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CAF  Cancer associated fibroblast 
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TME  Tumor microenvironment 
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uPAR  Urokinase plasminogen activator receptor 

α-SMA  Alpha-smooth muscle actin 

RIPA  Radioimmunoprecipitation assay 
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3. Abstract 

Oral squamous cell carcinoma (OSCC) is one of the frequently diagnosed type of oral cancers and 

is a leading cause of cancer associated mortality and morbidity worldwide. Cancer associated 

fibroblasts (CAFs) are activated fibroblasts that are found in association with cancer cells. CAFs 

are the most abundant stromal cells in the tumor microenvironment (TME). In the TME, cell 

interactions mediated by different soluble factors released from both stromal cells and cancer 

cells play a crucial role in tumor progression and metastasis. Of these interactions, high 

expression of the serine protease urokinase (uPA) and its receptor (uPAR) and the uPA inhibitor 

(PAI-1) have all been associated in triggering invasion and metastasis. The aim of this project was 

to study CAFs role in regulation of uPAR cleavage. We also aimed to identify soluble factors 

involved in cleavage regulation. Artificial CAFs were made in vitro by activating 3T3 cells 

(fibroblasts) using transforming growth factor β1 (TGF-β1) and conditioned media (CM) from 

AT84 cells (CM-uPAR and CM-EV). CMs from activated fibroblasts were harvested and used to 

treat OSCC cells overexpressing uPAR. For this, we optimized a culture medium that enabled us 

to activate fibroblasts in a controlled manner by supplementing the basal medium (RPMI) with 

low FBS (0.5%) and ITS (1%).  Flp-In 3T3 cells treated with TGF-β1 showed high expression α-SMA 

and had elongated shape, which is a characteristic morphology of activated fibroblasts. However, 

Flp-In 3T3 cells treated with CM-uPAR and CM-EV from AT84 cells did not show activated 

phenotype. AT84-uPAR cells treated with CM prepared from TGF-β1 treated Flp-In 3T3 cells (CM-

Flp+) revealed significantly (p=0.0005) higher full-length uPAR compared with CM-Flp÷ treated 

cells. Gel-zymography analysis of CM-Flp+ also exhibited the presence of high PAI-1 and matrix 

metalloproteinase 2 (MMP2). Thus, the detection of full-length uPAR might be due to the high 

PAI-1 expression that has a function of scavenging and inhibiting uPA activity as evidenced by low 

level of uPA in the CM-Flp+. Immunohistochemistry was also used to study the relative CAFs 

infiltration in different uPAR expressing mouse tongue tumor sections. The immunoratio analysis 

revealed high CAFs infiltration in high uPAR expressing tongue tumor sections. Together, these 

findings suggest the regulatory interplay between CAFs and uPAR expression in OSCC. These 

findings, however, warrant further investigation using more functional assays that illustrate this 

interplay between CAFs and uPAR.  
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4. Introduction 

4.1 Oral squamous cell carcinoma 

Oral cancer is a type of head and neck cancer where any cancerous growth is located in oral cavity 

(1). More than 90% of the oral cancers are oral squamous cell carcinoma (OSCC) that arise from 

squamous or epithelial cells lining the oral cavity. OSCC is characterized by local invasion, a 

tendency for early metastasis to regional lymph nodes and has a high tendency to reoccur  (2, 3). 

OSCC tends to occur in mobile part of tongue, floor of mouth, gingiva, cheek lining and roof of 

mouth (hard plate) (4). The tongue is the most frequently diagnosed site for the occurrence of 

OSCC (5, 6), which is rich in blood and lymphatic vessels on both dorsal and ventral parts that 

may favor metastasis (6).  

 

4.1.1 Epidemiology of OSCC 

OSCC is a common cause of morbidity and mortality (7-9). The global cancer statistics registered 

a higher incidence and death rate in male than female (10). The occurrence of cancer depends 

on the exposure to different risk factors. (1). Tobacco smokers are six-fold higher at risk of 

developing oral cancer than nonsmokers, and combination of tobacco and alcohol use increases 

the risk of oral cancer to fifteen fold (11). Chewing betel and paan, which is a mixture of betel 

and areca nut, is a known risk factor for the occurrence of oral cancer in many Asian countries 

(12). Other causes of oral cancer include poor oral hygiene, poor nutrition and chronic infections 

caused by fungi, bacteria or viruses (13).  

 

4.1.2 Clinical features of OSCC 

Early stages of OSCC development are usually painless; making the diagnosis of early stage OSCC 

a challenge to health practitioners. Later stages, however, are more painful and burning. The 

common clinical presentations include leukoplakia (whitish lesion), ulcer, pain, bleeding and 

difficulty with chewing, swallowing and speaking as well as weight loss. Most of the patients 

usually clinically presented with one or more lymph nodes involvement (8).  
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4.1.3 Treatment of OSSC 

Treatment of choice depends on the localization and the extent of the primary tumor, the patient 

health status and desire. Oral cancer patients can be grouped based on TNM staging system and 

degree of differentiation, which are used to decide on the outcome as well as treatment of the 

patients. (14). OSCC are also further graded in to well or moderate (15). TNM classifies tumors 

according to the size and extent of the primary tumor (T1-4), absence or presence and extent of 

regional lymph node involvement (N0-3), the absence and presence of distant metastasis (M0-

1). The standard treatment of oral cancer is surgery, which might be extensive, and/ or 

radiotherapy (16). For most advanced cases, radiotherapy prior to surgery is often the treatment 

of choice. Prognosis of OSCC depends on tumor size, efficacy of the treatment and patient 

immunity (17). Despite advances in the treatment of oral cancer, the mortality rate is still 

unchanged over the years and is around 50% (16). Genetically altered epithelial cells nearby the 

primary tumor are believed to be the important factor for reoccurrence after therapy (18). Of 

those who survived, around 4% become susceptible to the development of new independent 

secondary tumor (19). The overall 5-year survival rate is around 50% with combinatorial 

treatment of surgery and radiation (5). 

 

4.2. Tumor microenvironment (TME) 

The TME is an environment created by the tumor and dominated by tumor-induced interactions 

(Fig. 1) (20). The TME includes blood vessels, immune cells, fibroblasts, epithelial cells, growth 

factors and extracellular matrix (ECM) (21). TME is a complex environment where various 

interactive signaling taking place via different signaling molecules released by both tumor and 

stromal cells. Some components of TME, are summarized below.  
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Figure 1. The Tumor microenvironment. The tumor microenvironment contains numerous 
stromal cells that have either tumor suppressing or promoting function. This includes fibroblasts, 
endothelial cells, macrophages etc. Bone marrow derived cells (BMDC); myeloid dendritic stromal 
cells (MDSC); mesenchymal stromal cells (MSC); TIE2- expressing monocytes (TEM). Figure from 
(22). 
 

4.2.1. Extracellular matrix (ECM) 

Extracellular matrix (ECM) has two forms; interstitial matrix and basement membrane. ECM has 

different components such as collagens, fibronectin, elastin, fibrillin, glycosaminoglycans and 

glycoproteins that give both structural and biochemical support to the surrounding cells (23). The 

interstitial matrix is the matrix found between cells (or interstitial space), which is filled by gels 

of polysaccharides and fibrous proteins (collagens) (24). Basement membrane is a fibrous matrix 

mainly composed of glycoproteins, type IV collagen and laminin, found between cellular element 
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and connective tissue. In cancer, the normal ECM structure is transformed by the reactive 

molecules such as MMPs and proteolytic enzymes secreted from stromal cells. The TME recruited 

stromal cells include vascular endothelial cells, pericytes, adipocytes, fibroblasts, and bone-

marrow derived cells (25). The bulk of collagen I and III, fibronectin, proteoglycans and 

glycosaminoglycan that gives ECM the characteristics desmoplastic stromal appearance is mainly 

produced by CAFs (26). This increased amount of ECM secretion  transform the initial fibrillar 

ECM into a dense acellular collagenous ECM, which is the hallmark of tumor associated stroma 

(26).  

 

4.2.2. Cells in TME 

4.2.2.1. Angiogenic vascular cells 

Angiogenesis is the growth of blood vessels from the existing blood vessels through spurting and 

splitting. Angiogenesis is a multi-step process that involves tube forming endothelial cells and 

supporting perivascular cells pericytes and smooth muscle cells (27). Vascular endothelial growth 

factor (VEGF) plays a major role in regulating angiogenesis (28). VEGF with its receptor (VEGR) 

induce endothelial cell proliferation and development of angiogenesis (28). Thus, tumor 

associated blood vessels promote tumor growth by providing oxygen and nutrients and facilitate 

tumor cell entry to circulation to favor metastasis (29).  

 

4.2.2.2. Immune cells 

Diverse leukocyte subsets of both myeloid and lymphoid lineage cells infiltrate TME (30, 31). 

These immune cells include tumor-associated macrophages (TAM), immature myeloid cells that 

can possess suppressive activity, Tie2-expressing monocytes (32, 33), regulatory T cells (Treg), 

neutrophil and mast cells (34). The appearance of natural killer T cells and natural killer cells in 

TME predicts good prognosis (35). Tumor associated macrophages, programmed by Th2-type 

cytokines (IL-4, IL-5 IL-10 and IL-13) are abundant in most cancers and are usually tumorigenic 

(36).  
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4.2.2.3. Cancer associated fibroblasts (CAFs) 

Activated fibroblasts, also called myofibroblasts or cancer associated fibroblasts, are the major 

stromal cells found in TME. Activated fibroblasts have more euchromatin, high rough 

endoplasmic reticulum, more Golgi apparatus and one or two nucleoli than normal fibroblast that 

has small nucleus, more heterochromatin and less rough endoplasmic reticulum (37). In normal 

condition, fibroblasts are mainly found embedded in loose fibrillar collagen I and fibronectin. 

Fibroblasts interact with their environment using integrin α1β1 cell surface receptor, which is 

connected to cytoskeletal actin and intermediate vimentin filament. Activated fibroblasts on the 

other hand secrete more ECM molecules comprised of collagen I, tenascin C, fibronectin 

containing the extra domain A (EDA-fibronectin) and secreted protein acidic and rich in cysteine 

(SPARC) (38-41). CAFs are derived from normal fibroblasts, pericytes, endothelial cells, circulating 

fibrocytes and bone marrow derived mesenchymal cells (42).  

 

Task accomplished activated fibroblasts are removed via apoptosis (43). However, CAFs remain 

active in the reactive stroma, which is a new stromal environment in response to carcinoma, and 

become a prominent contributor in cancer (44, 45). CAFs are found in almost all forms of solid 

tumors and play an important role in cancer progression that include induction of epithelial-

mesenchymal transition (EMT) and metastasis. EMT is the process by which epithelial cells lose 

the cell-to-cell adhesion and gain invasive and migratory property. CAFs play an important role 

in cancer progression by producing different growth factors (e.g. TGF-β) and cytokines (e.g. IL-4, 

IL-6) (46, 47) and inducing tumor proliferation in paracrine manner (48).  

 

4.2.3. Growth factors 

Growth factors secreted by cancer cells, endothelial cells and CAFs may regulate growth and 

proliferation (49). These include hepatocyte growth factor (HGF), insulin- like growth factor (IGF), 

epidermal growth factor (EGF), nerve growth factor (NGF), wingless/integrated protein 1 (WNT1), 

TGF-β and fibroblast growth factor 2 (FGF2) (50).  
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Platelet derived growth factor (PDGF) is secreted by many different types of cancer cells. PDGF 

has a chemotactic function and mitogenic activity on cells bearing its receptor, PDGFR. Both CAFs 

and macrophages are known to express PDGFR (26). Thus, PDGF is the most important growth 

factor in recruiting stromal cells and inducing their proliferation. Proliferation of stromal cells 

may impact the progression of cancer (51, 52). Recruited CAFs replace initial fibrin by collagen 

matrix. Therefore, its high expression has been related to tumor progression as explained by 

stromalization of tumors (26).  

