

0.1734 mm² 

Score 1: 0-9 mitoses per 10 HPF 

Score 2: 10-19 mitoses per 10 HPF 

Score 3: >19 mitoses per 10 HPF 

Tumour necrosis Score 0: No necrosis 

Score 1: <50% tumour necrosis 

Score 2: >50% tumour necrosis 

Histological grade Grade 1: Total score 2-3 

Grade 2: Total score 4-5 

Grade 3: Total score 6-8 

 

(Reproduced from Fletcher 2013) 

 

 (Reproduced from Guillou et al. 1997) 

Figure 1 – Line Graph showing the correlation of sarcoma grade and survival rate. The 10 year survival rate of Grade 1, 2, and 

3 are 93%, 57% and 23% respectively. This disparity can also be seen for the 1 year and 5 year survival rate. Purple line = 

Grade 1, Yellow line = Grade 2, Blue line = Grade 3, Green line: Average Sarcoma including all grades.     
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1.11.11.11.1 LipogenicLipogenicLipogenicLipogenic    TumoursTumoursTumoursTumours    

A lipogenic tumour is a soft-tissue tumour, consisting of atypical adipocytes, i.e. atypical 

stromal cell and/or lipoblasts. Lipogenic tumours are categorized based on their macroscopy, 

histopathology, immunophenotype and genetics. From this, it is possible to deduce 

predictions of malignancy and prognosis aiding in the choice of therapy which is vital in the 

clinical setting. 

 

1.1.11.1.11.1.11.1.1 Lipoma (ICDLipoma (ICDLipoma (ICDLipoma (ICD----0000    code: 8850/0)code: 8850/0)code: 8850/0)code: 8850/0)    

Definition and Epidemiology 

A lipoma is a tumour composed of mature adipocytes, which is benign in nature with a low 

rate of recurrence. Conventional lipoma is the most common mesenchymal neoplasm in 

adults and it shows a peak incidence between 40 and 60 years of age (Enzinger et al. 1989). A 

small percentage of patients have multiple lipomas. A separate condition is termed 

lipomatosis, which when localized in the neck region is termed Madelung disease. 

 

Clinical features 

A conventional lipoma will usually arise within the subcutaneous tissue or deep soft tissue, 

such as an intramuscular lipoma. Less common lipomas include the lipoma arborescence, 

which is a fatty infiltration of the synovial connective tissue, most common in male patients 

who will often report of a gradual swelling of joints (Meyers 2008).  

Although benign in nature, lipomas can cause clinical symptoms through compression or 

obstruction of organs, making a surgical excision necessary. Furthermore, a lipoma can only 

be confirmed following pathologic evaluation.  

 

Macro- and histopathology  

The adipocytes contain a single lipid droplet and have eccentric nuclei. The mature cells are 

generally isomorph. Macroscopically the tumour is homogenous, yellow and well 

circumscribed. 
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Immunophenotype 

Leptin, S100 and HMGA2 (High-mobility group AT-hook 2) stain positively in lipomas. 

Rearrangement of HMGA2 has been found in approximately 60-70% of ordinary lipomas as a 

characteristic cytogenetic abnormality. (Dreux et al. 2010) 

 

Genetics 

Three genetic subgroups can be described, although aberrations are heterogeneous in 

lipomas. The incidence of aberrations are as follows: gains of chromosomal material on 

12q13-15 (65% of cases); loss of material from 13q (10%); and aberrations involving 6p21-23 

(5%) (Bartuma et al. 2007). Aberrations of chromosome 12q in lipomas suggest a step towards 

liposarcomas which often show amplification of CDK4 (12q13) and MDM2 (12q15). Therefore, 

the critical region of chromosome 12q may be already altered in lipomas pointing to a 

progression to a liposarcoma. 

 

1.1.21.1.21.1.21.1.2 AtypicaAtypicaAtypicaAtypical lipomatous tumour (ALT) (ICDl lipomatous tumour (ALT) (ICDl lipomatous tumour (ALT) (ICDl lipomatous tumour (ALT) (ICD----0000    code: 8850/1)code: 8850/1)code: 8850/1)code: 8850/1)    

Synonyms and terminology 

Synonyms of ALT are atypical lipoma and well-differentiated liposarcoma. This somewhat 

controversial terminology can lead to diagnostic confusion due to the interchangeable use of 

the words liposarcoma and atypical lipoma to describe the same entity. Although complete 

excision of an ALT warrants a cure due to the necessity of de-differentiation for metastasis, 

certain localizations may result in a narrow surgical excision margin, leading to recurrences 

with the inevitable result of exitus due to uncontrollable local effects. These critical locations 

include the retroperitoneum and mediastinum. Furthermore, a retroperitoneal ALT will often 

stay asymptomatic until a very large size has been reached. This location dependent factor 

readily justifies the use of both synonyms since superficial ALT have a much better prognosis 

than those localized in deep soft tissue. 
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Definition and Epidemiology 

ALT is a mesenchymal neoplasm which is locally aggressive showing a high variability in cell 

morphology, nuclear atypia and relatively high rates of proliferation. ALTs are the most 

common subgroup, accounting for approximately 40-50% of liposarcomas. These lesions 

occur in most often in middle aged adults with a peak incidence in the sixth decade of life.  

Males and females are equally affected. (Fletcher, Christopher D. M 2013) 

 

Clinical features 

Similar to the lipoma, an ALT is not painful in nature however compression or obstruction can 

lead to clinical symptoms such as pain. ALT is most commonly found in the deep soft tissue of 

the limbs, followed by the mediastinum, retroperitoneum as well as the spermatic cord of 

males (Enzinger 1962).  

The prognosis depends largely on resectability, primarily linked with the location and size of 

the tumour.  

 

Macro- and histopathology  

The mass is usually well circumscribed, rarely infiltrative and depending on the proportions 

of adipocytic to fibrous tissue, yellow and soft to white and firm. Larger lesions commonly 

also present areas of necrosis. 

Morphological differences allow a subdivision into the three main ALT subtypes: adipocytic, 

sclerosing and inflammatory. Overlaps of more than one subtype in a single lesion are 

common. In contrast to a benign lipoma, hyperchromasia and noticeable cell size variation 

can be observed. The absence or presence of lipoblasts is not required for the diagnosis for 

or against a liposarcoma (Weiss 1994). 

 

Genetics 

ALT is characterized by supernumerary ring and giant marker chromosomes, typically as the 

only change or accompanied with a few other numerical or structural abnormalities 

(Sandberg 2005). MDM2 (12q15) is regularly overexpressed and amplified and is seen as the 

driver gene of the 12q amplicon. MDM2 inactivates TP53 through degradation and inhibits its 

transactivation. The TP53 gene is rarely mutated in ALT/well-differentiated liposarcoma 

(Pilotti et al. 2000). 



      

- 6 - 

 

 

1.1.31.1.31.1.31.1.3 Dedifferentiated liposarcoma (DDLPS) (ICDDedifferentiated liposarcoma (DDLPS) (ICDDedifferentiated liposarcoma (DDLPS) (ICDDedifferentiated liposarcoma (DDLPS) (ICD----0000    code: 8858/3)code: 8858/3)code: 8858/3)code: 8858/3)    

Definition and Epidemiology 

DDLPS is an ALT with progression to a sarcoma of varying histological grade. There is often an 

amplification of MDM2. About 90% of cases arise de novo, while 10% develop in recurrences. 

Due to site dependence, deep lesions of the retroperitoneum are more likely than lesions in 

limbs. DDLPS is a relatively common form of liposarcoma, including 10% of the cases with 

dedifferentiation from well-differentiated liposarcomas (Enzinger et al. 1989).  

 

Clinical features 

DDLPS is often a large painless mass showing the coexistence of fatty and non-fatty solid 

components. An acute size increase of a long-standing mass, for example of the limbs, would 

indicate dedifferentiation. The retroperitoneum represents the most common localization, 

due to a long asymptomatic period, which is based on the large anatomical growth space, 

followed by the limbs and very rarely subcutaneous tissue.  

 

Macro- and histopathology 

DDLPS can be found as a multinodular, yellow, adipocytic mass with discrete areas of grey, 

which indicates non-lipotamous, dedifferentiated lesions. Adjacent to dedifferentiation one 

can often find areas of haemorrhage and necrosis. 

As opposed to an ALT, DDLPS will show areas of transition to non-lipomatous, 

dedifferentiated sarcoma. The transition ranges from abrupt to gradual overlapping with 

varying grades of dedifferentiation. Low grade dedifferentiation is characterized most often 

by the presence of uniform fibroblastic spindle cells with mild nuclear atypia. Low-grade 

DDLPS is virtually indistinguishable from cellular well-differentiated liposarcoma (Evans 

2007).  Heterologous differentiation is found in 5-10% of cases, most often myogenic or 

osteo/chondrosarcomatous. “A peculiar “neural-like” or “meningothelial-like” whirling 

pattern of dedifferentiation has been described, which is often associated with ossification 

(Huh et al. 2011). 
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Immunophenotype 

Immunohistochemistry aids in exclusion of other liposarcoma types. Diffuse nuclear 

expression of MDM2 and/or CDK4 is present (Sirvent et al. 2007). This allows for exclusion of 

the differential diagnosis pleomorphic liposarcoma, which has been seen to cause a more 

severe prognosis. 

Genetics 

Similar to ALT, DDLPS also shows giant marker or ring chromosomes of chromosome 12; 

MDM2 (12q15) and CDK4 (12q13) are regularly amplified and over-expressed on a protein 

level (Meis-Kindblom et al. 2001). 

1.1.41.1.41.1.41.1.4 Further liposarcomasFurther liposarcomasFurther liposarcomasFurther liposarcomas    

This study focuses on ALTs and DDLPS, therefore only a brief mention of myxoid liposarcomas 

(ICD-O code 8852/3) and pleomorphic liposarcomas (ICD-O code 8854/3) will be made.   

 

Myxoid liposarcoma 

Signet-ring cell lipoblasts, a myxoid stroma and oval-shaped primitive non-adipocytic cells 

characterize the malignant myxoid liposarcoma. It is mainly discerned from DDLPS by the fact 

that it shows a FUS-DDIT3 rearrangement. Most often this presents itself as a translocation 

namely t(12;16)(q13;p11). Although myxoid liposarcomas are rare, they are the most 

common form of liposarcoma in children and adolescents (Huh et al. 2011).  

