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Abstract 

Serum amyloid A 1 (SAA1) is traditionally regarded as an acute phase protein, and its expression 

level in the blood circulation can be elevated by 1000-folds during acute phase response in a human 

body. SAA1 was also reported to be expressed in the epithelial tissues of various organs, but the 

functions of both the epithelial and the circulating SAA1 are not well understood. Our previous 

studies had shown that the epithelial SAA1 expression can contribute to the inhibitory effect on 

epithelial-mesenchymal transition (EMT) in esophageal squamous cell carcinoma (ESCC). SAA1 

contains the YIGSDKYFHARGNY amino acid sequence, which enables the binding with several 

integrin receptors, including the integrin αIIbβ3. Integrin αIIbβ3 is mainly expressed on the platelet 

membrane, and plays a crucial role for the platelet activation in the circulation system. Several 

studies had indicated that the activated platelets can interact with tumor cells and contribute to 

tumor metastasis. Although plenty of studies had reported that the blood circulating levels of SAA1 

are elevated in a number of cancer types including ESCC, whether the plasma SAA1 expression 

is related to the platelet-tumor cell interaction remains unknown. This study aimed to investigate 

the relationship between SAA1 and platelet-tumor interaction, and to further study the functional 

role of SAA1 in the ESCC progression and its underlying mechanism. The current experimental 

data showed that the SAA1 protein could inhibit the platelet activation. Addition of the SAA1 

protein could interfere with the platelet-tumor interaction and promote the neutral killer cell-

induced cytotoxicity which was inhibited by the presence of platelets. Besides those findings, the 

epithelial SAA1 expression could also regulate the esophageal epithelial stem cell self-renewal, 

the ESCC progression phenotype, and tumor infiltration of the immune cells. In summary, our 

results suggested that the circulating soluble SAA1 can inhibit the platelet activation and suppress 



 

iii 
 

the immune evasion of ESCC cells. Furthermore, the epithelial SAA1 expression can suppress the 

EMT proteins to regulate the esophageal stem cell property.  
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Chapter I Introduction 

1.1 Introduction of esophageal cancer 

1.1.1 Classification of esophageal cancer 

Esophagus, also called food pipe, is the organ connecting the throat and the stomach. This organ 

allows the chewed food to enter a human stomach for further digestion. Unhealthy dietary habit, 

like alcoholism, smoking, will expose the esophageal tissue to carcinogen. In accidental cases, 

some stressed esophageal cells may transform into hyperplasia tissue and cause cancer. Esophageal 

cancer refers to the cancer which arises from the tissue of esophagus. Esophageal cancer includes 

two major subtypes, esophageal squamous-cell carcinoma (ESCC) and esophageal 

adenocarcinoma (EAC). Esophageal cancer also contains some other types, including carcinoid 

cancer, leiomyosarcomas, melanomas, and lipomas. But they are much rare and therefore not much 

attention had been paid on them (Wild, 2014). Two major types of esophageal cancer, ESCC and 

EAC, are highly different form each other in terms of their origin, morphology, and epidemiology.  

ESCC accounts for around 90 % of esophageal cancer worldwide (Abnet, 2018). It originates from 

the epithelial cells lining the esophageal wall. ESCC mainly occurs in the middle or upper one-

third of the esophagus. In contrast, EAC usually occurs in the lower third part. During the food 

intake, the upper part of esophageal epithelium is frequently exposed to various toxic components, 

including alcohol, tobacco, etc. Therefore, these rapidly dividing and dying epithelial cells are at 

a high risk of pathogenesis. Depending on the differentiation level, the morphologies of ESCC can 

vary greatly (Fig. 1.1). Well-differentiated ESCC usually has highly keratinized cells and minimal 

necrosis, while poorly differentiated ESCC can show large areas of necrosis. Involucrin is a protein 
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mainly present on the human skin, which contributes to the keratinization of cells. It can form an 

insoluble envelope beneath the membrane and provides solid support to cell structure. The 

involucrin protein is widely expressed in the well-differentiated ESCC but not in poorly 

differentiated ESCC (Ohashi, 2015). So the molecular characteristics are also different between 

these ESCC subtypes. 

 

Figure.1.1 Representative histopathologic images of ESCC. (Left) Well-differentiated SCC. 

(Middle) Moderately differentiated SCC. (Right) Poorly differentiated SCC (Ohashi, 2015). 

On the other hand, EAC is developed from the transformed glandular cell embedded in lower third 

part of the food pipe. One of major risk factors of EAC is obesity-induced acid reflux (de Jonge, 

2014). If the stomach acid reflux occurs, these glandular cells are responsible for producing mucus 

and other fluid which can protect the esophagus from the acidic attack. Long-term acid reflux can 

cause continuous damage to the glandular cells, which may transform into over-proliferating 

cancer cells. 

Early detection of esophageal cancers is difficult, because the symptom in the early stage is not 

obvious (Kurumi, 2020). This disease is usually noticed in the late stage, when the enlarged tumor 

bulk narrows the food pipe and causes severe blockage to food intake, such as swallowing 

difficulty. Unfortunately, the primary tumor developed into the late stage has a high possibility for 

cancer migration and metastasis, which means that the cancer cells can travel to other organs and 
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form secondary tumor at new sites. Clinical treatments on late stage ESCC patients are painful and 

suffer from low efficiency. The poor prognosis rate for ESCC is one of the major reasons for the 

high mortality rate of this disease.   

 

1.1.2 Epidemiology of esophageal cancer 

According to the WHO report (2020), more than 500,000 cases were diagnosed with esophageal 

cancer in 2020, while a similar statistical research conducted in 2012 claimed that the worldwide 

new esophageal cancer cases of that year were 456,000. The incidence rate of esophageal cancer 

increased slightly in the past decade. More and more people are under the risk of esophageal cancer. 

Currently, esophageal cancer is the eighth most common cancer globally.  

As we mentioned above, the prognosis of this disease is poor, and its mortality rate is high. The 

five-year survival rate for esophageal cancer patients is less than 20 %. In 2020, more than 500,000 

cases death were caused by esophageal cancer, which made it the sixth leading cause of cancer 

mortality.  

The incidence rate of this disease varies greatly between the two sexes and among different regions. 

A male is three-time riskier than a female for bearing this disease. China, south Asia, and east 

Africa, are the high-risk regions for esophageal cancer. It is believed that some dietary habits in 

these areas are responsible for the high incidence rates. Between the two major subtypes, the ESCC 

disease is more common in the developing world, where people may uptake unsafe food with more 

irritating compounds. EAC is more prevalent in the developed world, where the obesity-induced 

acid reflux is more common. (WHO, 2020) 
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China is the country most severely suffering from esophageal cancer disease. Most of the cases in 

China belong to ESCC. More than 300,000 patients die in 2020 for esophageal cancer, accounting 

around 50 % of global death. At the same time, 335,080 new cases are identified in 2020 (Fig. 1.2). 

The tradition of cured food consumption is considered as one possible reason for the prevalence 

of this disease. In Hong Kong, esophageal cancer is less common. But still, around 300 people die 

for esophageal cancer each year, which makes it the 10th major cause of cancer death in 2018. (Fig. 

1.3) 

 

Figure.1.2 Estimated number of cancer death in 2020 in China for both sexes and all ages (World 

Health Organization, 2020). 
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Figure.1.3 Statistics of cancer death in 2019 in Hong Kong for both sexes and all ages (Cancer 

Online Resource Hub of HKSAR government, 2019). 

 

1.1.3 Etiology of ESCC 

Food needs to pass through the esophagus and enter the stomach for further digestion. Therefore, 

the esophageal epithelial cells are directly exposed to the undigested food. The food composition 

in daily life is highly complex and may contain lots of potential carcinogens, which can induce the 

tumorigenesis of esophageal cells. Most of studies indicate that consumption of tobacco and 

alcohol is the major risk factors for ESCC (Arnal, 2015& Prabhu, 2014). Tobacco contains lots of 

carcinogens, including nitrosamine, polyaromatic hydrocarbon, and aromatic amine. These 

carcinogens can induce DNA mutation and in long-term may transform the healthy epithelial cells 

into uncontrolled hyperplasic cancer cells. Besides, alcohol can induce cell apoptosis and create 
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the chronic inflammation favorable for tumorigenesis, malignancy development, and cancer 

metastasis. Not only tobacco and alcohol are the risk factors of ESCC, many other irritating foods 

also contribute to the ESCC development. Betel quid chewing is a dietary culture popular in 

Taiwan and India. However betel quid contains many carcinogens which can damage to both oral 

and esophageal cells (Goan, 2005), and it is one of the leading causes of the ESCC in these regions. 

Consumption of hot water and spicy food can also damage the esophageal cells and are considered 

as one of the risk factors for ESCC (Andric, 2015).  

Deficiency in some nutrient components in human diet was reported as another risk factor of this 

disease. Studies had found that the deficiencies of Vitamin A, C, and E is usually observed in 

esophageal cancer patients. Although the functional mechanism is not clearly elucidated, the case 

studies showed that people with high intakes of vitamin are associated with ESCC risk reduction 

(Mazhara, 2015). Low nutrient uptake of fruits and vegetables becomes another risk factor for 

ESCC. On the other hand, over-uptake of several trace elements, including selenium, can lead to 

an increased mortality rate for ESCC patients (Wei, 2004).   

In addition, some genetic factors also lead to ESCC progression. Genotyping of ESCC patients in 

China and Japan reveal that the lack of alcohol dehydrogenase (ADH) and aldehyde 

dehydrogenase-2 (ALDH2) contributes to ESCC progression (Suo, 2019). These enzymes are 

responsible for the detoxification of alcohol in the body. The lack of these genes cooperated with 

the drinking habit can increase the accumulation of toxic alcohol and acetaldehyde inside the body, 

which may lead to ESCC. 
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Table.1.1 Major risk factors for ESCCR 

Risk factor 

First- or second-hand smoking 

Alcohol consumption 

Cured food 

Injury to the esophagus 

Insufficient nutrient uptake 

Poverty 

Inherited genetic features 

 

1.1.4 Genomic alterations of ESCC 

Genomic alterations transform the normal healthy esophageal cells into over-proliferating cancer 

cells. Exome sequencing of ESCC cancer tissues showed that several genes involved in cell 

proliferation and apoptosis are frequently mutated in ESCC tumors. For example, 93 % of patient 

samples acquired mutation in the TP53 gene (Zhao, 2017). The TP53 gene encodes the pro-

apoptotic protein P53, which regulates cell cycle arrest, DNA repair, and apoptosis in healthy 

tissues. P53 is generally considered as a tumor suppressor gene. The disruption of normal P53 

function results in the uncontrolled proliferation of cancer cells. 

