
 

 

 

 

 

 

 

 

 

 

 

 

 

Characterisation of stromal gene expression in 

soft tissue sarcoma 
 

 
 
 

Nada AL-Shaaili 
 

 

 
 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 

Doctor of Philosophy  

 

 

The University of Sheffield 

Faculty of Medicine, Dentistry & Health 

The Medical School 

 

  

November 2022 



I 
 

Acknowledgment 
 

This thesis represents the work of the best, most challenging four years of my life. First 

and foremost, I would like to express my sincere gratitude to my supervisor Dr. William 

English for his continuous support, advice, motivation, encouragement and guidance 

especially during the pandemic. Thanks for making this work possible! I would like also 

to thank Dr. Karen Sisley and her group for their constant help and support. A big thank 

to Dr. Mark J Dunning and Dr. Emily V chambers from the bioinformatics core facility, for 

helping me in the dry lab part of this thesis.   

A special thanks to Dr. English group for being the best group ever during this four year, 

but a special thank is devoted to my friend Claudia Madrigel, for being always there with 

or without asking, for sharing all the moments with me and for making the journey easier 

and shorter. Thankful for the laughs and tears we shared during this memorable journey.  

Arwa ALhulwa, I am sure this journey would not be possible without you, thanks a lot for 

being part of it. Thanks for always being there for me and keeping me sane, I am so lucky 

to have you in my life.  

My mother, words can’t express my appreciation and love for you, thanks for supporting, 

encouraging and teaching me the importance of education. Thanks for calling me every 

day to make sure my kids and me are doing well. I owe this work to you and my father. 

My late father, thanks for being my first teacher in life, I wish you were here today. Alaa, 

thanks for bringing joy, happiness and contentment for us from Glasgow to Sheffield. 

Finally, my family, my husband Said thanks for supporting me and endure the difficulties 

of long distance relationship, and my kids Renad, Rana & Issa, thanks for accepting this 

journey with me, thanks for all the memories we made together. You really impressed me 

on how strong you were. Sami, my little one, thanks for joining the journey in 2020 and 

helping me with analysing and writing the thesis with your little fingers. 

Lastly, I would like to thank everyone who had an impact on this work by encouraging 

and supporting from family and friends. Love you all.  



II 
 

Abstract 
 

Background: Soft Tissue Sarcomas (STS) are a biologically rare, heterogeneous and 

complex population of solid tumours of mesenchymal origin. Recent studies have 

emphasised the important role of mesenchymal cells like fibroblasts in cancer biology. 

Very little is known about the role of Sarcoma Associated Fibroblasts (SAF) as most 

studies have focused on Carcinoma Associated Fibroblasts (CAF). The study of SAF is 

challenging for two reasons; firstly, there are few STS cell lines available that are matched 

to their original histotype. Secondly, as STS cells and SAF are both mesenchymal, no 

selective markers have been identified to facilitate their study. This study will focus on 

characterising SAF in the poorly differentiated, genomically complex and mesenchymal-

like STS including Undifferentiated Pleomorphic Sarcoma (UPS) and Myxofibrosarcoma 

(MFS).  

Objectives: To identify STS and SAF specific gene expression profiles to improve our 

fundamental understanding of STS biology. 

Methodology: Eight STS cell lines (UPS, MFS, and LMS), recently described by Salawu 

et al (Salawu et al., 2016) or donated by Professor Heymann (Nantes, France) were used 

in this project. Expression of mesenchymal proteins (transgelin, αSMA, vimentin, 

fibronectin, N-cadherin, FSP-1, FAPα and SOX2) was compared between the STS cell 

lines and normal human mesenchymal cells (dermal, lung, uterine fibroblasts and 

mesenchymal stem cells) using western blot and Immunocytochemistry. Tumours were 

then grown from the UPS cell lines in NSG mice and immunohistochemistry and 

immunofluorescence staining were applied to tumour sections to further characterise 

mesenchymal protein expression. Finally, RNAseq was used to characterise differences 

in stromal gene expression between the STS cells and the mouse stroma by aligning 

reads against the human and mouse reference genomes (Bradford et al. 2013). 

Findings: In vitro, expression of Transgelin/ SM22α and αSMA was significantly 

decreased in UPS and MFS cells compared to normal fibroblasts. All the other proteins 

(vimentin, N-cadherin, fibronectin, FSP-1, FAPα and SOX2) were expressed equally in 

all cells (UPS, MFS and normal mesenchymal cells). Three of four UPS cell lines were 
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successfully grown as xenografts in NSG mice. Although expression of mesenchymal 

proteins was confirmed by immunostaining, we were unable to segment UPS cells from 

stromal cells to confirm the differences in expression levels detected by western blot. 12 

samples were selected for RNAseq analysis based on RNA quality, average mean 

vascular density and necrosis. For each sample there were an average of 39 million 

human reads and 40 million mouse reads. All samples showed high quality sequence 

data on quality control and comparison of the xenograft’s transcriptomes with human STS 

showed a high degree of similarity with clinical UPS and MFS. RNAseq analysis 

confirmed that transgelin and αSMA expression was reduced in STS cells when 

compared with the stroma, which make these very likely to be SAF markers. Although 

typical CAF markers FSP-1 and FAPα were also increased in the stroma compared to 

the UPS cells, our earlier immunofluorescence studies showed a high percentage of cells 

positive for these were also positive for the mouse macrophage marker F4/80 and so are 

not exclusively SAF markers. Additional genes normally considered mesenchymal were 

found to be highly expressed in the stroma when compared with STS cell lines, allowing 

the identification of a possible “SAF gene panel” signature for STS including: transgelin, 

αSMA, vimentin and MFAP5. Although there was a trend for decreased overall survival 

in STS patients with low expression levels of our SAF gene panel, this was not statistically 

significant. 

Conclusions: Of all the mesenchymal proteins examined so far, Transgelin showed the 

most promise for the identification of SAF versus STS cells. Analysis of the RNAseq data 

shows it was possible to identify mouse stromal genes from UPS xenografts. Differential 

gene expression between the three UPS tumours was used to identify a novel stromal 

gene signature and subsequently led to the identification of a possible “SAF gene panel” 

for use in future STS studies. 
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Chapter 1 

Introduction   
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1.1 Cancer 

Cancer is a leading cause of mortality worldwide and caused approximately 9.6 million 

deaths in 2018 (Cancer Research UK, 2020). It is characterised by uncontrolled cell 

growth, which can occur anywhere in the body. Hanahan and Weinberg originally 

proposed cancer hallmarks in 2000. These have since expanded from the original six to 

eight hallmarks leading to cancer development and progression (Hanahan & Weinberg, 

2011). Additionally, healthy stromal cells only differentiate into a neoplastic state when 

they exhibit all of these hallmarks (Fig. 1.1). If one cancer development stage is disturbed, 

then cancer will stop at the primary site (Joyce & Pollard, 2009). Two enabling 

characteristics were added to the core eight cancer traits: genome instability and mutation 

and tumour-promoting inflammation (Hanahan & Weinberg, 2011). Moreover, Hanahan 

and Weinberg (2022) recently added another four traits to the core cancer hallmarks: 

unlocking phenotypic plasticity, non-mutational epigenetic reprogramming, polymorphic 

microbiomes, and senescent cells (Hanahan, 2022). 

1.2 The molecular basis of cancer 

Cancer is a complicated and multi-step process caused by genetic mutations affecting 

important cellular development pathways. Oncogenes and tumour suppressor genes 

directly affect cancer development and progression when mutated. Oncogenes are 

involved in the transition of normal cells to cancerous cells, and their higher expression 

is associated with cancer development. Oncogenic Kirsten rat sarcoma viral oncogene 

homolog (KRAS) is one of the most common oncogenes that plays a vital role in cancer 

development in different carcinomas, including pancreatic (Kisiel et al., 2012) breast 

(Hwang et al., 2019), and colorectal (Dinu et al., 2014). KRAS is a member of RAS gene 

family which known to play an important role in cell development, cell proliferation and 

cell signalling (Miller & Miller, 2011). Evidences illustrated that the variety of RAS 

mutations will results in different outcome, some studies found that KRAS mutation was 

linked with poorer overall and progression free survival (Liu et al., 2011; Miller & Miller, 

2011). Liu et al. (2011) showed that mutated KRAS played an important role in sustaining 

cancer proliferation, one of the cancer hallmarks (Fig. 1.1). Mutant tumour protein p53 

(TP53) is a common tumour suppressor gene in various carcinomas, including colorectal 
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(Li, 2015) and breast (Duffy et al., 2018).TP53 mutations are present in most sarcomas, 

including Ewing sarcoma, rhabdomyosarcoma (RMS), undifferentiated pleomorphic 

sarcoma (UPS), and leiomyosarcoma (LMS), indicating that the p53 pathway is 

commonly altered in sarcomas (Thoenen et al., 2019). P53 is a transcription factor that 

regulates G2/M checkpoint and activates apoptosis (Fischer et al., 2016). Oncogenes 

induce DNA replication stress through uncontrolled proliferation, resulting in DNA damage 

and, eventually, genomic instability (Yao & Dai, 2014).  

 

 

Figure 1. 1: Cancer hallmarks: the eight cancer cell traits.  

This figure was adapted from Hanahan and Weinberg (2011) and created using Biorender.com. 
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1.3 Sarcoma 

Carcinomas are malignant tumours derived from epithelial cells. However, sarcomas are 

malignant tumours arising from connective tissues (mesenchymal cells) (Saggioro et al., 

2020). Sarcomas are biologically rare, heterogeneous, and complex solid tumours of 

mesenchymal origin. About 80% originate from soft tissues, while the remaining 20% 

originate from bone (Bulbul et al., 2017). They can occur at all ages, with some sarcoma 

types more common in children than adults (Monika & Olle, 2015). The incidence rate of 

sarcomas in the UK is ~4,295 new cases annually (Cancer Research UK, 2019). They 

account for 1%–2% of all human malignancies (Morozov et al., 2010). It is a 

heterogeneous disease comprising >70 subtypes classified based on their histological 

appearance, tumour location, similarity to their origin tissue, genetics, and age at onset 

(Abeshouse et al., 2017; Fletcher, 2014; Jo & Fletcher, 2014). Sarcomas can be 

categorised based on the tumour location as bone and soft tissue (STS) sarcomas. 

Moreover, sarcomas may be classified based on genetic mutations into simple and 

complex karyotypes (Xiao et al., 2013). Sarcoma histotype heterogeneity is considered a 

consequence of transformation from highly heterogeneous normal mesenchymal cell 

populations (Fig. 1.2). 

 



5 
 

 

Figure 1. 2: The predominant sarcoma histotypes.  

Based on the current WHO classifications of tumours: soft tissue and bone tumours 2020. This 
diagram shows the common sarcoma histotype and the normal mesenchymal cells they are 
hypothesised to originate from. Some sarcomas are well differentiated like liposarcomas whereas 
others are less differentiated like fibrosarcoma and myxofibrosarcoma. Furthermore, UPS/MFH 
have an uncertain origin with most likely origin of mesenchymal stem cells (Robles-Tenorio & 
Solis-Ledesma, 2022). 
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Since my PhD studies will be focused on adult STSs, the remainder of this review will 

focus on this sarcoma subset. For bone sarcomas, please see the recent reviews by 

(Bleloch et al., 2017; Savvidou et al., 2021; Z. Xin et al., 2021). 

1.4 Soft Tissue Sarcomas (STS) 

STS comprises approximately 70 subtypes categorised based on histological and 

molecular pathology (Sbaraglia et al., 2021). As mentioned in the previous section, they 

show characteristics suggesting they arise from different normal mesenchymal cell 

populations (e.g. muscle, cartilage, blood vessels, nerve, and fat) (Vodanovich & M 

Choong, 2018). 

1.4.1 STS classifications 

Only ~20% of STSs have previously identified diagnostic markers such as gene mutations 

or chromosomal aberrations (Abeshouse et al., 2017; Jo & Fletcher, 2014). The genotype 

classifications broadly divide STSs with genetic aberrations into recurrent translocation-

driven, non-translocation-driven STSs (Genadry et al., 2018), and complex karyotypes 

with no definite pattern (Jain et al., 2010) groups. The World Health Organisation STS 

classification scheme, updated and released in 2020, is based on the histological (Fig 

1.2) and genetic (Doyle, 2014) findings. STS’s rarity, heterogeneity, and genetic 

complexity make identifying targeted therapies difficult. 
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1.4.1.1 Most common STSs 

1- Undifferentiated Pleomorphic Sarcoma (UPS), previously called malignant 

fibrous histiocytoma, as it has a “histiocytes-like” appearance and is rich in 

histiocytes (Genadry et al., 2018). It is the most common type of STS in adults, 

accounting for ~50% of all STSs (Sbaraglia et al., 2021). Its origins are 

uncertain, possibly mesenchymal stem cells (MSCs) (Fig. 1.2). It is classified 

into four subtypes (Table 1.1) (Matushansky et al., 2009). 

 

Table 1. 1: Four UPS subtypes classified based on their histological appearances.  

 

2- Myxofibrosarcoma (MFS) 

 It is one of the most common STSs. 

 It accounts for 10%–20% of STSs. 

 It was previously called myxoid fibrous histiocytoma and was a UPS 

subtype until 2002 when it became an independent entity. 

 It commonly occurs in the extremities (Widemann & Italiano, 2018). 

  

Name Percentage Where in the body Prognosis References 

Storiform-pleomorphic 70% Extremities Poor (Matushansky et al., 2009) 

Giant-cell 10% Extremities & trunk Poor (Matushansky et al., 2009) 

Inflammatory 5% Retroperitoneum Poor (Matushansky et al., 2009) 

Angiomatoid fibrous 

histiocytoma (AFH) 

0.3% Extremities(children 

and young adult) 

Good  (Saito et al., 2017) 
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3- Liposarcoma (LPS) 

 It is hypothesized to arise from adipocytes (Fig. 1.2). 

 It accounts for 12.8% of all STSs. 

 LPS classified into four subtypes (Table 1.2). 

 

Table 1. 2: Four LPS subtypes classified based on their histology and prognosis.  

 

 

 

 

 

 

 

 

Subtype Name Percentage Where in the 

body 

Metastases References 

WD-LPS Well-differentiated 

(Atypical spindle cell 

lipomatous) 

40-45% Extremities & 

retroperitoneum 

Rarely metastasis 

and show low 

recurrence rate  

(Arvinius et al., 

2017) 

MR-LPS Myxoid/Round cells 30-35% Extremities 1/3 of patients will 

develop metastasis 

(Genadry et al., 

2018) 

DD-LPS Dedifferentiated 15-20% retroperitoneum Metastasize by 15-

20% 

(Genadry et al., 

2018) 

P-LPS Atypical 

Pleomorphic 

lipomatous 

5% Limbs Associated with 

pulmonary  

metastasis 

(Wang et al., 

2018) 
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4-  Leiomyosarcoma (LMS) 

 It is hypothesized to arise from smooth muscle (Fig.1.2). 

 It accounts for 10-20% of all STS (Anderson et al., 2021).  

 Characterized by genomic instability and non-chromosomal translocation 

(Genadry et al., 2018).  

 It is classified into three subtypes (Table 1.3) (Guo et al., 2015). 

Subtype Name Where in the body Prognosis 

I Subtype I Smooth muscle cells Good 

II Subtype II Smooth muscle cells Poor 

III Subtype III Uterus/scrotum Poor 

Table 1. 3: The three subtypes of LMS, where it occurs and the prognosis. 

 Data extracted from (Guo et al., 2015). 
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1.4.2 STS Aetiology prognosis and treatment: 

The exact cause of STS remains unknown. Like other cancers, environment and genetics 

are important risk factors. Environmental factors include chemical exposure and ionising 

radiation. Genetic factors, including DNA mutations, were defined as STS causes based 

on genetic predisposition and iatrogenic factors (Benna et al., 2018).  

The 5-year survival rate of STS patients is 50%–60%, depending on the tumour type, age 

at onset, and stage (Genadry et al., 2018). The 2-year survival rate of patients with 

metastatic disease at diagnosis is currently <20%. 

1.4.3 Current standard care and newer target therapies: 

The current standard care for these tumours is surgical intervention, chemotherapy, and 

radiotherapy or their combinations. STS’s heterogeneity has made identifying a single 

effective therapy challenging. Therapy choice depends on clinical interpretation, tumour 

sites, types, and grades (Vodanovich & M Choong, 2018). Chemoresistance is very 

common in STS, and new therapies must depend on tumour-specific biology (Ehnman & 

Larsson, 2015). While radiotherapy is commonly used with tumour removal, not all STS 

are radiosensitive, depending on tumour type and origin (Hoefkens et al., 2016). Prof 

Catharine West’s group, Manchester, worked with peripheral limb STSs collected from 

the phase III (Randomized Trial of Volume of Post-operative Radiotherapy given to adult 

patients with eXtremity Soft Tissue Sarcoma)  VorteX trial (NCT00423618)  to identify a 

biomarker panel for radiotherapy response (Forker et al., 2017).  

Moreover, present  standard care for patients, such as carotuximab (TRC105) with 

pazopanib, did not improve progression-free survival (PFS) compared to pazopanib alone 

to treat angiosarcoma (Forker et al., 2017). Pazopanib is a tyrosine kinase inhibitor that 

inhibits angiogenesis (Jones et al., 2022). TRC105 targets CD105 (endoglin), endoglin is 

an endothelial marker which known as an angiogenesis marker (Ehlerding et al., 2018).  

In addition, olaratumab, a monoclonal antibody targeting platelet-derived growth factor 

receptor-alpha (PDGFRα), used in combination with doxorubicin did not improve overall 

survival (OS) compared to doxorubicin alone in advanced STS (Tap et al., 2016). 
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A newer targeted treatment focusing on cancer stem cells (CSCs), also called tumour-

initiating cells, has been developed for all cancers. CSCs can recreate the original tumour 

heterogeneity from a very small number of cells and act as a small reservoir of drug-

resistant cells that can overcome chemotherapy (Genadry et al., 2018). A new goal is to 

identify unique CSCs for all STS subtypes so that CSCs can be used as a better 

prognostic indicator for therapy response (Genadry et al., 2018). Moreover, immune 

checkpoint inhibitors have been emerging for many cancers. In STS, a higher expression 

of PD-L1 as an immune checkpoint protein was associated with poor OS (Orth et al., 

2020). Another study was done on STS patients revealed that better response to anti-

PD-L1 therapy was linked to higher immune cell infiltration (Keung et al., 2020). 

However, since STSs are highly diverse and have few common genetic abnormalities, 

new investigation avenues are needed to identify novel therapeutic options. The tumour 

microenvironment (TME) is not as well characterised in STS as in carcinomas. Since STS 

is mesenchymal rather than epithelial in origin, its cellular communication with the stroma 

may be significantly different and present novel opportunities for therapy. 

Therefore, the role of non-transformed mesenchymal cells is particularly poorly 

understood in STS compared to carcinomas. This review will now introduce key aspects 

of TME and discuss the role of mesenchymal cells in cancer and STS in particular in the 

following sections. 
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1.5 The Tumour Microenvironment (TME):  
 

Recent studies have shown that the cancer pathogenicity does not only come from the 

genetically transformed cancer cell, but also from the surrounding stroma. 

The local environment encompassing the stroma and cancer cells is referred to as the 

Tumour Microenvironment (Balkwill et al., 2012). The TME comprises the extracellular 

matrix (ECM) and a diverse mixture of cells, including cancer cell itself and stromal cells 

such as fibroblasts, endothelial cells, pericytes, adipocytes, myeloid cells (e.g. 

macrophages), and lymphocytes (e.g. T-Cells) (Li et al., 2007; Noma et al., 2008). These 

surrounding cells enhance tumour growth, differentiation, invasion, and metastasis (Kidd 

et al., 2012). Paget was the first to propose the TME’s importance, postulating his ‘seed 

and soil’ theory (Ribatti et al., 2006). Paget showed that whenever the ‘soil’ (the 

surrounding environment) provides a suitable environment, the ‘seed’ (cancer cells) will 

grow and spread into the secondary site (Ribatti et al., 2006). Moreover, he believed that 

metastasis never occurs unless ‘the seed and soil’ were well-matched (Joyce & 

Pollard2008). 
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Figure 1. 3: Tumour Microenvironment.  

The cellular environment where cancer cells exist along with the stromal cells including MSC, 
pericytes, fibroblasts, immune cells, blood vessels all embedded in the Extracellular Matrix (ECM). 
Created using Biorender.com. 
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1.5.1 The Extracellular Matrix (ECM): 

The ECM is a significant TME component. It comprises a complex network of 

macromolecules such as collagen, fibronectin, elastin, proteoglycans and non-

collagenous glycoproteins  (Järveläinen et al., 2009), which constructs a three-

dimensional matrix with distinctive biochemical and biomechanical functions (Pickup et 

al., 2014). It regulates organ hemostasis and cellular mechanisms including cell growth, 

movement, survival, and differentiation. It also provides a supportive matrix for tissue 

function and cell adhesion. It maintains the TME by regulating growth factor and cytokines 

bioavailability and diffusion, and maintains hydration and PH (Pickup et al., 2014). 

However, normal ECM functions are disturbed in cancer (Lu et al., 2012). Dynamic 

changes in ECM turnover are crucial during development, controlled by specific enzymes 

such as Matrix Metalloproteinase (MMPs). The cell mainly responsible for ECM 

production is the fibroblasts and myofibroblasts as these produce a number of ECM 

molecules and also the proteinases like MMPs that control the turnover. These cells are 

also responsible for fibrosis and proteinase production in cancer (L. E. Tracy et al., 2016). 

However, fibrosis and angiogenesis are promoted when the ECM dynamics are 

deregulated after normal development is completed (Lu et al., 2012). This chapter,  will 

focus on mesenchymal cells as they predominantly contribute to ECM remodelling 

including how they affect other stromal components within the TME (Bhowmick et al., 

2004). In sarcoma, many ECM molecules expression was detected in different STS 

subtype, but the functional role of ECM in STS is still poorly understood (Pankova et al., 

2021). 

1.5.2 Important cells in the TME: 

1.5.2.1 Immune cells. 

The immune cells are an important TME component. It is divided into tumour-inhibiting 

groups and tumour-promoting group. The tumour provoking group composed of effector 

Tcells, Natural killer (NK) cells, Dendritic cells (DC), M1 polarized macrophages and N1 

polarized neutrophils. This group aim to destroy cancer cells by secreting chemokines 

(Habif et al., 2019), but some cancer cells will escape the immune function and will block 
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the tumour provoking immune cells via specific mechanism, resulting in evasion immune 

destruction (one of hallmark of cancer (Fig.1.1).The tumour promoting group composed 

of Regulatory T cells (Treg), and M2 polarized macrophages, which enhance 

tumourgenesis by enhancing angiogenesis, cell migration and metastasis (Lei et al., 

2020). In sarcoma, the common immune cell type was M2 macrophages followed by 

lymphocytes (D’Angelo et al., 2015; Stahl et al., 2019). Understanding immune cells is a 

good predictor for disease outcome and progression and therapy response. 

1.5.2.2. Mesenchymal cells. 

Several different terminologies used for fibroblasts in tumours, however as in non-

neoplastic tissue mesenchymal cells they can broadly be put into three groups: 

Mesenchymal Stem Cells (MSCs)/ pericytes, “resident fibroblasts” and activated 

fibroblasts/ myofibroblasts. MSCs don’t express activated fibroblast markers and when 

isolated, should be able to transdifferentiate into adipocytes, osteoblasts and 

myofibroblasts. Pericytes have been described as having MSC- characteristics, and are 

associated with the vasculature. Resident fibroblasts are not stem cells nor pericytes as 

they cannot tri-differentiate, and do not express activated fibroblast markers. Activated 

fibroblasts (myofibroblasts) and CAFs: show elevated expression of alpha smooth muscle 

actin (αSMA), collagen-I, III, XI, fibronectin (FN), MMPs, Tissue Inhibitors of 

Metalloproteinase (TIMP-1, TIMP-3), connective tissue growth factor (CTGF/CCN2) and 

have evidence of SMAD activation.  These characteristics are the classical definition of 

an activated fibroblast contributing to fibrosis and repair. One key feature they have in 

common is they typically can contract collagen or fibrin gels in culture. They also express 

cytokines and growth factors that act on the immune system and activate EMT in cancer 

cells (Cushing et al., 2008). Transforming growth factor (TGF-β) is a prominent regulator 

of MSCs differentiation into activated fibroblasts and can also activate EMT. TGFβ is 

released from the ECM through proteolysis, often secreted by fibroblasts during activation 

to myofibroblasts and immune cells. 

This chapter will explain the role of these three types mesenchymal cell in normal tissue 

and their role in cancer. 
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Cells Features Alternative names Markers 

MSC  Tri-Differentiation 

 Multi-potent 

 Self-renewable 

 Vimentin 
N-cadherin 
PDGFRβ** 

FSP-1* 

Pericytes MSCs associated with the 
vasculature 
 

 Desmin 
NG2 

PDGFRα/β 
αSMA 

Resident Fibroblasts  Lost tri-differentiation 
capability. 

 Able to respond to 
factors to be activated 
into myofibroblasts. 

Resting mesenchymal 
cells 

FSP-1 

Activated fibroblast  Contractile. 

 Migratory and invasive. 

 ECM synthesis and 
remodelling. 

 Myofibroblasts. 

 Cancer Associated 
fibroblasts (CAFs). 
 

αSMA 

Table 1. 4: Most common cells in the TME. 

*Fibroblast Specific Protein-1 (FSP-1). ** Beta-type platelet-Derived Growth Factor Receptor 
(PDGFRβ).Vimentin, PDGFRβ.FSP-1 and αSMA were known as CAF marker (Han et al., 2020). 
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1.5.2.2.1 Mesenchymal stem cells (MSCs) in normal tissue: 

The mesenchyme is derived from the mesoderm that forms during embryonic 

development. Mesenchymal cells can differentiate into hematopoietic and connective 

tissue cells including smooth muscle cells, endothelial, connective tissue cells, and blood 

cells (Adolfo, 2009). MSCs are a heterogeneous group of fibroblast-like, self-renewable, 

multipotent stem cells originating from the bone marrow and adipose tissue and can 

differentiate into different cell types including: osteocytes, adipocytes, chondrocytes, 

muscle cells and fibroblasts (Gazdic et al., 2015) (Fig 1.4).  

 

 

  

Figure 1. 4:  Mesenchymal heterogeneity. 

This figure shows the different origins of the MSC, and how MSCs can differentiate to osteocytes, 
chondrocytes, muscle cells, stromal cells, fibroblasts and, adipocytes. Created using biorender. 
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MSCs play a crucial role in immune regulation since they can change the immune 

response by altering the cross talk between cells or by secreting different factors (Gazdic 

et al., 2015). Recent studies have shown that MSCs can adopt an immunosuppressive 

phenotype when exposed to high levels of pro-inflammatory cytokines such as Interferon 

gamma and tumour necrosis factor alpha (TNFα). Therefore, MSCs have been widely 

studied in preclinical and clinical studies of autoimmune disease such as rheumatoid 

arthritis and multiple sclerosis (Gazdic et al., 2015). Moreover, mesenchymal cells derived 

from epithelial-mesenchymal transition (EMT) can play an important role in maintaining 

connective tissue and organ structure (Tennakoon et al., 2015). The site-directed delivery 

features of MSCs to the injury site mean they can play a crucial role in tissue repair 

(Marion & Mao, 2006; Tanabe, 2014). One example is the role of MSCs in the wound-

healing mechanism includes secretion of specific factors or “inflammatory mediators”, 

including growth factors such as vascular endothelial growth factor A (VEGFA) and 

Angiopoietin-1, can activate wound-repair mechanisms including cell recruitment, 

angiogenesis and differentiation (Isakson et al., 2015).  

Fibroblasts are a major connective tissue component of mesenchymal origin in the tissue 

matrix known by their spindle-shape morphology surrounded by collagen (type I and III). 

(Kalluri & Zeisberg, 2006).  

Fibroblast functions in normal tissues include:  

 Wound healing  

Platelets are released in the injury site. In contact with the collagen produced by 

fibroblast, they will adhere to the injured area and release growth factors  such as 

(TGF-β), platelet derived growth factor (PDGF), interleukin 1-beta and MMPs to 

activate fibroblasts which migrate to the wound site (Paraiso & Smalley, 2013). 

The activated fibroblasts secrete growth factors such as TGF-β, and express 

αSMA facilitating their migration towards the wound and wound contraction(Kalluri 

& Zeisberg, 2006). The activated fibroblast become larger, contractile and secrete 

ECM (Collagen-I, FN and growth factors fibroblast growth factor 2 (FGF2), PDGF, 

epidermal growth factor (EGF), and TGF‐β) that regulate and recruit immune cell 
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(macrophage, neutrophil, and lymphocyte) and other – (endothelial cells, nerve 

cells and skin keratinocytes) cells to repair the wound. 

 Tissue repair/remodelling/fibrosis 

Fibroblasts release specific signals to respond to the damage. They can 

differentiate into myofibroblasts, which are responsible for wound closure and 

scarring through their specialised contractile feature. Two factors are essential for 

normal tissue repair: fibroblast activation and ECM remodelling. Fibrosis will occur 

when one of these factors is disrupted (Krieg, 2008) . When wounding or acute or 

chronic inflammation causes fibrosis, fibroblasts will be activated and secrete 

growth factors such as TGF-β, and express αSMA which will facilitate migration 

towards the wound and wound contraction(Kalluri & Zeisberg, 2006). The activated 

fibroblast will acquire the same phenotype as in wound healing section. 

 

1.5.2.2.2 Mesenchymal Stem Cells in cancer: 

MSCs migrate towards tumour sites in cancer using similar mechanisms to migration 

towards inflammation sites in the wound-healing process (Ridge et al., 2017). Bone 

marrow MSCs (BM-MSCs) have a dual role in tumorigenesis since they can inhibit or 

stimulate tumour growth depending on different factors, including cancer type and MSCs 

heterogeneity (Barcellos-de-Souza et al., 2013; Ridge et al., 2017). MSCs are known for 

enhancing apoptosis and cell cycle arrest in the G0/G1 phase, which results in inhibition 

of tumour progression (Rastegar et al., 2010). Tumour suppression by MSCs has been 

found in melanoma, Kaposi sarcoma, breast cancer and hepatoma (Ridge et al., 2017). 

However, MSCs can stimulate tumour progression when found in the primary tumour. 

Karnoub et al. have postulated that MSCs could be considered a “cellular vehicle” that 

direct anti-cancer substances to the tumour site (Antoine et al., 2007). They also 

suggested that MSC could change the behaviour of the cells surrounding the tumour and 

promote the metastasis of breast cancer cells to the lung. Moreover, they found that 

MSCs effect on metastasis was only evident at  the primary site for a short period, 

concluding that MSCs do not contribute to metastasis alone and that other stromal cells 

may also be involved (Antoine et al., 2007).  
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They enhance metastasis due to their ability to migrate to the tumour site and secrete 

pro-angiogenic paracrine factors such as fibroblast growth factor-basic (bFGF), VEGF, 

and TGF-β (Rastegar et al., 2010) (Table 1.4). The interaction between the MSCs and 

the tumour cells via paracrine secretions induces EMT, contributing to tumour invasion 

and metastasis (Ridge et al., 2017). 

Resident fibroblasts in cancer 

Resident fibroblasts are usually resting mesenchymal cells that have lost their 

differentiation capability. In cancer, resident fibroblasts are considered precursors of 

activated fibroblasts or CAFs. However, little is known about their role in cancer (Butti et 

al., 2021). 

Activated fibroblasts/ myofibroblasts in cancer 

TGF-β can activate fibroblasts in cancer. These activated fibroblasts express high levels 

of αSMA and vimentin. When fibroblasts are activated, they cause ECM remodelling and 

induce fibrosis and desmoplasia. Desmoplasia is the formation of fibrous connective 

tissue and is a TME feature; it has been shown to cause tumour invasion, proliferation, 

and chemoresistance in pancreatic ductal adenocarcinoma (PDAC) (Cannon et al., 

2018). Excessive production of ECM proteins and collagen type I in particular induce 

desmoplasia. Desmoplasia or fibrosis is associated with poor prognosis in breast, 

pancreatic and liver cancer (Declerck, 2012). In addition, excessive production of ECM 

proteins by CAFs will increase the ECM stiffness which will lead to activating EMT 

independently of other factors (Piersma et al., 2020). MSCs functions in normal and 

cancerous tissues are similar. However, the main difference is that activated MSCs in 

normal tissue undergo apoptosis after the wound has healed but remain active and are 

resistant to apoptosis in cancer tissue (Kalluri, 2016a, 2016b). Unlike MSCs, CAFs 

secrete high levels of VEGFA, TGF-β, HGF, interleukins 4 and 10, and TNFα that promote 

tumourgenesis. (Ridge et al., 2017).  

While activated fibroblasts have different names in the literature (Table 1.4), I will be using 

CAFs to refer to activated fibroblasts in the remainder of the thesis introduction. 
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1.6 Cancer-Associated Fibroblasts (CAFs) 

Kalluri et al. (2016) postulated that resident tumour fibroblasts are resting MSCs and 

when exposed to specific stimuli will be activated and form Cancer-Associated Fibroblasts 

or CAFs (Table 1.4). While the mechanism behind this transition is poorly understood, 

many studies suggest that CAFs are activated fibroblasts. 

1.6.1 CAFs and Myofibroblasts: 

CAFs share some characteristics with myofibroblasts, including: 

1. Their “spindyloid appearance”: Large spindle-shaped cells (Xing et al., 2010) . 

2. High αSMA expression level (Li et al., 2007). 

3. High fibroblast-specific protein-1 (FSP1; (Cirri & Chiarugi, 2011) and vimentin 

production (Quante et al., 2011).  

4. Both exhibit contractility phenotype due to high expression of αSMA (Nurmik et al., 

2020). 

1.6.2 Origin of CAFs: 

CAFs origin varies between different cancer types (Cirri & Chiarugi, 2011). 