 

Pleomorphic liposarcoma 

Pleomorphic liposarcomas are the rarest form of liposarcoma and are characterized by 

pleomorphic lipoblasts devoid of any areas of atypical ATL and DDLPS. The peak incidence 

occurs in the seventh decade of life and is mainly diagnosed after patient’s report of a rapidly 

growing painless mass, with symptoms associated to the location of the tumour. Most cases 

can be found in deep soft tissue, however about 25% develop in the subcutaneous fat 

(Gebhard et al. 2002).  
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1.21.21.21.2 Conventional oConventional oConventional oConventional osteosarcomasteosarcomasteosarcomasteosarcoma    (ICD(ICD(ICD(ICD----0000    code: 9180/3)code: 9180/3)code: 9180/3)code: 9180/3)    

Definition and Epidemiology 

Osteosarcoma is a malignant, intra-osseous high-grade neoplasm in which the neoplastic cells 

produce bone i.e., the neoplastic osteoid. A primary tumour will show normal underlying 

bone morphology whereas a secondary tumour shows modified bone following radiation, 

infarction or Paget disease.  

Paget's disease is a disorder that involves abnormal bone destruction and re-formation. This 

osteoclastic-osteoblastic nature results in deformities of the affected bones with the 

possibility of malignant degeneration (Melmed 2011). Osteosarcomas are the most common 

sarcoma of the skeleton and show a bimodal age distribution with a peak between the ages 

of 10-14 years and >40 years (Ottaviani 2009).  

The incidence of osteosarcomas resulting from Morbus Paget is approximately 1%, which 

constitutes roughly half of all osteosarcomas for patients aged >60. Radiation associated 

osteosarcoma is also a relatively common form and typically affects older patients (Brady et 

al. 1992). 

 

Clinical features 

An osteosarcoma typically presents itself as a painful mass that may be palpable, depending 

on size and localization. The overlying skin may also undergo inflammatory changes such as 

edema, erythema and an increased emanation of warmth. Impaired range of motion of the 

musculoskeletal apparatus, joint effusion and in advanced forms cachexia and weight loss are 

the main implications. Furthermore, pathological fractures may occur when an osteosarcoma 

causes a break in the regular organized structure of a bone, by eroding pre-existing 

trabeculae.  

Although the metaphysis of long bones of the extremities are the most typical sites, a primary 

osteosarcoma can arise from any bone. In hierarchical order the incidence in bones is as 

follows: the distal femur (30%), followed by the proximal tibia (15%) and proximal humerus 

(15%) which are also the regions containing the most proliferative growth plates (Savage 

2011). 
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Macro- and histopathology 

The osteosarcoma differs from normal bone in that it is often gritty, with a tan-grey coloring. 

Depending on the degree of mineralization and the amount of chondrogenic tissue, the mass 

may possess a glistening, rubbery texture. Cysts and haemorrhage are not uncommon. 

Intramedullary osteosarcomas displace the periosteum peripherally, which is also the main 

cause of pain. It is also the reason for the typical Codman triangle feature in radiograph 

images, which occurs when the lesion lifts the periosteum off a long bone, forming a pseudo-

triangle (Dahlin 1967).  

The neoplastic cells of an osteosarcoma are typically anaplastic and pleomorphic with an 

eosinophilic cytoplasm. The varying amounts of neoplastic cartilage and/or fibroblastic tissue 

in the matrix lead to a sub-categorization into: osteoblastic (ICD-O code: 9180/3) 76-80%; 

chondroblastic (ICD-O code: 9181/3) 10-13%; and fibroblastic (ICD-O code: 9182/3) 10% 

variants (Bacci et al. 2006). Osteoblastic osteosarcomas are of the sclerosing type, when there 

is a large proportion of compact bone to matrix. Chondroblastic osteosarcoma contains 

hyaline or myxoid tissue. Fibroblastic osteosarcomas usually contain spindled malignant cells 

which are less frequently epithelioid and often exhibit severe cytological atypia (Bertoni et al. 

2003).  

 

Immunophenotype 

Osteosarcomas possess a non-characteristic immunophenotype in both primary and 

secondary forms which therefore does not aid in the diagnostic process. Antigens which are 

commonly expressed in various amounts include: osteocalcin, S100 protein, osteonectin and 

actin (Fanburg et al. 1997). 

 

Genetics 

Cytogenetic studies have shown typical genetic aberrations in osteosarcoms. This includes: 

deletion and loss of heterozygosity (LOH) of 3q13, amplification of 6p12-21 and amplification 

of 8q (including the MYC oncogene at 8q24.21). Additionally, cell-cycle genes seem to be 

affected. This includes amplification of CDK4 (12q13), which occurs in 10% of osteosarcomas 

(Mejia-Guerrero et al. 2010). The latter is especially relevant in parosteal osteosarcomas (ICD-

O code: 9192/3), another sub-type of osteosarcomas. More than 85% of these tumours show 

ring chromosomes with amplified material from the chromosomal region 12q13-15, which 
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includes CDK4, but also MDM2 (12q15) (Duhamel, Laure A E et al. 2012). This gene 

amplification is usually accompanied by increased protein expression. CDK4 and MDM2 are 

two genes which are of particular importance in this study and will form the basis of 

comparison between different tumour types.  
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1.31.31.31.3 Aims of the studyAims of the studyAims of the studyAims of the study    

In the following study, a detailed analysis of a tumour containing co-existing lines of lipogenic 

and osteogenic differentiation will be made. The tumour is rare due to its multiphenotypic 

nature, in which areas of DDLPS and high grade osteosarcoma coexist suggesting a diverging 

tumour differentiation during progression. The analysis will break the tumour down in its 

various components on macroscopic, histologic, genetic and protein-level basis.  

In order to place this case into a suitable context, an analysis of 10 lipomas, 12 liposarcomas 

and 10 osteosarcomas, individually and devoid of other tumour types, will be made. The 

analysis will contain the same aspects of analysis performed on the rare case, which should 

aid in contextualizing this tumour. 

Following this, the study will be able to probe the idea tumour progression/divergence versus 

collision tumour theory, based on genetic (dis)similarity of various tumour types within the 

excised mass.  
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2222 Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    

2.12.12.12.1 ApparatusApparatusApparatusApparatus    and Softwareand Softwareand Softwareand Software    

Apparatus Manufacturer 

Blockthermostat Eppendorf 

Camera microscope Zeiss 

CCD Camera Zeiss 

Centrifuge Mini Spin Eppendorf 

Cover slips Menzel 

Cuvettes Roth 

Fluorescent microscope Zeiss 

Gloves Semperit 

Heating plate Eppendorf 

Hybridiser Heraeus 

Ice machine Inco Ziegra 

Light microscope Zeiss 

Magnetic Mixer Heidolph 

Microtome knife Leica Biosystems 

Parafilm American Can Company 

pH-meter WtW 

Pipette tips Eppendorf 

Pipettes Discovery Comfort HTL Lab Solutions 

Scale Sartorius 

Shaker Köttermann 

Slide Marker Marienfeld Superior 

SpeedVac RVC2-18 Christ 

Steamer Braun 

Test tubes, flasks, glassware Schott 

Vortex-Genie 2 Scientific Industries 

Water bath Braun 
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Software Manufacturer 

DC-Pathos DC-Systeme 

Diskus  Carl H. Hilgers Technisches Büro 

ISIS Meta-Systems 

Photoshop CS 6 (13.0) Adobe Systems 

SAP Siemens Healthcare Diagnostics 

Word, Excel, Powerpoint 2013 Microsoft 

2.22.22.22.2 ChemicalsChemicalsChemicalsChemicals    

 

Chemical Manufacturer 

Antibody diluent Dako 

DAPI Sigma-Aldrich 

Distilled water Merck 

EDTA Sigma-Aldrich 

Ethanol Merck 

Fixogum Marabu 

Formalin Roth 

Formamide Roth 

HCl Merck 

Kaisers Glycerolgelatin Carl Roth 

NaCl Sigma-Aldrich 

Paraformaldehyde PanReac Applichem 

Pepsin Pagma-Aldrich 

Vectashield Vector Laboratories 

Xylol Merck 

HE-Stain Waldeck 

Azan-Stain Merck 

Isopropanol Sigma-Aldrich 

Aquatex Mounting medium Merck 
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2.32.32.32.3 MethodsMethodsMethodsMethods    

2.3.12.3.12.3.12.3.1 Selecting samplesSelecting samplesSelecting samplesSelecting samples    

Samples were chosen using the DC-Pathos software by entering search cues such as “lipoma” 

or “osteosarcoma”. From this 10 lipomas, 12 liposarcomas and 10 ostesosarcomas were 

chosen for further investigation. The selection of cases for our collective was random with 

exception to one selection criteria. For practical reasons, only cases with tissue samples which 

were present on the premises of the pathology department of the University of Ulm were 

considered. Some cases had been sent externally to reference pathologists for further 

investigation and second opinion revision. As these samples could not be further processed, 

they were excluded from the study. 

 

In total, 41 samples were taken from the tissue collection of the Institute of Pathology, Ulm 

University. The probes were pseudonymized to comply with the German law for correct usage 

of archival tissue for clinical research. (Deutscher Ärzte-Verlag GmbH, Ärzteblatt) 
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2.3.22.3.22.3.22.3.2 ImmunohistochemistryImmunohistochemistryImmunohistochemistryImmunohistochemistry    

Immunohistological stainings were carried out to analyse the qualitative and quantitative 

degree of protein expression in sarcomas. The antibodies used were; CDK4 (DCS-31.2) and 

MDM2 (SMP14), which are both monoclonal mouse IgG antibodies. The tissue sections were 

made from paraffin fixated samples, by cutting 2µm slices using a microtome blade. The 

sections were placed on labelled glass slides and incubated for 6 hours. 

 

 

 

Figure 2 - Basic steps of Immunohistochemical (IHC) staining. The primary IgG antibody either CDK4 or MDM2 (blue) binds 

the antigen (brown) which is contained in the tissue sample which lies on the slide (black). A biotinylated secondary antibody 

(green) binds the primary antibody. The complex of Alkaline Phosphatase (AP) with streptavidin and biotin catalyses the 

enzymatic reaction of the chromogenic substance from transparent to red.  

