
 

 

 
Copyright Undertaking 

 

This thesis is protected by copyright, with all rights reserved.  

By reading and using the thesis, the reader understands and agrees to the following terms: 

1. The reader will abide by the rules and legal ordinances governing copyright regarding the 
use of the thesis. 

2. The reader will use the thesis for the purpose of research or private study only and not for 
distribution or further reproduction or any other purpose. 

3. The reader agrees to indemnify and hold the University harmless from and against any loss, 
damage, cost, liability or expenses arising from copyright infringement or unauthorized 
usage. 

 

 

IMPORTANT 

If you have reasons to believe that any materials in this thesis are deemed not suitable to be 
distributed in this form, or a copyright owner having difficulty with the material being included in 
our database, please contact lbsys@polyu.edu.hk providing details.  The Library will look into 
your claim and consider taking remedial action upon receipt of the written requests. 

 

 

 

 

 

Pao Yue-kong Library, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong 

http://www.lib.polyu.edu.hk 



THE ROLE OF ADAM9 IN TRIPLE-
NEGATIVE BREAST CANCER 

PROGRESSION 

RUI ZHOU 

PhD 

The Hong Kong Polytechnic University 

This programme is jointly offered by The Hong Kong 

Polytechnic University and Zhejiang University 

2022 



The Hong Kong Polytechnic University 

Department of Health Technology and Informatics 

Zhejiang University 

School of Medicine 

The Role of ADAM9 in Triple-Negative Breast 
Cancer Progression 

Rui Zhou 

A thesis submitted in partial fulfillment of the requirements for 

the degree of Doctor of Philosophy 

August 2021 



CERTIFICATE OF ORIGINALITY 

I hereby declare that this thesis is my own work and that, to the best of my 

knowledge and belief, it reproduces no material previously published or written, 

nor material that has been accepted for the award of any other degree or diploma, 

except where due acknowledgement has been made in the text 

(Signed) 

Rui Zhou (Name of Student) 

.





Abstract 
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Abstract 

 

Background 

Triple-negative breast cancer (TNBC) is a subtype of breast cancer which 

characterized as lacking hormone receptors (ER and PR) and human epidermal 

growth factor receptor 2 (HER2) expression. It is known that TNBC normally 

has more aggressive and poorer prognosis compared with non-TNBC. 

Meanwhile, patients with TNBC are less benefit from hormone targeted or anti-

HER2 treatment. Targeted compounds are developed to against specific 

molecules in TNBC, such as epidermal growth factor receptor (EGFR) inhibitors 

(Cetuximab), poly (ADP-ribose) polymerase (PARP) inhibitors and 

phosphatidylinositol 3-kinase (PI3K) inhibitors. Several compounds have been 

approved for TNBC clinical trials, while no significant improvement was 

observed in enrolled TNBC patients in phase 3 trials.  

A disintegrin and metalloproteinases (ADAMs) are a group of 

transmembrane proteins characterized with the subunit of disintegrin and 

metalloproteinase domains, which could be useful targets in cancer treatment. 

Currently, twenty-one members are found to belong to this family in humans. 

Thirteen of them could shed ligands from cell surface to promote biological 

processes via their functional protease activities. Specifically, ADAM9, as one 

of 13 ADAM members, is reported to participate in cell-cell crosstalk and 
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extracellular matrix degradation. ADAM9 is firstly transcripted as a precursor 

(molecular weight 110 kDa). In Golgi, inADAM9 precursor is activated by 

cleaving the inhibitory pro-domain by the pro-protein convertase furin and 

becomes the matured form (84 kDa) with functional protease activities followed 

by translocating to cell membrane. It has been indicated that ADAM9 

participates in cancer progression by mediating epithelial-to-mesenchymal 

transition (EMT), receptor ligands cleavage and signaling pathway stimulation. 

ADAM9 overexpression was found in several cancers, such as esophageal 

squamous cell carcinoma, pancreatic cancer, prostate cancer and breast cancer. 

However, it is still unclear whether ADAM9 is upregulated in TNBC and the 

role of ADAM9 in TNBC progression. 

 

Methods 

To investigate the role of ADAM9 in TNBC progression, we detected 

ADAM9 expression in clinical samples, performed correlation analysis between 

ADAM9 expression and survival in TNBC patients and knocked down ADAM9 

expression in TNBC cell lines by using small interference RNA (siRNA) to 

observe the change of cancer cell motility and invasive phenotypes. The 

pathway that ADAM9 involved in TNBC progression is explored by western 

blotting. 

 

Results and conclusions 
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     We extracted the ADAM9 expression data in TNBC and non-TNBC patients 

from public database and found that ADAM9 significantly overexpressed in 

TNBC patients (p-value < 0.01). ADAM9 expression was also upregulated in 

TNBC cell lines compared with non-TNBC cell lines. Being consistent with 

these results, TNBC specimens (n = 24) collected from a clinical unit showed 

markedly upregulated ADAM9 expression compared with non-TNBC 

specimens (n = 20, p-value < 0.05). Survival analysis indicated that upregulated 

ADAM9 expression was negatively associated with survival rate of breast 

cancer patients. Using siRNA to knockdown ADAM9 expression in TNBC cell 

lines (MDA-MB-231 and Hs578t) inhibited the growth, migration and invasion 

of TNBC cancer cells. Furthermore, western blotting results indicated that 

ADAM9 mediates TNBC progression via AKT/NF-kB Pathway. In general, our 

findings indicated that ADAM9 was overexpressed in TNBC cells and patients 

when compared with non-TNBC. Increased ADAM9 expression is associated 

with poorer survival in patients with TNBC. ADAM9 overexpression promoted 

the cell proliferation, migration, and invasion in TNBC cells by activating the 

AKT/NF-kB pathway. 
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Chapter 1 Literature Review 

1.1 Triple-Negative Breast Cancer 

Triple-negative breast cancer (TNBC) is defined as tumors where ER, PR 

and HER2 expression is absent. Globally, 2.3 million new female breast cancer 

cases were estimated to diagnose in 2020, which has become the first commonly 

diagnosed cancer (11.7%) (Sung et al., 2021). In these patients, about 15%-20% 

patients are diagnosed with TNBC. As the biological behavior of TNBC are 

more malignant and TNBC lacks hormone receptor expression, TNBC patients 

have a poor prognosis and lack of effective treatment. Compared with non-

TNBC patients, TNBC patients had a higher probability of distant recurrence 

(hazard ratio, 2.6; 95% confidence interval, 2.0-3.5) (Dent et al., 2007a). The 

overall survival (OS) of patients with TNBC is worse than patients with non-

TNBC, and the median survival time of TNBC patients (4.2 years) is shorter 

than non-TNBC patients (6 years) (Li et al., 2017).  