1.6.2.1 Resident fibroblast derived:   

CAFs form from fibroblast activation by different tumour stimulation factors, including 

TGF-β, PDGF, and bFGF, and express αSMA, MMP1, MMP3, and collagen (Quante et 

al., 2011). Kojima et al. (2010) confirmed this origin using a breast xenograft model, 

showing that human fibroblasts co-injected with breast cancer cells became CAFs 

through signalling pathways regulated by TGF-β and stromal-derived factor-1 (SDF1) 

cytokine expression (Kojima et al., 2010). 
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1.6.2.2 Mesenchymal stem cell derived: 

During cancer initiation, growth factors VEGF, bFGF, and EGF secreted by cancer cells 

recruit MSCs (Cirri & Chiarugi, 2011). Spaeth et al. (2009) used an animal model to show 

that MSCs present in the tumour mass can differentiate into CAFs and pericytes (Spaeth 

et al., 2009). Moreover, Miyazaki et al. (2020) postulated that CAFs differentiated from 

adipose-derived MSCs (AD-MSCs). They co-cultured AD-MSCs and Capan-1 cells and 

then used transcriptome analysis to show that co-cultured cells expressed many CAF 

markers, indicating that MSCs may be CAF progenitors (Miyazaki et al., 2020). 

1.6.2.3 Endothelial to mesenchymal transition (EndMT): 

This transition occurs in response to TGF-β secretion, when endothelial cells delaminate 

from an organized cell layer lose their endothelial phenotype, and acquire a mesenchymal 

phenotype and migratory ability (Potenta et al., 2008).In brain endothelial cancer, EndMT 

can lead to metastasis, as the transition of endothelial cells into myofibroblast will acquire 

all the myofibroblasts phenotype including plasticity and migratory ability which key factor 

in metastasis event (Krizbai et al., 2015). 

1.6.2.4 Epithelial-mesenchymal transition (EMT):  

EMT occurs when epithelial cells lose their epithelial characteristics (e.g. cell-cell contact, 

columnar shape, basal-apical polarity, basement membrane attachment-dependent 

survival, and cytokeratin and E-cadherin expression) and acquire mesenchymal 

characteristics (e.g. cell-cell contact loss, spindle shape, polarised migration direction, 

and increased ECM, MMP, N-cadherin, and vimentin levels; (Xing et al., 2010). One 

hypothesis is that a mutation in genes regulating the EMT pathway enables epithelial cells 

to differentiate into CAFs. Tuhkanen et al. (2004) showed that a mutation in TP53 and 

phosphatase and tensin homolog (PTEN) leads to EMT-promoting cancer growth (Cirri & 

Chiarugi, 2011; Tuhkanen et al., 2004). Another study using prostate carcinoma cells 

showed that CAFs are responsible for the EMT (Togo et al., 2013). The TGF-β signalling 

pathway can augment CAF activity and tumorigenesis. However, CAFs phenotype is 

generally considered more stable in comparison with myofibroblasts, although the 

mechanism that controls this is not clear (Kalluri & Zeisberg, 2006). For example, is the 
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origin of CAFs and their phenotype cancer type-dependent? While many studies have 

studied CAFs, many questions remain to be answered. 

  

1.6.3 CAFs functions 

1.6.3.1 CAFs in tumour initiation 
 

CAFs play an important role in tumour initiation, where they form ‘gap junctions’ between 

the activated fibroblasts to enhance cancer growth (Cirri & Chiarugi, 2011).Co-injection 

study of cancer cells with CAFs revealed an important role in tumour initiation, 

development and tumourgenesis (Anderberg et al., 2009). 

1.6.3.2 CAFs in angiogenesis  

Tumours require a vascular network to grow and spread (Li et al., 2007). Vascular 

Endothelial Growth Factor A (VEGFA) is the primary growth factor responsible for 

vasculature formation. As mentioned above CAFs produce VEGFA promoting tumour 

angiogenesis (Li et al., 2007). However, these new vessels are abnormal and have an 

irregular phenotype leading to hypoxia and enhanced VEGFA production (Li et al., 2007). 

CAFs also secrete many MMP family members that play an essential role in tumour 

angiogenesis (Kalluri, 2016). 

1.6.3.3 CAFs in cancer metastasis: 

CAF’s role in tumour progression correlates with their MMP13 production since MMP13 

is known to enhance tumorigenesis by destroying the ECM and basement membrane 

(Xing et al., 2010). Cell-cell interactions between CAFs and cancer cell induce adjacent 

ECM remodelling increasing cancer cell metastasis (Simian et al., 2001). Other studies 

have shown that CAFs accompany cancer cells travelling to secondary sites during 

metastasis (Xing et al., 2010). CAFs are considered as a guidance structure that aid 

cancer cell migration and invasion through the ECM (Cedric et al., 2007; Xing, 2011). 

Elevated MMP expression by CAFs will increase cancer metastasis through increased 

ECM degradation, facilitating invasion, the release of sequestered growth factors, and 
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chemokine activation. ECM secretion by CAFs increases stiffness that can also drive 

EMT in cancer cells (Cedric et al, 2007). 

1.6.3.4 CAFs in immune regulation: 

Cancer growth and proliferation are triggered by factors produced through inflammation 

(Balkwill & Mantovani, 2001). In a normal wound-healing process, infiltrating immune cells 

such as neutrophils and macrophages secrete growth factors and cytokines that increase 

fibroblast migration into the injury site becoming activated and transforming into 

myofibroblasts that remodel the ECM and contract the wound. After the injury is repaired 

the activated-fibroblast will undergo apoptosis to restore the normal tissue phenotype 

(Xing et al., 2010). However, pro-inflammatory cytokines produced by immune cells, 

CAFs, and cancer cells during cancer trigger increased immune cell migration towards 

the tumour (Xing et al., 2010). Macrophage, neutrophil, and lymphocyte levels are 

elevated in the tumour region. For example, macrophages differentiate into tumour-

associated macrophages (TAMs) due to VEGF, hepatocyte growth factor (HGF), MMPs, 

and interleukin-8 secretion, triggering angiogenesis and cancer proliferation and 

metastasis. TAMs are classified as type 1 (classical-M1), which inhibit tumour growth, 

and type 2 (alternative-M2), which promote tumour growth (De Palma & Lewis, 2013). 

However, TAMs do not appear to undergo apoptosis. A strong relationship has been 

found between the tumour and inflammation, in which, inflammatory immune cells 

recruited to neoplasia, leading to tumour invasion and proliferation (Erez et al., 2010). 

Fibroblast activation protein-α (FAPα)-CAFs are immune regulatory cells. In animal 

models, they exhibited an antitumor impact through blocking CD8+ T cell mediated killing 

of the cancer cell (Kalluri, 2016). In addition, a transgenic mouse study found that αSMA 

expressing CAFs led to an invasive tumour with elevated regulatory T cells, indicating an 

immunosuppressive TME phenotype (Kalluri, 2016). 

Ligand-receptor interactions between programmed cell death protein 1/programmed cell 

death ligand 1 (PD-1/PDL-1) and cytotoxic T-lymphocyte associated protein 4/cluster of 

differentiation 80 (CTLA-4/CD80) regulate the two main immune checkpoints. . A PDAC 

study found that T cell functions were suppressed by immune regulatory FAPα+ cells 

controlling these two cell checkpoint antagonists (Christine et al., 2013). CAFs appear to 

suppress T cell function since T cells were absent in regions with high C-X-C motif 
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chemokine ligand 12 levels, which can be produced by CAFs (Christine et al., 2013). The 

blockading of these immune checkpoints may be a promising therapy. Since CAFs 

produce pro-inflammatory mediators, they can trigger an immunosuppressive response 

These all may contribute to immune resistance, which is discussed later in this chapter. 

1.6.3.5 CAFs in therapy:  

According to their crucial role in all stages of tumour initiation, angiogenesis, metastasis 

and immune regulation, CAFs are considered promising therapeutic target (Tables 1.5 

and 1.6). 

C
A

Fs
 

Features Advantage Reference 

"Genetically stable." Retain drug sensitivity. (Loeffler et al., 2006) 

 

Constructing the TME 

Facilitate the anti-drug agent 

circulation in a solid tumour. 

 

(Loeffler et al., 2006) 

Paracrine signalling between CAFs 

& cancer cell promote tumour 

invasion and ECM remodelling 

Target these signalling may 

be a focus for pharmaceutical  

 

      (Loeffler et al., 2006) 

Table 1. 5: CAFs features making them a potential therapeutic target.  
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Function Targeted drug 
Clinical trial 

phase 
Type of cancer Reference 

Responsible for 
constructing the blood 

vessels 
VEGF inhibitors Phase II 

Metastatic 
colon cancers 

(Tang & Moore, 2013) 

Secreted by CAFs and it 
enhances cancer 

proliferation 
anti-Tenascin-C Phase II brain cancer (Reardon et al., 2006) 

EMT 

anti-FAP 

phase I 
colorectal 

cancer 
(Scott, 2003) 

(Sibrotuzumab) 

 

Table 1. 6: Examples of Therapeutic targets targeting growth factors and/or CAFs 
markers. 

 

 

1.6.3.6 CAFs and drug resistance: 
 

CAFs can regulate resistance to antiangiogenic therapy, the mechanism behind the 

resistance is still unclear (Crawford et al., 2009). Tao et al. (2016) found that CAFs treated 

with cisplatin increased chemoresistance in lung adenocarcinoma cells. Interleukin 11 (IL-

11) is a cytokine expressed by CAFs. High IL-11 expression correlates with poor 

prognosis in many carcinomas. IL-11 was found to be highly expressed in CAFs treated 

by cisplatin under co-culture conditions, promoting anti-apoptosis signalling and 

facilitating lung adenocarcinoma cell colonisation (Tao et al., 2016). Moreover, CAFs 

increase radiotherapy resistance in rectal cancer cells through cytokine secretion, which 

enhances cancer cell proliferation and migration (Liska et al., 2017). 
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As can be seen from the literature cited in previous sections, the majority of research into 

the role of mesenchymal cells in the TME has been primarily into their role in carcinoma. 

Sarcomas are a rare cancer that arises from genetic mutations in mesenchymal 

populations of cells, rather than epithelial cell populations that give rise to carcinomas. 

The next sections contrast the known roles of Sarcoma Associated Fibroblasts (SAF) with 

CAFs. 

1.7 Common mesenchymal proteins 
 

Common mesenchymal proteins expressed by CAFs will be discussed in the next section 

of this chapter and their usefulness in identifying SAFs. 
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Protein MSC/pericytes 

Fibroblast/ 

CAF Reference 

Myofibroblasts 

Transgelin √ √ √ (Elsafadi et al., 2020; Nurmik et al., 2020) 

αSMA √ √√√ √√√ (Nurmik et al., 2020) 

Vimentin √ √ √ (Nurmik et al., 2020) 

N-cadherin √ √ √ (Hinz et al., 2004) 

Fibronectin √ √√√ √√√ 
(Erdogan et al., 2017) 

FSP-1 √ √ √ (Nurmik et al., 2020) 

FAPα √ √√√ √√√ 
(L. Xin et al., 2021; Yuan et al., 2021)  

SOX2 √ √ √ (Chen et al., 2008) 

PDGFRα/β √ √√ √√√ (Nurmik et al., 2020) 

NG2/CSPG4 √ √ √ (Davidson et al., 2020) 

Desmin √ √ √ (Xing et al., 2010) 

Tenascin N √ √ √ (Hashimoto et al., 2021) 

MFAP5 √ √ √ (Chen et al., 2020) 

Table 1. 7: Common mesenchymal proteins and transcription factors expressed by the 
most common cells in the TME.  

√= expressed, √√√= highly expressed. 
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Protein LMS UPS MFS Other STS References 

Transgelin 

√√√ 

? ? 

√   

(Tawfik et al., 2014).  (Uterine 
LMS) 

 ESS 

αSMA √√ √ √ ? (Miettinen, 2014) 

vimentin 
√ 

√ √ 
√  (Andrade et al., 2010; Folpe & Deyrup, 2006) 

ASPS RMS  

N-cadherin √ √ √ 
√  

(Niimi et al., 2013) 
SS 

Fibronectin √ √ √ 

√  

(Hawkins et al., 2018) 
Ewing sarcoma 

FSP-1 ? √ √ ? (Zhang et al., 2012) 

FAPα ? √√√ √√√ 
√  

(Baird et al., 2015) 
fibrosarcoma 

SOX2 ? √ ? 
√  

(Genadry et al., 2018; Zayed & Petersen, 2018) 
SS 

PDGFRα/β √ √ √ 
√  

(Brahmi et al., 2021) 
SS, LPS 

NG2/CSPG4 √ √ ? 
√  

(Boudin et al., 2022) 
LPS 

Desmin 
√ 

? ? 
√ (Andrade et al., 2010; Folpe & Deyrup, 2006) 

ASPS   RMS  

Tenascin N √ ? ? 

√  

(Hawkins et al., 2019) 
Ewing sarcoma 

MFAP5 √ ? ? ? (Ke et al., 2022) 

Table 1. 8: Common mesenchymal proteins and transcription factors expressed by 
different soft tissue sarcoma subtypes.  

√= expressed, √√√= highly expressed, ? = not known. LMS= leiomyosarcoma, 

UPS=undifferentiated pleomorphic sarcoma, MFS=myxofibrosarcoma, ESS= Endometrial 
stromal sarcoma, ASPS= Alveolar soft part sarcoma, RMS=Rhabdomyosarcoma, SS=synovial 
sarcoma, LPS= Liposarcoma.  
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Protein Protein 

Family 

Normal function Role in cancer Marker References 

Transgelin Calponin  Maintain cell 

motility 

 Regulate the 

structure of actin 

cytoskeleton 

A correlation between 

transgelin and poor 

prognosis in cancer.  

Smooth 

muscle cells 

marker  

(Liu et al., 2017; 

Zhou et al., 

2016) 

αSMA Actin  Crucial in fibrotic 

response. 

 Fibroblasts 

contractility  

 Fibrogenesis 

Enhance metastasis, 

angiogenesis and 

chemoresistance  

CAF- specific 

marker   

(Kalluri, 2016b; 

Wintzell et al., 

2012) 

Vimentin  intermediate 

filament (IF) 

 maintain cellular 

integrity  

 provide resistance 

against stress 

Cancer invasion, 

tumour growth 

and 

Poor prognosis. 

Marker of EMT (Nieminen et al., 

2006; Satelli & 

Li, 2011) 

 

N-

Cadherin 

or 

Cadherin-

2  

Transmembr

ane protein 

 Facilitate cell-cell 

adhesion.  

A strong 

correlation 

between N-

cadherin and 

cancer 

progression. 

Marker of EMT (Mrozik,2018) 
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Fibronecti

n 

Glycoprotein  Cell adhesion 

 Cell migration  

 Cell differentiation  

Enhance tumour 

growth and 

associated with 

chemoresistance  

Prognostic 

cancer marker. 

(Han et al., 

2006; Kim et al., 

2020; Kujawa et 

al., 2020) 

 

FSP-1 S100 Regulating cell cycle 

and cell differentiation  

Enhance tumour 

growth  

Fibroblasts.  

Macrophages. 

Monocytes.  

(Xing,2011;Oster

reicher,2011) 

FAPα Serine 

protease 

Function as: dipeptidyl 

peptidase collagenase 

activity. 

Play a role in 

tumourgenesis and 

angiogenesis  

CAFs. 

Macrophages.  

Monocytes. 

(Lai et al., 2012) 

SOX2 Transcriptio

n factor 

1-maintanance in 

embryonic 

development. 

2-Cabability of Self-

renewable. 

Elevated expression 

of SOX2 correlates 

with poor prognosis in 

various cancer. 

Undifferentiat

ed cell marker 

(Chen et al., 

2008; Sholl et 

al., 2010; Zhang 

et al., 2012) 

 

PDGFRα/

β 

Receptor 

tyrosine 

kinase 

1-Maintanace of 

embryonic 

development. 

2-Regulating Cell 

proliferation 

1- Tumour 

angiogenesis. 

2- Tumorigenesis

, drug 

resistance and 

poor survival. 

Mesenchymal 

progenitors 

(Ding et al., 

2010; Homsi & 

Daud, 2007; 

Kitadai et al., 

2006; Song et 

al., 2005) 

 

NG2/CSP

G4 

Proteoglycan Play a crucial role in 

cell proliferation and 

migration 

Protein expression 

was linked with poor 

outcome in STS and 

glioblastoma.  

Prognostic 

cancer marker 

(Benassi et al., 

2009; Svendsen 

et al., 2011) 

 



32 
 

Desmin intermediate 

filament (IF) 

 Mechanical 

support for the 

muscles 

 Regulating gene 

expression  

High expression 

correlates with poor 

prognosis in 

colorectal cancer. 

Muscle-

Specific 

(Costa et al., 

2004) 

Tenascin 

C 

Glycoprotein 

of the 

Extracellular 

matrix 

Cell adhesion 

Cell proliferation  

High expression was 

linked with poor 

outcome in various 

cancer. 

ECM marker (Lowy & 

Oskarsson, 

2015; Raitz et 

al., 2003; Wang 

et al., 2010) 

 

MFAP5 Glycoprotein  Integration of elastic 

microfibers, maintain 

cell behaviour and 

survival. 

Overexpression was 

associated with poor 

outcome in breast 

cancer. Enhance 

tumour progression 

and metastasis in 

bladder cancer. 

Prognostic 

cancer marker 

(Wu et al., 2019; 

Zhou et al., 

2020) 

 

Table 1. 9: Common marker proteins and their functions in normal cells and in cancer 
cells. 

  



33 
 

Transgelin or Smooth Muscle 22 actin (sm22α) , is a marker of smooth muscle cell 

differentiation that enhances cell motility and contractility (Robin et al., 2013). One study 

on sarcoma showed that transgelin was more highly expressed in LMS than in UPS and 

MFS (Robin et al., 2013). Desmin and αSMA were used as markers for myofibroblast 

differentiation in muscle derived STS tumour (i.e. LMS) (Povýšil et al., 1997). αSMA has 

been widely used to identify CAFs and myofibroblast transformation since CAFs show 

higher αSMA expression than myofibroblasts (Chaurasia et al., 2009; Shen et al., 2017). 

Vimentin is used as a mesenchymal marker that is induced during EMT and produced by 

all mesenchymal cells. It plays a vital role in cell motility, adhesion, and migration 

(Nieminen et al., 2006).  N-cadherin is an EMT marker whose expression is associated 

with various cancers, such as prostate (Jennbacken et al., 2010; Wang et al., 2016). A 

melanoma study showed that N-Cadherin expression is a positive sign of tumour growth. 

Fibronectin regulates mesenchymal cell migration. One study using 13 LMS samples 

showed that all highly expressed vimentin, 62% expressed desmin, and 38% expressed 

αSMA (Schürch et al., 1987). Both FSP-1 and FAPα are expressed in MSCs, 

myofibroblasts, and CAFs. FSP1 expression was detected in UPS and LPS tissues using 

immunohistochemistry (IHC) staining (Hashimoto et al., 1984). SRY-box transcription 

factor 2 (SOX2) is a transcriptional factor that plays an important role in regulating 

pluripotency and stem cell self-renewal. In cancer SOX2 plays a vital role in cancer stem 

cell (CSC) maintanace. Takeda et al. (2018) suggested that SOX2 may be a biomarker 

for colorectal cancer (CRC) since high SOX2 levels were associated with poor PFS in 

patients (Takeda,2018). CAFs express high levels of mesenchyme-specific proteins (See 

table 1.7). Most of these markers have been used to identify CAFs in the TME of different 

cancers (Augsten, 2014).  

These markers are not consistently expressed in all CAFs, giving this population its 

heterogeneity. This heterogeneity has been associated with differences in phenotype and 

origin, resulting in different CAF subtypes. Sugimoto et al. (2006) postulated that there 

was more than one CAFs type in his in vivo study. While one CAF subtype expressed 

αSMA, PDGFRβ, and NG2, other subtypes predominantly express FSP-1. CAF marker 

proteins can be used to determine the prognosis of different tumour types (Cirri & 

Chiarugi, 2011). Cirri et al. (2011) postulated that carbonic anhydrase IX expression in 
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CAFs results in poor lung adenocarcinoma prognoses. However, another study showed 

that high caveolin-1 and PTEN expression lead to a better prognosis (Cirri & Chiarugi, 

2011). CAFs secrete TGF-β and HGF in colon cancer, inducing primary tumour growth 

(Charlotte et al., 2004). Moreover, FSP-1 is also known to enhance tumour proliferation 

by a study conducted by Grum-Schwensen et al.(2005) in FSP-1 knockout mice, the 

tumour didn't grow. However in another study, an overexpression of FSP-1, triggered the 

tumour growth  (Xing et al., 2010), confirming that the expression of FSP-1 can change 

the tumour fate. Another study showed that Stromal Cell-derived factor 1 (SDF-1) 

secreted by CAFs can enhance tumor metastasis (Goh et al., 2007).  

However, in sarcoma, many of these studies are only looking at the markers in tumours 

and not distinguishing between tumour and stromal cells. Are these markers expressed 

by SAFs in the same manner as CAFs? The origin of SAFs is poorly understood. Like 

CAFs, do they have different origins? Are SAFs phenotypes STS histotype-dependent? 

Does SAFs exist? The following section will review the current literature on SAFs to 

determine if there are currently answers to these questions.  
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1.8 Previous studies on SAFs: 
 

This section will describe the evidence for the existence of SAFs in previous literature. 

Cells in tumour microenvironment have been studied in different types of sarcomas and 

these are summarized in (Table 1.9). Since fibroblasts are the most abundant cells in the 

TME, fibroblasts markers were studied in the tumours but no study could distinguish 

between the marker expression between the tumour and the stroma making identification 

of SAF very difficult. In (Table 1.9), activated fibroblasts which might be SAF, were 

compared with MSC and myofibroblast, and their role was determined in each study. 

 

Paper Model/techn

iques 

Activated 

fibroblats 

like MSC? 

Activated 

fibroblasts 

like 

Myofibroblast

? 

Activated 

fibroblast

s role 

Sarcoma  

histotypes 

Key Findings 

(Lagacé et al., 

1980) 

 

histopatholog

y 

 √ SAF= 

Contractil

e 

properties 

MFH(UPS) SAF found in Desmoplasia area. 

Responsibl

e for 

fibromato

ses in STS. 

Liposarco

ma 

High number of SAF correlate 

with high amount of collagen 

in the neoplasm. 

Role in 

pathogeni

city 

fibrosarco

ma 

 

(Xiao et al., 

2013) 

in vitro  and 

in vivo 

culture 

√  Initiate 

sarcoma. 

Enhance 

tumour 

progressio

n 

Fibrosarco

ma. LMS 

SAF differentiate into sarcoma 

is histotypes-dependent? / 

emphasized on the importance 

of the TME to determine the 

SAF fate. 



36 
 

(Yu et al., 2011) co-culture 

mouse 

SAF+OS cells 

 √ Produce 

high 

amount of 

αSMA 

Osteosarc

oma 

Expression of αSMA. Fused 

cells result in a multi-nucleated 

giant cells 

(Bonuccelli et 

al., 2014) 

Co culture OS 

cell line with 

normal MSC 

√  Mitochon

drial 

dysfunctio

n. Tumour 

feeder 

(activate 

aerobic 

glycolytic 

pathway). 

Produce 

lactate  

Osteosarc

oma 

SAF enhance pathogenicity and 

it enhance cancer cell 

migrations. SAF manipulate the 

OS cellular mechanism in the 

tumour site 

(Genin et al., 

2008) 

xenografts 

model 

contain the 

reciprocal 

ASPL-TFE3 

fusion 

 √ Produce 

high 

amount of 

α-SMA, 

exhibit 

SRF, 

enhance 

tumour 

growth & 

invasion 

ASPS inhibition of SRF by inhibiting 

TGF-β/SRF-Smad3 results in 

decrease the tumour growth 

and development 

(Libura et al., 

2002) 

Immunostaini

ng and 

fluorescence-

activated cell 

sorter (FACS) 

analysis 

    Rhabdomy

osarcoma 

CXCR4-SDF-1 axis play an 

important role in metastasis. 

Expression of CXCR4 correlate 

with more aggressive form of 

RMS. SDF-1 alone shows 

indirect effect on tumour 

progression. 
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(Morozov et al., 

2010) 

Co culture 

sarcoma cell 

line with 

normal MSC. 

Xenograft 

√  SAF 

differentia

te to 

sarcoma 

Osteosarc

oma. 

Liposarco

ma. 

Synovial, 

UPS 

sarcoma cell lines exhibit MSC 

properties 

(Salvatore et 

al., 2015) 

Co culture OS 

cell line with 

normal 

human 

fibroblast 

 √ SAF 

produce 

MMP 

Osteosarc

oma 

high MMP result in high YKL-40 

protein, which is the main 

marker affect tumour growth 

(Strahm et al., 

2008) 

Reverse 

transcription 

polymerase 

chain 

reaction (RT-

PCR) and 

ELIZA 

 √   Rhabdomy

osarcoma 

Block the CXCR4-SDF-1 will 

decrease the migration of the 

tumour cells. SDF-1 influence 

the tumour migration in all 

RMS subtypes  

(Dohi et al., 

2009) 

Reverse 

transcription 

polymerase 

chain 

reaction (RT-

PCR) and 

immunohisto

chemistry  

 √ SAF 

produce 

FAP &DPP-

IV 

Osteosarc

oma. 

Ewing. 

UPS. RMS 

and others 

Expression of FAP & DPP-IV is 

independent of malignancies 

potential in tumour. 

(Koga et al., 

2007) 

Co culture ES 

with NHDF 

  √ SAF 

produce 

emmprin, 

which 

stimulate 

MMP-2 

ES= 

Epithelioid 

Sarcoma 

investigate the role of 

emmprin in SAF to upregulate 

MMP-2 production, resulting in 

tumour invasion  
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productio

n 

 

(Salvatore et 

al., 2014) 

Co culture OS 

cell line with 

normal 

human 

fibroblast  

  √ SAF 

produce 

YKL-40 

Osteosarc

oma 

The co cultured cells produce 

YKL-40 protein which known to 

promote tumour angiogenesis  

Table 1. 10: A Summary of previous Studies on activated fibroblasts in STS 
microenvironment.  

 

The limited numbers of studies of activated fibroblasts in STS also raise a number of 

questions regarding the existence of “SAFs”. Does “SAF” functions vary in different STS 

subtypes? It also highlights the gaps in knowledge between CAFs and “SAFs”. Which 

factors activate “SAFs”? Can “SAFs” transform to STS? Addressing these questions may 

be pivotal for developing newer targeted therapies for STS. However, before these can 

be answered identification of markers to differentiate “SAF” from STS cells are needed 

for improved characterisation of “SAF” function. 

1.9 Project hypothesis and aim: 
 

As the TME is considered to play a crucial role in tumorigenesis, and since mesenchymal 

cells contribute to the majority of the TME, their role should be more widely studied in 

STS. The overall aim of this PhD is to increase our knowledge in this area. The project 

hypothesis is to find a way to distinguish between fibroblast in sarcoma’s stroma and STS 

cells. Since both fibroblast and STS are of mesenchymal origin, both must express 

common mesenchymal markers (e.g. table 1.7 in this chapter) which highlight the difficulty 

in using these markers to distinguish between tumours and the stromal cells in STS. 

Objectives: 

 To compare expression of mesenchymal proteins between human STS cell lines 

and normal human mesenchymal cells. 



39 
 

 To grow STS cell lines as xenografts in mice to allow identification of stromal gene 

expression of mouse transcripts by aligning RNAseq reads against the human and 

mouse reference genomes.  

 To identify STS and “SAF” specific gene expression profiles to improve our 

fundamental understanding of STS biology.  

 To determine if expression of mesenchymal genes influence prognosis in UPS and 

MFS STS subtypes. 
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Chapter 2 

Materials & Methods  
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2.1 Cell lines 

In this project nine tumour cell lines were studied. Seven of these cell lines were isolated 

from soft tissue sarcoma patients at the Sheffield Teaching Hospital Trust and collected 

between 2010 and 2012 (Salawu et al., 2016; Salawu et al., 2018). National research 

ethical approval was obtained for the tumour isolation and testing (Reference number 

09/H1313/52). These cell lines were given an STS laboratory designation according to 

the order and year they were obtained. For example: STS 06/11 is a cell line derived from 

the sixth tumour isolated in 2011. The STS cell lines used in this project in Table 2.1. 

Cell line Naming Subtype Source University 

STS14/10 UPS1 UPS Dr Karen Sisley University of Sheffield 

STS06/11 UPS2 UPS Dr Karen Sisley University of Sheffield 

STS09/11 UPS3 UPS Dr Karen Sisley University of Sheffield 

STS13/12 UPS4 UPS Dr Karen Sisley University of Sheffield 

MUG2A MUG2A NA Prof. Dominique 
Heymann 

University of Nantes* 

STS21/11w1 MFS1 MFS Dr Karen Sisley University of Sheffield 

STS21/11W2 MFS2 MFS Dr Karen Sisley University of Sheffield 

OH931 MFS3 MFS Prof. Dominique 
Heymann 

University of Nantes* 

STS02/11 LMS LMS Dr Karen Sisley University of Sheffield 

Table 2. 1: STS cell lines used in this project. 

 * From the European Sarcoma Network (EuSARC). 
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Four primary mesenchymal cell lines used as controls were purchased from PromoCell 

GmbH. These were isolated from pooled donors and used between passage 2 and 9 

(Table 2.2). 

Cell line  Naming Company  Catalogue number 

Normal Human Dermal Fibroblasts NHDF PromoCell C-12302 

Human Uterine Fibroblasts HUF PromoCell C-12385 

Human Pulmonary Fibroblasts HPF PromoCell C-12360 

Human mesenchymal stem cells from Adipose tissue  AD-MSCs PromoCell C-12977 

Table 2. 2: Primary mesenchymal cell lines used in this project.  

 

 

Two mouse cell lines were used in this project. (Table2.3) 

Cell line Naming Source 

T241-GFP  T241 professor Yihai Cao*  

FS188 FS188 Dr William English ** 

 Table 2. 3: Mouse cell lines used in this project. 

 *The T241 cell line is a spontaneously occurring fibrosarcoma from C57BL/6J mice. 

 ** The Fs188 is a mouse fibrosarcoma cell line, expressing only the VEGFA-188 isoform, isolated 
from vegfa188/188 E13.5 embryonic fibroblasts transformed with SV40 and hRAS (English et al., 
2017).  
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2.1.1 Cell Culture. 

Soft tissue sarcoma cells (all UPS, LMS ,STS21/11, OH931) were maintained in Roswell 

Park Memorial Institute 1640 Medium (RPMI) (LONZA) supplemented as outlined in 

(Table 2.4).MUG2A, Normal human dermal fibroblasts (NHDF), Human uterine fibroblasts 

(HUF), human pulmonary fibroblasts (HPF), T241 & FS188 were maintained in 

Dulbecco's Modified Eagle's Medium (DMEM) (Gibco) medium supplemented as outlined 

in (Table 2.4) .Human mesenchymal stem cells were cultured in MSC growth medium 2 

(PromoCell) supplemented with 10% v/v of medium supplements (PromoCell). All cells 

were maintained in T75 cm² flasks (Nunc) and incubated at 37°C in 5% CO2 incubator. 

Media were stored at 4°C and pre warmed at 37°C in a water bath prior to use. 
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Cell line Media  Supplement %(v/v) Company 

STS06/11 

RPMI 

      

STS09/11  Foetal Bovine Serum (FBS)  10% Gibco 

STS13/12  Penicillin/Streptomycin (100 units/100ug/ml) 1% Sigma 

STS14/10  D+glucose (2.25mM) 0.40% Sigma 

STS21/11w1 L-Glutamine (200mM) 1% Sigma 

STS21/11W2 Amphotericin B  1% Sigma 

STS02/11       

MUG2A DMEM 

Heat inactivated Foetal Bovine Serum (FBS)  10% Sigma 

 Penicillin/Streptomycin(100 units/100ug/ml) 1% Sigma 

L-Glutamine (200mM) 1% Sigma 

Insulin Transferase Selenium (ITS)  1% Gibco 

OH931 RPMI 
Heat inactivated Foetal Bovine Serum (FBS)  20% Sigma 

L-Glutamine (200mM) 1% Sigma 

NHDF 

DMEM 

Heat inactivated Foetal Bovine Serum (FBS)  10% Sigma 

HUF  Penicillin/Streptomycin (100 units/100ug/ml) 1% Sigma 

HPF L-Glutamine (200mM) 1% Sigma 

hMSC MSC growth medium 2  Supplement Mix 10% v/v PromoCell 

T241 DMEM 

Heat inactivated Foetal Bovine Serum (FBS)  10% Sigma 

 Penicillin/Streptomycin (100 units/100ug/ml) 1% Sigma 

L-Glutamine (200mM) 1% Sigma 

FS188 DMEM 

Heat inactivated Foetal Bovine Serum (FBS)  10% Sigma 

 Penicillin/Streptomycin (100 units/100ug/ml) 1% Sigma 

L-Glutamine (200mM) 1% Sigma 

Puromycin (2ug/ml) 1% Sigma 

G418 (600ug/ml) 1% Sigma 

Table 2. 4:  Media used in this project with the specific supplements for each cell line.  
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2.1.2 Cell thawing: 

Cells in cryotubes were removed from -80°C and placed in a 37°C water bath for 1 to 1.5 

minutes until 80% of the cells had defrosted, then cells were transferred into 15 ml 

centrifuge tubes containing 4 ml of pre-warmed cell culture medium. Cells were 

centrifuged at 400 xg for 5 minutes. Then the supernatant was discarded, and cells were 

re-suspended in 5 ml medium, transferred to a T25 culture flask and incubated in a 

humidified incubator at 37°C with 5% CO2. 

2.1.3 Cell passage: 

Cell passaging (sub-culture) was done when the cells had reached 70-80% confluence. 