Mutations are also observed in other cell cycle genes. Thirty three percent of CCND1 gene in 

patients are mutated, while 20 % CDKN2A are mutated in ESCC patients. Both CCND1 and 

CDKN2A genes are responsible for cell cycle regulation and play critical role in maintaining 

normal tissue functions. Mutations in the Notch pathway proteins, like FAT1, will results in 

dysregulating cell-cell communication and differentiation in tissues (Gao, 2014). 
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1.2 Cell adhesion molecules (CAMs) and cancer activities 

1.2.1 Cell adhesion molecules (CAMs)  

Cell adhesion is the process in which a cell adheres to another cell or bind to the extracellular 

matrix (Chothia, 1997). The regulated cell adhesion activities are crucial for maintenance of cell 

morphology, tissue structure, and normal cellular functions. For example, cell adhesion enables 

the contact inhibition to avoid the over-proliferation of adjacent cells. Loss of contact inhibition is 

a characteristic of cancerous cells. It plays a critical role for regulation of cell growth, contact 

inhibition, and also apoptosis. CAMs refer to a group of cell surface proteins, which are involved 

in the cell adhesion process. CAMs are typically transmembrane proteins with an intracellular 

domain, a transmembrane domain, and an extracellular domain. The extracellular domain is 

responsible for providing physical junction, or sensing the extracellular signals, or both. The 

intracellular domain is usually linked with the cytoskeleton or other signaling messengers. CAMs 

on cell surface can be classified into four types: immunoglobulin-like cell adhesion molecules 

(igSF CAMs), integrins, cadherins, and selectins.  

Cadherin molecules provide physical support for the formation of adherens junctions which can 

facilitate the cell-cell adhesion (Hulpiau, 2009). Cadherins usually contain a homodimeric 

extracellular domain which can form dimer with an identical peptide monomer. When two 

identical cadherin molecules present on two different cells meet, they can dimerize with each other 

and form a solid linkage between the two adjacent cells. The intracellular domain can respond to 

the stimulus and recruit other filament proteins for the formation of the tight junction. The cadherin 

signaling pathway also affect the cell proliferation and differentiation. The cadherin protein was 

reported to play an important role in the epithelial-mesenchymal transition (EMT) of cancer cells 
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(Theys, 2011). EMT is the transforming process from the epithelial features to the mesenchymal 

invasive characters. This transition is important for cancer invasion and metastasis. 

Selectins usually contain a sugar-binding region on the extracellular domain, which can bind with 

other glycoproteins. They also contain an intracellular domain for signal transduction. Selectins 

are more commonly expressed on immune cells. They are important for the constitutive 

lymphocyte homing and lymphocyte migration (Barthel, 2007)). 

Integrins are a group of signaling receptors. Upon the ligand binding, activated integrins can 

regulate several cellular activities including cell proliferation, transcription, and protein secretion 

(Hynes, 2002). Integrins are heterodimers proteins consisted of α and β subunits. Both subunits 

contain multiple isoforms. The combination of different subunits gives rise to a group of different 

integrins with different binding specificity. 

IgSF CAMs are receptor proteins. This group of proteins is characterized by their immunoglobulin 

like extracellular domain (Bombardelli, 2010). Their extracellular domains are usually anchored 

to a glycosylphosphatidylinositol (GPI) moiety, which facilitates the cytoplasmic signal 

transduction. Neural cell adhesion molecule (NCAM) is a well-studied igSF CAMs which 

regulates the neural junction and synapse formation (Muller, 1996).  

 

1.2.2 CAMs of interest 

1.2.2.1 E-cadherin 

E-cadherin (or epithelial cadherin), as its name tells, is mainly expressed in the epithelial tissue for 

adult human. The extracellular domain of E-cadherin can form dimer with an identical E-cadherin 
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molecule on an adjacent cell (Fig. 1.4). After the extracellular dimer form, the intracellular domain 

will bind to p120-catenin and β-catenin, which recruit other cytoskeletal filaments for junction 

formation. These cell-to-cell junctions help to maintain epithelial tissue structure (Baranwal, 2009). 

E-cadherin also regulates the cell differentiation and proliferation. Downregulation of E-cadherin 

can weaken the cellular adhesion within the epithelial tissue. Loss of E-cadherin can cause the 

failure of contact inhibition, which may lead to hyperplasia and cell migration (Shiozaki, 1996). 

Mutations in the E-cadherin gene are correlated with several epithelial cell-derived cancer diseases, 

including colorectal cancer, gastric cancer, etc. (Tsanou, 2008 & Chan, 2006). 

 

Figure.1.4 Schematic illustration of E-cadherin in adherens junction formation (Baranwal, 2009). 
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1.2.2.2 N-cadherin  

N-cadherin (or neural cadherin) is mainly expressed on neural cells for healthy adults. Expression 

in cardiac muscle cells is also observed. Similar to E-cadherin, N-cadherin can form homodimer 

with adjacent cells. In the neural cells, N-cadherin assists synapse formation, which is essential for 

neural signal transduction (Miyamoto, 2015). Loss of N-cadherin can damage the human learning 

and memory ability. It is reported that N-cadherin mutation can cause attention-deficit 

hyperactivity disorder in human (Halperin, 2021). In the cardiac muscle, N-cadherin helps to form 

the intercalated disc structure for mechanical and electrical coupling between muscle cells (Vite, 

2014). 

N-cadherin also plays a role during the embryogenesis process. N-cadherin is required for the 

establishment of left-right asymmetry during the gastrulation period, and it also contributes to 

development of the myocardial cell layer formation. (Garcia-Castro, 2000) 

While N-cadherin is typically absent in normal epithelial cells, aberrant N-cadherin expression is 

commonly observed in cancerous cells. Overexpression of N-cadherin in cancer cells is usually 

considered as an indicator for cancer migration and metastasis. High N-cadherin expression can 

promote cancer survival and invasion (Mariotti, 2007). 

 

1.2.2.3 Integrins  

Integrin family is involved in many different cellular interactions and signal transduction pathways. 

Although lots of effort had been put into this area, there are still many mysteries about the integrin 

functions in cancer diseases. Some integrin receptors can regulate the microenvironment of 

tumorigenesis. Integrin receptors are also involved in the regulation of EMT. It was reported that 
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integrin α5β1 plays central role for the TGF-β-induced EMT in the transformed epithelial cells 

(Mamuya, 2012). Besides, integrin can also interfere with the immunological activities by 

regulating cytokine release. For example, activation of integrin αIIβ3 on platelet membrane surface 

can induce the release of interleukin-6 (IL-6) and TGF-β. (Mezu-Ndubuisi, 2021) 

 

1.3 Introduction of platelets 

1.3.1 Platelets, the blood component 

Platelets are a component in blood circulating system. They have no nucleus and only consist of 

cytoplasmic fragments which derived from megakaryocytes. For a healthy adult, the platelet 

concentration in blood is 10 times lower than the red blood cell, ranging from 150 to 450 × 109 per 

liter blood. The diameter of a platelet is around 2 - 5 micrometers (White, 2007), 4 times shorter 

than a normal red blood cell with around 8 micrometer long. A healthy platelet has an oblate 

spheroid shape. Its membrane contains several glycoproteins contributing to platelet adhesion, 

activation, and aggregation. The intracellular region of a platelet contains a number of organelles, 

including mitochondria, lysosome, α-granule, and delta granule. The α granule contains a number 

of hormone-like proteins, such as insulin-like growth factor 1, platelet-derived growth factors, 

TGF-β, etc. Activation of platelets can induce release of α granule, which can facilitate the 

regulation of several biological activities, like tumor migration (Kamath, 2001). 

The main function of platelets in blood is wound healing (Fig. 1.5). When a tissue is wounded, 

abundant collagen in the extracellular matrix is exposed to the leaked blood. Collagen can activate 

the blood platelets. The activated platelets will secrete inflammatory factors to recruit immune 
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cells to the wound site, and induce inflammation there. In addition, the activated platelets could 

aggregate among each other under the assistance of fibrous proteins and form a flexible blood clot 

in the bleeding site. These blood clots can cover the wound to provide a temporary block against 

the blood leakage. After the blood vessel has recovered itself, the platelet clot will be removed by 

phagocytosis (Vadasz, 2015). 

 

 

   

Figure.1.5 Roles of platelets in thrombosis and hemostasis. The injury-caused fibronectin 

deposition induces the activation of platelets. The platelet adhesion and aggregation are then 

initiated by several platelet receptor including integrins. Under the help of extracellular matrix, the 

aggregated platelets form the soft clot blocking the bleed (Vadasz, 2015). 
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1.3.2 Platelets are involved in human immune response 

1.3.2.1 Thrombosis 

Thrombosis is the blood coagulation in intact blood vessels. In some cases, it is called 

immunothromobosis, when it helps to control the spread of microbial infection. Platelets, 

monocytes together with neutrophils assist this process. In the case of bacterial infection, platelets 

can bind against bacteria by their pattern recognition receptors, which can recognize the bacterial 

surface proteins. Monocytes under the pathogen stimulation would induce the coagulation of 

platelets. The platelets binding with bacteria will aggregate to facilitate the formation of neutrophil 

extracellular traps, which can provide a physical barrier against microbial infection (Kral, 2016& 

Freeman, 2002). 

However, platelet-induced thrombosis can also lead to obstruction of the blood vessel lumen, 

which can reduce the flow rate of the bloodstream. In the extreme situation, thrombosis can 

completely block the transportation of blood and cause the tissue damage (Raskob, 2014). 

 

1.3.2.2 Inflammation 

Platelets can modulate inflammatory process through cell-cell interaction and secretion of 

regulatory proteins. On one hand, platelets can bind with neutrophils to form platelet-leukocyte 

aggregates (PLAs). The formation of PLAs can then lead to the activation of neutrophils. On the 

other hand, the activated platelets can also release CD40L. CD40L can bind to CD40 receptor 

protein on macrophages and B cells, as to induce their activation. Platelet microvesicles can also 

trigger the secretion of cytokines IL-6 and IL-8 
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1.3.3 Regulation of platelet activation by integrin receptor 

Integrin receptors play a central role for the regulation of platelet aggregation and activation. In 

the resting state, integrin αIIbβ3 remains an inactive conformation on the platelet membrane 

surface. Interaction of collagen with glycoprotein VI and integrin α2β1 can turn platelets into the 

intermediate state, in which the integrin αIIbβ3 are waken up and ready for the ligand binding 

(Fig.1.6). The binding of fibronectin will activate the integrin αIIbβ3, which then induces 

intracellular signaling for aggregation and release of α-granule (Bennett, 2005). 

Because the integrin αIIbβ3 is so crucial for the platelet activation, it is usually used as a target for 

thrombosis therapy. Abciximab, eptifibatide, and tirofiban are all integrin inhibitors and are used 

for anti-platelet medication (Huang, 2019). 
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Figure.1.6 Schematic illustration of integrin αIIbβ3 signaling pathway in a platelet. Through a 

complicated signaling system, ligand-bound integrin αIIbβ3 induces the platelet activation and 

aggregation (Huang, 2019). 

 

1.4 Introduction of Serum Amyloid protein A 1 (SAA1) 

1.4.1 SAA1 belong to Serum Amyloid A (SAA) family 

SAA proteins include a family of apolipoproteins, which bind to high-density lipoproteins in the 

plasma. Four highly conserved SAA genes were found and mapped on the human genome, 

including SAA1, SAA2, SAA3, and SAA4. SAA3 is a pseudogene which does not produce any 

protein (Kluve-Beckerman, 1991), and SAA4 is constitutively expressed in the liver and it is 

defined as the constitutive SAA. SAA1 and SAA2 are primarily produced by hepatocytes and both 

belong to the acute phase serum amyloid A proteins (A-SAAs), the SAA1/2 expression levels will 

dramatically increase during inflammation. The amino acid sequences and functional 

consequences of these two proteins are highly similar. Although SAA1 is mainly a serum protein, 

the local SAA1 expression is also observed in the epithelial tissues of a number of organs. The 

functional role of the physiological expression of these SAA1 proteins is still not clear.  

