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Abstract 

Title of Dissertation 

The Role of Angiopoietin-Like 4 in Head and Neck Squamous Cell Carcinoma 

Progression and Dissemination 

Eman Hefni, Doctor of Philosophy, 2022  

Dissertation Directed by Silvia Montaner, Professor, University of Maryland School of 

Dentistry, Department of Oncology and Diagnostic Sciences 

Dysregulation of cellular signaling is instrumental in the promotion of tumor cell 

metabolism, proliferation, tissue invasion and metastasis. Molecular-based therapies for 

neoplastic diseases are designed to modulate or interact with cell surface receptors, 

intracellular cascades, or microenvironment components related to the extracellular matrix, 

tumor vasculature and immune response. To design these therapies, an improved 

understanding of the molecular underpinnings leading to tumor growth is essential. The 

overall aim of our investigation is identification of the molecular mechanisms associated 

with the induction of tumor cell migration and proliferation induced by Angiopoietin-like 

4 (ANGPTL4), a pro-tumorigenic and pro-angiogenic factor, in head and neck cancer 

squamous cell carcinoma (HNSCC). HNSCC accounts for around 54,000 new cases and 

11,000 deaths per year in the United States. Unfortunately, the clinical management of this 

tumor remains challenging. 



 

 Our studies, divided into two research aims, use in vitro cell-based models together 

with signal transduction and cell and molecular biology methods. Our results demonstrate 

that: 1) ANGPTL4 is upregulated in human-derived dysplastic oral keratinocytes (DOKs) 

and HNSCC cell lines, but not in normal oral keratinocytes (NOKs), suggesting an early 

and sustained role for ANGPTL4 in disease progression. ANGPTL4 is a molecular marker 

in biopsies from patients with mild-moderate or moderate oral epithelial dysplasia, primary 

HNSCC and metastatic HNSCC. ANGPTL4 is necessary and sufficient to promote cell 

migration in DOKs and HNSCCs lines. Binding of ANGPTL4 to neuropilin-1 (NRP1) 

leads to paxillin (PXN) phosphorylation and cell migration in an ABL1-dependent manner, 

exposing the ANGPTL4/NRP1/ABL1/PXN cascade as a vulnerable target for HNSCC 

treatment. 2) Epidermal Growth Factor (EGF)- and Hypoxia-inducible Factor-1 (HIF-1)-

mediated pathways cooperate in the upregulation of ANGPTL4 in normal and dysplastic 

oral keratinocytes and HNSCC cells. Besides EGF, the EGF ligand amphiregulin leads to 

an increase in ANGPTL4 and is upregulated in HNSCC lesions. ANGPTL4 activates the 

HNSCC molecular markers p38 MAPK, AKT and mTOR in NOKs; these kinases may act 

as potential intracellular regulators of the autocrine signals and paracrine secretions that 

ANGPTL4 activates to promote HNSCC tumorigenesis. Collectively, our findings suggest 

that ANGPTL4 and its associated signaling molecules are potential therapeutic targets in 

HNSCC clinical management 
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1 CHAPTER 1: Introduction 

1.1 Head and Neck Squamous Cell Carcinoma 

Head and neck cancer are among the most common malignancies in the United States, 

with the 8th highest incidence in men. In 2022, more than 54,000 new head and neck cancer 

cases and about 11,230 deaths were predicted to occur in the United States (US) [1]. 

Approximately 90% of head and neck tumors are head and neck squamous cell carcinomas 

(HNSCC) that originate in the epithelial squamous cell layer in the upper aerodigestive 

tract, affecting the tongue, lip, oral cavity, nasopharynx, and pharynx [2]. The two main 

chemical risk factors for HNSCC are tobacco and alcohol [3]. Several biological risk 

factors are significantly associated with HNSCC, such as viruses, chronic candidiasis, 

syphilis, dental hygiene, and dietary deficiencies [4]. Certain subtypes of oncogenic human 

papillomaviruses (HPV) have recently been reported to be another risk factor for HNSCC 

[5]. HPV-positive HNSCCs are usually oropharyngeal squamous cell carcinomas 

(OPSCC) at the tonsillar region and base of the tongue (BOT). HPV has more than 150 

subtypes.  Subtypes: 16, 18, 33, and 35, are associated with HNSCC [6]. Approximately 

80% of patients with HPV-positive HNSCC are HPV16, followed by HPV18 [7]. Several 

studies have reported that patients with HPV-positive HNSCC have a better prognosis, 

more prolonged overall survival (OS), and lower recurrence rate than patients with HPV-

negative HNSCC [8-11].  

Despite advancements in treatment strategies, the five-year survival rate of HNSCC in 

the US at the time of diagnosis is 82% when it is localized, and it drops to 64-37% if the 
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patient has regional lymph node involvement and distant metastasis [1]. Unfortunately, 

50% of the HNSCC have regional lymph nodes at the time of diagnosis [12, 13]. Lymph 

node metastases (LNMs) have clinical significance, reflecting cancer's aggressive biology, 

and are considered a strong prognostic factor for developing distant metastases and 

resistance to therapy in HNSCC [14-16]. Interestingly, LNMs are associated with up to a 

50% decrease in the survival [17-19]. LNM are considered an intermediate metastases step 

for distant organs from the primary site during cancer progress and dissemination [20, 21]. 

Surprisingly HNSCC patients die from metastatic disease rather than their primary tumors 

[22, 23]. Furthermore, recurrence of disease is prevalent, with 20% of individuals 

presenting with the reoccurring disease following therapy [24]. 

HNSCC is unique for the way it metastasizes to the regional lymphatic nodes. In 1993, 

a study by Leeman et al. investigated the relative frequency of distant metastases with 

histopathologic involvement of the neck nodes in patients with HNSCCs and found that 

patients with more than three histologically positive lymph nodes were at double the risk 

for having distant metastases (46.8%) [14]. The poor prognosis of HNSCC makes studying 

metastasis very important. It is well known that cancer cells are highly proliferative, escape 

apoptosis, and induce angiogenesis to become metastatic [25]. Like other cancer types, 

HNSCC has a complex tumor microenvironment (TME) with several lymphatic 

endothelial cells associated with tumor invasiveness and resistance to treatment. Cancer 

cells release different angiogenic/lymphangiogenic factors that promote cancer cell 

invasion into the blood/lymphatic system. Therefore, new therapies are urgently needed to 

prevent metastasis and treat advanced-stage disease.  
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Current HNSCC treatment strategies include surgical eradication, radiotherapy, 

chemotherapy, or a combination. The treatment decision is based on the stage and the 

extent of the tumor. An early stage HNSCC is treated with surgery and radiotherapy, while 

advanced stage disease treatment requires multimodality approaches consisting of surgery 

followed by chemoradiotherapy and radiotherapy [26, 27]. Unfortunately, these treatment 

strategies are associated with high systemic toxicity, morbidity, and mortality.  

Nowadays, targeted therapy, which is a personalized therapy that focuses on the 

individual patient by acting on specific molecular associated with cancer, is the focus of 

much anticancer drug development. Many targeted cancer therapies such as Cetuximab 

have been approved by the Food and Drug Administration (FDA). Cetuximab is a 

monoclonal antibody (mAb) that targets the Epidermal Growth Factor Receptor (EGFR) 

and is used for the treatment of patients with recurrent or metastatic HNSCC by itself or in 

combination with chemotherapeutic agents [28, 29]. The FDA also recently approved 

Pembrolizumab and Nivolumab, which are immune checkpoint inhibitors for treating 

recurrent or metastatic HNSCC and unresectable disease [26, 30, 31]. Many other targeted 

therapies are being tested in clinical trials, and many more are in preclinical testing. 

Unfortunately, targeted therapy has some limitations. One is the difficulty in 

developing medications for some identified targets due to the target's structure and/or the 

way its activity is regulated in the body. Another limitation of targeted therapy is the 

possibility that cancer cells will develop resistance to them [32]. Resistance can arise in 

two ways: the target changes through mutation, making targeted therapy less effective, 

and/or the tumor develops a new pathway for tumor growth that is not dependent on the 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045961&version=Patient&language=English
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target [33]. That might explain why Cetuximab has limited efficacy in the treatment of 

HNSCC, even in patients with 50-100% overexpressed EGFR and its associated ligands 

[34-37]. So far, most of the available target therapies have not been successful in providing 

reproducible improvements in survival in patients with cancer when used as single agents.  

To guide therapy, a thorough understanding of the biological, genetic, and epigenetic 

changes of HNSCC is required. Pharmacogenetics, the cancer microenvironment, and 

genetic abnormalities all have a role in drug responses. Oncogenomics studies on HNSCC 

have been undertaken by analyzing tumors to determine genomic mutations, gene 

expression changes, and epigenetic alterations that lead to the malignant phenotypes of 

HNSCC, and this will furthermore contribute to the identification of targets. The commonly 

found mutations were CDKN2A TP53, Caspase 8, PIK3CA, Notch, and EGFR [38]. 

Despite all efforts to improve treatment and give more tailored medicines to prevent normal 

tissue toxicity, patients with head and neck cancer still have a poor long-term prognosis as 

well as tumor recurrence after treatment, indicating the need for new therapies to prevent 

and treat advanced-stage disease. 

1.2 Angiopoietin-Like 4 Structure and Function 

Angiopoietin-like proteins (ANGPTLs) are a group of proteins that resemble 

angiopoietins in their structure [39]. Eight ANGPTLs have been discovered so far [40]. 

Angiopoietin-like proteins family have a coiled-coil domain at the N-terminus and a 

fibrinogen-like domain at the C-terminus. Only ANGPTL8 lacks the C-terminal 

fibrinogen-like region [41]. They are also known as orphan ligands because they bind to 

the same receptors as angiopoietins (Tie1 and Tie2) [42]. ANGPTLs are important 
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regulators of angiogenesis, but they also have a role in glucose, lipid, and energy 

metabolism [41, 43]. ANGPTLs also regulate different pathological processes, such as 

inflammation, endothelial dysfunction, dyslipidemia, and atherosclerotic calcification [44]. 

Angiopoietin-like 4 (ANGPTL4) is a secreted protein highly expressed in the liver, 

adipose tissue, kidney, muscle, testis, ovary, breast, and esophagus [45, 46]. It is a 45-65 

kDa glycoprotein encoded by a gene located on chromosome 19p13.3 [47]. ANGPTL4 

comprises an N-terminal coiled-coil domain and a C-terminal fibrinogen-like domain, 

which are involved in and connected via a cleavable linker (Figure 1.1) [45, 48]. 

ANGPTL4 is available in two formats, either full-length (flANGPTL4) or truncated forms 

at the N-terminus (nANGPTL4) or C-terminus (cANGPTL4) [49]. ANGPTL4 processing 

is tissue- dependent; while the liver secretes the N-terminal domain (nANGPTL4) 

isoforms, the adipose tissue secretes full-length ANGPTL4 (flANGPTL4) [48]. ANGPTL4 

is cleaved by proprotein convertases (PCs) such as PACE4, furin, PC5/6, and PC7 [50].  
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Figure 1.1. Angiopoietin like -4 (ANGPTL4) Structure and function (Adapted 

from Zhu P et al., 2012) [51] 

ANGPTL4, like all the ANGPTLs, is considered an orphan ligand because it does not 

bind to the angiopoietin receptor tyrosine kinase Tie2 and Tie1. It is challenging to identify 

the receptor that mediates its role [52]. Further emergent evidence shows that ANGPTL4  

binds integrin 1 [53], integrin 53, integrin 5 [54], lipoprotein lipase (LPL) [55], 

cadherin-5 [56], cadherin-11 [57], and syndecans [58]. A recent study from our laboratory 

found that in the HUVEC cell line, ANGPTL4 binds to Neuropilin1 (NRP1) and 

Neuropilin2 (NRP2), which are coreceptors for VEGF [59] (Figure 1.2).  
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Figure 1.2.  Schematic showing the binding of ANGPTL4 to NRP. (Adapted 

from Sodhi A et al., 2019) [60]. The binding of ANGPTL4 to NRP promotes Rho 

activation. 

Different functions have been described for the two main isoforms of ANGPTL4. The 

N-terminal ANGPTL4 domain (nANGPTL4) regulates glucose and lipid metabolism 

through inhibition of lipoprotein lipase (LPL), which is an enzyme responsible for 

hydrolyzing circulating lipoprotein-associated triacylglycerol (TG) to produce free fatty 

acids (FFAs) [50, 61, 62]. On the other hand, the C-terminal ANGPTL4 domain 

(cANGPTL4) plays a role in angiogenesis and vascular hyperpermeability, facilitating 

wound healing [63, 64]. ANGPTL4 expression is altered by fasting, hypoxia, PPARs 

agonist, TGF, and free fatty acids [51]. Peroxisome Proliferator-Activated Receptor  

(PPAR ) and PPAR are the downstream targets of the ANGPTL4 [65].  
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ANGPTL4 acts as a pro-angiogenic factor as it induces proliferation, migration, and 

tube formation on retinal endothelial cells [66]. Another study in renal cell carcinoma 

supported the role of ANGPTL4 as a pro-angiogenic factor [67]. It has been reported that 

ANGPTL4 acts as an anti-angiogenic protein. It has been suggested that it acts as a 

gatekeeper, controlling vascular integrity and angiogenesis in a context-dependent manner 

[68]. Many studies have shown that ANGPTL4 is involved in numerous diseases, including 

cardiovascular disease, obesity, diabetes, nephrotic syndrome, cancer metastasis, wound 

repair, inflammation, ocular diseases, and arthritis [47, 69].  