Spent medium was removed and cells were washed twice using sterile Phosphate 

Buffered Saline (PBS) (Lonza). Then Trypsin-EDTA (Sigma) (3-4 ml per T75 cm² flask) 

was added and cells incubated in a humidified incubator at 37°C with 5% CO2 for 1-2 

minutes. Cell detachment was observed under the microscope. An equal amount of 

media was added to the flasks to inactivate the Trypsin. Cells were collected by 

centrifugation at 400 xg for 5 min. After centrifugation, the supernatant was discarded, 

and the cell pellet was re-suspended with fresh media and split into an appropriate 

number of flasks. Flasks then incubated at 37°C with 5% CO2 in a humidified incubator. 

Cells were checked daily until they reached 80% confluence, and media were changed 

every other day. 

2.1.4 Automated cell counting  

The viability of cells was checked using the TC20TM automated cell counter (Bio-Rad). 

After following all the steps in sections 2.1.3 and when cells are resuspended with fresh 

media a 10 µl of the cell suspension was gently mixed with 10 µl of trypan blue (Bio-Rad) 

and 10 µl of the cell resuspension was loaded in the half circle chamber of the counting 

slide (Bio-Rad), then the slide was inserted into the slide slot of the cell counter and 

viability and cell number was recorded. 
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2.2 Western Blotting 

2.2.1 Protein Extraction 

Cells were seeded in T75 cm² flasks until reach 80% confluence. The flask was kept on 

ice while spent media was removed, then cells were washed with ice-cold PBS (Lonza). 

Cells were scrapped using 1 ml of iced-cold lysis buffer composed of EDTA (5mM), 

Phosphatase and protease inhibitors (2x) (Roche).Then cells were passed through 

needles starting from 25G to 30G to lyse the cells. Cells were then transferred to a pre-

cooled 1.5 ml microcentrifuge tube and centrifuged at 4°C for 10 min at 10,000 x g. The 

supernatants (protein lysates) were collected and dispensed into a new 1.5 ml pre-cooled 

microcentrifuge tube in aliquots and stored at -80 until needed. 

 

2.2.2 Protein quantification using the Bicinchoninic Acid (BCA) assay kit 

Pierce TM BCA protein assay kit was used to quantify total protein in the cell lysates 

(ThermoFisher Scientific): 

 BCA Reagent A: containing sodium carbonate, sodium bicarbonate, bicinchoninic 

acid and sodium tartrate in 0.1M sodium hydroxide. 

 BCA Reagent B: containing 4% cupric sulfate. 

 Albumin Standard Ampules: containing bovine serum albumin (BSA) at 2mg/mL in 

0.9% saline and 0.05% sodium azide. 
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Standards were prepared using BSA with serial dilutions to obtain different 

concentrations for the standard curve (Table 2.5): 

 

Standards BSA (µl) PBS (µl) Final concentration (µg/ml) 

A 100 900 200 

B 75 925 100 

C 50 950 50 

D 37.5 962.5 25 

E 25 975 12.5 

F 12.5 978.5 6.25 

BLANK  1000 0 

Table 2. 5:  Preparation of diluted Albumin (BSA) standards. 

BSA reagent was prepared according to the manufacturer instruction, and Working 

Reagent (WR) was prepared using the following formula: 

 (no. of standards +no. of samples) X (no. of replicates) X (Volume of WR per sample) = 

Total volume of WR required. (50 part of reagent A: 1 part of reagent B) 

Protein samples were diluted as (1:100) in PBS.150 µl of standards or protein samples 

were added in triplicates into a 96 well plate, subsequently (1:1) BCA assay reagent was 

added to each well, then the plate was incubated for 30 minutes in 37°C/ CO2 incubator. 

The absorbance was measured at 560 nm using a spectraMax M5e plate reader.  

A standard curve was developed using this BSA standards assuming a linear relationship 

between the protein concentration and absorbance. The equation (y=ax+b) generated by 

the plotted line was used to determine the protein concentration of each sample, where 

X is the protein concentration. 
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2.2.3 Casting gels for polyacrylamide gel electrophoresis (PAGE) 

Sodium dodecyl sulphate (SDS)-PAGE gel was performed according to the 

manufacturer’s instructions using the following reagents:  

o ProtoGel 30% (acrylamide with bis-acrylamide) (National Diagnostics). 

o Resolving buffer (x 4 concentrate, National Diagnostics). 

o Stacking gel buffer (x 4 concentrate, National Diagnostics). 

o  N, N, N’, N’-Tetramethyl ethylenediamine (TEMED) (Sigma). 

o Isopropanol (Sigma). 

8%, 12% or 15% v/v gel was prepared according to the desired antibody’s Molecular 

Weight (MW).  

2.2.4 Protein sample preparation and gel loading 

The loading samples were prepared by mixing 40 µl of the sample with 10 µl of the 4x 

Laemmli sample buffer (Bio-Rad). The loading mixture were heated at 95°C for 5 minutes 

in a heating block to denature the proteins. 30 µg of protein samples were loaded in each 

well of an SDS-PAGE gel (8-15%).  A protein ladder was used as a reference to estimate 

the molecular weight of the protein of interest (10-250 KDa, Bio-Rad). The gel was run 

for 120 minutes at 120 V in a running buffer (Tris Glycine SDS PAGE Running buffer, 10 

x, National Diagnostics).  

 

2.2.5 Protein Transfer 

A semi-dry technique using Trans blot SD was used for Electrophoretic transfer of 

proteins to nitrocellulose membrane (Bio-Rad). When the SDS-PAGE gel had run, the gel 

and membrane were sandwiched between thick blotting sheets (Bio-Rad), all were 

soaked in 10% v/v transfer buffer (NuPAGE™ (20x, invitrogen) and 10% methanol (Fisher 

scientific). The transferred sandwich was placed in the transfer chamber (Bio-Rad) and 

run for 30 minutes at 15 V. 
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2.2.6 Antibody staining and detection 

When the transfer is completed, membrane was blocked with 5% w/v milk powder (Non-

fat dried powdered milk) in tris-buffered solution (TBS) containing 0.1%v/v of Tween 20 

(TBS-T) for 30 min on the shaker at Room Temperature (RT). Then the membrane was 

incubated with the primary antibody (made in TBS-T with milk) at the appropriate dilutions 

(Table 2.6) overnight at 4°C with gentle agitation. Afterwards, the membrane was washed 

three times with (TBS-T) for 15 minutes each. Then the membrane was incubated with 

the appropriate secondary HRP-coupled antibody diluted in TBS-T with 2.5%w/v milk 

(1:1000) (Table 2.5) for one hour on the shaker at RT and the membrane was washed 

three times with (TBS-T) for 15 minutes. The Amersham ECL™ Western blotting 

detection kit (VWR) was used for protein detection. Equivalent volumes of Reagent A 

(luminol solution) and Reagent B (peroxide solution) were mixed, 1 ml of the detection 

reagent was added to the membrane and incubated for 1-2 min at RT. The membrane 

was visualized using the ChemiDoc™ MP imaging system (Bio-Rad). 

Antibody Host manufacturer Catalogue 

no. 

Working 

dilution 

Molecular 

Weight (MW) 

% Acrylamide 

used 

Vimentin Mouse Abcam Ab8978 1:1000 ~57KDa 12% 

Transgelin Rabbit Abcam Ab14106 1:1000 ~23KDa 12% 

N-Cadherin Rabbit Abcam Ab18203 1:1000 ~100KDa 8% 

FSP-

1/S100A4 

Rabbit Millipore 07-2274 1:1000 ~17KDa 15% 

α- sma Rabbit Abcam Ab5694 1:1000 ~42KDa 12% 

FAPα Rabbit Abcam Ab28246 1:1000 ~88KDa 8% 

GAPDH Mouse Abcam Ab8245 1:10000 ~36KDa  

Sox2 Rabbit Abcam Ab 1:1000 ~34KDa 12% 

Fibronectin Rabbit Abcam Ab8245 1:500 ~220KDa 8% 

 Table 2. 6: Primary Antibodies used for WB in this project. 
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2.2.7 Stripping and re-probing of membranes: 

The membrane was re-probed for antibodies against the housekeeping gene GAPDH 

after detection of the primary antibody as follows; the membrane was rinsed in TBS-T 

buffer and then incubated in the stripping buffer (Restore™ Plus Western Blot Stripping 

Buffer (Thermo Scientific™) for the complete removal of the 1st and 2nd antibodies for 15 

min with gentle agitation at RT. After that, the membrane was washed with TBS-T for 

three times at 5 min intervals. The membrane was then blocked with 5% w/v milk and 

incubated for one hour on the shaker at RT. The membrane then was incubated with the 

antibody to GAPDH as described in section 2.2.6. 

2.3 DNA Extraction 

For DNA extraction a DNeasy® blood and tissue kit (QIAGEN®) was used. When the 

cultured cells were 80% confluent, they were harvested for DNA extraction. All steps were 

as in 2.1.3 until the cells were dissociated and neutralized by complete medium. After 

centrifugation, the pellet was re-suspended in 1 ml of media in a 1.5 ml centrifuge tube. 

Cells were then centrifuged at 300 x g for 5 min. The supernatant was discarded, and the 

pellet re-suspended in 200 µl of PBS. 20µl of Proteinase K (provided by the kit) and 200µl 

of lysis buffer (AL Buffer, provided by the kit) were added, mixed by vortexing and 

incubated at 56°C for 10 min. 200 µl of ethanol (96-100%) was added to the sample and 

mixed gently by vortexing. The mixture was then transferred into the DNeasy Mini spin 

column placed in a 2 ml collection tube, centrifuged at 6,000 xg for 1 min. Then the 

DNeasy Mini spin column (provided by the kit) was placed in a new 2 ml collection tube, 

500µl of buffer AW1 was added and centrifuged at 6,000 xg for 1 min. The collection tube 

was discarded and the DNeasy Mini spin column placed in a new collection tube before 

500µl of buffer AW2 was added and centrifuged at 10,000 xg for 3 min. The collection 

tube was discarded and the DNeasy Mini spin column placed in a new 1.5 ml centrifuge 

tube. 200µl of AE buffer was added and incubated at room temperature for 1 min, then 

centrifuged at 10,000 xg for 1 min. 
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2.4 RNA extraction 
 

2.4.1 Sample preparation 

Frozen tissue sections were used for RNA extraction. Frozen sections from tumours 

embedded in OCT embedding matrix (Cell Path) were cut and stored at -80°C. A cryostat 

(Leica Microsystem) was used to cut 10µm of the sections and place it on either 

laboratories slides (ThermoScientific) or in 1.5 ml Eppendorf tubes and stored at -80°C 

until further use. 

2.4.2 RNA extraction protocol  

RNeasy mini kit (QIAGEN®) was used to extract RNA from frozen sections as mentioned 

in 2.4.1. The samples were homogenized using QIA shredder homogenizer (QIAGEN®). 

10µl of β-mercaptoethanol (B-ME) was mixed with 1 ml of buffer RLT then 600µl of the 

mix was added to the sample and centrifuged at maximum speed for 2 min. Then the 

lysates were centrifuged at full speed for 3 min. The supernatant was carefully removed 

by pipetting and transferred into a new microcentrifuge tube (provided by the kit). 600µl 

of 70% v/v ethanol was added to the lysates and mixed by pipetting. The sample was 

transferred to an RNeasy spin column (provided by the kit) placed in a 2 ml collection 

tube, centrifuged at 8,000 x g for 15 sec. The flow-through was discarded. 

700µl of buffer AW1 (provided by the kit) was added and centrifuged at 8,000 x g for 15 

sec. Then 500µl of RPE was added to the spin column and centrifuged at 10,000 x g for 

15 sec. The flow-through was discarded. 500 µl of RPE was added and centrifuged at 

10,000 x g for 2 min and flow through was discarded. The RNeasy spin column was 

placed in a new 1.5 ml and 35µl of RNAse -free water was added and centrifuged at full 

speed for 1 min. 
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2.4.2.1 Nanodrop to measure DNA & RNA concentrations:  

DNA and RNA concentrations were measured using nanodrop spectrophotometer 1000 

UV-Vis system at a wavelength of 260 nm. Concentrations and 260/280 absorbance were 

recorded. 

2.5 Short Tandem Repeat (STR) 

Sort Tandem Repeat profiling (STR) was performed using the service provided by the 

Genomic core facility in the University of Sheffield on all cell lines to confirm the genomic 

identity of each cell lines and exclude any cross-contamination. Alleles for 10 human loci 

(THO1, D21S11, D5S818, D13S317, D7S820, D16S539, CSFIPO, AMEL, vWA and 

TPOX) were examined 

2.6 Immunocytochemistry (ICC) 

Cells were prepared according to section 2.1.3 then seeded at 20,000 cells/ml in a 12 

well plate containing a round cover glass (size 10mm, thickness 1.5) (Agar Scientific), the 

cells were incubated in a humidified incubator at 37°C with 5% CO2 for overnight. 

When the cells reached the desired confluencey, immunocytochemistry was performed 

on the cells while attached to the cover glass. Cells were washed with Hank’s Balanced 

Salt Solution) HBSS (-Cacl2, -Mgcl2) (Gibco) twice for 5 min. Then the cells were fixed 

using formalin fixative (10% formalin, 4% formaldehyde) (sigma) for 20 min at room 

temperature (RT). Cells were rinsed again with HBSS twice for 5 min. Then the cells were 

incubated with 0.1% v/v Triton X-100 (Sigma) for 5 min at RT. Cells were washed with 

PBS (Lonza) twice for 5 min. Subsequently cells were incubated with the primary antibody 

diluted in PBS (1:100) for 1 hour at RT. After the antibody incubation, cells were washed 

with PBS three times for 15 min each. Then cells were incubated with the secondary 

antibody diluted in PBS (1:500) for 1 hour at RT in a dark container. After the secondary 

antibody incubation, cells were washed with PBS three times for 15 min each. Cells were 

then washed twice with water before adding 3 µl of DAPI (Vector lab,UK) and mounted 

on a slide cell facing down. Cells were incubated over night at RT in a dark chamber to 
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dry before the cover glass was sealed with nail varnish. Slides were imaged using an 

Evos microscope at 20X (EVOS® FL AUTO Imaging system) 

2.6.1 ICC analysis 

JACoP (Just Another Co-localizaiton plugin) is a plugin for Image J and was used to 

measure Pearson’s correlation coffecient (PCC) in the cells. ICC was used to compare 

expression of common mesenchymal genes between STS cell lines and the fibroblasts 

cells. It was used to co localize the proteins within cells. A statistical analysis was 

performed using GraphPad Prism software 7.0 (GraphPad Prism Software Inc) 

Parametric analysis for the data was done by applying one-way ANOVA, followed by 

Dunnett comparison test. The differences were considered significant at P<0.05. *,P<0.05 

**,P <0.01; ***,P < 0.001, ns, not significant.  A complete list of primary and secondary 

antibodies used for ICC is listed in Table 2.7. 
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Table 2. 7: Primary and secondary Antibodies used for ICC in this project.  

  

Antibody Host manufacturer Catalogue no. Working dilution 

Vimentin Mouse Abcam Ab8978 1:100 

Transgelin Rabbit Abcam Ab14106 1:100 

N-Cadherin Rabbit Abcam Ab18203 1:100 

FSP-1/S100A4 Rabbit Millipore 07-2274 1:100 

αSMA Rabbit Abcam Ab5694 1:100 

FAPα Rabbit Abcam Ab28246 1:100 

Sox2 Rabbit Abcam Ab97959 1:100 

Fibronectin Rabbit Abcam Ab2413 1:100 

Mouse anti-Human Mitochondria 

Primary Antibody (mt-AB) 

Mouse Novus NBP2-32980 1:100 

F4/80 Mouse Abcam Ab28246 1:100 

Alexa Fluor™ 488, Goat anti-Mouse 

IgG (H+L) Highly Cross-Adsorbed 

Secondary Antibody  

Mouse Invitrogen A-11029 1:500 

Alexa Fluor™ 488, Goat anti-Rabbit 

IgG (H+L) Highly Cross-Adsorbed 

Secondary Antibody, 

Rabbit Invitrogen A-11034 1:500 

Alexa Fluor™ 633 Phalloidin  Invitrogen A-22284 1:400 

https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
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2.7 Immunofluorescence of frozen tissue sections (IF) 
 

Slides mounted with frozen tumour sections were prepared according to section 2.4.1. 

Slides were defrosted at room temperature for 10 min. Then slides were fixed with ice-

cold fixative acetone - methanol (1:1, Fisher Chemical) at -20°C for 20 min. Slides were 

allowed to air dry before being washed twice with PBS (Lonza) for 10 min each. After that, 

the sections were encircled using a hydrophobic Immedge pen (Vector). Sections then 

were blocked in PBS containing 5% v/v goat serum (Vector) for 2 hours at RT. After that, 

sections were incubated with the primary antibody diluted to a suitable concentration 

(Table 2.8) in PBS containing 1% v/v goat serum, in a humidified dark container at 4°C 

for overnight. 

The following day, sections were washed three times with PBS for 15 min each. 

Subsequently, sections were incubated with the secondary antibody diluted 1:500 in PBS 

containing 1% v/v goat serum for one hour in a dark container at RT. Sections were 

washed three times with PBS for 30 min each. Then, slides were rinsed with distilled 

water twice before mounting them with ProLong® Gold antifade reagent with DAPI 

(Invitrogen) and covered with a cover glass (Menzel-GLASER, 24 x 50mm). Slides were 

kept at RT for overnight in a dark container. Fluorescent stained slides were imaged using 

an EVOS® FL Auto Imaging System (objective 20X). A complete list of all primary and 

secondary antibody in (table 2.8). 

2.7.1 IF analysis 

Cell fluorescence was measured using imagej 1.53S software. Corrected total cell 

fluorescence (CTCF) was calculated using the following formula:  CTCF=Integrated 

density- (Area of selected cell X Mean fluorescence of background readings), Results 

were plotted using GraphPad Prism 9.4.1. Cell counting was calculated manually using 

imagej 1.53S software. 
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Table 2. 8: Primary and secondary antibodies used for IF in this project.  

 

Antibody Host manufacturer Catalogue no. Working dilution 

Vimentin Mouse Abcam Ab8978 1:200 

Transgelin Rabbit Abcam Ab14106 1:200 

N-Cadherin Rabbit Abcam Ab18203 1:200 

FSP-1/S100A4 Rabbit Millipore 07-2274 1:200 

α- SMA Rabbit Abcam Ab5694 1:200 

FAPα Rabbit Abcam Ab28246 1:200 

Sox2 Rabbit Abcam Ab97959 1:200 

Fibronectin Rabbit Abcam Ab2413 1:200 

Mouse anti-Human 

Mitochondria Primary 

Antibody(mt-AB) 

Mouse Novus NBP2-32980 1:100 

F4/80 Mouse Abcam Ab28246 1:200 

Purified Rat Anti-Mouse CD31 

RUO 

Mouse BD p 550274 1:500 

Alexa Fluor™ 488, Goat anti-

Mouse IgG (H+L) Highly Cross-

Adsorbed Secondary 

Antibody  

Mouse Invitrogen A-11029 1:500 

Alexa Fluor™ 488, Goat anti-

Rabbit IgG (H+L) Highly Cross-

Adsorbed Secondary 

Antibody, 

Rabbit Invitrogen A-11034 1:500 

Alexa Fluor™ 555, Goat anti-

Mouse IgG (H+L) Highly Cross-

Adsorbed Secondary 

Antibody 

Mouse Invitrogen A-21424 1:500 

https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/purified-rat-anti-mouse-cd31.550274
https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/purified-rat-anti-mouse-cd31.550274
https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11029
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
https://www.thermofisher.com/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11034
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2.8 Immunohistochemistry (IHC) 
 

Immunohistochemistry was carried out on formalin fixed, paraffin wax embedded (FFPE) 

slides. These were prepared by Mrs. Maggie Clover in the histology core facility, 

Department of Oncology and Metabolism, University of Sheffield. Slides were dewaxed 

twice in xylene for 5 min each. Slides then were rehydrated using reduced gradient 

alcohol of 100%, 95% and 70% v/v ethanol in dH2O, for 3 min each. Endogenous 

peroxidase activity was blocked by incubating the sections in 10% (v/v) hydrogen 

peroxide (H2O2) diluted in Methanol (life chemicals) for 30 min. To wash off the hydrogen 

peroxide, slides were kept under running water for 5 minutes. Antigen retrieval method 

was performed on the slides by incubating the slides in 10% DAKO (DAKO® Target 

Retrieval Solution, 10X concentrate) diluted with dH2O in a pressure cooker (2100 Retriver) 

at 121°C for 2 hours. After that, slides were washed twice with PBST (PBS+0.1%Tween 

20) for 3 min. The sections were encircled using a hydrophobic Immedge pen (Vector 

Labs). Slides were then blocked with 10% v/v goat serum (Vector Labs) diluted in 

BSA/PBS (50ml PBS+0.5g BSA+50µl triton) for one hour at RT. Then slides were 

incubated with the primary antibody diluted with the desired dilution (Table2.9) in 2% v/v 

BSA/PBS in a dark and humidified container at 4 °C overnight. The next day slides were 

washed twice with PBST for 5 min. Then slides were incubated with a secondary antibody 

diluted 1:200 in PBS for one hour at RT. Subsequently, slides were washed twice with 

PBST for 5 min. ABC solution (Vector Labs) was prepared by mixing 2 drops of reagent 

A with 2 drops of reagent B and mixed well by vortexing. Then the ABC solution was 

added to the slides and incubated for 30 min at RT. Following this, slides were washed 

with PBST twice for 5 min. Then DAB (Vector Lab) was prepared by mixing 2 drops of 

buffer with 4 drops of DAB and 2 drops of H2O2 and mixed by vortexing. Then DAB was 

added to the slides for 4-9 min and meanwhile slides were observed under a light 

microscope. To remove the excess DAB, slides were kept under running water for 5 min. 

Slides were subsequently counterstained with hematoxylin for 40 sec. Then slides were 

kept again under running water for 2 min. Slides were dehydrated in 70%, 90%, 95%, 

then 100% ethanol twice and then xylene respectively for 3 min in each. Finally, slides 

were mounted in DPX mounting medium and covered by a cover glass (Menzel-GLASER, 
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24 x 50mm), then the sections were allowed to dry for overnight at RT. Slides were 

scanned using slide scanner (3D Histech Pannoramic 250 Flash III,Objective 20X). A 

complete list of all primary and secondary antibody are shown in Table 2.9. 

 

Table 2. 9:  Primary and secondary antibodies used for IHC.  

 

2.8.1 IHC analysis 

2.8.1.1 Necrosis scoring criteria  
 

Haematoxylin and Eosin (H&E) staining was used to score necrosis in the tumours using 

the bioimage analysis platform QuPath (https://qupath.github.io).   

2.8.1.2. Mean vascular density scoring criteria 
 

Mean vascular density (MVD) scoring was assess by two independent people (myself 

and SSC student) an average of both results was taken. It was done using a light 

Antibody Host manufacturer Catalogue 

no. 

Working dilution 

Vimentin Mouse Abcam Ab8978 1:400 

Transgelin Rabbit Abcam Ab14106 1:200 

N-Cadherin Rabbit Abcam Ab18203 1:200 

FSP-1/S100A4 Rabbit Millipore 07-2274 1:400 

α- sma Rabbit Abcam Ab5694 1:100 

FAPα Rabbit Abcam Ab28246 1:400 

Sox2 Rabbit Abcam Ab97959 1:200 

Fibronectin Rabbit Abcam Ab2413 1:200 

Purified Rat Anti-Mouse CD31 

RUO  

Mouse BD  550274 1:200 

file:///C:/Users/6504/AppData/Roaming/Microsoft/Word/(https:/qupath.github.io)
https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/purified-rat-anti-mouse-cd31.550274
https://www.bdbiosciences.com/en-au/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/purified-rat-anti-mouse-cd31.550274


59 
 

microscope with a 9X9 50X50 µm2 grid in the eye piece, then counts how many squares 

have CD31 positive vessels in them and divided by the area to get a percentage. An 

average percentage was recorded for each tumour. 

2.8.1.3 Protein intensity scoring criteria 
 

Antibody intensity of proteins listed in table 2.9, were scored using the bioimage analysis 

platform QuPath (https://qupath.github.io).  

Positive cell detection tool was used, the full tumour section was selected and DAB 

staining intensity threshold was set to 0.1 based on the recommended settings, cells 

classified as positive or negative if the threshold is above or below 0.1, respectively.  

2.9 Statistical analysis 
 

Data were plotted and analysed using GraphPad Prism software 9.4.1 (GraphPad Prism 

Software Inc). To compare between two groups, unpaired two-tailed t test were used. 

While parametric analysis for grouped data was done by applying one-way ANOVA, 

followed by Fisher’s LSD comparison test, Dennett’s comparison test or Tukey 

comparison test. The differences were considered significant at P<0.05. *, P<0.05 **,P 

<0.01; ***,P < 0.001, NS, not significant. 

2.10 In silico methods 
 

2.10.1 The Cancer Genome Atlas (TCGA) 

The Cancer Genomic Atlas (TCGA) is a landmark collection of cancer genomic data. 

TCGA SARC is comprised of soft tissue sarcoma including: Leiomyosarcoma (LMS), 

Undifferentiated Pleomorphic Sarcoma (UPS), Dedifferentiated Liposarcomas (DDLP), 

Myxofibrosarcoma (MFS), Malignant Peripheral Nerve Sheath Tumour (MPNST) and 

Synovial Sarcoma (SS). TCGA SARC project has 77 samples of poorly differentiated 

file:///C:/Users/6504/AppData/Roaming/Microsoft/Word/(https:/qupath.github.io)
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‘Fibroblastic’ group including MFS and UPS that were available in UCSC Xena platform 

(http://xena.ucsc.edu).  

2.10.2 Randomised trial of Volume of post-operative radiotherapy given to 

adult patients with Extremity soft tissue sarcoma (Vortex) 

VorteX (trial number is NCT00423618/REC Number is 21/NW/0237) is a randomised 

phase III trial of adjuvant radiotherapy given to adult extremity STS patients to evaluate if 

lime function can be increased by reduce the amount of adjuvant radiotherapy compared 

with giving adjuvant therapy to a wider area of tissue surrounding the tumour (standard 

care) (Forker et al, 2016).  Tissue samples were collected from the Vortex biobank (VBB, 

Manchester) at the initial stage before treatment including: 68 UPS, 52 MFS, 37 

Liposarcomas, 9 LMS and 37 from other STS subtypes (Forker et al, 2016). RNAseq data 

was accessible to us as part of a collaboration with Professor Catharine West and Dr 

Laura Forker of the VBB. The associated clinical data was obtained from the VorteX 

Clinical Trial Management Centre (Birmingham), after a favourable opinion was given by 

the Research Ethics Committee (REC Number: 21/NW/0237, Protocol Number: 

Research Project 170751, IRAS Project ID: 266902). RNAseq and clinical data 

associated with 70 samples were used in this study (40 UPS and 30 MFS). 

2.11 Survival analysis  
 

Survival analysis was estimated using Kaplan-Meier (KM) analysis and the computed 

hazard ratio for each group using IBM® SPSS Statistics (version 27). Clinically relevant 

phenotypic attributes such as Age, gender, histological type, Overall Survival (OS), 

Progression-Free survival (PFS), vital status, primary disease and the gene expression 

of (TAGLN, ACTA2, VIM, CDH2, FN1, SOX2, S1A400, & FAP) was obtained for each 

sample. 

The association between high and low gene expression was examined using a linear 

regression model to examine if high gene expression affecting overall and progression 

free survival (Delgado et al., 2014). Hazard ratios at 95% confidence intervals were 

http://xena.ucsc.edu/
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obtained using Cox’s regression model. Survival rates were performed using Kaplan 

Meier analysis and the comparisons between the low and high groups were done using 

the log rank test. Univariate analysis was done to assess if low or high gene expression 

impact survivals OS and PFS analysis was performed in 2 years, 5 years and 10 years. 

P- Values <0.05 were considered statistically significant. 
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2.12 RNAseq of UPS Xenografts 
 

A representative diagram of the in silico pipeline used in this project is shown in (Fig.2.1) 

 

 

Figure 2. 1: A chart illustrating the methods used in this project.  

Tumour cells were subcutaneously injected in mice, three out of four cell lines make tumour in 

mice. Subsequently, tumours were removed and split into frozen and FFPE. The FFPE sections 

were used for IHC, while frozen were used for IF and RNA extraction. RNAseq raw data were 

processed to FASTQC, then bam files were processed for DEG. Created with BioRender.com 
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2.12.1 Quality control of RNAseq data 

RNA quality was checked using Nanodrop as discussed in section (2.3.1), for RNA 

Integrity Number (RIN) samples were sent to Sheffield Institute for Translational 

Neuroscience (SITRAN) and RIN was obtained using bioanalyzer. Samples were chosen 

based on the quality (RIN ≥9.1, 260/280 ≥1.97, 260/230 ≥2.0). Out of 16 samples, 12 

RNA samples (four from each of 3 different UPS xenograft) were sent to the Genetics 

department at Children hospital (Sheffield) for RNAseq. Results were provided as Fastq 

files with paired reads. The Fastq files were pre-processed using the online data analysis 

webserver Galaxy (http://usegalaxy.org) (Blankenberg et al., 2010). Quality checks were 

performed using the FASTQC tool from the Galaxy platform. FASTQC is an open-tool 

which provide a set of analysis to assess the quality of the samples. Different Parameters 

were checked for instance: quality scores across all bases, sequence content per base 

and GC distribution per sequence. A Representative diagram of the FASTQC report is 

provided in the Appendix (Figure S1). 

2.12.2 Alignment against reference genomes  

Fastq files were mapped and aligned against reference genomes. An average of 35 

million reads of each sample were aligned to the human (GRCh38/hg38) and mouse 

reference genomes (GRCm38/mm10) separately using the Bowtie2 tool. Bowtie2 was 

used as it is faster and can align more reads when compared with other alignment tools 

(Langmead & Salzberg, 2012). The outputs of the alignment tools are Binary Alignment 

Map (BAM) files, which are sorted, processed and converted to Sequence Alignment Map 

(SAM) files using SAMtools index (Li et al., 2009).Bam files were also aligned against the 

global reference genome (hg38/mm10). The number of read counts for each sample is 

shown in Figure S2. 

  

http://usegalaxy.org/
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2.12.3 Data processing using XenofilteR 

BAM files were also filtered using the XenofilteR tool in RStudio (version 4.1.2) for 

deconvolution of human and mouse sequence reads from xenograft sequence reads. 

XenofilteR is an open tool and available: https://github.com/PeeperLab/XenofilteR. The 

output was two BAM files classified as human and mouse (Kluin et al., 2018). 

 

2.12.4 Identification of Differentially Expressed Genes (DEGs) 

Deferentially expressed Genes (DEGs) were identified using the edgeR package in 

RStudio (version 4.1.2). A raw count matrix was used to perform the DEG analysis. Four 

comparisons were made: the first one was between the three xenografts transcripts, the 

second one was between the human (STS) vs the mouse (stroma), the third comparison 

was between human transcripts and the fourth was between the mouse transcripts. Read 

counts were filtered with a threshold of CPM > 0.5. Raw counts were normalised using 

the default normalisation tool from the edgeR package. A false-discovery rate (FDR) was 

≤ 0.5 used as a cut-off to identify DEGs. 

 

2.12.5 Gene Set Enrichment Analysis (GSEA) 

Gene set enrichment analysis was performed using GSEA software (version 4.2.2). Pre-

ranked analysis was perforemed using the default setting (GSEAPreranked) with the 

exception“ No_collapse“ since our data set contained gene symbols which match the 

current MsigDB version. Prior to analysis, gene expression rank (.rnk) files were  

generated from the edgeR result by calculating the rank metric using the formula (Rank= 

sign(logFC) X -log10 (p value)). Pre-ranked lists of 15,906 genes were uploaded to the 

software. The Hallmark gene set (h.all. v7.5.1 MsigDB) was applied to examine if genes 

were linked to specific biological processes (Liberzon et al., 2015). FDR q-values < 0.05 

was set as cut off to determine the significance of gene sets.  
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2.12.6 Cell content prediction 

Cell subset analysis was performed using the xCell software, which is a gene expression 

matrix allowing the identification of 64 cell types (Aran et al., 2017).  

The abundance of (Pericytes, Skeletal muscles, Smooth muscles, Lymphatic endothelial, 

Microvascular endothelial, Hematopoietic Stem Cells (HSC), Mesenchymal Stem Cells 

(MSC), endothelial, Fibroblasts, Macrophages and Macrophages M1/M2) were studied 

and two comparison were made : the first one between the cell lines, the second: between 

the human and mouse transcriptomes. Comparisons were analysed using one-way 

ANOVA, and the multiple comparisons were made using Tukey’s method, while the 

comparisons between the human and mouse transcriptomes were performed using 

Wilcoxon’s t-test. P values < 0.05 are considered statistically significant. 
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Chapter 3 
 

Differential expression of common 

mesenchymal markers between normal 

fibroblasts, mesenchymal stem cells and 

soft tissue sarcoma cell lines.  



67 
 

3.1. Introduction 
 

Soft Tissue Sarcomas (STS) are a biologically rare, heterogeneous and complex 

population of solid tumours of mesenchymal origin. The tumour microenvironment (TME) 

is a crucial component of solid tumours, and an improved understanding of its role in STS 

biology is needed to make further improve patient survival. Many recent studies have 

emphasised on the importance of mesenchymal cells within the TME, often called CAFs, 

in controlling cancer biology. However, most have investigated their role in carcinomas 

and very little is known about the role of Sarcoma Associated Fibroblasts (SAFs) in STS 

biology. This has been challenging for two reasons; firstly, few validated STS cell lines 

are available that are closely matched to their original histotype. Secondly, since STS 

cells and SAFs are both mesenchymal, no selective markers have yet been identified that 

would facilitate their study. Similarly, no contemporary studies have investigated the 

expression of the most commonly expressed mesenchymal genes used to identify CAFs 

in STS cell lines with a correctly assigned histotype. In order to characterise this further, 

Western blot and immunocytochemistry were performed to quantify and characterise the 

most commonly expressed mesenchymal proteins in STS cell lines recently isolated and 

characterised by Salawu et al (2016) in comparison with normal human mesenchymal 

cells. This study examined eight common mesenchymal proteins (transgelin, αSMA, 

vimentin, fibronectin, N-cadherin, SOX2, FAPα, and FSP1), discussed in more detail 

below. 