1.1.1 The Diagnosis and Classification of TNBC 

In clinical practice, the diagnosis of TNBC relies on the 

immunohistochemical staining of ER, PR and HER protein. Currently, this 

assessment is basically performed based on manual microscopy. The optimal 

threshold to define the positive expression of endocrine receptors is determinate 

in the treatment strategy (Hammond et al., 2010). Therefore, it is crucial to avoid 

the false negative of ER, PR or HER2 in patients that could benefit from 

endocrine therapy or HER2 targeted drugs. Many efforts have been made to 

improve the accuracy of ER, PR and HER2 assessment in patients with breast 

cancer (Nassar et al., 2011). The emergence of artificial intelligence greatly 

enhanced the diagnosis accuracy of hormone receptor expression in breast 
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cancer patients from 81% to 91% (Shamai et al., 2019).  

Recently, the heterogeneity of TNBC has been recognized as TNBC has 

various molecular characteristics (Karaayvaz et al., 2018; Metzger-Filho et al., 

2012). Based on 50-gene signature (PAM50), TNBC could be classified into five 

molecular intrinsic subtypes, which includes luminal A (1.1%), luminal B 

(3.5%), HER2-enriched (0.2%), basal-like (80.6%) and normal-like (14.6%) 

(Bertucci et al., 2008) (Figure 1.1). According to gene expression (GE) profiles, 

TNBC could be classified into six TNBC subtypes due to their specific GE and 

ontologies (Lehmann et al., 2011) (Figure 1.1). These TNBC subtypes include 2 

basal-like (BL1 and BL2), an immunomodulatory (IM), a mesenchymal (M), a 

mesenchymal stem-like (MSL), and a luminal androgen receptor (LAR) subtype 

(Lehmann et al., 2011). BL1 and BL2 subtypes enriches genes of cell cycle and 

DNA damage response. M and MSL subtypes express high levels of genes 

involved in epithelial-mesenchymal transition and growth factor pathways. The 

LAR subtype is activated in androgen receptor (AR) signaling. Comparison 

between PAM50 intrinsic subtypes and TNBC molecular subtypes shows almost 

all TNBC molecular subtypes except MSL and LAR subtypes are composed of 

the basal-like intrinsic subtype. MSL subtype is mainly composed of basal-like 

(50%), normal-like (27.8%) and luminal B (13.9%) subtypes. LAR subtype is 

basically made up of HER2 (74.3%) and luminal B (14.3%) subtypes in PAM50 

intrinsic subtyping. Among these subtypes, BL1 subtype has the highest 

pathologic complete remission (pCR) rate (52%) by treated with neoadjuvant 

chemotherapy containing taxane, and BL2 (0%), LAR (10%) and MSL (23%) 

subtypes have the lowest pCR rate (Masuda et al., 2013). By using nonnegative 

matrix factorization, Burstein et al. identified TNBC into four subgroups: basal-

like immune-activated (BLIA), basal-like immunosuppressed (BLIS), 

mesenchymal (MES) and luminal AR (Burstein et al., 2015). Of these subtypes, 

BLIS subtype has the worst prognosis, while BLIA subtype has the best disease-

free survival (DFS) (Burstein et al., 2015). Recently, Prado-Vazquez identified 
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two independent biological information which are cellular and immune by 

applying a probabilistic graphical model approach from the cancer stem cell 

hypothesis, and found that TNBC subgroup with higher immune activity has 

better prognoses compared with subgroups with low immune activity (Prado-

Vázquez et al., 2019). Hence, it is necessary to investigate the association 

between TNBC subtypes and prognosis of patients. 
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Figure 1.1 PAM50 intrinsic subtypes and TNBC molecular subtypes. (A) The 

percentages of different TNBC subtypes under PAM50 intrinsic subtyping and 

TNBC molecular subtyping are shown in pie charts; (B) Pie charts show the 

proportion of PAM50 intrinsic subtypes in different TNBC molecular subtypes. 

(Lehmann et al., 2011). 
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1.1.2 TNBC Progression 

      TNBC has a more aggressive behavior and higher histological grade, 

therefore resulting in high tendency of distant recurrence and metastasis (Figure 

1.2) (Foulkes et al., 2010; Lin et al., 2012b). Cancer metastasis is one of the 

major causes of death in patients with cancer. The risk of distant recurrence in 

TNBC patients was at the peak in 3 years after firstly diagnosed with TNBC 

(Dent et al., 2007b). It is reported that TNBC patients occurred distant 

recurrence at 2.6 years on average (Dent et al., 2009). Once TNBC metastasis 

happens, TNBC will progress quickly even the patients under the management 

of first-, second- or third-line chemotherapy (Kassam et al., 2009). A single 

institution analysis indicated that brain metastasis was associated with shorter 

OS compared with those without metastasis (17.3 versus 22.1 months) in TNBC 

patients (Jin et al., 2018). TNBC tends to metastasize to brain and lung rather 

than bone or liver (Lin et al., 2009). Bone metastasis was less likely observed in 

TNBC compared with luminal subtype (Smid et al., 2008). As the main part of 

central nervous system, brain metastases attract the attention of interest. A 

retrospective study indicated that 5.6% of TNBC patients developed brain 

metastases, and risk of developing brain metastases in TNBC patients was 

higher than other breast cancer subtypes (OR: 4.16; 95% CI: 2.26-7.64) (Heitz et 

al., 2008). After confirmed with brain metastases, the median survival time of 

TNBC patients was 4.9 months (Lin et al., 2008). 
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Figure 1.2 The probability of RFS in TNBC and other breast cancer patients. 

The proportion of distant metastasis in TNBC patients (23%) was significantly 

higher than other breast cancer subtypes (9%) within ten years of diagnosis 

(Dent et al., 2009). 
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Cancer metastasis is a complicated process that consists of multiple changes in 

the patient body. Briefly, it includes the following steps: local invasion, spread in 

blood circulation, extravasation and metastatic colonization (Figure 1.3). At the 

step of local invasion, TNBC cells normally occur EMT, which performed as the 

upregulation of mesenchymal genes and downregulation of epithelial markers 

(De Craene and Berx, 2013). In a group of 173 TNBC patients, about 86% of 

TNBCs expressed more than 1 EMT-related proteins (Jang et al., 2015). Slug, as 

a key protein in regulating E-cadherin expression, is found to overexpress in 

TNBC (Bailey et al., 2012). Overexpression of slug represses the expression of 

E-cadherin which increases the motility of TNBC cells (Bailey et al., 2012). 

Transforming growth factor-β (TGF-β) signaling pathway acts as a regulator of 

EMT by stimulating the activation of mitogen-activated PI3K (Kim et al., 2008). 