1.3 Angiopoietin-Like 4 and Cancer 

 Increased ANGPTL4 expression has been reported in different types of human 

cancers, including esophageal SCC [70], tongue SCC [71], HNSCC [72-74], Kaposi’s 

sarcoma [75, 76],  breast cancer [77, 78], prostate cancer [79, 80], cutaneous melanoma 

[81], gastric cancer [82], colon cancer [83], colorectal cancer [84, 85], hepatocellular 

carcinoma [86, 87], and renal cell carcinoma  [88, 89] Table 1.1 [90]. In addition, 

ANGPTL4 expression seems to increase as the tumor progresses from benign into a more 

invasive malignancy [54]. Many studies have shown a direct correlation between 

ANGPTL4 expression and metastatic tumor spread, indicating an important role of 

ANGPTL4 in human tumor progression [84, 91-93]. ANGPTL4 upregulation facilitates 

tumor growth, progression, angiogenesis, invasion, lymph node metastasis, and reduced 

overall survival [70, 94-97]. A previous study reported that ANGPTL4 enhances epithelial-

to-mesenchymal transition (EMT) by inducing an adenylate energy charge [98]. 

ANGPTL4 increases pulmonary capillary permeability through disruption of the integrity 

of endothelial cell layers in breast cancer and induces lung metastasis [99]. MAP kinase-
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interacting serine/threonine-protein kinase (MNK) is downstream of the constitutive 

MAPK and PI3K pathway, upregulating ANGPTL4 expression, which induces expression 

of MMPs and increases invasion in malignant melanoma [100]. In addition, ANGPTL4 

regulates multiple MMP expression [101, 102]. An elevated level of ANGPTL4 in 

papillary thyroid cancer induces proliferation via AKT Pathway [103]. A recent study 

showed that Curcumin inhibits ANGPTL4 anoikis resistance in cholangiocarcinoma cells 

and improves chemotherapeutic effects [104]. These findings support that ANGPTL4 has 

a major role in cancer progression and metastasis. Yet, the exact role of ANGPTL4 in 

cancer is still controversial. Therefore, further studies to understand the function of 

ANGPTL4 in cancer progression are needed. 
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Table 1.1.  Expression and role of ANGPTL4 in various human cancer (Adapted 

from Tan M. J et al., 2012) [90] 
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1.4 Role of ANGPTL4 in Head and Neck Squamous Cell Carcinoma 

There is reported evidence in the literature that supports the role of ANGPTL4 in 

HNSCC tumorigenesis. A study by Wang et al. investigated the gene expression of 

ANGPTL4 from 158 human paraffin-embedded tongue cancers, and their result showed 

an increase in the expression level of ANGPTL4. Upregulation of ANGPTL4 was linked 

to a poor prognosis and survival in these individuals, and the link was significantly greater 

when both ANGPTL4 and tenascin-C expression were elevated [71]. Shibata K et al. 

reported lower survival rates in patients with ANGPTL4 positive esophageal squamous 

cell carcinoma than ANGPTL4 negative tumors [70]. These authors found high levels of 

ANGPTL4 in 104 esophageal squamous cell carcinomas by immunohistochemistry. The 

degree of differentiation, lymphatic invasion, and venous invasion were statistically 

associated with ANGPTL4 expression [95]. Tanaka et al. suggested that ANGPTL4 

induced metastasis in tongue cancer and proposed that ANGPTL4 antibody and antagonists 

could be a therapeutic target for HNSCC [105]. In metastatic cases, ANGPTL4 mRNA and 

protein expression were higher in OSCC cells from the primary site, and ANGPTL4 

expression in biopsy specimens was linked to lymph node metastasis and a poor prognosis. 

As a result, their findings suggest that ANGPTL4 could be used as a marker and therapeutic 

target to prevent OSCC. Furthermore, downregulation of ANGPTL4 decreased the 

migration and proliferation of tongue squamous cell carcinoma (TSCC) [106]. 

Immunohistochemistry was used to examine the expression levels of ANGPTL4 and 

microvessel density in 65 specimens and adjacent noncancerous tissues. High ANGPTL4 

levels were linked to the T stage, lymphatic metastasis, angiogenesis, and poor overall 

mortality in TSCC patients. 
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Several studies have focused on the biological mechanisms that link ANGPTL4 with 

oral cancer progression. Epidermal growth factor (EGF) induces ANGPTL4 expression in 

HNSCC; this increase in ANGPTL4 up-regulates MMP-1 expression and enhances anoikis 

resistance and tumor-endothelial cell interactions [107]. In addition, COX-2 induces 

ANGPTL4 expression through ERK, and PPAR signaling pathways in EGFR induced 

HNSCC [108]. Oleic acid (OA) induces ANGPTL4 expression in HNSCC, which 

enhances HNSCC metastasis by inducing and activating the fibronectin/MMP9 and 

fibronectin/Rac1/Cdc42 signaling pathways [109]. Recently, it has been reported that 

ANGPTL4 expression is upregulated in oral cancer, and it induces proliferation and 

reduces sensitivity to cisplatin [110]. ANGPTL4 inhibition in OSCC using MiR-29c-3p 

and MiR-223-3p has been shown to regulate proliferation and cisplatin resistance [110]. 

Overall, these findings imply that ANGPTL4 plays a crucial role in HNSCC invasion. 

ANGPTL4 may also be a viable biomarker for the prediction of HNSCC metastasis. 

However, further studies are needed to fully understand the molecular pathways through 

which ANGPTL4 induces invasion in HNSCC. Therefore, this dissertation study set out to 

understand the role of ANGPTL4 in the progression and dissemination of HNSCC. 

1.5 General Hypothesis 

Based on the evidence that ANGPTL4 overexpression plays a role in cancer. Until now, 

there is no commercially available ANGPTL4 inhibitor. In pre-clinical studies, a 

monoclonal antibody against ANGPTL3 and ANGPTL4 being investigated to treat 

atherogenic dyslipidemias but not in the oncology [111]. Also, to our knowledge, 

ANGPTL4 role in the induction of angiogenesis and lymphangiogenesis has not been 
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studied in HNSCC. Therefore, it is important to understand its role in cancer. Our general 

hypothesis is “ Angiopoietin-like 4 promotes HNSCC metastasis ” . 

our research investigated the intracellular signaling networks linked to ANGPTL4-

induced migration in HNSCC. It is a downstream signaling pathway involved in cancer 

cell survival, proliferation, and invasion to identify novel molecular targets or biomarkers. 

Furthermore, the role of ANGPTL4 in cancer is still controversial and needs further 

clarification. In the current study, we investigated the  role of ANGPTL4/NRP in HNSCC 

dissemination to identify novel targeted therapies that can effectively be used in preventing 

angiogenesis/lymphangiogenesis and possible metastasis in advance stage disease.  

1.6 Overall Hypothesis 

Previous studies in our laboratory showed in vitro binding of ANGPTL4 to NRP1 and 

NRP2 receptors which induce angiogenesis and migration by activating RhoA, Rac1, and 

Cdc42 in HUVEC cells [50]. As ANGPTL4 binds to NRP and activates several 

downstream signals, it is a potential candidate for targeted therapeutics. Neuropilin-1 

(NRP1) inhibitor is under investigation for its clinical potential. Two anti-NRP1 drugs were 

in early-stage clinical studies; however, they showed high toxicity [112, 113]. Recently an 

anti-NRP1 monoclonal antibody has been under clinical development in a Phase 1b trial 

for solid tumors [114]. Due to the previously described relationship of ANGPTL4, it will 

be very promising to study the effects of this on HNSCC. 

Because of the previously mentioned link between ANGPTL4 and NRP signaling in 

cancer and the limited availability of non-chemotherapeutic drugs to treat OSCC tumors, 
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it is critically important to develop a novel potential drug to improve patient outcomes and 

reduce toxicities in normal tissues. 

Therefore, my overall hypothesis is “Angiopoietin-like 4 binds to Neuropilins and 

promotes HNSCC metastasis by autocrine (tumor cell migration and proliferation) and 

paracrine (tumor cell angiogenesis and lymphangiogenesis) mechanisms”. This hypothesis 

will be addressed in the following specific aims.  

1.7 Specific Aims 

Specific Aim 1.  To elucidate the molecular mechanisms of angiopoietin-like 4 - 

dependent head and neck squamous cell carcinoma migration. 

Specific Aim 2. To elucidate the signaling pathways of angiopoietin-like 4 – dependent 

proliferation and induction of angiogenesis/lymphangiogenesis in head and neck squamous 

cell carcinoma. 
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2 CHAPTER 2: Angiopoietin-Like 4 Induces Head and Neck Squamous Cell 

Carcinoma Cell Migration Through the NRP1/ABL1/Paxillin Pathway 

2.1 Abstract 

Head and neck squamous cell carcinomas (HNSCCs), the sixth leading cause of 

cancer worldwide, are aggressive tumors that often present with locoregional metastatic 

disease. Clinical management of HNSCC is challenging and, despite advances in treatment 

modalities over the last two decades, the mortality rate for patients with HNSCC has 

remained unchanged.  This has prompted an intense investigation into the dysregulated 

signaling pathways that promote cell transformation, tumor growth, and local and 

metastatic spread in HNSCC. In this regard, expression of angiopoietin-like 4 (ANGPTL4), 

a pluripotent secreted protein implicated in tumor cell migration and lymph node 

metastasis, correlates with adverse clinical prognosis in HNSCC patients. However, the 

molecular mechanisms whereby ANGPTL4 contributes to HNSCC tumorigenesis are 

unclear. To answer this question, we investigated ANGPTL4 levels at different stages of 

HNSCC progression and found upregulation of this factor in both dysplastic oral 

keratinocytes (DOKs) and HNSCC cell lines (HN13, HN6 and CAL27), but not in normal 

oral keratinocytes (NOKs), suggesting an early and sustained role for ANGPTL4 in disease 

progression. These findings correlated with increased ANGPTL4 expression in tissue 

biopsies from patients with mild-moderate or moderate human oral dysplasia, as well as in 

human primary and metastatic HNSCC. ANGPTL4 expression was necessary and 

sufficient to promote cell migration in both DOKs and HNSCCs lines. We further observed 

that binding of ANGPTL4 to the cell surface receptor Neuropilin1 (NRP1), expressed in 

both DOKs and HNSCC cell lines, led to phosphorylation of the focal adhesion protein, 

paxillin (PXN), and promoted cell migration that was dependent on the tyrosine kinase 

ABL1. Accordingly, siRNA silencing of NRP1 or ABL1 expression, or treatment with the 
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ABL1 inhibitor, Dasatinib, blocked PXN phosphorylation and tumor cell membrane 

microspikes formation. These findings expose the ANGPTL4/NRP1/ABL1/PXN cascade 

as a vulnerable target for preventing HNSCC progression and dissemination. 
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2.2 Introduction 

Head and neck squamous cell carcinomas (HNSCCs) are a heterogeneous group of 

cancers arising from the mucosal lining of the oral cavity, sinonasal cavity, pharynx, and 

larynx [1]. HNSCCs remain one of the ten most prevalent cancers worldwide, with 600,000 

new diagnoses made each year [1-3].  Except for oropharyngeal squamous cell carcinomas 

linked to herpes papillomavirus (HPV) infection (most commonly with HPV16), HNSCCs 

are generally associated with lifestyle habits such as the consumption of alcohol, tobacco 

(including smokeless tobacco), and the chewing of the betel-quid [4-6]. Advances in 

therapeutic options, including surgery, radiation, chemotherapy and molecular-based 

therapies, are currently available to treat HNSCC and to preserve the quality of life of 

patients with this aggressive cancer. Nonetheless, despite recent research efforts to 

elucidate the molecular pathogenesis of HNSCCs, the 5-year overall survival of these 

patients remains poor (i.e., 50%) and has not significantly changed over the last two 

decades [1].  

One of the challenges to improving this dismal mortality rate has been the advanced 

stage of cancer at the time of diagnosis. More than 60% of HNSCC patients present with 

stage III or IV disease. HNSCC tumors with local or distal invasion translate to a high risk 

of locoregional recurrence despite treatment [7, 8]. This underscores the urgent need to 

identify diagnostic biomarkers and novel therapeutic targets for the early diagnosis and 

more effective treatment of HNSCC.   