 

1.4.2 SAA1 is a type of positive acute phase protein 

Acute-phase proteins (APPs) refer to a group of proteins, and their concentrations in blood plasma 

can change dramatically during the inflammation process. The known APPs can be classified into 
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two group, positive and negative, according to their changes in concentrations. The “positive” APP 

levels are increased during the inflammation, while the “negative” APPs show the reverse fashion. 

The positive APPs can play different physiological functions in human immune response. For 

example, the overexpressed complement factors play a critical role in inducing apoptosis of the 

infected cell. The formation of complement complex can induce the cell death. Inflammatory 

cytokines, like IL-6, TNF-α, etc. can significantly induce SAA1 expression in hepatocytes 

(Hagihara, 2004 & Thorn, 2004). As an acute phase protein, the SAA1 expression level in blood 

can be elevated by 1000-folds during inflammation (Urieli-Shoval, 2000). The SAA1 level has 

long been considered as a biological marker for inflammatory diseases, and the elevated plasma 

SAA1 levels can serve as a diagnostic marker. However, even though people are convinced with 

close correlation between SAA1 and inflammation, the biological function of SAA1 is still not 

clearly understood. 

 

1.4.3 The structure and isoforms of SAA1 

A mature SAA1 single peptide contains 104 amino acid residues, with a 12,500 Da of molecular 

weight. In native solution, there are four helical structures separately formed along a SAA1 peptide 

in the amino acid residues 1 to 27, 32 to 47, 50 to 59, and 73 to 80, respectively (Fig. 1.7).  Then 

the four helixes lie parallel with each other in a chopstick-like manner (Figure1.8). Studies had 

found that helix 1 (amino acids 1 to 27) and helix 3 (amino acids 50 to 59) are critical for biological 

activities of SAA1. It is also believed that helix 1 and helix 3 are important for the hexamer 

complex formation. In an appropriate condition, the four-helix bundle of SAA1 can further form 

a homo-hexamer in a cone shape (Lu, 2014). 



 

18 
 

 

Figure.1.7 The 3D x-ray crystal structure of a human SAA1. (a) Hexamer and (b) monomer of 

SAA1 (Colon, 2015). 

  

Figure.1.8 Schematic illustration of the observed SAA1 with four α-helix bundles (Lu, 2014). 

Sequencing of the SAA1 gene had shown that SAA1 has 5 isotypes, from SAA1.1 to SAA1.5. The 

sequences of SAA1 isotypes are highly conserved with less than three amino acid alternations. 

Amino acid differences mainly locate in the helix 3 region. The SAA1 peptide contains the 

YIGSR- and RGD-like motifs on the helix 2 region (Fig. 1.9). 
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1.3.4 SAA’s function in human body and its role in non-tumor disease 

1.3.5 RGD-like sequence on SAA1 

 

Figure.1.9 Part of amino acid sequences of the five SAA1 isoforms, which shows the YIGSD-motif, 

RGD-like motif, and the deviated amino acids (Lung, 2015). 

 

1.4.4 RGD-like sequence in SAA1 

The RGD motif refers to a three amino acid peptide consisting of arginine, glycine, and aspartate. 

The RGD motif is commonly present in the extracellular matrix proteins including fibronectin, 

vitronectin, and laminin. The RGD sequence can bind against many integrin receptors including 

αVβ3, α5β1, and αIIbβ3 (Fig. 1.10), which can activate these integrins, regulate the downstream 

signaling pathways, and mediate the cellular activities (Tobias, 2017). Through the RGD sequence 

binding, extracellular matrix protein, like fibronectin, can interfere with the cell migration, cell 

adhesion, and cell proliferation.  

 

40 50 30 60 70 
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Figure.1.10 Crystal structure of integrin αVβ3 in complex with RGD ligands (Tobias, 2017). 

As mentioned above, SAA1 contains an RGN sequence in its helix 2, and the RGN sequence shares 

a similar sequence with RGD motif. In the SAA1 peptide, the aspartic acid is replaced by 

asparagine. It is believed that SAA1 protein can perform an RGD motif-like function. Previous 

studies had already confirmed that SAA1 protein can bind to integrin αIIbβ3 on platelets. However, 

whether this interaction can regulate the tissue activities, basically remains unknown. 

 

1.4.5 The SAA1 functions in non-tumor diseases 

Although the full picture is not clear, the elevated plasma level of SAA1 was found to be associated 

with multiple immune activities. Apolipoprotein A1 (ApoA1) is normally the major protein 

component of high-density lipoprotein (HDL), which plays an important role for the lipid 

collection and recycle. ApoA1 also contains anti-coagulant property, which can prevent the 

platelet aggregation and activation. However, the inflammation-induced SAA1 can replace the 

ApoA1 and become a major component in HDL. Some data support that this remodeling of HDL 

component may increase the risk of atherosclerosis in blood vessel (Kisilevsky, 2012). 

Besides, it is also reported that the recombinant SAA1 protein can regulate the neutrophil and 

macrophage activities by mediating N-formyl peptide receptor 2 (FPR2) on the immune cell 

membrane (Su, 1999). It can also induce the expression of many different inflammatory proteins, 

including several interleukins and granulocyte colony-stimulating factor (G-CSF). 

SAA1 protein is normally soluble in the plasma. However, the overexpression of SAA1 during 

inflammation condition can form insoluble protein fiber and lead to an abnormal deposition of 

SAA1 protein in various organs (Lu,2014). This disease is called as amyloid A protein amyloidosis 
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(AA amyloidosis). AA amyloidosis can be induced by several inflammatory diseases or infections. 

The most common causes for AA amyloidosis include autoimmune disease, chronic infection, 

autoinflammatory disease, and cancer. All these diseases can continuously induce overexpression 

of SAA1 in the blood plasma, which is a precondition of AA amyloidosis. A long-term high 

expression of SAA1 is a necessary but not sufficient condition for the development of AA 

amyloidosis. The key factor leading to SAA1 fiber formation is still unknown. The AA 

amyloidosis can occur in different organs, including the kidney, the liver, and the stomach. 

Deposition of protein fiber in the kidney can cause severe renal function failure. There is no 

efficient treatment against amyloidosis diseases.  

Some research findings had shown that SAA1 polymorphisms are associated with the risk of 

bearing amyloidosis diseases. It was reported SAA1.3 has a stronger amyloid deposition ability 

and is the more prevalent isoform among AA amyloidosis patients in Japan (Nakamura, 2008). 

 

1.4.6 SAA1 in cancer 

Although the biological function of SAA1 remains largely unknown, the close correlation between 

SAA1 and cancer diseases had been shown. As a secretary acute phase protein, upregulation of 

SAA1 has been considered as a biomarker for several cancer types, including ESCC, 

nasopharyngeal carcinoma (NPC), gastric cancer, lung cancer, and breast cancer. The serological 

SAA1 level is also used as an indicator to predict survival rate and tumor relapse for gastric cancer 

patients (Sun, 2016). 

In the recent years, more studies have tried to discover the functional roles of SAA1 in cancer. 

Some studies have claimed that SAA1 is involved in tumor pathogenesis and can contribute to 
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tumor malignancy (Sung, 2011 & Li, 2021). It is also reported that the ectopic expression of SAA1 

can promote the metastasis formation of breast tumor (Ignacio, 2019). However, some studies also 

showed that SAA1 can suppress the tumor formation in NPC (Lung, 2015). Overall, our 

knowledges about SAA1 are still relatively poor, and it requires more investigations in this area. 

 

1.4.7 The interaction between SAA1 and platelets 

Platelets have a central role in human immune response. As we mentioned above, integrin 

receptors on the cell surface are the key regulatory proteins of platelet activities. Sequencing 

analysis showed that SAA1 contains a RGD-like peptide, which can bind to several integrin 

receptors like αVβ3, α5β1, and αIIbβ3. Both integrin αVβ3 and αIIbβ3 can play important role for 

the platelet regulation. Previous studies had shown that platelets can adhere to the SAA protein in 

an integrin αIIbβ3-dependent manner. These interaction between the SAA protein and platelets 

can be inhibited by a RGD peptide, which confirms the critical role of RGD-like sequence for their 

interaction. It was observed that the SAA protein can also induce aggregation of platelets. However, 

the biological consequence of this interaction is not elucidated. It still remains unknown whether 

the SAA1 interaction with platelets can interfere with the immunological activities. 

 

Objectives of this study 

In our laboratory, the local epithelial SAA1 protein was identified as a tumor suppressor protein 

based on the cDNA microarray and the functional complementation analyses. As we mentioned 

above, SAA1 contains an RGD-like motif which has the ability to react with several integrin 
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receptors. Previous research in our laboratory had shown that SAA1 isoform SAA1.1 and SAA1.3 

but not SAA1.5 can inhibit angiogenesis by blocking the integrin αVβ3 in blood vessels. 

Furthermore, the epithelial SAA1.1 and SAA1.3 can also inhibit the integrin αV activities and 

suppress the EMT of ESCC in 2D culture (unpublished observation).  

On the other hand, we also notice that the circulating SAA1 can function as an acute phase protein 

during inflammation condition, but how the circulating SAA1 protein is associated with 

tumorigenesis is largely unknown. Some studies have also reported that SAA1 could promote 

metastasis of cancer cells. 

In order to fully understand the functional role of SAA1 in cancer development, I had planned to 

analyze the SAA1 activities in two aspects. Firstly, we would clarify how the circulating SAA1 

protein interacted with the immune components. As aforementioned, SAA1 can interact with 

platelets through its RGD motif, by the presence of integrin αIIbβ3 on the platelets. Overexpression 

of the circulating SAA1 can also replace the anti-coagulant protein ApoA1 in HDL. Platelets are 

an important immune response component. Recent studies have also found that the activated 

platelets may protect the metastasizing cancer cells from the natural killer (NK) cell attack. 

Therefore, we would like to investigate the interaction between SAA1 and platelets and to study 

how this interaction may interfere with the NK cell-mediating tumor cell killing.  

Secondly, we would further elucidate how the local epithelial SAA1 affect the tumor progression. 

In this section, we would like to further elucidate the relationship between SAA1, integrin αV, and 

N-cadherin in a 3D environment using an organoid model. The clinical relevance of these three 

related proteins was also included in this project. This would help us to understand the EMT 

process of ESCC. Immunohistochemistry staining for both clinical tissues and the 3D organoid 

model could clearly show the epithelial SAA1 expression and function in various layers including 
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the stem cells-containing basal layer of the epithelial tissues. We suspected that the epithelial 

SAA1 protein might interact with the relevant integrin to regulate cell-to-cell interaction and 

differentiation in the epithelium. 

Besides, the interaction between the various SAA1 isoforms and integrin αIIbβ3 expressed on 

blood platelets was unknown. Therefore, we would like to include the study of how the major 

SAA1 isoforms would interact with the blood platelets, and how their interaction might affect the 

platelet activity. 

Hence, in this study, I aim to: 

1) study the interaction between various SAA1 isoforms and platelets in ESCC tumor cells. 