  

TGF-β is secreted mainly by platelets, but also produced by regulatory T cells, monocytes, 

macrophages, lymphocytes, fibroblasts, epithelial cells and dendritic cells (53-55). TGF-β is 

inactive when produced, which is complexed with latent TGF-β binding protein (LTBP) and latency 

associated protein (LAP) (56). The activation of TGF-β is induced during ECM degradation by 

different proteolytic enzymes (57, 58). Active TGF-β is also released by macrophages that 

endocytosed IgG bound latent TGF-β released by plasma cells. Other factors that including 

proteases, integrins (αVβ6 and αVβ3), pH and reactive oxygen species (ROS) have been described 

to induce the activation of latent TGF-β complex (59-61). The activated TGF-β binds to 

constitutively active TGF-β type II receptor, which then activate TGF-β type I receptor and induce 

phosphorylation. TGF-β functions as tumor suppressor during early stages of tumor 

development. However, at later stage it promotes tumor progression (62). Two known TGF-β 

signaling are SMAD pathway (canonical) and apoptosis via death associated protein 6 (DAXX) 

pathway in normal condition, while non-canonical pathway instead function with JNK-1, JNK-2 

and p38 mediated signaling as reported in some degenerative diseases and cancer. The 

downstream signaling associated to non-canonical pathway (Fig. 2) include MAP kinase, Rho-like 

GTPase and phosphatidylinositol-3-kinase/AKT (63). The canonical pathway includes the 

phosphorylated TGF-β type I receptor then phosphorylates SMAD2 and SMAD3 proteins and 

then, the dimerized SMAD2/SMAD3 is translocated to the nucleus upon SMAD4 binding and it 

induces transcription of target genes (Fig. 2). In normal conditions, TGF-β inhibits growth via 

down regulation of c-MYC oncogene and inhibition of cyclin dependent kinases (CDKs) via 
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upregulation of p15INK4B and p21CIP1 and downregulation of CDC25A oncogene expression(64, 

65).   

 
Fig 2. TGF-β signaling pathways. a. SMAD dependent pathway where activated TGF-β binding 
induces phosphorylation of SMAD 2/3 and induce transcription of target genes. B. Non-SMAD 
dependent pathways where MAPK, PI3K and RHO signaling induced following ligand binding. 
Transcription factor-TF; tumor necrosis factor receptor associated factor 6 - TRAF6, mitogen 
activated protein kinase- MAPK; phosphoinositide 3′ kinase – PI3K; extra cellular signal regulated 
kinases- ERK; c-Jun N-terminal kinase -JNK. Figure from (66).  
 

The non-canonical pathway has been reported to be activated by TGF-β that bound to its receptor 

and/ or mutation to the downstream signaling molecules other than SMADs (63) (Fig. 2). TGF-β 

activation induced ERK2 signaling in non-canonical pathway (67). ERK2 signaling results in EMT 

of normal epithelial cells during embryogenesis and cancer (68, 69). In addition, TGF- β mediated 
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PI3K/ AKT signaling has been reported to inhibit SMAD pathway and induce apoptosis, EMT and 

growth (Fig 3) (70-72).  

  

4.2.4. Matrix metalloproteinases  

Matrix metalloproteinases (MMPs) are zinc dependent endopeptidases (73, 74) that are 

expressed in small amount in normal physiological conditions when compared to pathological 

conditions. MMPs activity is controlled at three stages: at transcription, zymogen activation and 

inhibition of the active form by tissue inhibitor of metalloproteinases (TIMP) (75). MMPs are 

synthesized as inactive zymogen (pro enzymes) and are activated extracellularly. Dysregulation 

of the balance between MMPs and their inhibitors result in progression of certain degenerative 

diseases and cancer (76). The most known substrate-based MMPs groups include gelatinases 

(MMP2, MMP9), collagenases (MMP1, MMP8, MMP13) and stromelysins (MMP3, MMP110, 

MMP11). MMP2 and MMP9, function in cancer has been summarized as these were studied in 

this thesis.  

 

4.2.4.1. Matrix metalloproteinase 2  

Matrix metalloproteinase 2 (MMP2), also called collagenase IV or gelatinase A, which is 72KDa 

protein that has ECM proteolysis function. MMP2 is secreted by a variety of cells including 

endothelial cells, fibroblasts and activated fibroblasts during angiogenesis, wound healing, 

fibrosis and tumor invasion (77-79).  MMP2 is secreted as an inactive proenzyme and activated 

by other proteases. MMP2 degrades collagen IV, a major component of the basement 

membrane, and result in loss of tissue organization that favors metastasis (80). Together with 

other MMPs, MMP2 also activates growth factors (e.g. TGF-β) to promote EMT and metastasis 

(77). 

 

4.2.4.2. Matrix metalloproteinase 9  

Matrix metalloproteinase 9 (MMP9), also called gelatinase B or collagenase type IV, is 92KDa 

protein. MMP9 is secreted by a wide number of cells such as macrophages, fibroblasts, 

neutrophils and endothelial cells (41). It is secreted as inactive proenzyme and activated by other 
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proteases (41, 81). MMP9 degrades ECM in both physiological (e.g. embryogenesis) and disease 

conditions (degenerative conditions and cancer) (41). In addition to collagen IV and V degradation 

(81), MMP9 has been involved in neutrophil migration (82), IL-8 dependent hematopoietic 

progenitor cells mobilization and endothelial cells migration during angiogenesis (83) (84). Most 

metastatic cancers have high expression of MMP9 (85, 86). 

 

4.3. Plasminogen activation system 

Plasminogen activation (PA) system is an enzymatic system involved in ECM degradation and 

turnover that promotes cancer invasion and progression (87). PA system comprises the serine 

proteases, urokinase plasminogen activator (uPA) and tissue plasminogen activator (tPA), their 

inhibitors, plasminogen activator inhibitor 1 (PAI-1) and plasminogen activator inhibitor 2 (PAI-

2), and the cell surface bound uPA receptor (uPAR) (88, 89). Both tPA and uPA are found in TME; 

however, it is only uPA that has active role in tumor progression (90). PA system plays a major 

role in cancer progression via favoring invasion, migration, and metastasis (88). Higher expression 

of PA system components has been found in cancer than normal condition (91). 

 

4.3.1 Urokinase plasminogen activator (uPA)  

uPA, also called urokinase, is a serine proteinase of 55 kDa as pro-uPA, which is produced in all 

mammalian cells and is activated when binds to its receptor (89, 92). uPA is composed of two 

peptide chains bridged together by di-sulfide bond; amino terminal fragment (ATF) and carboxy 

terminal B-chain. The amino terminal contains the EGF-like and kringle domain. The EGF-like 

domain is the binding domain of the pro uPA or the active uPA while the kringle domain interacts 

with cell surface receptor. The carboxy terminal B-chain contains the catalytic serine protease 

domain (93-95).  

 

uPA activates the conversion of the zymogen plasminogen to plasmin (96).  Activated plasmin 

induces cleavage of pro-uPA into high molecular weight uPA (HMW-uPA). HMW-uPA is further 

cleaved into low molecular weight uPA (LMW-uPA) and ATF. The LMW-uPA has proteolytic 

function but is incapable of binding to uPAR (97, 98). uPA is irreversibly inhibited by PAI-1 and 



17 
 

PAI-2 (99), while α1-antiplasmin and α2-macroglobulin are inhibitors of plasmin (100). Serpine 1 

(Nueroserpine 2), serpine 2 (PN), protein C inhibitor (PAI3), thrombin, and leukocyte elastase 

have also been reported as uPA inhibitors. High expression of uPA in cancer functions by 

degrading ECM via activation of plasmin, which in turn promotes cancer progression by 

facilitating tumor cell migration, proliferation and metastasis (101, 102). 

 

4.3.2. Plasmin 

Plasmin is a serine protease released as a zymogen called plasminogen from the liver into the 

systemic circulation.  The activation of plasminogen takes place when it binds to fibrin clot or cell 

surface plasminogen-binding proteins. This activation induces a conformational change that 

allows enzymes such as such as tPA, uPA, trypsin, Kallikreins or coagulation factor XII bind to it 

and activate its conversion to plasmin. The cell surface plasminogen receptors include annexin 

II–S100A10, cytokeratin 8, α-enolase, plasminogen receptor (KT) (Plg-R(KT)) and histone H2B 

(103). The activation of plasminogen by uPA requires the presence of a co-factor, uPAR, on the 

cell membrane. Plasmin is involved in the degradation of the extracellular matrix (ECM) by 

activating matrix metalloproteinases (MMPs). Thus, plasmin is involved in tissue remodeling, 

tumor invasion and development of distant metastasis and angiogenesis (104, 105). High 

expression of plasmin, with its activators and inhibitors are reported in metastatic conditions 

(106)  

 

4.3.3. Urokinase receptor (uPAR) 

uPAR, also known as cluster of differentiation 87, CD87, is a glycosylphosphatidylinositol (GPI) 

anchored three domain (DIDIIDIII) receptor (107, 108) (Fig. 3). It is a high affinity uPA binding 

receptor, which lacks cytoplasmic domain (109). it interacts with other proteins extracellularly 

that include vitronectin, integrins, Low density lipoprotein receptor-related protein 1 (LPR-1), G-

protein coupled receptor (GPCR) and Platelet derived growth factor receptor (PDGFR) (110-112). 

uPAR has many functions in cell signaling and it also interacts with different receptors (63). uPAR 

can be cleaved at both DI-DII linker and the GPI anchor region. Proteases like uPA, plasmin, MMPs 

and trypsin cleave uPAR at DI-DII linker region (113), while phospholipase C and D cleave uPAR 
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at the GPI anchor region (114-116). Therefore, fragments of uPAR are DI, DIIDIII, and soluble uPAR 

(suPAR also known as DI-III) (Fig. 3). 

 

Figure 3. Schematic uPAR presentation. uPAR is GPI anchored a three-domain receptor that 
bound to its ligand uPA. It shows GPI-anchor proteases cleavage and liberates a suPAR. Cell 
membrane bound uPAR and suPAR can also cleaved at DI-DII linker region by proteases and 
liberates DI and DIIDIII uPAR fragments. GPI- glycosylphosphatidylinositol, uPA- urokinase 
activator, uPAR- urokinase activator receptor, suPAR- soluble urokinase activator receptor. DI= 
D1, DII= D2 and DIII= D3. Image from (117) 
 

4.3.4. uPAR in cancer migration and metastasis  

uPAR is highly expressed in stromal and cancer cells, and is involved in cancer invasion, migration 

and metastasis (108, 118). uPAR functions in both PA system dependent and independent 

manners. The PA system dependent function activates the proteolytic activity of proteases (109), 

while the PA system independent function with uPAR-vitronectin binding where it induce Rac 

signaling, that result in cell cytoskeletal rearrangement (110, 111, 119). In addition, uPAR re-

expression at the leading edge of migrating cells suggests its role in migration (120). PA-

dependent proteolysis activity could be inhibited through PAI-1 (108). uPAR with its co-receptors, 

integrins, signaling has been reported to promote tumor growth and metastasis (121). 
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4.3.5. The interaction of uPAR and fibroblasts 

uPAR expression increases during fibroblast proliferation, while its expression is inhibited during 

myofibroblast differentiation and during fibrosis (112). Activated fibroblast secrets increased 

amount of proteases and growth factors. TGF-β promotes myofibroblasts phenotype, while FGF 

2 promotes the normal fibroblasts phenotype. uPA inhibits myofibroblasts differentiation and 

favors normal fibroblasts phenotype (122). Expression of full length uPAR enhances cell adhesion 

and stabilize the cell attachments to ECM (123). The uPA-uPAR bound to the cytoskeletal 

attachment reported its importance in primary corneal fibroblasts migration (124).  

 

4.4. OSCC markers  

TME associated stromal cells and soluble factors markers are used in cancer studies. High VEGF 

and MMP11 expression in OSCC are associated with poor prognosis (125). Similarly, the 

combined high expression of p53, cyclin D1, and EGFR has been correlated with an adverse 

outcome in OSCC patient (126). In addition, high CD163 + macrophage (M2) infiltration in tumor 

stroma is associated with poor survival, while high CD57 + NK cells was significantly associated 

with improved overall survival (127). 