TGF-β could also activate smad signaling pathway to promote TNBC invasion 

(Wahdan-Alaswad et al., 2016). Besides, matrix metalloproteinases (MMPs) 

involve in cancer intravasation via degrading basement membrane and affecting 

various signaling pathways (Gialeli et al., 2011; Kessenbrock et al., 2010). 

MMP9, a member of MMPs, is proved to be a key player in angiogenesis and 

vasculogenesis of TNBC (Mehner et al., 2014).  
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Figure 1.3 Brief illustration of cancer metastasis processes. Adjusted from Ci et 

al.(Ci et al., 2016)  
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Upon TNBC cells break through basement membrane of vessels, they 

successfully enter blood vessels which are defined as circulating tumor cells 

(CTCs). CTCs in the circulation undergo the threaten of elimination of immune 

cells, shearing stress and disorientation (Kowalik et al., 2017). Most of TNBCs 

ultimately survive from these stresses and proceed to interact with endothelial 

cells from secondary or distant sites. Previous study indicated that brain-derived 

neurotrophic factor (BDNF) plays a critical role in TNBC cells colonized to 

epithelial cells via BDNF/TrkB signaling pathway (Tsai et al., 2017). Besides, 

CTCs could interact with components in blood vessels such as platelets and 

leukocytes to form aggregates, improve their survival and promote metastasis 

(Wenzel et al., 2010).  

     Extravasation in distant regions occurs following the survival of CTCs in the 

blood circulation. Multiple proteins and signaling pathways involve in this 

process. Jagged-1 (Jag1), a ligand of Notch, is proved to be tightly associated 

with TNBC cells extravasation especially binding with epithelial cells and 

transendothelial migration via Jag1/Notch signaling pathway (Gordon et al., 

2021). Knock down of Jag1 markedly inhibited the migration of TNBC cells. 

Angiopoietin/Tie receptor (Ang-Tie) is an essential system for angiogenesis and 

vascular endothelial growth (Cascone and Heymach, 2012). TNBC cells 

decreased blood-brain barrier (BBB) integrity by downregulating ZO-1 and 

claudin-5 expression via Ang-Tie receptor and extravasated BBB to develop 

brain metastasis.  
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     CTCs arrive at the distant sites after intravasation, circulation and 

extravasation and develop a colony (Sahai, 2007). At this step, cancer cells 

require energy and multiple oncogenes to adapt the unfriendly 

microenvironment in the secondary sites. PI3K/Akt is a well-known signaling 

pathway involved in cancer cells metastasis. Overexpressed Akt in TNBC cells 

regulated their colonization in lung via decreasing Bim expression and 

enhancing Mcl-1 expression (Johnson et al., 2021). Furthermore, mutations in 

the PI3K/Akt pathway might be accessary of TNBC cells in immune escape 

(Xiao et al., 2019). PD-1/PD-L1 induced immune escape also supports the 

formation of micro or macrometastatic lesions in TNBC (Maeda et al., 2018). In 

general, TNBC progression is a complicated cascade that required multiple 

oncogenes and proteins involved.  

 

1.1.3 Targeted Therapy in TNBC 

     As TNBC is lack of ER, PR and HER2 expression, endocrine therapy and 

HER2 targeted therapy are not available for TNBC patients. Chemotherapy is 

still the main choice for patients with TNBC. Normally, patients with TNBC are 

sensitive with neoadjuvant chemotherapy compared with other breast cancer 

subtypes (Carey et al., 2007; Liedtke et al., 2008). Previous study suggested that 

neoadjuvant chemotherapy could increase the pCR rate of TNBC patients 

compared with non-TNBC (22% versus 11%) (Liedtke et al., 2008).  



Chapter I Literature Review 

11 

Neoadjuvant Chemotherapy 

Platinum-based neoadjuvant chemotherapy is targeted to the DNA repair 

of tumor cells to achieve cytotoxicity. Though previous studies proved that 

platinum-based chemotherapy could bring benefits to TNBC patients (Sirohi et 

al., 2008; Staudacher et al., 2011), it remains controversial in the value of 

platinum-based neoadjuvant chemotherapy in TNBC. A meta-analysis revealed 

that platinum-based neoadjuvant chemotherapy markedly enhanced pCR rate to 

about 50% at the expense of hematological toxicities (Poggio et al., 2018). 

Another retrospective study showed that TNBC patients who received 

carboplatin had significantly increased pCR (58%) compared with patients who 

did not (36%) (Walsh et al., 2019). However, Andrew Tutt et al. indicated that 

the therapeutic effect of carboplatin was similar to that of docetaxel in 

unselected advanced TNBC when the primary endpoint was objective response 

rate (ORR, 31.4% versus 34.0%) (Tutt et al., 2018). Recently, a phase 3 clinical 

trial from China suggested that a standard paclitaxel plus carboplatin treatment 

drove to a longer DFS, distant DFS and relapse-free survival in the patients with 

operable TNBC compared with docetaxel (Yu et al., 2020). If TNBC carried 

with BRCA1/2 mutations (11.2% of TNBC patients) (Couch et al., 2015), these 

TNBC exhibited characteristics of impaired DNA repair, which could be more 

sensitive to DNA-damaging compounds such as platinum. Based on this 

rationale, carboplatin almost doubled the ORR of docetaxel (68% versus 33%) 

in TNBC patients with BRCA1/2 mutations, while such phenomenon was not 
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observed in TNBC patients without BRCA1/2 mutations (Tutt et al., 2018). 

Similarly, Daniel et al. also found BRCA1 variant TNBC carriers were more 

sensitive to cisplatin treatment and achieved pCR (Silver et al., 2010).  

     Anthracyclines is a group of compounds that widely used in anticancer 

treatment. The main function of anthracyclines is to induce DNA damage of 

cancer cells which could lead to cell death. A study including 103 TNBC 

patients from Japan indicated that anthracycline-containing strategy were more 

beneficial than taxane-containing strategy in improving pCR rate (36% versus 

25.5%) (Narui et al., 2019). If anthracycline or anthracycline-taxane doublet 

regimens brought pCR to TNBC patients, it could significantly improve the DFS 

and OS compared with non-pCR group (Bignon et al., 2018). 

Molecular Targeted Therapeutic Approaches 

PARP Inhibitors 

     PARP is a protein that involved in the biological processes such as DNA 

damage repairment and cell apoptosis. In TNBC with BRCA1/2 mutations, 

cancer cells lack the ability to activate homologous recombination DNA repair 

pathway. These cells rely on PARP dependent secondary DNA repair. Previous 

study suggested that PARP expression was negatively associated with prognosis 

in TNBC patients (Qiao et al., 2017). Therefore, PARP inhibition becomes a 

selection to treat BRCA1/2 mutant TNBC. Numerous PARP inhibitors have 

been developed and used in clinical trials. Olaparib is a PARP inhibitor designed 

for oral administration, which shows clinical benefits in advanced breast cancer 

with BRCA1/2 mutations (Farmer et al., 2005; Tutt et al., 2010). Veliparib, 

another oral PARP inhibitor, could increase pCR rate of TNBC patients from 26% 

to 51 % by combined with carboplatin in a phase 2 clinical trial (Rugo et al., 

2016).   