The association of NK cells, a major innate immunity against malignancies, with platelets and the 

SAA1 isoforms were included in this project. The presence of the NK and other immune cells and 

their association with the SAA1 expression in clinical tumor tissues were also examined, 

2) study the function of SAA1 in tumor progression in ESCC. By using the organoid model, 

I would study the functional role of SAA1 in tumor progression in a 3D environment. Related 

proteins like integrin αV and N-cadherin would be examined. Tissue microarray (TMA) with 

clinical biopsies collected from ESCC patients were also included to reveal the clinical relevance 

of these proteins, 
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Chapter 2 Materials and Methods 

2.1 Cell culture 

2.1.1 Cell lines 

All cell lines were maintained in 5 % CO2 37 °C incubator. The cells were sub-cultured after the 

cell density reached around 70 % confluency in the culture flask. The subculture periods ranged 

from 3 days to 5 days, dependent on the cell lines. The media and conditions for cell culture were 

listed in Table 2.1. The Japanese cell lines KYSE series are commercially available from DSMZ. 

All ESCC cell lines used for the current study have been authenticated. 

Table. 2.1 Cell line information 

cell lines culture medium reference 

HKESC-2 DEME + 5 % FBS + 5 % NCS + 1 % Pen-Strap (Hu,2002) 

KYSE30 RPMI1640 + 10 % FBS + 1 % Pen-Strap (Shimada,1992) 

KYSE70 RPMI1640 + 10 % FBS + 1 % Pen-Strap 

KYSE140 RPMI1640 + 10 % FBS + 1 % Pen-Strap 

KYSE150 RPMI1640 + 10 % FBS + 1 % Pen-Strap 

KYSE180 RPMI1640 + 10 % FBS + 1 % Pen-Strap 

KYSE450 RPMI1640 + 10 % FBS + 1 % Pen-Strap 

KYSE510 RPMI1640 + 10 % FBS + 1 % Pen-Strap 

NE1 KSFM (Zhang,2006) 



 

26 
 

NE3 50%Defined Keratinocyte serum-free medium 

(KSFM) +50 % Epilife 

NE083 50%Defined Keratinocyte serum-free medium 

(KSFM) +50 % Epilife 

SLMT-1 DEME +5 % FBS +5 % NCS +1 % Pen-Strap (Tang, 2001) 

TT-n DEME + 5 % FBS +5 % NCS +1 % Pen-Strap (Takahashi,1990) 

293T DEME + 5 % FBS + 5 % NCS + 1 % Pen-Strap 
 

 

2.1.2 RNA isolation, reverse transcription, and polymerase chain reaction (PCR) 

RNA was extracted from confluent cell line culture by the standard Trizol protocol. Trizol was 

added to cell culture well. After incubation, the cell lysate was collected in a fresh tube and mixed 

evenly with chloroform. After centrifugation at 12,000 RCF at 4 °C for 15 min, the upper layer 

was collected and transferred to a fresh tube with isopropanol. The tube was centrifuged again at 

12,000 RCF at 4 °C for 10 min. The supernatant was discarded. The RNA pellet was kept and then 

washed twice with 75 % ethanol in DEPC water. The pellet was air dried at room temperature and 

then dissolved in DEPC water and stored at- 20°C for later usage. 

The standard protocol of reverse transcription was supplied by the manufacturer of the M-MLV 

reverse transcriptase (Promega) and was followed. The total RNA was added to the master mix 

buffer. The mixture was incubated at 37 °C for 60 min to produce cDNA. 

The expression levels of several genes were examined by PCR technique. The target cDNA was 

amplified by standard PCR protocol, and the PCR product was loaded on an agarose gel with 
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ethidium bromide for quantification. The results of DNA electrophoresis were recorded by the gel 

documentation system (Biorad). 

 

2.2 Recombinant protein production and purification 

The BL21 competent cells were transformed by pET-28a(+)-SAA1.1 or pET-28a(+)-SAA1.5. The 

ligation mixture with the vector was chilled on ice and then added to the BL21 competent cell. The 

mixture was incubated on ice for 30 min and then incubated at 42 °C for 30 s. Plain LB medium 

was added and the bacteria vector mixture was incubated at 37 °C with 220 RPM shaking for 60 

min. The mixture was then streaked on a selection medium plate with kanamycin for overnight 

incubation at 37 °C. A single colony was picked and inoculated in a small volume LB with 

kanamycin. After the OD had reached around 1, the bacterial culture was added to a large volume 

LB with kanamycin and 4 % glucose. After the OD had reached around 4, isopropyl β-D-1-

thiogalactopyranoside (IPTG) was added for protein induction. After 6hr incubation, the bacterial 

cells were collected by centrifugation and lysed by sonication. The his-tagged recombinant protein 

was then purified by Ni-NTA agarose (Qiagen). The protein concentration was determined by 

Detergent Compatible assay (Bradford), and the purity of protein was confirmed by electrophoresis 

and Western blot. 
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2.3 Platelet and NK cell assays 

2.3.1 Platelet separation and NK cell isolation 

The whole blood samples from healthy individuals were obtained from Hong Kong Red Cross 

center. The platelet rich plasma (PRP) was isolated from the whole blood by 20 min centrifugation 

at 400RCF, and the centrifugation was stopped without any braking force. The platelets were then 

spun down from PRP with 200RCF centrifugation for 5 min and resuspended in PBS for further 

experiments. 

The human NK cells were isolated by the EasySep Human NK Isolation Kit (STEMCELL). The 

buffy coat was prepared by centrifugation of human whole blood at 200RCF for 30 min, and the 

centrifugation was stopped without any braking force. The buffy coat containing most 

lymphocytes lied between the plasma and the erythrocyte layers. The collected buffy coat was then 

diluted in PBS and was slightly loaded on the Ficoll surface in a 50 mL tube to form a double-

layer solution. The double-layer solution was centrifuged at 400RCF for 30 min with the brake 

turning off to form the plasma-lymphocytes-Ficoll-RBCs (top to bottom) layers. Lymphocytes 

were collected, washed with PBS twice, and transferred to a polystyrene round-bottom tube. Then 

the isolation cocktail was added to the lymphocytes for 5 min RT incubation. The RapidSpheres 

reagent was then added. The tube was placed into a magnet and incubated for 3 min at RT. The 

excess medium was then discarded and the NK cell was enriched in the remaining medium. After 

replicating washes with PBS, the NK cell was incubated in the IL2-containing RPMI for activation. 
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2.3.2 Platelet adhesion assay 

Fifty μg/mL BSA, fibronectin, SAA1 in PBS were separately coated onto a 96-well plate at 4 °C 

for overnight. After coating, the excess proteins in the buffer solution were removed and the wells 

were washed with PBS three times. The isolated platelets in 200 μl buffer were then added to the 

coated wells. After overnight incubation, the medium was removed and washed with PBS. The 

partially dried culture wells were examined by microscopy. Platelet aggregate numbers in each 

microscopic view were count for comparison. 

 

2.3.3 Platelet activation assay 

The platelet activation was examined by detecting the activation marker with flow cytometry. 

CD42b is platelet specific marker continuously expressed on the platelet surface, while P-selectin 

is platelet activation marker. Normally, P-selectin is stored in the alpha-granule in the platelet 

cytoplasm. Only when a platelet is activated, the secretion of alpha-granule will lead to the 

presence of P-selectin on the platelet surface. In the platelet activation assay, the collected platelets 

were treated with BSA, collagen, or the SAA1 isoform protein in different concentrations. After 2 

hr protein treatment, a PE conjugated anti-human CD42b (BioLegend, 303905) and a FITC 

conjugated anti-human CD62P (P-selectin) (BioLegend, 304903) were added. After 0.5 hr 

incubation, the platelets were washed with PBS and then loaded to the FACSMelody cell sorter 

(BD) for examination. CD42b was used as a platelet identification marker and P-selectin served 

as an activation marker. The FITC-P-selectin signals were compared in each treatment.  
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2.3.4 Platelet-cancer cell adhesion assay 

The adhesion of platelets to cancer cells was examined by co-culturing of KYSE30 cell line with 

platelets. Fifty thousand KYSE30 cells were resuspended in cRPMI medium and seeded to a 24-

well plate. The extracted platelets are then added to the tumor cell culture and the platelet 

concentration was comparable with the whole blood. The recombinant SAA1 protein was then 

added with a final concentration of 0.05 mg/mL. The plate was cultured at 37°C for 4 hr. The 

platelets and cancer cells in the wells were then examined under microscopy. Average numbers of 

adhesive platelets on KYSE30 cells for each treatment were calculated by counting the adhesive 

platelets in three randomly captured regions in each well. The percentages of adherent KYSE30 

were also calculated by counting the adherent cells in three randomly captured regions in a culture 

well.  

 

2.3.4 NK cell cytotoxicity assay 

Ten thousand KYSE30 cells were seeded to a 96-wel culture plate one day before treatment. The 

isolated NK cells were activated by the IL2-containing RPMI. Platelets were pretreated with 0.05 

mg/mL BSA, collagen, SAA1.1, or SAA1.5 for 2 hrs. Then the platelets were added to the 

KYSE30 cells together with 50,000 NK cells. Platelets with equivalent concentration of the whole 

blood were added. After overnight incubation, medium with suspension cells were removed and 

washed twice with PBS. MTT assay was used to evaluate the number of survival cells. 
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2.4 The mouse organoid model 

After the nude mice were sacrificed, esophagi of mice were collected and washed in PBS. The 

outer layer muscle tissues were physically removed by forceps. The remaining epithelial tissues 

were then cut into smaller pieces shorter than 2 mm. The small tissue pieces were then treated with 

dispase (2.5 U/mL) (STEMCELL) for 15 min, and then trypsinized for 15 min to dissociate the 

epithelial tissues into single cells. The mouse epithelial cells were then washed with PBS and 

transferred to a 24 well-plate with plain KSFM for lentivirus infection. The CRISPR scramble 

control and mouse SAA2 (equivalent to the human SAA1) sgRNAs were cloned and the lentivirus 

particles were prepared according to the standard protocol of the 2nd generation lentivirus. The 

plasmids used in this project are listed below. The viral particles were added to the dissociated 

epithelial cells. Polybrene was added to enhance the viral particles to attach to the epithelial cells. 

The plate with the epithelial cells and viral particles was incubated at 37 °C for 6 hrs. After 

infection, the cells were washed with PBS twice and 50,000 cells were resuspended in 100 μL 

Matrigel (MG; Corning #354234). Later, the 100 μL MG with the epithelial cells were pipetted 

into the middle of a culture well of a 12-well plate. The plate with the epithelial culture was 

incubated at 37 °C for 10 min. After the MG solidified, cKSFM (Gibco #17005015) was added to 

cover the MG culture. For every alternate day, the medium was replenished to avoid drying out. 

The development of organoid was monitored by microscopy. The numbers of organoid formation 

in each well were counted on day 10, day 14, and day 18.  

The organoids were then collected, frozen, and stored for immunostaining. The culture wells with 

the organoid matrigel culture were firstly washed with PBS twice. Then dispase was added and 

incubated at 37 °C for 20 min to release the organoids from the MG. Physical sheering of the MG 

by pipetting up and down could further assist the dissociation process. The suspended organoids 
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were transferred in a 1.5 mL tube and spun down by soft centrifugation. Supernatants were 

carefully removed and the organoids were washed with PBS twice, resuspended in 40 μL PBS, 

and transferred to a plastic tissue embedding mold. Optimal cutting temperature compound (OCT) 

was then added and mixed evenly with organoids. The organoids in OCT were then frozen at 80 

°C, and the frozen OCT block with the organoids was stored at -80 °C until use staining. 