 

Deparaffination 

The paraffin fixated tissue samples were first deparaffinated before an immunohistological 

staining could be made. This was done using xylol and ethanol. First the tissue sections were 

placed for 5 Minutes in xylol. This step was repeated three times. After washing in 100% 

ethanol, the samples were hydrated using a row of decreasing alcohol concentrations (100% 

- 90% - 70% Ethanol, each 5 minutes.) Lastly, the tissue slices were washed with distilled 

water. 
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Steamer 

A steamer was used for the pretreatment. The steamer was filled with distilled water and 

heated to 95°C. A glass container was filled with EDTA Buffer. The deparaffinated tissue slides 

were then placed in the heated container for 20 minutes. Next the containers with the 

samples were cooled for 10 minutes in ice-cooled water and then washed with distilled water 

at room temperature. 

 

Staining 

Standardized antibodies were used for the immunohistological stainings. These had been 

previously established through their current use in routine diagnostics for sarcomas. 

Concentrations and dilution-levels also already existed to achieve the most effective staining 

of paraffin fixated samples, without over-staining the slides. 

Using hematoxylin-eosin stained slides of the samples, the margins of interest (that which 

contained the sarcoma) were identified. These were drawn onto the pre-treated slides which 

were to be immunohistologically stained using an oil marker, to avoid spreading of the 

reagents. Care was given to maintain hydration of the area of interest at all times.  

The primary antibody was applied at a dilution of 1:100 (100 µl per sample) onto the slide, 

which was then incubated in a damp chamber at room temperature for 30 minutes. 

Phosphate buffer solution (PBS), was used to wash away excess antibody, twice.  

Next, the application of a biotinylated secondary antibody (100 µl per sample) was 

performed, which binds to the primary antibody. The slides were once again incubated in a 

damp chamber at room temperature for 30 minutes after which PBS was used to wash away 

excess antibody, twice. 100µl alkaline phosphatase (AP) was added onto the region of 

interest. AP is an enzyme coupled with a streptavidin molecule using a biotin bridge, which 

attaches to the secondary antibody. This converts the chromogenic substrate from 

transparent into a red color. After another 30 minute incubation period in a damp chamber, 

excess AP was washed off twice.  

For the time that the slides were immersed in PBS, the chromogenic substance Fast Red 

(Dako) was used as a substrate for the AP. It is bound to the antibody coupled enzyme and is 

catalysed into a red product. 100ul of Fast Red Substrate solution was used per slide which 

was allowed precisely 16 minutes to stain. After staining, tap water was used to remove the 
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excess substrate solution. Finally, the samples were covered with a hydrophilic medium 

(Kaisers glycerolgelatine) and a cover slip. 

2.3.32.3.32.3.32.3.3 FluoFluoFluoFluorescence in situ hybridizationrescence in situ hybridizationrescence in situ hybridizationrescence in situ hybridization    

 

Fluorescence in situ hybridization (FISH) is a method by which fluorescent DNA probes bind 

to a specific genomic region of DNA within a cell. FISH allows fluorescent tagging in metaphase 

as well as interphase, which is an advantage compared to conventional cytogenetics.  

 

Table 2 – Overview of the FISH probes used for this study. Diamidino-2-phenylindol (DAPI), a blue fluorescent stain 

specific for DNA, was used to localize the Nuclei. The remaining probes described were used for detecting Mouse 

double minute 2 homolog (MDM2), Cyclin-dependent kinase 4 (CDK4), DNA damage-inducible transcript 3 gene 

(DDIT3) and Fused in Sarcoma Gene (FUS).   

Probe Function 

DAPI Analysis and localization of Nuclei 

Platinum Bright 550 Red probes for detecting MDM2 and CDK4 

amplifications 

Platinum Bright 495 Green probes for detecting MDM2 and CDK4 

amplifications 

VysisSpectrumOrange Orange probe for non-selective break 

analysis of DDIT3 and FUS. 

VysisSpectrumGreen Green probe for non-selective break analysis 

of DDIT3 and FUS. 
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Figure 3 – Schematic showing the main steps of Fluorescence in-situ Hybridization (FISH). Fixed samples were deparaffinised 

and then hybridized with the “ready-to-use” probes overnight. In this hybridization step fluorescently labelled 

oligonucleotide probes bind to ribosomal RNA (rRNA). The excess probe is washed the following day and the hybridized cells 

can be detected using epifluorescence microscopy.  

(Image: Glockner 2002) 

As formalin-fixed paraffin-embedded (FFPE) tumour tissue was used, a deparaffinization was 

performed prior to denaturation and subsequent hybridisation (see Figure 3). 

 

The FISH method was performed over a 2 day period which allowed for the long hybridization 

step to be performed overnight. 

 

Day 1 

Deparaffinization 

The paraffin was removed from the tissue and slides by immersing them 3 times in xylol, each 

time, for 10 minutes. Next, the slides were rehydrated and washed in decreasing 

concentrations of 100%, 90% and 70% ethanol before being rinsed with distilled water.  

 

Pre-treatment 

100ml cuvettes filled with 10mM citrate buffer pH 6 were placed in a steamer, which was 

heated to 98°C. For osteogenic tissue EDTA was used instead of the citrate buffer. The slides 
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were immersed in the fluid filled cuvettes for 15 minutes before being briefly washed with 

distilled water. 

 

Protease pre-treatment 

The cuvettes were treated in a 37°C pre-heated pepsin solution (99ml distilled water + 1ml 

HCL + 25mg pepsin) for 20-30 minutes. Osteogenic tissue was immersed twice for 15 minutes 

and once for 10 minutes at a higher concentration of 25mg/ml concentration pepsin solution.  

This was followed by a wash for 5 minutes in saline sodium citrate (SSC) solution, twice, 

followed by a rinse with distilled water. To aid drying, a wash was performed with increasing 

concentrations of ethanol at 70%, 90% and 100% followed by an air-dry. 

 

Probe denaturation 

Kreatech “ready-to-use” probes were used. 2ul probe mix was used per slide. A cover slip and 

fixogum glue were used to seal the tissue / probe which was then placed on a heat block at 

75°C for 10 minutes. Next the slides were placed at 37°C in a damp chamber / hybridizer and 

incubated overnight, for at least 14hours. 

 

Day 2 

Dark room washing 

The subsequent steps were performed in a dark room to avoid photo bleaching. 

The slides were carefully removed from the damp chamber / hybridizer and the fixogum and 

coverslip were carefully removed using tweezers. 

Wash A (150ml formamide + 30ml 20x concentrated SSC buffer + 120ml distilled water + 3 

drops 35% HCL using a 3ml pipette) was heated in a water bath to 42°C under an S1 laminar 

flow hood. The probes were incubated 3 times for 5 minutes in the heated Wash A. 

Next the probes were rinsed in Wash B (2,5ml 20x concentrated SSC buffer filled up to 500ml 

with distilled water) at 60°C three times for 5 minutes. Following this a rinse with diamidino-

2-phenylindole (DAPI) solution (70ml 2x concentrated SSC buffer + 30µl DAPI stock solution 

(200µg/ml)) was done for 30 seconds. DAPI is a blue fluorescent stain specific for DNA which 

has a shelf life of 1 month at 4°C. The slides were then covered with a Vectashield mounting 

medium which helps prevent photo bleaching.   
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2.3.42.3.42.3.42.3.4 Analysis Analysis Analysis Analysis and interpretation of resultsand interpretation of resultsand interpretation of resultsand interpretation of results    

a)a)a)a) IHC StainingIHC StainingIHC StainingIHC Staining    for MDM2 and CDK4for MDM2 and CDK4for MDM2 and CDK4for MDM2 and CDK4    

The immunohistological stained slides were analysed using a light microscope. 

Important was the identification of what percentage of red stained nuclei were 

present. Cytoplasmic staining was not considered a positive result for these two 

markers. The degree of positivity was represented with percentage values. 

Representative images were taken using a charge-coupled device (CCD) camera 

attached to a photo microscope. The images were transferred using the “Diskus” 

Software and then formatted using the “Adobe Photoshop” software.  

 

b)b)b)b) FISHFISHFISHFISH    

The analysis of FISH results was performed using a fluorescent microscope with a CCD 

camera. The slides were viewed in a darkened room and analysed using various filters 

which allowed for specific absorption of wavelengths making it possible to view the 

probes individually.   

 

Localisation of nuclei 

DAPI (4',6-diamidino-2-phenylindole) is a blue fluorescent stain which binds adenine-

thymine rich regions of DNA. This was used to identify the location of the nuclei so 

that true chromosomal signals could be discerned from aberrant signals.  

 

CDK4 and MDM2 Analysis 

The CDK4 gene (12q13) specific DNA probe is optimized to detect copy numbers of 

the CDK4 gene. It is designed as a dual-colour assay. The green probe (Platinum Bright 

495) serves as the satellite enumeration (SE) probe. An SE probe specifically targets 

repeat sequences within the region of the centromere and is chromosome number 

specific, which in this case is chromosome 12. The red probe (Platinum Bright 550) 

serves as a direct label of chromosome 12q13 amplification. A normal signal pattern 

will show 2 red and 2 green nucleic signals whereas a 12q13 amplification will show 2 

green and 4 or more red signals. The red probe is 900kb long and therefore easily 

covers the genomic region of CDK4. 
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Figure 4 - Schematic showing the locations of the red Platinum Bright 550 (left) and the green Platinum Bright 495 

(right) probes on Chromosome 12 specific to Cyclin-dependant Kinase (CDK4) on 12q15. The probe covers a region 

of 900 kilobase (KB) 

 

The same signal pattern can also be observed for MDM2 (12q15) amplifications where 

the green probe serves as the SE probe and the red probe serves as the direct label of 

chromosome 12q15 copy number. Similarly, a normal signal pattern will show 2 red 

and 2 green nucleic signals whereas a 12q15 amplification will show 2 green and 4 or 

more red signals. The length of the red probe is 528kb, which easily covers the 

genomic region of MDM2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 -Schematic showing the locations of the red Platinum Bright 550 (left) and the green Platinum Bright 495 

(right) probes on Chromosome 12 specific to Mouse double minute 2 homolog (MDM2) on 12q15. The probe 

covers a region of 528 kilobase (KB) 
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FUS and DDIT3 Analysis 

Chromosomal rearrangements involving the FUS gene located on chromosome 

(16p11) can be identified using non-specific fusion signal patterns of the fluorescent 

probes. The dual-colour probe consists of a green probe (SpectrumGreen) which lies 

telomeric to FUS and an orange probe (SpectrumOrange) which lies centromeric to 

FUS. Only 120kb lie between both probes meaning an intact FUS gene region will show 

an overlapping signal pattern.  