As TNBC prefers to develop mutations compared with other breast cancer 

subtypes and has increased proportion of tumor infiltrating immune cells, 
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immune checkpoint inhibitors might be an appropriate approach in treating 

TNBC (Budczies et al., 2015; Foulkes et al., 2003). Inhibitors targeted to PD-

1/PD-L1 are the most used immune checkpoint inhibitors. PD-1 expressed on 

the surface of T cells binds to PD-L1 on the cancer cells, which leads to 

programmed death of T cells and immune escape. Combined used of 

pembrolizumab and neoadjuvant chemotherapy significantly increased pCR rate 

to 60% in TNBC subgroups of a phase 2 randomized trial (Nanda et al., 2020). 

Interestingly, atezolizumab, a PD-L1 monoclonal antibody, did not improve the 

pCR rate of enrolled TNBC patients (Gianni et al., 2019). However, in a phase 3 

clinical trial, TNBC patients received atezolizumab combined with 

chemotherapy compounds achieved much more pCR than patients who received 

placebo with chemotherapy (Mittendorf et al., 2020).   

     AR is a steroid receptor that belongs to the nuclear receptor superfamily, 

which function as a transcription factor in cell proliferation and protein 

phosphorylation (Ahn et al., 2016; Pietri et al., 2016; Shah et al., 2013). It is 

reported that the expression level of AR ranges from 10% to 50% in TNBC 

patients (Park et al., 2010). In a phase 2 clinical trial, enzalutamide (an AR 

inhibitor) were used in 118 TNBC patients with AR positive and brought clinical 

benefits to 57 patients (Traina et al., 2015). Abiraterone acetate, a CYP17 

inhibitor that suppresses androgen release, was estimated in a group of 146 

TNBC patients in a phase 2 trial (Bonnefoi et al., 2016). The 6-month clinical 

benefit rate in thirty women who achieved primary end point was 20% and the 

ORR was 6.7%. 
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1.2 A Disintegrin and Metalloprotease (ADAM)-9 

1.2.1 ADAM9 Structure 

     ADAM9 has the typical structure of ADAMs, pro-domain, metalloprotease 

domain, disintegrin domain, cysteine-rich domain, EGF-like domain, 

transmembrane and cytoplasmic domains (Figure 1.4). ADAM9 is firstly 

transcripted as a precursor (molecular weight 110 kDa). In Golgi, ADAM9 

precursor is activated by cleaving the inhibitory pro-domain by the pro-protein 

convertase furin and becomes the matured form (84 kDa) with functional 

protease activities followed by translocating to cell membrane (Figure 1.5). The 

function of pro-domain is to ensure correct protein folding and functions by 

maintaining enzyme latency through a cysteine-switch mechanism. Briefly, a 

cysteine residue of the pro-domain prevents protease activity by coordinating the 

zinc ion in the catalytic site (Roghani et al., 1999). The pro-domain is removed 

in the trans-Golgi network and make the enzyme mature. Pro-domain also 

involves in intracellular trafficking of ADAM9 by acting as an intramolecular 

chaperone to promote protein folding correctly (Milla et al., 1999). Different 

with other ADAMs, such as ADAM8 and 10, deletion of the boundary site of 

pro-domain in ADAM9 has no effect on the maturation of ADAM9 (Wong et al., 

2015). Metalloprotease domain consists of a proprotein convertase (PC) 

consensus cleavage site which locates at the site between pro-domain and 

disintegrin domain. This domain possesses proteolytic activity which could shed 
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ectodomain of other membrane-anchored proteins in the same cell or different 

cells. Its proteolytic activity could liberate ECM, such as IGF, bFGF, and VEGF 

from cell surface to make these factors more accessible to cells especially cancer 

cells so that activate the downstream signaling pathway and promote cells 

proliferation. The disintegrin domain of ADAM9 was reported to bind to α6β1 

integrin on the surface of fibrosarcoma cell leading to a marked induction of cell 

motility (Nath et al., 2000). However, other studies reported that disintegrin 

domain of ADAM9 could inhibit the adhesion of cells via binding to certain 

integrins (β1, α3, αvβ3, αvβ5, and α2) (Cominetti et al., 2009). It seems that the 

role of disintegrin domain of ADAM9 is still a matter of controversy. Cysteine-

rich domain might play a similar role as disintegrin domain in cell adhesion. The 

functions of remaining domains, such as EGF-like, transmembrane and 

cytoplasmic domain remain to be determined. 
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Figure 1.4 The traditional structure of ADAM9. (Chou et al., 2020). 
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Figure 1.5 The maturation processes of ADAM9 in cells (Chou et al., 2020).  
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1.2.2 The Expression Level of ADAM9 in Cancers 

ADAMs are a widespread transmembrane protein family, of which 

ADAM9, 12, 15, 17, 19, and 33 are widely expressed, the rest show a restricted 

tissue distribution (Arribas et al., 2006). Many research articles reported that 

ADAM9 is overexpressed in several cancers. ADAM9 mRNA expression was 

upregulated in both breast carcinomas and fibroadenomas, and some forms of 

ADAM9 overexpressed in primary breast cancer compared with normal breast 

tissue. Moreover, one kind of mature form of ADAM9 had a higher level in 

node metastasis than in those without metastasis, and correlates positively with 

HER-2/neu protein levels (O'Shea et al., 2003). The expression level of ADAM9 

mRNA and protein was also significantly upregulated in prostate cancer in 

contrast to normal tissue. And increased ADAM9 protein expression level was 

associated with shortened PSA relapse-free survival of patients with prostate 

cancer (Fritzsche et al., 2008a). In lung cancer, ADAM9 expression is 

upregulated and increased ADAM9 protein is correlated with poor OS of 

patients with lung cancer, which could be an independent prognostic marker of 

PSA relapse-free survival (Kossmann et al., 2017). Upregulated ADAM9 in 

hepatocellular carcinoma predicted advanced clinical features and poor OS (Wan 

et al., 2016). The previous study also reported that ADAM9 is upregulated in 

gastric cancer (Carl-McGrath et al., 2005).  

In general, ADAM9 expression is upregulated in many kinds of malignant 

neoplasms which are distributed in whole human body due to ADAM9 
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widespread in tissues. This indicates that ADAM9 might play a vital role in 

cancer metastasis, proliferation and invasion. 