Table.2.2 The plasmids that were used in this study 

Vector  constructs remarks 

LentiCRISPR sgRNA-

Scramble 

for SAA1 knockdown (Addgene #49535) 

sgRNA-

SAA1 

psPAX2 - 2nd generation lentiviral packaging plasmid (Addgene 

#12260) 

pMD2.G - lentiviral envelope expressing plasmid (Addgene 

#12259) 

 

Table.2.3 The oligonucleotide sequences for lentiCRISPR system 

constructs oligonucleotide sequence (5' to 3') 

sgRNA-Scramble (Forward)CACCGGTTCCGCGTTACATAACTTA 

(reverse)AAACTAAGTTATGTAACGCGGAACC 

sgRNA-SAA1 (Forward)CACCGGAGAATATCCAGAGATTCTT 

(Reverse)AAACAAGAATCTCTGGATATTCTCC 
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2.5 Immunostaining 

2.5.1 Immunohistochemical staining  

Two paraffin-embedded ESCC tissue microarrays (TMAs) (HEsoSqu172Sur02, HEsoS180Su06; 

US Biomax Inc.) were included in this project. Immunohistochemical staining was used to detect 

the proteins of interest on the TMAs. Each TMA slide was deparaffined by washing with wax 

twice, then with 100 % ethanol twice. Rehydration of the tissues on the TMA slide was achieved 

by consecutive washing in 90 %, 70 %, and 50 % ethanol, and water. The slide was then put into 

sub-boiling citrate buffer (pH 6) for 8 mins. After cooling down, the slide was blocked with 3 % 

H2O2, and then with blocking buffer with 3 % BSA and 10 % sheep serum in PBS. After the 

blocking step was finished, a primary antibody of a target protein was applied to the slide with a 

dilution ratio of 1:100 in the blocking buffer, and the slide with the primary antibody was incubated 

for overnight incubation in 4 °C. The slide was then washed with PBS three times, 5 min each. A 

biotin-conjugated secondary antibody was applied to the slide with a 1:200 ratio in the blocking 

buffer, and the slide with the secondary antibody was incubated for 1hr at RT. The slide was then 

washed with PBS three time. Later, streptavidin-HRP (Dako, P0497) was applied to the slide with 

a 1:200 ratio in PBS, and incubated for 1hr at RT, and the slide was washed with PBS three time. 

Finally, the substrate 3,3'-diaminobenzidine (DAB) was added to the tissues to visualize the 

antibody staining. The slide was then washed and stained by hematoxylin with standard protocol. 

The TMA slide was then mounted with the DPX mounting reagent (Sigma, 06522). The antibodies 

used for the immunohistochemical staining was listed in Table 2.3. To our knowledge, the current 

SAA antibody and other commercial or non-commercial SAA antibodies are not able to distinguish 

the human and mouse SAA1 from SAA2 protein. By convention, the word “SAA” was used to 
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describe the immunohistochemical and immunofluorescence staining results of the human and 

mouse SAA1/2. 

 

2.5.2 Immunofluorescence staining (co-staining) 

The paraffin-embedded TMA (ES2001) and the mouse organoid frozen sections were included for 

immunofluorescence staining for the target proteins. Each TMA slide was dewaxed and rehydrated 

as described in the above procedure of immunohistochemical staining. Each organoid slide was 

prepared by sectioning the OCT block with a cryostat- microtome. The OCT of each slide was 

removed by submerging the slide in PBS. Then the organoids were fixed with formalin. After the 

pretreatment, the antigens on both TMA and organoid slides were retrieved as mentioned above. 

Co-staining for two protein targets with a single slide is mentioned below. The first primary 

antibody was applied with a dilution ratio of 1:200 in the blocking buffer, and incubated with the 

slide for overnight. After three-time washings, the slide was treated with the VisUCyte HRP-

polymer against mouse/rabbit antibody (R&D System) for 1 hr. The slide was then washed again 

and treated with the Alexa Fluor 488 Tyramide Reagent (Thermo Fisher) diluted with a 1:100 ratio 

in PBS. After 10 min incubation, the slide was washed in PBS and put to sub-boiling citrate buffer 

for antibody stripping. The first primary antibody and the HPR-polymer were removed in this 

process. After the 10 min stripping, the slide was blocked with H2O2, and then with blocking buffer 

as mentioned above. The second primary antibody was applied with the same ratio for overnight 

incubation. The slide was washed, treated with the HRP-polymer, and washed again. The Alexa 

Fluor 546 Tyramide Reagent (Thermo Fisher) was applied for the second primary antibody. After 

10 min incubation, the slide was washed and then mounted with The Prolong Gold Antifade 
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mounting reagent with DAPI. The slide was examined and recorded by confocal microscopy. 

Antibodies used in immunostaining were listed in Table 2.3. 

Table.2.3 Antibody information for immunostaining 

Target protein(s) Source (catalog number) Application 

SAA1 + SAA2 Abcam (#ab207445) IHC 

Integrin αV Abcam (#ab17945) IHC 

N-cadherin Abcam (#ab18203) IHC 

E-cadherin Cell signaling (#3195) IHC 

Rabbit Anti-Goat Immunoglobulins/biotin Dako (#E0466) IHC 

Goat Anti-Mouse Immunoglobulins/biotin Dako(#E0433) IHC 

Goat Anti-Rabbit Immunoglobulins/biotin  Dako(#E0432) IHC 
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Chapter 3 Results 

3.1 Functional analysis of the interaction between SAA1 and platelet 

in ESCC tumor 

3.1.1 SAA1 promotes platelet aggregation but inhibits the collagen-induced 

platelet activation 

As mentioned in the previous section, SAA1 contains an RGD-like amino acid sequence. This 

tripeptide motif is consisted of arginine, glycine, and aspartate, a RGD motif can be found in 

several extracellular matrix proteins, including fibronectin, collagen, etc.. An RGD motif can bind 

to several integrin receptors expressed on the cell membrane, such as integrins αvβ3, α5β1, and 

αIIbβ3. It is believed that a RGD motif can play an important role to mediate cell-cell and cell-

ECM interactions. Integrins αIIbβ3, also called glycoprotein IIb/IIIa, is an integrin receptor mainly 

expressed on the platelet membrane. Activation of integrin αIIbβ3 by fibronectin via an RGD motif 

can induce platelet aggregation. Some RGD mimetic peptides were reported to significantly inhibit 

these processes. For example, the RGD mimetic eptifibatide was developed as an anti-clotting 

drug to inhibit the integrin-induced platelet aggregation. Thus, we think that SAA1 with similar 

RGD structure should be able to regulate the blood platelet activities. In order to investigate the 

interaction between SAA1 and platelets, we performed platelet adhesion and activation assays to 

understand how platelets can respond to SAA1 protein. 

To compare the binding capacity of SAA1 towards platelets, a 96-well plate was coated with the 

recombinant SAA1 protein. Fibronectin and bovine serum albumin (BSA) were coated onto a 96-

well plate as a positive and a negative control respectively. Then we isolated serum-free platelets 
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from healthy human whole blood samples, and the isolated platelets were incubated with the SAA1 

protein and the control samples in the 96-well plate. The plate was then examined under a 

microscope. 

 

Figure.3.1 The binding of the recombinant SAA1 and platelets was analyzed with the platelet 

adhesion assay. The culture wells in a 96-well plate were pre-coated overnight with 50 g/mL 

BSA, fibronectin, or recombinant SAA1 protein. The human platelets were extracted and then 

transferred to the 96-well culture plate. After overnight incubation, the supernatant in the culture 

wells were removed. Half-dried culture wells were then examined and record by microscopy. 

Platelet adhesion were evaluated according to the amount of platelet trapped in well. The platelet 
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aggregation were counted under optical microscopy. Experiments were repeated by using different 

donors’ blood samples and showed similar result. 

It was clearly observed that the recombinant SAA1 protein could successfully bind and trap the 

human platelets in vitro, when compared with the BSA control. In the BSA control treatment, we 

found that most platelets were evenly resuspended in the buffer (Fig. 3.1). In contrast, under the 

SAA1 or the fibronectin treatment, platelets clamped together to form round-shape cell complexes. 

Besides, it is also noticed that more platelet aggregates were observed and their sizes were larger 

in the fibronectin treatment than in the SAA1 treatment. SAA1 was less effective to induce platelet 

aggregation. Therefore, it is reasonable to purpose that SAA1 protein has the ability to induce 

platelet aggregation, but in a less effective fashion compared to fibronectin. 

The study of platelet activation by SAA1 protein was then performed with flow cytometry. CD42, 

also called glycoprotein Ib, is a platelet-specific protein which is expressed exclusively on the 

platelet surface. It consists two peptides chains, CD42b and CD42c. This protein forms the GPIb-

V-IX complex with other glycoproteins on the platelet surface, and mediates the platelet adhesion 

activities. Because of its continuous and stable expression on the platelet surface, CD42 was used 

as a marker protein to identify platelets. A PE-conjugated anti-CD42b antibody, which binds to 

the CD42 peptide chain, was used to label the platelets with the PE fluorescent signal.  

On the other side, P-selectin was used as a platelet activation marker. P-selectin, also called CD62P, 

is a transmembrane protein mainly expressed on endothelial cells and platelets. The P-selectin 

glycoprotein ligand-1 is widely expressed on various immune cells, including neutrophils, 

lymphocytes, and monocytes. Therefore, P-selectin plays a crucial role in recruitment of various 

lymphocytes during the inflammation process. In un-activated platelets, P-selectin is stored in their 

α-granules, which contain several growth factors including cytokines, chemokines, and other 
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inflammatory mediators. After platelet activation, the α-granules will release P-selectin and which 

will translocate to the platelet surface, and regulate the cell-cell interaction. So the FITC-

conjugated anti-CD62P antibody can label those activated platelets. Platelets were treated with 

SAA1, collagen, and BSA separately, and then labeled with the CD62 antibody. The fluorescent 

signals of CD42 and P-selectin were then detected by a flow cytometer. 

Two major SAA1 isoform proteins, SAA1.1 and SAA1.5 were included in this platelet activation 

analysis, as we had previously reported that SAA1.1 is the functional isoform whereas SAA1.5 is 

the defective isoform in tumor suppression and anti-angiogenesis in nasopharyngeal carcinoma 

(NPC) (Lung, 2015). We would like to determine whether the two SAA1 isoform proteins had 

differential influence on the platelet activation. On the other hand, BSA protein is always abundant 

in the blood circulation where platelets normally reside. Therefore, the BSA treatment was used 

as a negative treatment in the platelet activation assay. Collagen is well-known for its ability to 

activate platelet activities, and was used as a positive control. The experimental results showed 

that collagen could significantly increase the activated population of platelets in vitro by around 

34 % (Fig. 3.2). In contrast, treatment of 50 g/mL SAA1.1-alone could slightly decrease the 

activation percentage by around 8 %. At the same time, treatment of other SAA1 isoform SAA1.5 

with the same concentration did not shift the activation percentage. As can be seen, both SAA1.1 

and SAA1.5 proteins could not activate platelets like collagen, even though they SAA1 could cause 

the platelet aggregation.    
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Figure.3.2 The percentages of platelet activation after SAA1, collagen, and BSA treatments. The 

extracted human platelets were treated with 50 g/mL BSA, collagen, SAA1.1, and SAA1.5 for 2 

hrs separately. PE-CD42b and FITC-P-selectin antibodies were then added to label the platelets 

and to detect the platelet activation respectively. After 0.5 hr incubation, the platelets were 
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examined with a flow cytometer. CD42b is platelet specific marker to identify a single platelet. P-

selectin is the platelet activation marker. Experiments were repeated by using different donors’ 

blood samples and showed similar result. 