Transgelin, or Sm22α, is a protein with a molecular weight (MW) of 23 KDa. It is a calponin 

family smooth muscle actin-binding protein expressed in all human tissues containing 

large or small smooth muscles. Transgelin is highly expressed during vascular and 

visceral smooth muscle cell differentiation (Assinder et al., 2009).It regulates smooth 

muscle cell development, contractile function, and migration. Moreover, it functions as a 

tumour suppressor since it suppresses MMP9 expression, making it an important 

mesenchymal protein to study (Assinder et al., 2009). High transgelin levels are 

considered bad prognositic for overall survival (OS) and progression- free survival (PFS) 

in colorectal cancer (CRC). It has been associated with the stimulation of cell migration, 

invasion and activation of epithelial to mesenchymal transition (EMT), and has been 
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identified as a regulator of metastasis and chemotherapy resistance (Elsafadi et al., 

2020). Alabiad et al (2020) showed that transgelin could be used as a biomarker to 

distguish between Leiomyosarcoma (LMS) and Endometrial Stromal Sarcoma (ESS), 

where transgelin was positive in LMS but not ESS samples (Alabiad et al., 2020).  

Alpha smooth muscle actin (αSMA) is a protein with a MW of 42 KDa. It is a smooth 

muscle actin protein expressed in vascular smooth muscle and non-muscle cells. It plays 

an important role in  cell contractility during wound-healing processes (Hinz et al., 2001). 

It is known for it’s role in EMT, which manifests in cancer progression (Anggorowati et al., 

2017). It has also been associated with cell motility integrity (Nurmik et al., 2020). 

αSMA is known as a myofibroblast/CAFs marker, making it an interesting mesenchymal 

protein to be included in this study. Different studies have considered αSMA as a CAFs 

marker. Since myofibroblasts are abundant  in the ECM, αSMA is known to play a vital 

role in ECM remodeling (Ruiz-Zapata et al., 2020). Several studies reported that elevated 

αSMA levels result in poor prognosis in breast cancer (Muchlińska et al., 2022), CRC 

(Tsujino et al., 2007) and oral squamous cell carcinoma (OSCC) (Marsh et al., 2011).   

Moreover, αSMA expression was higher in the metastatic invasive breast cancer group 

than in the non-metastatic group, with higher αSMA expression negatively correlated with 

OS and PFS (Yamashita et al., 2012). 

Vimentin is a protein with a MW of 57 KDa. It is a type III intermediate filament protein 

highly and widely expressed in mesenchymal cells. It regulates cell integrity, has been 

used as an EMT marker hence, it  plays an important role in cancer metastasis (Mendez 

et al., 2010).  

N-cadherin or cadherin 2, is a protein with a MW of 125-135 KDa. It is a member of the 

calcium-dependent transmembrane adhesion protein family. It plays a vital role in 

development processes by mediating cell-cell adhesion and  cell migration. However, in 

cancer, it plays a vital role in EMT and tumour invasion and metastasis, since increased 

N-cadherin expression has been associated with tumour progression in breast cancer, 

making it an important marker to be studied (Hazan et al., 2004). 
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Fibronectin is a protein with a high MW of 220 KDa. It is an ECM glycoprotein with 

adhesive and ealstic features that plays a cruical role in tissue repair, hemostasis and 

fibrosis (To & Midwood, 2011). Fibronectin mediates between the ECM and cancer cells, 

enabling their survival, proliferation, and invasion. It is also well-known EMT marker. High 

fibronectin expression has been associated with poor prognosis in many carcinomas, 

including breast cencer, bladder cancer,head and neck squamous cell carcinoma and 

CRC (Arnold et al., 2016; Bae et al., 2013; Mhawech et al., 2005; Wang et al., 2021). 

It was selected for study in this thesis because of its ability to promote cell growth, 

movement, and contractility. Moreover, it has been described as a promising cancer 

therapy target (Lauren E. Tracy et al., 2016). 

Fibroblast-specific protein1 (FSP-1) or S100A4, is a protein with a MW of ~12 KDa. It is 

a member of the S100 superfamily of cytoplasmic calcium-binding proteins. FSP-1 has  

cruical roles in enhancing cell motility, migration and regulating apoptosis. Moreover, 

FSP-1 is known to enhance and regulate the secretion of  different cytokines and matrix 

metalloproteinases (MMPs), which play important roles in pro-inflammatory processes (Li 

et al., 2020). FSP-1 is expressed in normal cells, including  fibroblasts, macrophages, 

nuetrophiles, monocytes, lymphocytes and bone-marrow derived cells (Li et al., 2010). 

FSP-1 is a fibroblast marker used widely to identify fibroblasts in different organs 

(Nishitani et al., 2005). FSP-1 plays an important role in EMT and fibrosis, leading to 

cancer progression and metastasis (Nishitani et al., 2005). Increased FAP-1 levels 

correlate with poor prognosis in many carcinomas, including breast, colorectal and 

pancreatic. While it is an important and commonly used marker for fibroblasts and 

myofibroblasts, its expression is known not to be restricted to these cells. Therefore, we 

selected it for this study. 

FAPα or fibroblast activation protein is a protein with a MW of ~97 KDa. It is a type II 

transmembrane glycoprotein and a serine protease family member. It is highly expressed 

by myofibroblasts during wound-healing, inflammation, fibrosis and cancer and  is 

involved in tissue remodelling (Puré & Blomberg, 2018). FAPα is also expressed by 

fibroblasts, macrophages, tumour cells and tumour associated macrophages (TAMs) 

(Muliaditan et al., 2018). It plays a potential role in cancer metastasis by enhancing cell 
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proliferation, migration and invasion (Busek et al., 2018). CAFs overexpress FAPα in 

many carcinomas, which was associated with poor (J. Shi et al., 2020). It was included in 

this study due to its selective expression in CAFs. 

SOX2 (SRY-Box Transcription factor 2) is a protein with a MW of 34 KDa. It is a member 

of the SOX transcription factor family. It is important in embryogenesis, organogenesis, 

and stem cell regulation. It is cosidered as a Cancer Stem Cell (CSC) marker. CSCs are 

a group of tumour cells capable of self-renewal and initiating tumours. SOX2’s 

pluripotency property correlated with cancer stemness in osteosarcoma (Basu-Roy et al., 

2012). Osteosarcoma and Rhabdomyosarcoma tumourigenicity was enhanced by SOX2 

expression (Skoda et al., 2016). In addition, (Schaefer & Lengerke, 2020) found that in 

breast cancer, increased SOX2 expression was correlated with chemotherapy resistance. 

It was selected for this study because of its crucial role in embryonic stem cell and human 

MSC pluripotency, proliferation, and differentiation (Park et al., 2012). 

3.1.1. Aim  
 

To compare expression of mesenchymal proteins between human STS cell lines 

and normal human mesenchymal cells. 

3.1.2 Experimental approach and statistical analysis 
 

 Eight soft tissue sarcoma cell lines were used in this project (seven cell lines 

including four UPS, two MFS and one LMS were established and isolated 

from patients at Royal hallamshire hospital, Sheffield by Dr Karen Sisley’s 

group and one MFS cell line was donated by Prof Dominique Heyman, 

France). 

 Four fibroblast cell lines (dermal, uterine, pulmonary and adipose human 

mesenchymal stem cell) were used in this project. 

 The expression of seven mesenchymal proteins (Transgelin, α SMA, 

vimentin, N-cadherin, fibronectin, FSP-1 and FAPα) and one transcription 

https://en.wikipedia.org/wiki/Transcription_factors
https://en.wikipedia.org/wiki/Family_(biology)
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factor (SOX2) was compared between STS cell lines and fibroblasts using 

western blot method. 

 Protein localisation was determined in all cell lines using 

immunocytochemistry method. 
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3.2. Results 
 

3.2.1 STS cell line verification 

Cell authentication is important to confirm cell identity and exclude cross-contaminated 

cells Cell line verification was performed to confirm the cell lines used in this project and 

ensure that we used non-contaminated cell lines to produce robust results. This 

verification was performed by comparing the cells’ morphology with their original 

description by Salawu et al. (2016; 2018) and screening for gross genomic changes that 

have occurred using short tandem repeats (STRs). This process is described in more 

detail in the following sections. 

3.2.1.1 STS cell line morphology  

One simple and direct method is to check cell morphology using microscopy. Cell 

morphology is a crucial ‘macroscopic manifestation’ of cell physiology (Juneau, 2017). 

Phase-contrast microscopy is a useful tool for studying cell morphology and determining 

whether it remains stable over different passages. STS cell lines were passaged and 

maintained as described in Section 2.2. The cells were examined daily using a phase-

contrast microscope to record their morphology and compare it with the morphology 

observed when first described by Salawu et al (2016). All STS cell lines showed a spindle-

shaped morphology similar to the normal human dermal fibroblasts (NHDF), human 

MSCs (hMSC), human uterine fibroblasts (HUF) and human pulmonary fibroblasts (HPF) 

(Fig.3.1, 3.2, 3.3, 3.4 & Table 3.1). All UPS, MFS and the LMS cell lines showed 

morphology consistent with those previously reported by Salawu et al (2016; 2018). 
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Table 3. 1:  Morphology and growth characteristics of the STS cell lines used in this 
thesis.  

This table shows the nomenclature for the STS cell lines used in this thesis and the nomenclature 
used by Salawu et al (2014). The number of passage (since October 2018) is shown along with 
their morphology and grown characteristics. The figure which shows representative images of the 
cells is indicated in the right-hand column.  

Cell line Passage Morphology  Growth in distinct 

colonies 

Figure 

UPS1 (STS14/10) 72 spindle-shaped    Figure 3.1 

UPS2 (STS06/11) 76 spindle-shape  √ Figure 3.1 

UPS3 (STS09/11) 26 spindle-shaped    Figure 3.1 

 UPS4 

(STS13/12) 

70 spindle-shaped  √ Figure 3.1 

MUG2A 2 elongated cells  √ Figure 3.2 

MFS1 (STS21/11 

W1) 

21 spindle-shaped    Figure 3.2 

MFS2 (STS21/11 

W2) 

21 spindle-shaped  √ Figure 3.2 

MFS3 (OH931) 3 spindle-shaped    Figure 3.2 

LMS 36 spindle-shaped  √ Figure 3.3 
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Figure 3. 1 Illustrative phase-contrast micrographs of NHDF and UPS cell lines. 

Scale bar for 10 X and 20 X magnification are 100 µm and 50 µm respectively.  
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Figure 3. 2: Illustrative Phase-contrast micrographs of NHDF and MFS cell lines. 

Scale bar for 10 X and 20 X magnification are 100 µm and 50 µm respectively.   
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Figure 3. 3: Illustrative Phase-contrast micrographs of NHDF, UPS1 and LMS cell lines.  

Scale bar for 10 X and 20 X magnification are 100 µm and 50 µm respectively. 
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Figure 3. 4: Illustrative Phase-contrast micrographs of NHDF hMSC, HUF and HPF cell 
lines.  

Scale bar for 10 X and 20 X magnification are 100 µm and 50 µm respectively.   
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3.2.1.2 Short Tandem Repeat (STR) analysis  
 

STR or DNA fingerprinting is a DNA profiling method used for cell line authentication (Fan 

& Chu, 2007). STRs are short (2-5 base pair) DNA repeat sequences that are valuable 

for determining cell identity since these repeats vary among individuals. STRs are used 

to characterise and confirm cell line identity, exclude cross-contamination, and detect 

genomic drift since their genotyping is rapid, cost-effective, and automated. STRs are 

genotyped using polymerase chain reactions (PCRs) to amplify their encompassing 

regions in genomic DNA samples. PCR amplicons are then separated using a genetic 

analyser, and the result is analysed using software to compare the newly generated data 

with the previous data from Salawu et al. (2016) (Nims, 2010). 

STR genotyping was performed for all STS cell lines to confirm their identity and exclude 

cross-contamination (Nims et al., 2010). Alleles for 10 human STR loci (THO1, D21S11, 

D5S818, D13S31, D7S82, D16S53, CSF1P0, AMEL, ᴠWA and TPOX) were examined in 

nine cell lines (UPS1, UPS2,UPS3, UPS4, MUG2A,MFS1, MFS2, MFS3 and LMS). In six 

cell lines (UPS1, UPS2, UPS4, MFS2, MFS3 and LMS), no alleles matched > 70%, and 

were very similar to the results obtained from the results of Salawu et al (2016) (Table 

3.2). MFS1 cell lines showed no allelic match (Table 3.2). However, UPS3 showed a 

partial match indicating genetic drift but not contamination (Table 3.2). Genetic drift is a 

change in cell allelic frequencies in cells due to chance and is not a contamination. Drift 

naturally occurs with increasing passages. Therefore, STR profiling must be performed 

regularly. However, MUG2A showed a 100% match with human Calu-6 anaplastic 

carcinoma cell line, an 80% match with human hTERT RPE-1 retinal epithelium cell line 

and an 80% match with the human NCI-H720 lung carcinoma cell line indicating possible 

contamination. Therefore, MUG2A was excluded from subsequent experiments (Table 

3.2). 
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Cell line 
Passage 
number 

THO1 D21S11 D5S818 D13S317 D7S820 D16S539 CSF1P0 AMEL vWA TPOX 
Allele 
match 

STS 14/19 
 (UPS 1) 

P72 6, 7 27, 30 12, 13 8, 11 8 14 12 X 16 8 
No match 

found 

STS06/11 
 (UPS 2) 

P79   31,33 9,13 14 8 11 10,11 X,Y 17,18 8 
No match 

found 

STS09/11 
 (UPS 3) 

P26 6, 9.3 28, 31.2 9 11 10 9 10 X 17 8 
No match 

found 

STS13/12 
 (UPS 4)  

P64 6 31.2, 33.2 11 12 10, 12 11 11 X, Y 18 8 
Partial 
match 

MUG2A P3 6,9 29 10,11 11 10,11 13,14,15 12,14 X 17,18 8 
3 matches 

found 

STS21/11w2 
(MFS 2) 

P21 8 30,31.2 13 13 8,9 12 10 X,Y 14,16 11 
No match 

found 

STS21/11w1 
(MFS 1) 

P22 8 30,31.2 13 13 8,9 12 10 X,Y 14,16 11 
No match 

found 

OH931 
 (MFS 3) 

P3 9 29,31.2 11 10 9,12 11,13 12 X 16,17 8,11 
No match 

found 

LMS p39 9 27,30 11 14 10,11 11 10,12 X 16   
No match 

found 

Table 3. 2: Short tandem repeat (STR) of STS cell lines. 

 DNA fingerprinting for STS cell lines .THO1, D21S11, D5S818, D13S317, D7S820, D16S539, 

CSFIPO, AMEL, vWA & TPOX are markers (locus names) and the numbers in the boxes are the 

allele call (number of repeats). 
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3.3 Comparison of mesenchymal gene expression between STS cell 

lines and normal human mesenchymal cells 
 

As discussed in this chapter’s introduction, STSs and SAFs are both mesenchymal 

lineage cells, and no selective markers have yet been identified that might facilitate their 

study. Western blots were used to examine whether different STS subtypes express 

common mesenchymal markers found in normal fibroblasts and CAFs and to confirm 

whether these were unsuitable for SAF identification in STSs. 

Chemiluminescent western blotting is a semi-quantitative method used for protein 

detection and quantification (Mahmood & Yang, 2012). All STS cell lines were compared 

to three human primary fibroblasts from three different tissue sources and human MSCs 

from adipose tissue (AD-MSCs.). All primary fibroblasts were used below passage ten, 

and hMSC below passage seven. Cells were cultured to 60%-80% confluence for three 

independent biological repeates, and lysates were harvested and analysed by western 

blot as described in Section 2.2. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 

with a MW of 36 KDa, and is ubiquitously expressed in all human tissues, was used to 

normalise the protein measurements between repeats, primary cells and STS cell lines. 

Protein levels were quantified by chemiluminescent western blotting followed by 

densitometric analysis using the Chemi Doc software. This software measures the signal 

density of a specific protein band and compares it with the background area to provide a 

reproducible measurement (Section 2.2.6). This value was normalised with repsect to the 

densiotemtric value obtained for the housekeeping GAPDH protein to correct protein 

loading differences. The value was then normalised to the NHDF value, which then 

equalled one, allowing for comparisons among independent repeats. Transgelin, αSMA, 

vimentin, N-cadherin, fibronectin, FSP-1, FAPα and SOX2 expression were measured 

between STS cell lines with respect to NHDF.Three biological repeats of each cell line 

was used in the western blots showed in (Fig. S3 & Fig. S4), while the representative blot 

just showing single lane of each cell to make it easier to visualise the result in (Fig.3.5 

&Fig.3.8). All proteins showed positive expression in all celll lines, with transgelin and 

αSMA showing faint bands in the UPS and MFS cell lines relative to NHDF (Fig. 

3.5,Fig.S3 &Fig.S4). FAPα blots detected two bands, one at the expected MW of 88 kDa 
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and a smaller band. This smaller band possibly represents cleaved or digested FAPα 

protein or the detection of another protein by the antibody (Fig.3.5, Fig.3.8 & Fig.S5). 

 

Figure 3. 5: Representative Western blots of expression of mesenchymal proteins in 
NHDF, UPS and MFS cells.  

The labels at the top are the cell lines loaded into the gel. The numbers at the left are the molecular 

weight of the ladder to show the approximate band size. 
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3.3.1 Densitometry analyses show an increase of some mesenchymal 

protein expressions in primary mesenchymal cells compared to STS cells. 

After normalisation against GAPDH, transgelin and αSMA showed lower levels of 

expression in UPS and MFS cell lines when compared with the NHDF (Fig. 3.6 & 3.7). All 

the other proteins (vimentin, N-cadherin, fibronectin, FSP-1, FAPα and SOX2) showed a 

similar level of expression across all UPS and MFS cell lines when compared with NHDF, 

although levels of N-Cadherin were more variable in the UPS lines (Fig. 3.6 & 3.7).  
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Figure 3. 6: Semi-quantitative Western blot analysis of mesenchymal protein in UPS cell 
lines compared to NHDF.  

For each cell line including the NHDF three independent replicates were used, dots showing each 

replicate and the error bar demonstrating Standard Error of the mean (SEM). Individual values 

were adjusted with respect to GAPDH levels to control for protein loading differences and then 

normalised with respect to the mean intensity for the three NHDF samples. X-axis are the cell 

lines and y-axis is the normalised intensity. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 

0.001; NS, not significant.   
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Figure 3. 7: Semi-quantitative Western blot analysis of mesenchymal protein in MFS cell 
lines compared to NHDF. 

For each cell line including the NHDF three independent replicates were used, dots showing each 

replicate and the error bar demonstrating Standard Error of the mean (SEM). Individual values 

were adjusted with respect to GAPDH levels to control for protein loading differences and then 

normalised with respect to the mean intensity for the three NHDF samples. X-axis are the cell 

lines and y-axis is the normalised intensity. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 

0.001; NS, not significant 
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3.4. Comparison of mesenchymal gene expression between UPS, LMS 

and normal human mesenchymal cells. 

 

Differences in relative protein levels between LMS and UPS were examined by western 

blot to determine whether there were any significant differences in common mesenchymal 

protein levels between less differentiated (UPS) and more differentiated (LMS) sarcoma 

subtypes. Guled et al. (2014) noted that LMS showed higher αSMA and desmin levels 

than UPS using immunohistochemistry (IHC) (Guled et al., 2014) (Guled et al., 2014) 

(Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled 

et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled et al., 

2014) (Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) 

(Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled et al., 2014) (Guled 

et al., 2014) (Guled et al., 2014). While LMS is a well-differentiated sarcoma, its genomic 

profile greatly resembles that of UPS (Guled et al., 2014). Moreover, since LMS and UPS 

overlapped in unsupervised hierarchical clustering of genome copy number profiles, 

identifying specific markers to help distinguish them is important (Carneiro et al., 2009). 

Relative transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP1, FAPα, and SOX2 

levels were compared between the LMS and UPS1 cell lines as (a representative cell 

line) with respect to NHDF. All proteins showed positive expression in all celll lines, with 

transgelin and αSMA showing lower expression in the UPS cell line than in the  LMS and 

NHDF (Fig. 3.8 & Fig. S8). 
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Figure 3. 8: Representative Western blots of expression of mesenchymal proteins in 
NHDF, UPS and LMS cells.  

The labels at the top are the cell lines loaded into the gel. The numbers at the left are the molecular 

weight of the ladder to show the approximate band size. 
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3.4.1 Densitometry analyses show an increase of some mesenchymal 

protein expressions in LMS compared to UPS cells 

After normalisation against GAPDH, transgelin and αSMA showed similar levels of 

expression in the LMS cell line when compared with the NHDF, which were higher than 

expression in UPS (Fig. 3.9). All the other proteins (vimentin, N-cadherin, fibronectin, 

FSP-1, FAPα and SOX2) showed a similar level of expression across UPS and LMS cell 

lines when compared with NHDF (Fig. 3.9).  
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Figure 3. 9: Semi-quantitative Western blot analysis of mesenchymal protein in UPS2 and 
LMS cell lines compared to NHDF. 

For each cell line including the NHDF three independent replicates were used, dots showing each 

replicate and the error bar demonstrating (SEM). Individual values were adjusted with respect to 

GAPDH levels to control for protein loading differences and then normalised with respect to the 

mean intensity for the three NHDF samples. X-axis are the cell lines and y-axis is the normalized 

intensity. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 0.001; NS, not significant.  
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3.5. Comparison of mesenchymal gene expression between primary 

human fibroblasts from different tissues 
 

Differences in relative protein levels between HUFs, HPFs, and hMSC were explored to 

determine whether there were significant differences in common mesenchymal proteins 

between the different tissue fibroblast sources and hMSC. NHDF were initially chosen 

because they originate from the embryonic mesoderm, similar to the STS cell lines 

(Thulabandu et al., 2018). hMSC were chosen since they are fibroblast precursors and 

express similar cell surface markers to fibroblasts (Denu et al., 2016). However, they are 

a less differentiated cell type that may reflect changes in STS cells upon transformation. 

Relative transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP1, FAPα, and SOX2 

levels were compared between fibroblasts (HUFs and HPFs) and hMSC with respect to 

NHDF. All proteins showed positive expression in all celll lines (Fig.3.10 and Fig.3.11, 

respectively). SOX2 blots showed two bands, one at the expected MW and a smaller 

band. The smaller band possibly represents cleaved, digested, or phosphorylated SOX2 

protein or the detection of another protein by the antibody (Fig. S6). 
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Figure 3. 10: Representative Western blots of expression of mesenchymal proteins in 
NHDF, HUF and HPF cells.  

The labels at the top are the cell lines loaded into the gel. The numbers at the left are the molecular 

weight of the ladder to show the approximate band size. 
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Figure 3. 11: Representative Western blots of expression of mesenchymal proteins in 
hMSC, NHDF and UPS2 cells.  

The labels at the top are the cell lines loaded into the gel. The numbers at the left are the molecular 

weight of the ladder to show the approximate band size. 
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3.5.1 Densitometric analyses of western blots show similar mesenchymal 

protein expressions in fibroblasts and human mesenchymal stem cells 

compared to NHDF cells 

After normalisation against GAPDH, all examined proteins (transgelin, α SMA, vimentin, 

N-cadherin, fibronectin,SOX2, FSP-1 & FAPα) showed similar levels  in two additional 

tissue derived fibroblats (HUF and HPF) and hMSCs compared to NHDF (Fig.3.12 and 

Fig.3.13,respectively). 

  

Figure 3. 12: Semi-quantitative Western blot analysis of mesenchymal protein in HUF and 
HPF cell lines compared to NHDF.  

For each cell line including the NHDF three independent replicates were used, dots showing each 

replicate and the error bar demonstrating (SEM). Individual values were adjusted with respect to 

GAPDH levels to control for protein loading differences and then normalised with respect to the 

mean intensity for the three NHDF samples. X-axis are the cell lines and y-axis is the normalized 

intensity. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 0.001; NS, not significant.  
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Figure 3. 13: Semi-quantitative Western blot analysis of mesenchymal protein in hMSC 
and UPS2 compared to NHDF.  

For each cell line including the NHDF three independent replicates were used, dots showing each 

replicate and the error bar demonstrating Standard Error of the Mean (SEM). Individual values 

were adjusted with respect to GAPDH levels to control for protein loading differences and then 

normalised with respect to the mean intensity for the three NHDF samples. X-axis are the cell 

lines and y-axis is the normalized intensity. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 

0.001; NS, not significant.  
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3.6 Comparison of mesenchymal protein cellular localisations between 

STS cell lines and NHDF  
 

The subcellular localisations of transgelin, αSMA, vimentin, N-cadherin, fibronectin, ,FSP-

1, FAPα and SOX2 were determined to explore whether they differ significantly among 

STS cell lines relative to NHDF. Protein localisation is important for understanding its cell-

specific role (Paciorek et al., 2006). Phalloidin was used to visualise cellular filamentous 

actin (F-actin) in the cells. Subcellular localisation was performed using immunocyto-

chemistry (ICC). ICC is a semi-quantitative method used for fluorescence-based protein 

detection and visualisation and is very useful for protein localisation within cells. Cells 

were prepared for ICC as described in Section 2.5. All antibodies were stained with a 

green fluorescent conjugate (transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP1, 

FAPα, and SOX2), and 4′, 6-diamidino-2-phenylindole (DAPI) was used to stain nuclei. 

DAPI nuclear staining is shown in blue, and phalloidin F-actin staining is shown in red. 

Pearson’s Correlation Coefficient (PCC) (r) was used to quantify the colocalisation 

between F-Actin (phalloidin) and the studied protein. The r coefficient ranges from +1 

(perfect positive correlation) and −1 (perfect negative), with 0 representing no correlation 

(Zinchuk & Zinchuk, 2008).  

 

  



95 
 

Transgelin localised to the cytoplasm in most cell lines (Fig. 3.14,Fig.S9, Fig.S10 & 

Fig.S11). However, it was localised to both the cytoplasm and nucleus in the UPS2 and 

UPS3 cell lines (Fig.3.14 & Table 3.3). Transgelin and F-actin localisations were highly 

correlated (r ≥ 0.751; Table S1) and did not differ significantly from NHDFs (Fig. S33). 

While transgelin did not localise to the nucleus in UPS, the colocalisation coefficient (r) 

was the same. 
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Figure 3. 14: Representative Immunocytochemistry images of transgelin.  

Transgelin localised to the cytoplasm in NHDF (red arrow). In UPS2 and UPS3, It localised to the 

nucleus (white arrows) and to the cytoplasm (red arrow). The nuclei are stained blue with DAPI, 

transgelin is stained green, and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) 

scale bar is 50µm. All images were taken at 20X Magnification. 
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αSMA localised mainly to the cytoplasm in most cell lines (Fig. 3.15,Fig.S12,Fig.S13 & 

Fig.S14), However, it was localised to both the cytoplasm and the nuclues in UPS3 cell 

line (Fig. 3.15 &Table 3.3). αSMA and phalloidin were highly correlated (r ≥ 0.844 ;Table 

S1), and did not differe singnificanlty from NHDF (Fig. S33). 

 

 

 

Figure 3. 15: Representative Immunocytochemistry images of αSMA.  

αSMA localised to the cytoplasm in NHDF (red arrows). In UPS3, it localised to the cytoplasm 

(red arrow) and to the nucleus (white arrows).The nuclei are stained blue with DAPI, αSMA is 

stained green, and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) Scale bar is 

50µm.  All images were taken at 20X Magnification. 
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Vimentin localised mainly to the cytoplasm in most cell lines (Fig. 3.16,Fig.S15,Fig.S16 

&Fig.S17). However it was localised to both the nuclues and the cytoplasm in  UPS3 and 

MFS1 cell lines (Fig. 3.16 & Table 3.3). Vimentin and phalloidin localisations were highly 

correlated (r ≥ 0.761 ;Table S1) and did not differ significantly from NHDF (Fig. S33). 

 

 

Figure 3. 16: Representative Immunocytochemistry images of Vimentin.  

Vimentin localised to the cytoplasm in NHDF (red arrows) .In UPS3 and MFS1, it localised to both 

the cytoplasm (red arrows) and the nucleus (white arrows). The nuclei are stained blue with DAPI, 

Vimentin is stained green and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) 

Scale bar is 50µm.  All images were taken at 20X Magnification 
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N-cadherin localised mainly to the cytoplasm in most STS cell lines (Fig. 

3.17,Fig.S18,Fig.S19 &Fig.S20), However, it was localised to both the nuclues and the 

cytoplasm in MFS2 cell lines (Fig. 3.17 & Table 3.3). N-cadherin and phalloidin 

localisations were highly correlated (r ≥ 0.843 ;Table S1), and did not differ significantly 

from NHDF (Fig. S33). 

 

 

Figure 3. 17: Representative Immunocytochemistry images of N-cadherin. 

N-cadherin localised to the cytoplasm in NHDF (red arrows) .In MFS2, it localised to the nucleus 
(white arrows) and to the cytoplasm (red arrow).  The nuclei are stained blue with DAPI, N-
cadherin is stained green and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) 
Scale bar is 50µm. All images were taken at 20X Magnification. 
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Fibronectin localised mainly to the cytoplasm in most cell lines (Fig. 3.18,FigS21,Fig.S22 

& Fig.S23). However, it was localise to both the cytoplasm and the nucleus in MFS1 cell 

lines (Fig. 3.18 & Table 3.3). Fibronectin and phalloidin localisations were highly 

correlated (r ≥ 0.804 ;Table S1), and did not differ significantly from NHDF (Fig. S33).  

 

 

Figure 3. 18: Representative Immunocytochemistry images of Fibronectin. 

Fibronectin localised to the cytoplasm in NHDF (red arrows). In MFS1, it localised to the nucleus 

(white arrows) and to the cytoplasm (red arrow). The nuclei are stained blue with DAPI, 

Fibronectin is stained green and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) 

Scale bar is 50µm. All images were taken at 20X Magnification. 
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FSP-1 localised mainly to the cytoplasm in most cell lines (Fig.3.19,Fig.S24,Fig.S25 

&Fig.S26). However, it was localised to both the cytoplasm and the nuclues in MFS1 cell 

lines (Fig. 3.19 & Table 3.3). FSP-1 and phalloidin localisation were highly correlated (r ≥ 

0.854 ;Table S1), and did not differ significantly from NHDF (Fig.S33). 

 

 

 

Figure 3. 19: Representative Immunocytochemistry images of FSP-1. 

 FSP-1 localised to the cytoplasm in NHDF (red arrows). In MFS1, it localised to the nucleus 

(white arrows) and to the cytoplasm (red arrow). The nuclei are stained blue with DAPI, FSP-1 is 

stained green and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) Scale bar is 

50µm. All images were taken at 20X Magnification. 
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FAPα localised mainly to the cytoplasm in most cell lines (Fig. 3.20,Fig.S27,Fig.S28 

&Fig.S29). However, it was more diffuesd in UPS1 and diffused and localised to the 

nucleus in MFS2 cell lines (Fig.3.20 & Table 3.3). FAPα and phalloidin localisation were 

higlhy correlated (r ≥ 0.864 ;Table S1), and did not differ significantly from NHDF 

(Fig.S33). 

 

 

Figure 3. 20: Representative Immunocytochemistry images of FAPα. 

FAPα localised to the cytoplasm in NHDF (red arrows). In UPSS2 and MFS1, it localised to the 
nucleus (white arrows) and to the cytoplasm (red arrow). The nuclei are stained blue with DAPI, 
FAPα is stained green and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) Scale 
bar is 50µm. All images were taken at 20X Magnification.  
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SOX2 localised mainly to the cytoplasm in most cell lines (Fig.3.21,Fig.S30,Fig.S31 & 

Fig.S32). However, it was localsed to both the nuclear and  the cytoplasm in UPS3 and 

MFS1 cell lines (Fig.3.21, & Table 3.3). SOX2 and phalloidin localisation were highly 

correlated (r ≥ 0.80 ;Table S1), and did not differ significantly from NHDF (Fig.S33). 

 

 

Figure 3. 21: Representative Immunocytochemistry images of SOX2.  

SOX2 localised to the cytoplasm in NHDF (red arrows). In UPS3 and MFS1, it localised to the 

nucleus (white arrows) and to the cytoplasm (red arrow). The nuclei are stained blue with DAPI, 

FAPα is stained green and F-actin is stained red with phalloidin. (A) Scale bar is 100µm. (B) Scale 

bar is 50µm. All images were taken at 20X Magnification 
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    NHDF UPS2 UPS3 UPS4 UPS1 MFS3 MFS1 MFS2 LMS HUF HPF hMSC 

Transgelin 
Cytoplasmic √ √  √ √ √ √ √  √ √ √ √ √ 

Nucleus   √ √          √         

α SMA 
Cytoplasmic √ √ √  √ √ √ √ √ √ √ √ √ 

Nucleus     √                    

Vimentin 
Cytoplasmic √ √   √ √ √   √ √ √ √ √ 

Nucleus     √       √           

N-cadherin 
Cytoplasmic √ √ √ √ √ √ √ √ √ √ √ √ 

Nucleus               √         

Fibronectin 
Cytoplasmic √ √ √ √ √ √   √ √ √ √ √ 

Nucleus             √           

FSP-1 
Cytoplasmic √ √ √ √ √ √ √ √ √ √ √ √ 

Nucleus                         

FAP α 
Cytoplasmic √   √ √ √     √ √ √ √ √ 

Nucleus           √ √           

SOX2 

Cytoplasmic √ √  √ √ √ √ √ √ √ √ √ √ 

Nucleus                         

Table 3. 3: Subcellular localisation of common proteins in our cell lines.  