1.2.3 The Role of ADAM9 in Cancer Progression 

     The development of carcinogenesis requires tumor cells interacting with 

tumor microenvironment, mainly ECM (extracellular matrix). Previous studies 

reported that ADAM9 plays a vital role in cancer metastasis and promotes 

cancer cells invasion and migration, which might interact with ECM. There are 

two critical domains containing in ADAM9, metalloproteinase domain and 

disintegrin domain, which expert proteolytic activity and cell adhesive activity 

respectively. Researches showed that ADAM9 involves in cancer progression 

via these two domains.  

The function of metalloproteinase domain in ADAM9 might be similar 

with that of in MMPs, because ADAM9 shares the metalloproteinase domain 

with MMPs. In MMPs, metalloproteinase domain acts as protease to liberate or 

shed ECM, such as bFGF, VEGF, EGF, TGF-α and IGF, from cell surface to 

make them more accessible to tumor cells so that promotes tumor growth and 

survival (Gialeli et al., 2011). ADAM9 are speculated to function as active 

metalloproteinases due to the presence of a catalytic site consensus sequence 

(HEXXH) in their metalloproteinase domain. Monireh et al. reported that the 

soluble metalloprotease domain of ADAM9 could cleave the insulin B-chain and 

has catalytic activity (Roghani et al., 1999). Antonio et al. reported a specific 
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form of ADAM9 secreted by hepatic stellate cells (ADAM9-S) which might 

promote breast cancer cells invasion through metalloproteinase domain (Fry and 

Toker, 2010). Using metalloproteinase domain inhibitor, ADAM9-S induced 

cancer cell invasion could be blocked. ADAM9 was also reported to be involved 

in shedding of heparin-binding EGF-like growth factor (HB-EGF), although 

ADAM9 might be regulated differently from ADAM17 (Izumi et al., 1998a). 

Kuo et al. reported that upregulation of HB-EGF in human lung cancer samples 

caused by shedding ability of ADAM9 is associated with activation of protein 

kinase C and Lyn signaling, which leads to the proliferation, migration, and 

epithelial-to mesenchymal transition abilities of lung cancer (Kuo et al., 2012). 

In W10 mouse model for prostate cancer, ADAM9 sheds fibroblast growth 

factor receptor 2IIIb (FGFR2IIIb) from the cell surface into supernatant and 

promotes prostate cancer progression (Peduto, 2009).  

Ectodomain shedding of receptor from cell surface could activate the 

downstream signaling pathway and promote cancer migration and progression. 

HB-EGF shedding by ADAM9 could bind to EGFR and activate downstream of 

EGFR, such as AKT pathway, which promotes cell proliferation and migration 

(Liu et al., 2015b). To date, EGFR pathway is the best-described pathway that 

ADAM9 plays a certain role in. The other pathways which involve in cancer 

progression and migration, such as IGFR, Delta and FGFR, remained to be 

determined. 

Previous studies reported that disintegrin domain of ADAM9 is associated 
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with cell adhesion (Cominetti et al., 2009; Evans, 2001; Nath et al., 2000; 

Zigrino et al., 2007). Disintegrin domain locates after metalloproteinase domain 

in ectodomain of ADAM9, which could bind to different kinds of integrins. One 

of the most important processes of cancer metastasis is adhesion to blood cells, 

blood vessels and secondary site. Recombinant disintegrin domain of ADAM9 

(rADAM9D) could promote prostate tumor cells adhesion by interacting with β1, 

α6, αvβ5 and αvβ3 integrins (Martin et al., 2015). Disintegrin domain of 

ADAM9 binding to α6β1 integrin could induce motility of fibrosarcoma cells 

and change their morphology (Nath et al., 2000). Neutrophils around tumor cells 

could be activated by combination of ADAM9D and α9β1 integrin, and induce 

ROS production (Amendola et al., 2015). Blood platelets are vital vehicle for the 

migration of tumor cells in blood vessels. For the most part, not tumor cells 

themselves migrate in bloodstream but adhering to blood platelets transport to 

the secondary site. Disintegrin domain of ADAM9 (ADAM9D) could bind to 

integrin α6β1 of blood platelets so that promotes cancer metastasis 

(Mammadova-Bach et al., 2016). When tumor cells are explored to oxidative 

stress, the interaction between ADAM9 and β1 integrin induces tumor invasion 

and adhesion to endothelial vascular cells (Mongaret et al., 2011). Non-small 

cell lung cancer develops brain metastasis partly because of interaction between 

ADAM9 and increased β1/α3 integrins (Shintani et al., 2004). Previous studies 

showed that interaction between ADAM9D and integrins could activate 

downstream signaling pathways, such as PI3K/Akt and MAPK to promote 
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tumor cells invasion and migration (Amendola et al., 2015). But there must be 

other signaling pathways which could be regulated by interaction between 

ADAM9D and integrins.  

Hence, it seems that ADAM9 involves in all the processes of cancer cells 

metastasis, such as local invasion, intravasation, survival in the circulation and 

extravasation, with the function of metalloproteinase domain and disintegrin 

domain. Metalloproteinase domain degrades basement membrane to allow 

tumor cells invade into or out of blood vessels (Mazzocca et al., 2005). 

Disintegrin domain binding to integrins make tumor cells adhere to basement 

membrane so that metalloproteinase domain function as protease to promote 

tumor cells invasion. When tumor cells invade into blood vessels, disintegrin 

domain interacts with integrins on the surface of platelets to facilitate tumor 

cells transportation in blood vessels (Mammadova-Bach et al., 2016). When 

facing immunocytes in adjacent-tumor tissues and blood vessels, interaction 

between ADAM9D and integrins could facilitate survival of tumor cells in the 

circulation (Amendola et al., 2015). 

1.2.4 The Regulation of ADAM9 in Cancers 

     The wide overexpression of ADAM9 in many tumors suggests that the 

expression level of ADAM9 in cancers might be regulated by microenvironment 

surrounded cancer cells. In non-small cell lung cancer (NSCLC), snail-mediated 

epithelial-to-mesenchymal transition could activate ADAM9 expression 
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pathway to modulate NSCLC cells invasion (Chang et al., 2017). ER could 

induce the expression of ADAM9 in cancer cells by increasing the 

transcriptional activities of the ADAM9 promoter (Shen et al., 2016). In human 

prostate cancer, crowding and hypoxia might evaluate ADAM9 protein 

expression because of reactive oxygen generated in microenvironment (Sung et 

al., 2006). Moreover, androgen treatment could modulate both ADAM9 

expression and reactive oxygen in human prostate cancer cell so that promotes 

cancer cells growth and survival (Shigemura et al., 2007).  