 

The fusion signal of the green and orange probe emits at a wave length which is 

represented by the colour yellow. Therefore a normal fusion pattern will show two 

overlapping (yellow) or nearly overlapping (orange and green) signals. A non-specific 

breakpoint pattern of the FUS gene region will show an orange, a green and one fusion 

signal (yellow or orange and green nearly overlapping).  

Although the FISH assay is a non-specific rearrangement indicator, the  

t(12;16)(q13;p11) has been described to be present in myxoid liposarcomas. With this, 

it is possible to exclude the presence of a DDLPS when the FISH assay is FUS positive.  

 

 

 

16

FU
S

≈500kb ≈270kb

16p11

Figure 6 - Schematic showing the location of the SpectrumGreen and SpectrumOrange probes in respect to the 

Fused in Sarcoma (FUS) gene region on the chromosomal region 16p11. The green probe consisting of 500 kilobase 

(kb) lies telomeric to the FUS gene. The orange probe which lies centromeric to the FUS gene consists of 270 kb.  
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The same signal pattern can be observed for the DDIT3 break apart analysis. Only 134 

kb lie between both probes and with this a fusion signal can be observed in the non-

rearranged region. A normal fusion pattern will show two overlapping (yellow) or 

nearly overlapping (orange and green) signals. A non-specific breakpoint pattern of 

the DDIT3 gene region will show an orange, a green and one fusion signal (yellow or 

orange and green nearly overlapping).  

 

The break apart FISH assay does not identify the specific translocation partner. 

It is important to mention that especially the combination of the FUS and DDIT3 FISH 

assay (increase of specificity), when positive, make a DDLPS extremely improbable 

since these rearrangements are the molecular biological hallmarks of a 

t(12;16)(q13;p11) myxoid liposarcoma. 

 

Cut-off values 

The cut-off value of 15% represented the boundary between positive and negative 

results. If more than 15% of cells showed break apart rearrangements, then it was 

assumed that there was a specific rearrangement within the 16p11 or 12q13 region, 

depending on which probe was used. The cut-off value was established by using the 
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Figure 7 - Schematic showing the location of the SpectrumGreen and SpectrumOrange probes in respect to the 

DNA damage-inducible transcript 3 (DDIT3) gene region on the 12q13 chromosomal region. The green probe 

consisting of 660 kilobase (kb) lies telomeric to the DDIT3 gene. The orange probe which lies centromeric to the 

DDIT3 gene consists of 700 kb. The cyclin dependant kinase 4 (CDK4) gene lies within the region of the green probe 



      

- 24 - 

 

probes on 5 non-pathologic tonsil tissue samples, as a control. 15% was established 

by adding three standard deviations from the median percent value of false positive 

signals. With this, positive FISH assay results yield a high specificity in respect to FUS 

or DDIT3 break apart rearrangements.  

The ratio of 2,0 was selected as a cut-off value for determining a positive result when 

analysing the FISH data of MDM2 and CDK4 probed tissue. A physiological ratio of 1,0 

indicates that 2 red and 2 green signals can be observed. The pathological ratio of 2,0 

indicates that there are, on average, 4 red signals for every 2 green signals. Although 

a ratio of 1,5 (3 red and 2 green) would already indicate gain of chromosomal material 

in this region, it is possible that some false positive signals exist. This was determined 

by conducting a FISH analysis on 5 healthy lymph nodes. 3 standard deviations were 

added from the median ratio value, which indicated that a ratio of 1,5 is not specific 

enough to discern from positive and false positive results.  

With this, a positive result is extremely likely to indicate true amplification.  
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3333 ResultsResultsResultsResults    

3.13.13.13.1 Case StudyCase StudyCase StudyCase Study    

This case study consists of a retrospective analysis of macroscopic and histological findings as 

well as a detailed comparison by IHC staining and FISH analysis of the various archived cases. 

The study encompasses a 6 year span with 4 distinct points of reference represented by 

histological and molecular evaluation following each surgical excision. 

 

3.1.13.1.13.1.13.1.1 Gross and histological analysisGross and histological analysisGross and histological analysisGross and histological analysis    

A 56 year old male patient with a history of a liposarcoma presented with a recurrence of an 

intra-abdominal lipogenic tumour following a cholecystectomy due to a symptomatic 

cholecystitis. The diagnosis liposarcoma was made after macroscopic and histologic analysis 

of the tissue was completed. Table 3 summarizes the gross and microscopic details of the 

tumour.  

Table 3 - The gross and microscopic details of the first tumour recurrence. The size of the tumour in centimeters (cm) is shown 

including the macroscopic aspects of these. In the 2nd column the histological features are described and the final row shows 

the diagnosis as indicated by the pathologist. 

Macroscopy Histology 

2,5 x 1,5 x 1cm finely lobulated lipogenic mass 

in the region of the hepatoduodenal ligament. 

Excision boundary shows small haemorrhages.  

 

Highly differentiated liposarcoma with myxoid 

stroma, branched capillaries, and singular 

atypical lipoblasts which stain positively for 

S100. India ink markings reveal boundary-

bound tumour foci indicating an R1 situation. 

 

6,5 x 4,5 x 2,5cm lipogenic / myxoid 

encapsulated mass showing a slightly 

roughened surface.  

5,5 x 2 x 4,5cm finely lobulated, yellow 

homogenic lipogenic mass from the major 

omentum.  

Mild cholecystitis without concern for 

malignant transformations. 

 

Diagnosis: First recurrence of the previous well-differentiated liposarcoma G1 of the epigastrium. 
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7 months later the patient underwent surgery for removal of additional suspicious masses 

after a routine check-up. Table 4 summarizes the histologic and macroscopic features which 

led to the diagnosis of a recurrence of the previously mentioned liposarcoma. 

Table 4 - The gross and microscopic details of the second tumour recurrence. The size of the tumour in centimeters (cm) is 

shown including the macroscopic aspects of these. In the 2nd column the histological features are described and the final row 

shows the diagnosis as indicated by the pathologist. 

 

Macroscopy Histology 

2,2cm diameter nodosal, encapsulated, 

homogenic, lipogenic mass from the transverse 

mesocolon. 

 

Mixture of malignant, well-differentiated 

lipogenic tumours with evidence of lipoblasts 

and atypical stromal cells. Clusters of myxoid 

differentiation.  

19 x 11 x 3cm lobulated, encapsulated lipogenic 

mass from the omental bursa.  

5,5cm diameter encapsulated lipogenic knot 

near the small curvature of the stomach. 

3cm diameter knot from the region of 

previously excised gall bladder. 

2,5cm nodosal and partially fibrotic tissue with 

a 2cm lipogenic appendage from the 

hepatoduodenal ligament. 

One 5,5cm and another 3cm diameter 

encapsulated lipogenic mass from the 

duodenum. 

2,3cm encapsulated yellow lipogenic knot from 

the lower margin of the pancreas. 

Non-suspect tissue from pancreas parenchyme. 

Diagnosis: Second recurrence of the previous well-differentiated liposarcoma G1 of the 

epigastrium.  

 

Three years later the patient, at this point 59 years old, presented with his third recurrence 

of an intra-abdominal tumour. Table 5 summarizes the gross and microscopic details of the 

extensive excisions.  
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Table 5 - The gross and microscopic details of the third tumour recurrence. The size of the tumour in centimeters (cm) is shown 

including the macroscopic aspects of these. In the 2nd column the histological features are described and the final row shows 

the diagnosis as indicated by the pathologist. 

Macroscopy Histology 

560g, 16 x 13 x 8cm, nodosallipogenic mass 

with a smooth surface. The cut surface is 

myxoid, pale yellow and soft.  

Lipogenic tumours with  bizzare stromal-cell 

morphologies similar to that of a liposarcoma 

G1. Polymorphic tumour cells and lipoblasts. 

Following a Ki67 staining, signs of increased 

proliferation shown by positive results of 20 – 

30 %, therefore showing areas of transition to a 

dedifferentiated  liposarcoma G3.  

30cm long transverse colectomy with multiple 

external max. 5cm diameter knots with a glassy 

appearance. No strictures or perforations. 

137g, 10 x 6 x 4cm, pale yellow soft tissue mass 

with a shiny surface, from the hepatoduodenal 

ligament. 

570g, 18 x 16 x 7cm, nodosal, smooth 

encapsulated omental bursa. 

180g, 9,5 x 7 x 5cm, pale yellow, homogenic, 

well circumscribed soft tissue mass with 

appendages of fatty tissue, from the right 

retrocolic region. 

Adipose tissue with sparse spindle-cell regions 

however no signs of malignancy 

Diagnosis: Third recurrence of the previous liposarcoma G1 including transitions to a 

dedifferentiated liposarcoma G3. 

 

Another two years later (five years after the first recurrence) the patient presented with his 

fourth set of intra-abdominal tumours. Table 6 summarizes the macroscopic and histological 

details of the tumour following the extensive surgical excision. 
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Table 6 - The gross and microscopic details of the fourth tumour recurrence. The size of the tumour in centimeters (cm) is 

shown including the macroscopic aspects of these. In the 2nd column the histological features are described and the final row 

shows the diagnosis as indicated by the pathologist. 

Macroscopy Histology 

5 x 2,5 x 1cm scar tissue knot with areas of bony 

appearance and texture.  