This table showing the subcellular localisation of the common proteins tested in this project (√) 

indicate the cellular localisation of the certain protein in the cell line either cytoplasmic or nucleus. 

Each protein coloured in a different colour to make it easier for visualisation. Coloured boxes 

indicates if protein localised nucleus rather than cytoplasm in specific cell line.  
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3.6 Summary: 

 

Early studies using light and transmission electron microscopy characterised SAFs as 

myofibroblast-like cells surrounding STS cells based on their histological appearance 

(e.g. nuclear morphology, size, shape in the connective tissue, and fibronexus presence). 

These findings suggested that they may share similar functions with myofibroblasts and 

CAFs (Lagacé et al., 1980; Weitz et al., 2003). In this project, a combination of STS cell 

lines recently isolated from STS tumours by Salawu et al. (2016) were studied along with 

two STS cell lines donated by collaborator Prof Dominique Heyman at the  Universite de 

Nantes. Commercially available cell lines do not show the same level of heterogeneity as 

tumours, and few are available that closely match their original histotype. However, cell 

lines from a STS tumour itself would be the best alternative for a better understanding of 

cancer, and these are the type of cell line used in this project (Salawu et al., 2016). All 

UPS, MFS1, MFS2 and LMS cell lines resembled their original morphology described by 

Salawu et al. (2016). 

STR or microsatellite analyses were used for cell authentication. UPS4 showed a partial 

mismatch that was concluded to be due to genomic drift.  

MUG2A showed a 100% match with human Calu-6 Anaplastic Carcinoma cells, 80% 

match with human hTERT RPE-1 retinal epithelium cell line and 80% match of human 

NCI-H720 lung carcinoma cells. Therefore, it was concluded to be contaminated and was 

excluded from this project. The UPS2, UPS3, UPS1, MFS1, MFS2, and LMS cell lines 

showed the same STR profile described by Salawu et al. (2016), confirming their identity 

and excluding any misidentification. The MFS3 cell line showed a unique STR profile, 

excluding any contamination 

Limited studies indicate a significant overlap in mesenchymal marker gene expression  

(e.g., vimentin, αSMA, FSP-1, FAPα) between STS cells, SAFs and other mesenchymal 

cell populations (Fisher, 2004; Heim-Hall & Yohe, 2008). This chapter investigated 

whether there are significant differences in protein levels between fibroblasts (NHDF, 

hMSC, HUF and HPF) and STS cells and whether these vary between histotypes. Results 

presented in this chapter indicate that some stromal protein levels were lower in UPS and 
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MFS cell lines than in LMS cell lines and primary fibroblasts. Western blot analyses were 

performed in all UPS and MFS cell lines and one LMS cell line using different antibodies 

to compare their levels of mesenchymal protein with normal human dermal fibroblasts. It 

also compared hMSC and two other primary fibroblasts (HUF and HPF) with NHDF and 

UPS cell lines. This project’s results show positive vimentin, N-cadherin, fibronectin, 

SOX2, FSP1, and FAPα expression in all STS cell lines. Transgelin and αSMA expression 

tended to be lower in all UPS and MFS cell lines than in NHDF. However, LMS, HUF, and 

HPF cell lines showed similar transgelin and αSMA expression to NHDF. 

Lower transgelin and αSMA expression was noted in the UPS and MFS cell lines, which 

are poorly differentiated sarcoma, than in the more differentiated STS (LMS) cell lines, 

whose expression was similar to NHDFs. 

Transgelin plays an important role in carcinoma tumour migration, invasion, progression, 

and metastasis. Higher transgelin expression in carcinomas was associated with poor 

patient survival (Zhou et al., 2016). In this project, transgelin expression was higher in 

LMS cell lines and NHDF than in the less differentiated STS (UPS and MFS) cell lines. 

αSMA is a widely known CAF marker. Yu et al. (2011) found that SAFs share some 

functions with CAFs since both produce high αSMA amounts in osteosarcoma. αSMA 

plays an important role in cancer progression and drug resistance. Higher αSMA levels 

correlate with poor prognosis in many carcinoma types (Ha et al., 2014). In this project, 

αSMA expression was higher in NHDF and LMS cell lines than in the less differentiated 

STS (UPS and MFS) cell lines. Could that make both Transgelin and/or αSMA potential 

stromal mesenchymal marker for STS? 

Vimentin expression levels in all STS cell lines were very close to NHDF. In carcinoma, 

vimentin overexpression was associated with tumour progression (Satelli & Li, 2011). 

Most STS cell lines show similar N-Cadherin expression to NHDFs. However, the UPS2, 

UPS1, and MFS1 cell lines showed non-significantly higher N-cadherin expression than 

NHDF. N-cadherin is an EMT marker, and its high expression was correlated with 

decreased OS in STS and bone cancer patients (Niimi et al., 2013). 
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All STS cell lines showed positive fibronectin expression levels similar to NHDF. 

Fibronectin is one of the potential ECM proteins secreted by CAFs. It is responsible for 

adhesion, proliferation, and differentiation. In carcinomas, lower fibronectin expression 

was associated with poor prognosis (Erdogan et al., 2017). 

SOX2 expression levels in all STS cell lines were similar to NHDFs. SOX2 is vital in 

cancer progression since it enhances proliferation, survival, stemness, invasion, and drug 

resistance (Zhang et al., 2020). SOX2 overexpression was associated with low survival 

rates in some carcinomas (Wuebben & Rizzino, 2017), and high SOX2 expression was 

associated with poor outcomes in sarcoma (Menendez et al., 2020; Sannino et al., 2019). 

FSP-1 expression levels in all STS cell lines were similar to NHDFs. FSP1 has been used 

as a CAF marker in many carcinoma studies. It plays a dual role in cancer since it can 

regulate invasion and metastasis via VEGFA and tenascin-C secretion and enhance the 

anti-tumour immune response by activating CD8+ T cells (Han et al., 2020). Higher FSP-

1 expression in carcinoma has been associated with low survival rates (Ha et al., 2014). 

FAPα expression levels in all STS cell lines were similar to NHDFs. FAPα is a known CAF 

marker. It facilitates cancer progression through ECM remodelling (Han et al., 2020). 

Elevated FAPα levels are associated with poorer survival in many carcinomas (Ha et al., 

2014). 

This result addressed our aim that since both STS and SAF share a common origin, few 

selective makers can be used to distinguish them, with the possible exception of 

transgelin and αSMA. Consequently, transgelin and αSMA could be selective UPS and 

MFS markers to distinguish them from normal mesenchymal cells in the STS stroma. 

Lower transgelin and αSMA expression in STS cell lines might affect cell contractility. 

Zeidan et al. (2004) found that while transgelin knockout mice were fertile and developed 

normally, they had reduced contractility in their arteries and veins due to changes in actin 

filaments structure. Another transgelin knockout mouse study showed similar normal mice 

viability and reduced contractility (Zhang et al., 2001). αSMA was considered a 

myofibroblast differentiation marker. Higher αSMA expression was associated with higher 

contractility (Hinz et al., 2001). 
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ICC was used to visualise the proteins in STS and fibroblast cells at the cellular level. It 

confirmed that transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP1, FAPα, and 

SOX2 were positively expressed in all STS and fibroblasts cell lines and mainly localised 

to the cytoplasm with some exceptions where it was either diffused or to the nucleus. 

Transgelin localised to the cytoplasm in most cell lines. However, it localised to both the 

cytoplasm and nucleus in UPS2 and MFS2 cells and was more diffuse in UPS3 cells. 

αSMA localised to the cytoplasm in all cell lines, except in UPS3 where it was instead 

diffused. Vimentin was localised to the cytoplasm in most cell lines, except UPS3 and 

MFS1, where it was diffused and in the nucleus. Several studies reported that vimentin 

was localised to the nucleus in glioblastoma multiforme (Wang et al., 2010), 

neuroblastoma (Mergui et al., 2010) and Gastric cancer (Zhao et al., 2013). N-cadherin 

was localised to the cytoplasm in most cell lines but was found in the nucleus in the MFS2 

cell line. Nuclear N-cadherin was associated with poor OS in nasopharyngeal carcinoma 

patients (Luo et al., 2012). Fibronectin localised to the cytoplasm in all cell lines, but was 

also found in the nucleus in MFS1 cell line. FSP-1 localised to the cytoplasm in all cell 

lines but was also diffuse in MFS1 cells. FAPα localised to the cytoplasm of most cell 

lines but was diffuse in UPS3 and MFS1 cells and was in the nucleus in MFS3 and MFS1 

cells. SOX2 localised to the cytoplasm in most cell lines but was also diffuse in UPS3 and 

MFS2cells. SOX2 diffuse staining pattern was strongly correlate with OSCC lymph node 

metastasis (Michifuri et al., 2012). 

Colocalisation coefficients of all eight proteins with F-actin indicated relatively similar 

localisations. 

In this chapter, eight common mesenchymal proteins were characterised and compared 

between STS and fibroblasts using cell lines western blots and ICC methods. The results 

support the possibility of transgelin as a potential SAF marker. To further study its 

potential, UPS cell lines were grown in mice as xenografts to identify the stromal 

expression of mouse mesenchymal gene by aligning RNAseq reads against the human 

and mouse reference genomes as previously described (Bradford et al., 2013). 
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Chapter 4 

Tumour growth and charactrisation of 

patient derived UPS cell lines in NSG 

mice. 
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4.1 Introduction 
 

Xenografts have been widely used in translational cancer research. Xenografting is the 

process of growing one species’s cells in another species, such as grafting human patient 

cells into immunodeficient mice to obtain a tumour microenvironment model (J. Shi et al., 

2020). The advantage of xenografts over cell culturing is that they retain the tumour’s 

heterogeneity, genetic and histological characteristics, and original phenotype (J. Shi et 

al., 2020). This project used xenografts from patient-derived cell lines. Xenografts were 

generated by injecting three undifferentiated pleomorphic sarcoma (UPS) cell lines into 

mice. Initial, limited characterisation by Drs English and Salawu showed they were more 

likely to form tumours than myxofibrosarcoma cell lines, provided they were injected into 

highly immunocompromised mouse strains.  

Formalin fixed and paraffin embedded (FFPE) sections were analysed using 

immunohistochemistry (IHC) to characterise the UPS tumours. IHC is an immunostaining 

method widely used in tumour diagnosis and pathology (Painter et al., 2010). IHC has 

been used to identify tumour cells, study tumour morphology, and compare it with the 

original tumour histology. IHC is a semi-quantitative method used to quantify protein 

expression in xenograft tissues. IHC was used to characterise the tumour 

microenvironment based on necrosis and mean vascular density (MVD) scores of FFPE 

sections stained with haematoxylin and eosin (H&E) and antibodies against platelet and 

endothelial cell adhesion molecule 1 (PECAM1/CD31). IHC was also used to characterise 

the protein expressions characterised by western blots in chapter 3, including transgelin, 

αSMA, vimentin, N-cadherin, fibronectin, FSP-1, FAPα and SOX2.  

Indirect immunofluorescence (IF) methods were used to quantify and visualise proteins 

in our xenografts. IF uses a fluorescence labelled antibody to identify and locate the 

protein of interest in the tissue (Betterle & Zanchetta, 2012). Indirect IF was used to 

quantify and locate common proteins of interest (vimentin, N-cadherin, fibronectin and 

SOX2).Double IF was used to detect transgelin and the human mitochondrial antibody 

(MT-AB) to attempt to distinguish human cancer and mouse stroma cells. Similarly, αSMA 

was co-stained with CD31 to identify and quantify pericytes associated blood vessels in 
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the xenografts, a vascular function indicator. Moreover, FSP-1 and FAPα were co-stained 

with F4/80 antigen, a macrophage marker, to distinguish these cells from mesenchymal 

cells. The four most representative tumours were selected for next-generation RNA 

sequencing (RNAseq) according to the following criteria: closest to the mean tumour 

volume, necrosis, and MVD and high Nanodrop- and Bioanalyser-based RNA quality. 

This chapter addresses our aim to grow UPS cell lines as xenografts and to characterise 

them before choosing the most representative tumours for RNAseq. 

4.1.1 Aim 
 

To grow STS cell lines as xenografts in mice to allow identification of stromal gene 

expression of mouse transcripts by aligning RNAseq reads against the human and 

mouse reference genomes.  

4.1.2 Experimental approach and statistical analysis 
 

 Four UPS cell lines were injected subcutaneously into NSG mice (each cell 

lines were injected into six NSG mice), only three cell lines made tumours. 

 Sixteen tumour sections were removed and were cut into half, one half was 

frozen and the other half was fixed with paraffin. 

 RNA quality was checked in the tumour sections and only 12 sections were 

chosen (four sections from each cell line) for RNA-seq analysis.  

 The eight common mesenchymal proteins that was characterised in STS 

cell lines in chapter 3 were used to try to compare their expression between 

UPS cell lines and the stroma using Immunohistochemistry (IHC)and 

immunofluorescence (IF) methods. 
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4.2 Selection of UPS tumours for RNAseq analysis 

4.2.1 Growth of UPS cell lines in NSG mice 

 

Four UPS cell lines (5×106 cells) were injected subcutaneously by Dr English into six male 

(8–10 week-old) highly immunodeficient NOD SCID gamma (NSG) mice in a 1:1 

phosphate-buffered saline to Matrigel solution since pilot studies showed this improved 

tumour uptake consistency. Tumours were removed when they reached 600–800 mm3. 

Half of the tumour was frozen in optimal cutting temperature compound and stored at 

−80°C, while the other half was FFPE. UPS4 tumours were removed after 70 days, UPS2 

tumours after ~100 days, and UPS3 tumours after >100 days. UPS1 cells did not form 

tumours (Fig. 4.1). Sixteen tumours were resected: six UPS2, four UPS3, and six UPS4. 
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Figure 4. 1: UPS subcutaneous growth curve.  

The curve shows the growth of the three UPS cell lines in NSG mice. X- axis is the day post 
injection. STS13/12 was the most consistnent tumour to start growing after 35 days, STS06/11 
started to grow 50 days post injection, while STS09/11 started to grow much slower after 70 days 
and UPS1 didn’t grow. UPS2 is STS06/11,UPS3 is STS09/11, UPS4 is STS13/12 and UPS1 is 
STS14/10.  
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4.3 Characterisation of the tumour microenvironment through 

immunohistochemical and immunofluorescence staining 
 

4.3.1 Necrosis scoring by Haematoxylin and Eosin (H&E) staining 

Necrosis is a post-inflammatory form of cell death characterised by organelle swelling in 

the cytoplasm and mitochondria, nuclei rupture, and plasma membrane breakdown 

(Festjens et al., 2006). Necrosis levels were quantified by cutting three FFPE tumour 

sections and staining them with H&E. H&E is a valuable staining method used to observe 

tissue histology. H&E staining is a combination of two dyes: haematoxylin (a natural basic 

dye extracted from the logwood tree), which stains basophilic structures such as the 

nucleus and rough endoplasmic reticulum in a purplish blue colour, and eosin (an acidic 

dye), which stains eosinophilic structures such as the extracellular matrix and cytoplasm 

a bright pink colour (Painter et al., 2010). Necrosis scoring was performed as described 

in Section 2.8.1. UPS3 had higher necrosis scores (mean = 38.5%), followed by UPS4 

(mean = 34.7%), and UPS2 (mean = 28.9%). A statistical analysis was performed 

according to Section 2.9 (Fig. 4.2). 
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Figure 4. 2:  Necrosis in H&E stained xenografts.  

(A) H&E stained xenografts at 20X magnification (scale bar = 100 µm). (B) Magnified images 
(scale bar = 50 µm). (C) Bar chart of mean necrosis scores in xenografts. Key: *, P < 0.05; **, P 
< 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± standard error of the mean (SEM).   
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4.3.2 Quantification of mean vascular density (MVD) after staining for 

CD31 

Angiogenesis, or neovascularisation, is the formation of new blood vessels to supply the 

tumour with oxygen and nutrients, leading to tumour progression and metastases 

(Lugano et al., 2020). We measured MVD to assess the tumour vascularisation level of 

our xenografts (Sie et al., 2010). 

MVD was quantified after IHC staining for CD31. Platelet endothelial cell adhesion 

molecule-1 (PECAM-1) or CD31 is an endothelial marker used to quantify vascularisation 

(Lugano et al, 2020). It is an integral membrane protein expressed on the endothelial 

cell’s surface and is crucial for cell-cell adhesion, cell migration, and angiogenesis (Wang 

et al., 2008). 

A semi-quantitative analysis was performed on CD31-stained tumours, calculating the 

number of CD31-positive vessels per square millimetre (Section 2.7.1). All three xenograft 

tissues showed a uniform vasculature distribution, with some collapsed vessels and open 

lumen vessels characteristic of tumours vessels (Fig. 4.3A-B). Analysis showed that the 

MVD did not differ significantly among the three xenograft tissues (Fig.4.3D). Negative 

control was done without the primary antibody (Fig. 4.3C). 
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Figure 4. 3:  IHC CD31 staining-based microvascular density. 

 (A) CD31 stained xenografts at 20× magnification (scale bar = 100 µm). (B) Magnified images 
(scale bar = 50 µm). (C) Negative control for CD31. (D) Bar chart of MVD percentages in 
xenografts. Arrows show open lumen vessels. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, 
not significant. Error bars denote ± SEM.   
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4.3.3 Quantification of the expression of mesenchymal genes in 

xenografts by IHC and IF 
 

Transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP-1, FAP α and SOX2, previously 

characterised by western blot and immunocytochemistry (ICC) in cultured cells in Chapter 

3, were examined and quantified in xenografts by IHC of FFPE tissues and IF of frozen 

tissues.  

4.3.3.1 Transgelin 

Transgelin is a calponin family actin-binding protein and a specific marker for smooth 

muscle differentiation (Tawfik et al., 2014). It plays a crucial role in cell migration and 

contractile functions. Xenograft sections were stained with an anti-transgelin antibody 

(Sections 2.7 and 2.8). Positive transgelin staining was defined as dark brown 

cytoplasmic staining. The cellular staining pattern did not differ among the three xenograft 

sections (Fig. 4.4A-B). Transgelin staining intensity was evaluated using the Qupath 

software. Transgelin intensity (%) means the percentage of transgelin positively stained 

cells in region of interest (in this case the whole tumour section. Quantification of staining 

of transgelin using IHC showed no significant differences in expression among the three 

xenografts (Fig.4.4D). The negative control was processed without adding the primary 

antibody (Fig. 4.4C). Xenograft sections were also stained for transgelin using IF method. 

All xenograft sections showed positive green cytoplasmic staining. Fluorescence intensity 

was measured using ImageJ software and calculated using corrected total cell 

fluorescence (CTCF) according to Section 2.6.1. Statistical analysis showed that 

transgelin levels did not differ significantly among the three xenografts (Fig.4.5). 

 

 



121 
 

 



122 
 

 

Figure 4. 4: IHC staining for transgelin in xenografts. 

(A) Transgelin-stained xenografts at 20X magnification (scale bar = 100 µm). The nuclei are 
stained blue with haematoxylin, and transgelin is stained brown. (B) Magnified images for 
respective xenografts (scale bar = 20 µm). (C) Negative control for transgelin. (D) Bar chart of 
transgelin intensity in xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. 
Error bars denote ± SEM. 
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Figure 4. 5: IF staining for transgelin in xenografts. 

Transgelin-stained xenografts at 20X magnification (scale bar = 100 µm) and magnified images 
(scale bar = 20 µm). The nuclei are stained blue with DAPI, and transgelin is stained green. NC= 
Negative control for transgelin. Bar chart of transgelin CTCF in xenografts. Key: *, P < 0.05; **, P 
< 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.3.3.2 αSMA 

αSMA is an actin isoform that plays an important role in fibrogenesis. It is an intracellular 

protein located in actin filaments and microtubules. It is also frequently used as a marker 

for cancer-associated fibroblasts (CAFs) but is also found in myofibroblasts and smooth 

muscle cells. Positive αSMA staining appear as a dark brown cytoplasmic staining in IHC, 

which was positive in all xenograft sections and showed no difference in cellular staining 

patterns (Fig. 4.6A&B). αSMA staining intensity was evaluated using the Qupath 

software.αSMA intensity (%) means the percentage of transgelin positively stained cells 

in region of interest (in this case the whole tumour section. Quantification of staining of 

αSMA using IHC showed no significant differences in expression among the three 

xenografts (Fig.4.6D). The negative control was processed without adding the primary 

antibody (Fig.4.6C). Xenograft sections were also stained for αSMA using an IF method. 

All xenograft sections showed positive green cytoplasmic staining, with more intense 

staining in UPS3 reminiscent of vascular staining, possibly indicating pericytes. 

Fluorescence intensity was measured using the ImageJ software and calculated using as 

CTCF according to Section 2.6.1. Statistical analysis showed αSMA levels did not differ 

significantly among the three xenografts (Fig. 4.7). 
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Figure 4. 6: IHC staining for αSMA in xenografts. 

 (A) αSMA-stained xenografts at 20X magnification (scale bar = 100 µm). The nuclei are stained 
blue with haematoxylin and αSMA is stained brown. (B) Magnified images for respective 
xenografts. (scale bar =20µm). (C) Negative control for αSMA. (D) Bar chart for αSMA intensity 
in xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote 
± SEM. 
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Figure 4. 7: IF staining for αSMA in xenografts. 

αSMA-stained xenografts at 20X magnification (scale bar=100 µm) and magnified images (scale 
bar = 20 µm).. The nuclei are stained blue with DAPI and αSMA is stained green. The nuclei are 
Negative control for αSMA. Barchart of αSMA CTCF in xenografts. Key: *, P < 0.05; **, P < 0.01; 
***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.3.3.3 Vimentin 

Vimentin is an intermediate filaments protein. It is one of the most common mesenchymal 

proteins that maintain cell growth, adhesion, and migration. It is an intracellular protein 

located in intermediate filaments. Vimentin has been associated with various diseases, 

such as cataracts (Matsuyama et al., 2013). Vimentin is also an EMT marker, 

emphasising its role in tumour progression and metastasis (Ivaska et al., 2007). Positive 

vimentin staining identified as a dark brown cytoplasmic staining, in all xenograft sections 

in which had similar cellular staining patterns (Fig. 4.8A&B). Vimentin intensity was 

evaluated using Qupath software. Vimentin intensity (%) means the percentage of 

transgelin positively stained cells in region of interest (in this case the whole tumour 

section. Quantification of staining of vimentin using IHC showed no significant differences 

in expression among the three xenografts (Fig.4.8D). The negative control was processed 

without adding the primary antibody (Fig.4.8C). Xenograft sections were also stained for 

vimentin using an IF method. All xenograft sections showed positive green cytoplasmic 

staining. Fluorescence intensity was measured using ImageJ software and calculated as 

CTCF according to Section 2.6.1. Statistical analysis showed that vimentin levels did not 

differ significantly between UPS1 and UPS2 cells. However, IF staining showed higher 

vimentin levels in UPS3 cells than UPS2 cells (Fig. 4.9). Vimentin staining confirms the 

mesenchymal origin of our UPS tumours (Thway et al., 2011). 
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Figure 4. 8: IHC staining for vimentin in xenografts. 

(A) Vimentin-stained xenografts at 20X magnification (scale bar = 100 µm).  The nuclei are stained 
blue with haematoxylin and vimentin is stained brown. (B) Magnified images for respective 
xenografts (scale bar =20µm). (C) Negative control for vimentin. (D) Bar chart for vimentin 
intensity in xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars 
denote ± SEM. 
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Figure 4. 9: IF staining for vimentin in xenografts. 

Vimentin-stained xenografts at 20X magnification (scale bar=100 µm) and magnified images 
(scale bar = 20 µm). The nuclei are stained blue with DAPI and vimentin is stained green. The 
nuclei are Negative control for vimentin. Bar chart of vimentin CTCF in xenografts. Key: *, P < 
0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.3.3.4 N-cadherin 

N-cadherin is a calcium calponin protein of the classical cadherin family that plays an 

important role in embryogenesis, cell adhesion, and integrity. It is an intracellular protein 

located in plasma membranes and cell junctions. N-cadherin is expressed ubiquitously in 

many cells, including fibroblasts, skeletal muscle, and endothelial cells. It plays an 

important role in the EMT process, which enhances cancer metastasis (Mrozik et al., 

2018). Positive N-cadherin staining was identified as a dark brown cytoplasmic staining 

in all xenograft sections, which showed similar cellular staining pattern (Fig. 4.10A&B). N-

cadherin staining intensity was evaluated using the Qupath software. N-cadherin intensity 

(%) means the percentage of transgelin positively stained cells in region of interest (in 

this case the whole tumour section.  Quantification of staining of N-cadherin using IHC 

showed no significant differences in expression among the three xenografts (Fig.4.10D). 

The negative control was processed without adding the primary antibody (Fig.4.10C). 

Xenograft sections were also stained for N-cadherin using an IF method. All xenograft 

sections showed positive green cytoplasmic N-cadherin staining. Fluorescence intensity 

was measured using ImageJ software and calculated as CTCF according to Section 

2.6.1. Statistical analysis showed that N-cadherin levels did not differ significantly among 

the three xenografts (Fig. 4.11). 
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Figure 4. 10: IHC staining for N-cadherin in xenografts.  

(A) N-cadherin-stained xenografts at 20X magnification (scale bar = 100 µm).  The nuclei are 
stained blue with haematoxylin and N-cadherin is stained brown. (B) Magnified images for 
respective xenografts (scale bar =20µm). (C) Negative control for N-cadherin. (D) Bar chart for N-
cadherin intensity in xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. 
Error bars denote ± SEM.  
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Figure 4. 11: IF staining for N-cadherin in xenografts. 

N-cadherin-stained xenografts at 20X magnification (scale bar=100 µm) and magnified images 
(scale bar = 20 µm). The nuclei are stained blue with DAPI and N-cadherin is stained green. The 
nuclei are Negative control for N-cadherin. Bar chart of N-cadherin CTCF in xenografts. Key: *, P 
< 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.3.3.5 Fibronectin 

Fibronectin is a large glycoprotein that exists in a soluble form found in plasma 

membranes and an insoluble intracellular form. It plays an important role in cell-cell 

adhesion, migration, differentiation, and embryogenesis. It was associated with cancer 

progression and has been identified as an EMT marker (Bae et al., 2013). IHC-based 

fibronectin staining did not differ significantly among the three xenografts (Fig. 4.12). 

Positive fibronectin staining identified as a dark brown cytoplasmic and diffuse nuclear 

staining in all xenograft sections, which showed similar cellular staining patterns (Fig. 

4.12A&B). Fibronectin staining intensity was evaluated using the Qupath software. 

Fibronectin intensity (%) means the percentage of transgelin positively stained cells in 

region of interest (in this case the whole tumour section. Quantification of the staining of 

fibronectin using IHC showed no significant differences among the three xenografts 

(Fig.4.12D). The negative control was processed without adding the primary antibody 

(Fig.4.12C). Xenograft sections were also stained for fibronectin using an IF method. All 

xenograft sections showed positive patchy green cytoplasmic staining. Fluorescence 

intensity was measured using the ImageJ software and calculated as CTCF according to 

Section 2.6.1. Statistical analysis showed that fibronectin levels did not differ significantly 

between UPS2 and UPS3 cells and between UPS1 and UPS3 cells. However, fibronectin 

levels were significantly higher in UPS1 than in UPS2 cells (Fig. 4.13). 
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Figure 4. 12: IHC staining for fibronectin in xenografts. 

(A) Fibronectin-stained xenografts at 20X magnification (scale bar = 100 µm).  The nuclei are 
stained blue with haematoxylin and fibronectin is stained brown. (B) Magnified images for 
respective xenografts (scale bar =20µm). Arrows indicate cytoplasmic staining and arrowheads 
indicate nuclear staining. (C) Negative control for fibronectin. (D) Bar chart for fibronectin intensity 
in xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote 
± SEM.  
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Figure 4. 13: IF staining for fibronectin in xenografts.  

Fibronectin-stained xenografts at 20X magnification (scale bar=100 µm) and magnified images 
(scale bar = 20 µm). The nuclei are stained blue with DAPI and fibronectin is stained green. The 
nuclei are Negative control for fibronectin. Bar chart of fibronectin CTCF in xenografts. Key: *, P 
< 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.3.6 FSP-1 

FSP-1 or S100A is a cytoplasmic calcium-binding protein of the S100 family. It has been 

used as a fibroblast marker in different organs undergoing tissue remodelling or fibrosis. 

It plays an important role in cell adhesion, migration, angiogenesis, and invasion, 

promoting cancer progression in carcinomas (Sun et al., 2015). It is an intracellular protein 

located in the cytoplasm and nucleus. Positive FSP-1 staining was identified as a dark 

brown cytoplasmic and diffuse nuclear staining in all xenograft sections, which showed 

similar cellular staining patterns (Fig. 4.14). FSP-1 intensity was evaluated using Qupath 

software. FSP-1 intensity (%) means the percentage of transgelin positively stained cells 

in region of interest (in this case the whole tumour section.  Quantification of staining of 

FSP-1 using IHC showed no significant differences in expression among the three 

xenografts (Fig.4.14D). The negative control was processed without adding the primary 

antibody (Fig.4.14C). Xenograft sections were also stained with FSP1 using an IF 

method. All xenograft sections showed positive patchy green cytoplasmic staining. 

Fluorescence intensity was measured using the ImageJ software and calculated as CTCF 

according to Section 2.6.1. Statistical analysis showed that FSP-1 levels did not differ 

significantly among the three xenografts (Fig. 4.15). 
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Figure 4. 14: IHC staining for FSP-1 in xenografts.  

(A) FSP-1-stained xenografts at 20X magnification (scale bar = 100 µm).  The nuclei are stained 
blue with haematoxylin and FSP-1 is stained brown. (B) Magnified images for respective 
xenografts (scale bar =20µm). Arrows indicate cytoplasmic staining and arrowheads indicate 
nuclear staining.  (C) Negative control for FSP-1. (D) Bar chart for FSP-1 intensity in xenografts. 
Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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Figure 4. 15: IF staining for FSP-1 in xenografts. 

FSP-1-stained xenografts at 20X magnification (scale bar=100 µm) and magnified images (scale 
bar = 20 µm). The nuclei are stained blue with DAPI and FSP-1 is stained green. The nuclei are 
Negative control for FSP-1. Bar chart of FSP-1 CTCF in xenografts. Key: *, P < 0.05; **, P < 0.01; 
***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.3.3.7 FAPα 

FAPα is an intracellular serine protease that plays a crucial role in tissue repair, wound 

healing, inflammation and fibrosis. It has been used as a CAF marker (Nurmik et al., 

2020). FAPα has a vital function in cancer as it could promote tumorigenesis. High FAPα 

expression was associated with poor progression-free survival (PFS) in colon cancer 

(Henry, 2007). Positive FAPα was identified as dark brown cytoplasmic staining in all 

xenograft sections, which showed similar cellular staining patterns (Fig. 4.16). FAPα 

staining intensity was evaluated using Qupath software. FAPα intensity (%) means the 

percentage of transgelin positively stained cells in region of interest (in this case the whole 

tumour section.  Quantification of FAPα staining using IHC showed no significant 

differences in expression among the three xenografts (Fig.4.16D). The negative control 

was processed without adding the primary antibody (Fig.4.16C). Xenograft sections were 

also stained for FAPα using an IF method. All xenograft sections showed positive green 

cytoplasmic staining. Fluorescence intensity was measured using the ImageJ software 

and calculated as CTCF according to Section 2.6.1. Statistical analysis showed that FAPα 

levels did not differ significantly among the three xenografts (Fig. 4.17). 
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Figure 4. 16: IHC staining for FAPα in xenografts. 

(A) FAPα -stained xenografts at 20X magnification (scale bar = 100 µm).  The nuclei are stained 
blue with haematoxylin and FAPα is stained brown. (B) Magnified images for respective 
xenografts (scale bar =20µm). (C) Negative control for FAPα. (D) Bar chart for FAPα intensity in 
xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± 
SEM.  
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Figure 4. 17: IF staining for FAPα in xenografts. 

FAPα -stained xenografts at 20X magnification (scale bar=100 µm) and magnified images (scale 
bar = 20 µm). The nuclei are stained blue with DAPI and FAPα is stained green. The nuclei are 
Negative control for FAPα. Bar chart of FAPα CTCF in xenografts. Key: *, P < 0.05; **, P < 0.01; 
***, P < 0.001; ns, not significant. Error bars denote ± SEM.  
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4.3.3.8 SOX2 

SOX2 is a transcription factor with a vital role in self-renewal, pluripotency and 

embryogenesis (Schaefer & Lengerke, 2020). SOX2 was associated with cellular 

proliferation in carcinomas, enhancing invasion, migration, and metastasis (Weina & 

Utikal, 2014). SOX2 is an intracellular protein located in the nucleoplasm. Positive SOX2 

identified as a dark brown nuclear staining, in all xenograft sections, which showed similar 

staining intensities (Fig. 4.18). SOX2 staining intensity was evaluated using QuPath 

software. SOX2 intensity (%) means the percentage of transgelin positively stained cells 

in region of interest (in this case the whole tumour section.  Quantification of staining of 

SOX2 using IHC showed no significant differences in expression among the three 

xenografts (Fig.4.18D). Negative control was processed without adding the primary 

antibody (Fig.4.18C). Xenograft sections were also stained for SOX2 using an IF method. 

All xenograft sections showed positive green nuclear/cytoplasmic staining with a variation 

in the staining pattern, as in UPS2 and UPS3 SOX2 staining was nuclear staining but in 

UPS1 Staining was both cytoplasmic and nuclear. Fluorescence intensity was measured 

using the ImageJ software and calculated as CTCF according to Section 2.6.1. Statistical 

analysis showed that SOX2 levels did not differ significantly among the three xenografts 

(Fig. 4.17). 
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Figure 4. 18: IHC staining for SOX2 in xenografts.  