More recently, further evidence points to a role of microRNAs in 

modulating ADAM9 expression in human cancers. MicroRNAs are a class of 

short non-protein-coding RNAs which could modulate gene transcription and 

protein expression. The primer microRNAs (long primary transcripts) are 

generated by polymerase II. And then, RNase III endonuclease and double-

stranded RNA binding protein 8 identify specific hairpin secondary structure of 

the primer microRNAs and yield the mature microRNAs. The post-

transcriptional modulation of mRNA by microRNAs not only cleaves specific 

homologous mRNAs, but inhibits specific protein synthesis (Gregory and 

Shiekhattar, 2005). Emerging data suggests that dysregulation of microRNAs 

plays a role in cancer progression and migration (Long et al., 2017; Song et al., 

2017). Previous studies showed the correlation between ADAM9 and 

microRNAs in cancers, such as microRNA-126, -590, -140 and -182 (Liu et al., 

2016; Suresh Babu et al., 2016; Wang et al., 2016; Yang et al., 2014). In bladder 
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cancer, upregulated miR-126 suppresses bladder cancer cell proliferation and 

invasion by decreasing ADAM9 expression (Jia et al., 2014). MicroRNA-126 

also plays a role that inhibits cancer cells proliferation, migration and invasion 

via downregulation of ADAM9 in human osteosarcoma (Wong et al., 2015). 

Downregulation of miR-590 in NSCLC is associated with cancer cells 

metastasis, while overexpression of miR-590 inhibits NSCLC growth and 

tumorigenesis by directly targeting 3’-UTR of ADAM9 gene (Wang et al., 2016). 

The expression level of ADAM9 could also modulate level of microRNAs in 

blood. In lung adenocarcinoma, downregulation of ADAM9 results in 

upregulation of miR-218 and downregulation of CDH2 (N-cadherin), which 

inhibits lung adenocarcinoma cells motility (Sher et al., 2014). MicroRNA could 

be up-regulated by chemotherapeutic drug and then repress expression of 

ADAM9 in hepatocellular carcinoma (Zhou et al., 2011). MicroRNA-489 could 

also be modulated by upstream signaling pathway, such as KRAS signaling 

pathway, and then regulates expression of ADAM9 so that involves in cancer 

cells invasion and migration (Yuan et al., 2017). Another study showed that 

overexpression of microRNA-520f could reverse EMT in cancer cells by 

directly regulating ADAM9, TGF-β receptor and EMT inducers so that inhibits 

cancer cells invasion and migration (van Kampen et al., 2017).  

Until now, a holistic map containing microRNA, ADAM9, EGFR 

pathway and EMT is depicted to interpret cancer metastasis. Dysregulation of 

microRNAs result in upregulation of ADAM9 in cancers. And then, ADAM9 
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experts its function of protease activity and cell adhesive activity via 

metalloproteinase domain and disintegrin domain so that promotes cancer cells 

shedding from primary cite, invading into blood vessels and developing 

metastases. At the same time, interactions between ADAM9 and other molecules 

facilitate in this process and strengthen functions of ADAM9 by activating 

downstream signaling pathways, such as EGFR pathway. 

1.2.5 ADAM9 as Potential Molecular Target in Cancers 

     As ADAM9 is overexpressed in a wide of human cancers, the potential 

diagnostic and therapeutic effect of ADAM9 are studied to utilize in clinical 

practices. Previous studies showed the relation between expression level of 

ADAM9 and prognosis of patients with cancers. In patients with glioma tumor, 

the higher expression level of ADAM9, the poor prognosis of these patients, not 

only progression-free survival but OS (Fan et al., 2016). In NSCLC, patients 

with NSCLC highly expression of ADAM9 have a significantly lower survival 

time when compared with patients exhibiting low expression of ADAM9 (Zhang 

et al., 2013). The similar result can be founded in patients with prostate cancer. 

The expression of ADAM9 is associated with shortened PSA relapse-free 

survival in univariate and multivariate analyses (Fritzsche et al., 2008a). 

However, another research showed that patients (castration resistant prostate 

cancer) with low ADAM9 expression have a significantly lower OS compared 

with patients with high ADAM9 expression (Lin et al., 2012a). Moreover, 
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expression level of ADAM9 in patients with cancer is associated with tumor 

type and histological type (Fan et al., 2016; Grutzmann et al., 2004).  

The previous studies have demonstrated that the expression of ADAM9 

could be modulated by microRNAs, which indicates that ADAM9 might be a 

potential molecular target of cancer metastasis in RNA interference (RNAi)-

based gene therapy. In vitro experiments, siRNA has showed the effect of 

suppressing tumor migration, invasion and proliferation (Chang et al., 2016; Liu 

et al., 2013). However, the limitation of siRNA is that siRNA is an artificial gene 

product, which could lead to biotoxicity or interfere transcriptions of other 

mRNAs. MicroRNAs are normal gene products in human body which have little 

side effects to human body. Unfortunately, few studies about in vivo microRNA 

targeting ADAM9 to inhibit cancer migration, proliferation and invasion were 

reported. This might become the future direction of treating cancer metastasis. 

1.3 Contributions of this Thesis 

This thesis investigates the role of ADAM9 in TNBC progression and the 

signaling pathway that involves in this process. ADAM9 knockdown in TNBC 

cell lines could suppress their aggressive phenotypes. This study suggests that 

ADAM9 plays a critical role in mediating TNBC cells malignant phenotypes 

and might become a novel therapeutic target for TNBC treatment.  

      Chapter II evaluates the expression level of ADAM9 in TNBC and non-

TNBC cell lines, as well as comparing ADAM9 expression between TNBC and 



Chapter I Literature Review 

27 

non-TNBC cell lines.  

     Chapter III describes the expression of ADAM9 in TNBC patients and non-

TNBC patients, and analyzes the association between ADAM9 expression level 

and survival in breast cancer (BC) patients. The findings suggest that ADAM9 is 

overexpressed in TNBC patients and tightly associated with survival of BC and 

TNBC patients. 

     Chapter IV investigates the role of ADAM9 in the colonization, migration 

and invasion of TNBC cells. Using siRNA targeted to ADAM9, the malignant 

phenotypes of TNBC cells are significantly suppressed. Western blotting results 

suggests that AKT/NF-κB pathway involves in ADAM9 mediated TNBC cells 

aggressiveness. 
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Chapter 2 ADAM9 Expression in TNBC Cell 
Lines 

2.1 Materials and Methods 

2.1.1 Cell Lines and Culture Methods 

     Breast cancer cell lines (MDA-MB-231, Hs578t, T47D, MCF-7 and MCF-

10A) were obtained from China Center for Type Culture Collection (CTCC). We 

purchased MDA-MB-361 from ATCC. Prof. Benjamin Y. M. Yung (The Hong 

Kong Polytechnic University, HKSAR, China) kindly provided SKBR3 . 