According to our previous study and the results above, it was suspected that the SAA1.1 protein 

might suppress the platelet activation process, while the SAA1.5 might not have that ability. In 

order to determine the function of SAA1 in the platelet activation, the SAA1.1 and SAA1.5 

proteins were used to test their effects on platelet activation induced by collagen.  
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Figure.3.3 Inhibition of platelet activation by SAA1 proteins. The extracted platelets were 

activated with 50 g/mL collagen and various concentrations of the recombinant SAA1.1 or 

SAA1.5 protein (10, 50, 100, 200 g/mL) were added. The platelets were then labeled with PE-

CD42b and FITC-P-selectin antibodies. The labeled platelets were examined with a flow 

cytometer. The P-selectin was used as platelet activation marker. Experiments were repeated by 

using different donors’ blood samples and showed similar result. 

High concentrations of both SAA1.1 and SAA1.5 (1000 to 200 g/mL) could significantly inhibit 

the platelet activation (Figs. 3.3). On the other hand, 50 g/mL SAA1.1 was sufficient to reverse 

the collagen-induced activation of platelets. In contrast, the same concentration of SAA1.5 was 

not as efficient as SAA1.1 for suppressing the platelet activation, 50 g/mL SAA1.5 could only 

slightly decrease the activation percentage to 33.35 %. In a lower concentration with 10 g/mL, 

both SAA1.1 and SAA1.5 could not exhibit inhibitory effect on the collagen-induced activation. 
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Hence, both SAA1.1 and SAA1.5 isoforms can function to inhibit platelet activation in a 

concentration-dependent fashion; we also noticed that the moderate concentration of the SAA1.1 

protein was significantly more efficient than the one of SAA1.5.  

 

3.1.2 SAA1 inhibits the platelet-cancer cell adhesion in ESCC cells in vitro  

Platelets as an immune component has been found to play a critical role for cancer metastasis in 

recent years. Studies had pointed out that platelets can actually adhere to cancer cells and form the 

platelet-tumor aggregates in a human body. It was purposed that platelets can shield the tumor 

cells to evade from the immune recognition and attack. Tumors can induce the platelet activation 

and lead to a process called tumor cell-induced platelet aggregation (TCIPA). Platelets were 

noticed that they can assist the tumor cells’ attachment to the endothelium, which may contribute 

to the tumor cell extravasation. Tumor metastasis activities were found to be reduced in the P-

selectin deficient mice (Wahrenbrock, 2003). Therefore, we would like to investigate whether the 

SAA1 protein can interfere with the platelet-tumor interaction. 

To study the platelet-tumor interaction, we co-cultured the ESCC KYSE30 cell line with platelets 

and the recombinant SAA1 protein (50 g/mL) in a 24-well plate. Cell morphologies were then 

recorded by microscopy after 4hr incubation.  
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Figure.3.4 Representative images of platelet-ESCC cell adhesion in the presence or absence of 

SAA1 protein. KYSE30 cells were seeded in a 24-well plate. Platelets were added to each well, 

and the platelet concentration was adjusted to be equivalent to the one in the whole blood. The 

recombinant SAA1 protein was then added to 50 µg/mL of the final concentration. Cells were 

cultured at 37 °C for 4 hrs. The cell morphologies were then examined and recorded by microscopy. 

Adhesive platelet on tumor cell were counted in the culture well (p value is calculated by t test 

between SAA1 treatment and platelet alone group. * indicates the p value<0.05). Experiments 

were repeated by using different donors’ blood samples and showed similar result. 
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As it is shown above, under the in vitro condition, platelets can attach to the surface of KYSE30 

cells. In the platelet-alone treatment, multiple platelets could adhere to the tumor cell surface and 

surround those cancer cells. The addition of SAA1 could inhibit this process, less platelets could 

successfully adhere to the cancer cells (Figs. 3.4). 

As some studies had indicated that platelet-tumor interaction can regulate the tumor adhesion 

towards endothelium cell on blood vessels (Nieswandt, 1999), we were curious whether platelets 

could promote tumor cell-matrix adhesion in ESCC and whether SAA1 could disrupt this process. 

So, we cultured the suspended KYSE30 cells separately with BSA, platelet-alone, and platelets 

with SAA1 for 4 hrs. The round-shaped cells were identified as non-adherent cells, while the 

spreading cells with elongated shape were considered as adherent cells. Then evaluation of the 

adhesion percentage of KYSE30 for each treatment was conducted by random capturing of three 

separate regions in a culture well. 

 

Figure.3.5-1 Matrix adhesion of ESCC KYSE30 cells in the presence of SAA1 proteins and/or 

platelets. The adhesion percentage of KYSE30 in the culture platelet was evaluated by cell 
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counting. (p value is calculated by t test between SAA1 treatment and platelet-alone group. * 

indicates the p value<0.05) 

 

Figure.3.5-2 Matrix adhesion of ESCC KYSE30 cells in the presence of SAA1 protein and 

platelets. The morphologies of KYSE30 were recorded in different treatments. Most KYSE30 cells 

in the control treatment remained round-shaped, while most cells were highly stretched in the 

platelet treatment. Both round-shaped and stretched cells were observed in the platelet/SAA1 

treatment. 

It can be clearly observed in the control treatment that majority of KYSE30 cells remained round-

shaped after 4 hr-incubation. However, platelets could increase the adhesion percentage of 

KYSE30 from 27 % to 45 % (Figs. 3.5-1). The adherent cancer cells were greatly stretched and 

elongated in presence the platelets. The platelet-tumor cell interaction can assist the cancer cell 

adhesion and attachment to the cell flask matrix. The addition of SAA1 protein into the cell culture 
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could partially inhibit the matrix adhesion induced by the platelets (Fig. 3.5-2). The adhesion 

percentage of KYSE30 had dropped to 33 % under the SAA1 treatment. Thus, the above results 

suggested that SAA1 can inhibit the platelet-induced cell adhesion by suppressing the platelet-

tumor cell interaction. 

 

3.1.3 The SAA1 polymorphism is associated with the resistance against natural 

killer (NK) cell-induced cytotoxicity in ESCC 

Natural killer (NK) cells are a type of cytotoxic lymphocyte in the innate immune system, and play 

a critical role in the immune response against tumor cells. Tumor cells can evade the T cell 

recognition by lack of antigenic surface proteins. Although the complete mechanism is not totally 

elucidated, NK cells can recognize stressed cell and induce cytotoxicity in the absence of 

antibodies and MHC molecules. As aforementioned, platelets in the blood circulation can facilitate 

the tumor metastasis by binding to the tumor cell surface, and these platelet-cancer cell complexes 

can prevent the recognition and attack of lymphocytes including NK cells. So, it would be 

interesting to study whether the SAA1-platelet interaction would interfere with the NK cell-

induced cytotoxicity in ESCC. 

On the other hand, our previous study had shown that the SAA1.1 and SAA1.3 isoform proteins 

could inhibit tumor angiogenesis and tumor formation in NPC, while the SAA1.5 protein was 

defective (Lung, 2015). In the same study, it was shown that individuals with the SAA1.5/1.5 

genotype have higher risk for suffering from NPC. As shown in the previous section, SAA1 could 

inhibit the platelet activation and suppress the platelet-cancer cell adhesion, and a previous study 

had shown that platelets could assist cancer cells to evade from the NK cell-mediated cytotoxicity 
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(Karachaliou, 2015). Thus, we examined whether platelets could protect the ESCC tumor cells 

against NK cells in the presence of SAA1.1 and SAA1.5 isoform proteins. 

KYSE30 cells were seeded in a 96-well culture plate and were incubated overnight. At the same 

time, NK cells were extracted and purified from the human whole blood samples. The purified NK 

cells were then activated by the IL-2 containing medium, and incubated overnight. The platelets 

from the same human source were separated and stored in the medium. On day 2, the platelets 

were pre-treated with collagen, or with the recombinant protein of SAA1.1 or SAA1.5 for 2 hrs 

before the NK cell treatment. Then the pre-treated platelets and NK cells were added together to 

the KYSE30 cells for overnight. After the overnight incubation, supernatants in the culture wells 

were removed. The wells were then washed several times to remove all non-adherent cells. Only 

the survived adherent KYSE30 cells remained in the culture wells. Then MTT assay was used to 

evaluate the survival rates of KYSE30 cells after the NK cell cytotoxicity treatment. 
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Figure.3.6 Effects of the recombinant SAA1 proteins SAA1.1 and SAA1.5 in the NK cell-induced 

cytotoxicity in ESCC cells. The ESCC KYSE30 cells were co-cultured with NK cells and SAA1-

treated platelets. Survival rate of ESCC cells were evaluated by MTT assay. (p values were 

calculated separately by t test between SAA1 treatment and platelet-alone group. * indicates the p 

value<0.05) 

Lowest survival rate was observed in the KYSE30 cells with the SAA1.1 protein-pretreated 

platelets. In contrast, the SAA1.5 treatment on the platelets show nearly 100 % survival rate which 

is comparable with the platelets without any pretreatment. In other words, the SAA1.5 protein 

could protect the KYSE30 cells against the NK cell attack. As can be seen, it is likely that the 

SAA1.1 protein can promote the NK cell-mediated cytotoxicity, while the SAA1.5 protein can 

protect the ESCC cells from the NK cell attack. (Fig. 3.6) 

 

3.1.4 The SAA1 expression is associated with the immune activities in the 

clinical ESCC tumors  

In order to examine the relationship between SAA1 and immune cell activities, 

immunohistochemical (IHC) fluorescent co-staining of SAA protein and the CD16-positive 

(CD16+) immune cells was performed on an ESCC and metastatic carcinoma tissue microarray 

(TMA, ES2001), containing 120 cases of squamous cell carcinoma, 40 metastasis carcinomas, 30 

adjacent tissues, and 10 adjacent normal tissues. Each of those tissues was co-stained with SAA 

and CD16 antibodies, FITC and PE fluorescent signals represent the SAA and the CD16 

expression respectively. Due to the high homology between the human SAA1 and SAA2 proteins, 

to our knowledge no antibody can specifically or differentially to detect these two proteins. 
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According to the abundance of the SAA1 transcript and the low SAA2 mRNA levels detected in 

the esophageal tissues and cell lines as described in the below section (Fig. 3.10), the SAA1 protein 

was presumably the major SAA protein expressed in the esophageal epithelium. On the other hand, 

CD16 is an Fc receptor mainly expressed on several immune cell types. Activation of CD16 by Fc 

portion of antibodies can trigger activation of NK cells and other immune response. 