(A) SOX2 -stained xenografts at 20X magnification (scale bar = 100 µm).  The nuclei are stained 
blue with haematoxylin and SOX2 is stained brown. (B) Magnified images for respective 
xenografts (scale bar =20µm). (C) Negative control for SOX2. (D) Bar chart for SOX2 intensity in 
xenografts. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant. Error bars denote ± 
SEM. 
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Figure 4. 19: IF staining for SOX2 in xenografts.  

SOX2 -stained xenografts at 20X magnification (scale bar=100 µm) and magnified images (scale 
bar = 20 µm). The nuclei are stained blue with DAPI and SOX2 is stained green. The nuclei are 
Negative control for SOX2. Bar chart of SOX2 CTCF in xenografts. Key: *, P < 0.05; **, P < 0.01; 
***, P < 0.001; ns, not significant. Error bars denote ± SEM. 
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4.4 Development of a method for differentiating human and mouse cells 

in UPS xenografts 

It is essential to distinguish human (UPS cells) cells from mouse (stroma) cells in the 

xenografts. In this project, two mouse fibrosarcoma cell lines (T241 and FS188) were 

used to study cell morphology. The T241 cell line is a spontaneously occurring 

fibrosarcoma from C57BL/6J mice (Gutierrez et al., 2000). FS188 is a mouse 

fibrosarcoma cell line expressing only the vascular endothelial growth factor A (VEGFA)-

188 isoform, isolated from vegfa188/188 E13.5 embryonic fibroblasts transformed with 

simian virus 40 and Harvey rat sarcoma virus oncogene (English et al., 2017). These two 

cell lines were used since they are mouse pleomorphic tumours comparable to our STS 

cells rather than primary mouse fibroblasts. Xenograft tissues were co-stained with 

human-specific (MT-AB) and transgelin antibodies to count cancer (positive) versus 

tumour (negative) cells. 
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4.4.1 Characterisation of mouse cell line morphology and staining for human 

mitochondrial antibody (MT AB) 

 
 
 

 
 
 

 

Figure 4. 20: Illustrative phase-contrast images of T241 and FS188 cells. 

Scale bars denote 100 µm (10X magnification) and 50 µm (20X magnification). 
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4.4.2 Staining with the human mitochodrial antibody (Mt AB)   

This project used two mouse cell lines to differentiate between human and mouse cells 

based on ICC and IF fluorescence staining. The two mouse fibrosarcoma cell lines, T241 

and FS188, showed spindle-shaped morphology under a light microscope (Fig. 4.20). 

The anti-human Mitochondrial antibody (Mt AB) was applied to all primary fibroblasts, 

human mesenchymal stem cells (hMSC) and mouse FS188 and T241 to distinguish 

between human (positive) and mouse (negative) cells, and to study their subcellular 

localisation using ICC. MT-AB is a human cell marker localised to the mitochondria, 

nucleus, and cytoplasm in all primary fibroblasts (Chang et al., 2020). MT AB staining 

was negative in FS188 & T241 (Fig. 4.21, & Table. 4.1). Moreover, xenograft sections co-

stained for transgelin and MT-AB confirmed that MT AB could be used to distinguish 

human from mouse cells in xenografts. All UPS xenografts contained MT AB-positive cells 

(stained red; Fig. 4.22). MT AB staining was quantified, showing that UPS4 had fewer MT 

AB-positive cells than UPS2 and UPS3 (Fig.4.22B). The colocalisation of transgelin and 

MT-AB was assessed using Pearson’s correlation coefficient (PCC) (r), as described in 

Section 3.6. The mean colocalisation coefficient was calculated for UPS2 (r = 0.786), 

UPS3 (r = 0.750), and UPS4 (r = 0.730; Fig. 4.22C.).  

 

Table 4. 1: Subcellular localisation of MT AB in human fibroblasts. 

The table showing the subcellular localisation of mitochondrial antibody which shows cytoplasmic 

localisation in NHDF,hMSC, HUF & HPF. However, both FS188 & T241 don’t express the 

antibody. 

 

 

Mitochondrial AB 

Subcellular localisation  NHDF hMSC HUF HPF FS188 T241 

Cytoplasmic √ √  √ √ x x 

Nucleus  x x    x   x   x   x 
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Figure 4. 21: Representative ICC images of human MT AB staining.  

Mt AB localised to the cytoplasm (red arrows) in NHDF, while there is negative staining for MT 
AB in T241 and FS188. The nuclei are stained blue with DAPI and MT AB staining is green. (A) 
Scale bar = 100µm. (B) Scale bar = 50 µm. All images were taken at 20X magnification. 
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Figure 4. 22: IF co-staining of transgelin and MT AB in xenografts. 

(A) Transgelin and Mt AB stained xenografts (scale bar=100µm) and magnified images for 
respective xenografts (scale bar 20µm). The nuclei are stained blue with DAPI, transgelin is 
stained green and MT AB is stained red. (B) Bar chart of MT AB positivity percentages. (C) Bar 
chart of colocalisation coefficients between transgelin and MT AB. Key: *, P < 0.05; **, P < 0.01; 
***, P < 0.001; ns, not significant; NC, negative control. Error bars denote ± SEM. 
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4.4.3 Colocalisation of CD31 and αSMA for analysis of pericyte coverage  

αSMA was co-stained with CD31 using IF to quantify pericyte coverage on vessels. 

Pericyte coverage is crucial for vasculature function, a strong indicator of tumour 

progression (Natarajan et al., 2022). Pericyte coverage is a factor in tumour angiogenesis. 

Abnormal pericyte coverage has been associated with various tumour outcomes. High 

pericyte coverage was associated with poor outcomes in melanoma and renal cancers 

(Gee et al., 2003). Low pericyte coverage was associated with enhanced metastasis 

(Cooke et al., 2012). 

Tumour pericytes express various markers including αSMA, platelet-derived growth factor 

beta receptor (PDGFRβ), desmin and chondroitin sulfate proteoglycan 4 

(CSPG4)/NG2(Ribeiro & Okamoto, 2015). In this experiment, αSMA was co-stained with 

CD31. Its colocalisation indicates a physical interaction between pericytes and endothelial 

cells (Natarajan et al., 2022). 

αSMA and CD31 colocalisation was assessed using Pearson’s correlation coefficient (r), 

as explained in Section 3.6. Their colocalisation was separately assessed in all three 

sections, UPS2 (r = 0.612), UPS3 (r = 0.788), and UPS4 (r = 0.598) sections. 

Colocalisation did not differ significantly among the xenografts (Fig. 4.23C). Moreover, 

the number of pericyte-positive vessels identified by CD31 staining did not differ 

significantly among the three xenografts (Fig. 4.23B). 
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Figure 4. 23: IF co-staining of αSMA and CD31 in Xenografts. 

(A) αSMA and CD31 co-staining in xenografts (scale bar =100µm) and magnified images for 
respective xenografts (scale bar =20µm). The nuclei are stained blue with DAPI, αSMA is stained 
green and CD31 is stained red. (B) Bar chart of pericyte positive vessels identified by CD31. (C) 
Bar chart of colocalisation coefficient between the xenografts. Key: *, P < 0.05; **, P < 0.01; ***, 
P < 0.001; ns, not significant; NC, negative control. Error bars denote ± SEM. 
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4.4.4 Colocalisation analysis of F4/80 with FSP-1 and FAPα 

FSP-1 is a fibroblast marker also expressed by other cell types, including inflammatory 

macrophages found in cirrhosis and cancer. The F4/80 antigen has been widely used in 

mice as a specific macrophage marker (Österreicher et al., 2011). FAPα is used as a CAF 

marker but is also expressed by various other cells, including tumour-associated 

macrophages (TAMs) (Arnold et al., 2014; Muliaditan et al., 2018). 

We first calculated the number of F4/80 positive cells in each xenograft. The number of 

F4/80-positive cells did not differ significantly among the three xenografts (Figs. 4.24B 

and 4.25B). 

Next, FSP-1 and FAPα were co-stained with F4/80 to distinguish fibroblasts and 

mesenchymal cells from macrophages in tumour sections. The mean percentage of 

F4/80-positive cells that were FSP-1-positive was 47.6% with UPS2, 36.7% with UPS3, 

and 38% with UPS4. The mean percentage of F4/80-positive cells that were FAPα-

positive was 53% with UPS2, 34.3% with UPS3, and 41% with UPS4 (Figs. 4.24C and 

4.25C). 
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Figure 4. 24: IF co-staining of FSP-1 and F4/80 in xenografts. 

(A) FSP-1 and F4/80 co-staining in xenografts (scale bar =100µm) and magnified images for 
respective xenografts (scale bar 20µm). The nuclei are stained blue with DAPI, FSP-1 is stained 
green and F4/80 is stained red. (B) Bar chart of F4/80 positive cells. (C) Bar chart of F4/80+ve 
FSP-1 +ve cells percentages. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant; NC, 
negative control. Error bars denote ± SEM. 
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Figure 4. 25: IF co-staining of FAPα and F4/80 in Xenografts. 

(A) FAPα and F4/80 co-staining in xenografts (scale bar = 100µm) and magnified images for 
respective xenografts (scale bar = 20µm). The nuclei are stained blue with DAPI, FAPα is stained 
green and F4/80 is stained red. (B) A bar chart of F4/80 positive cells. (C) A bar chart of F4/80+ve 
FAPα+ve cells percentages. Key: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant; NC, 
negative control. Error bars denote ± SEM. 
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4.4.5 Selection of UPS tumours for RNAseq 

Out of the 16 xenografts created, we selected 12 for RNAseq, four from each cell line. 

Following the necrosis and MVD scoring, RNA was extracted from the frozen sections, 

as described in Section 2.4.2. RNA concentration and quality were determined using a 

NanoDrop spectrophotometer 1000 UV-Vis system, as described in Section 2.4.2.1. 

Moreover, the RNA integrity number (RIN) was obtained from an Agilent Bioanalyser. We 

aimed to select the least necrotic tissues with the lowest MVDs. However, since necrosis 

and MVD did not differ significantly across samples (Figs. 4.2 and 4.3), they were chosen 

based on their quality (RIN ≥9.1; 260/280 ≥1.97; 260/230 ≥2.0; Table.4.2). 

 

 

 

Table 4. 2: UPS samples sent for RNAseq.  

The table demonstrating necrosis, MVD percentages and RNA conentrations. 

  

Cell Lines Necrosis  MVD     RNA(ng/µl) 260/280 260/230 RIN Agilent(ng/µl) 

UPS2 29%  5%     41.6 2.02 2.1 9.1 47 

UPS2 13%  6%     172.8 2.1 1.88 9.3 246 

UPS2 19%  6%     54.9 2.07 2.24 9.2 61 

UPS2 34%  7%     71.5 2.2 2.15 9.3 67 

UPS3 36%  5%     38.7 2.16 2.65 9.8 41 

UPS3 47%  6%     37.2 2.08 1.94 9.4 63 

UPS3 29%  5%     231.3 2.11 1.94 9.5 211 

UPS3 42%  3.2%     159.9 2.11 2.19 9.2 155 

UPS4 35%  2%     35.8 1.97 2.75 9.5 54 

UPS4 32.40%  7%     57.1 2.09 1.82 9.8 58 

UPS4 33%  5%     52.4 2.06 1.98 9.6 68 

UPS4 37.40%  5%     22 1.96 2.19 9.3 33 
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4.5 Conclusions 

 In this chapter, three UPS cell lines grew in mice, addressing one aim of this study. A 

pilot study was performed to investigate the growth of four UPS cell lines as xenografts 

in mice, of which three grew (UPS2, 3, and 4); UPS1 did not grow. 

Following their western blot analysis in the previous chapter, a comparison of eight 

common mesenchymal protein levels was made between xenografts using IHC and IF 

methods. IHC was performed on FFPE sections, while IF was performed on frozen 

sections. Differentiating between cancer and stromal cells was impossible based on 

nuclear size and intensity using QuPath segmentation. Cancer cell nuclei are expected 

to be bigger than stromal cell nuclei (Salawu et al., 2016). However, the program may be 

limited in segmenting based on these parameters, with the similarity between tumour and 

stromal cell nuclei making it unable to differentiate them. Therefore, detecting differences 

in mesenchymal protein levels between STS and mouse stromal cells was impossible. 

Nevertheless, IHC-based comparisons of global protein levels showed no significant 

differences in the tested proteins among xenografts. While IHC is an inexpensive method, 

comparisons in protein quantities between UPS and stromal cells were difficult to perform. 

While western blots in Chapter 3 showed that normal fibroblasts in vitro had higher 

transgelin and αSMA expression than STS cell lines in vitro, this could not be confirmed 

using IHC or IF. Therefore, we used RNAseq and the proper separation of human and 

mouse transcripts for analysis. Other methods, such as RNAscope or BASEscope, could 

be used to provide quantifications in different cells using mouse and human-specific 

transcript probes. 

The quantities of eight common mesenchymal proteins were also compared among 

xenografts using IF. Again, no significant differences were observed for most proteins. 

However, vimentin showed higher levels in UPS4 than in UPS3 cells, and fibronectin 

showed higher levels in UPS2 than in UPS3 cells. 

This project used two mouse cell lines, T241 and FS188 (see Section 2.1), to develop a 

method to distinguish human from mouse cells in vitro and xenografts. Using ICC, a 

human-specific antibody (MT-AB) was applied to mouse cell lines and human fibroblasts. 



176 
 

The results confirmed that MT-AB was human-specific since mouse cells were negative 

for staining. Then, the MT AB was co-stained with transgelin in UPS tumours using IF. 

UPS3 tumours contained fewer MT-AB-positive cells and had lower transgelin-MT AB 

colocalisation coefficients than UPS2 and UPS3. Therefore, UPS4 tumours have lower 

UPS cell line contents than UPS2 and UPS3 (Fig. 4.22B). 

Pericyte coverage of blood vessel was determined by co-staining αSMA and CD31 using 

IF staining of UPS tumours. αSMA can be used as a tumour pericyte marker and CD31 

as a blood vessel marker (Kim et al., 2020). CD31-positive vessel numbers did not differ 

significantly among UPS tumours. However, its colocalisation with αSMA tended to be 

weaker in UPS4 than in UPS2 and UPS3 tumours. Abnormal pericyte coverage of blood 

vessels impact tumour development. Higher pericyte coverage associated with poor 

outcome in renal cancer (Cao et al., 2013). Lower pericyte coverage was associated with 

lower overall survival and PFS in breast cancer patients (Cooke et al., 2012). As 

mentioned above, lower pericyte coverage in UPS4 tumours could reflect lower human 

UPS cell contents. 

F4/80 is a cell surface glycoprotein and a known murine macrophage marker (Dos Anjos 

Cassado, 2017). The number of F4/80-positive cells did not differ significantly among 

UPS xenografts. However, F4/80 positivity was lower in UPS4 than in UPS2 and UPS3 

tumours. Could that be an indication of lower macrophage content in UPS4 tumours? 

Further analyses will explore cell prediction in Chapter 5. 

The numbers of F4/80-positive cells that were FSP1+ or FAPα+ were higher in UPS2 than 

in UPS3 and UPS4 tumours. So, higher macrophage abundance is expected in UPS2 

tumours and will be further explored in Chapter 5. However, this indicates that many 

macrophages may be FAPα+ or FSP+1. Consequently, care must be taken when using 

these as markers for SAFs. 

Finally, since UPS cells were feasible to grow and form tumours in mice, RNA from these 

tumours was isolated. The best samples were sent for RNAseq to identify mouse stromal 

mesenchymal gene transcripts by aligning RNAseq reads against the human and mouse 

reference genomes using the methods described in Bradford et al. (2013).  
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However, one limitation was that the UPS cell lines took a long time to grow, potentially 

due to subcutaneous injection. Could an orthotopic injection lead to faster growth? 

Sixteen tumours were sectioned, and their RNA was extracted and subjected to quality 

assessment to select the best UPS tumours for RNAseq. IHC-based necrosis 

assessments and MVD scoring showed no significant differences between the three UPS 

tumours. Therefore, RNA was extracted from the frozen sections, and RNA quality was 

measured using a NanoDrop and Bioanalyser. After careful screening of four quality 

parameters, 12 UPS sections were sent for RNAseq (four sections from each tumour; 

Table 4.2). 

Due to the limitations of IHC and IF methods, a more specific method was needed to 

characterise stromal genes in stromal and UPS cells. RNAseq is an evolving method that 

enables the quantification of genome-wide expression in xenografts. 
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Chapter 5 
 

Characterisation of stromal gene expression 

identified by RNAseq. 
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5.1 Introduction 

The tumour microenvironment (TME) is a complex environment composed of the tumour, 

stromal cells, immune cells, and non-cellular components, including the extracellular 

matrix (ECM) and secreted cytokines and growth factors (Hanahan & Weinberg, 2011). 

Cancer-associated fibroblasts (CAFs) are an abundant cell type found in the TME. They 

are activated fibroblasts with an elongated morphology that develop migratory 

characteristics and produce pro-tumorigenic cytokines and chemokines (Sahai et al., 

2020). A number of mesenchymal proteins are used as CAF markers in different 

carcinomas, including αSMA, FSP-1, FAPα, PDGFRα/β, desmin, and vimentin (Kalluri, 

2016b). However, less is known about specific markers in sarcoma for stromal 

mesenchymal cells, which we will refer to as sarcoma-associated fibroblasts (SAFs). 

Identifying specific markers for SAFs will help increase our understanding of the sarcoma 

TME. 

Human tumour xenografts and cell line-derived xenografts (CDXs) are powerful methods 

of recapitulating the TME and represent an evolving area of research in cancer biology. 

Xenograft models were generated in our study by subcutaneously injecting UPS cell lines 

into immunodeficient mice. UPS cell lines were grown in mice, tumours were removed, 

and RNA was isolated from frozen tissues and underwent sequencing (Section 2.4.2). 

RNA sequencing (RNAseq) is a high-throughput technique for transcriptomic analysis that 

facilitates the study of gene expression in xenografts. RNAseq was performed to identify 

stromal gene expression of mouse mesenchymal transcripts by aligning RNAseq reads 

against the human and mouse reference genomes using the methodology described by 

Bradford et al. (2013). Around 35 million reads were mapped separately to the human 

reference genome (GRC38/hg38) and mouse reference genome (GRCm38/mm10). 

Some reads will map to only human or mouse reference genome, however, some reads 

will map to both human and mouse reference genome. In order to distinguish human 

mRNA from mouse mRNA, we applied the species-specific mapping tool XenofilteR in R 

software to remove reads common to both transcriptomes (Kluin et al., 2018). XenofilteR 

tool work by calculating the number of base pairs different between the sequences read 

and the reference genome which called “edit distance”, then based on “edit distance” 
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XenofilteR will classify the sequence read as human or mouse (Kluin et al., 2018). 

(Differential Expressed Genes (DEGs) tools in R were used to identify up/down-regulated 

genes in the xenografts and undifferentiated pleomorphic sarcoma (UPS)/ 

Myxofibrosarcoma (MFS) samples from the VorteX and The Cancer Genomic Atlas 

Sarcoma (TCGA-SARC) (Forker et al., 2017; Goldman et al., 2020). 

5.1.1 Aim 
 

 To grow STS cell lines as xenografts in mice to allow identification of stromal gene 

expression of mouse transcripts by aligning RNAseq reads against the human and 

mouse reference genomes.  

 To identify STS and SAF specific gene expression profiles to improve our 

fundamental understanding of STS biology.  

 To determine if expression of mesenchymal genes influence prognosis in UPS and 

MFS STS subtypes. 

5.1.2 Experimental approach 
 

 Pre-process the fastq files using Galaxy software, followed by aligning the reads 

to reference genomes and then gene expression analysis using R software. 

 Survival analysis to study if expression of mesenchymal gene influence prognosis 

in clinical data.  

5.2 Quality control and alignment of RNAseq data against universal, 

human and mouse reference genomes 

RNAseq quality was assessed using FASTQ tools in Galaxy (Fig. S1). All samples were 

aligned against the “universal reference” which is human and mouse reference combined 

(hg38/mm10), the human (GRCh38/hg38) and the mouse (GRCm38/mm10) genomes. 

The pipeline is shown in Fig. 2.1, Section 2.12. The average of the count reads from each 
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sample was plotted, with an average of 35 million reads in all UPS xenografts, except for 

Sample 4, which had only 28 million reads (Fig. S2). 

5.3 Global differences in gene expression between UPS xenografts 

after alignment against the universal reference genome 

Unsupervised hierarchical clustering was performed using multi-dimensional scaling 

(MDS). MDS revealed greater variation in UPS4’s replicates distribution compared with 

UPS2 and UPS3 (Fig. 5.1). Differential Expressed Genes (DEGs) analysis was performed 

using the Voom tool from the Limma packages in R software. Volcano plots showed the 

significant DEGs between UPS2 vs UPS4 and between UPS3 vs UPS4; however, no 

differences in DEGs were observed between UPS2 vs UPS3 (Fig.S 5.2 &Table 5.1). Venn 

diagram showed the overlap DEGs between xenografts (Fig. 5.3). 
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Figure 5. 1: MDS of the individual xenografts from each UPS cell line. 

MDS plot is showing that UPS4 samples are clustered separately from UPS2 & UPS3 based on 
mRNA levels. UPS2 is in blue, UPS3 is in red and UPS4 is in green. 
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                          Table 5. 1: DEG between xenografts.  

                           A table showing DEG between xenografts. 

 

Figure 5. 2: Volcano plots for xenografts.  

The logFC represents the change in gene expression between UPS2 and UPS4 or UPS3 and 
UPS4, while the p values indicates the level of significance of each gene. Each dot illustrates 
one gene. The cut-off criterion for DEG significance was FDR ≤ 0.05 and logFC of 1. Blue dots 
represents down-regulated genes, grey dots represents no significant differential 
expression genes and red dots represents up-regulated genes.  
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5.3.1 Biological process enriched in xenografts 

Gene set enrichment analysis (GSEA) using the gene sets identified by the molecular 

signatures database (MsigDB), 15,906 genes were uploaded and GSEA identified the 

(4141) up- / (1832) downregulated genes in the xenograft transcriptomes. Only five of the 

most up/downregulated genes were mentioned in (Table S2). Moreover, it classified some 

biological processes as activated or suppressed. Examples of activated biological 

processes in both sets (UPS2 vs UPS4 and UPS3 vs UPS4) were cell morphogenesis, 

animal organ morphogenesis, neuron projection development, and plasma membrane 

region (Fig.5.4 & Fig.5.5). GSEA revealed that anatomical structure formation involved in 

morphogenesis was enriched in UPS2 vs UPS4 and UPS3 vs UPS4 sets. There were 

1244 genes in this hallmark; 947 genes were upregulated, and 297 genes were 

downregulated. A study by Koh et al. (2022) revealed that genes enriched in the 

anatomical structure of morphogenesis were related to genes involved in angiogenesis, 

like TEK and EFNA3, which were enriched in UPS2 vs UPS4 (Koh et al., 2022). Another 

four genes were enriched in UPS3 vs UPS4 that were linked to angiogenesis, such as 

PIK3R3 and EFNA3 (Koh et al., 2022). Genes associated with cerebellar Purkinje cell 

layer formation were suppressed in UPS2 vs UPS4. There were 14 genes in this hallmark; 

three (AGTPBP1, TTLL1, and HERC1) were enriched in UPS2 vs UPS4, while two 

(FIAM2 and TTC21B) were downregulated. Genes associated with regulation of 

transforming growth factor beta (TGFβ) signalling were suppressed in UPS3 vs UPS4. 

There were 18 genes in this set; 12 were downregulated, including CDKN2B and TGIF1. 

TGFβ pathways are broadly associated with different biological processes, and 

suppressing the regulation of these pathways has been linked to tumorigenesis (Yang et 

al., 2021).  
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Figure 5. 3: Biological process enriched in UPS2 vs UPS4.  

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up/down-regulated 
in UPS2 samples .The cut-off criteria for significance was p-value ≤ 0.05. 
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Figure 5. 4: Biological process enriched in UPS3 vs UPS4.  

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up/down-regulated 
in UPS3 samples. The cut-off criteria for significance was p-value ≤ 0.05.   
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5.3.2 Comparison of the transcriptome of UPS xenografts with clinical 

samples from VorteX and TCGA SARC 

TCGA is a landmark collection of cancer genomic data (Thorsson et al., 2018). Genomic 

data have been widely used to study the TME in different cancer types (Thorsson et al, 

2018). TCGA-SARC comprises soft tissue sarcomas, including: leiomyosarcoma (LMS), 

UPS, dedifferentiated liposarcomas (DDLP), myxofibrosarcoma (MFS), malignant 

peripheral nerve sheath tumour (MPNST), myofibroblastic sarcoma (MP) and synovial 

sarcoma (SS). The VorteX Biobank is a collection of clinical data and samples from the 

VorteX phase III trial in which adult extremity STS patients were randomised to groups 

that received different amounts of adjuvant radiotherapy to evaluate whether limb function 

could be increased by reducing the amount of adjuvant radiotherapy compared with 

administering adjuvant therapy to a wider area of tissue surrounding the tumour (standard 

care) (Forker et al, 2016). Our UPS xenograft RNAseq data were compared with clinical 

RNAseq data from TCGA-SARC and VorteX using MDS plots. As expected, the majority 

of UPS xenografts clustered with the clinical STS with complex karyotypes, including UPS 

and MFS, suggesting their transcriptomes are highly similar (Fig.5.6A & B). 
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Figure 5. 5: MDS of the UPS human transcriptomes with TCGA and VorteX clinical 
transcriptomes. 

(A) MDS plot is showing all clinical samples all in blue and UPS xenografts in red, green and 
purple. (B) MDS plot is showing the different clinical STS subtypes distributed across the plot with 
the xenografts (XEN) in grey. LMS, SS clustered separately from the UPS and MFS subtypes. 
UPS= undifferentiated pleomorphic sarcoma, MFS= myxofibrosarcoma, MS= leiomyosarcoma, 
MP= myofibroblastic sarcoma, SS= Synovial sarcoma, XEN= xenografts DDL=dedifferentiated 
Liposarcoma.  
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5.3.3 Differences in expression of mesenchymal genes commonly used to 

identify cancer associated fibroblasts in UPS xenografts 

In this project’s earlier chapters we studied eight CAFs markers and in this chapter we 

have expanded these studies to their expression in the transcriptome of our UPS 

xenografts including transgelin, αSMA, vimentin, N-cadherin, fibronectin,FSP-1, FAPα 

and SOX2. Statistical analysis showed no significant differences in gene expression 

between the three xenografts using the transcriptome generated from alignment with the 

universal reference genome (Fig.5.7).  
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Figure 5. 6: Barchart analysis of the common mesenchymal gene expression in 
xenografts.  

Statistical analysis shows no significant differences in gene expressions between the three 
xenografts. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 0.001; NS, not significant.   
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There are more CAF markers that could be considered that were not in the initial eight 

examined in earlier chapters, and these were also studied in the transcriptome of the UPS 

xenografts. CAFs markers that are widely studied in the literature, like FAPα, αSMA, 

microfibril-associated protein (MFAP5), transgelin, collagen type XI alpha 1 chain 

(COL11A1), Tenascin-C (TN-C), podoplanin (PDPN), Integrin subunit alpha 11 (ITGA11), 

neuron glia antigen-2 (NG2) and desmin are highly expressed in CAFs in different 

carcinomas, while Platelet derived growth factor receptor alpha/beta (PDGFR α/β), 

vimentin, FSP-1, collagen type 1 alpha 1 and 2 (COL1A1, COL1A2) and periostin 

(POSTN) were also considered as fibroblasts markers (Nurmik et al., 2020). There were 

no significant differences in PDGFRα, PDGFRβ, MFAP5, NG2 and desmin gene 

expression between the three xenografts, however Tenascin-C showed lower expression 

in UPS4 when compared to UPS2 and UPS3 (Fig.5.8). TN-C is an extracellular matrix 

glycoprotein that plays an important role in cell proliferation, migration and higher 

expression of Tenascin-C was observed in inflammation, tissue repair and cancer 

(Midwood & Orend, 2009).  
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Figure 5. 7: Barchart analysis of the common CAFs gene expression in xenografts. 

Statistical analysis shows no significant differences in gene expressions between the three 
xenografts. Error bars are ± SEM. *,P<0.05 , **,P <0.01; ***,P < 0.001 ;NS, not significant.  
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5.3.4 Cell population prediction in UPS xenografts using transcriptomic data 

derived from alignment against the universal reference genome. 

As the TME is composed of different cell types, including immune and non-immune cells, 

cell population predictions were investigated to explore differences between the 

xenografts. We evaluated 16 immune and non-immune cell types using xCell software 

(Section 2.12.6). xCell uses GSEA results and linearises the enrichment score to identify 

the cells enriched in our samples. The cut-off was a cell score ≥0.001(Aran et al., 2017). 

Any score below this cut-off was considered an absence of the cells in our samples (Aran 

et al., 2017).The evaluation predicted UPS4 to be higher in pericytes, skeletal muscle, 

smooth muscle, lymphatic endothelial cells, and fibroblasts and significantly higher in 

haematopoietic stem cells (HSCs) (Fig. 5.9).  

Furthermore, mesenchymal stem cells (MSCs) were predicted to be significantly lower in 

UPS4 compared with UPS2 and UPS3. However, this result was negligible as the cell 

score was <0.001. Although the difference was not statistically significant, UPS2 tended 

to have higher predicted levels of total macrophages and M1-polarised macrophages than 

UPS3 and UPS4 (Fig. 5.9). 

In order to identify unique genes for each cell subset to understand why these cell subsets 

were predicted to be enriched, we used published gene set prediction for each cell type 

from single cell RNA sequencing (snRNA-seq) analysis because the list of genes in the 

xCell prediction algorithm, although proprietary, is based on these. Three pericyte genes 

were enriched in UPS2 vs UPS4 and UPS3 vs UPS4, including myosin heavy chain 11 

(MYH11), which is a kidney pericyte-specific marker, platelet-derived growth factor 

receptor beta (PDGFRβ), which is a lung, heart, kidney, and bladder pericyte marker, and 

Purkinje cell protein 4-like protein 1 (PCP4L1), which is kidney- and bladder-specific 

marker (Baek et al., 2022). Two skeletal muscle cell genes were enriched in our 

xenografts; chemokine ligand 14 (CXCL14) and paired box protein (PAX7) (De Micheli et 

al., 2020). Four smooth muscle genes were enriched: desmin, MYH11, regulator of G 

protein signalling 5 (RGS5), and actin gamma 1 (ACTG1) (Lee et al., 2015). Three 

lymphatic endothelial cell genes were enriched: podoplanin (PDPN), Fms-related tyrosine 

kinase 4 (FLT-4), and mucosal vascular addressin cell adhesion molecule 1 (MADCAM-
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1) (Fujimoto et al., 2020). Two HSC genes were enriched: protein C receptor (PROCR) 

and cathepsin F (CTSF) (Forsberg et al., 2010). Two endothelial cell genes were 

upregulated: C-X-C motif chemokine ligand 2 (CXCL2) and claudin 5 (CLDN) (De Micheli 

et al., 2020). One MSC gene was enriched: S100A4 (or FSP-1) (Weng et al., 2011). Three 

fibroblast genes were upregulated: microfibril-associated protein 5 (MFAP5), SPARC-like 

1 (SPARCL1), and TGFβ (Dinh et al., 2021; Guerrero-Juarez et al., 2019). Two genes 

associated with M2-polarised macrophages were enriched: C-C motif chemokine ligand 

8 (CCL8) and secreted phosphoprotein1 (SPP1) (Dinh et al., 2021). Two M1 macrophage 

genes were enriched: SPP1 (which is also a marker for M2) and 

dehydrogenase/reductase 3 (DHRS3) (Zhuang et al., 2020). Three total macrophage-

associated genes were enriched: Fas cell-surface death receptor (FAS), apolipoprotein 

C1, and apolipoprotein L2 (Chai et al., 2018). 
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Figure 5. 8: Cell subset abundance in xenografts using universal transcriptome 
alignment. 

XCell scores for different cells in xenografts. Box and Whiskers plots showing the differences. 
Multiple comparison analysis was done using Tukey’s test. Error bars are ± SEM. *,P<0.05 , **,P 
<0.01; ***,P < 0.001 ;NS, not significant. 
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5.4 Analysis of the human transcriptome in UPS xenografts 

 

To further understand the differences between xenografts of UPS2, 3 and 4 and to identify 

differences in expression of DEGs and mesenchymal genes in particular, we performed 

a separate alignment against the human reference genome (GRCh37/hg38) and used 

XenofilteR to quantify the abundance of human transcripts (XenofilteR tool (section 

2.12.3). This will enable us to identify the transcriptome of the UPS cells within the 

xenograft separately from the murine stroma. 

5.4.1 Differential gene expression between human transcriptome in UPS 

xenografts 

 

A MDS plot shows that human transcriptome of UPS3 clustered separately from UPS1 

and UPS2 (Fig.5.10). DEGs analysis was performed using the Voom tool from the Limma 

packages in R. For human transcripts, there were few significant DEGs between UPS2 

and UPS3 (Fig. 5.11), however there were significant differences in DEGs between UPS4 

and UPS2, and UPS4 and UPS3, similar to the pattern seen using the transcriptome 

generated after alignment against the universal reference genome. There were 917 and 

1122 up-/downregulated genes between UPS2 and UPS4, respectively. Furthermore, 

1102 genes were upregulated and 940 genes were downregulated between UPS2 and 

UPS3 (Fig. 5.11 & Table 5.2).   
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Figure 5. 9: MDS of human transcriptomes from UPS xenografts.  

UPS2 in blue, UPS3 in red and UPS4 in green. UPS4 clustered separately from UPS2 and 
UPS3. 
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Figure 5. 10: Volcano plots for human transcriptomes.  

The logFC represents the change in gene expression between UPS2 and UPS3, UPS2 and UPS4 
or UPS3 and UPS4, while the p values indicates the level of significance of each gene. Each dot 
illustrates one gene. The cut-off criterion for DEG significance was FDR ≤ 0.05 and logFC of 1.  
Blue dots represent down-regulated genes, grey dots represent no significant differential 
expression genes and red dots represents up-regulated genes. 