Multiple genetic and epigenetic changes as well as dysregulation of key signaling 

pathways, have been associated with the HNSCC tumorigenic process [9]. Many of these 

changes affect genes and signal transduction routes critical for cell survival and 
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proliferation, cell-cycle control, and cellular differentiation, resulting in aberrant cellular 

changes that lead to tumor initiation [2, 9, 10]. Nonetheless, there is a growing appreciation 

for the critical role of genes and intracellular pathways involved in cancer cell migration 

and tissue invasion, both critical steps in disseminating tumor cells in aggressive cancers, 

including HNSCCs. Of interest, recent data support an important role of the novel factor, 

angiopoietin-like 4 (ANGPTL4), in HNSCC development [11-19]. ANGPTL4 has been 

reported to be a molecular marker of HNSCC and play a critical function in HNSCC cell 

migration and lymph node metastasis [11-19]. However, the molecular pathways linking 

ANGPTL4 expression to HNSCC invasion and local and distant dissemination remain 

unclear. 

ANGPTL4 is a circulating protein with sequence homology to the vasoactive 

factors, Angiopoietin (ANGPT)1 and ANGPT2. ANGPTL4 has pleiotropic effects in 

disparate pathological disorders, including ischemic ocular disease, cardiac and lung 

disease, tumor development and dissemination, joint disease, diabetes, atherosclerosis, and 

nephrotic syndrome [20-35]. Similar to other angiopoietin-like proteins (ANGPTLs), an 

interesting feature of ANGPTL4 is that the secreted protein is cleaved by plasma membrane 

furin-like proprotein convertases into two major protein domains that accomplish unrelated 

intracellular functions [36]. The ANGPTL4 N-terminal coiled-coil domain (nANGPTL4) 

is an adipokine that inhibits lipoprotein lipase (LPL) [34, 37-39], an enzyme responsible 

for the hydrolysis of circulating triglycerides (TGs) into free fatty acids, thereby affecting 

metabolic functions, including nutrient partitioning and insulin sensitivity. Accordingly, 

recent data have demonstrated the therapeutic potential of targeting ANGPTL4 to treat 

cardiovascular and metabolic diseases [40, 41]. This is further supported by the observation 
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that individuals carrying inactivating ANGPTL4 mutations have lower levels of 

triglycerides and decreased risk of coronary artery disease and type 2 diabetes compared 

to noncarrier individuals [42-44]. 

Conversely, the ANGPTL4 C-terminal domain (cANGPTL4) has been reported to 

be involved in angiogenesis, vascular hyperpermeability, anoikis resistance, and tumor 

growth and metastasis [27, 31, 32]. A role for ANGPTL4 as a diagnostic and/or prognostic 

marker of cancer progression has been proposed for solid tumors, including colon cancer 

[45], gastric cancer [46], head and neck squamous cell carcinoma [11-19], breast cancer 

[47-50], ovarian cancer [51], cervical cancer [52], prostate cancer [53], hepatocellular 

carcinoma [54, 55], Kaposi’s sarcoma [56, 57], uveal melanoma [58], and renal cell 

carcinoma [59, 60]. Collectively, these studies have implicated ANGPTL4 in tumor cell 

migration, tissue, and venous invasion, as well as vascular barrier destabilization leading 

to metastatic spread.  

Overall, upregulation of ANGPTL4 protein levels is correlated with a poor 

prognosis and cancer-free survival rates [17, 50-52]. The correspondence between 

ANGPTL4 and adverse clinical outcomes has been similarly identified in patients with 

HNSCCs, in which ANGPTL4 has been shown to regulate the migratory potential of tumor 

cells and to promote lymph node metastasis [11-13, 15, 17-19]. However, the molecular 

mechanism(s) whereby ANGPTL4 mediates these effects are not known. Here, we set out 

to identify the intracellular signaling networks that link ANGPTL4 to tumor cell migration 

in HNSCCs. 
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2.3 Materials and Methods 

Cell culture and reagents: 

Spontaneously immortalized human-derived normal oral keratinocytes (NOK) [61] and 

human-derived leukoplakia (LEUK1) cells [62] were grown in a keratinocyte serum-free 

medium with growth factor supplement (Gibco) and 1% antibiotic/antimycotic. Human-

derived dysplastic oral keratinocytes (DOK) [62] were grown in high glucose Dulbecco's 

modified Eagle's media (DMEM, Millipore Sigma) supplemented with 10% fetal bovine 

serum (FBS, Millipore Sigma), 0.05% Hydrocortisone (Millipore Sigma), 1% Penicillin-

Streptomycin (Millipore Sigma). Human-derived malignant (tongue) HNSCC cell lines 

HN13, HN6, HN4, HN12, and CAL27 [63] were cultured in the same media as DOK but 

without 0.05% Hydrocortisone (Millipore Sigma). LEUK1 cells were kindly provided by 

Dr. Hening Ren (University of Maryland, Baltimore). The other cell lines were kindly 

provided by Dr. Silvio Gutkind (University of California, San Diego). All cells were 

cultured at 37°C and 5% CO2. Cells were starved in serum-free DMEM (Gibco) overnight 

before experimental treatments. Recombinant human full-length ANGPTL4 (ANGPTL4) 

was purchased from R&D Systems (cat # 4487-AN). The BCR-ABL1 inhibitor, Dasatinib, 

was obtained from Tocris Bio-Techne Corporation, Minneapolis, MN, USA. 

Western Blot analysis, Immunoprecipitation and ELISA 

Cell lysates were prepared using M-PER mammalian protein extraction reagent 

(Thermo Scientific, Rockford, IL) supplemented with protease and phosphatase inhibitor 

cocktail (Thermo Scientific). Proteins (equal amounts) were separated by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were transferred to 
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polyvinylidene difluoride (PVDF) membranes, blocked and incubated with primary and 

secondary antibodies for immunodetection. Immunoprecipitation was performed as 

described in [56]. The following antibodies were used: ANGPTL4 (Proteintech, 18374-1-

AP), NRP1 (Abcam, ab81321), NRP2 (Santa Cruz Biotechnology, sc-13117), phospho-

PXNTyr118 (Cell Signaling Technology, 2541), PXN (Cell Signaling Technology, 2542), 

ABL1 (Santa Cruz Biotechnology, sc-56887), P-FAKY397 (R&D Systems, MAB4528), 

Myc (Cell Signaling Technology, 2276), actin (Proteintech, 60008),  GAPDH (Cell 

signaling Technology, CST-5174), anti-mouse HRP secondary antibody (Bio-Rad, 

1706516), and anti-rabbit HRP secondary antibody (Bio-Rad, 1706515). Levels of secreted 

ANGPTL4 were measured in conditioned media using a human ANGPTL4 DuoSet ELISA 

kit (R&D Systems). 

Immunohistochemistry: 

Representative previously biopsied samples of human normal oral epithelium, oral 

dysplasia, and HNSCC were selected from archived tissue banks of the Department of 

Oncology and Diagnostic Sciences of the UMB School of Dentistry and the UMB 

Greenebaum Comprehensive Cancer Center Pathology Biorepository Shared Service,  

following the UMB Institutional Review Board standards and guidelines involving the use 

of anonymous tissues. Staining was performed using anti-ANGPTL4 antibody 

(Proteintech, 18374-1-AP) by the Pathology Biorepository Shared Service.  
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In vitro Migration assay: 

For wound closure migration assays, cells were plated onto 24 well plates at a density 

of 200,000 cells/cm2 to reach confluency. The following day, the cell monolayer was 

uniformly scratched using BioTek’s Autoscratch wound-making tool, followed by a PBS 

wash to remove cell debris. Measurements of the scratched areas were taken and time 0 

and 16-18 hours later.  Gap closure was quantified using BioTek Cytation 5. Gen5 3.11 

software. The percentage of gap closure was calculated as ([Initial Area-Final Area]/Initial 

Area) x100. 

siRNA and cDNA expression: 

siRNAs were expressed in cultured cells using HiPerfect transfection reagent (Qiagen) 

or NucleofectorTM kit (Amaxa Biosystems, Köln, Germany). siRNAs were non-targeted 

scramble siRNA (Qiagen #1027281, Germantown, MD), ANGPTL4 siRNA (Qiagen, # 

s100113372), NRP1 siRNA (Qiagen #102663213) or ABL1 siRNA (Qiagen #100073087). 

Stable expression of cANGPTL4 in culture cells was achieved by transfection of 

pcDNA3.1-ANGPTL4-mycHis [56] or empty vector using Nucleofection (Amaxa 

Biosystems, Köln, Germany) followed by antibiotic selection. 

CRISPR-induced ANGPTL4 knockdown expression 

CAL27 ANGPTL4 KO cell lines were generated in the Translational Laboratory 

Shared Service CRISPR Core (TLSS-CRISPR) using the CRISPR-Cas9 mechanism with 

two synthetic single-guide RNAs (sgRNA1 and sgRNA2).  CRISPR-Cas9 KOs were 

achieved using nucleofection on the Lonza Amaxa™ 4D-Nucledofector platform.  Cells 
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were grown up clonally, sequenced and confirmed by western blot analysis to identify pure 

ANGPTL4 KO cell line populations. HN13 were electroporated with Control Double 

Nickase Plasmid (sc-437281, Santa Cruz Biotechnology) or ANGTPL4 CRISPR/Cas9 KO 

Plasmid (Human - sc-401369 - Santa Cruz Biotechnology) using 

Nucleofection Transfection Reagent (Amaxa). Single-cell colonies were expanded and 

selected to identify pure ANGPTL4 KO cell line populations.  

Immunofluorescence:  

Cells were seeded on coverslips and exposed to experimental conditions.  Cells were 

fixed, permeabilized and processed for immunodetection as described in [56]. Antibodies 

used were rabbit P-PXN (Cell Signaling Technology, 2541), Alexa Fluor 488 conjugated 

goat anti-rabbit antibody (Abcam, 150077). and FITC-conjugated phalloidin (Sigma-

Aldrich). Cells were mounted in EverBrite Hardest mounting medium 

with DAPI (Biotium, Fremont, CA) and imaged with BioTek Cytation 5, USA. 

Expression and survival analysis: 

The expression of ANGPTL4, NRP1, and PXN in HNSCC was determined by Gene 

Expression Profiling Interactive Analysis (GEPIA) (http://ge pia.cancer-pku.cn/), which 

/), which utilizes data from The Cancer Genome Atlas Program (TCGA) [64].  The survival 

curve of HNSCC patients based on gene expression of ANGPTL4, NRP1and PAX was 

generated using the GEPIA database. 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/dapi
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Statistics: 

 Statistical analyses were performed with the Prism 9.0 biostatistics program 

(GraphPad Software). All data were expressed as the mean value ± standard error of the 

mean. Unpaired Student’s t-test and one-way analysis of variance (ANOVA) with 

Bonferroni posttest determined statistical differences between two or multiple 

heterogeneous groups. Results were considered statistically significant when *p<0.05, 

**p<0.01, ***p<0.001 or ****P < 0.0001. 
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2.4 Results 

ANGPTL4 is upregulated in premalignant and HNSCC cell lines and in human 

tissue. 

To study its contribution to tumor cell migration in HNSCC, we first investigated 

the levels of ANGPTL4 at different stages of HNSCC progression. For this, we obtained 

total cellular extracts and conditioned media from human normal oral keratinocytes (NOK) 

[61], human leukoplakia-derived oral keratinocytes (LEUK1) [62], human dysplastic oral 

keratinocytes (DOK) [62], and (tongue) squamous cell carcinoma cell lines (i.e., HN13, 

HN6, HN4, HN12, and CAL27), previously reported as models of HNSCC tumorigenesis 

[63, 65]. While we did not observe detectable cellular levels of ANGPTL4 in cellular 

extracts from NOK or LEUK1, we found high levels of ANGPTL4 expression in 

premalignant DOK and HN13, HN6 and CAL27 cellular extracts (Fig. 2.1A). Increased 

expression of intracellular ANGPTL4 correlated with an increase in secreted ANGPTL4 

in cell culture media conditioned by these cell lines, as analyzed by Western blotting (Fig. 

2.1B) and ELISA (Fig. 2.1C). Immunohistochemical analysis of paraffin-embedded, 

human oral tissues showed no detectable ANGPTL4 expression in normal palatal mucosa 

(Fig. 2.1D). However, diffuse, and strong cytoplasmic ANGPTL4 expression was 

observed in moderate epithelial dysplasia of the palatal gingiva (Fig. 2.1E) and mild-

moderate epithelial dysplasia of the lateroventral tongue (Fig. 2.1F), as well as in primary 

hypopharynx squamous cell carcinoma (Fig. 2.1G) and HNSCC metastasis in tonsil (Fig. 

2.1H). Accordingly, gene expression profiling interactive analysis (GEPIA) of 519 

HNSCC and 44 normal samples from the Cancer Genome Atlas Program (TCGA) database 

demonstrated an elevated relative expression of ANGPTL4 in HNSCC tumors compared 
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to normal tissue (Figure 2.1I) [64]. Collectively, these results establish a correlation 

between the levels of ANGPTL4 expression and HNSCC cancer progression, with 

ANGPTL4 expression upregulation detected at early stages – and remaining high in later 

stages of HNSCC tumorigenesis. 
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Figure 2.1. ANGPTL4 is expressed in HNSCC premalignant and malignant 

cell lines. 