 

The presence of CAFs is a strong predictor of poor prognosis of head and neck squamous cell 

carcinoma (128). Upregulation of podoplanin, a glycoprotein with mucin like function, in CAFs 

has been suggested a poor patient out come in oral cancer and breast cancer (129). Similarly, 

high expression of α-SMA in CAF has been correlated with tumor progression and poor prognosis 

(130). Recently, platelet derived growth factors receptor beta (PDGFRβ) was indicated as novel 

CAFs marker in OSCC (128). Other factors including fibroblast associated protein 1 (FAP-1), 

fibroblast specific protein-1 (FSP-1 also known asS100A4), metalloproteinases (MMPs) and 

secreted protein acidic and rich in cysteine (SPARC) have also been proposed as CAF specific 

markers (131). 
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5. The objectives of the study 

Studies have shown that fibroblasts in TME are activated by different growth factors (e.g. TGF-

β1) and cytokines (132). The activated fibroblasts (CAFs) in turn secretes increased amount of 

TGF-β, other growth factors and ECM proteins, that may enhance cancer cells migration and 

invasion (132). TGF-β1 regulate uPAR cleavage through the secretion of soluble factors (133). 

Moreover, the regulatory mechanism by which these soluble factors effect uPAR cleavage is 

started being investigated. Hence, we hypothesized that through the regulation of uPAR 

cleavage, CAFs regulate both proteolytic activity of cancer cells, and their ability to migrate and 

invade. This CAFs regulatory mechanism, therefore, could be a potential treatment target against 

cancer. We, therefore, set out the following objectives to contribute towards a better 

understanding of CAFs role in uPAR cleavage: 

▪ Optimize conditions to activate fibroblasts with TGF-β and harvest conditioned media. 

▪ Study the regulation of uPAR cleavage by using conditioned media harvested from 

activated and non-activated fibroblasts. 

▪ Identify soluble factor (s) released from activated or non-activated fibroblasts that 

regulates uPAR cleavage 
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6. Materials and Methods 

6.1. Materials and instruments 

Materials and instruments used Producer  

10x Glycobuffer 2 (lot # 0041709) BioLabs Inc., New England 

12 well and 96 well plates (REF # 353072) FALCON, Life Sciences, 

USA 

Acrylamide  BDH Chemical Ltd., Poole, 

UK 

BioDoc-It®220 Imaging Systems (S/N B111110-010) UVP imaging, California, 

USA 

Bioruptor® PLUS (Cat # UCD-300) Diagenode Inc., USA 

Biotinylated ladder (lot # 7727) Cell Signaling Technology, 

Norway 

Bovine serum albumin (BSA- 2 mg/ml; lot # 23209)  Pierce, USA 

Cell invasion and migration plate (CIM plate, 16, lot # 20171126) ACEA Biosciences, Inc., 

San Diego, USA 

Cells scraper, micro-pipetter and micro-pipette tips Thermo scientific, Mexico 

CellTiter 96 Aqueous One Solution Cell Proliferation Assay (Cat # 

G3582, lot # 0000311968)  

Promega (Madison, WI  

53711-5399 USA) 

Chemiluminescence peroxidase substrate-3 (CPS-3, C7364) Sigma, USA 

Countess II automated cell count (Cat # AMQAX1000) Invitrogen, USA 

DC Protein Assay kit (SIG 093094) Bio-Rad Laboratories, USA 

Diaminobenzidine (DAB) substrate and DAB chromogen DAKO, California, USA 

DPX Mountant (lot # BCBG9433V) Sigma, USA 

Dulbecco’s Modified Eagle’s medium (DMEM, D5796, Lot # 

RNBG7136) 

Sigma, USA 

Fetal bovine serum (S181BH, 5158705181B) Invitrogen, USA 

Gelatin Sigma, USA 

Glycoprotein denaturing buffer (lot # 10017111)  BioLabs Inc., New England 

Goat serum (X0907, lot # 20031843) DAKO, California, USA 

Human platelet derived TGF-B (lot # AV7118061) RD system,Bio-techne, UK 

Immobilon-P PVDF transfer membrane (Cat # IPVH00010),  Merck Millipore, USA  

Insulin transferrin selenite (ITS, Cat # I1884) Sigma, USA 

LAV-3000 Imaging system Fujifilm, Tokyo, Japan 

http://berktree.com/uvp-biodoc-it-imaging-systems-with-m-26-uv-transilluminator-model-97-0183-02-each.html
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MES SDS running buffer (20x),  Invitrogen, UK 

Micro-pipetter and micro-pipette tips Thermo scientific, Mexico 

M-pore Direct detect instrument Merck Millipore, USA 

NUPAGE 4-12% bis-Tris SDS-gels (REF # 18060671-2643, 12 well; REF # 

NP0322BOX, 10 well gel) 

Invitrogen, UK 

Phosphate buffer saline (PBS, 0914E)  Merck Millipore, Germany 

Pipette tips (10 ml, REF # 356551; 5 ml, REF # 356543),  FALCON, Life Sciences, 

USA 

Plasminogen (lot # 3104258) Merck Millipore, USA  

PNGase F kit (P07045) comprising of 10% NP-40 (lot # 0161801),  

PNGase F (lot# 10008073) 

BioLabs Inc., New England 

Protease inhibitor (lot # SLBV1198) Sigma, USA 

Re-Blot Plus mild Solution (lot # 3075152) Merck Millipore, USA 

Recombinant mouse soluble uPAR HIS-(CSI 20008A) Cell Science, USA 

Roswell Park Memorial Institute (RPMI)-1640 medium (R8758, Lot # 

RNBG8807),  

Sigma, USA 

SeeBlue prestained (lot # 929080)  Invitrogen, USA 

T25 and T75 cell culture flasks FALCON, Life Sciences, 

USA 

Titramax 101 Plate shaker (S/N. 010609811) Heidolph, Germany 

Triton X-100 (lot # STBH6272) Sigma, USA 

Trypsin-EDTA solution (0.25%, SLBS7958) Sigma, USA 

VERSAmaxPLUS microplate reader Molecular devices, 

California, USA 

Vortex mixer (lot # 110627098)  VWR international, 

Germany 

Western blotting luminol reagents (sc- 2048) Santa Cruz Biotechnology, 

USA 

xCelligence Real time cell analysis - dual plate (RTCA DP) instrument ACEA Biosciences, Inc., 

San Diego, USA 

XCell SureLock electrophoresis System Invitrogen, UK 
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6.2. Antibodies  

Antibodies  Producer 

Anti-Bactin-peroxidase antibody produced in mouse 

(lot. # 043M4825V, Monoclonal 1:1000) 

Sigma, USA 

Anti-α-Tubulin antibody (ab4074, Polyclonal, Rabbit, 

1µg/ml) 

Abcam, USA 

Goat-anti-mouse uPAR antibody (AF534, polyclonal, 

1:1000 dilution) 

RD system, Minneapolis, USA 

Goat-anti-rabbit HRP-linked (Cat # 4050-05, lot # 

15114-T3651, 1:1000) 

Southern Biotech, 

Birmingham, UK 

HRP linked anti-biotin (7075P5, lot # 34) 

 

Cell Signaling Technology, 

Norway 

HRP linked anti-goat/sheep (A9452, 1:160,000) Sigma, USA 

Polymer-HRP anti-Rabbit peroxidase (K-4011, lot. 

10109948, two drops per section) 

DAKO, California, USA 

Rabbit-anti- mouse α-SMA antibody (Ab5694,1:1000) Abcam, USA 

Rabbit-anti-mouse PAI-1 antibody (Ab28207, 1:2500) Abcam, USA 

Recombinant goat- anti-mouse uPAR primary 

antibody (AF534, 1:1000) 

RD system, Bio-techne, UK 

 

6.3. Cells  

Name of cells  Source 

AT84-uPAR cells and AT84-EV cells 

 

AT84 cells were kindly provided by professor 

Shillitoe (134). The cells were transfected with 

uPAR and EV + shRNA by Synnøve (38) 

Flp-In 3T3 cells (R761-07) 

 

Invitrogen, Life technologies, California, USA 

and kindly provided by Ingvild Mikkola (39) 
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6.4. Tissue sections  

Tissue section Source 

Tongue tumor sections  Provided by Synnøve Magnussen (38) 

Xenografts and carcinogen induced tongue 

tumor sections 

Provided by Elin Hadler-Olsen (135) 

 

6.5. Software  

Software Source 

GraphPad Prism version 5  GraphPad Software Inc., CA, USA 

ImageJ National Institutes of Health and the 

Laboratory for Optical and Computational 

Instrumentation (LOCI), University of 

Wisconsin 

Immunoratio (153.1.200.58:8080) website       Institute of Biomedical Technology, 

University of Tampere 

 

6.6. Composition of buffers and solutions  

6.6.1. Buffers and solutions used in western blot 

NuPAGE running buffer- 600 ml 

NuPAGE MES SDS Running Buffer (20x)- 30 ml 

Milli-Q water- 570 ml 

 

Blotting buffer- 1L 

Tris (base; MW: 121.14 g/mol)- 5.7 g 

Glycine (MW: 75.067 g/mol)- 29 g 

Methanol- 200 ml 

Milli-Q water- 800 ml 

 

http://153.1.200.58:8080/immunoratio/
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TBST – 1X (Tris-buffered saline solution with Tween): 1L  

5M NaCl- 30 ml 

1M Tris pH 8.0- 20 ml 

100% Tween 20- 20 ml 

Milli-Q water- 950 ml 

 

Blocking buffer- 5% milk  

Non-fat dry milk powder- 4 g 

1x TBST- 80 ml 

 

Loading buffers: 

5x sample buffer- 25 ml 

0.25M Tris-HCl pH 6.8- 6.25 ml 

Sucrose= 5 g 

20% SDS- 12.5 ml   

Bromophenol blue- 0.05 g  

Milli-Q water- 7 ml 

 

 1x sample buffer: 

5x sample buffer- 200 µl 

Milli-Q water- 800 µl 

 

Molecular weight marker:  

Biotinylated protein ladder- 10 µl 

SeeBlue®Prestained- 5 µl 
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Chemiluminescent peroxidase Substrate-3  

Chemiluminescent reagent and Chemiluminescent buffer were mixed 1:1 ratio and kept at 

room temperature (RT) for 30 min prior to adding to probed membrane.  Then can be re-used 

for a 2-3 times if kept cold.  

 

6.4.2. Buffers and solutions used in SDS gel zymography 

Separating gel buffer (1.5 Tris and 0.4% SDS with pH 8.8, 100 ml) 

Tris (base; MW: 121.14 g/mol)- 18.2 g  

SDS- 0.4 g (20 % SDS)- 2 ml  

Milli-Q water added to give an approximate volume of 60 ml 

pH was adjusted to 8.8 using 5M HCl  

Milli-Q water added to give a total volume of 100 ml 

 

Stacking/concentrating gel buffer (0.5M Tris and 0.4% SDS with pH 6.8)-10 ml 

Tris (base; MW: 121.14 g/mol)- 0.605 g 

SDS- 0.04 g 

Milli- Q water added to give an approximate volume of 6 ml 

pH was adjusted to 6.8 using 5M HCl 

Milli Q water added to give a total volume of 10 ml 

 

2 % Gelatin 

gelatin bloom 300- 0.2 g 

Milli-Q water- 10 ml 

 

Separating gel for gelatin zymography (7.5% for one gel) 

Separating gel buffer- 1120 µl  

2% gelatin- 225 µl 

Milli-Q water- 2266 µl 
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40% Acrylamide- 874 µl 

Tetramethylethylenediamine (TEMED)- 7 µl 

10% Ammonium persulfate- 15 µl (added just prior to pouring into gel cassette to avoid 

polymerization) 

 

 

Separating gel for plasminogen zymography (7.5% for one gel) 

Separating gel buffer- 1120 µl  

2% gelatin- 225 µl 

Plasminogen- 45 µl  

Milli-Q water- 2221 µl 

40% Acrylamide- 874 µl 

Tetramethylethylenediamine (TEMED)- 7 µl 

10% Ammonium persulfate- 15 µl (added just prior to pouring into gel cassette to avoid 

polymerization). 