     MDA-MB-231, Hs578t, MDA-MB-361 and MCF-7 were incubated in 

DMEM medium (Thermofisher Scientific, Maryland, USA) supplemented with 

10% fetal bovine serum (FBS) (Gibco, Maryland, USA) under 5% CO2. MCF-

10A was incubated in MEGM basal medium (Lonza, Maryland, USA) added 

with several supplementary (100 ng/mL cholera toxin (Sigma, Missouri, USA), 

insulin, hEGF, bovine pituitary extract (BPE) and hydrocortisone). T47D was 

cultivated in RPMI1640 medium (BasalMedia, Shanghai, China) with 10% FBS, 

and SKBR3 was cultured in McCoy’s 5A medium (Thermofisher Scientific) 

with 10% FBS. 

2.1.2 Cell Seeding 

     Cells were digested from cell culture plate by using Trypsin/EDTA. 
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Completed culture medium was used to cease the digestion. Cells were 

centrifuged in 1200 rpm for 3 min followed by resuspended in 1mL completed 

medium. Cell number was counted by using cell counting chamber. About 3 x 

105 cells were seeded in 6-well plate. 

2.1.3 Cell Lysis 

     RIPA buffer supplemented with protease inhibitor cocktail (Thermofisher 

Scientific) was used to lyse cells. Each well was added 100μL RIPA buffer, and 

cells were scraped and collected into 1.5 mL EP tube. Protein concentration was 

evaluated by Rapid Gold BCA Protein Assay (Thermofisher Scientific). Total 

protein was mixed with 2 x loading buffer and heated in 95℃ for 10 min. The 

denatured protein was stored under -20℃ until use.  

2.1.4 RNA Extraction 

     Cells were lysed by added 1mL Trizol®Reagent (Thermofisher Scientific) 

into each well followed by 5 min incubation under room temperature (RT). Cell 

lysates were collected into 1.5 mL EP tube supplemented with 0.2 mL 

chloroform and incubated for 2-3 min (RT). Cell lysates were centrifuged at 4℃ 

at 12000 x g for 15 min. The aqueous phase containing the RNA was collected 

into a new tube followed by adding 0.5 mL isopropanol into the aqueous phase. 

The mix was incubated at RT for 10 min and then centrifuged at 12000 x g at 4℃ 

for 10 min. The supernatant was discarded, and 1 mL of 75% alcohol was added 

into the pellet. The pellet was centrifuged for 5 min at 7500 x g at 4℃ and 
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discarded the supernatant. The RNA pellet was dried at RT for 5-10 min and 

then suspended with 20 µL Rnase-free water. 

2.1.5 Immunoblotting 

     Cell lysates were loaded into the SDS-PAGE gel and separated by SDS-

PAGE gel. The voltage of gel electrophoresis is set at 120 V. The total protein on 

the separation gel was transferred to polyvinylidene fluoride (PVDF) membrane 

at 300 mA for 90 min. Membranes were blocked in 5% non-fat milk resolved by 

TBST (1% tween 20, in TBS) for 1 h. Membranes were incubated with primary 

antibody (ADAM9 and GAPDH) according to the recommendation of 

manufacturer overnight at 4℃. Membranes were washed by TBST for 3 times 

and incubated with anti-rabbit or anti-goat secondary antibodies for 1 h at RT. 

The membrane was exposed by using high-sensitivity ECL (Millipore). 

2.1.6 Real-time Quantitative Polymerase Chain Reaction (RT-qPCR) 

     The concentration of RNA was evaluated by NanoDrop 2000C. cDNA was 

produced by reverse transcription reaction kit (Takara, Tokyo, Japan). The 

reaction system was in Table 2.1. The reaction was performed by Veriti TM 

(Applied Biosystems, AB) at 37℃ for 15 min followed by 85℃ for 5 sec and 

maintained at 4℃. 
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Reagent Usage Final Concentration 

5x PrimerScript RT Master 

Mix (Perfect Real Time) 
4 µL 

1x 

Total RNA *  

Nuclease-free water Add to 20 µL  

Table 2.1 The reverse transcription system. *The up amount of total RNA should 

not exceed 10 µg.  

 

     RT-qPCR was performed by AB 7500 real-time PCR system (Thermofisher 

Scientific). SYBR Green PCR Master Mix (Roche, Baden-Württemberg, 

Germany) was used to conduct RT-qPCR. The primer sequences were in Table 

2.2, and the RT-qPCR system was in Table 2.3. 

 

Gene  Forward Primer（5’-3’） Reverse Primer（5’-3’） 

ADAM

9 
CCTCGGGGACCCTTCGTGT 

ATCCCATAACTCGCATTCTCTA

AA 

GAPD

H 

CCACCCATGGCAAATTCCA

TGGCA 

TCTAGACGGCAGGTCAGGTCC

ACC 

Table 2.2 The sequences of primers. 

 

 

 

Reagents Usage 

SYBR Master mix（2 x） 5 µL 
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PCR Forward Primer（10 µM） 0.3 µL 

PCR Reverse Primer（10 µM） 0.3 µL 

DNA 1 µL 

ddH2O 3.4 µL 

Total 10 µL  

Table 2.3 The RT-qPCR system. 

     The conditions of RT-qPCR system were described as Table 2.4. 

 

 

Steps 

1DNA 

Polymerase 

2 PCR 
3Melt Curve 

Stay 
40 cycles 

1 cycle 
 Anneal Prolong 

Temperature 95℃ 95℃ 60℃ 95℃ 60℃ 95℃ 

Time 5 min 15 s 30 s 15 s 60 s 15 s 

Volume 10 µL 

Table 2.4 The reaction conditions set for RT-qPCR. 

2.1.7 Statistical Analysis 

     We obtained ADAM9 expression from public database (Gene Expression 

Omnibus (GEO), https://www.ncbi.nlm.nih.gov/geo/, GSE58135) (Varley et al., 

2014). Totally, 34 TNBC specimens, 37 ER+ breast cancer specimens, 14 TNBC 

cell lines and 11 non-TNBC cell lines were obtained from GSE58135. We also 

obtained ADAM9 mRNA expression from Cancer Cell Line Encyclopedia 

(CCLE, http://portals.broadinstitute.org/ccle). To compare ADAM9 expression 

https://www.ncbi.nlm.nih.gov/geo/
http://portals.broadinstitute.org/ccle
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in normal breast epithelial cells and breast cancer cells, we obtained ADAM9 

expression from The Human Protein Atlas (http://www.proteinatlas.org) which 

includes ADAM9 expression of hTERT-HME1, MCF-7, SKBR3 and T47D.  