(A) Western blot analysis of ANGPTL4 expression in total cell lysates of NOK, 

premalignant LEUK and DOK, and HN13, HN6, HN4, HN12, and CAL27 cell lines. (B-

C) Analysis of secreted ANGPTL4 in the conditioned media of NOK, premalignant LEUK 

and DOK, and HN13, HN6, and HN4 using Western blot (B) and ELISA (C). (D-H) IHC 

staining of ANGPTL4 expression in representative samples of normal, dysplastic, and 

HNSCC tissues. (D) Negative staining in the normal oral epithelium, (E, F) positive 

staining in the dysplastic epithelium. (G) positive staining in oral squamous cell carcinoma. 

(H) positive staining in metastatic oral squamous cell carcinoma to a lymph node. (I) 

Relative expression of ANGPTL4 between HNSCC sample in TCGA database (n = 519) 

and normal sample (n =44) form GTEx database (using an online database, GEPIA 2.0 

(Tang et al., 2019).  The results represent one of the three separate experiments performed 

with the same results. 
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Figure 2.1 continued 
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ANGPTL4 regulates cell migration in DOKs and HNSCC lines, but it is not 

involved in the epithelial mesenchymal transition.  

 We then set out to investigate whether ANGPTL4 could regulate the motility of 

ANGPTL4-expressing HNSCCs cell lines. For this, we used RNA interference (RNAi) to 

knockdown endogenous ANGPTL4 expression in DOK and CAL27, using a specific 

ANGPTL4 siRNA.  Scrambled siRNA was used as control. Migration assay was performed 

(Fig. 2.2 A,C). We observed that the knockdown of ANGPTL4 expression caused a 

decrease in the migratory potential of DOK (Fig. 2.2B) and CAL27 (Fig. 2.D). These 

results were corroborated using CRISPR-mediated knockout of ANGPTL4 in HN13 (Fig. 

2.2E-F) and CAL27 (Fig. 2.2G-H).  
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Figure 2.2. ANGPTL4 is necessary for cell proliferation and migration in oral 

premalignant and HNSCC cells. 

(A, C) Western Blot analysis of DOK and HN13 transfection of 100nM scrambled siRNA 

(Scr si) or 100nM ANGPTL4 siRNA. (B, D) Quantification of the cell migration assays 

which were performed using “BioTek ‘s Autoscratch wound-making tool” in cells grown 

in 24 well plate. (E, G) Western Blot analysis HN13 and CAL27 ANGPTL4 knockout 

clone (KO). (F, H) Quantification of the cell migration assays which were performed 

using “BioTek ‘s Autoscratch wound-making tool” in cells grown in 24 well plate. The 

results represent one of the three separate experiments performed with the same results. 
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Figure 2.2 continued 
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We next ectopically overexpressed ANGPTL4 in NOK (NOK-ANGPTL4 C1 and 

NOK-ANGPTL4 C2) (Fig. 2.3A), HN4 (HN4-ANGPTL4) (Fig. 2.3C), and HN12 (HN12-

ANGPTL4) (Fig. 2.3E), using stable transfection with the pCDNA3.1-ANGPTL4-mycHis 

plasmid [56]. Cell lines overexpressing ANGPTL4 demonstrated increased cell migration 

compared to their parental cell lines (Fig. 2.3B, D and F).  

Epithelial-to-mesenchymal transition (EMT), a mechanism that occurs during 

embryonic development, tissue regeneration, and cancer progression, involves a loss of 

epithelial cell polarity and cell-cell adhesion and is closely associated with tumor cell 

migration [66]. In neoplasias, EMT facilitates tumor malignancy by increasing their 

motility, invasiveness, and metastatic activity. We thus analyzed the expression of EMT 

molecular markers, including E-cadherin, N-cadherin, Vimentin, Snail, and Slug, upon 

ANGPTL4 treatment, in our cell lines. However, we could not detect any significant 

changes in these proteins in NOK or DOK treated with ANGPTL4 (Fig. 2.3G). 

Collectively, these results suggest that although ANGPTL4 may be an important factor in 

the promotion of HNSCC tumor cell migration, this function is not mediated by EMT. 
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Figure 2.3. ANGPTL4 is sufficient to 

induce cell migration in normal oral 

keratinocytes and HNSCC cancer cell lines. 

Western Blot analysis of ANGPTL4 upon 

transfection with pcDNA3.1-ANGPTL4-mycHis in (A) NOK (C) HN4 (E) HN12. (B, D, 

and F) Quantification of the cell migration assays, which was performed using BioTek ‘s 

Autoscratch wound-making tool in cells grown in 24 well plate. (G) Western blot analysis 

of epithelial (E-cadherin) and mesenchymal marker (N-cadherin, Vimentin, Snail, Slug) 

after NOK-SI treatment with rhANGPTL4 (5μg/ml) for 24,48h. The results represent one 

of the three separate experiments performed with the same results. 

--------------------------------------------------------------------------------------------------------- 
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ANGPTL4 binds the Neuropilin1 receptor in dysplastic oral keratinocytes and 

HNSCC lines.  

Several integrins comprising 1, 3, and 5 subunits have been previously reported 

to interact with ANGPTL4 [67-69]; however, the specificity of these interactions remains 

unclear. We recently reported specific binding of ANGPTL4 with the plasma membrane 

receptors neuropilin (NRP)1 and NRP2, on endothelial cells, and that this interaction 

contributes to ANGPTL4-induced promotion of vascular hyper-permeability [27]. 

Neuropilins are glycoproteins with 44% sequence homology that act as non-catalytic 

coreceptors for different ligands, including VEGFs and Semaphorin3s [70, 71]. 

Interestingly, in cancer, NRPs on tumor cells have been reported to regulate critical 

proliferative and immunological processes and have been correlated with tumor prognosis 

[72-74]. In HNSCC, NRP1 is upregulated in the dysplastic epithelium and oral SCC and is 

a biomarker that correlates with lymph node metastasis [75-77].Therefore, we examined if 

the expression of NRPs could mediate the effects of ANGPTL4 in HNSCC. To this end, 

we first examined NRP1 and NRP2 expression in our cell lines and found expression of 

NRP1 in normal (NOK) and dysplastic (DOK) keratinocytes, as well as in HNSCCs (Fig. 

2.4A). Although the expression levels varied, and the expression of NRP2 in NOK was 

feeble, all the cells tested expressed both NRP1 and NRP2. Co-immunoprecipitation 

experiments showed robust binding of endogenous ANGPTL4 and NRP1 in DOKs as well 

as HN13 and CAL27 (Fig. 2.4B). Interaction between these two proteins was also found in 

NOKs stably overexpressing ANGPTL4 (NOK-ANGPTL4 C1) (Fig. 2.4C). We could not 

consistently reproduce the binding of ANGPTL4 to NRP2, despite the expression of this 

receptor in premalignant and HNSCC cells (Fig. 2.4A), suggesting that binding affinity of 



 44 

ANGPTL4 to NRP2 may be weaker than binding to NRP1 in HNSCC. To determine 

whether NRP1 contributed to cell migration in HNSCC cell lines overexpressing 

ANGPTL4, we knocked down the expression of NRP1 using RNAi. We observed a 

decrease in the migratory potential of HN13 (Fig. 2.4D-E) or CAL27 (Fig. 2.4F-G). 

Collectively, these results suggest that ANGPTL4 and NRP1 interact in premalignant 

dysplastic keratinocytes and HNSCC cell lines and that NRP1 is involved in the promotion 

of tumor cell migration by ANGPTL4 in HNSCC. 
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Figure 2.4. NRP1 induces tumor cell migration by ANGPTL4 in HNSCC. 

(A)Western blot analysis of NRP1 and NRP2 expression in total cell lysates of NOK, 

premalignant LEUK and DOK, and HN13, HN6, HN4, HN12, and CAL27 cell lines. Actin 

was used as a loading control. (B) Immunoprecipitation of NRP1 and NRP2 with 

endogenous ANGPTL4 in DOK, HN13, and CAL27. ((C) Immunoprecipitation of 

ANGPTL4 with endogenous NRP1 upon transfection of pcDNA3.1-ANGPTL4-mycHis in 

NOK. (D, F) Western blot analysis of NRP1 expression in HN13 and CAL27 upon 

transfection with 10nM scrambled siRNA (Scr si) or 10nM NRP1 siRNA. (E, H) 

Quantification of the cell migration assays. (E, G) Cell migration assays were performed 

using BioTek ‘s Autoscratch wound-making tool in cells grown in 24 well plate. The 

results represent one of the three separate experiments performed with the same results. 
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Figure 2.4 continued 
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ANGPTL4 regulates the focal adhesion protein paxillin through an NRP1/ABL1 

dependent pathway. 

We next set out to determine which intracellular molecules could act as downstream 

effectors in ANGPTL4/NRP1-induced cell migration. It is known that cell motility depends 

on the reorganization of the actin cytoskeleton and the assembly and disassembly of focal 

adhesions (FAs), both regulated by the interplay of multiple structural and signaling 

proteins [78, 79]. A central component of FAs is paxillin (PXN), a multidomain scaffold 

protein that acts as a key recruitment point for other proteins, including guanine exchange 

factors for Ras and Rho small GTPases, at the extending leading edge of the migrating cell, 

upon integrin- and growth factor-induced phosphorylation [80]. Therefore, we examined 

whether ANGPTL4 could regulate the intracellular FA complexes that communicate with 

the extracellular matrix and are instrumental in controlling cell adhesion, spreading, and 

motility [81]. Interestingly, when we exposed NOKs to ANGPTL4, we observed rapid and 

robust phosphorylation of PXN-Tyr118 (Fig. 2.5A-B) [80]. Interestingly, this event did not 

correlate with changes in phosphorylation of focal adhesion kinase (FAK) [82, 83], nor it 

was significantly affected by pre-coating the culture plates with the 51 ligand, 

fibronectin [80, 82] (Fig. 2.5C), suggesting a different signaling pathway for PXN 

activation.  

In this regard, it has previously been reported that the tyrosine kinase ABL1 plays 

an important role in the NRP1-dependent promotion of endothelial cell migration in retinal 

angiogenesis [84]. Hence, we examined whether ANGPTL4-induced PXN regulation 

could be mediated by ABL1. Knockdown of either NRP1 (Fig. 2.5D) or ABL1 (Fig. 2.5E) 
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expression using the corresponding specific siRNA led to inhibition of PXN-Tyr118 

phosphorylation in NOKs. Similar results were obtained when these cells were pretreated 

with dasatinib, a BCR-ABL1 inhibitor, before exposure to ANGPTL4 (Fig. 2.5F). 

Collectively, these results implicate ABL1 in ANGPTL4/NRP1-mediated PXN 

phosphorylation in HNSCC tumor cells.  
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Figure 2.5. ANGPTL4 activates paxillin phosphorylation through an 

ABL1/NRP1 pathway. 

Western blot analysis of pPXN expression in NOK: (A) upon treatment with rhANGPTL4 

(5 μg/mL) or no treatment (control) for the indicated time point. (B) Immunofluorescence 

analysis showed that ANGPTL4 induces the colocalization of p paxillin. NOK plated on 

FN for 1h and then immunofluorescent labeled with antibodies specific for human pPXN 

Tyr118 (green). Bar, 100 μm. (C) Western blot analysis of pPXN and pFAK expression in 

NOK upon treatment with rhANGPTL4 (5 μg/mL) or no treatment (control) with/out 

fibronectin coating. (D) Western blot analysis of pPXN and NRP1 expression in NOK 

transfected with 10nM scrambled siRNA (Scr si) or 10nM NRP1 siRNA and treatment 

with rhANGPTL4 (5 μg/mL) or no treatment (control). (E) Western blot analysis of pPXN 

and ABL1 expression in NOK transfected with 10nM scrambled siRNA (Scr si) or 10nM 

ABL1 siRNA and treatment with rhANGPTL4 (5 μg/mL) or no treatment (control). (F) 

Western blot analysis of pPXN expression in NOK treated with 5uM Dasatinib and 

rhANGPTL4 (5 μg/mL) or no treatment (control). The results represent one of the three 

separate experiments performed with the same results. 
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Figure 2.5 continued 
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We next investigated whether the NRP1/ABL1 axis was relevant in the ANGPTL4-

induced activation of PXN in other steps of HNSCC development. Interestingly, co-

immunoprecipitation studies showed the interaction between NRP1 and PXN in DOKs, 

HN13 and CAL27 (Fig. 2.6A). In addition, inhibition of the NRP1/ABL1 pathway either 

by knocking down expression of NRP1 or ABL1 using their specific siRNAs (Fig. 2.6B 

and C), or pharmacologic inhibition of ABL1 using dasatinib (Fig. 2.6D), led to the 

downregulation of the phosphorylation of PXN. Collectively, these results suggest that 

ANGPTL4/NRP1/ABL1 promotes PXN paxillin phosphorylation in HNSCC.  
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Figure 2.6. ANGPTL4 activates paxillin phosphorylation through an 

ABL1/NRP1 pathway. 

(A) Immunoprecipitation of NRP1 with endogenous PAX in DOK, HN13, and CAL27. 

(B) Western blot analysis of pPXN and NRP1 expression in DOK HN13, and CAL27 

transfected of with 10nM scrambled siRNA (Scr si) or 10nM NRP1 siRNA. (C) Western 

blot analysis of pPXN and ABL1 expression in DOK HN13, and CAL27 transfected of 

with 10nM scrambled siRNA (Scr si) or 10nM ABL1 siRNA(D) Western blot analysis of 

pPXN expression in DOK HN13, and CAL27 treated with 5uM Dasatinib or no treatment 

(control). The results represent one of the three separate experiments performed with the 

same results. 