Pluritopic highly differentiated G1 liposarcoma with 

transitions to DDLPS G3. Normal pancreas 

parenchyma with ossification. Generally, all bony 

areas suggest extensive metaplasia.  Following this 

an azan stain confirms the existence of neoplastic 

osteoid in terms of a high grade osteosarcoma. Also 

presence of metaplastic chondrogenic tissue. The 

proliferation rate of the liposarcomatous tissue lies 

at approximately 40-50%. Extensive areas of 

necrosis and haemorrhage are present.  

Two knots, 4 x 3 x 2cm and 4,5 x 1,5 x 3cm with a 

connective tissue bridge ventral to the pancreas 

head. The first knot is completely encapsulated, the 

second only 50% encapsulated. Normal adipocytic 

appendages.  

18 x 8 x 2cm major omentum fat tissue with 

connective tissue septa and haemorrhagic 

discoloration. Knots can be felt within the fat. 

5,5 x 6,5 x 3cm retrogastric, fully encapsulated finely 

lobulated adipocytic tissue mass.  

4,5 x 4 x 2,5cm fatty tumour with intact capsule and 

sparse connective tissue septa, from the mesenteric 

root.  

4 x 3 x 2,5cm brown, bony, non-encapsulated mass 

from around the pancreas head. 

24 x 18 x 11cm retroperitoneal connective tissue 

encapsulated, partially fatty, partially fibrinoid tissue 

mass. A 17 x 13 cm part of this seems ossified. A 20 

x 20 x 11cm area is represented as a haemorrhagic 

cyst filled also with necrotic tissue. The cyst wall is 

between 0,2 and 2,0cm thick and likewise shows 

ossification. Additional to the bony plate and cyst is 

a lobulated, cauliflower-like fatty region. 

7cm long appendix vermiformis with a 1cm thick fat 

appendage along the entire length. Normal 

appearance and texture. 

Non-suspect histology.  

Diagnosis: Highly malignant multiphenotypic tumour consisting of well differentiated liposarcoma, G1 

liposarcoma, G3 dedifferentiated liposarcoma and extraskeletal high-grade osteosarcoma.  
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3.1.23.1.23.1.23.1.2 Radiographic results Radiographic results Radiographic results Radiographic results     

Figure 8 shows a CT image of the abdomen before surgical intervention of the 4th recurrence 

of tumour masses. The bony rim of the osseous cystic mass (arrow) can be seen. 

 

Figure 8 – Computer Tomography (CT) image of the abdomen before surgical intervention of the 4th recurrence of tumour 

masses. White arrow: Bony cystic mass 

 

 

 
 

Figure 9 - Computer Tomography (CT)  image of the abdomen before surgical intervention of the 4th recurrence of tumour 

masses. The diameters of suspect masses is shown in centimetres (cm). C = Cystic mass 

C 
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Figure 9 shows a CT image of the abdomen before surgical intervention of the 4th recurrence 

of tumour masses. The large cystic mass “C” can be seen. On the left, diameters of the 

lipogenic tumour are shown. 

 

3.1.33.1.33.1.33.1.3 Gross images Gross images Gross images Gross images     

Figure 10 is an intraoperative photograph of the main multiphenotypic tumour mass from the 4th set 

of recurrences, covered by parts of large and small intestine. 

 

Figure 10 - Intraoperative photograph of the main multiphenotypic tumour mass from the 4th set of recurrences 

 

Figure 11 is a post-operative photograph of the main multiphenotypic fatty tumour mass from the 4th 

set of recurrences prior to (left) and after (right) dissecting the main lipogenic tumour. 

 

Figure 11 - post-operative photograph of the main multiphenotypic fatty tumour mass from the 4th set of recurrences before 

(left) and after (right) dissecting the large lipogenic tumour.  
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Figure 12 shows the main multiphenotypic tumour mass after fixation, from the 4th set of recurrences, 

exemplifying the non-homogenic and irregular structure. 

 

Figure 12 - Photograph of the main multiphenotypic tumour mass after fixation, from the 4th set of recurrences.  

 

Figure 13 shows an opened bony cyst with areas of haemorrhage after fixation, from the 4th set of 

recurrences. This can be compared to the cystic mass shown in Figure 9 which depicts the pre-

operative computer tomography.  

 

 

Figure 13 - Photograph of the bony cyst after fixation, from the 4th set of recurrences. 
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Figure 14 shows a photograph of a slice of the ossified bony cyst after fixation, from the 4th set of 

recurrences. 

 

 

Figure 14 - Photograph of a slice of the ossified bony cyst after fixation, from the 4th set of recurrences. Areas of 

haemorrhage can be seen. 
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3.1.43.1.43.1.43.1.4 IHC and FISH resultsIHC and FISH resultsIHC and FISH resultsIHC and FISH results    

 

A DDIT3/FUS break apart FISH analysis was performed regarding the presence of a myxoid 

liposarcoma. 

 

 

Table 7 - Results of FISH analysis for either a DNA damage-inducible transcript 3 (DDIT3) gene or fused in sarcoma (FUS) gene 

break apart rearrangement in the various recurrences. The values were attained by counting the number of positive and 

negative signals within a group of cells.  

* = amplification of the green probe, indicating a co-amplification within the genomic region of cyclin-dependant kinase 4 

(CDK4). These results concur with the independent FISH analysis done for CDK4, which was amplified. 

 

Tumour 

recurrence 

Amount of cells showing FUS 

break apart rearrangements (%) 

(cut-off = 15%) 

Amount of cells showing DDIT3 

break apart rearrangements (%) 

(cut-off = 15%) 

1st 2 0 * 

2nd 1 0 * 

3rd 0 0 * 

4th liposarcoma 0 0 * 

4th osteosarcoma 1 80 * 

 

 

Figure 15 shows the DDIT3 analysis of the 3rd recurrent liposarcoma which was negative. One 

can see fusion signals (yellow or green and red in near proximity) (yellow arrow) as well as 

the amplification of the green probe (green arrow). 
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Figure 15 – Microscopic image of a negative DNA damage-inducible transcript 3 (DDIT3) analysis using fluorescent in situ 

hybridisation of the 3rd recurrent liposarcoma. Yellow arrows: fusion signal for DDIT3. Green arrows: green signal 

amplification.  

Figure 16 shows the DDIT3 analysis of the osteosarcoma from the 4th recurrent tumour which 

was positive. One can see fusion signals (yellow or green and red in near proximity) (yellow 

arrow), isolated red signals (red arrows) as well as isolated and amplified green signals (green 

arrows). 

 

Figure 16 – Microscopic image of a positive DNA damage-inducible transcript 3 (DDIT3) analysis using fluorescent in situ 

hybridisation of the osteosarcoma from the 4th recurrent tumour. Yellow arrows: fusion signal for DDIT3. Green arrows: 

green signal amplification as well as isolated green signal. Red arrows: isolated red signals.  
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The DDIT3 and FUS break apart analysis disproves the presence of a myxoid liposarcoma in all 

excised lipogenic tumours. However the osteosarcoma proved to test positive in the DDIT3 

break apart analysis. The osteogenic tumour tested negative for a FUS break apart 

rearrangement, however it tested highly positive (80%) for the DDIT3 break apart 

rearrangement with a coexisting amplification of the telomeric green signal which includes 

the CDK4 gene and therefore confirms the finding of the CDK4/Centromere 12 probe.  

This finding underlines that the analysed osteosarcoma has a break in the DDIT3 region like a 

myxoid liposarcoma even though a FUS rearrangement is missing. The finding points to the 

same amplification of CDK4 as found in the G1 liposarcoma and dedifferentiated liposarcoma. 

 

In the following, genetic amplification and protein expression of CDK4 and MDM2 were 

investigated for various tumour masses of the case study.  

 

Table 8 shows the genetic and protein status of MDM2 and CDK4 for various recurrent tumour 

masses of the case study 

 

This data shows that in the fourth recurrence an extraskeletal osteosarcoma is detected with 

a CDK4 amplification and consecutive high expression of CDK4 on the protein level. This 

osteosarcoma shows in addition an MDM2 amplification but expression of MDM2 protein in 

only a minor tumour cell population compared to the coexisting liposarcoma. As already 

stated, the CDK4 amplification was confirmed by an amplification of the green telomeric 

signal of the DDIT3 probe which covers the CDK4 region. 
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Table 8 - The genetic and protein status of Mouse double minute 2 homolog (MDM2) and Cyclin-dependant kinase 4 (CDK4) 

for various recurrent tumour masses of the case study. The fluorescence in-situ hybridization (FISH) results are denoted as a 

ratio of cells showing amplification vs. non-amplified cells. The immunohistochemical (IHC) results are denoted as protein 

expression as a function of percentage. n.e: non-evaluable. A case was deemed non-evaluable after 3 failed experimental 

attempts were done.  

 

   CDK 4 MDM2 

Recurrence  Diagnosis Location of 

tissue sample 

Ratio CDK4 / 

Centromere 

12 

Protein 

expression 

Ratio MDM2 / 

Centromere 

12 

Protein 

expression 

1st liposarcoma 

 

Large fat 

tumour 

5,4081 50% 7,4565 10% 

liposarcoma 

 

Hepato-

duodenal 

3,9848 50% 7,848 10% 

liposarcoma 

 

Major 

omentum fat 

7,0039 

 

n.e 7,7974 

 

n.e 

2nd liposarcoma 

 

Main lipogenic 

mass 

6,2681 80% 8,8636 

 

10% 

liposarcoma 

 

Knot from 

duodenum 

3,8158 n.e 9,3498 n.e 

3rd liposarcoma 

 

Bursa 

omentalis fat 

8,7619 40-50% 10,574 60% 

liposarcoma 

 

Large fat 

tumour 

6,5288 10% 9,5506 100% 

lipoma 

 

Colon 

transversum 

n.e <1% n.e <1% 

4th osteosarcoma Large bony 

cyst 

n.e 100% n.e 90% 

liposarcoma Large fat 

tumour 

6,5789 100% 11,905 90% 

osteosarcoma Bone from 

pancreas head 

7,4541 90% 9,1316 5-10% 

osteosarcoma Large bony 

plate 

n.e 100% n.e 10% 
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3.1.53.1.53.1.53.1.5 Microscopic Microscopic Microscopic Microscopic findingsfindingsfindingsfindings    

The following shows histological images which represent the case study. 