Downregulation of CD16 can suppress the NK cell activities. The CD16 staining can reflect the 

presence of NK cells, macrophages/monocytes, dendritic cells, granulocytes, and certain T cells.   
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Figure.3.7 Co-immunostaining of SAA (488) & CD16 (546) in the ESCC and metastatic 

SAA1  

CD16  

1mm 
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carcinoma TMA (ES2001). SAA1 (ab207445) is labelled with green signal (TSA-488), while 

CD16 (ab203883) is labelled with red signal (TSA-546) 

The IHC staining results of the metastatic lymph node tissues were divided into 4 groups according 

to the SAA1 and CD16 signal intensities (Fig. 3.7).  Nineteen out of 39 (49 %) lymph nodes were 

both SAA1+ and CD16+, while 10 of them were double negative. Four samples were CD16+/SAA1-, 

and 6 samples were CD16-/SAA1+. Simple chi-square test confirms the positive correlation 

between SAA1+ and CD16+ immune cells in the metastatic lymph nodes. Furthermore, based on 

the tumor grading, the IHC results indicated that the SAA1 and CD16 levels were significantly 

lower on the “high grade” tissues. For the total 39 lymph node biopsies, samples I10, 12, J4-J16 

were obtained from grade 3 tumors with highly aggressive potential. Among the 15 “grade 3” 

samples, 8 of them (I12, J9, J10, J11, J12, J14, J15, J16) were identified as the CD16-/SAA1--

double negative lymph node tissues (Fig. 3.8). It is clearly that the loss of SAA1 expression is 

correlated to the weak immune cell activities in those metastatic ESCC tumors. The IHC double 

staining results also suggested that the loss of SAA1 expression in the lymph nodes were associated 

with the ESCC metastasis. 
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Figure.3.8 Chi-square analyses of SAA1/CD16 staining for the metastatic carcinoma tissues in the 

TMA (ES2001).  

3.2 Functional analysis of the epithelial SAA1 expression in ESCC 

3.2.1 Identification of aberrant SAA1 expression in ESCC  

In general speaking, the secretary SAA1 protein is produced by the liver and is released to the 

blood circulation system. However, the SAA1 expression in normal epithelial tissues including the 

human esophagus was also observed.  

Figure.3.9 Presence of SAA expression in a representative esophageal epithelial tissue. 

Immunostaining of SAA was performed on a human esophageal epithelial tissue. 

We planned to examine the SAA1 expression in the ESCC tumor tissues and cell lines versus their 

normal counterparts, in order to determine whether there would be any alternation of SAA1 protein 

expression in the tumor cells. Firstly, the gene expressions of SAA1 in ESCC tumor cell lines was 

compared with the immortalized esophageal epithelial cell lines. The SAA1 gene expression levels 

were determined by RT-PCR. We had included the immortalized esophageal cell lines, NE1, NE3, 

and NE083, and the human ESCC tumor cell lines including the KYSE-series cell lines, HKESC2, 

SLMT, and TTn for the SAA1 gene expression analysis. Total RNA samples were collected from 

the above cell lines and the extracted RNAs were reverse-transcripted into cDNAs. The SAA1 
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sequence specific primers were used to amplify the target mRNA sequence. The PCR products 

were then visualized by DNA electrophoresis. The results showed that all three immortalized 

esophageal cell lines expressed relatively high SAA1 expression levels, and the SAA1 levels in the 

ESCC tumor cell lines were generally lower than the three immortalized esophageal cell lines. For 

example, KYSE150 showed a slightly lower SAA1 expression by around 6 - 23 %, SLMT, TTn, 

and KYSE510 were reduced by around 40 %, the rest of the ESCC cell lines showed barely 

detectable expression (Fig. 3.10). Compared with SAA1, the SAA2 gene expression was barely 

detectable in all the selected immortalized esophageal epithelial and ESCC cell lines. Thus, SAA1 

seems to be the major SAA isoform expressed in the human esophageal epithelium.  
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Figure.3.10 The SAA1, N-cadherin (NCAD), E-cadherin (ECAD), and SAA2 gene expression 

analysis in the immortalized epithelial and the ESCC tumor cell lines. The band intensities of SAA1 

gene expression in those cell lines is shown below.  

In addition to tumor cell line analysis, clinical patient samples were also included for the analysis 

of SAA1 protein expression levels in the human ESCC tissues. Two independent TMAs 

(HEsoSqu172Sur02 & HEsoS180Su06) containing patient tumor tissues and the corresponding 

adjacent normal tissues (NATs) were used. The SAA protein expression was detected with the 

SAA-specific antibody by IHC staining. As aforementioned, even though no antibody can 

specifically differentiate SAA1 and SAA2, the SAA1 protein was the major SAA protein 

expressed in the esophageal epithelium. The IHC staining with the SAA antibody represents the 

SAA1 protein expression. The SAA1 staining was graded according to the signal intensity and the 

corresponding covering area. The SAA1 expression between the tumor tissues and their NATs was 

compared.  
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 Figure.3.11 Representatives images of SAA staining in ESCC/NAT pairs in a TMA 

(HEsoSqu172Sur02) and the SAA protein expression results in ESCC/NAT pairs in the two TMAs 

(HEsoSqu172Sur02 & HEsoS180Su06)  

In the 52 pair informative tissues of the TMA (HEsoSqu172Sur02), 48 (92.3 %) tumor samples 

showed down-regulated SAA expression, 4 samples showed no change, and none showed up-

regulation. For another TMA (HEsoS180Su06), 51 out of total 67 pairs (76%) showed decreased 

SAA1 expression levels in the tumor tissues. Only 1 out of 67 pairs showed increased SAA1 

expression (Fig. 3.11). 

Overall, we found that the ESCC cell lines usually express lower SAA1 levels compared to the 

immortalized epithelial cell lines. The frequently downregulated SAA1 expression was further 

supported by the IHC analysis of the clinical samples to show that the protein expression was 

frequently and consistently downregulated in ESCC tissues.  

 

3.2.2 Downregulation of SAA1 in ESCC is correlated with upregulation of 

integrin αV and N-cadherin 

As we mentioned above, CAM proteins play critical roles in regulation of several biological 

activities, including cancer tumorigenesis, metastasis, EMT, etc. N-cadherin and E-cadherin are 

both important proteins for cell-cell adhesion and can regulate the EMT process of cancer cells. 

Loss of E-cadherin in tumor tissues can weaken the cell-cell adhesion and contribute to the cancer 

metastasis process. Besides, as we mentioned above, N-cadherin is usually considered as an EMT 

marker in tumor tissues. Aberrant N-cadherin and E-cadherin expression is commonly observed 

in cancerous cells and tissues. Besides, our previous study also showed that SAA1 can regulate 
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the NPC angiogenesis by physical blocking of the adhesion protein integrin αVβ3 (Lung, 2015). 

Therefore, we would like to investigate the relationship between SAA1 and the adhesion proteins 

integrin αV and N-cadherin. The gene expression analysis of N-cadherin was performed for the 

same panel of ESCC tumor and immortalized epithelial cell lines shown in Figure 3.9. N-cadherin 

can assist the trans-endothelial migration process and enable a tumor cell to escape from the 

primary site into the blood circulating system. It is an important mesenchymal marker in EMT. 

Interestingly, the N-cadherin gene expression was inversely correlated with the SAA1. N-cadherin 

was only expressed in the ESCC cell lines with loss or low levels of SAA1 expression (KYSE30, 

KYSE70, KYSE140, KYSE450, HKESC2), while cell lines with high SAA1 levels did not express 

or expressed very low levels of N-cadherin (NE1, NE3, NE83, KYSE150, KYSE510, SLMT, TTn). 

The epithelial cell marker E-cadherin expression did not have that kind of association with the 

SAA1 expression. (Fig. 3.12) 

 

Figure.3.12 Comparison of SAA1 and N-cadherin expression in a panel of ESCC and immortalized 

esophageal epithelial cell lines  
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Figure.3.13 The protein expression of SAA and N-cadherin in the same TMA with ESCC/NAT 

pairs (HEsoS180Su06). 

Then immunohistochemistry staining of N-cadherin was also performed on the TMA 

(HEsoS180Su06) (Fig. 3.13). The N-cadherin expression in the tumor tissues were compared with 

the matched non-tumor adjacent tissues. It is clear that in most tissue cases, the N-cadherin 

expression levels were upregulated in the ESCC tissues. When compared with the SAA1 

expression on the same ESCC/NAT biopsies, we observed that the N-cadherin expression was 

generally increased in the tumor tissues where the SAA1 expression was down-regulated. 
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Figure.3.14. Association of SAA, integrin αV, and N-cadherin expression during ESCC 

development and progression. (A) IHC staining of normal, normal adjacent (NAT), inflammation, 

hyperplasia, carcinoma in situ, malignant, and metastatic carcinoma esophageal tissues. (B) 

Representative results of IHC staining results of SAA, integrin αV, and N-cadherin in the same 

normal and inflammation tissues are shown. (C) Association analysis of SAA, integrin αV, and N-
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cadherin expression in the various normal and neoplastic esophageal tissues. The average IHC 

intensities of SAA versus integrin αV in the normal, NAT, inflammation, hyperplasia, carcinoma 

in situ, malignant, and metastatic tissues were analyzed. The average intensities of SAA versus N-

cadherin in the normal, NAT, inflammation, hyperplasia, and carcinoma in situ tissues were 

analyzed. 

 We attempted to study how SAA1 expression is associated with the mesenchymal integrin αV 

and N-cadherin expression, and the clinical relevance of their expression was also examined. Three 

consecutive slides of the esophageal disease progression TMA with 25 cases of ESCC, 9 cases of 

each metastatic carcinoma, hyperplasia, and inflammation, 7 cases of carcinoma in situ, 8 cases of 

NATs, and 6 normal tissues, were used for the IHC staining of SAA1, integrin αV, and N-cadherin. 

No integrin αV expression could be observed in the normal tissues, and only weak N-cadherin 

expression was detected in the basal layer of the normal tissues. Decreased SAA1 expression was 

observed in the NATs, and obvious reduced SAA1 expression was detected in the inflammatory 

tissues. Further reduction was observed in the cases of hyperplasia and carcinoma in situ, and 

lowest SAA1 expression was detected in the malignant and the metastatic ESCC tissues. As can 

be clearly seen, the reduced SAA1 expression was observed in the early precancerous esophageal 

tissues, and the expression gradually decreased during the disease progression. On the other hand, 

the integrin αV expression was firstly detected in a few NATs, since then the average expression 

gradually increased from inflammation to the malignant and the metastatic ESCC cases. The 

average increased integrin αV levels are inversely correlated with the decreased SAA1 expression 

levels across the various progression status from normal to metastasis (pearson coefficient = - 0.96; 

R2 = 0.93). When compared with the expression levels in the normal tissues, the increased N-

cadherin expression was also detected in a few NAT cases, the expression continued to increase 
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from inflammation and reached the maximal level in hyperplasia. The average increased N-

cadherin levels were inversely correlated with the down-regulated SAA1 expression (pearson 

coefficient = -0.99), and positively correlated with the induced integrin αV expression (pearson 

coefficient = 0.91) from normal to hyperplasia. The increased N-cadherin expression began to drop 

in the carcinoma in situ cases, and decreased to the basal level in the malignant and metastatic 

tissues. 