--------------------------------------------------------------------------------------------------------- 
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ANGPTL4 regulates the focal adhesion protein, paxillin, and cell migration through 

an NRP1/ABL1 dependent pathway. 

A key early phenotypic change in migrating cells is the formation of membrane 

microextensions (microspikes/filopodia) [79]. To determine whether 

ANGPTL4/NRP1/ABL1 affects cell motility in HNSCC, we examined the formation of 

membrane microextensions upon treatment of oral keratinocytes with ANGPTL4. 

ANGPTL4 induced robust formation of microspikes in NOKs (Fig. 2.7A-D). Formation of 

these membrane protrusions by ANGPTL4 was blocked when NRP1 expression or ABL1 

activity were inhibited using NRP1 siRNA (Fig. 2.7A-B) or dasatinib (Fig. 2.7C-D), 

respectively. Collectively, these results suggest that the ANGPTL4/NRP1/ABL1 axis 

regulates cell migration in HNSCC.  
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Figure 2.7. ANGPTL4 activates paxillin phosphorylation through an 

ABL1/NRP1 pathway and induces filopodia extension in NOK depending on NRP1. 

Fluorescent labeling with the F-actin marker phalloidin (green) and the nuclear 

counterstain DAPI (blue) was plated on FN for 1h before immunoblotting. (A) NOK 

transfection of scrambled siRNA or NRP1 siRNA and treatment with (5 μg/mL) 

rhANGPTL4 or no treatment (control). (C) NOK treatment with (5 μg/mL) rhANGPTL4 

or no treatment (control or treated with 5uM Dasatinib, with the combination of 

rhANGPTL4 (5 μg/mL) or no treatment. (B, D). Quantification of phalloidin-stained 

microspikes (mean ± SEM of ≥10 cells). Original magnification x60. The results represent 

one of the three separate experiments performed with the same results. 

--------------------------------------------------------------------------------------------------------- 
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ANGPTL4, NRP1, and paxillin could be molecular targets for the treatment of 

HNSCC  

To further assess the clinical implications of our observations, we next evaluated the 

expression profiles of NRP1 and PXN using gene expression profiling interactive protein 

analysis (GEPIA) of 519 HNSCC and 44 normal samples from the TCGA database. 

Expression of NRP1 (Fig. 2.8A) and PXN (Fig. 2.8B) were significantly higher (P <0.01) 

in human HNSCC compared to normal tissue. ANGPTL4, NRP1, and PXN signature 

expression were significantly associated with poor disease-free survival (log-rank p= 

0.043) and poor overall survival (log-rank p= 0.046) in HNSCC (Fig. 2.8 C-

D). Collectively, these investigations suggest that the ANGPTL4/NRP1/ABL1/PXN 

cascade may be an important therapeutic target for the prevention of HNSCC progression 

and dissemination. 
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Figure 2.8. NRP1 and Paxillin expression is up-regulated in HNSCC patients 

Comparisons of the mRNA expression of (A) NRP1 and (B) PXN between HNSCC sample 

in TCGA database (n = 519) and normal sample (n =44) from GTEx database. The Y-axis 

represents the log2 (TPM + 1) for gene expression (using an online database, GEPIA 2.0 

(Tang et al., 2019). The gray bar indicates the non-HNSC tissues, and the red bar shows 

the HNSC tissues. TPM: transcripts per kilobase million. ∗ p < 0.05. (C-D) NRP1, PXN 

and ANGPTL4 expression on the Disease-free survival and overall survival of HNSC 

patients. 

--------------------------------------------------------------------------------------------------------- 
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2.5 Discussion 

Over the last ten years, there has been a growing appreciation for the role of 

ANGPTL4 in human cancer [31]. The proteomic signature of an increasing number of solid 

tumors has been characterized by increased expression of ANGPTL4. Equally intriguing 

is the diversity of tumorigenic events regulated by this pluripotent protein. ANGPTL4 has 

been shown to contribute to multiple cancer-related mechanisms including tumor growth, 

resistance to anoikis, altered redox regulation, tumor immune response, angiogenesis, and 

tumor invasion and metastasis [31, 32]. While these processes are proposed to be regulated 

by the C-terminal fragment of ANGPTL4, a distinct collection of metabolic functions have 

also been reported in response to the N-terminal fragment of ANGPTL4.  Interestingly, 

cleavage of ANGPTL4 is only strictly needed for the functionality of the latter [28], 

emphasizing the challenges in deciphering the contribution of ANGPTL4 and its C- and 

N-terminal fragments to cancer pathogenesis.  

Emerging reports have further suggested that single nucleotide polymorphisms 

(SNPs) in ANGPTL4 can influence disease susceptibility. In cancer, tumors expressing 

ANGPTL4 variants with decreased α5β1 integrin binding and signaling are characterized 

by impaired tumor cell proliferation, anoikis resistance, and migratory and metastatic 

capabilities compared to tumors expressing wild-type ANGPTL4 [85]. Conversely, several 

of the signaling pathways and transcription factors that promote tumor progression, 

including HIF-1, TNF, and EGF, have also increased ANGPTL4 expression. These 

studies highlight the opportunity of future clinical applications regulating ANGPTL4 (or 

its downstream effectors) for cancer treatment.  

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/anoikis
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Here, our investigations have extended our understanding of the contribution of 

ANGPTL4 to HNSCC progression and dissemination and the downstream signaling 

molecules that ANGPTL4 regulates in cancer. We demonstrate that increased expression 

of ANGPTL4 is observed at early stages of HNSCC tumorigenesis, in dysplastic lesions, 

and persists in primary and metastatic HNSCC tissue. We further demonstrate an important 

role for ANGPTL4 in regulating HNSCC tumor cell motility, analogous to the role of 

ANGPTL4 in promoting endothelial cell migration in pathological angiogenesis in cancer 

and ischemic ocular disease [20, 56, 58]. The increased migratory potential of ANGPTL4-

expressing HNSCC cells may be advantageous during the invasive stages of this aggressive 

cancer when cells escape from the tumor and metastasize into proximal or distal tissues, an 

unfortunately frequent occurrence in patients diagnosed with HNSCC.  

It is reasonable to speculate that ANGPTL4 cooperates with other growth factors 

and angiogenic mediators whose expression is also dysregulated by the same 

transcriptional signals. For example, both ANGPTL4 and VEGF are HIF-1-responsive 

genes that present increased expression in similar tissues and conditions, including HNSCC 

development, and synergize in pathogenic responses [20, 58, 86]. Furthermore, VEGF and 

ANGPTL4 share the ability to interact with NRP1 (REF Sodhi, JCI 2019). The binding of 

ANGPTL4 to NRP1 may be through its C-terminal arginine-binding site or play a role as 

heparin mimetic [71]. NRP1 acts a convergence point of several additional ligands relevant 

in HNSCC, including FGF, PDGF, and TGF [71]. 

Previous data have supported the role of NRP1 in promoting cell migration and 

invasion in nasopharyngeal carcinoma by decreasing E-cadherin levels and increasing N-
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cadherin levels [87]. Another report proposes that NRP1 induces EMT by stimulating 

nuclear factor-kappa B in cancers, including oral squamous cell carcinoma [88]. In our 

studies, we did not observe changes in EMT markers upon treatment of normal or 

dysplastic keratinocytes with ANGPTL4. These observations suggest that ANGPTL4 does 

not contribute to acquiring the HNSCC invasive phenotype by regulating EMT.  

The recent introduction of immunomodulatory therapies that enhance the 

endogenous immune response to tumors has witnessed remarkable success in the treatment 

of cancers which previously failed traditional anti-proliferative or anti-angiogenic 

therapies [89]. Of interest, NRP1 has been reported to suppress anti-tumor immunity [72] 

by reinforcing intratumoral regulatory T cell (Treg) cell function and by interfering with 

CD8+ T cell tumor immunosurveillance. These data suggest that therapies targeting NRP1 

may simultaneously inhibit tumor-induced angiogenesis and tumor cell migration while 

strengthening tumor immunosurveillance. Collectively, these studies highlight the 

potential of targeting NRP1 for cancer therapy.  

Our investigations have further identified the tyrosine kinase ABL1 as a 

downstream effector of ANGPTL4 signaling in a pathway that leads to the phosphorylation 

of paxillin. ABL1 inhibitors, including imatinib and related second and third-generation 

drugs, are already FDA approved for the treatment of BCR-ABL1 related cancers such as 

chronic myeloid leukemia [90]. It has previously been reported that ABL1 promotes tumor 

invasion in colorectal carcinoma cells and tumor cell proliferation in breast cancer [91]. 

ABL1 also regulates ECM-activated, non-VEGF-driven angiogenesis in the retinal 

vasculature [84]. Our results suggest that ABL1 also plays an important role in developing 



 60 

HNSCC by promoting PXN-dependent tumor cell migration. Collectively, our studies 

identify novel opportunities for the development of therapies targeting the ANGPTL4-

induced NRP1/ABL1/PXN signaling axis pathway for the treatment of HNSCC. Therapies 

targeting this pathway could complement current treatment regimens and may help prolong 

the survival of patients with this aggressive cancer. 
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3 CHAPTER 3  : Angiopoietin-Like 4 is Upregulated by EGFR and HIF Dependent 

Pathways in Head and Neck Squamous Cell Carcinoma 

3.1 Abstract 

Compelling data supports a critical role of human angiopoietin-like (ANGPTL) 

proteins in the initiation, growth, and dissemination of solid tumors. In particular, 

ANGPTL4 has been shown to be upregulated in a myriad of cancers and to correlate with 

poor prognosis and 5-year survival percentages, which has invigorated the research on 

ANGPTL4’s therapeutic potential for this disease. ANGPTL4 promotes tumor 

neovascularization, which helps in the provision of oxygen and nutrients and the 

intravasation of potentially metastatic tumor cells. ANGPTL4 also promotes tumorigenic 

mechanisms including anoikis resistance and tumor cell motility in secreting and 

neighboring cells. Unfortunately, the molecular mechanisms by which ANGPTL4 exerts 

its roles in cancer remain unclear. We have recently found that ANGPTL4 is an important 

hallmark in the development of head and neck squamous cell carcinoma (HNSCC), one of 

the ten most deadly cancers worldwide. Here we describe that EGF- and HIF-mediated 

pathways cooperate in the upregulation of ANGPTL4 levels in normal and dysplastic 

human oral keratinocytes as well as human HNSCC cells. Besides EGF, amphiregulin 

(AREG), another ligand of EGFR, leads to an increase in ANGPTL4 protein and is 

upregulated in HNSCC lesions. Furthermore, we found that exposure of normal human 

oral keratinocytes to ANGPTL4 leads to the activation of p38 MAPK, AKT and mTOR, 

which are important molecular markers of this neoplasia. These kinases may act as 

potential intracellular regulators of the autocrine signals and paracrine secretions that 

ANGPTL4 activates to promote HNSCC tumorigenesis. 
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3.2 Introduction: 

The family of human angiopoietin-like (ANGPTL) proteins, which was first 

described two decades ago, include eight related gene products that present homology to 

the human angiopoietins (ANGPTs) [1-3]. Both groups of proteins are characterized by the 

presence of an amino-terminal coiled-coil domain and a carboxy-terminal fibrinogen-like 

domain, except for ANGPTL8, which lacks the latter [4]. ANGPTLs also share with 

ANGPTs the ability to regulate vascular growth and stem cell maintenance during 

embryonic development and adult life. However, ANGPTLs exhibit a wider array of 

biological properties, such as body lipid and glucose metabolism, granted, in part, by the 

different functional capabilities of their N-terminal and C-terminal aminoacidic regions. 

Interestingly, ANGPTLs are unable to bind the ANGPT receptors, the tyrosine kinase with 

immunoglobulin-like and EGF-like domain 1 (TIE1) and the endothelial-specific receptor 

tyrosine kinase (TEK or TIE2), which suggests that the ANGPTL ligands may regulate cell 

behavior through different membrane receptors and signal transduction mechanisms. 

The fourth member of the family of ANGPTLs was first identified in 2000 by three 

different laboratories as a glycosylated peroxisome proliferator-activated receptor (PPAR) 

target gene [5-7], which received different denominations, including HFARP, PGAR, 

FIAF, until was finally renamed ANGPTL4. This protein was found in circulating blood 

and was upregulated by fasting in white adipose tissue and liver. Later, ANGPTL4 was 

found to be an inhibitor of lipoprotein lipase (LPL), the enzyme responsible of triglyceride 

hydrolysis, and an essential regulator of lipid metabolism [8-10]. ANGPTL4 also plays a 

relevant role in glucose metabolism and insulin resistance. It is involved in type 2 diabetes 

mellitus and metabolic syndrome and is a direct molecular link between proteinuria and 



 70 

hypertriglyceridemia in nephrotic syndrome [11-13]. Several reports have also described a 

role of ANGPTL4 in epidermal differentiation, wound healing, cytokine release and tissue 

inflammation [14-18]. This underscores the multifunctional nature of this adipokine. 