 

Liposarcoma 

 

Figure 17 shows an HE (Haematoxylin-Eosin) stain of the G1 liposarcoma with a lipoblast in 

the lower right corner 

 

 

Figure 17 – Microscopic image with a Haematoxylin-Eosin (HE) stain of the G1 liposarcoma from the 4th recurrence tumour. 

Superimposed in the lower right corner is an image of an HE stained lipoblast also from the 4th recurrence. 

 

Figure 18 shows a FISH analysis of MDM2 (left) and CDK4 (right) both amplified in a 

liposarcoma with multiple red signals (red arrow) indicating an amplification of MDM2 and 

CDK4. 
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Figure 18 - Microscopic image showing a fluorescent in situ hybridisation analysis of Mouse double minute 2 homolog (MDM2) 

left and Cyclin-dependant Kinase 4 (CDK4) right in the liposarcoma. Both show amplification with multiple red signals 

indicating an amplification of MDM2 and CDK4 respectively. Red arrow: Red signals 

 

 

Figure 19 and Figure 20 show a liposarcoma with IHC (Immunohistochemically) positively 

stained nuclei for MDM2 and CDK4 respectively.  

 

 

 

Figure 19 – Microscopic image showing the 4th reccurence liposarcoma, Immunohistochemically stained positive for Mouse 

double minute 2 homolog (MDM2) with positive tumour nuclei (dark red) 
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Figure 20 - Microscopic image showing the 4th reccurence liposarcoma Immunohistochemically stained positive for cyclin-

dependant kinase 4 (CDK4) with positive tumour nuclei (dark red) 

 

 

 

Osteosarcoma 

Figure 21 shows two HE stains of the osteosarcoma from the 4th recurrence with the typical 

woven neoplastic osteoid intermingled with atypical nuclei. 

 

Figure 21 – Microscopic image showing two Haematoxylin-Eosin stains of the osteosarcoma from the 4th recurrence at low 

(left) and high (right) magnification.  
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Figure 22 shows an azan stain of the osteosarcoma clearly highlighting the neoplastic 

osteoid. 

 

 

Figure 22 – Microscope image of the osteosarcoma from the 4th recurrence tumour stained with Azan. The nuclei, which are 

to a large part atypical, are stained red.  

 

Figure 23 shows examples of the various atypical mitosis in the osteosarcoma which were 

found.  

 

 

Figure 23 – Microscopic images of atypical mitosis in the osteosarcoma from the 4th recurrence tumour stained with 

Haematoxylin-Eosin. Cytological atypia and atypical mitotic figures can be seen. The image shows examples of atypical 

mitosis which were found in large parts of the osteosarcoma.  
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Figure 24 shows a FISH analysis of MDM2 (left) and CDK4 (right), which are both amplified in 

the osteosarcoma. 

 

 

Figure 24 – Microscope image of fluorescent in situ hybridisation analysis of Mouse double minute 2 homolog (MDM2) and 

Cyclin-dependant kinase 4 (CDK4) for the osteosarcoma in the 4th recurrent tumour. The tumour shows amplifications for 

MDM2 (left) and CDK4 (right).  

 

Figure 25 shows the strongly positive IHC stain of the osteosarcoma for MDM2 (left) and 

CDK4 (right). 

 

 

Figure 25 – Microscope image of the osteosarcoma from the 4th tumour recurrence with an immunohistochemical stain for 

Mouse double minute 2 homolog (MDM2) and Cyclin-dependant kinase 4 (CDK4). The osteosarcoma is positively stained for 

MDM2 (left) and CDK4 (right). 

 

100µ 100µ 



      

- 42 - 

 

Myxoid features of the G1 liposarcoma  

 

Figure 26 shows a HE stain of the G1 liposarcoma with myxoid degeneration. A myxoid 

liposarcoma was excluded by FISH analysis of the DDIT3 and FUS region. Tumour cells are 

intermingled in a myxoid stroma with dispersed vessels mimicking a myxoid liposarcoma. 

 

 

Figure 26 – Microscope image of the Haematoxylin-Eosin stained G1 liposarcoma from the 4th tumour recurrence at low 

(left) and high (right) magnification. There are areas of myxoid degeneration and the tumour cells are intermingled with a 

myxoid stroma as well as vessel which mimic a myxoid liposarcoma.  
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Summary 

Figure 27 shows 6 different tissue types found in this case study. I: liposarcoma, II: DDLPS, 

III: areas of myxoid degeneration of a G1 liposarcoma, IV: normal bone, V: non-neoplastic 

cartilage, VI: osteosarcoma including FISH images showing amplification of MDM2 i.e. 

multiple red signals compared to the green signals of the centromere 12 probe. 

 

 

 

Figure 27 – Microscopic images showing 6 different tissue types found in this case study. I: Haematoxylin-Eosin (HE) stained 

liposarcoma with an atypical cell marked by the square, II: HE stained dedifferentiated liposarcoma including a positive 

fluorescent in situ hybridisation analysis (FISH) image for cyclin dependant kinase 4 (CDK4) i.e. multiple red signals, III: HE 

stained G1 liposarcoma with areas of myxoid degeneration IV: normal bone stained with HE, V: non-neoplastic cartilage 

stained with HE, VI: HE stained osteosarcoma including FISH image showing amplification of mouse double minute 2 

homolog (MDM2) i.e. multiple red signals compared to the green signals of the centromere 12 probe. 
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3.23.23.23.2 Cohort StudyCohort StudyCohort StudyCohort Study    

 

3.2.13.2.13.2.13.2.1 IHC and FISH resultsIHC and FISH resultsIHC and FISH resultsIHC and FISH results    

10 lipomas, 12 liposarcomas and 10 osteosarcomas were analysed for the genomic status of 

MDM2 and CDK4. The liposarcomas and osteosarcomas were additionally analysed on a 

protein level using IHC staining for MDM2 and CDK4.  

 

 

Table 9 summarizes the results for the cohort study. All lipomas fall under the cut-off ratio of 

2,0, which indicates no amplification of MDM2 or CDK4. 

11/12 liposarcomas exhibit an amplification above the cut-off ratio, whilst only 3/10 

liposarcomas show a strong protein expression, of MDM2. Only 4/12 liposarcomas exhibit an 

amplification above the cut-off ratio although 9/12 liposarcomas show a strong expression 

(>80%) of CDK4.  

Only 1/10 cases of osteosarcoma exhibit a ratio of the CDK4 gene above the cut-off value 

whereas 6/10 osteosarcomas express CDK4 above 60%. 2/10 cases of osteosarcoma exhibit a 

ratio above the cut-off value, whilst 3/10 osteosarcomas express MDM2 above 50%. 
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Table 9 – Summary of the cohort analysis for cyclin-dependant kinase 4 (CDK4) and mouse double minute 2 homolog (MDM2) 

on a protein and genomic level. The fluorescence in-situ hybridization (FISH) results are denoted as a ratio of cells showing 

amplification vs. non-amplified cells (only signal for centromere 12). The immunohistochemical (IHC) results are denoted as 

protein expression as a function of percentage.  

* IHC stainings were not performed on lipomas if the ratios were clearly under 2,0 and the histological investigation produced 

no pathological morphologies which could indicate the presence of a liposarcoma. 

n.a: not-analysed -> please see * 

n.e: non-evaluable. A case was deemed non-evaluable after 3 failed experimental attempts were performed. 

 

  CDK4 MDM2 

Case Diagnosis Ratio CDK4 / 

Centromere 12 

Protein 

expression* 

Ratio CDK4 / 

Centromere 

12 

Protein 

expression* 

1 lipoma 0,9857 n.a 1,2609 n.a 

2 lipoma 0,9769 n.a 0,9861 n.a 

3 lipoma 1,29 n.a 1,2717 n.a 

4 lipoma 0,9029 n.a 0,9462 n.a 

5 lipoma 1,011 n.a 0,8953 n.a 

6 lipoma 1,2911 n.a 0,8734 n.a 

7 lipoma 0,78 n.a 0,88 n.a 

8 lipoma 0,9877 n.a 1,1099 n.a 

9 lipoma 1,0548 n.a 1,0617 n.a 

10 lipoma 1,0737 n.a 1,0381 n.a 

11 liposarcoma 3,7416 90% 7,7143 90% 

12 liposarcoma n.e 90% 3,9608 <5% 

13a liposarcoma 0,8723 90% 15,789 5-10% 

13b liposarcoma 1,0658 90% 8,1522 5-10% 

14 liposarcoma 0,9619 90% 4,8132 90% 

15 liposarcoma 2,5952 100% 3,7333 5-10% 

16 liposarcoma 1,1959 20% 4,5732 90% 

17 liposarcoma 1,1705 20% 8,1522 n.e 

18 liposarcoma 5,9835 100% 11,246 5-10% 

19 liposarcoma 1,069 10% 0,7907 5-10% 

20 liposarcoma 9,2593 80% 11,765 5-10% 

21 liposarcoma 1,0353 90% 8,4746 5-10% 

22 osteosarcoma 1,3252 60% 1,0177 50% 

23 osteosarcoma 0,9362 10-20% 0,8117 5-10% 

24 osteosarcoma 0,9524 <5% 0,6692 <5% 

25 osteosarcoma 1,0198 30% 0,8317 5-10% 

26 osteosarcoma 8,5227 80% 8,4746 <5% 

27 osteosarcoma 1,5 100% 4,292 60% 

28 osteosarcoma 1,4 60% 0,7404 n.e 

29 osteosarcoma 1,0495 <5% n.e <5% 

30 osteosarcoma n.e <5% n.e <5% 

31 osteosarcoma 

(post-

chemotherapy) 

n.e 80% 1 90% 
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3.2.23.2.23.2.23.2.2 Microscopic Microscopic Microscopic Microscopic findingsfindingsfindingsfindings    

The following histological photographs represent positive results from the cohort.  

Figure 28 and Figure 29 are IHC CDK4 positively stained liposarcomas with increase of positive 

cells in the dedifferentiated spindle cell areas. 

 

Figure 28 – Microscope image of cyclin dependant kinase 4 immunohistochemically positively stained liposarcoma from the 

cohort at lower magnification (left) and higher magnification (right) 

 

 

Figure 29 - Microscope image of cyclin dependant kinase 4 immunohistochemically positively stained liposarcoma from the 

cohort at high magnification also showing cytoplasmic and nuclear atypia 
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Figure 30 shows an IHC MDM2 positively stained liposarcoma with few positive cells. Figure 

31 shows an increase in positive cells in the dedifferentiated compartment. 