Table 5. 2 : DEG between human 
transcriptomes for UPS1, UPS2 and 

UPS3. 
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5.4.2 Biological process enriched in human transcriptomes 

Gene Set Enrichment Analysis (GSEA) analysis using the gene sets presented by the 

molecular signatures database (MsigDB), 15,906 genes were uploaded and GSEA 

identified the (2326) up- / (1950) downregulated genes in the human transcriptomes. Only 

five of the most up/downregulated genes were mentioned in (Table S3). Moreover, many 

biological processes were activated in both sets (UPS2 vs UPS4 and UPS3 vs UPS4) 

and just one was suppressed in (UPS2 vs UPS4, multi cellular organismal water 

homeostasis). Activated biological process in both sets (UPS2 vs UPS4 and UPS3 vs 

UPS4) were: membrane bounded organelle. Membrane bounded organelle are organelle 

surrounded by biological membrane like nucleus, mitochondrial and lysosomes (Fig.5.12 

& Fig.5.13). There are 128 genes in this membrane bounded organelle (Stroberg & 

Schnell, 2017). 89 genes were enriched and 39 genes were downregulated. Defensin 

Beta 1 (DEFB1), Lysosomal associated membrane protein-2 (LAMP2) and Mucin1 

(MUC1) were enriched in both sets. Multi-cellular organismal water homeostasis is 

biological process in organelle or tissue that involves water, it was supressed in UPS3 vs 

UPS4 set, and there are 68 genes in this hallmark (Delpire & Gagnon, 2018) . 49 genes 

were downregulated and 19 up-regulated genes. CFTR and stathmin 1 (STMN1) were 

downregulated in UPS3 vs UPS4. 
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Figure 5. 11: Biological process enriched in UPS2 and UPS4 human transcriptomes. 

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up/down-regulated 
in UPS2.The cut-off criteria for significance was p-value ≤ 0.05. 
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Figure 5. 12: Biological process enriched in UPS3 and UPS4 human transcriptomes.  

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly upregulated in 
UPS3. The cut-off criteria for significance was p-value ≤ 0.05. 
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5.4.3 Differences in expression of mesenchymal genes commonly used to 

identify cancer associated fibroblasts between human transcriptomes of 

UPS xenografts 

In this project’s earlier chapters we studied eight CAFs markers and in this chapter we 

expanded these studies to their expression in the human transcriptome of our UPS 

xenografts including transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP-1, FAPα 

and SOX2. Statistical analysis showed no significant differences in gene expression 

between the three human transcriptomes except for transgelin which was decreased in 

UPS4 when compared with UPS2 and UPS3 (Fig. 5.14). Fibronectin expression was very 

low for all three UPS xenografts in the human transcriptome (Fig 5.14). 
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Figure 5. 13: Bar chart analysis of the common mesenchymal gene expressions in 
human transcriptomes.  

Statistical analysis shows no significant difference in gene expression between the human 
transcripts except for transgelin. X-axis is the human transcripts samples. Y-axis is the normalised 
log 2 expression. Error bars are ± SEM. *, P<0.05, **, P <0.01; ***, P < 0.001; NS, not significant. 
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5.4.4 Differences in expression of additional mesenchymal genes used to 

identify cancer associated fibroblasts in the human transcriptome of UPS 

xenografts 

As discussed in previous sections of this chapter, as in section 5.3.4, we also examined 

the differences in expression of additional mesenchymal genes associated with CAF. 

MFAP5 and NG2 expression were very low in the human transcriptome (Fig.5.15). 

 

 

 

Figure 5. 14: Bar chart analysis of the common CAFs gene expression in human 
transcriptomes.  

Statistical analysis shows no significant differences in gene expressions between the human 
transcriptomes except for PDGFRα and Tenascin c. Error bars are ± SEM. *,P<0.05 , **,P <0.01; 
***,P < 0.001 ;NS, not significant. 
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5.4.5 Cell population prediction from the human transcriptome of UPS 

xenografts 

As discussed in section 5.3.5 cell population analysis showed that UPS3 is predicted to 

be higher in pericytes, microvascular endothelial cells, lymphatic endothelial cells and 

fibrooblasts, and significanlty higher in M2 Macrophage and HSC linked genes when 

compared with UPS2 (Fig. 5.16). UPS1 was found to be higher in skeletal muscle, total 

macrophage and M1 macrophage genes (Fig.5.16). Mesechmyal Stem Cell (MSC) 

associated genes were also predicted to be significantly lower in UPS4 with respect to 

UPS2 & UPS3 (Fig.5.16).  

As mentioned in section 5.3.5 about snRNA-seq, two pericyte genes were enriched in 

UPS2 vs UPS4 and UPS3 vs UPS4 are, CSPG4/NG2 and gunaylate cyclase 1 

(GUCY1a3) (Table S3)  (Baek et al., 2022). Four skeletal muscle cells genes were 

enriched in xenografts chemokine ligand 14 (CXCL14), Paired box protein (PAX7), 

Myogenic differentiation 1(MYOD1) and Myogenin (MYOG)  (De Micheli et al., 2020). Two 

smooth muscle genes were enriched including desmin, and ACTA2 (Lee et al., 2015).Two 

lymphatic endothelial cell genes were enriched only in UPS3 vs UPS4, Mucosal vascular 

Addressin Cell Adhesion Moleulce 1 (MADCAM1) and annexin(ANXA2) (Fujimoto et al., 

2020). Two HSC cells genes were enriched Protein C receptor (PROCR) and Cathepsin 

F(CTSF) (Forsberg,2010). Two endothelial cells genes were upregulated Interleukin-6 

(IL-6) and Claudin 5 (CLDN) (De Micheli et al., 2020). One MSC gene was enriched which 

is 5'-Nucleotidase Ecto(NT5E) (Weng et al., 2011). Four fibroblast genes were 

upregulalted Decorin (Dcn), collagen type 1(Col1A1), ACTA2 and transforming growth 

factor-beta (TGFβ) (Dinh et al., 2021; Guerrero-Juarez et al., 2019) .Three genes M2 

Macrophage genes were enriched Chemokine Ligand 18 (CCL18),Secreted 

Phosphoprotein1  (SPP1) and CD163 (Dinh et al., 2021). Two M1 macrophages genes 

were enriched including SPP1 and Dehydrogenase/Reductase 3 (DHRS3) (Zhuang et 

al., 2020).Three macrophage genes were enriched Protein Kinase AMP-activated 

catalytic subunit alpha1 (PRKAA1) and ATP binding Cassette Subfamily A member 1 

(ABCA1) (Chai et al., 2018). 
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Figure 5. 15: Cell subset prediction in human transcriptomes of UPS xenografts.  

xCell scores for different cells in xenografts. Box and Whiskers plots showing the differences. 
Multiple comparison analysis was done using Tukey’s test. Error bars are ± SEM. *,P<0.05 , **,P 
<0.01; ***,P < 0.001 ;NS, not significant. 
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5.5 Analysis of the mouse transcriptomes  
 

5.5.1 Differences in gene expression between mouse transcripts (Stroma) in 

UPS xenografts 

In this section, we studied global differences in gene expression between mouse (host) 

transcriptomes in our xenografts. Unsupervised Hierarchical clustering was performed 

using Multi-Dimensional Scaling (MDS). MDS shows that most samples were distributed 

evenly except for three samples from UPS4, which clustered separately, although 

samples clustered together more closely than the human transcriptomes, suggesting they 

are more similar (Fig.5.17). Although, some UPS4 tumours clustered separately, DEGs 

analysis revealed there is no significant differences in gene expression between mouse 

transcriptomes for the three different cell line derived xenografts (Table 5.3 and Fig.5.18).  
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Figure 5. 16: MDS of the mouse transcriptomes from UPS xenografts. 

UPS2 in blue, UPS3 in red and UPS4 in green. The plot is shows that three samples of UPS4 

are clustered separately from the majority of the samples. 
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Figure 5. 17: Volcano plots for mouse transcriptomes from UPS xenografts.  

The logFC represents the change in gene expression between UPS2 and UPS4,UPS2 and UPS4 
or UPS3 and UPS4, while the pvalues indicates the level of significance of each gene. Each dot 
illustrates one gene. The cut-off criterion for DEG significance was FDR ≤ 0.05 and logFC of 1.  
Blue dots represent down-regulated genes, grey dots represents no significant differential 
expression genes and red dots represents up-regulated genes. 

Table 5. 3: DEGs between mouse 
transcriptomes for UPS1, 2 and 3. 
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5.5.2 Biological process enriched in Mouse transcriptomes 

Gene Set Enrichment Analysis (GSEA) analysis using the gene sets presented by the 

molecular signatures database (MsigDB), 15,906 genes were uploaded and GSEA 

identified the (3290) up- / (3307) downregulated genes in the mouse transcriptomes. 

Although there was no significant DEGs between mouse transcriptomes, some biological 

processes were enriched in both sets of comparisons (UPS2 vs UPS4 and UPS3 vs 

UPS4) (Fig.5.19 & Fig.5.20). Four biological processes were suppressed in UPS2 vs 

UPS4 and just one was suppressed in UPS3 vs UPS4. Regulation of cellular biosynthesis 

is the most activated biological process in both sets (UPS2 vs UPS4 and UPS3 vs UPS4). 

Regulation of cellular biosynthesis includes biological processes that stimulate or control 

the rate of any chemical reaction or pathways (Joly et al., 2021).There are 1984 genes in 

this hallmark, 1587 genes were enriched while, 397 were downregulated. 

Some common genes were upregulated in both sets including Alanyl-TRNA synthetase 

1 (AARS1), ATP binding Cassette Subfamily A member 7 (ABCA7), Mesenchyme 

homobox 2 (MEOX2) and Zona Pellucida Glycoprotein 3 (ZP 3). 

The Toll-like receptor 4 signalling pathway was downregulated in the UPS2 vs UPS4 set. 

This pathway has crucial role in innate immune system (Kuzmich et al., 2017). There are 

102 genes in this hallmark most of it (98) were downregulated in this set including, TGF-

beta activated kinase 1 (TAB1), Mitogen-Activated protein kinase 8 (MAP3K8), Mitogen-

Activated protein kinase 14 (MAPK14), Cathepsin K (CTSK) and C-X-C Motif chemokine 

Ligand 9 (CXCL9)  

Negative regulation of the forebrain neuron differentiation hallmark was seen in the UPS3 

vs UPS4 set. There are 18 genes in this hallmark, four of them were downregulated in 

this set including, Cannabinoid receptor 1 (CNR1), Potassium voltage gated channel 

subfamily A regulatory beta subunit1 (KCNAB1), Potassium two pore domain channel 

subfamily K member 2 (KCNK2) and Syntax in 3 (STX3). 
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Figure 5. 18: Biological process enriched in UPS2 and UPS4 mouse transcripts. 

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up/down regulated 
in UPS2 samples .The cut-off criteria for significance was p-value ≤ 0.05. 
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Figure 5. 19: Biological process enriched in UPS3 and UPS4 mouse transcripts.  

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up/down regulated 
in UPS3 .The cut-off criteria for significance was p-value ≤ 0.05.  
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5.5.3 Differences in expression of mesenchymal genes commonly used to 

identify cancer associated fibroblasts between the mouse transcriptomes of 

UPS xenografts. 

  
In this project’s earlier chapters we studied eight CAFs markers and in this chapter we 

expanded these studies to their expression in the human transcriptome of our UPS 

xenografts including transgelin, αSMA, vimentin, N-cadherin, fibronectin,FSP-1, FAPα 

and SOX2. Statistical analysis showed no significant differences in gene expressions 

between the three mouse transcriptomes except for FSP-1 which showed to be less in 

UPS4 when compared to UPS3 (Fig.5.21). Very low levels of N-Cadherin expression was 

seen within the mouse transcriptome. 
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Figure 5. 20: Bar chart analysis of the common mesenchymal gene expressions in mouse 
transcriptomes. 

Statistical analysis shows no significant differences in gene expression between the human 
transcripts except for FSP-1 in UPS3. X-axis is the UPS samples, Y-axis is the normalised log 2 
expression. Error bars are ± SEM. *,P<0.05 , **,P <0.01; ***,P < 0.001 ;NS, not significant. 
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5.5.4 Differences in expression of additional mesenchymal genes used to 

identify cancer associated fibroblasts in the mouse transcriptome of UPS 

xenografts. 

As in section 5.3.3, we also examined the differences in expression of additional 

mesenchymal genes associated with CAF. There were no significant differences in 

PDGFRα, PDGFRβ, Tenascin-C (TN-C), MFAP5, NG2 or desmin gene expression 

between the mouse transcriptomes (Fig.5.22). MFAP5 expression was low for all mouse 

transcriptomes. 

 

Figure 5. 21: Bar chart analysis of the common CAFs gene expression in mouse 
transcriptomes.  

Statistical analysis shows no significant differences in gene expressions between the mouse 
transcriptomes. Error bars are ± SEM. *,P<0.05 , **,P <0.01; ***,P < 0.001 ;NS, not significant. 
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5.5.5 Cell subset prediction from the mouse transcriptome of UPS xenografts 

As discussed in section 5.3.5 cell population analysis predicted that UPS4 stroma is 

higher in skeletal muscle, lymphatic endothelial and total macrophage, and significanlty 

higher in M1 Macrophage abundancy when compared with UPS2 and UPS3 (Fig. 5.23). 

UPS2 was predicted to be higher in MSCs, fibroblasts and M2 Macrophages (Fig.5.23). 

As mentioned in section 5.3.5 using single cell RNA sequencing (snRNA-seq) analysis. 

Four pericytes genes were enriched in UPS2 vs UPS4 and UPS3 vs UPS4 including 

MYH11, pdgfb, CSPG4/NG2 and Regulator of G protein signalling 5 (RGS5) (Table S4) 

(Baek et al., 2022).Two skeletal muscle cells genes were enriched in the mouse 

transcriptomes; chemokine ligand 14 (CXCL14) and Myogenic differentiation 1 (MYOD1) 

(De Micheli et al., 2020). Two smooth muscles genes were enriched including desmin, 

and MYH11(Lee et al., 2015) . Two lymphatic endothelial cell genes were enriched only 

in UPS2 vs UP3, Mucosal vascular Addressin Cell Adhesion Moleulce 1 (MADCAM1) and 

Integrin alpha-llb/beta 3 (ITG2AB) (Fujimoto et al., 2020).Two HSC cells associated 

genes were enriched Protein C receptor (PROCR) and ANXA2 (Forsberg et al., 2010). 

Four endothelial cell associted genes were upregulated SOX11, Caveolin 1 (CAV1), Von 

willebrand factor (VWF) and Intercellular Adnesion Molecule 2 (ICAM2) (De Micheli et al., 

2020).Three MSC genes were enriched; 5'-Nucleotidase Ecto (NT5E), S100A4 and FN1 

(Weng et al., 2011). Three fibroblast associated genes were upregulalted Tagln, MFAP5 

and ACTA2 (Dinh et al., 2021; Guerrero-Juarez et al., 2019). One M2 Macrophages 

associated gene was enriched Apolipoprotein E (APOE) (Dinh et al., 2021) . Two M1 

macrophages genes were enriched including Secreted Phosphoprotein 1 (SPP1) and 

Dehydrogenase/Reductase 3 (DHRS3) (Zhuang et al., 2020). Five total macrophage 

genes were enriched Phospholipid transfer protein (PLTP), (APOC1), ATP binding 

Cassette Subfamily A member 1 (ABCA1), (APOE) and Cholesteryl Ester Transfer 

Protein (CETP)(Chai et al., 2018) (Table S4). The xCell score were  lower than the cut-

off in skeletal muscles, lymphatic endothelial, microvascular endothelial, endothelial, 

Macrophages , M1 macrophages and M2 macrophages; does this mean the prediction is 

any good? 
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Figure 5. 22: Cell subset abundance in mouse transcriptomes.  

xCell scores for different cells in mouse transcripts. Box and Whiskers plots showing the 
differences. Multiple comparison analysis was done using Tukey’s test. Whiskers are min to max, 
the line is the median. *, P<0.05, **, P <0.01; ***, P < 0.001; NS, not significant. 
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5.6 Differences in gene expression between human UPS and mouse 

stromal transcriptomes of UPS xenografts 

Studying differential gene expression between the UPS cell lines and the mouse stroma 

(Host) in order to identify specific SAFs marker to improve our knowledge and our 

understanding of sarcoma and its tumour microenvironment. In this section, unsupervised 

Hierarchical clustering was performed using Multi-Dimensional scaling (MDS), MDS 

shows that human samples distributed separately from mouse samples (Fig 5.24). 

Differential Expressed Genes (DEGs) analysis was performed using Voom tool from 

Limma packages in R. Volcano plots (MDplots) shows there are significant differences in 

DEG between human and mouse transcriptomes Fig (5.25  &Table 5.4). 

 

Figure 5. 23: MDS of human and mouse transcriptomes in xenografts.  

Human in blue, and Mouse in red. The plot is shows that human (UPS) is clustered separately 
from the mouse samples (Host). 
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Figure 5. 24: Volcano plots for DEG between human and mouse transcriptomes. 

The logFC represents the change in gene expression between human and mouse transcriptomes 
in UPS1, UPS2 & UPS3, while the p-values indicates the level of significance of each gene. Each 
dot illustrates one gene. The cut-off criterion for DEG significance was FDR ≤ 0.05 and logFC of 
1. Blue dots represent down-regulated genes, grey dots represents no significant 
differential expression genes and red dots represents up-regulated genes. 

Table 5. 4: DEG between human and 

mouse transcriptomes. 
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5.6.2 Biological process enriched in human and mouse transcriptomes 

Gene Set Enrichment Analysis (GSEA) analysis using the gene sets presented by the 

molecular signatures database (MsigDB), 15,906 genes were uploaded and GSEA 

identified the (4243) up- / (7993) downregulated genes between the human and mouse 

transcriptomes. Only five of the most up/downregulated genes were mentioned in (Table 

S4). Some biological processes were activated in all xenografts, in UPS2 human STS 

cells AP-1 adaptor complex was activated (Fig.5.26). Adaptor protein (AP)-1 is member 

of the AP family which play an important role in cell development, proliferation, migration 

and apoptosis (Shaulian & Karin, 2001). Another study emphasised on AP-1 proteins 

roles in cancer proliferation and tumourgenesis in breast cancer (Shen et al., 2008). There 

are 11 genes associated with this hallmark, only three of it were enriched in UPS2, 

Adaptor related protein complex 1 subunit sigma 2 and Sigma 3 (AP1S2 & AP1S3) and 

Solute Carrier Family 18 Member A3 (SLC18a3).  

DNA double strand break processing is a hallmark that was enriched in UPS3 human 

STS cells (Fig.5.27). DNA double strand break (DSBs) is chromosomal aberration and 

DSBs repair includes many pathways and dysfunction of any pathways can lead to 

genomic mutations which subsequently can lead to various diseases and cancer (Scully 

et al., 2019). There are 20 genes in this hallmark, three of it were activated in UPS3, DNA 

replication helicase 2 (Dna2), RB binding protein 8 (RBBP8), and SPO11 inhibitor of 

meiotic double stranded breaks (SPO11). 

In UPS4, gamma-tubulin complex hallmark was enriched (Fig.5.28). Gamma-tubulin 

protein involved in microtubule nucleation, regulating mitosis (Oakley et al., 2015). There 

are 38 genes in this hallmark, eight of them were enriched in UPS3 includes, Biogenesis 

of lysosomal organelle complex 1 subunit 2 (BLOC1S2), GIT ArdGAP 1 (GIT1), 

Centorsomal protein70 (CEP70), B9 domain containing 2 (B9D2), Rho guanine 

nucleotide exchange factor 7 (ARHGEF7), Tubulin Gamma Complex Associated protein 

6 (TUBGCP6) and Fasciculation and elongation protein zeta-1(FEZ1). 

Translation factor activity RNA binding was suppressed in UPS3 and UPS4. Translation 

factor activity RNA binding comprises of the translation activities for mRNA binding 

(Berset, 2003). There are 91 genes in this hallmark, most of the genes were 
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downregulated but Eukaryotic Elongation Factor 2 kinase (EEF2K) was upregulated in 

both UPS3 and UPS4. 
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Figure 5. 25: Biological process enriched in human versus mouse samples from UPS2 
xenografts.  

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up regulated in 
human STS cells .The cut-off criteria for significance was p-value ≤ 0.05. 
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Figure 5. 26: Biological process enriched in human versus mouse samples from UPS3 
xenografts.  

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up regulated in 
human STS cells .The cut-off criteria for significance was p-value ≤ 0.05. 
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Figure 5. 27: Biological process enriched in human versus mouse samples from UPS4 
xenografts. 

The hallmark gene sets (h.all.V7.1 MSigDB) shown above were significantly up regulated in 
human STS cells.The cut-off criteria for significance was p-value ≤ 0.05.  
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5.6.3 Differences in expression of mesenchymal genes commonly used to 

identify cancer associated fibroblasts between the human and mouse 

transcriptomes in xenografts 

In this project’s earlier chapters we studied eight CAFs markers and in this chapter we 

expanded these studies to their expression between the human and mouse 

transcriptomes of our UPS xenografts including Transgelin, αSMA, Vimentin, N-cadherin, 

Fibronectin, FSP-1, FAPα and SOX2. Statistical analysis showed no significant 

differences in gene expressions between the human and mouse transcriptomes for 

fibronectin and N-cadherin. transgelin, αSMA, vimentin, FSP-1, FAPα and SOX2 were 

significantly higher in mouse transcriptomes when compared with the human 

transcriptomes (Fig.5.29).  
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Figure 5. 28: Bar chart analysis of the common mesenchymal gene expressions in 
human vs mouse transcriptomes in UPS xenografts.  

Statistical analysis shows no significant analysis in Fibronectin and N-cadherin gene expression 
between the xenografts. All the other genes expression shows significant differences between 
human and mouse transcriptomes. X-axis is the human transcripts samples, Y-axis is the 
normalised log 2 expression. Error bars are ± SEM. *,P<0.05 , **,P <0.01; ***,P < 0.001 ;NS, not 
significant. 
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5.6.4 Differences in expression of additional mesenchymal genes used to 

identify cancer associated fibroblasts in the mouse transcriptome of UPS 

xenografts. 

As in section 5.3.4, we also examined the differences in expression of additional 

mesenchymal genes associated with CAF. MFAP5 showed significantly higher 

expression in the mouse transcriptome (stroma) when compared to human, PDGFRβ and 

desmin were higher in human transcriptomes when compared to mouse transcriptomes 

(Fig.5.30). 

 

Figure 5. 29: Bar chart analysis of the common CAFs gene expression in human vs 
mouse transcriptomes in UPS xenografts.  

Error bars are ± SEM. *,P<0.05 , **,P <0.01; ***,P < 0.001 ;NS, not significant.  

 



231 
 

 

 

Table 5. 5: Differential expression gene of the most common mesenchymal gene between 
stroma and UPS cells in xenografts. 

This table summarised the differences in gene expression of the most common mesenchymal 
genes between the stroma and UPS cell in each xenograft. (*) indicates higher expression of 
the gene. Stroma is the mouse cells. UPS cell is the STS cells engrafted in mouse.*,P<0.05 , 
**,P <0.01; ***,P < 0.001 ;ns, not significant. 

 

 

 

 

  UPS2 UPS3 UPS4 

Genes  Stroma  UPS  Stroma  UPS Stroma  UPS 

Transgelin  ****   ****   ****   

αSMA **   ***   ***   

Vimentin ****   ****   ****   

N-cadherin ns ns  ns ns  *   

Fibronectin ns ns  ns ns  ns ns  

FSP-1  ****   ****   ****   

FAPα ****   ****   ****   

SOX2 ****   ****   ****   

PDGFRα ns   ns ns ns    **** 

PDGFRβ   ***   *   **** 

Desmin   ****   ****   **** 

NG2 ns ns  ns  ns   ns * 

Tenascin C ns ns  ns   ns ns   ns 

MFAP5 ****   ****   ****   
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5.6.5 Cell subset prediction between human and in mouse transcripts 

As discussed in section 5.3.4 Xcell analysis indicated that UPS cells have things in 

common with HSC and MSC that are not seen in the mouse stroma as in both cells 

showed higher abundadcny in UPS cells in UPS2 and UPS3 when compared with the 

mouse stroma (Fig.5.30). similarly Macrophages, M1 macrophages and M2 

macrophages showed higher predicted levels in human UPS. As the human cells are not 

macrophages, but they must have a common transcript set. However, since the Xcell 

score <0.001, this will be negibligible.This suggests the cell subset predcition methods 

are not reliable in sarcoma models but do highlight common gene expression within 

sarcoma. Pericytes appears enriched in the stroma, as expected. Regulator of G protein 

signaling 5 (RGS5) is a perciyte marker that was enriched in the stroma but not UPS cells 

(Bondjers et al., 2003),could some of these be ‘SAF’ markers?  

There are genes associated with mesenchymal lineage such GUCY1a1, VCAM1 RGS5, 

TAGLN, MYF5, IL6, COL1A1, SOX11, NT5E, PDFRAα/β, VIM, S100A4, FN1, ACTA2, 

CSPG4 and MFAP5. Moreover, there are genes at each end which are particularly 

enriched in mouse versus stroma (Fig.5.31).  
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Figure 5. 30: Cell subset abundance between human and mouse.  

XCell scores for different cells in mouse transcripts. Box and Whiskers plots showing the 
differences. Multiple comparison analysis was done using Tukey’s test. UPS1 in blue, UPS2 in 
red & UPS3 in green. Whiskers are min to max, the line is the median. *,P<0.05 , **,P <0.01; ***,P 
< 0.001 ;NS, not significant. 
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Figure 5. 31: Heatmap to visualize expression of common mesenchymal genes known as 
CAFs. 

Mouse transcriptomes (M1, M2 & M3) Human transcriptomes (H1, H2 & H3).  
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5.7 Influence of mesenchymal gene expression on survival of patients 

with fibroblastic STS subtypes 
 

TCGA and VorteX clinical data were used in this section to study the influence of 

mesenchymal gene expression on patient’s survivals. Changes in overall survival (OS) 

analysis and progression-free survival (PFS) was analysed based on gene expression of 

(transgelin, αSMA, vimentin, N-Cadherin, fibronectin, FSP-1, FAPα & SOX2) in both 

TCGA and VorteX samples. OS and PFS was also estimated by combining some genes 

that might be “SAF markers” (transgelin, αSMA, vimentin and MFAP5) (Fig.5.34 and 

Fig.5.35).The TCGA-SARC group composed of poorly differentiated sarcomas, including 

MFS and UPS (25 and 52 samples, respectively), and the VorteX group composed of 

MFS and UPS (30 and 40, respectively). OS and PFS were estimated using Kaplan-Meier 

analysis along with the computed hazard ratio for each group. Kaplan-Meier analysis is a 

valuable method that may have an important role in generating evidence-based 

information on survival. It has been widely used because of its simplicity in analysis and 

the ability to add additional factors to studies (Goel et al., 2010). 

The average age of the patients included in this study was 66.7 years and 60 years in 

TCGA and VorteX, respectively. The sex distribution was almost equal in both cohorts 

(Table 5.5). OS and PFS in TCGA-SARC and VorteX were not significantly different in all 

the survival plots between the High and Low (25th-75th quartiles) groups. The null 

hypothesis was evaluated using the log-rank test and Cox regression hazard test (HR). 

For the log-rank test, we calculated the expected number of events (survival) and 

compared them to the event times (years) between the two groups. Cox regression 

hazard was used as a risk of hazard could occur at any time in any group (Goel et al., 

2010). OS and PFS were analysed for three different intervals: 2, 5, and 10 years. There 

were no significant differences in OS between high and low gene expression in all groups 

after 2 and 5 years; however, high N-cadherin expression was associated with lower OS 

and PFS at 10 years (Table 5.6). αSMA expression impacted PFS at 2 years but had no 

impact at 5 and 10 years. Increased expression of vimentin, fibronectin, and FAPα was 
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significantly associated with PFS at 2 and 5 years but not at 10 years (Fig. S34 & Table 

5.6). There were no significant differences in OS and PFS for the combined ‘SAF’ group 

of genes (Fig. 5.35 and Fig. 5.36) 

 

 

 

 

Figure 5. 32: Overall Survival Analysis of common SAF gene expression in the TCGA 
SARC and VorteX RNAseq dataset. 
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Figure 5. 33: progression free Survival Analysis of common SAF gene expression in the 
TCGA SARC and VorteX RNAseq dataset. 
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Genes OS PFS 

  2 years 5 years 10 years 2 years 5 years 10 years 

Transgelin 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

1(0.43-2.34) 
0.992(0.46-

2.17) 
0.738(0.32-

1.50) 
0.307(0.57-

1.77) 
1.75(0.88-3.5) 

0.341(0.64-
2.42) 

P=0.5 P=0.984 P=0.356 P=0.079 P=0.129 P=0.529 

αSMA 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

2.3(1.84-2.15) 1.163(8.3-24) 
0.745(0.31-

1.77) 
1.95(0.99-

3.83) 
0.485(0.38-

2.24) 
0.728(0.37-

1.44) 

P=0.077 P=0.324 P=0.504 P=0.049 P=0.324 P=0.36 

Vimentin 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

1.42(0.86-
2.23) 

0.916(6.3-
19.3) 

1.410(0.65-
3.05) 

4.27(1.95-
9.36) 

2.619(1.2-
5.72) 

1.668(0.83-
3.34) 

P=0.073 P=0.077 P=0.381 P=<0.001 P=0.012 P=0.145 

N-cadherin 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

1.181(11.9-
16.9) 

2.005(0.92-
4.39) 

2.623(1.25-
5.5) 

1.265(0.66-
2.45) 

1.771(0.93-
3.37) 

137.4(0.23-
8.5) 

P=0.466 P=0.077 P=0.008 P=0.48 P=0.077 P=0.008 

Fibronectin 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

2.096(0.67-
6.57) 

2.038(0.89-
4.68) 

1.215(0.55-
2.68) 

3.285(1.57-
6.88) 

2.101(1.07-
4.15) 

1.180(0.62-
2.25) 

P=0.196 P=0.087 P=0.628 P=<0.01 P=0.029 P=0.615 

FSP-1 

HR(95%CI) HR(95%CI)  HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

2.07(0.84-
5.10) 

0.941(0.43-
2.04) 

0.638(0.30-
1.36) 

1.620(0.86-
3.04) 

0.852(0.45-
1.62) 

0.734(0.40-
1.40) 

P=0.108 P=0.877 P=0.242 P=0.127 P=0.625 P=0.322 

FAPα 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

0.988(0.95-
1.03) 

1.97(1.12-
3.46) 

0.971(0.45-
2.11) 

2.279(1.36-
3.83) 

2.445(1.22-
4.89) 

1.053(0.54-
2.04) 

P=0.093 P=0.051 P=0.94 P=0.001 P=0.009 P=0.878 

SOX2 

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) 

1.48(0.60-
3.66) 

1.031(0.94-
1.14) 

1.561(0.61-
4.02) 

0.596(0.30-
1.22) 

0.953(0.86-
1.05) 

1.131(0.60-
2.15) 

P=0.388 P=0.534 P=0.351 P=0.154 P=0.5 P=0.707 

Table 5. 6: Overall and progression free survivals in 2, 5 and 10 years between high and 
low respective gene expression in TCGA and vortex clinical data.  

The highlighted cells indicate poor survivals with high expressions of a specific gene (red cells) 
and low expression of the relative gene (yellow cells) with p<0.05.  
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5.8 Summary 

Results from these studies indicate that growing human STS cell lines isolated from 

patients in mice is feasible; however, UPS1 did not grow. Because the UPS cells were 

subcutaneously injected into the mice, orthotopic injection might overcome this limitation. 

Subcutaneous injection is easier to perform as it does not require surgical intervention; 

however, orthotopic injection was shown to produce more successful tumour growth in 

breast cancer (Kocatürk & Versteeg, 2015). 

Transcriptomic analysis of the human transcripts revealed that UPS3 clustered separately 

from both UPS2 and UPS3.  

Data from TCGA-SARC, VorteX, and our UPS xenografts indicated that UPS and MFS 

samples were uniformly clustered throughout the MDS plot, although the UPS xenografts 

were more spatially distributed. This is a similar result to (Abeshouse et al., 2017) who 

placed UPS and MFS in the same genomic group. 

Expression of 15 stromal genes was evaluated between the human transcripts: 

transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP-1, FAPα, SOX2, PDGFRα/β, 

NG2, desmin, tenascin C, and MFAP5.  There were no significant differences in the 

expression of most genes, except for transgelin and tenascin C, which exhibited lower 

expression in UPS3 compared with UPS2 and UPS3. 

 There were no significant differences among DEGs between mouse transcripts. Although 

UPS3 clustered separately in the MDS plots, there were no significant differences in gene 

expression between the three samples.  

The mouse samples (stroma) clustered distinctly from the human samples (STS cell 

lines), which is demonstrated by MDS plots. DEGs analysis showed that transgelin and 

αSMA were significantly higher in the stroma compared with the UPS cells, which 

confirmed our findings from Chapter 3 of this study. Vimentin, FSP-1, FAPα, SOX2, and 

MFAP5 were significantly higher in the stroma than in the UPS cells. Could any of these 

markers be SAFs? There were no significant differences in fibronectin and tenascin C 

expression between the stroma and the STS cells. 
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There were no significant differences in N-cadherin expression between UPS2 and UPS3; 

however, N-cadherin expression was higher in the UPS4 stroma. PDGFRα and NG2 

expression was not significantly different between UPS1 and UPS2; however, expression 

of PDGFRα and NG2 was higher in UPS4. PDGFRβ and desmin exhibited higher 

expression in stroma cells among the three UPS compared with the stroma (Table 5.5). 

So, we could establish a possible “SAF panel” from our data: transgelin, αSMA, vimentin 

and MFAP5.  To identify common genes in each cell subset, we analysed the genes 

commonly expressed in pericytes: NG2/CSPG4 and PDGFRβ (Baek et al., 2022). 