 

Stacking gel for zymography (4% for one gel) 

Stacking gel buffer- 186 µl 

Milli-Q water- 1145 µl 

40% Acrylamide- 155 µl 

TEMED- 4 µl 

10% ammonium persulfate- 8 µl (added just prior to pouring into gel cassette to avoid 

polymerization) 

 

Electrophoresis buffer, pH 8.3 (10x)- 1L 

Tris (base; MW: 121.14 g/mol)- 30 g 

Glycine (MW: 75.07 g/mol)- 144 g 

SDS (final conc. 1.0%)- 10 g 

pH adjusted to 8.3 with 5M HCl 
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Milli-Q water- 0.6 L-1 L 

 

Washing buffer (2.5% Triton)- 400 ml 

Triton X-100 (warm)-10 ml 

Milli-Q water- 390 ml 

 

Incubation buffer 10x (0.5 M Tris, 2M NaCl, 0.05M CaCl2, 0.2% Brij- 35, pH 7.8)- 1 L  

Tris (base; MW: 121.14 g/mol)- 12.1 g 

Tris HCl (MW: 157.60 g/mol)- 63.0 g 

NaCl (MW: 58.44 g/mol)- 117 g 

CaCl2.2H2O (147.01 g/mol)- 7.4 g 

30% Brij-35- 6.7 g 

Milli-Q water added to a final volume of 1 L.  

 

Incubation buffer 1x:  

10x incubation buffer- 100 ml 

Milli-Q water- 400 ml 

 

Staining stock solution- 200 ml 

Coomassie brilliant blue powder- 0.8 g 

Methanol- 120 ml 

Milli-Q water- 80 ml 

 

Staining solution- 50 ml 

Staining stock solution- 25 ml (first filtered)  

20% acetic acid- 25 ml 

 

De-staining solution- 400 ml 

Methanol- 120 ml 
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100% acetic acid- 40 ml 

Milli-Q water- 240 ml 

 

Loading buffer  

5x sample buffer  

0.25M Tris-HCl pH 6.8- 6.25 ml 

20% SDS- 12.5 ml 

Sucrose- 5 g 

Bromophenol Blue- 0.05 g 

5x sample buffer was used for sample loading. 

1x sample buffer (diluted with Milli-Q-water) was used for loading positive controls  

 

Buffer used in cell culture and immunohistochemistry (IHC) methods 

RIPA buffer-200 ml (Tris-HCl, pH 7.6- 2.5mM, Triton X-100- 1%, Sodium Chloride- 0.15 M, Sodium 

dodecyl sulfate (SDS)- 0.1%, Na-deoxycholate- 0.5%) 

Tris-HCl, pH 7.6- 0.06 g 

Triton X-100- 2 g 

 Sodium Chloride- 0.03 ml 

Sodium dodecyl sulfate (SDS)- 0.2 g 

 Na-deoxycholate- 1g 

 

Phosphate buffer saline- 1xPBS- 5 L 

Phosphate buffer saline (9.55 g/L)- 47.75 g 

Milli-Q-water- 5 L 

 

Blocking buffer for IHC- 1.5% goat serum- 1 ml 

100% goat serum- 15 µl 

Milli-Q-water- 985 µl 

 

https://openwetware.org/wiki/SDS
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6.5. Methods 

6.5.1. Cell culture  

6.5.1.2. AT84-uPAR cells and AT84-EV cells 

The mouse oral squamous carcinoma cell line (OSCC), AT84 cells, used in this experiment were 

originally isolated from spontaneous oral cancer of C3H mouse cells (21). AT84 cells express low 

endogenous uPAR (38). As described elsewhere, the AT84 cells were made to stably express uPAR 

and shRNA targeting uPAR with empty vector, and are called AT84-uPAR and AT84-EV cells, 

respectively (38).  Cells were taken out from liquid nitrogen, thawed, mixed with 15 ml of RPMI 

supplemented with 10% FBS and cultured at 37 oC, 5% CO2 humid incubator. The cells were 

allowed to adhere for three hours before the medium was changed to remove the freezing 

medium, DMSO with 90% FBS. Cells were split at 80-90% confluence. Cells were routinely tested 

for mycoplasma contamination and were negative. All incubations of the AT84 cells were 

performed at 37 oC, 5% CO2 humid incubator. 

 

6.5.1.3. Flp-In 3T3 cells  

Flp-In 3T3 cells are mouse embryonic fibroblasts cell lines, which were originally obtained from 

NIH Swiss mouse embryo by George Todaro and Howard Green in 1962 (40).  Flp-In 3T3 cells 

contain a single stably integrated flippase recombination target (FRT) site by transfecting with 

pFRT/ lac Zeo vector. Flp-In 3T3 cells were taken out from liquid nitrogen and thawed. Cells were 

allowed to attach in T75 cell culture flasks containing 15 ml DMEM with 10% FBS and kept at 37 

oC, 5% CO2 humid incubator. Once attached the medium (DMEM with 10 % FBS) was changed 

and the same medium was also used for regularly culturing. All incubations with Flp-In 3T3 cells 

were performed at 37 oC, 5 % CO2 humid incubator. 

 

6.5.2. Medium optimization 

Medium optimization was performed using CellTiter 96 Aqueous One Solution Cell Proliferation 

Assay to find a condition in which Flp-In 3T3 cells survived for 72 hours.  In this assay, 7000 cells 

per well were seeded in three 96 well plates with either DMEM or RPMI containing 10% FBS and 

incubated overnight. Cells were then treated with DMEM or RPMI (100 µl) supplemented with 
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different concentrations of serum and ITS to determine the percent viability at 24, 48 and 72 

hours. Media supplements used were ITS (1:100), 0.1% FBS, 0.1% FBS + ITS, 0.5% FBS, 0.5% FBS 

+ ITS, 2% FBS, 2% FBS + ITS, and 10% FBS. Triton X-100 was used as a negative control, while 10% 

FBS supplement was used as positive control. Twenty µl of CellTiter 96 Aqueous one Solution 

reagent was added to each well and incubated further for two hours at 37oC, 5% CO2 according 

to the company’s protocol. During the two hours incubation, the CellTiter reagent was bio-

reduced by metabolically active cells that changes the color of the medium to brown, while 

negative control wells (with no cells) remained unchanged, yellow. Then, the absorbance (optical 

density, OD) was measured at 490 nm using a 96-well plate reader. The OD values are directly 

correlated with percent survival. The percent survival was analyzed according to the company’s 

instruction. 

  

6.5.3. Activation of Flp-In 3T3 cells  

Flp-In 3T3 cells were seeded in a 12-well plate at a concentration of 5x104 per well. Cells were 

treated with RPMI containing human platelet-derived TGF-β1 (2 ng/ml), 0.5% FBS and ITS (1:100) 

for 72 hours. The media was changed every 24 hours to ensure continuous supply of TGF-β1. The 

medium was removed and washed 3x with 1xPBS and the cells were harvested using RIPA buffer. 

The cell lysates were sonicated. Then, the lysates were analyzed by western blot using anti-α-

SMA antibody in a 2-µg total protein per lane to determine the activation status of Flp-In 3T3 

cells.  

 

6.5.4. Condition media preparation 

6.5.4.1. Condition media preparation from activated and non-activated Flp-In 3T3 cells 

Flp-In 3T3 cells, 1x106 cells, were seeded in T75 flasks and treated with or without TGF-β1 (2 

ng/ml) in 8 ml of supplemented RPMI (0.5% FBS and 1:100 ITS) for 72 hours. The medium was 

changed to RPMI (SFM) containing ITS (1:100) after 3x wash with 5 ml PBS to remove residual 

TGF-β1. After 24 hours of incubation, the conditioned media (designated here after CM-Flp+ for 

TGF-β1 treated and CM-Flp÷ for TGF-β1 untreated) (Table 1) were harvested, spun down to 

remove cells and kept in a freezer aliquoted in a 1 ml tube, ready for use.  
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6.5.4.2. AT84-uPAR and AT84-EV condition media preparation 

Both AT84-uPAR and AT84-EV cells, 1x107, with RPMI plus ITS (1:100) were seeded in different 

T75 flasks, which were precoated with RPMI containing 10% FBS. The conditioned media 

(designated here after CM-uPAR for CM obtained from AT84-uPAR cells and CM-EV from AT84-

EV cells) (Table 1) were harvested after 24 hours, spun down, dispensed in 1 ml tube and kept at 

-20 oC.  

 

6.5.5. Activation of Flp-In 3T3 cells by CM-uPAR and CM-EV 

Flp-In 3T3 cells, 5x104 per well, were seeded in 12 well plates. After overnight culture for 

attachment, they were treated with CM-uPAR and CM-EV mixed with RPMI containing 0.5% FBS 

and ITS (1:100) in 1:2 ratio (one portion fresh media with two portion of CM) for 72 hours. The 

control cells received RPMI containing 0.5% FBS and ITS (1:100). The medium was replenished 

daily except the third day, where serum was withheld from the medium. After 72 hours, the 

conditioned media (designated here after CM-Ctrl for CM harvested from control cells, CM-uPAR-

Flp for CM-uPAR treated cells and CM-EV-Flp for CM treated with CM-EV) (Table 1) were 

harvested, spun and stored at -20oC. The CMs were analyzed for presence of changes in proteases 

concentration using gelatin and gelatin-plasminogen zymography, while the cells were harvested 

to analyse the activation of Flp-In 3T3 cells using western blot with α-SMA antibody and HRP 

linked goat-anti-rabbit antibody. 

 

Table 1. Conditioned media (CM) prepared. The naming and description of the different 
conditioned media prepared and used the different assays.  

CMs labeling CM description Use in this study 

CM-Flp+ CM harvested from Flp-In 3T3 cells 

treated with TGF-β1  

To treat AT84-uPAR cells 

CM-Flp÷ CM harvested from Flp-In 3T3 cells not 

treated with TGF-β1 (control) 

CM-Flp+-uPAR CM harvested from AT84-uPAR cells 

treated with CM-Flp+ 
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CM-Flp÷-uPAR CM harvested from AT84-uPAR cells 

treated with CM-Flp÷  

 

CM-uPAR CM harvested from AT84-uPAR cells To treat Flp-In 3T3 cells 

CM-EV CM harvested from AT84-EV cells 

CM-uPAR-Flp CM harvested from Flp-In cells treated 

with CM-uPAR 

 

CM-EV-Flp CM harvested from Flp-In cells treated 

with CM-EV 

 

CM-Ctrl CM harvested from Flp-In cells treated 

with RPMI + ITS. 

 

  

6.5.6. Treatment of AT84-uPAR cells with CM-Flp+ and CM-Flp÷ 

AT84-uPAR cells, 2x105 per well, were seeded in 12-well plates in three parallels and cultured 

overnight with RPMI supplemented with 10% FBS. Cells were then washed 3x with PBS (1 ml) and 

treated with 1 ml of CM-Flp+ or CM-Flp÷ overnight. After harvesting the conditioned media 

(designated here after CM-Flp+-uPAR for CM harvested from CM-Flp+ treated cells and CM-Flp÷-

uPAR for CM-Flp÷ treated cells), the cells were lysed with RIPA buffer and harvested by scraping.  

 

6.5.7. Analysis of uPAR expression and cleavage 

The cell lysates from AT84-uPAR cells treated with CM-Flp+ or CM-Flp÷ were analyzed for uPAR 

cleavage after sonication using Bioruptor® PLUS. A total protein concentration of 10 µg, 

measured using the direct detect method or the DC protein assay, were de-glycosylated as 

described below and analyzed for the expression of uPAR. The uPAR protein expression in the 

lysates (both cleaved- DIIDIII, and full length- DI-III) were determined using western blot with 

goat anti-mouse uPAR antibody and HRP linked anti-goat/sheep secondary antibody. 

 

6.5.8. De-glycosylation  

Protein de-glycosylation was performed using PNGase F kit according to the manufacturer’s 

instruction. PNGase F is an enzymatic method used for removing almost all N-linked 
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oligosaccharides from glycoproteins (23). Cell lysates of 10 µg total protein was mixed with 1 µl 

10x glycoprotein denaturing buffer and water (to adjust 10 µl final volume) and kept in boiling 

water for 10 minutes. Then, to make 20 µl reaction volume, 2 µl of 10x glycobuffer 2, 2 µl of 10% 

NP-40, 5.5 µl water and 0.5 µl PNGase F were added and incubated at 37oC for one hour. Samples 

were then analyzed using western blot. 

 

6.5.9. Cell counting 

In all the experiments, the cell count was performed on countess II automated cell counter using 

0.4% trypan blue to differentially exclude the dead cells from viable.  Cell suspension, 10 µl, was 

mixed with 10 µl of trypan blue, and 10 µl of the mix was filled into the counting chamber (slide). 