Representative images indicating the change of expression of SAA1, integrin αV, and N-cadherin 

in the esophageal epithelial and disease tissues are shown in Figure 3.14. Looking carefully at the 

normal epithelium, strong SAA1 expression was detected in the basal layer, the upper squamous 

layer, and the cornified layer, and weak SAA1 was detected in the lower squamous layer. There 

was undetectable integrin αV expression in the normal epithelium, while moderate N-cadherin 

expression was observed in the basal epithelium and absence in the rest of the epithelium. When 

compared the expression in the normal epithelia versus the inflammatory epithelial tissues on the 

consecutive slides of the same normal or inflammatory tissues, reduced SAA expression was firstly 

noticed in the basal and the adjacent layers, while induced integrin αV and increased N-cadherin 

expression was observed in the same basal and adjacent squamous layers. The SAA1 expression 

is negatively correlated with N-cadherin and integrin αV expression in clinical sample. The IHC 

results of these particular tissue sections clearly demonstrated the intimate association of the three 

proteins.  

. 
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3.2.3 SAA1 negatively regulates the integrin αV in the esophageal organoid 

model. 

Results of the previous section has suggested that the SAA1 expression is correlated with the N-

cadherin and integrin αV expression in the clinical samples. Both N-cadherin and integrin αV are 

membrane proteins regulating cell proliferation and differentiation. A number of previous studies 

suggested that both of those proteins contribute to the EMT process of cancer. Therefore, we would 

like to further investigate their association in 3D culture using the mouse esophageal organoid 

model. We established the organoid culture using the mouse esophageal epithelial stem cells. The 

mouse esophageal stem cells were embedded in the matrix gel and cultured with cKSFM medium. 

The cells with stem cell property would develop 3D organoids. The outmost layer of an organoid 

is believed to contain the somatic stem cells, while the inner layer is the differentiated cells. The 

formation of organoid requires the continuous self-renewal and proliferation of the stem cells. This 

organoid model can provide a tool to investigate how SAA1 may affect the integrin αV and N-

cadherin expression in the spatially organized tissue structure of the epithelium. The SAA1 

expression was depleted in the mouse organoids by CRISPR sgRNA. Those mouse organoids were 

embedded in OCT, and were then frozen, sectioned, and stained. 
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Figure.3.15 Representative images of organoid formation and total organoid formation number in 

culture wells. The mouse esophageal stem cells were extracted and treated by crispr-sgSAA2 

(equivalent to the human SAA1) for 6 hrs. The cells were then seeded into a 24-well plate in 

matrigel with cKSFM medium. The organoids number in each well at the indicated time point was 

counted and shown in the below bar chat. 

As we observe in Fig 3.15, the CRISPR sgSAA2 (the mouse SAA2 is equivalent to the human 

SAA1) treatment significantly promoted the organoid formation number by 50 % to 300 %. In 

Fig.3.14, it was noticed that the expression of SAA1 were downregulated in both the inflammatory 

and hyperplasic esophageal epithelial tissues. These results suggested that the SAA1 expression 

may play an important role in maintaining the integrity of the normal epithelium, and this epithelial 

SAA1 (or the mouse SAA2) expression might be associated with the regulation of the esophageal 

stem cell renewal and proliferation processes. Immunostaining was then performed for the 

organoid samples to reveal the molecular change after the mouse SAA2 knock-down. The down-



 

65 
 

regulation of SAA could clearly increase both the integrin αV and the N-cadherin expression in 

the outer-layer cells in the organoid model. Previous studies had already shown that 

overexpression of integrin αV contributed to the tumor progress and metastasis in colorectal cancer 

(Waisberg, 2014). It was also reported that integrin αV can regulate the cell proliferation in ovarian 

cancer (Severin, 2003). Our previous research showed that SAA1 can perform tumor suppressive 

activities of ESCC cell line through integrin αV regulation (Man, 2015). Taken together, the 

current data indicated that the SAA1 may function as an inhibitory protein to stem cell activities 

through regulation of the integrin αV activities. 

 

 

Figure.3.14 Co-immunohistochemical staining of the mouse SAA, integrin αV, and N-cadherin in 

the mouse esophageal organoids. Formalin fixed organoids were stained by the mouse SAA 

antibody(ab207445) and labelled by TSA488 (Green) and then stripped by sub-boiling citrate 
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buffer. The integrin αV(ab179457) and N-cadherin(ab18203) antibodies were then applied 

separately and labelled by TSA546 (Red). 
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Chapter 4 Discussion and conclusions 

4.1 SAA1 interferes with the platelet-tumor interaction and is 

associated with immune evasion of ESCC  

As an acute phase protein, SAA1 is primarily found in the blood circulating system. Even though 

it is well-known that its expression levels can be elevated by 1000-folds during inflammation 

conditions, the functional role of the circulating SAA1 remains largely unknown. Our present 

study reveals a possible route that the SAA1 can mediate the human immune activities through the 

interaction with platelets. 

SAA1 was found to be a platelet binding partner in a previous study (Urieli-Shoval, 2002). The 

adhesion assay showed that SAA1 protein can induce platelet aggregation in buffer solution. 

Multiple platelets would adhere to each other and form a multi-cellular complex under the 

stimulation of SAA1, the degree of aggregation was much less than the well-known fibronectin. 

However, the flow cytometry results showed that SAA1 protein did not lead to the increased levels 

of P-selectin, which is a marker protein for platelet activation. In contrast, addition of SAA1.1 and 

1.5 isoforms could not activate the platelets, and especially for SAA1.1 that it could reduce P-

selectin on the platelet surface and more effectively inhibit the platelet activation than SAA1.5 

protein. It is likely that the SAA1 can suppress the platelet activation.  

Since SAA1 was found to suppress the platelet activation, the effects of SAA1 on the platelet-

tumor cell adhesion was examined. Platelets could adhere to surface of ESCC cells and promote 

the adhesion of ESCC cells to the culture ware matrix. The addition of SAA1 could suppress the 

platelet-tumor interaction and inhibit the platelet-induced cell-matrix adhesion in vitro. Addition 
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of SAA1 protein also had reduced the cytotoxicity of NK cell treatment against ESCC. We 

suggested that the SAA1 can interrupt the platelet-tumor interaction and disrupt the immune 

evasion of ESCC cells in the blood circulation. The IHC staining on clinical ESCC biopsies further 

confirms that the loss of epithelial SAA1 expression is associated with the reduction of immune 

cell infiltration and the enhancement of cancer metastasis.    

 

4.2 SAA1 polymorphisms are associated with variation in platelet 

inhibitory properties and immune evasion from NK cells 

As aforementioned in the introduction, SAA1 has five different isoforms (1.1, 1.2, 1.3, 1.4, 1.5). 

In Hong Kong population, SAA1.1, 1.3, and 1.5 are the more commonly observed genotype. Our 

previous study showed that SAA1.1 and SAA1.3 exhibited similar activities in tumor suppression 

and angiogenesis inhibition, while the SAA1.5 was shown to be defective (Lung, 2015). The 

SAA1.5/1.5 homozygous genotype was ~ two-fold more frequently observed in the NPC patients 

than the healthy individuals. Thus, SAA1.1 and SAA1.5 proteins were chosen for functional 

analysis in the current study. By comparing the performance of SAA1.1 and SAA1.5 proteins, we 

noticed that SAA1.5 protein was less effective in suppressing the platelet activation. Besides, 

SAA1.5 protein also failed to suppress platelets to protect ESCC cells from the NK cell attack, 

whereas SAA1.1 protein could interfere with the NK cell evasion contributed by the platelets. 

Taken together, those results suggested that the SAA1 polymorphisms may lead to variations in 

disturbing the platelet-induced immune evasion. 
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4.3 SAA1 is associated with the stem cell property in esophageal 

epithelial tissues and may contribute to the malignancy development 

through regulation of integrin αV 

The current organoid assay can help us to examine the esophageal stem cell activities in in vitro 

condition. The experimental results showed that the depletion of the mouse epithelial SAA2 

(equivalent to the human SAA1) level in the stem cells would significantly increase the organoid 

formation efficiency, which indicated that the stem cells were engaged in a more active state with  

the SAA2 expression is suppressed. According to the staining on the esophageal disease 

progression tissues, we noticed that the human SAA1 expression was also reduced in the stem cell 

layer. The downregulated SAA1 expression can possibly promote the cell renewal and cell 

proliferation of the somatic stem cells, which can contribute to the malignancy development. 

Immunostaining of the clinical specimens also showed that the downregulated SAA1 expression 

is associated with the upregulated integrin αV and N-cadherin expression, which is known to be 

associated with tumorigenesis and metastasis (Severin, 2003). Thus, we suggested that the 

epithelial SAA1 may contribute to the suppression of tumor development through the regulation 

of integrin αV and N-cadherin expression. 

 

4.4 Conclusions and future perspective 

In summary, this study showed that downregulation of SAA1 is commonly observed in ESCC 

tumors. The SAA1 expression can contribute to the tumor suppressive activities in different 
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aspects. On one hand, the recombinant SAA1 protein analysis showed that SAA1 can inhibit the 

platelet activation. Platelet activation can lead to the release of α-granule, which contains TGF-β 

and other growth factors favorable for tumor development. The activated platelets can also adhere 

to cancer cells and protect them from immune attack. The current experiment data showed that the 

SAA1.1 and SAA1.5 isoform proteins can suppress the release of α-granule in platelets. But the 

SAA1.5 protein is less effective when compared to the SAA1.1 protein. The SAA1.1 protein can 

also inhibit the platelet-tumor cell interaction and increase cytotoxicity to NK cells. In contrast, 

the SAA1.5 protein is less potent in blocking the platelet activation for the tumor cells to escape 

from the NK cell attack. Although we found that the SAA1 isoforms can affect the NK cell-induced 

cytotoxicity, the molecular mechanism is still unclear. The interaction between SAA1 and platelet 

specific integrin αIIbβ3 should be included in the future studies. Furthermore, metastasis assay 

using mice model should be included to understand how SAA1 and platelets can affect the tumor 

metastasis processes. 

On the other hand, we also noticed that SAA1 can affect the organoid structure and morphology, 

and suppress the esophageal stem cell activities. Downregulation of the mouse SAA2 (equivalent 

to the human SAA1) can increase the integrin αV and N-cadherin expression levels in the 

esophageal stem cells. Overexpression of integrin αV had been linked to tumor development and 

metastasis in many cancer types. It is likely that SAA1 can suppress the ESCC tumor formation 

by inhibition of the integrin αV expression. In order to verify that hypothesis, the functional role 

of integrin αV in the esophageal stem cells should be investigated. Besides, common EMT markers 

like TWIST, SLUG, SOX9, SNAIL1, SNAIL2 should be included in order to understand how 

EMT is regulated in esophageal stem cells. On the other hand, the epithelial SAA1 expression was 
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shown to be associated with the immune cell infiltration into the tumors, and this finding has 

suggested an important role of SAA1 in recruitment of immune cells to attack the tumors.  

In conclusion, this study showed that the circulating soluble SAA1 protein can regulate the platelet 

function and the related immune response. Whereas the epithelial SAA1 can regulate the EMT 

process. Little is known about the function roles of the circulating and the epithelial SAA1.  In 

summary, this study has provided a new insight to understand the roles of those two forms of 

SAA1 proteins.  

 

Figure.4.1 A flow chart of the interactions among SAA1, platelets, and ESCC 
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