PDGFRβ expression was higher in STS cell lines in all three xenografts, and NG2 

expression was higher in UPS4.  

 Different MSC tissue sources express different markers, except for OCT4, Nanog, and 

stage-specific embryonic antigen 4 (SSEA-4), which are expressed by all MSCs cells. 

SOX2 plays a key role in pluripotency and was highly expressed in the stroma (Fig. 5.30 

& Table 5.5). PDGFRα expression was higher in STS cells in UPS3. PDGFRβ and desmin 

were higher in STS cell lines (Fig. 5.31). No significant differences in fibronectin 

expression between STS cells and the stroma were observed (Fig. 5.30).  

Cell subset prediction analysis indicated how poor these algorithms are in STS models 

and that they may also be poor at predicting cell subsets in clinical data. 

 OS and PFS analysis was performed among all the common genes used previously in 

this project; however, there were no significant differences on survival based in the 

expression of the tested genes. This might be due to the low sample number in this study. 

High N-cadherin expression showed poor OS and PFS in 10 years (Table.5.6).  In 

contrast, mesenchymal genes identified as potential SAF markers might not be 

prognostic, unlike for carcinomas. 

In this study, we identified several mesenchyme-associated genes (summarised in Table 

5.5) that were enriched in the mouse stroma compared with the human STS cell lines. 

With further validation, these genes could be used to identify SAFs in the future. 
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Chapter 6 

General Discussion 
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6.1 The challenge of identifying SAFs 

Soft tissue sarcomas (STSs) are uncommon heterogeneous mesenchymal tumours 

arising from the mesoderm. There are >70 STS histological subtypes. Undifferentiated 

pleomorphic sarcoma (UPS) is the most common STS in adults. STS arise mainly in the 

extremities and trunk. STS treatment includes surgical excision, chemotherapy, and/or 

radiotherapy (Genadry et al., 2018). Molecular targeted therapies have opened a new era 

in sarcoma treatment. If molecular targeted therapies are to continue to be successfully 

used to treat STS, studying gene expression and function is important to improve our 

understanding of STS biology and the available STS treatments. 

The tumour microenvironment (TME) is an important regulator of cancer biology and 

therapy response composed of various cellular components, including cancer cells, non-

transformed stromal cells such as immune, vascular cells and fibroblasts, and non-cellular 

components such as the extracellular matrix, growth factors, and cytokines.TME 

considered to play an important role in cancer progression (Kalluri;2016).  

Cancer associated fibroblasts (CAFs) are the most important stromal cell in the TME. 

CAFs are distinguished from normal fibroblasts by their morphology and specific CAF 

markers, including α-smooth muscle actin (αSMA), fibroblast activation protein-α (FAPα), 

fibroblast-specific protein 1 (FSP-1), and desmin (DES). CAFs have been shown to 

promote progression and metastasis in several cancers (Goh et al., 2007; Grum-

Schwensen et al., 2005; Kuperwasser et al., 2004; Orimo et al., 2005). The few studies 

performed to date have shown significant overlaps in mesenchymal marker gene 

expression (e.g. vimentin , αSMA, FSP-1, and FAPα) between STS cells, sarcoma-

associated fibroblasts (SAFs), and other mesenchymal cell populations (Fisher, 2004; 

Heim-Hall & Yohe, 2008). Further investigations are needed to determine whether there 

are significant gene expression differences between SAF and STS cells and whether 

these vary among histotypes. 
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Over recent decades, many studies have explored the role of CAFs in cancer progression 

in carcinomas. However, little is known about the role of CAFs in sarcoma, referred to as 

SAFs, to clarify the discussion of potential differences between fibroblasts in the different 

cancer types. Studying SAFs is more challenging than CAFs for two reasons. Firstly, few 

STS cell lines are available that are matched to their original histotype, particularly for the 

most common adult STS forms. Commercial, well-established cell lines do not show the 

same level of heterogeneity as tumours. However, primary cell cultures or cell lines from 

STS tumours would be the best alternative to better understanding cancer, and these are 

the type of cell lines used in this project (Salawu et al., 2016). Secondly, since STS cells 

and SAFs are both mesenchymal, no selective markers have yet been identified to 

facilitate their study. In this project, we compared mesenchymal gene expression in 

human STS (UPS, myxofibrosarcoma [MFS], and leiomyosarcoma [LMS]) cell lines and 

normal human mesenchymal cells. Then, we investigated the growth of UPS cell lines as 

xenografts in mice to identify the stromal expression of mesenchymal transcripts by next-

generation RNA sequencing (RNAseq) and to determine whether mesenchymal gene 

expression influences survival in complex karyotype STS (UPS and MFS). 

This project’s aims were met as follows. Firstly, common mesenchymal protein levels 

were characterised in human STS cell lines and normal human mesenchymal cells 

cultured in vitro in Chapter 3. Secondly, after investigating the growth of UPS cell lines as 

xenografts, mesenchymal protein expression was further characterised in UPS tumours 

in Chapter 4. Thirdly, in Chapter 5, RNAseq was used to identify gene expression 

differences between UPS and stromal cells to characterise further mesenchymal gene 

expression and create a SAF gene signature. Here, we also explored whether the 

expression of these specific genes influenced STS patient survival. 
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6.2 Investigating expression of common CAF protein expressions in 

STS 

To address the first aim of this thesis, common mesenchymal proteins expressions, 

including transgelin (TAGLN), αSMA, vimentin, N-cadherin fibronectin FSP-1, FAPα, and 

SRY-box transcription factor 2 (SOX2), were compared between STS cell lines (UPS, 

MFS, and LMS) with respect to primary human mesenchymal cells (normal dermal 

fibroblasts, uterine fibroblasts, pulmonary fibroblasts, and mesenchymal stem cells) using 

western blots (WBs). These findings showed positive expression of all proteins in all cells, 

with transgelin and αSMA showing lower levels in UPS and MFS cells than in primary 

fibroblasts and LMS cells. Transgelin is a smooth muscle differentiation marker, and 

αSMA is expressed at higher levels in activated fibroblasts, possibly indicating that UPS 

and MFS are less differentiated. Consistent with our findings, Robin et al. (2012) used 

immunohistochemistry (IHC) to show that transgelin levels were higher in LMS than in 

UPS and MFS, suggesting that transgelin could be used as a diagnostic biomarker. 

Another study showed that transgelin could be used as a diagnostic marker to distinguish 

endometrial stromal sarcoma (ESS) from uterine smooth muscle tumours since ESS did 

not express transgelin (Tawfik et al., 2014). The importance of transgelin as a diagnostic 

STS marker was shown by another study that measured transgelin expression in LMS 

and ESS samples, also finding that transgelin was highly expressed in LMS but not in 

ESS (Alabiad et al., 2020). These studies are consistent with our WB findings indicating 

that transgelin might be a diagnostic marker to differentiate STS subtypes. 

Subcellular localisation was then investigated in this thesis using immunocytochemistry 

(ICC). ICC is an immunostaining method for cultured cells and was used to determine the 

subcellular localisation of common mesenchymal proteins (transgelin, αSMA, vimentin, 

N-cadherin, fibronectin, FSP-1, and FAPα) and a transcription factor (SOX2). ICC allowed 

us to compare protein localisations among STS cell lines and primary fibroblasts. Most 

proteins tended to localise in the same areas in all cells with slight variations (Chapter 3). 

Cells were also stained with phalloidin to visualise filamentous (F)-actin. Colocalisation 

coefficients showed that all mesenchymal proteins tested co-localised with F-actin, 

supporting our previous findings that the subcellular localisation is very similar between 
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the proteins and this suggests their function may not vary between the cell types  (Zhao 

et al., 2009). 

IHC was then performed in formalin-fixed paraffin-embedded (FFPE) UPS tissues to 

expand upon the previous WB analyses. IHC is a semi-quantitative method for analysing 

common mesenchymal protein’s expression. All proteins showed positive expression in 

UPS xenografts, supporting the WB analyses. Unfortunately, it was not feasible to 

distinguish STS from stromal cells based on nuclear size and morphology using Qupath, 

despite UPS cell nuclei typically being larger than stromal cell nuclei. This inability might 

reflect similarities between STS and stromal cell nuclei or QuPath’s inability to identify 

nuclei that also varied in 3,3'-diaminobenzidine (DAB) staining positivity since it uses the 

haematoxylin blue stain to identify nuclei.  

Immunofluorescence (IF) staining was also performed in frozen xenograft sections to 

quantify mesenchymal protein expression initially characterised by WB (i.e., transgelin, 

αSMA, vimentin, N-cadherin, fibronectin, FSP-1, FAPα, and SOX2). All proteins were 

positively expressed in all three UPS tissues. However, this result also did not expand 

upon our WB results since IF could not distinguish between UPS and stromal cells. 

Nevertheless, a specific human mitochondrial antibody (MT-AB) was used to co-stain our 

UPS sections with transgelin. Our results showed that this approach could distinguish 

positively-stained UPS cells from negatively-stained mouse cells. MT-AB levels were 

lower in UPS4 sections than in UPS2 and UPS3 sections, indicating fewer STS cells in 

UPS3. However, this does not match our RNAseq results in Chapter 5, where we had 

equal human and mouse read counts for each sample. This discrepancy might reflect 

limitations in cryo-sectioning or IF of frozen sections. 

Ultimately, the identification of human versus mouse gene expression at the single-cell 

level in tumour sections could be improved by using alternative methods such RNAscope 

or its variant BASEScope. RNAscope is a more sensitive and reliable in situ hybridisation 

(ISH) method for detecting specific RNA expression in different cells using human- and 

mouse-specific transcript probes(Grabinski et al., 2015). The English group has 

successfully used human BASEscope probes to detect human vascular endothelial 

growth factor A (VEGFA) isoform transcripts in FFPE sections of human STS xenografts, 
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which appear restricted to STS cells. QuPath could perform single-cell segmentation after 

ISH since the haematoxylin-stained nuclei were more readily detectable than after DAB 

staining (Aguero and English, unpublished). 

This project used two mouse fibrosarcoma cell lines (FS188 and T241) to develop a 

method to distinguish between human UPS cells and mouse stromal cells. This method 

stained the mouse cells and normal human fibroblasts with MT-AB using ICC, showing 

no staining of mouse cells but positive staining of human cells. 

6.3 Growing UPS cell lines in mice as xenografts 

An in vivo study was performed to investigate the growth of four UPS cell lines as 

xenografts in mice to identify stromal expression of mesenchymal transcripts using 

RNAseq. Three UPS cell lines grew in mice (UPS2, 3, and 4); While UPS1 did not grow. 

Xenograft models have been widely used in cancer research since they retain key TME 

characteristics (Jianlin Shi et al., 2020). Overall, mean tumour latency was 60, 80, and 50 

days for UPS1, UPS2 and UPS3, respectively. The long latency also raises questions 

about the genetic similarity of the UPS cells in the xenografts compared to their original 

cells cultured in vitro; as it is possible a subclone has been selected in vivo. Both cell lines 

and xenografts were sent for low-pass whole genome sequencing (LP-WGS). 

Unfortunately, these analyses could not be completed before the submission of this 

thesis. Nevertheless, they will be completed for inclusion in a future publication, and key 

genetic changes will be compared to the array comparative genomic hybridisation data 

of the original clinical samples. Could the long latency be due to subcutaneous injection? 

Will an orthotopic injection into a limb muscle reduce tumour latency? These questions 

are now being answered by a new project funded by Sarcoma UK. 
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6.4 TME characterisation 

IHC and IF methods were used to characterise the TME in our xenografts (Chapter 4). 

Necrosis and mean vascular density did not differ significantly among the three 

xenografts. Pericytes are important cells in developing and maintaining tissue 

vasculature. They are characterised by the expression of different markers, including 

αSMA, platelet-derived growth factor receptor beta (PDGFRβ), desmin and neuron-glial 

antigen 2 (NG2) (Ribeiro & Okamoto, 2015). Cluster of differentiation 31 (CD31) is an 

endothelial marker used to identify vascularisation(Lugano et al., 2020). αSMA was co-

stained with CD31 to quantify the pericyte coverage of xenograft vessels. While UPS3 

showed lower pericyte coverage than UPS2 and UPS3, differences among xenografts 

were not statistically significant (Chapter 4). 

Additionally, IF-based immune cell staining was used to examine macrophages in our 

xenografts. Tumour-associated macrophages (TAMs) are known for their role in 

epithelial-to-mesenchymal transition remodelling, enhancing tumour progression and 

metastasis in lung (Zhang et al., 2017) and breast (Baghel et al., 2016) cancer. Since 

FSP-1 and FAPα were considered specific to CAFs and macrophages (Herrera et al., 

2013), they were co-stained with F4/80 (a macrophage marker). The number of F4/80-

positive cells did not differ significantly among the three xenografts. IF staining showed 

high numbers of cells positive for both F4/80 and FSP1 or FAPα, indicating that many 

macrophages may be FAPα+ or FSP1+. Consequently, care must be taken when using 

these as SAF markers. 

6.5 Characterisation of stromal gene expression using RNAseq 

Given the limitations of IHC and IF methods, a more precise method was needed to 

identify gene expression differences between UPS and stromal cells. Therefore, RNAseq 

was used. RNA was isolated from frozen xenografts and sent for RNAseq. Pre-processing 

of the raw RNAseq data is illustrated in Figure 2.1 (Chapter 2). Stromal transcript levels 

were studied using the RNAseq XenofilteR tool to deconvolute host and graft reads. Four 

differentially expressed gene (DEGs) comparisons were performed: between human and 

mouse transcripts aligned against a universal reference genome (GRCh38/hg38 and 
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GRCm38/mm10 combined) for the whole tumour transcriptome, between human UPS 

transcriptomes only (GRCh38/hg38), between mouse stromal transcriptomes only 

(GRCm38/mm10), and between human (graft) and mouse (host) transcriptomes for each 

tumour. 

6.6 Combining our UPS data with clinical data from TCGA-SARC and 

VorteX 

Our UPS xenograft samples were compared with clinical RNAseq data from The Cancer 

Genome Atlas Sarcoma (TCGA-SARC) and the VorteX biobank. TCGA-SARC is a 

collection of cancer genomic databases comprising six STS types, including 52 UPS and 

25 MFS. VorteX is a randomised phase III trial conducted with STS patients to determine 

whether a reduced radiotherapy volume administrated to patients will improve limb 

function without compromising local control. There was no difference in overall survival 

(OS) or progression-free survival (PFS) between the two study arms (West and Forker, 

personal communication, submitted for publication). The VorteX biobank is a sample and 

data collection from the VorteX trial that includes 30 MFS and 40 UPS. Multidimensional 

scaling (MDS) plots showed that most UPS xenografts clustered with the clinical STS with 

complex karyotypes, including UPS and MFS, suggesting their transcriptomes are highly 

similar (Chapter 5). 

6.7 Characterisation of stromal gene expression in xenografts using 

RNAseq 

In the human transcriptomes, UPS4 clustered separately from UPS2 and USP3, with 

2,039 DEGs between UPS2 and UPS4 and 2,042 DEGs between UPS3 and UPS4. 

These results showed that UPS2 and USP3 were highly similar, with less variation in their 

transcriptomes between biological replicates. In contrast, UPS4 was less similar to UPS2 

and USP3 and also had greater variation between biological replicates. This result also 

necessitated checks to determine whether the tumour genomes were comparable to the 

cell lines and differed significantly among the individual biological replicates. Again, could 
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a subset of clones in the in vitro cell culture have been selected in vivo? As discussed 

earlier, LP-WGS will hopefully answer this question. 

As expected, comparisons of mouse transcriptomes between UPS2, USP3 and USP4 

tumours identified no DEGs. This finding suggests that stromal cell recruitment and TME 

development are largely independent of the UPS cell line. 

DEGs analysis between the human (STS cell lines) and mouse (the stroma) identified 

11434, 9406, and 8582 DEGs in UPS2, UPS3, and UPS4 tumours, respectively. Here, 

we included our eight common mesenchymal genes examined using WB, ICC, IHC and 

IF. Transgelin and αSMA expressions were significantly higher in stromal cells than in 

UPS cells, confirming the preliminary WB findings. However, vimentin and SOX2 

expression was also higher in stromal cells than in UPS cells, contradicting our WB 

findings. We then included more known CAF markers (PDGFRα/β, tenascin-C, microfibril-

associated protein 5 (MFAP5), NG2, and desmin) in our transcriptome analysis. MFAP5 

expression was higher in stromal cells than in UPS cells. We could establish a possible 

SAF panel from our data: transgelin, αSMA, vimentin and MFAP5. Could any of these be 

SAF markers? FSP-1 and FAPα were expressed in stromal cells but not in UPS cells. 

However, our IF analysis showed quite a few UPS xenograft cells positive for F4/80, 

indicating some are macrophages and suggesting that they may not be reliable, 

independent SAF markers. 

Further validation is required to confirm whether any of these could be SAF markers, 

using larger sample sizes and confirming their protein levels using alternative methods 

(e.g. fluorescence-activated cell sorting (FACS) or RNAscope). Moreover, investigating 

the expression of additional stromal genes identified in our transcriptome analysis using 

in vitro WB analysis would be useful. Single-cell RNA-seq (scRNA-seq) could also 

increase our understanding of which cell types express specific genes. 

6.8 Reliability of cell subset prediction in STS 

As discussed earlier, to confirm the abundances of macrophages and other cells in our 

xenografts, we used cell subset prediction in our xenograft transcriptomes using Xcell 

software. XCell results showed very low macrophage abundances in UPS2 and UPS3 
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and almost no detectable macrophages in UPS4 (Chapter 5). This might indicate that cell 

subset prediction algorithms are not the most suitable for STS analysis. ScRNA-seq could 

be an alternative method to predict the numbers of FSP-1- or FAPα-positive macrophages 

in clinical STS. ScRNA-seq is a high throughput method recently used in carcinoma 

studies to explore single-cell-specific transcriptomes. Many scRNA-seq analyses were 

performed to study various immune cell populations in the colorectal cancer (CRC) TME 

to discover novel biomarkers that may aid precision medicine (Tieng et al., 2022). 

Endothelial cells express some common genes, such as platelet endothelial cell adhesion 

molecule (PECAM-1), cadherin 5 (CDH5), vimentin, and tyrosine kinase with 

immunoglobulin-like (Tie1) (Feng et al., 2019). All of these markers exhibited higher 

expression in the stroma than in the STS cells in xenografts (Fig. S35). Furthermore, the 

expression of M2 macrophage markers, including arginase (ARG1), C-type lectin domain 

family 18 member A (CLEC18A), and C-C motif chemokine ligand 17 (CCL17) (Yu et 

al.,2019) was higher in the stroma than in the STS cells; however, this difference was not 

statistically significant (Fig. S35). These findings indicate that the cell subset predictions 

may be partially accurate; however, the gene lists may require editing or amending to be 

more suited for STS studies. 

 

6.9 Studying the influence of mesenchymal gene expression on patient 

survival using TCGA-SARC and VorteX data 

Analysis was done using TCGA SARC and VorteX data for mesenchymal genes 

characterised in Chapters 3–5 (transgelin, αSMA, vimentin, N-cadherin, fibronectin, FSP-

1, FAPα and SOX2) and the new markers identified in Chapter 5 (PDGFRβ, desmin, and 

MFAP5) to obtain correlations with survival in clinical disease. Data was separated into  

low- and high- expression groups using the 25th and 75th quartiles of normalised 

expression values. We combined UPS and MFS samples from the TCGA-SARC and 

VorteX, since sample numbers were small and MDS plots showed their transcriptomes 

were highly similar. 
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OS and PFS between groups were examined using Kaplan–Meier univariate analyses at 

2, 5, and 10 years. OS is the patient survival time after diagnosis, while PFS is the time 

from diagnosis to disease progression. OS was not significantly correlated with 

mesenchymal gene expression. However, a non-significant trend of decreasing survival 

with lower transgelin expression was observed. Ten-year OS and PFS were significantly 

higher in the low N-cadherin expression group than in the high N-cadherin expression 

group (Figure 5.3). Two-year PFS was significantly lower in the low αSMA expression 

group than in the high αSMA expression group. The low vimentin and fibronectin 

expression groups showed decreased PFS at 2 and 5 years compared to the high 

vimentin and fibronectin expression groups.  

We combined all predicted SAF markers (transgelin, αSMA, vimentin, and MFAP5) into 

“possible SAF panel” and analysed OS and PFS. However, OS and PFS did not differ 

significantly between the high and low groups. This finding might reflect the small sample 

size due to sarcoma’s rarity. Another possibility is that more SAF markers are needed to 

provide a more reliable prognostic panel. High transgelin expression was associated with 

poor OS in metastatic pancreatic cancer (Zhou et al., 2013), while low transgelin 

expression was associated with poor OS in osteosarcoma (Xi et al., 2022). Our data 

showed transgelin expression did not have any effect on patient survivals. Higher αSMA 

expression was associated with decreased PFS and OS in pancreatic cancer (Sinn et al., 

2014). Our data showed low αSMA expression had worse 2 years PFS. Higher vimentin 

expression was associated with poor OS and PFS in CRC (Du et al., 2018) and poor OS 

in pancreatic ductal adenocarcinoma (Maehira et al., 2019). While Maehira et al. (2019) 

combined vimentin with αSMA, patient survival did not differ significantly between their 

defined groups. Our data showed low vimentin expression caused poor 2 and 5 years 

PFS. Higher MFAP5 expression was associated with poor OS in bladder cancer patients 

(Zhou et al., 2020). Our data showed MFAP5 expression did not have any effects on 

patient’s survivals. 
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6.10 Future directions 

Since MFS cell lines showed decreased transgelin and αSMA expression in vitro in this 

project, further validation is needed. MFS cell lines from Prof. Dominique Heymann will 

need to be assessed for growth in vivo since pilot studies performed with MFS cell lines 

from Salawu et al. (2016) did not form tumours in mice, although the number of mice was 

small (n = 3). Therefore, could these cells be orthotopically injected into mice to improve 

growth? Alternatively, performing 3D spheroids could overcome this problem. Salereno 

et al. (2013) found that injecting spheroids into mice resulted in more reproducible and 

rapid tumour growth, showing that spheroids are more tumorigenic and more closely 

resemble the original disease. They concluded that this method was reliable for preclinical 

sarcoma studies and better understanding of sarcoma biology (Salerno et al., 2013). This 

approach could further help characterise stromal gene expression and likely add more 

SAF markers to our list. In addition, our SAF panel must be tested in additional STS cell 

lines in vitro and in vivo. 

The additional stromal genes identified by our RNAseq analyses must be confirmed in 

our STS and additional STS cell lines using different methods (e.g. FACS, RNAscope, 

and BASEscope). Further mesenchymal gene expression characterisation using WBs 

could be used to confirm the difficulty to identify SAFs in STS by including PDGFRα/β, 

NG2, and desmin. PDGFRα/β are considered CAF markers (Shiga et al., 2015). Since 

transgelin showed promising results, further studies could confirm it as a new therapeutic 

target for STS and a SAF marker. The Kyoto Encyclopaedia of Genes and Genomes is a 

collection of databases on gene function and pathways that includes an additional drug 

development database. It can also provide information about protein-protein interactions 

(Chen et al., 2015). Whole exome sequencing interrogates the exonic parts of genomic 

DNA, providing a better understanding of genetic biomarkers and mutations to 

complement RNA-seq to facilitate understating and improve precision medicine for STS 

(Rusch et al., 2018). 
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6.11 Conclusions 

In conclusion, our in vitro experiments showed that transgelin expression was lower in 

UPS and MFS than in LMS cell lines and normal human mesenchymal cells. Additionally, 

bioinformatics analysis of UPS transcriptomes confirmed this result and led to the 

identification of more “possible SAF” markers. Identifying SAFs will improve our 

understanding of sarcoma biology and therapeutic avenues. Growing UPS cells in mice 

was feasible, and we could use the method described by Bradford et al. (2013) to study 

DEGs between the graft (UPS cells) and the stroma (mouse cells). While IHC and IF 

methods confirmed common protein expression in our xenografts, it was not possible to 

distinguish between UPS and stromal cells, emphasising the importance and accuracy of 

RNAseq analyses. Deconvolution between UPS and stroma cells was an essential but 

challenging step. Challenges we encountered included performing all bioinformatics pre-

processing steps during the COVID-19 lockdown, resulting in slower software and 

problem-solving since everything was working remotely. Additionally, since the XenofilteR 

tool had never been used by the University of Sheffield’s Bioinformatics Core Facility, it 

took longer to install and run. 

Clinical data such as TCGA-SARC and VorteX helped us to study the distribution of 

different STS, confirming that UPS and MFS transcriptomes were highly similar. Our 

“possible SAF panel” was used to investigate the influence of gene expression on OS 

and PFS. As discussed earlier, individual SAF marker expression has been reported to 

impact carcinoma patient survival. This effect was not observed in our TCGA-SARC and 

VorteX data, potentially because our panel needs more “SAF” markers, or in contrast to 

other solid tumour types SAF are of little prognostic importance. 

 

Overall, we conclude there are differences in mesenchymal gene expression between 

poorly differentiated STS with complex karyotypes in vitro and in xenografts that could 

aid the identification of SAFs, or a subset of SAFs, in clinical samples and facilitate their 

study. Further research is needed to validate these as SAF markers in clinical samples 

and characterise the role of these cells in STS development, metastasis, and therapy 

response. Our data also shows the newly isolated UPS cell lines derived from the tumours 
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of STS patients at the University of Sheffield have transcriptomes that closely resemble 

clinical STS, making them highly suitable for future translation studies. 
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Figure S1:  Representative quality report of RNAseq FASTQC. 

(A) Box and Whisker plot shows the quality score across all bases. The blue line represents the 

mean value, the yellow boxes represent the inter-quartile (25-75%) of the range. Green are 

indicates good quality, orange area indicates reasonable quality and red indicates poor quality. 

(B) A plot of the average quality per read. (C) A plot of sequence content across all bases, it plots 

the percentage of each of the four nucleotides (T, C, G, A) at each position across all reads in the 

input sequence file. (D) GC distribution over all reads. This plot displays the number of reads vs. 

percentage of bases G and C per read. 
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Figure S2: Number of counts reads of RNAseq data.  

The average count read is 35 million reads. Sample4 shows the lowest count read of 28 

million reads. 
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 Figure S3: Western blot analysis of mesenchymal proteins in UPS cell lines. 

 GAPDH was used as loading control. 

.  
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Figure S4: Western blot analysis of mesenchymal proteins in MFS cell lines. 

 GAPDH was used as loading control. 

 



261 
 

  

  

Figure S5: Western blot analysis of mesenchymal proteins in STS cell 
lines.  

GAPDH was used as a loading control. 
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Figure S6: Western blot analysis of mesenchymal proteins in fibroblasts.  

GAPDH was used as a loading control.  
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Figure S7: Western blots analysis of mesenchymal proteins in hMSC.  

GAPDH was used as loading control.  
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Figure S8: Western blot analysis of mesenchymal proteins in LMS cell 
lines 
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Figure S9: Immunocytochemistry images of Transgelin localisation in UPS4, UPS1 and 
MFS3 cell lines.  
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Figure S10: Immunocytochemistry images of Transgelin localisation in MFS1, MFS2 and 
LMS cell lines.  
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Figure S11: Immunocytochemistry images of Transgelin localisation in hMSC, HPF and 
HUF cell lines.  
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Figure S12: Immunocytochemistry images of αSMA localisation in UPS2, UPS4 and UPS1 
cell lines. 
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Figure S13: Immunocytochemistry images of αSMA localisation in MFS3, MFS1 and LMS 
cell lines. 
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Figure S14: Immunocytochemistry images of αSMA localisation in hMSC, HPF and HUF 
cell lines. 
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Figure S15: Immunocytochemistry images of vimentin localisation in UPS2, UPS4 and 
UPS1 cell lines. 
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Figure S16: Immunocytochemistry images of vimentin localisation in MFS3, MFS1 and 
LMS cell lines. 

 

  



273 
 

 

 

 

Figure S17: Immunocytochemistry images of vimentin localisation in hMSC, HPF and 
HUF cell lines. 
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Figure S18: Immunocytochemistry images of N-cadherin localisation in UPS2, UPS3 and 
UPS1 cell lines. 
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Figure S19: Immunocytochemistry images of N-cadherin localisation in MFS3, 
MFS1 and LMS cell lines. 
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Figure S20: Immunocytochemistry images of N-cadherin localisation in hMSC, HPF and 

HUF cell lines. 
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Figure S21: Immunocytochemistry images of fibronectin localisation in UPS2, UPS3 and 
UPS1 cell lines. 
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Figure S22: Immunocytochemistry images of fibronectin localisation in MFS3, MFS2 and 
LMS cell lines. 
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Figure S23: Immunocytochemistry images of fibronectin localisation in hMSC, HPF and 
HUF cell lines. 



280 
 

 

 

 

 

Figure S24: Immunocytochemistry images of FSP-1 localisation in UPS2, UPS3 and UPS4 
cell lines. 
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Figure S25: Immunocytochemistry images of FSP-1 localisation in MFS3, MFS1 and LMS 
cell lines. 
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Figure S26: Immunocytochemistry images of FSP-1 localisation in hMSC, HPF and HUF 
cell lines. 
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Figure S27: Immunocytochemistry images of FAPα localisation in UPS3, UPS4 and UPS1 
cell lines. 
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Figure S28: Immunocytochemistry images of FAPα localisation in MFS2, MFS3 and LMS 
cell lines. 
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Figure S29:  Immunocytochemistry images of FAPα localisation in hMSC, HPF and HUF 
cell lines. 
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Figure S30: Immunocytochemistry images of SOX2 localisation in UPS2, UPS4 and UPS1 
cell lines. 
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Figure S31: Immunocytochemistry images of SOX2 localisation in MFS2, MFS3 and LMS 
cell lines. 
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Figure S32: Immunocytochemistry images of SOX2 localisation in hMSC, HPF and HU 

F cell lines. 
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Figure S33: Semi-quantitative analysis of co-localisation between the protein and 
Phalloidin.  

X-axis is cell lines and Y-axis is Pearson’s correlation coefficient (PCC).  
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  Transgelin αSMA  Vimentin N-cadherin Fibronectin SOX2 FSP-1 FAPα 

  R R R R R R R R 

NHDF 0.951 0.921 0.899 0.908 0.927 0.9 0.96 0.941 

UPS2 0.931 0.926 0.954 0.968 0.886 0.966 0.953 0.979 

UPS3 0.973 0.87 0.948 0.974 0.942 0.945 0.951 0.948 

UPS4 0.897 0.923 0.879 0.811 0.804 0.885 0.964 0.941 

UPS1 0.751 0.939 0.738 0.947 0.905 0.8 0.965 0.92 

MFS3 0.899 0.976 0.761 0.843 0.864 0.923 0.957 0.864 

MFS1 0.957 0.977 0.969 0.961 0.943 0.952 0.973 0.954 

MFS2 0.971 0.956 0.786 0.953 0.897 0.798 0.915 0.939 

LMS 0.977 0.9 0.786 0.909 0.967 0.933 0.981 0.981 

HUF 0.891 0.844 0.835 0.946 0.876 0.959 0.976 0.915 

HPF 0.974 0.983 0.957 0.948 0.938 0.941 0.961 0.903 

hMSC 0.964 0.963 0.941 0.886 0.877 0.9 0.854 0.928 

Table S1: Pearson’s correlation coefficient (PCC) (R) for co-localisation of each protein 
with F-Actin in ICC experiment.  
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Table S2: UP/downregualted genes between the xenograft transcripts. 

This table represent the five most upregulated genes (UP) and the five most downregulated 

genes (Down) in xenograft transcriptomes. 

  

Xenografts 

UPS2 vs UPS3 UPS2 vs UPS4 UPS3 vs UPS4 

UP  Down UP  Down UP  Down 

SCN5A NFYB IL2 MBP IL2 LIRB4 

NUP205   CCN1 PLAAT3 CCN1 AKT2 

POT1   MAPK3 NFYB EFNA3 CD01 

MFSD4B   MYOL1A CIQC IPO5 UPOS 

PTK6   IGLV3-19 LILRB4 TIMM8A CD58 



292 
 

Table S3: UP/downregualted genes between the human transcripts.  

This table represent the five most upregulated genes (UP) and the five most downregulated 

genes (Down) in human transcriptomes. 

Human transcriptomes 

UPS2 vs UPS3 UPS2 vs UPS4 UPS3 vs UPS4 

UP  Down UP  Down UP  Down 

MYOG RBL1 MMP7 ZNF141 VAT1L KRT79 

SFRP5   VAT1L MAGEC1 WNT7B MAD1L1 

HAPLN1   PPDPF DCAF4L2 PPDPF FGF16 

TMEM47   LDOC1 KRT79 LDOC1 NDN 

CA3   HOXD13 GALNT12 RPL3P2 DCAF4L2 
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Table S4: UP/downregualted genes between the human and mouse transcriptome. 

This table represent the five most upregulated genes (UP) and the five most downregulated 

genes (Down) between human and mouse transcriptomes. 

 

 

 

UPS2 UPS3  UPS4 

UP  Down UP  Down UP  Down 

CNTN2 BTG1 ABCB9 EEF1A1 TMEM87B ARHGAP19 

PRPF6 ITGB5 FBXO36 EIF2A1 MUL1 SERINC3 

MRPS10 CCDC74B COIL VIM BCAS1 PRKAA2 

ODR4 SPARC RPUSD4 ARF1 LRRC59 HOXA4 

NUDT15 CHRNA5 HSPB11 BRAK TMEM174 INTS3 
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Figure S34: Overall and progression free Survival Analysis of common gene expression 

in the TCGA SARC and vortex RNAseq dataset.  
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Figure S35: Box-plot analysis of the common CAFs gene expression in human vs mouse 
transcriptomes in UPS xenografts. 

Error bars are ± SEM. *,P<0.05 , **,P <0.01; ***,P < 0.001 ;NS, not significant. 
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