The slide was inserted into the countess II and both viable and dead cells were counted and the 

number of cells per ml was obtained. Based on the viable cell count, the required number of cells 

were calculated and seeded for the intended experiments. 

 

6.5.10. Protein measurement  

Cell lysates contain a different mixture of proteins. To determine the yield of specific proteins 

using western blotting, it is important to normalize the samples analyte into equal total protein 

concentration. Currently, different assays are available to quantify total proteins, which have 

different sensitivity and work under different conditions. In this experiment, direct detect protein 

quantification assay and DC protein quantification assay were used. Samples having less than 1.5 

mg/ml total protein concentration were measured with DC protein Bio-Rad detection method, 

while samples over 1.5 mg/ml concentration were measured with Direct detect protein 

quantification method.  

 

For Direct detect method, 2 µl sonicated cell lysates were pipetted into each circular areas/spots 

on a detection card and RIPA buffer (2 µl) was used as a blank. A program on the direct detect 

protein quantification device was opened and protein concentration was selected from INISTBSA 

AM2.93 program. Then, spots were labeled on the program according to the position of samples 
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(colored as green) and blank (blue colored) on the card following sample drying. Then the 

measurement of total protein (mg/ml) was determined for the respective loaded spots.  

 

DC protein assay is a colorimetric assay following detergent solubilization in the reaction mix. In 

this assay, copper-treated proteins reduce folin reagent by losing 1, 2 or 3 oxygen atoms and 

result in a characteristic blue color development (136, 137). Different concentrations of BSA were 

used to plot a standard curve. The BSA concentrations used for standard curve were 0.2, 0.35, 

0.5, 0.65, 0.75, 0.85, 1 and 1.5 mg/ml. A mixture of 25 µl reagent A (an alkaline copper tartrate 

solution) and reagent S (surfactant solution) (1:20) was added in each well containing sample or 

standard (5 µl). Subsequently, 200 µl of reagent B (a dilute folin reagent) was added to all wells 

and incubated at RT for 15 minutes on a shaker. Then, the OD value was measured at 750 nm 

with SoftMax pro software using 96 well plate reader. The total protein concentration for each 

sample was calculated according to the equation derived from the standards’ concentrations. 

Sample protein concentration fell outside the concentration range covered by the standards was 

reanalyzed. 

 

6.5.11. Western blot 

Western blotting is a technique in molecular biology, which is used to detect a protein of interest 

in the mixture of proteins in the cell lysate or tissue homogenate. The proteins in the samples are 

separated by gel electrophoresis using sodium dodecyl sulphate buffer and poly acrylamide gel 

(SDS-PAGE). SDS-PAGE maintains the polypeptides in their denatured state once they are treated 

by reducing agents (SDS, DTT and heat) that remove the secondary and tertiary structures (di-

sulfide bond, S-S to sulfhydryl, SH and SH). The proteins covered with negatively charged SDS 

migrate to a positively charged anode through the mesh of acrylamide gel according to their 

molecular weight when the voltage is applied along the gel. The speed of migration of proteins 

in the gel results in the separation of proteins. The concentration of acrylamide determines the 

resolution of proteins.  
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Western blot was performed to detect the expression of protein of interest in the samples. 

Samples were reduced and denatured with DDT (0.3M) and heat (100oC for 10 minutes) before 

loading to NuPAGE 4-12% Gel. MES SDS running buffer was used for running the samples using 

XCell SureLock Electrophoresis System. PVDF membrane was activated in methanol (3 seconds) 

and rinsed successively in water (10 seconds) and blotting buffer (> 5 minutes) to ensure protein 

binding. The separated proteins on the gel were then transferred to PVDF membrane. The 

membrane was washed 1x with TBST (5 minutes) and incubated at RT with 5% blocking buffer for 

40 minutes to block nonspecific binding. The blotted membrane was incubated with specific 

primary antibody overnight at 4oC followed by 3x wash with 1xTBST for 5 minutes each and 

probed with secondary antibody for 1 hour at RT. Finally, to visualize the proteins of interest, the 

membrane was developed with western blotting luminol reagents and chemiluminescent 

peroxidase substrate-3. LAS3000 software was used for imaging. The expression level of the 

proteins of interest was analyzed using ImageJ software.  

 

ImageJ analysis of band intensity was performed by taking equal sized rectangular area on each 

band of parallel lanes in a gray scale 8-bit image. Then the software generated parabolic curve, 

where the area measurement of each curve represented the expression. Each protein expression 

was normalized using relative intensity of its loading control. The peak loading control intensity 

was considered as a standard and loading controls for other samples were normalize by dividing 

to this peak value. The expression of the target protein was determined by multiplying to its 

normalized loading control as shown by the formula below.  

 

• Peak loading control= standard= S 

• Loading control for sample x= X 

• Normalize loading control for sample x= X/S 

• The expression of protein of interest y= Y 

• The normalized expression of y= Y*(X/S) 
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6.5.12. Zymography 

Zymography is an electrophoretic technique used to detect hydrolytic enzymes based on the 

substrate used in gel formation. Three different types of zymographys are available, namely in-

gel, in-situ and in-vivo zymography (138). We used in-gel zymography, where gelatin and 

plasminogen were used as substrates to detect the presence of gelatinases (MMP2 and MMP9) 

and plasminogen activators (plasmin and uPA), respectively. 

 

The separating gel (7.5% acrylamide) constituents were mixed as described in material section. 

Then, the gel mix was poured into a cassette and water was added to remove air bubbles, which 

can interfere with polymerization, and give a smooth shape. After 15 minutes of polymerization, 

the added water was removed and the stacking gel (4% acrylamide) was added. Then, a 15-tooth 

comb was inserted on the stacking gel before polymerization. After the gel was set, the cassette 

was dismounted and the gel was transferred to an electrophoresis chamber. Seventy milliliter 1x 

electrophoresis buffer was added on the upper part of the chamber, which supported the gel, 

and 70 ml was added in the lower part of the chamber. Then, the comb was taken out from the 

gel and standards, controls and samples were loaded. Electrophoresis was run for one hour and 

30 minutes. The gel was then transferred to a petri-dish containing wash buffer (2.5% Triton X-

100) and washed twice for 30 minutes on a shaker at RT to remove the SDS before incubated 

overnight at 37oC with the developing buffer. The gel was then stained with staining solution 

(Coomassie blue and 20% acetic acid mixture) for one hour at RT on a shaker. The gel was de-

stained in de-staining buffer for 20-30 minutes followed by transfer to water bath for imaging. A 

clear band with a blue background shows the activity of proteolytic enzymes.  

 

6.5.13. Real time cell analysis of migration 

Real-time cell analysis using the xCELLigence was used to study cell migration. Flp-In 3T3 cells, 

2000 cells per well, were seeded in cell invasion and migration plate 16 (CIM plate 16) in 100 µl 

of SFM with different concentration of chemoattractants, listed below. The CIM-plate 16 has two 

compartments, namely lower chamber and upper chamber, and a lid (Fig. 4a). The upper 

chamber is composed of porous membrane, where the cells enter through and has gold electrode 
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underneath where adhered cells detected. The lower chamber is used to hold the attractant 

medium. The lower chamber was filled up with 160 µl of CM in duplicates as shown below. Then, 

the upper chamber was assembled to the lower chamber and 50 µl SFM (DMEM) was added in 

each well, equilibrated at 37oC for one hour and background measurement was taken (Fig. 4b).  

Cells, 2000 cells in 100 µl of SFM (DMEM), were added to each upper chamber well except in 

wells that were used for no cells control or negative control. The setup was left at RT for 30 

minutes for cells settlement. Then the CIM plate was mounted to the xCELLigence RTCA DP 

instrument (Fig. 4c) and the cell migration index measurements were performed in a work station 

(Fig. 4d). The cell index (CI), measure of the relative change in the electrical impedance, was 

registered every 15 minutes interval in the workstation system. Cell migration index at 12 hours 

was extracted from three independent experiments. Chemoattractants were loaded in duplicate, 

which included negative control, SFM (DMEM), DMEM supplemented with 10% FBS as a positive 

control, CM-uPAR, CM-EV and 10 ng/ml, 500 ng/ml and 10 µg/ml recombinant uPAR.  

 

  

Figure 4. xCELLigence RTCA DP instrument a. CIM plate compartments, b. Assembled CIM plate, 
c. Dual-plate (DP) instrument and d. Workstation adopted from CIM protocol. 
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6.5.14. Immunohistochemistry  

Immunohistochemistry is the widely used immunostaining technique that differentially stain the 

protein (antigen) of interest by using specific antibody in tissue sections (139, 140). 

Immunohistochemistry technique was performed to detect cancer associated fibroblasts (CAFs) 

in mouse model OSCC tongue sections using anti-α-SMA antibody (1:500) with 1.5% goat serum.  

Tumors were developed in mouse tongues by injecting 10,000 cells of different construct of 

AT84-uPAR and AT84-EV cells in different groups of mouse tongue tissue (anterior) as described 

elsewhere (38). A total of 47 mouse tongue tumors sections from AT84 cells and 10 section from 

each xenographts and carcinogen induced tongue tumors were immune-stained according to the 

IHC protocol.  

IHC was performed in Zn-fixed paraffin imbedded tongue tissue sections placed on plus adhesion 

slides. The slides were kept in the heating cabinet for three hours or overnight for tissue sections 

attached well to the slide. The immunostaining procedure was started with deparaffinization and 

rehydration process as follows: 2 baths in xylene each for 10 minutes followed by 2 baths in 

absolute ethanol (100%) each for 5 minutes and then, 2 baths in 96% ethanol each for 5 minutes. 

Finally, the slides were bathed with deionized water for 5 minutes. Then, the rehydrated tissue 

sections were removed from the water bath, wiped with gauze paper and incubated for 10 

minutes at RT in wet chamber with 1-2 drops of peroxidase block. Peroxidase block was added 

to inhibit endogenous non-specific background staining. After 3x bath with 1x PBS (5 minutes per 

bath), 60 µl of the blocking buffer (1.5% goat serum) was added in each section and incubated at 

RT for 20 minutes in wet chamber to inhibits the non-specific antibody binding. Then, 60 µl of 

diluted rabbit anti mouse-α-SMA antibody with blocking buffer was added and incubated 

overnight at 4oC in humid chamber. Two drops of Secondary antibody, polymer-HRP anti-Rabbit 

peroxidase were applied and incubated for 30 minutes at RT in wet chamber. Sections were 

washed 3x in PBS each for 5 minutes before adding 2 drops of DAB solution. This was followed 

by 10 minutes incubation at RT in the hood. DAB solution was prepared by mixing 2 drops of DAB 

chromogen with 1 ml DAB substrate. DAB solution was washed using Milli-Q water and the 

substrate was neutralized with hypochlorite. Sections were counterstained with hematoxylin for 

30 seconds followed by washing using deionized water. Scotts solution was applied for 15 
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seconds for blueing nuclear chromatin and nuclear membrane, and to reduce the detachment of 

tissue sections from glass slides. The sections were washed in running water for couple of 

minutes. Then, the sections were dehydrated successively in 2 baths of 96% ethanol, 2 baths of 

100% ethanol and 2 baths of xylene, each for 2 minutes. The sections were mounted with DPX 

Mountant and covered with appropriate size cover slips and kept in the hood to dry before 

visualized under light microscope. The imaging of the immuno-stained sections was done using 

LAS software. Online Immuno-ratio analysis software was used to analyze the amount of α-SMA+ 

CAFs.  The application analyzes online the percentage of DAB stained over hematoxylin stained 

nuclear region of the given immune-stained tissue section image (DAB/nuclear area percentage). 

Three images (20x magnification) of different regions per sections were used for the analysis. 

 

6.5.15. Statistical Analysis 

GraphPad Prism version 5 software was used for the statistical analysis. All results are presented 

as Mean + standard deviation and comparisons between treatment groups were performed using 

t-test (unpaired) and One- way analysis of variance (ANOVA). P value < 0.05 was considered as 

indicator of statistical significance difference. 

 

7. Results 

7.1. Medium optimization for activation studies 

Cell culture media are designed for the growth and maintenance of mammalian cells. Although 

different media are available, selection is made based on the demands of the cells under study. 