In addition, compelling data supports a critical role of ANGPTL4 in angiogenesis 

and vessel hyperpermeability, which are important mechanisms in the pathogenesis of 

disorders such as ischemic retinal disease and tumor growth and metastasis [19-27]. 

Although it does not have a significant effect on endothelial cell proliferation, ANGPTL4 

potently induces endothelial cell migration and differentiation and is able to destabilize the 

integrity of endothelial cell-cell adherens and tight junctions, which leads to the loss of the 

vascular barrier function [28, 29]. In cancer, secretion of ANGPTL4 by tumor cells also 

induces autocrine mechanisms including anoikis resistance, altered redox regulation and 

tumor cell proliferation and migration [4, 27]. High levels of ANGPTL4 are found in a 

myriad of solid tumors and are correlated with poor prognosis and 5-year survival rates 

[27]. Unfortunately, despite the increasing evidence supporting a role of this ligand in 

multiple aspects of tumor development, the molecular mechanisms that lead to ANGPTL4 

upregulation and its pathological effects in human disease, including human 

carcinogenesis, are unclear. 

Compelling data in the literature shows an important role of ANGPTL4 in the 

pathogenesis of head and neck squamous cell carcinomas, which are aggressive tumors 

that develop from the mucosal epithelium in the oral cavity, pharynx and larynx [30, 31]. 

HNSCC are the most common malignancies arising in the head and neck and the sixth most 

common cancer worldwide. Unfortunately, HNSCC incidence continues to rise and is 
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anticipated to increase by 30% by 2030 [32]. In this neoplasia, ANGPTL4 contributes to 

tumor cell motility, tumor invasion and lymph node metastasis and is correlated with poor 

clinical outcomes [32]. Here we propose to investigate the extracellular signals that 

regulate ANGPTL4 overexpression in HNSCC as well as the intracellular routes activated 

as result of its increase. These investigations will help us identify the molecular 

mechanisms by which ANGPTL4 causes its pathological effects in HNSCC. 
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3.3 Materials and Methods 

Cell culture and reagents 

Spontaneously immortalized human-derived normal oral keratinocytes (NOK) [33] and 

human-derived leukoplakia (LEUK) cells [34] were grown in keratinocyte serum-free 

medium with growth factor supplement (Gibco) and 1% antibiotic/antimycotic. Human-

derived dysplastic oral keratinocytes (DOK) [34] were grown in high glucose Dulbecco's 

modified Eagle's media (DMEM, Millipore Sigma) supplemented with 10% fetal bovine 

serum (FBS, Millipore Sigma), 0.05% Hydrocortisone (Millipore Sigma), 1% Penicillin-

Streptomycin (Millipore Sigma). Human-derived malignant (tongue) HNSCC cell lines 

HN13, HN6, HN4, HN12, and CAL27 [35] were cultured in the same media as DOK but 

without 0.05% Hydrocortisone (Millipore Sigma). LEUK1 cells were kindly provided by 

Dr. Hening Ren (University of Maryland, Baltimore). The other cell lines were kindly 

provided by Dr. Silvio Gutkind (University of California, San Diego). All cells were 

cultured at 37°C and 5% CO2. Cells were starved in serum-free DMEM (Gibco) overnight 

before experimental treatments. Recombinant human full-length ANGPTL4 (ANGPTL4) 

was purchased from R&D Systems (cat # 4487-AN). Dimethyloxalylglycine, N-

(Methoxyoxoacetyl)-glycine methyl ester (DMOG) was purchased from R&D Systems. 

SB203580 was purchased from Tocris, Cookson. SP600125 was purchased from Sigma 

(S5567). SCH772984 was purchased from PExBIO Company, Houston, TX (ALX-BV-

B1682-5). Rapamycin was purchased from Calbiochem, San Diego, CA (53123).  
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Western Blot analysis: 

Cell lysates were prepared using M-PER mammalian protein extraction reagent 

(Thermo Scientific, Rockford, IL) supplemented with protease and phosphatase inhibitor 

cocktail (Thermo Scientific). Proteins (equal amounts) were separated by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were transferred to 

polyvinylidene difluoride membranes (PVDF) membranes, blocked and incubated with 

primary and secondary antibodies for immunodetection. Immunoprecipitation was 

performed as described in [28]. The following antibodies were used: ANGPTL4 

(Proteintech, 18374-1-AP), phospho-EGFR Y1173 (Cell Signaling Technology - 4407), 

total EGFR (Santa Cruz, sc-03), HIF-1a (Proteintech 20960-I-AP), Amphiregulin (Santa 

Cruz- sc-74501) , Phospho-p38 MAPK (Thr180/Tyr182) (Cell Signaling Technology - 

4511), Total p38 MAPK (Cell Signaling Technology - 49D7), Phospho-p44/42 MAPK 

(Erk1/2) (Thr202/Tyr204) (Cell Signaling Technology - 4370), Total P42 MAP Kinase 

(Erk2) (Cell Signaling Technology - 9108), Phospho-SAPK/JNK (Thr183/Tyr185) (Cell 

Signaling Technology – 4668), Total SAPK/ JNK (Cell Signaling Technology - 9252), 

Phospho-Akt (Thr 308) (Cell Signaling Technology - 9275), Total AKT (Cell Signaling 

Technology - 9272), Phospho-p70 S6 Kinase (Thr389) (Cell Signaling Technology - 

9234),  Total p70 S6 Kinase (Cell Signaling Technology - D13E1), Phospho-Akt (Ser 473) 

(Cell Signaling Technology - 9271), E-cadherin (Cell Signaling Technology - 3195S), N-

cadherin (BD Biosciences- 610920), Vimentin (Cell Signaling Technology - 5741), SNAIL 

(Cell Signaling Technology - 3879S), SLUG (Cell Signaling Technology - 9585S), 

Cystatin C (Proteintech,12245-1-AP), VEGFA (Proteintech, PTG-19003-1-AP), VEGF-C 

(Cell Signaling Technology, CST-2445S), LIF (Proteintech,26757-1-AP), ST2 
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(Proteintech, 60112-1-Ig), Osteopontin (Rockland -100-401-404), actin (Proteintech, 

60008), GAPDH (Cell signaling, CST-5174), anti-mouse HRP secondary antibody (Bio-

Rad, 1706516), and anti-rabbit HRP secondary antibody (Bio-Rad, 1706515). All samples 

were normalized to the respective loading control actin. 

In vitro proliferation assay:  

Cell proliferation was performed using the BioTek Cytation 5 label-free direct cell 

counting. Cells were seeded in 96 well plates at the density of 5000 cells/well and incubated 

overnight at 37°C, 5% CO2. The following day, cells were starved. Cell counts were 

documented every 24 h for three days. 

In vitro Migration assay 

For wound closure migration assays, cells were plated onto 24 well plates at a density 

of 200,000 cells/cm2 to reach confluency. The following day, the cell monolayer was 

uniformly scratched using BioTek’s Autoscratch wound-making tool, followed by a PBS 

wash to remove cell debris. Measurements of the scratched areas were taken and time 0 

and 16-18 hours later.  Gap closure was quantified using BioTek Cytation 5. Gen5 3.11 

software. The percentage of gap closure was calculated as ([Initial Area-Final Area]/Initial 

Area) x100. 

siRNA and cDNA expression  

siRNAs were expressed in cultured cells using HiPerfect transfection reagent (Qiagen) 

or NucleofectorTM kit (Amaxa Biosystems, Köln, Germany). siRNAs were non-targeted 

scramble siRNA (Qiagen #1027281, Germantown, MD), ANGPTL4 siRNA (Qiagen, # 
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s100113372). Stably expression of cANGPTL4 in culture cells was achieved by 

transfection of pcDNA3.1-ANGPTL4-mycHis [28] or empty vector using Nucleofection 

(Amaxa Biosystems, Köln, Germany) followed by antibiotic selection. 

CRISPR-induced ANGPTL4 knockdown expression 

CAL27 ANGPTL4 KO cell lines were generated in the Translational Laboratory 

Shared Service CRISPR Core (TLSS-CRISPR) using the CRISPR-Cas9 mechanism with 

two synthetic single-guide RNAs (sgRNA1 and sgRNA2).  CRISPR-Cas9 KOs were 

achieved using nucleofection on the Lonza Amaxa™ 4D-Nucledofector platform.  Cells 

were grown up clonally, sequenced and confirmed by western blot analysis to identify pure 

ANGPTL4 KO cell line populations. HN13 were electroporated with Control Double 

Nickase Plasmid (sc-437281, Santa Cruz Biotechnology) or ANGTPL4 CRISPR/Cas9 KO 

Plasmid (Human - sc-401369 - Santa Cruz Biotechnology) using 

Nucleofection Transfection Reagent (Amaxa). Single-cell colonies were expanded and 

selected to identify pure ANGPTL4 KO cell line populations.  

Expression of AREG: 

The expression of AREG in HNSCC was determined by Gene Expression Profiling 

Interactive Analysis (GEPIA) (http://ge pia.cancer-pku.cn/), which /), which utilizes data 

from The Cancer Genome Atlas Program (TCGA) [36].   
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Human XL Cytokine Array:  

Proteome Profiler Human XL Cytokine Array Kit (#ARY022B, R&D Systems, 

Minneapolis, MN) was used according to the manufacturer’s protocol. Briefly, NOK cells 

were treated with rhANGPTL4 (5μg/ml) for 24 hours. The control was untreated NOK. 

The culture supernatant was incubated at 4°C overnight with membranes containing 

capture antibodies, followed by incubation with a detection antibody cocktail, streptavidin-

HRP, and “chemi” reagent mix for signal detection. Changes in protein expression levels 

were quantified using Image J software signal densitometry (National Institutes of Health, 

Bethesda, MD). Densitometry was analyzed in duplicate, averaged, and fold change was 

calculated by [average Untreated NOK (control) densitometry/average ANGPTL4 

densitometry].  

Statistics:  

Statistical analyses were performed with the Prism 9.0 biostatistics program (GraphPad 

Software). All data were expressed as the mean value ± standard error of the mean. 

Unpaired Student’s t-test and one-way analysis of variance (ANOVA) with Bonferroni 

posttest determined statistical differences between two or multiple heterogeneous groups. 

Results were considered statistically significant when *p<0.05, **p<0.01, ***p<0.001 or 

****P < 0.0001. 
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3.4 Results 

ANGPTL4 is upregulated in premalignant and HNSCC cell lines and causes 

HNSCC cell proliferation 

To investigate the role of ANGPTL4 in HNSCC development we used previously 

reported human-derived cell lines, including normal oral keratinocytes (NOK) [33], 

leukoplakia-derived oral keratinocytes (LEUK1) [34], dysplastic oral keratinocytes (DOK) 

[34], and (tongue) squamous cell carcinoma cell lines (i.e., HN13, HN6, HN4, HN12, and 

CAL27), previously reported as cell-based models of HNSCC tumorigenesis [35, 37]. We 

found that ANGPTL4 expression was elevated in cellular extracts of premalignant DOK 

and HN13, NH6 and CAL27, but not of NOK or LEUK (Fig. 3.1A). HN4 and HN12 did 

not show detectable levels of this ligand either (Fig 2.1A). Elevated intracellular 

ANGPTL4 correlated with high levels of this protein in cell supernatants (Chapter 1).  

We have recently observed that ANGPTL4 can promote the migratory potential of 

premalignant and HNSCC cells (Chapter 1). We then investigated whether ANGPTL4 

could affect HNSCC cell behavior by regulating other biological mechanisms, including 

cell proliferation. For this, we used RNA interference (RNAi) technology to knockdown 

endogenous ANGPTL4 expression in DOK and CAL27, using a specific ANGPTL4 

siRNA or scrambled siRNA as a control. When we ran in vitro proliferation assays in 

dysplastic DOK (Fig. 3.1B) or CAL27 (Fig. 3.1C), we found a decrease in cell proliferation 

when endogenous ANGPTL4 levels were inhibited. These results were corroborated using 

CRISPR-mediated knockdown of ANGPTL4 in HN13 (Fig. 3.1D). Furthermore, we saw 

an increase in cell proliferation in HN4 ectopically overexpressing ANGPTL4 (using stable 

transfection of pCDNA3.1-ANGPTL4-mycHis plasmid [28]), compared to the parental 
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cell line, HN4 (Fig. 3.1H-E). Collectively, these results suggest that ANGPTL4 is an 

important factor in HNSCC tumor development. 
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Figure 3.1. ANGPTL4 is necessary for cell proliferation in oral premalignant 

and HNSCC cells 

(A)Western blot analysis of ANGPTL4 expression in total cell lysates of NOK, 

premalignant LEUK and DOK, and HN13, HN6, HN4, HN12, and CAL27 cell lines. (B.D) 

Western Blot analysis of ANGPTL4 expression in DOK and CAL27 transfected with 

100nM scrambled siRNA (Scr si) or 100nM ANGPTL4 siRNA.  (F) Western Blot analysis 

of HN13 ANGPTL4 knockout clone (KO). (H) Western Blot analysis of ANGPTL4 upon 

HN4 transfected with pcDNA3.1-ANGPTL4-mycHis. (C, E, G, H) Quantification of the 

cell proliferation experiments was performed using the BioTek Cytation 5 label-free direct 

cell counting. 
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Figure 3.1 continued 

--------------------------------------------------------------------------------------------------------- 
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ANGPTL4 is upregulated by HIF- and EGFR-mediated pathways in HNSCC. 