 

Figure 30 - Microscope image with lower magnification of mouse double minute 2 homolog immunohistochemically stained 

liposarcoma from the cohort with few positively stained cells. 

.  

Figure 31 - Microscope image with higher magnification of mouse double minute 2 homolog immunohistochemically 

stained liposarcoma from the cohort specifically of an area of dedifferentiation with many positively stained cells 
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Figure 32 and Figure 33 show an IHC CDK4 positively stained osteosarcoma with a weak but 

consistent staining for CDK4 in the neoplastic nuclei. 

 

Figure 32 - Microscope image of cyclin dependant kinase 4 immunohistochemically positively stained osteosarcoma from 

the cohort at lower magnification.   

 

 
Figure 33 - Microscope image of cyclin dependant kinase 4 immunohistochemically positively stained osteosarcoma from 

the cohort at higher magnification 
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4444 DDDDiscussioniscussioniscussioniscussion    

Mesenchymal tumours, whether soft or osseous tumours are the most heterogenous group 

of neoplasias that exist in humans. In the current WHO classification of soft tissue and bone 

tumours more than 130 entities are listed. This astonishing multiplicity is most probably due 

to the mesenchymal stem cell progeny. These stem cells have a high potential to differentiate 

into the plethora of different types of mesenchymal tumours ranging through the whole 

spectrum from vascular tumours, tumours of striated or visceral muscles to fibroblastic or 

lipogenic and osseous differentiation. The basis of classification is not defined by the line of 

differentiation from which the tumour stems, but more so, the type of non-neoplastic tissue 

the tumour most closely resembles. This is reflected by the WHO, which clearly define 

tumours which closely resemble normal tissue, compared to tumours of uncertain 

differentiation. To guide the clinician for the estimation of risk, prognosis as well as the choice 

of therapy, the tumour typing is further subdivided biologically into benign, semi-malignant 

and malignant tumours. For further stratification within the large array of sarcoma entities, a 

grading system has been established by the WHO in order to give the pathologist not only the 

diagnostic parameters to define an entity, but to provide an additional system, so the clinician 

can choose an appropriate treatment concept. 

The presented patient paradigmatically reflects all the above criteria mentioned. The 

neoplasm comprises a multiplicity of benign soft tissue lesions as well as malignant lesions 

developed over time, with coexisting soft and osseous tissue differentiation. This expansive 

pool of various entities presented in a single patient with a chronological following, are what 

make this case very rare. 

 

In the following we will discuss the presented patient and his neoplastic disease in details. 

 

The patient had abdominal tumours removed on four separate occasions spanning a time 

frame of six years. The first three recurrences showed little progression regarding 

heterogeneity. These were G1 liposarcomas with highly amplified CDK4 and MDM2 genes and 

protein expression pointing to a gene dosage effect. The fourth recurrence showed 

transitions into G3 liposarcoma as well as a high-grade extra-skeletal abdominal 

osteosarcoma with regions which showed the presence of a DDIT3 rearrangement and CDK4 



      

- 50 - 

 

and MDM2 gene amplifications. The rearrangement of DDIT3 mapping to chromosomal 

region 12q13 is usually a hallmark of a myxoid liposarcoma. This sarcoma is characterized by 

a t(12;16)(q13;p11) translocation resulting in the fusion of FUS-DDIT3. The coexisting 

detection of an amplification of the green signal using FISH of the DDIT3 probe lying on 12q 

more telomeric (encompassing the CDK4 region) and a simultaneous split constellation of the 

green and red signal and absence of a FUS rearrangement are a unique, yet not previously 

described feature of a osteosarcoma. Since the amplifications are present in the analysed 

liposarcoma and the extra-skelettal osteosarcoma these aberrations have the characteristic 

of a clonal marker and are arguments for clonal progression of the liposarcoma into the 

osteosarcoma. This may be derived from the G1 liposarcoma and therefore describes a new 

variant of an osteosarcoma with partial overlapping genetic features of a myxoid liposarcoma. 

This finding is supported by the missing FUS rearrangement which is normally present in 90% 

of myxoid liposarcomas. The osteosarcoma was amplified for CDK4 and MDM2 which is 

characteristic of liposarcomas. The amplifications rates, which are similar to that of the 

liposarcoma are at least three times above the cut-off value which further suggests the 

liposarcoma as a progeny. 

Taken together, on the sixth year of his oncologic history and 4th set of recurrences we 

observed a colorful neoplastic canvas. The tumour cell types included: liposarcoma of various 

grades, osteosarcoma, as well as non-neoplastic bone, cartilage and adipose tissue.  

 

We established a cohort consisting of 10 lipomas, 12 liposarcomas and 10 osteosarcomas 

which all existed as isolated tumours. We did this to perform a detailed comparison of our 

case report findings.  

We performed MDM2 and CDK4 analysis on a genomic level for the lipomas. All cases from 

our cohort study showed results below the cut-off value which indicates that no amplification 

of either MDM2 or CDK4 exists. The histological morphologies of these cases confer with 

these results and therefore we decided to omit protein level testing using IHC staining.  

We performed MDM2 and CDK4 analysis on a protein expression and genomic level for the 

liposarcomas and osteosarcomas. The case study showed that the osteosarcoma was highly 

amplified for MDM2 and CDK4. Our cohort study showed that none, except for 2/8 and 1/8 

cases were amplified for MDM2 and CDK4 respectively. It is well known that MDM2 and CDK4 

genes are amplified and over-expressed on the protein level in parosteal osteosarcomas 
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(Righi et al. 2015). However case number 26 and 27, which showed these amplifications were 

not parosteal osteosarcomas but high grade osteoblastic osteosarcomas, which means these 

amplifications are not limited to parosteal osteosarcomas. These results indicate that MDM2 

and CDK4 co-amplifications are not exclusive diagnostic markers for liposarcomas and 

parosteal osteosarcomas.  

The case study showed that all 9 regions of liposarcoma tested from all 4 recurrences had 

high amplification values of MDM2 and CDK4, which suggests a mutual genetic origin of all 

entities. The cohort study showed that 4/11 and 11/12 cases showed amplifications of CDK4 

and MDM2 respectively. An interesting finding is that although only 4/11 cases were CDK4 

amplified, 9/12 cases showed high CDK4 protein expression, whereas although 11/12 cases 

showed MDM2 amplifications only 3/11 showed high MDM2 protein expression. This 

conundrum opposes the gene-dosis hypothesis, which states the higher a gene is amplified, 

the higher the expression of its respective protein. This can be explained through various 

phenomenona such as erroneous translation or varying degrees of protein stability. To shed 

light on this question, further studies regarding the expression levels of MDM2 and CDK4 

need to be performed. This should prove whether there is a coherent line of the genome 

(gene amplification), transcriptome (RNA levels) and the proteome (protein expression). 

 

MDM2 is a p53-specific ligase which antagonizes p53 limiting its tumour suppressive function. 

The p53 protein prevents the propagation of cells which carry mutations which have the 

potential for oncogenic development. In a normal cell, the auto-regulatory feedback loop 

prevents excess MDM2 production. However, due to the gene-dosis effect, an amplification 

of the MDM2 gene with consecutive increased MDM2 protein levels causes elevated levels of 

p53 degradation, which denotes MDM2 as a proto-oncogene. Therefore a sarcoma exhibiting 

this amplification has an increased chance of survival against the cellular regulatory 

mechanisms which prohibits oncogenic mutations. (Moll 2003) 

CDK4 is an essential protein in the G1/S checkpoint of the cell cycle when the cell is in 

interphase. When cyclin-D binds to CDK4 to form the cyclin-D-CDK4 complex Rb 

(retinoblastoma susceptibility protein) is phosphorylated, which produces cyclin E, which 

binds to CDK2. The cylin-E-CDK2 ultimately pushes the cell cycle from G1 to S phase. 

Therefore, when a sarcoma possesses amplifications within this genetic region and 
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overexpresses the protein, the neoplastic cell more readily undergoes mitosis causing growth 

of the tumour (Nigg 1995). 

 

4.14.14.14.1 LLLLiteratureiteratureiteratureiterature    

Existing literature has not been able to provide an account of such a complex case as ours, 

however neoplastic osteogenic components in liposarcomas have been described, albeit in 

only a handful of papers. 

 

Yoshida A. and colleagues described 9 cases in which extra-skeletal osteogenic components 

co-existed in well-differentiated liposarcoma. The study states that the neoplastic nature of 

the osteogenic component in this context, has not been widely appreciated, thus is probably 

underestimated and that this has been erroneously described as a reactive or metaplastic 

change such as in the case of myositis ossificans. Our cohort study showed that 10/12 

liposarcomas expressed elevated levels of CDK4 and/or MDM2. Our case study showed that 

the liposarcoma with osseous components was highly positive (90% and 100% respectively) 

for MDM2 and CDK4 protein expression. In Yoshida et al., 9/9 liposarcomas with osteogenic 

components were positive for IHC staining of MDM2 and/or CDK4. This correlates with the 

findings we collected from our case study. Yoshida et al. emphasized the importance of this 

finding, as often, the osteogenic component is regarded as a bland reactive metaplasia and 

therefore does not flow into the therapeutic scheme. However a neoadjuvant radiotherapy 

can be useful in minimizing liposarcoma size prior to surgery, while osteosarcomas react less 

and need complete excision with wide safety margins. Unfortunately genetic analysis was not 

conducted as was done in our study and therefore the amplification of MDM2 and CDK4 was 

not evaluated and cannot be compared to our results (Yoshida et al. 2012). 