Most of the Flp-In 3T3 cells died after 72 hours of culturing in SFM. However, the 10% FBS in the 

DMEM induced proliferation of cells, which made it difficult for us to study the differentiation of 

the cells. Hence, medium optimization was performed to find a condition in which Flp-In 3T3 cells 

survived for 72 hours. Two different culture media, DMEM and RPMI, with different supplements 

were tested. Media supplements used were ITS, 0.1% FBS, 0.1% FBS + ITS, 0.5% FBS, 0.5% FBS + 

ITS, 2% FBS and 2% FBS + ITS. Triton X-100 was used as a negative control, while 10% FBS 

supplement was used as positive control for cells survival. DMEM with 10% FBS is the certified 

growth medium for Flp-In 3T3 cells.  
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The viability of Flp-In 3T3 cells in DMEM with 10% FBS was considered a positive control (100% 

viable, Appendix 11.1). RPMI and DMEM showed comparable survival support (Fig. 5a-c). Better 

viability was seen in media supplemented with FBS and ITS compared to SFM for all time points 

(Fig. 5a-c). Medium containing 2% FBS and 2% FBS + ITS induced higher level of viability than the 

positive controls at 24 hours indicating high level of unwanted proliferation (Appendix 11.1). At 

72 hours, both media containing 0.5% FBS + ITS resulted in more than 50% viability compared to 

the positive control (Fig. 5c). AT84 cells thrive in RPMI, hence, based on these results, RPMI with 

0.5% FBS + ITS was selected for activation of Flp-In 3T3 cells and preparation of CMs.  
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Figure 5: Media optimization and viability percentage of cells. The OD value was measured at 
490 nm at 24, 48 and 72 hours of culture. Viability percentage of cells was calculated based on 
DMEM with 10% FBS, which was considered supporting 100% viability. The experiment was 
performed three times with three technical replicates. The relative viability percentage at a. 24 
hours, b. 48 hours and c. 72 hours of culture. SFM- Serum free media, ITS- Insulin transferrin 
selenite, FBS- Fetal bovine serum, DMEM- Dulbecco’s modified Eagle medium and RPMI- Rosewell 
park memorial institute. 
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7.2. Flp-In 3T3 cells activation 

7.2.1. Activation of Flp-In 3T3 cells by TGF-β1  

Here, the aim was to activate the Flp-In 3T3 cells using TGF-β1 in the optimized medium (RPMI 

with 0.5% FBS + ITS) for 72 hours. Flp-In 3T3 cells were treated with TGF-β1 (2 ng/ml) or left 

untreated (negative control). Flp-In 3T3 cells treated with TGF-β1 for 72 hours demonstrated 

morphological change compared with 24 hours treated cells and controls (Fig.6a-d). Activated 

fibroblasts have a characteristic appearance of stretched or extended cytoplasm due to increased 

expression of cytoskeletal proteins (e.g. α-SMA and vimentin). In addition, the expression of α-

SMA (42 KDa) was analyzed at 24, 48 and 72 hours using western blot analysis (Appendix 11.2). 

No significance difference in α-SMA expression was seen at 24 hours. However, a significantly 

increase α-SMA expression was found at 48 hours (p=0.03) and 72 hours (p=0.0007) in TGF-β1 

treated cells compared with the control cells (Fig. 6e). To conclude, Flp-In 3T3 cells can be 

artificially activated through TGF-β1 treatment in vitro.  
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Figure 6. Morphological change and α-SMA protein expression in TGF-β1 treated and untreated 
Flp-In 3T3 cells. Morphological change was observed in Flp-In 3T3 cells between treatment 
groups. a. 24 hours with-out TGF-β1, b. 24 hours with TGF-β1, c. 72 hours with-out TGF-β1 and d- 
72 hours with TGF-β1 (10x magnification). e. Western blot showing α-SMA protein expression in 
Flp-In 3T3 cells. Cells were seeded in 12 well plates in RPMI containing 0.5% FBS + ITS (1:100) 
±TGF-β1 (2 ng/ml). Both, β- Actin and α-Tubulin were used for loading control. f. Graph showing 
the difference in expression of α-SMA in activated and non-activated Flp-In 3T3 cells. Each time 
point was performed once in three technical replicates. Significant difference in the expression of 
α-SMA is indicated by ‘*’ and the degree of significance is indicated by number of ‘*’. Hence, * is 
when P= 0.05-0.01, ** P=0.01-0.005 and *** P< 0.005. 
 

7.2.2. uPAR expression in AT84 cells 

Different studies have shown increased expression of uPAR in metastatic cancers (133, 141-143). 

The AT84 cells used for the following experiments were made to stably express uPAR or an empty 

vector (EV) as a control (38, 133). Cell lysate were harvested and analyzed for the presence of 

glycosylated and De-glycosylated uPAR (Fig. 7). As seen in figure 7, AT84-EV cells are uPAR 

negative, while AT84-uPAR cells overexpress uPAR. As also previously shown (133), when cells 

are cultured in 10% FBS, most uPAR present as DIIDIII (Fig. 7).  
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Figure 7. The constitutive expression of uPAR in AT84 cells. Cells were cultured in 10% FBS 
supplemented RPMI. De-glycosylated (+) and non-de-glycosylated (-) AT84-uPAR and AT84-EV cell 
lysates were analyzed for the expression of uPAR using western blot. AT84-uPAR cells expressed 
uPAR, while AT84-EV did not. The de-glycosylated AT84-uPAR cells lysate showed both the cleaved 
DIIDIII (26 KDa) and the full-length DI-III (36 KDa) uPAR. The glycosylated uPAR was detected at 
around 55-60KDa.  
 

7.2.3. Activation of Flp-In 3T3 cells by CM-uPAR and CM-EV 

As demonstrated in the above section, the overexpression of uPAR in AT84-uPAR cells may induce 

the cells to secret soluble factors that may activate fibroblasts. To evaluate this hypothesis, CMs, 

CM-uPAR and CM-EV, were prepared and used to activate fibroblasts. Flp-In 3T3 cells were 

treated with CM-uPAR and CM-EV for 72 hours to see if soluble factors in the CMs induce 

activation. Since these CMs are from proliferating cancer cells, the CMs might be nutrient 

depleted and hence, the CMs were mixed with fresh medium in 1: 2 ratio and refreshed every 24 
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hours during the treatment. Both CMs induced lower expression of α-SMA compared to the 

negative control (supplemented RPMI medium) (Fig. 8a). No difference in the expression of α-

SMA was observed in Flp-In 3T3 cells treated either with CM-uPAR and CM- EV (Fig. 8b). 

Therefore, these conditions did not activate AT84 cells. Band quantification data is presented 

appendix (11.3). 

 

 

 
Figure 8. CM-EV and CM-uPAR did not activate Flp-In 3T3 cells. Cells were cultured in RPMI 
supplemented with 0.5% FBS and ITS (1:100), CM-EV and CM-uPAR for 72 hours. a. Representative 
western blot showing α-SMA expression in control and CMs treated Flp-In 3T3 cells. For loading 
control, membranes were stripped and blocked using 5% low-fat milk, and re-probed for α-
Tubulin. b. The band intensity of α-SMA protein expression was quantified using ImageJ software. 
The experiment was performed twice with three technical replicates.  
 

7.2.4. CM from TGF-β1 activated fibroblasts induced high amount of full-length uPAR 

In this study, we aimed to see the effect of CMs from activated and non-activated fibroblasts on 

uPAR cleavage. AT84-uPAR cells treated with CM-Flp+ exhibited higher amounts of full-length 

uPAR (DI-III) than AT84-uPAR cells treated with CM-Flp÷ (Fig. 9a). The quantification of uPAR band 

intensity confirmed that AT84-uPAR cells treated with CM-Flp+ had significantly higher (p=0.0005) 
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uPAR ratio (DI-III/DII-III) than the AT84-uPAR cells treated with CM-Flp÷ (Fig. 9b). (Band 

quantification data is presented in appendix 11.4) 

 

Figure 9. uPAR expression and cleavage. a. Western blot showing expression and cleavage of 
uPAR using CM-Flp÷ and CM-Flp+. The first 3 lanes are loaded with AT84-uPAR cells treated with 
CM-Flp÷ and the last three lanes are AT84-uPAR cells treated with CM-Flp+. b. The quantification 
of uPAR ratio (DI-III/DIIDIII) in AT84-uPAR cells, where the full-length uPAR is highly (P=0.0005) 
expressed in CM-Flp+ treated cells. The experiment was performed twice with three technical 
replicates. Significant difference in the expression of uPAR cleavage ratio is indicated by ‘*’ and 
the degree of significance is indicated by number of ‘*’. Hence, * is when P= 0.05-0.01, ** P=0.01-
0.005 and *** P< 0.005. 
 

7.4. Detection of hydrolytic enzymes in the conditioned media 

Based on the results in Flp-In 3T3 cells activation and uPAR cleavage regulation, we aimed to 

determine the soluble factors (hydrolytic enzymes) present in condition media harvested from 

each experiment. 

 

7.4.1. Zymography results of CM-Flp÷, CM-Flp+, CM-Flp÷-uPAR and CM-Flp+-uPAR 

Gelatin and gelatin-plasminogen zymography analysis of the above CMs revealed the presence 

of hydrolytic enzymes that might have a role in uPAR cleavage (Fig. 10a and b). The hydrolytic 
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enzymes identified were MMP2 (72 KDa), MMP9 (93 KDa) and muPA (55 KDa) (Fig. 10a and b). 

Unknown band was also detected in gelatin-plasminogen zymography indicating that the 

presence of additional protease enzymes (Fig. 10b). TGF-β1 treated Flp-In 3T3 cells CM, CM-Flp+, 

displayed increased secretion of MMP2 (Fig.10a) and low uPA (Fig. 10b) compared to untreated 

cells.  

 

 
Figure 10. Gelatin and Gelatin-Plasminogen Zymography of CM-Flp÷, CM-Flp+, CM-Flp÷-uPAR and 

CM-Flp+-uPAR. Lane 1 is Human-MMP2/MMP9, lanes labeled muPA are positive controls, while 
other lanes are loaded with samples as labeled in the figure. The same samples with technical 
replicates were loaded in a. gelatin and b. gelatin-plasminogen. Three in-gel zymography were 
performed in conditioned media harvested from three experiments. 
 

No difference in uPA activity was observed when AT84-uPAR cells were treated with CM-Flp+ or 

CM-Flp÷, while higher activity of MMP2 was observed in CM-Flp+ treated cells than CM-Flp÷ 

treated cells. Higher MMP9 activity was observed in CM-Flp+-uPAR and CM-Flp÷-uPAR than in 

CM-Flp+ or CM-Flp÷. However, from the figure, MMP9 activity was unaffected in both CMs, i.e. 

CM-Flp+-uPAR and CM-Flp÷-uPAR (Fig. 10a).  

 

7.4.2. Zymography results of CM-uPAR, CM-EV, CM-uPAR-Flp and CM-EV-Flp 

Gelatin and gelatin-plasminogen zymography were used to determine the presence of proteases 

in CM-uPAR and CM-EV. MMP2 activity was not detected from both CMs, CM-EV and CM-uPAR 

(Fig.11a and b) while its activity was detected in both CM-uPAR-Flp and CM-EV-Flp. In addition, 

more uPA was found in CM-uPAR, CM-uPAR-Flp and CM-EV-Flp than the conditioned medium 

harvested from control Flp-In 3T3 cells (CM-Ctrl) cultured and CM-EV. Difference in the amount 
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of MMP2 was not detected in CM-uPAR-Flp and CM-EV-Flp, while it was found at a higher amount 

in CM-Ctrl. Mouse plasmin was not detected in any of the samples whereas MMP9 activity was 

seen (Fig. 11a and 11b).  

 

Figure 11. Analysis of CM-uPAR, CM-EV, CM-uPAR-Flp and CM-EV-Flp by gelatin and gelatin-
plasminogen zymography. a. Gelatin zymography showing the MMP2 and MMP9 in the above 
CMs (the blue and yellow arrows show the presence of hydrolytic proteases). b. Gelatin-
plasminogen gel showing the presence of MMP2, MMP9 and uPA in the different CMs. Similar 
samples were loaded in corresponding wells of both gelatin and gelatin-plasminogen gels in 
duplicate. Three in-gel zymography were performed in conditioned media harvested from three 
experiments. Higher MMP2 expression and no uPA were found in CM-Ctr.  
 