We then set out to investigate how ANGPTL4 levels are modulated in HNSCC. 

Different extracellular and transcriptional factors have been shown to lead to the 

upregulation of ANGPTL4 in different tissue and environmental conditions; these include 

activation of transforming growth factor-beta (TGF), epidermal growth factor (EGF), 

PPAR, and hypoxia-inducible factor 1 (HIF1). However, the importance of these or other 

signals in ANGPTL4 transcriptional regulation in HNSCC remains undefined. 

Interestingly, we observed that treatment of NOKs, DOKs or HNSCCs with EGF (Fig 3.2 

A) or the dimethyloxalylglycine (DMOG) compound, stabilizes HIF1 (Fig. 3.2 B), led to 

the expression or further upregulation of ANGPTL4 in HNSCC cells. Our results on EGF 

corroborate the studies by others [38].   
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Figure 3.2. ANGPTL4 is upregulated by Hypoxia-inducible factors (HIF) 

and Epidermal growth factor (EGF) mediated pathways in HNSCC. 

Western blot analysis of ANGPTL4 expression in total cell lysates of NOK, premalignant 

DOK, and HN13, HN6, HN4, HN12, and CAL27 cell lines upon treatment with (A) EGF 

(20 ng/ml, 6hr) (B) DMOG (1 nM, 6hr). GAPDH was used as a loading control. 

--------------------------------------------------------------------------------------------------------- 
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Interestingly, we also saw in these cell lines a correlation between the expression levels 

of ANGPTL4 and Amphiregulin (AREG), which is another growth factor that binds to the 

EGF receptor (EGFR) (Fig 3.3A). The AREG/EGFR axis activates major intracellular 

routes governing cell survival, proliferation, and motility. It also induces resistance to 

apoptosis, tissue invasion and metastasis in different tumors, including lung, breast, 

colorectal, ovary, prostate and head and neck cancer [39]. In this regard, when we run gene 

expression profiling interactive analysis (GEPIA) of 519 HNSCC and 44 normal samples 

from the TCGA database, we found an elevated relative expression of AREG in HNSCC 

tumors compared to the normal tissue (Figure 3.3B) [36]. We observed a dose-dependent 

(Fig. 3.3C-D) and time-dependent (Fig. 3.3E) upregulation of ANGPTL4 when cells were 

exposed to AREG. Interestingly, EGFR and HIF pathways showed to induce ANGPTL4 

transcriptional upregulation cooperatively (Fig. 3.3F).  
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Figure 3.3. Amphiregulin (AREG) induce ANGPTL4 expression in Oral 

premalignant cancer cell. 

(A)Western blot analysis of AREG and ANGPTL4 expression in total cell lysates of 

premalignant LEUK and DOK, and CAL27, HN4, HN12, and HN13 cell lines. Actin was 

used as a loading control. (B) Relative expression of AREG between HNSC sample in 

TCGA database (n = 519) and normal sample (n =44) form GTEx database (using an online 

database, GEPIA 2.0 (Tang et al., 2019). (C, D) Western blot analysis of ANGPTL4, 

pEGFR, and total EGFR expression in NOK (C) and DOK (D) upon treatment with 

different concentrations of AREG for 6 hours. (E) Western blot analysis of ANGPTL4, 

pEGFR, and total EGFr expression in DOK upon AREG (10ng/ml) treatment for 5 min, 

30 min 2 gr, 6hr, and 24hr. (F) Western blot analysis of ANGPTL4, HIF1a, pEGFR, and 

total EGF expression in NOK treated with 1mM DMOG, 20ng/ml EGF, and 20ng/ml 

AREG for 2hr. 
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Figure 3.3 continued 

 

--------------------------------------------------------------------------------------------------------- 
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Similar results were observed when EGFR and HIF activation were induced in HN4 

cells. (Figure 3.4A-C) show the upregulation of ANGPTL4 in response to EGF, AREG or 

DMOG treatment, respectively. Figure 3.4D shows the cooperation of both pathways in 

the induction of this adipokine in these malignant cells. Collectively, these results suggest 

that ANGPTL4 is activated by HIF- and EGFR-mediated pathways in HNSCC. 
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Figure 3.4. ANGPTL4 is activated by HIF- and EGFR-mediated pathways in 

HNSCC. 

Western blot analysis of ANGPTL4, HIF1a and pEGFR expression in total cell lysates of 

HN4 upon treatment with:  (A) EGF (20ng/ml) for 2,4,6,8 hr. (B) AREG (20 ng/ml) for 2, 

4, 6, 8 hr. (C)  DMOG (1mM) for 2, 4, 6, 8 hr. (D) DOMG (1mM) for 24, last 8hr with 

(20ng/ml) of AREG or EGF. 

--------------------------------------------------------------------------------------------------------- 
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In addition, inhibition of ANGPTL4 intracellular levels upon treatment of HN13 and 

CAL27 with a pharmacological inhibitor of the p38 MAP kinase, SB203580, was observed 

(Fig 3.5A). However, ANGPTL4 was not affected when these cells were exposed to 

specific inhibitors of c-Jun N-terminal kinase (JNK), SP600125 (Fig. 3.5B), extracellular 

signal-regulated kinase (ERK), SCH772984 (Fig. 3-5C), or mTOR, Rapamycin (Fig. 

3.5D). Data in the literature suggest a role of p38 MAPK kinase as an upstream or 

downstream protein in HIF, EGF and AREG-mediated signaling pathways [40-42].  Does 

p38 MAP kinase mediates ANGPTL4 upregulation in response to the activation of any of 

these signaling routes in HNSCC warrants future investigation?  
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Figure 3.5. P38 induces ANGPTL4 expression in HNSCC cells. 

Western Blot analysis of ANGPTL4 in HN13 and CAL27 after treatment with: (A) 

SB203580(P38 inhibitor) 20μM (B) SP600125 (JNK Inhibitor) 50μM (C) SCH772984 

(ERK1/2 inhibitor) 300nM (D) Rapamycin (mTOR inhibitor) 100nM. 

--------------------------------------------------------------------------------------------------------- 
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ANGPTL4 activates AKT, mTOR and p38 MAPK in human normal oral 

keratinocytes. 

Examination of HNSCC pathogenesis has led to the identification of multiple 

signaling networks dysregulated in this cancer. In particular, research using tissue 

microarrays with hundreds of HNSCC lesions found overactive AKT, mTOR and p38 

MAPK in HNSCC concerning the surrounding normal tissue [35]. We used antibodies 

recognizing the phosphorylated active form of MAP kinases and checked for their 

activation levels upon treatment of NOKs with ANGPTL4 (Fig. 3.6A). Interestingly, we 

found an increase in the phosphorylation of AKT (at 15 minutes), mTOR (at 30 minutes), 

and p38 (at 60 minutes). The activation of these kinases was consistently found in several 

experiments, although the timing of activation varied depending of the state of quiescence 

of the cells. No significant changes in the levels of activation of ERK or JNK were 

observed. Interestingly, activation of AKT, mTOR and p38 MAPK was also found at early 

stages of HNSCC progression (Fig. 3.6B). Since multiple extracellular signals regulate 

these kinases, ANGPTL4 may not be required for their regulation. However, our results 

suggest that ANGPTL4 contributes to their activation in HNSCC.   
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Figure 3.6.  ANGPTL4 activates P38 Pathways in NOK. 

Western blot analysis of S6K, AKT, P38, ERK and JNK Signaling Pathways in NOK after 

treatment with rh ANGPTL4 (5μg/ml) for 15,30, 60 and 120 min (B) Western Blot analysis 

for S6K, AKT, P38, ERK and JNK Signaling Pathways in oral premalignant and cell lines.  

--------------------------------------------------------------------------------------------------------- 
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p38 MAPK is an important pathway in HNSCC migration and proliferation. 

To study the relevance of p38 MAPK, AKT, and mTOR in the induction of 

proliferation and migration in HNSCC, we pharmacologically blocked these signaling 

routes and run the corresponding in vitro experiments. Interestingly, we found that 

treatment with the p38 MAPK inhibitor, SB203680, had a significant impact in the 

migration (Fig. 3.7A-B) and proliferation (Fig. 3.7C-D) of DOK and CAL27 cell lines.  
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Figure 3.7. SB203680 inhibits cancer cell proliferation and migration 

DOK and CAL27 were treated with SB203680 (20μM) for 16h (A-B). Quantification of 

the cell migration assays, which was performed using “BioTek ‘s Autoscratch wound-

making tool” in cells grown in 24 well plate. (C, D) Quantification of the cell proliferation 

experiments was performed using the BioTek Cytation 5 label-free direct cell counting. 

The results represent one of the three separate experiments performed with the same 

results. 

--------------------------------------------------------------------------------------------------------- 
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Surprisingly, we did not find statistically significant differences in cell migration 

or proliferation when AKT (Fig. 3.8A-D) or mTOR (Fig. 3.8E-H) were inhibited, despite 

other findings described in the literature [43]. Regarding p38 MAPK kinase, several lines 

of evidence have shown its importance in HNSCC. Besides being a molecular hallmark in 

this cancer and to induce the release of multiple angiogenic and inflammatory factors in 

this neoplasia [35], elevated p38α protein has been found in the serum of HNSCC patients, 

which decline after cancer control by radiotherapy [44]. Collectively, our findings support 

the critical role of p38 in HNSCC development. 
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Figure 3.8. AKT and mTOR have no effect of HNSCC cell proliferation and 

migration 

(A-D) DOK and CAL27 were treated with MK2206 (AKT inhibitor) 1mM for 16hr. (E-F) 

DOK and CAL27 were treated with Rapamycin (mTOR inhibitor) 100nM for 16h. 

(A,B,E,F) Quantification of the cell migration assays, which was performed using BioTek 

‘s Autoscratch wound-making tool in cells grown in 24 well plate. (C, D, G, H) 

Quantification of the cell proliferation experiments was performed using the 

BioTek Cytation 5 label-free direct cell counting. The results represent one of the three 

separate experiments performed with the same results. 
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Figure 3.8 continued 

--------------------------------------------------------------------------------------------------------- 
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ANGPTL4 induces the release of multiple angiogenic and inflammatory 

factors 

In our two chapters, we have shown the remarkable impact of ANGPTL4 in HNSCC 

progression and dissemination. The activation of p38 MAPK by ANGPTL4 and the 

multifunctional nature of this adipokine prompted us to investigate whether ANGPTL4 

expression could also lead to the secretion of cytokines and growth factors that could 

contribute to HNSCC development in a paracrine manner. To investigate this, we used a 

commercially available antibody array to detect differences in the relative expression of 

105 human cytokines simultaneously upon treatment of NOKs with ANGPTL4. We choose 

NOKs cell line for this experiment since treatment with ANGPTL4 induced p38 activation 

(Fig.3.6 A). Interestingly, we found that ANGPTL4 treatment leads to upregulation of 23 

important growth factors, angiogenic factors, and cytokines that could promote 

carcinogenesis and metastasis in a paracrine fashion (Fig.3.9 A-B). Upregulated 

cytokines were confirmed by Western blot (Fig.3.9 C). These results suggest that 

ANGPTL4 may promote HNSCC through both direct and paracrine mechanisms. The 

specific contribution of ANGPTL4 secretions to the pathogenic effects of this adipokine in 

this tumor warrants future investigations. 
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Figure 3.9. Differential cytokine/chemokine production levels 

modulated via ANGPTL4. 

NOK cells were treated or untreated with rh ANGPTL4 (5μg/ml) for 24 hours. Supernatant 

incubated with Proteome Profiler Human XL Cytokine Array (A) The relative fold change 

in differentially expressed genes (>1.5-fold). (B) The table shows the quantitative analysis 

of the pixel intensity data values to demonstrate significance. (C) The validation of increase 

in Cystatin C, LIF, VEGF, AND ST2 by western blot on cell lysates from NOK cells treated 

untreated or treated with rhANGPTL4 (5μg/ml) for 24 hours. 
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Figure 3.9 continued  

 

 

 

 

 

 

 

 

 

 

--------------------------------------------------------------------------------------------------------- 
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3.5 Discussion 

Dysregulated expression of secreted factors by tumor cells or cells of the tumor 

microenvironment is a critical event in the development and dissemination of solid tumors. 

In the past years, emerging data support the autocrine and paracrine activity of the members 

of the ANGPTL family of proteins in angiogenesis, inflammation and different steps of 

carcinogenesis and metastasis. Indeed, there is an intense investigation in the elucidation 

of the potential of ANGPTLs as prognostic tumor biomarkers and therapeutic targets for 

cancer treatment.  