 

Liyuan Y. and colleagues also placed emphasis on the possibility of incorrect diagnosis when 

regarding calcifications within a liposarcoma. They presented a case report in which diffuse 

generalized calcification of a liposarcoma was observed radiologically, juxtaposed to the focal 

bony tumour which we analysed. Following pathologic evaluation, the diagnosis liposarcoma 

with osteosarcomatous dedifferentiation was concluded. These authors placed emphasis on 
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the need for biopsy of these bony areas as the therapeutic concept of a liposarcoma and an 

osteosarcoma are highly diverging (Liyuan Yu, MD, Sungmi Jung, MD, Leonard Hojnowski, MD, 

and Timothy Damron, MD (2005). They stated that the treatment should focus on the high-

grade component of the tumour mass rather than only on the liposarcoma, since 

chemotherapy is often used in conjunction with wide surgical excision (radiation therapy has 

limited and debatable use) for treatment of osteosarcoma, whereas radiation therapy can be 

quite effective in shrinking the liposarcoma before wide surgical excision and is often 

indicated in cases in which excision is incomplete (Yamawaki 1986).  

 

Chung L. and colleagues were able to postulate that MDM2 and CDK4 amplification serves as 

a highly sensitive tool in diagnosing liposarcomas. Their study showed that 100% (n=15) 

liposarcomas showed increased MDM2 and CDK4 protein expression and that 100% (n=5) 

liposarcomas showed amplification of MDM2 and CDK4. Therefore they concluded that for 

lipogenic tumours the markers CDK4 and MDM2 can be used as surrogate IHC markers for 

the diagnosis of malignant lipomatous tumours with a high sensitivity (Chung et al. 2009). 

 

The case study presents a peculiar presence of osteosarcoma in the 4th tumour recurrence. 

For this we have postulated four theories how this phenomenon could have occurred, which 

are summarized in Figure 34. 
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Figure 34 – Mind map summarizing the main hypothesis explaining the occurrence of the multiphenotypic tumour which is 

marked in the light blue rectangular area. Tumour progression from the 1st, 2nd and 3rd is limited to a maintenance of mouse 

double minute 2 homolog (MDM2) and cyclin dependant kinase 4 (CDK4) amplification. The 4th recurrent tumour also 

known as our “multiphenotypic tumour” shows a progression to G3 liposarcoma, osteosarcoma, and non-neoplastic bone, 

cartilage and fat. All 4 theories attempt to create links as to how the osteosarcoma was formed.  

Solid line = strong evidence; dashed line = weak evidence; rec. = recurrence; 1-4 = theory number; ampl. = amplification;  
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4.24.24.24.2 Postulated TheoriesPostulated TheoriesPostulated TheoriesPostulated Theories    

In the following, an outline of the main hypothesis will be postulated, which may explain the 

vast multitude of tumour heterogeneity. The numbers are congruous with those in Figure 34.  

 

1.) This theory suggests that the osteosarcoma is a direct progeny of the G1 liposarcoma which 

was observed in the first three recurrences. Following this line, the liposarcoma will have 

needed to undergo vertical de-differentiation to MSC (mesenchymal stem cells) or horizontal 

progression into an osteosarcoma. This challenges fundamental cell-lineage theory (Sell 

1993). MDM2 and CDK4 amplifications are persistent clonal markers in both sarcomas over 

time course and might be an explanation for the hybrid features. The main reason that 

horizontal progression is unlikely is that horizontal differentiation would assume that all 

criteria of the first cell type must be dropped whilst all criteria of the second cell must be 

attained (Gunther Stent 1998). 

Taking that into account, theory 1 should still be given strong consideration based on one key 

finding of this study. The amplification and increased expression of MDM2 and CDK4 in the 

liposarcomas of our cohort concurs with existing literature (Aleixo et al.). Our cohort also 

showed that isolated osteosarcomas rarely show amplification of MDM2 and CDK4, not to 

mention at such a high degree, which also concurs with existing literature (Yoshida et al. 

2012). However, the osteosarcomatous component in our case study showed an over-

amplification and expression of MDM2 and CDK4 well above standard cut-off values as well 

as an additional DDIT3 rearrangement. This strongly suggest that the progeny of the 

osteosarcoma is the previous recurrent liposarcoma since in both tumours the MDM2 and 

CDK4 amplification is present and therefore has the characteristics of a clonal marker. 

Furthermore, the additional DDIT3 break in the osteosarcoma points to a further progression 

with acquisition of further genomic aberration and is in line with our assumption of a vertical 

tumour progression. 

 

2.) Mesenchymal stem cells (MSC) are stromal cells which can differentiate into a variety of cell 

types which includes osteoblasts, chondrocytes and adipocytes. This theory suggests that the 

MSC are omnipresent during the entire oncological history of the patient. The term 
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“malignant mesenchymoma” is not commonly used and is described by the WHO as “a 

malignant soft tissue tumour which consists of two or more mesenchymal lines of 

differentiation” (Brady et al. 1996). Whilst this theory helps to explain the origins of the 

osteosarcoma, it assumes that the 1st recurrence existed as a mesenchymoma and not as an 

isolated liposarcoma, which was to best of our knowledge, not the case. Alternatively, the 

mesenchymoma may have de-differentiated from the 3rd recurrent liposarcoma, however this 

has not been previously described and the time frame of 2 years makes this seem highly 

improbable.  

 

3.) Normal bone, fat and cartilage were found in the 4th recurrence. This theory suggests that 

these tissue types were formed at some point after the 3rd recurrence and that from the 

normal bone, a high grade osteosarcoma developed. This theory seems improbable for 

several reasons. Firstly, radiation therapy was not performed, which makes a secondary 

osteosarcoma unlikely (Ottaviani 2009). Secondly, even if the malignant transformations 

occurred immediately after excision of the 3rd recurrence, this is only a time frame of two 

years which, given the aggressive morphology of the tumour, is highly unlikely. Thirdly, the 

osteosarcoma exhibits amplification and expression of CDK4 and MDM2, which is not typical 

of isolated osteosarcomas.  

 

4.) Heterotopic ossification can occur when trauma causes venous stasis. The stasis elicits a 

release of growth factors such as TGF-beta1, which when exposed to MSC can cause them to 

differentiate into osteoblasts (Bosse et al. 1994). These osteoblasts form reactive bone. It 

seems highly improbable that this theory holds true in our case. It requires that MSC from the 

bone marrow are released into surrounding non-osseous tissue, which usually would only 

occur in bone trauma or surgery (i.e. hip endoprosthesis implantation), which did not happen 

in the case study. Secondly it would require malignant mutagenesis from normal bone to high 

grade osteosarcoma in a time span of maximum 2 years, which also shows a genetic 

amplification and protein expression of MDM2 and CDK4, which is not typical. It is possible 

that there was some heterotopic ossification, however this is likely to be the cause for the 

presence of normal bone and not the osteosarcoma.  
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4.34.34.34.3 ConclusionConclusionConclusionConclusion    

All four theories only address the formation of the high grade osteosarcoma and do not 

consider the fact that parallel to this a DDIT3 rearrangement must have occurred in a part of 

the cell population present in the 4th recurrence. It also does not address the formation of the 

G3 liposarcoma, however this is explained through natural tumour progression and further 

mutagenesis.  

 

In conclusion, theory 1 seems the most probable, although it challenges fundamental cell 

lineage theory. This study should prompt further research, in the form of genetic profiling via 

gene sequencing, in order to establish the exact genetic make-up of co-existing sarcomas. 

Should the genetic make-up prove to be similar beyond the amplification of MDM2 and CDK4, 

then this would provide robust support for theory 1.  

In our opinion, the detection of osseous components within a liposarcoma deserves attention 

in order to avoid misdiagnosis and with that, form a complete therapeutic scheme for the 

patient, which takes all tumour entities into account. 
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5555 SummarySummarySummarySummary    

We analysed in detail a rare and complex multiphenotypic tumour over a time period of six 

years with four separate points of references, which represent four abdominal recurrences. 

Initially the tumour was a GI liposarcoma with amplifications of mouse double minute 

homolog 2 (MDM2) and cyclin dependant kinase 4 (CDK4). The fourth recurrence however 

also contained a GIII liposarcoma, high-grade extra-skeletal abdominal osteosarcoma and 

non-neoplastic fat, cartilage and bone. The case was studied on a protein and genomic level 

to establish the similarity of the multiphenotypic tumour with the preceding recurrences. 

Immunohistochemical (IHC) staining and fluorescent in situ hybridization (FISH) revealed a 

similarly high amplification of MDM2 and CDK4 for all neoplastic regions as well as a DNA 

damage-inducible transcript 3 gene (DDIT3) rearrangement of the osteosarcoma. A myxoid 

liposarcoma was excluded based on morphology and the absence of a fused in sarcoma gene 

(FUS) rearrangement. To construct a comparison, we undertook similar analysis of a cohort 

consisting of 10 lipomas, 12 liposarcomas and 10 osteosarcomas which all existed as isolated 

tumours. Our findings revealed that none of the lipomas showed amplifications of MDM2 or 

CDK4. The liposarcomas were either amplified on a genomic level or over-expressed on a 

protein level for MDM2 or CDK4, which concurred with the case. Only 1/10 osteosarcomas 

showed an amplification and over-expression of MDM2 and CDK4 which showed that the 

genomic profile of the high grade extra-skeletal osteosarcoma of the 4th recurrence was not 

typical for osteosarcomas. The genetic similarity of the osteosarcoma with the liposarcoma 

lead us to understand that these evolved from a mutual cellular pool. Furthermore, adding to 

the mutagenic complexity of the osteosarcoma, we observed a DDIT3 rearrangement through 

FISH analysis, which is typically found in myxoid liposarcomas. The heterogeneous, 

multiphenotypic nature of this tumour are what make it rare and till now, unprecedented. 

Four theories were composed to explain the route with which the osteosarcoma may have 

evolved. Due to the nearly identical genetic make-up and smooth histological transitions of 

neoplastic entities, our evidence suggests strongly that it mutated from the previous 

recurrences of the described liposarcoma. We concluded that the osteosarcoma progressed 

from the lipogenic neoplasm through vertical de-differentiation as opposed to horizontal 

differentiation. Although vertical de-differentiation is more plausible, it still contradicts 

fundamental cell-lineage theory. 
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This study prompts analysis using gene sequencing, to further classify the similarity of the 

genetic make-up of the separate neoplastic entities. It also highlights the importance of 

further diagnostics in liposarcomas with osseous components to resolve the conceivable 

presence of osteosarcoma, so that a complete and legitimate therapeutic scheme can be 

formed for the patient.  
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