7.5. PAI-1 detection in the conditioned media 

PAI-1 is a known inhibitor of uPA (144). AT84-uPAR cells were treated with CMs from activated 

and non-activated Flp-In 3T3 cells to study uPAR cleavage regulation.  Western blot results of 

AT84-uPAR cells treated with CM-Flp+ showed more-full length uPAR than cleaved uPAR (DII-DIII) 

(Fig. 9a). Hence, we hypothesized that PAI-1 might have inhibited the activity of uPA in AT84-
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uPAR cells treated with CM-Flp+ (Fig. 10b). Interestingly, differences in the amount of PAI-1 was 

observed in the different CMs using western blot analysis (Fig. 12a and b). Higher amount of PAI-

1 was in CM-Flp+, while it was undetected in CM-Flp÷. Except in the negative control medium 

(media, Fig. 12b), all the CMs harvested from Flp-3T3 cells, CM-uPAR-Flp and CM-EV-Flp, had 

similar level of PAI-1 (Fig. 12b). 

 

Figure 12. Western blot analysis of PAI-1 in CMs. a. The detection of PAI-1 (45KDa) in CM-Flp÷, 

CM-Flp+, CM-Flp÷-uPAR and CM-Flp+-uPAR b. PAI-1 in media, CM-EV, CM-uPAR, CM-Ctrl, CM-EV-
Flp and CM-uPAR-Flp. 
 
7.6. Soluble uPAR (suPAR) does not increase migration of Flp-In 3T3 cells  

The cell migration assay was performed to determine whether different soluble factors could 

function as chemoattractant for Flp-In 3T3 cells. As described in the introduction, cell bound 

uPAR can be cleaved into DI, DIIDIII and DI-III fragments by the action of protease enzymes (such 

as uPA). The DI-III fragment is also called soluble uPAR (suPAR). In this assay, SFM (DMEM) and 

different supplements were used to study their chemoattractant effect on Flp-In 3T3 cells. The 

medium supplements used were 10% FBS, CM-uPAR, CM-EV, 10 ng/ml suPAR, 500 ng/ml suPAR 

and 10 µg/ml suPAR. DMEM supplemented with 10% FBS showed the highest cell index 
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suggesting that it has more chemoattractant for the Flp-In 3T3 cells. Although increased 

concentration of suPAR was found to be associated with a slight increase in cell migration index, 

this increase was not statically significant (p>0.05) (Fig. 13). In conclusion, suPAR does not 

significantly increase Flp-In 3T3 cells migration under these conditions.   

 
Figure 13. Migration of Flp-In 3T3 cells in response to suPAR and other media supplements. Flp-
In 3T3 cells, 2000 cells per well, were seeded in CIM plate wells except in wells labeled with no 
cells. Different media supplements were used to determine their chemoattractant effect on Flp-
In 3T3 cells in 12 hours culture. No cell – CIM plate wells without cells, FBS-fetal bovine serum, 
SFM-serum free media, uPAR-CM- urokinase receptor condition media, EV CM-Empty vector 
condition media and SuPAR-soluble uPAR. 
 

7.7. Expression of α-SMA in CAFs   

Poor prognostic significance of CAFs has been described in various types of cancers (42, 145). In 

this experiment, anti- α-SMA antibody was used to detect CAFs in sections of mouse tongue 

OSCC. AT84-uPAR and AT84-EV cells, 10,000 cells from each construct, were injected in different 

groups of mouse tongue tissue (anterior) and grew into tumors, as described elsewhere (38). CAF 

score analysis was performed using immunorato application in mouse tongue tumor sections to 

study whether CAFs infiltration correlated with expression uPAR on cancer cells. Preinjected 

uPAR expression of each construct and in vivo uPAR expression of developed mouse tongue 

tumors is depicted in appendix (11.5a-c) (38). α-SMA expression was restricted to smooth muscle 

cells and glands (base of tongue) in normal tongue tissues (Fig. 14a and b). The expression of α-
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SMA was significantly higher (P=0.0018) in tongue tumor sections from high uPAR expressing 

cells injected and grown into tongue tumors (uPAR2-2) than in tumors from lower uPAR 

expressing cells (uPAR2-3) (Fig 14c and d). Control cells containing only an empty vector (EV3 and 

EV4 cells) also showed varying CAF scores. EV4 showed significantly lower amount of CAF 

infiltration (P=0.019) compared to high uPAR (uPAR2-2). CAF score quantification data is 

presented in appendix (11.6). Although α-SMA expressing CAFs were seen in tongue tumor 

sections, other cells including AT84 cells, immune cells and smooth muscle cells lining the blood 

vessels were also found expressing α-SMA (Fig.14c-d). In conclusion, there was a relatively high 

CAFs infiltration with respect to high uPAR expression in grown OSCC tongue tumors. 
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Figure 14. Relative α-SMA score in mouse tongue models of OSCC. a and b. Non-injected normal 
mouse tongue tissue (negative control) (a, 1.6x) that shows blood vessel smooth muscle cells (b, 
10x) expressing α-SMA. c. Immune-ratio analyzed using ImageJ software depicting low CAF score 
in tongue tumor sections in uPAR2-3 and d. high uPAR expressing cells grown tongue tumor 
section (uPAR2-2) shows relatively higher CAF score to uPAR2-3 and EV4. e. Relative α-SMA score 
in mouse tongue tumors sections grown by injecting different uPAR expressing construct of AT84 
cells. EV3-low detectable uPAR (N=9), EV4-low detectable uPAR (N=5), uPAR2-2-high uPAR (N=8) 
and uPAR2-3-low uPAR (N=7) expressing cells grown tongue tumor sections. 
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7.8. Detection of CAFs in xenographts and carcinogen induced tongue tumor sections 

Xenographts are graphts of tissue from different species of animal transplanted to 

immunocompromised host. In this experiment, mouse tongue tumors grown from human OSCC 

cells were used. The aim was to determine whether xenografted human OSCC cells would 

induced CAFs in mouse tongues. Immunohistochemically stained tumor sections demonstrated 

the presence of α-SMA expressing CAFs, but also α-SMA positive epithelial cells (Fig. 15a and b).  

 
Figure 15. IHC staining of α-SMA in xenographt tumors. Human OSCC cells injected to mouse 
tongue showed the growth of xenographt tumor infiltrated with α-SMA+ CAFs. Figure a and b 
showed tongue tumor with 4x and 40x magnification of the indicated area (rectangular area), 
respectively. 
 

4-nitroquinoline-1 oxide (4NQO1) is a known carcinogen that bind to nucleic acid (146), 

resembling the mutagenic action of tobacco. To induce oral cancer, mice were supplied with 

4NQO1 in the drinking water. 4NQO1 induced tongue tumor sections were IHC stained to detect 

α-SMA+ CAFs. These tongue tumors were harvested at early time point in OSCC development. 

The aim of the experiment was therefore to determine whether α-SMA positive CAFs could be 

detected in these tongue tumors. Accordingly, α-SMA expressing cells were observed in different 

tongue tumor lesions including in papilloma (Fig. 16a) and an early stage oral lesion (Fig. 16b). 

Few α-SMA positive CAFs were observed in these early stage tumors, however, many epithelial 

cells were positively stained for α-SMA. 
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Figure 16. IHC staining of α -SMA in mouse carcinogen-induced tongue tumor. Tongue tumor 
sections (N=10) were IHC stained using α-SMA antibody. α-SMA positive cells appeared brown 
counterstained with hematoxylin. a. Papilloma located on the dorsal surface of tongue. b. Early 
stage lesions at the epithelial cell lining of the lateral side of tongue section.  
 

8. Discussion 

8.1. Viability assay for media optimization 

Culture media play a major role in providing nutrients so that cells can survive and grow in vitro. 

Although different cells have different nutrient requirements, culture media generally contain 

glucose, amino acids, vitamins and salts (147, 148). However, supplementing the basal media 

with different growth factors and serum usually improves the longevity of cultured cells (149). 

The aim of this particular study was to find a culture medium that support survival, but with 

minimal proliferation. Hence, viability assay was performed to find an optimal culturing condition 

for Flp-In 3T3 cells. FBS is an ill-defined medium supplement that contains different growth 

factors with varying concentration. At higher concentration, FBS  induces cell proliferation (150). 

We assumed that low percentage of FBS with 1% ITS can promote the in vitro viability of cells 

used in this study. Other studies have demonstrated better viability of cells with 1% ITS as a 

baseline medium supplement (151-153). Based on visual inspection of the cells (Appendix 11.1a 

and b) and the MTS experiment result (Fig. 5), RPMI supplemented with 0.5% FBS and ITS (1:100) 

was chosen as the optimal medium for further studies. This medium  was  also compatible with 

the AT84 cells and used in the subsequent  experiments (133).  The AT84-uPAR cells are highly 
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proliferating mouse squamous epithelial cancer cells that require a special medium supporting 

their higher metabolism. RPMI has extra supplementation with biotin, vitamin B12 (co-factor for 

DNA synthesis and metabolism) and P-amino benzoic acid (PABA), which are not normally found 

in DMEM. 

 

Although high FBS concentration of the cell culture medium is known to increase the in vitro 

survival of cells, in this experiment the 2% FBS induced proliferation of cells, which is against the 

optimal condition that we were targeting at. To the contrary, the low FBS concentration, 0.1%, 

resulted in low viability of cultured cells. Hence, ITS supplementation minimizes the unwanted 

proliferation of cells and variability that would arise due to high concentration of FBS. The finding 

that ITS supplementation promotes viability (Fig. 5) is in agreement with a previous study that 

has reported better viability of cells with ITS than SFM  alone (154). In this study, the viability 

assay was performed without changing the medium for all the time points. Thus, the gradual 

decrease in the viability of cells with increasing duration in culture might be due to depletion of 

nutrients in the culture medium. Therefore, during the Flp-In 3T3 activation experiment, we 

changed the medium once in 24 hours to replenish the nutrient and the activator, TGF-β1. 

Similarly, low viability was observed in Flp-In 3T3 cells treated with CM-uPAR and CM-EV 

prepared from AT84 cells, which might be due to depletion of nutrient in CMs. However, upon 

mixing with fresh medium (one-part fresh medium with two parts of CM) that was supplemented 

with FBS (0.5%) and ITS (1:100) a better viability was observed, which is in agreement with other 

investigators (154, 155). 

  

8.2. TGF-β1 activates Flp-In 3T3 cells 

CAFs are the main role player in TME for tumor progression (156). In this study, we were 

interested if we could activate the Flp-In 3T3 cells in vitro using TGF-β1. Even though α-SMA is 

the most commonly described CAF marker, FSP1, FAP, and PDGFR α/β are also used in CAFs 

detection. These markers are poor prognostic markers (145, 157). The activation status of 

fibroblasts was demonstrated by analyzing α-SMA expression (Fig.6). TGF-β1 induces 

transcription of genes that favor fibroblast differentiation (158). Similar to our findings, activation 
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of vocal cord fibroblasts with TGF-β1 resulted in increased α-SMA and MMP2 expression with a 

characteristic elongated morphology (159). However, Flp-In 3T3 cells treated with CM-uPAR and 

CM-EV exhibited low expression of α-SMA (Fig. 4) than the control cells suggesting that factors 

other than TGF-β1 could be involved in the activation process e.g. direct cell-to-cell contact as 

described by other investigators (160). 

 

α-SMA expressing CAFs were also observed in mouse tongue tumors grown from OSCC cells, 

xenographts, grown from injected human OSCC cells (Fig. 14) and 4NQO1 (Fig. 15) induced 

tongue tumors. The presence of α-SMA expressing fibroblast in tongue tumor sections of human 

OSCC has also been reported (161). The increased expression of α-SMA+ CAFs has also been 

associated with increased invasiveness and progression of OSCC (162-164).  

 

8.3. Activated fibroblasts regulate uPAR cleavage  

uPAR, a three domains anchored receptor, has different functions in normal cell biology and 

pathological conditions. The presence of all the three domains (DI, DII and DIII) is required for 

efficient cell adhesion, migration and proliferation (117). The cleavage of uPAR occurs either 

between DI and DII or at GPI region. Cleavage at GPI region releases a full-length soluble uPAR. 