ANGPTL4 is the most studied member of the ANGPTL proteins family. Still, the 

molecular details of ANGPTL4’s pathophysiological functions remain unclear. A few 

downstream ANGPTL4 effectors have been identified. For example, (C-terminal) 

cANGPTL4 has been shown to bind and activate integrin 5β1α-mediated Rac1/PAK 

signaling to weaken cell-cell contacts [45]. cANGPTL4 subsequently associated with and 

declustered VE-cadherin and claudin-5, leading to endothelial disruption. Interfering with 

the formation of these cANGPTL4 complexes delayed vascular disruption. In vivo vascular 

permeability and metastatic assays performed using ANGPTL4-knockout and wild-type 

mice injected with either control or ANGPTL4-knockdown tumors confirmed that 

cANGPTL4 induced vascular leakiness and facilitated lung metastasis in mice.  Recently, 

it has been demonstrated that tumor-derived ANGPTL4 suppressed in vitro vascular tube 

formation and proliferation of human umbilical vascular endothelial cells, through 

suppression of ERK signaling [46].  

Here we have found that HIF and EGFR play an important function in the 

upregulation of ANGPTL4 levels in HNSCC. The HIF family of transcription factors is 
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central to the homeostatic mechanisms involved in the cellular response to hypoxic stress, 

regulating genes involved in nutritional stress, tumor metabolism, invasion, cell death and 

angiogenesis. Interestingly, HIF activation downstream of hypoxia/DMOG drives the 

expression of genes such as ANGPTL4, EFNA3, TGFβ1 and VEGF. On the other hand, 

epidermal growth factor receptor (EGFR) is overexpressed in HNSCC, which exhibits 

EGFR overexpression in up to 90% of tumors. EGFR ligands such as transforming growth 

factor alpha (TNF) are also overexpressed in HNSCC. EGFR plays a critical role in 

HNSCC growth, invasion, metastasis and angiogenesis. Interestingly, EGFR inhibitors as 

monotherapy for HNSCC have yielded only modest clinical outcomes, suggesting that 

combined therapies might be more effective to treat this type of cancer. 

Our data also show an important role of AREG in regulating ANGPTL4 levels in 

HNSCC. AREG gene overexpression has been observed in a wide variety of human cancer 

tissues [47]. AREG upregulates numerous genes involved in cell motility and invasion in 

human mammary epithelial cell lines and promotes cancer cell motility in osteosarcoma 

and upregulates the expression of ICAM-1 through the EGFR/PI3K/Akt/NF-κB signaling 

pathway [48]. AREG controls cell migration and invasion of pancreatic cancer cells in vitro 

[49]. AREG silencing was linked to lower tumor sizes and reduced metastatic capacity in 

an orthotopic model of pancreatic cancer [49]. The present data are in line with the results 

of previous studies, suggesting that AREG plays a critical role in the motility and 

metastasis of cancer cells. Our results suggest that this may occur, in part, through the 

upregulation of ANGPTL4. 
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 Finally, we observed a role for the p38 MAPK in ANGPTL4’s signaling, in addition 

to AKT and mTOR. The p38 MAPK is rapidly activated by various stimuli including 

inflammatory cytokines, growth factors and physical and chemical stresses resulting in 

cellular proliferation, differentiation, migration, and/or apoptosis [50]. MAP kinase kinase 

(MKK) 3 and MKK6 are the main regulators of p38 activation [50]. Protein kinases, such 

as MAPK activated protein kinases 2 (MK2), and various transcription factors, such as 

ATF2, are p38 substrates [51, 52]. In vivo, p38 inhibits cell proliferation and promotes cell 

differentiation in a variety of cell types [53]. P38 has been implicated in hematological 

malignancies [54] and the progression of a variety of solid tumors, including breast [55], 

prostate [56], HNSCC [35] and lung cancers [57]. It acts as a positive regulator of HNSCC, 

influencing cancer cell proliferation as well as tumor-induced angiogenesis and 

lymphangiogenesis [35]. Studies report that P38 controls the production of different 

cytokines which regulate growth and survival, such as tumor necrosis factor (TNF), 

interleukin 6 (IL-6), IL-1, COX2, and IL17 [58].  

Data suggests that these different responses of inhibiting or stimulating cell growth in 

a tumor-dependent fashion could be explained by the fact that many cancer cells exhibit a 

limited ability to engage genetic programs involved in cell differentiation or senescence 

due to genetic and epigenetic alterations. Thus, it has been speculated that in HNSCC and 

other cancers, p38 MAPK may contribute to tumor growth due to the loss of mechanisms 

triggering cell differentiation in response to p38 activation during the carcinogenic process 

[35]. 
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 Finally, intriguing evidence about p38 MAPK is the fact that it acts as a potent 

inducer of inflammation and angiogenesis through the activation of the secretion of 

proinflammatory and proangiogenic cytokines and growth factors. ANGPTL4 has also 

been found as a potent activator of angiogenesis. This may occur through both direct and 

paracrine mechanisms as well. Identifying the relative contribution of these ANGPTL4 

downstream effectors will be an important future research aim to be sure. 
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4 CHAPTER 4: Conclusions and Future Directions 

In these investigations, we have explored the role of ANGPTL4 in HNSCC progression 

and metastasis. Our results correlate with previous findings on ANGPTL4 in tumor 

development and suggest that this adipokine and its associated signaling molecules may be 

potential therapeutic targets in HNSCC clinical management. Much of our knowledge 

about ANGPTL4 function derives from the important role of its N-terminal domain in 

regulating lipid metabolism, glucose homeostasis and insulin sensitivity. However, the role 

of cANGPTL4 in promoting tumor growth and angiogenesis, among other functions, has 

been more controversial. Pre-clinical data supporting a role for ANGPTL4 in suppressing 

angiogenesis and preserving vascular integrity have been reported. However, many recent 

reports support the role of this factor as a pro-angiogenic, pro-permeability, and 

tumorigenic molecule. These conflicting effects may be a consequence of diverse 

experimental approaches and disease-specific animal models, as well as context- and 

tissue-specific activities for ANGPTL4.  Posttranslational modifications and proteolytic 

processing of ANGPTL4 may differ in these settings and may influence its biological roles. 

However, presenting contradictory functions is not uncommon. Many factors that control 

cell behavior can play different roles depending on different physiologic/pathologic 

conditions. The most appropriate example may be VEGF, which is critical in vascular 

development and physiology, yet it is clearly an important pathologic mediator of 

dysregulated vascular proliferation and leakage. The data on vessel maturation and stability 

described in ANGPTL4-deficient mice are therefore not in opposition with the 

accumulating evidence that supports a pathogenic role for ANGPTL4 in human disease. 



 110 

Elucidation of the structural details, tissue environment and cellular conditions that 

determine the different functions of this unique factor may ultimately provide an 

explanation for these discordant observations. 

We have focused here in ANGPTL4-induced autocrine responses, transduced by the 

interaction of this ligand with NRP1 in HNSCC cells. HNSCC cell behavior is regulated 

by ANGPTL4 in, at least, two ways: increasing its proliferative advantage and increasing 

its migratory potential. In addition, ANGPTL4 may promote the tumorigenic process 

through paracrine mechanisms, through growth factor/cytokine secretion that acts on the 

tumor cells and control the tumor environment. Indeed, ANGPTL4 plays a prominent role 

in the promotion of angiogenesis. We also have preliminary data suggesting the 

involvement of this secreted protein in lymphangiogenesis. Both are critical mechanisms 

in cancer metastasis, the possible leading cause of mortality in cancer patients.  

  To initiate metastasis, a solid tumor that develops at a primary site may spread using 

existing routes that are related to normal body functions. During progression from an in 

situ tumor, aggressive malignancies may disseminate either via blood vessels 

(hematogenous spread after neovascularization) or via the lymphatic system 

(lymphogenous spread after lymphangiogenesis). Which way tumor cells choose to spread 

depends on many factors including the site of tumor initiation, the type and aggressiveness 

of the tumor cells, extrinsic signals and intrinsic tumor micro-environmental conditions 

and the presence of paracrine factors mediating the formation of new vessels. It is common 

that tumors induce both angiogenesis and lymphangiogenesis. Blood and lymphatic 

vessels, however, offer diametrically different conditions for the migration and survival of 
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tumor cells. These conditions are closely related to the distinct functions and structural 

features of these two systems.  

HNSCC usually spreads to the lymph nodes and then spreads or metastasizes to other 

body parts, including lungs, bone, and liver. More than half of all patients with HNSCC 

have regional lymph node involvement at the time of diagnosis. Lymph node metastasis 

(LNM) is linked to a poor prognosis and is one of the most important factors in determining 

the best treatment option. We then decided to investigate whether ANGPTL4 could have a 

regulatory effect on lymphatic endothelial cell (LEC) behavior, and for this, we obtained 

primary cultures of these cells. LEC marker expression was confirmed by Western blot 

analysis (Fig. 4.1).  

Figure 4.1.  Characterization of the lymphatic 

endothelial cell.  

Western blot analysis of lymphatic endothelial markers 

(PROX1, LYVE1), ANGPTL4, as well as receptors 

NRP1 and NRP2 in immortalized mouse retinal 

endothelial cells (IREC), immortalized human 

umbilical cord endothelial cells (HUVEC), and primary 

lymphatic endothelial cells (LEC). 

--------------------------------------------------------------------------------------------------------- 
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Interestingly, we observed that ANGPTL4 induces different mechanisms in lymphatic 

endothelial cells than in vascular endothelial cells. We found that this factor induces 

lymphatic endothelial cell (LEC) proliferation but had no recognizable effect on LEC 

migration (Fig.4.2 A,B). Surprisingly, ANGPTL4 was able to induce LEC tube-like 

formation (Fig. 4-2 C,D and E).  
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Figure 4.2. ANGPTL4 induces proliferation and tube formation of lymphatic 

endothelial cells but has no effect on lymphatic endothelial cell migration. 

 

(A) Quantification of the cell proliferation experiments was performed using the 

BioTek Cytation 5 label-free direct cell counting. (B) Quantification of the cell migration 

assays was performed using BioTek ‘s Autoscratch wound-making tool in cells grown in 

24 well plates. (C) Representative images of LEC tube formation on Matrigel after 18h 

treatment with rhANGPTL4 (5μg/ml). Quantification of the number of nodes (D) and the 

total branching length (E) was measured and analyzed using an ImageJ angiogenesis 

analyzer. 

--------------------------------------------------------------------------------------------------------- 
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These results are different to what our lab observed in vascular angiogenesis, where 

ANGPTL4 does not induce cell proliferation but has a robust effect in vascular endothelial 

cell migration (Ma et al, 2010, PNAS, 107(32):14363-8). This may be a consequence of the 

ANGPTL4-mediated activation of different cell-specific downstream effectors in these two 

types of endothelial cells. In addition, we did observe binding between ANGPTL4 and 

NRP2 using co-immunoprecipitation assays (Fig. 4.3). Collectively, these findings suggest 

that ANGPTL4 may induce lymphangiogenesis through NRP2-dependent mechanisms and 

signaling pathways (Fig.4. 4), a hypothesis that warrants future investigation.  

 

Figure 4.3. ANGPTL4 binds NRP2 in 

Lymphatic Endothelial Cells (LEC).  

Co-immunoprecipitation of LEC transfection 

with GFP or MYC tagged Fl-ANGPTL4. 

 

--------------------------------------------------------------------------------------------------------- 
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Figure 4.4. ANGPTL4 activates P38 and JNK Pathways in LEC. 

Western blot analysis of S6K, AKT, P38, ERK, and JNK Signaling Pathways in LEC after 

treatment with ANGPTL4 (5μg/ml) for 15, 60 and 120 min. 

--------------------------------------------------------------------------------------------------------- 

In this study, we used eight different cell lines NOK, LEUK, DOK HN13, HN6 HN4, 

HN12, and CAL27. Using cell lines in studies is our limitation. When cell lines are 

genetically modified, their phenotypic, inherent functions and reactivity to stimuli can all 

change, and they do not always replicate the primary cells. In addition, culturing of cell 

lines for long periods affect the biological properties. Despite the fact that these in vitro 

models give useful information and contributions, they also have substantial drawbacks. 

Although some studies have proposed using primary cells rather than cell lines, these 

primary cells have also proven to be a significant drawback in studies as they have a finite 

lifespan, limited expansion capacity, difficult to transfect. On the other hand, we were able 

to obtain patient samples to further corroborate our findings.  
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Finally, we are currently developing an orthotopic mouse model of HNSCC with 

CAL27 ANGPTL4 KO to understand further the function of ANGPTL4 in promoting 

tumor growth and cervical lymph node metastasis in vivo. This will help us reach our 

ultimate goal of identifying novel targeted therapies that may effectively prevent HNSCC 

metastasis in advanced-stage disease.  

 

Figure 5.5 Schematic diagram illustrating the proposed mechanism of 

ANGPTL4 signaling in HNSCC 

HIF, EGF and AREG induce ANGPTL4 expression in HNSCC. ANGPTL4 bind to 

NRP1 and activates paxillin phosphorylation through an ABL1/NRP1 pathway and induces 

cancer cell migration. ANGPTL4 activate p38 pathway which is sufficient to induce 

inflammatory cytokine expression that promotes angiogenesis and lymphangiogenesis, 

favoring cancer cell dissemination 
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