Different enzymes are known to induce uPAR cleavage that include for instance uPA, trypsin, 

chymotrypsin, plasmin, phospholipase C and D (115, 165). Cleavage of uPAR resulted in DI and 

DIIDIII variant upon uPA binding, where the cell bound cleaved uPAR (DIIDIII) remains without 

ligand (uPA) binding property (165). The soluble full-length uPAR (suPAR) can also be cleaved 

with uPA and plasmin (114, 166, 167). In this study, the presence of the full-length uPAR in CM-

Flp+ treated cells with the presence of high MMP2 showed no association between uPAR cleavage 

and MMP2 concentration but with uPA. However, the role of MMP2 in the degradation of ECM 

and activation of growth factors signaling has been documented (168, 169). Further, plasmin was 

not detected in the study samples suggesting that uPA might induced the uPAR cleavage as 

reported elsewhere (165).  Other investigators have studied the involvement of different MMPs 

in uPAR cleavage and have found that MMP2 and MMP9 have no role in uPAR cleavage, while 

the cleavage is associated with MMP12, which is called macrophage elastases and produced by 
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human macrophages and endothelial cells (113). Therefore, activated fibroblasts regulate uPAR 

cleavage in cancer cells. 

 

8.4. TGF-β1 activation increases PAI-1 expression 

PAI-1 is a known inhibitor of uPA (170). TGF-β1 activation of fibroblasts increases turnover of 

ECM and expression of PAI-1 in renal T2 epithelial cells and vascular smooth muscle cells (171, 

172). Similarly, in this study, activated Flp-In 3T3 cells exhibited increased PAI-1 expression (Fig. 

10a), while uPA was hardly detected (Fig. 11) suggesting that PAI-1 might downregulate the uPA 

activity. However, it has been reported that increased PAI-1 inhibits the uPA dependent 

activation of MMPs, which degrades collagen, thereby inhibits metastasis (172). In contrary, low 

concentration of PAI-1 has been shown to induce migratory phenotype of cancer cells by inducing 

actin cytoskeletal rearrangement (173). In pancreatic metastatic cancer, upregulation of both 

uPAR and MMP2 expression was observed indicating that activated MMP2 might degrade ECM 

and promote migration of cells in uPA dependent manner (141). 

 

ECM proteolysis is determinant for the cancer cell migration through the activation of MMP2 and 

uPA, which activates the plasminogen system. The interaction of TGF-β and PAI-1 in inducting 

cell migration was described where TGF-β increased the PAI-1expression and then induced 

significant cell motility (171). Upregulation of PAI-1 expression might induce endocytosis of 

bound uPA- uPAR through low density lipoprotein receptor-related protein 1 (LRP-1). LRP-1 has 

been reported having a function of receptor mediated endocytosis (174). The internalized uPA 

might destined to direct degradation and re-expression of uPAR and LRP-1 might take place to 

the direction of migration (175-177). Supporting this, our result indicated that the upregulation 

of PAI-1 expression in TGF-β1 activated Flp-In 3T3 cells might have promoted of full-length uPAR 

in AT84 cells via inhibiting uPA. A similar findings, increased expression of PAI-1 and uPAR, have 

also been reported in AT84 cells upon direct TGF-β1 treatment (133). This further indicates a 

paracrine effect of PAI-1 from activated fibroblast (CAF) in maintaining a functional full-length 

uPAR in AT84-uPAR cells thereby different uPAR mediated signaling favor the progression of 

cancer. Therefore, uPAR cleavage was not induced by TGF-β1 mediated activated fibroblasts.  
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8.5. Soluble uPAR (suPAR) does not increase migration of Flp-In 3T3 cells 

High uPAR expression increases the ability of cells to migrate (178). In addition, the cleaved uPAR 

(DII-III), containing a SRSRY and PRGRY peptides in human and rat, respectively, has been 

reported to function in chemotaxis and cytoskeletal rearrangement thereby cleaved uPAR 

facilitates cell migration (179, 180). The cleaved uPAR SRSRY sequence peptide upon interacting 

with formyl peptide receptors (FPRs), which belongs to the family of G-protein coupled protein 

receptors, induce ERK signaling that resulted in increased metastasis (181). In this study, even 

though statistically not significant, increased cell migration was observed with increased 

recombinant suPAR concentration (10 ng/ml to 10 µg/ml). In addition, the highest migration of 

Flp-In 3T3 cells was also noticed in 10% FBS supplemented medium (Fig. 12) indicating the 

involvement of other soluble factors in the serum that favor migration. Similarly, higher but 

statistically insignificant cell migration index was observed in CM-uPAR treated cells than in CM-

EV treated cells (Fig. 12). This might suggest the presence of DII-DIII uPAR variants in CM-uPAR, 

which has a chemotactic function as it was described by Synnøve et al (133). Binding specificity 

of suPAR  to integrins (α4β1, α6β1, α9β1, and αvβ3) has been reported in Chinese hamster ovary 

cells (182). Therefore, the suPAR used in our study might also interacted directly with integrins 

on Flp-in 3T3 cells and induce migration of cells as well. 

  

8.6. uPAR expression enhances in vivo CAFs infiltration in tumor stroma  

Hepatocyte growth factor (HGF) secreted by CAFs increase the expression of uPA and uPAR in 

cancer cells (183). uPAR has been reported to recruitment of hematopoietic stem and progenitor 

cells in angiogenesis (184). Thus, here we wanted to study the interaction of uPAR and CAFs in 

different tongue tumor sections using α-SMA expression as a marker for CAFs infiltration. Tumors 

developed by mouse OSCC cells in mouse tongues appeared localized with boundary formation, 

while the human OSCC cells, zenographts, developed into invasive characteristic (Appendix 11.7a 

and b). This difference might be related with the immune system of the mouse models used in 

the two experiments, syngeneic and nude, respectively. The expression of α-SMA has been 

reported in normal epithelial cells, cancer cells (185), CAFs and macrophages (186, 187). Similarly, 
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in this study, the expression of α-SMA was found in cancer cells as well as CAFs in tongue OSCC 

tumor sections. Increased uPAR expression has been described in many cancers, which in turn 

indicates poor prognosis (188). uPAR plays a role in cells adhesion with ECM, particularly with 

vitronectin. Up-regulation of uPAR expression was indicated in induction of EMT that has a role 

in invasion and metastasis in breast cancer (189). EMT and CAFs have been reported to express 

α-SMA (38). Similarly, in this study, quantifying α-SMA expressing CAFs was a big challenge as it 

was expressed by other cells. However, we observed high CAFs infiltration in high uPAR 

expressing cells injected mouse tongue tumors than no uPAR expressing cells (EV2) and low uPAR 

expressing cells tumor sections (uPAR2-3) (Fig. 14e). The mouse tongue tumors grown from EV3 

cells showed comparable CAFs infiltration with high uPAR, which might be due to the induction 

of endogenous uPAR expression as it was reported elsewhere (38) (their uPAR expression history 

depicted in appendix 11.5e). These findings, therefore, collectively indicate that CAFs and uPAR 

have positive regulatory interaction in the TME.  
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9. Conclusion and Recommendations 

The reactive tumor stroma of many tumors is dominated by activated fibroblasts (CAFs). CAFs via 

secretion of various growth factors, cytokines, chemokines, and the degradation of extracellular 

matrix promote tumorigenesis. In the first part of this study, we optimized a medium condition 

that kept Flp-In 3T3 cells viable for 72 hours with minimal proliferation. This optimal condition 

was used to create artificial CAFs by activating Flp-In 3T3 cells with TGF-β1. CM was harvested 

from the artificial CAFs of overnight culture, which supposedly contained different soluble factors 

that may affect the cleavage of uPAR. AT84 cells overexpressing uPAR were treated with this CM 

to study the cleavage of uPAR. Whereas analysis of cell lysates from TGF-β1 treated Flp-In cells 

condition media revealed high amount of full-length with high amount of PAI-1 in CM-Flp+. 

Further, when the CM from TGF-β1 non-activated Flp-In 3T3 cells was used to treat uPAR 

overexpressing AT84 cells, it induced uPAR cleavage suggesting that the presence of uPA 

mediated uPAR cleavage. In addition, CM from AT84 cells overexpressing uPAR was used to study 

if soluble factors released from cancer cells would activate fibroblasts. The result, however, did 

not support our hypothesis as no difference in α-SMA expression was observed in both CMs 

harvested from uPAR and EV cells treated Flp-In 3T3 cells. The different experiments in this work 

resulted in generating the following findings.  

✓ RPMI with 0.5% FBS and 1% ITS kept fibroblasts viable for 72 hours with minimal proliferation  

✓ TGF- β1 can be used to activate fibroblasts in vitro and induce artificial CAFs 

✓ Activated fibroblasts (artificial CAFs) produced PAI-1  

✓ PAI-1 results in reduced uPA activity 

✓ PAI-1 results in less uPAR cleavage and more full-length uPAR 

✓ CM from AT84 cells did not activate fibroblasts 

✓ suPAR did not induce Flp-In 3T3 cells migration 

✓ Tumors expressing more uPAR demonstrated the increased amount of CAFs infiltration 

 

Further study, however, should be done to profile soluble factors present in the CMs using high 

throughput technique that could help understand better what is happening downstream of TGF-
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β1 activation of fibroblasts. Future studies should also aim identifying the mechanism of full-

length uPAR expression and uPAR cleavage regulation by activated fibroblasts in AT84-uPAR cells.  
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11. Appendix/Supplementary Data 

Appendix 11.1. The figure of Flp-In 3T3 cells showing their appearance at 72hr. (a) in DMEM and 

(b) RPMI media with different supplement. 1 -SFM, 2 -SFM + ITS, 3 -0.1% FBS, 4 -0.1% FBS plus 

ITS, 5 -0.5% FBS, 6 -0.5% FBS plus ITS, 7 -2% FBS, 8 -2% FBS plus ITS, 9 –Triton X-100 and 10 -10% 

FBS.  

 

a. 



75 
 

 

b. 

 

 

 

 

 

 

 

 

 



76 
 

Appendix 11. 2. Tables showing the α- SMA expression quantification from western blot results using 

ImageJ. a. shows 24, b. 48 and c. 72 hours expression of α-SMA. The expression of α-SMA was obtained 

by normalizing the loading control by considering the highest value of α-tubulin as standard (21302.67). 

The loading control of each sample was normalized by taking ratio of standard to its α-tubulin (standard/ 

α-Tubulin). The α-SMA expression of each sample was then calculated by multiplying its value with its 

normalized loading control.  

a

 

 

b. 
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c. 

 

 

Appendix 11.3. Quantification data of α-SMA expression in CMs treated Flp-In 3T3 cells. 

Medium CM2 EV CM2 uPAR 

14208.06 3802.695 4301.642 

17617.86 4834.196 4161.342 

10772.13 3382.096 2165.574 

11424.77 4085.217 5908.824 

12223.12 2950.170 2452.003 

  5392.359 2574.197 
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Appendix 11.4. Quantification data of uPAR ratio (DI-III/DIIDIII) in CM-Flp+ and CM-Flp÷ 

treated AT84-uPAR cells. 

+ TGFβ1 ÷TGFβ1 

1.827660 0.443947 

1.015930 0.415424 

1.187020 0.415333 

1.291007 0.756040 

1.499135 0.664120 

2.083610 0.763780 

 

 

Appendix 11.5. AT84 cells construct and uPAR expression. a. Image depicts the construct of 

AT84 cells, b. uPAR expression of cells (pre-injection to mouse tongue) and c. uPAR score in vivo 

in tongue tumor sections (SI= average staining index). EV1=EV3, EV2=EV4, uPAR1=uPAR2-2 and 

uPAR2=uPAR2-3. Taken and modified from (38). 
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Appendix 11. 6. Quantification percentage data on CAF score using Immunoratio in each tongue 

tumor sections included in the analysis.   

uPAR2-2 uPAR2-3 EV3 EV4 

33.9 23.3 25.8 19.2 

34.1 7.5 20.4 31.3 

26.2 20.4 33.7 18.4 

29.8 17.4 24.8 22.9 

25.6 13.4 29.4 17.9 

27.9 20.6 30.8   

24.6 26.8 36.3   

28.6   14.2   

    23.7   
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Appendix 11.7. the tongue tumor sections from syngeneic (a) and nude (b) mouses. Images 

are with 1.6x magnification. a. Tumor sections developed from mouse OSCC cells b. Tumor 

sections developed from human OSCC cells zenographts. 
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