2.2 Results 

2.2.1 ADAM9 Protein Expression in TNBC Cell Lines and Non-TNBC Cell 

Lines 

     To evaluate the ADAM9 expression in breast cancer cell lines, total protein 

was extracted from several breast cancer cell lines (MDA-MB-231, MDA-MB-

361, MCF-7, T47D, SKBR3, MCF-10A). Markedly overexpression of ADAM9 

was observed in MDA-MB-231 compared with non-TNBC cell lines (Figure 

2.1). In order to confirm that ADAM9 protein expression is upregulated in 

TNBC cell lines, ADAM9 expression was investigated in Hs578t (another 

TNBC cell line). The result indicated that ADAM9 expression was also 

upregulated in Hs578t compared with other non-TNBC cell lines (Figure 2.2).  

 

 

http://www.proteinatlas.org/
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Figure 2.1 ADAM9 expression in MDA-MB-231, MCF-7, MDA-MB-361, 

SKBR3 and MCF-10A.  
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Figure 2.2 ADAM9 protein expression in MDA-MB-231 Hs578t, MCF-7 and 

T47D.  



Chapter II ADAM9 Expression in TNBC Cell Lines 

36 

2.2.2 ADAM9 mRNA Expression in TNBC Cell Lines and Non-TNBC Cell 

Lines  

     ADAM9 mRNA expression of TNBC and non-TNBC cell lines (MDA-MB-

231, MCF-7, MDA-MB-361, SKBR3 and MCF-10A) was also investigated by 

using RT-qPCR. The result suggested that ADAM9 mRNA level was 

significantly higher in MDA-MB-231 compared with other breast cancer cell 

lines as well as breast epithelial cell line (MCF-10A) (Figure 2.3). To further 

validate that mRNA expression level of ADAM9 was upregulated in TNBC cell 

lines, ADAM9 mRNA expression of multiple breast cancer cell lines was 

obtained from the published tumor dataset (GSE58135). In general, there were 

25 breast cancer cell lines. Fourteen of them were TNBC cell lines, and 11 of 

them were non-TNBC cell lines. The results confirmed that ADAM9 mRNA 

level was markedly upregulated in TNBC cell lines compared with non-TNBC 

cell lines (Figure 2.4). Besides, more data was obtained from an opening 

database named Cancer Cell Line Encyclopedia (CCLE, 

http://portals.broadinstitute.org/ccle). Fifty breast cancer cell lines were included 

in this database, which showed that ADAM9 mRNA expression was upregulated 

in TNBC cell lines (Figure 2.5). 

http://portals.broadinstitute.org/ccle
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Figure 2.3 Relative mRNA expression of ADAM9 in MDA-MB-231, MCF-7, 

MDA-MB-361, SKBR3 and MCF-10A. ADAM9 mRNA expression level was 

markedly upregulated in MDA-MB-231 cells when compared with the rest cell 

lines (**p < 0.01, ***p < 0.001).  

 



Chapter II ADAM9 Expression in TNBC Cell Lines 

38 

 

 

 

 

 

Figure 2.4 ADAM9 mRNA expression in breast cancer cell lines from GEO 

database (GSE58135, *p < 0.05).  
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Figure 2.5 ADAM9 mRNA expression of breast cancer cell lines from CCLE 

(*p < 0.05).  
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2.2.3 ADAM9 mRNA Expression in TNBC Primary Tumor 

     In order to investigate the ADAM9 mRNA expression in TNBC primary 

tumor, gene expression data from 71 breast cancer patients was obtained from 

GEO (GSE58135). Among these patients, 34 patients were diagnosed with 

TNBC, and the rest patient (37) were diagnosed with ER+ breast cancer. The 

results suggested that ADAM9 mRNA expression level was markedly increased 

in TNBC primary tumor (PT) compared with ER+ breast cancer primary tumor 

(Figure 2.6). 
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Figure 2.6 ADAM9 mRNA expression in TNBC primary tumor and ER+ breast 

cancer primary tumor (**p < 0.01). 
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2.3 Discussion and Conclusion 

     In this chapter, we firstly investigated ADAM9 protein expression in TNBC 

cell lines and non-TNBC cell lines, and found that ADAM9 was overexpressed 

in TNBC cell lines. Subsequently, RT-qPCR results suggested that ADAM9 

mRNA expression in TNBC cell lines was significantly higher than non-TNBC 

cell lines. To further confirm these results, we obtained ADAM9 mRNA 

expression of breast cancer cell lines and breast cancer patients from public 

database. The results supported that ADAM9 mRNA expression was 

upregulated in TNBC cell lines as well as TNBC primary tumor.  

     Both MDA-MB-231 and Hs578t cells (TNBC cell line) showed higher 

ADAM9 expression compared with non-TNBC cell lines (Figures 2.1 and 2.2). 

Similarly, data obtained from database indicated that TNBC cell lines expressed 

more ADAM9 than non-TNBC cell lines (Figure 2.4, 2.5 and 2.6). These results 

suggested that ADAM9 expression level might associated with the 

aggressiveness of breast cancer. Previous study showed that ADAM9 expression 

level was associated with phenotypes of breast cancer (O'Shea et al., 2003). In 

breast carcinomas, ADAM9 expression was significantly higher in node-positive 

patients compared with node-negative patients. Likewise, ADAM9 expression 

level was found to be associated with the tumor type of pancreatic cancer 

(Grützmann et al., 2004). ADAM9 expression in cytoplasm was found to be 

correlated with pancreatic tumor grade. More cases with cytoplasmic ADAM9-

positive were found in G3 histological grade of pancreatic cancer.  
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It is worth noting that ADAM9 expression in MCF-10A (non-tumorigenic 

breast cell line) was relatively higher than other breast cancer cell lines (MCF-7 

and MDA-MB-361). This might attribute to the culture method of this 

immortalized MCF-10A. ATCC recommends to use Mammary Epithelial Cell 

Growth Medium (MEGM) BulletKit which supplements with human epithelial 

growth factor (hEGF). However, MCF-10A cells are highly sensitive to EGF 

which shows strong migration behavior. Therefore, MCF-10A might upregulate 

ADAM9 expression as a response to the recommended culture medium with 

hEGF supplementary. Besides, the incubation method of HTERT-HME1 

(immortalized human breast epithelial cell line) is the same as MCF-10A which 

is cultured with MEGM BulletKit. Similarly, the normalized ADAM9 

expression of hTERT-HME1 was 35.2 which is higher than other breast cancer 

cell lines (MCF-7 = 4, SKBR3 = 17.9 and T47D = 14.5).  
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Chapter III ADAM9 Expression in TNBC 
Specimens and Its Association with Prognosis 

3.1 Materials and Methods 

3.1.1 Patient Specimens Collection 

     Breast tumor tissues were collected from the Queen Elizabeth Hospital, 

HKSAR, China. All patients signed the informed consent. The tumor samples 

were fixed with formalin and embedded with paraffin. Forty-four specimens 

were collected from 44 breast cancer patients. These specimens were divided 

into two groups (TNBC and non-TNBC). Thereinto, TNBC group includes 24 

specimens and non-TNBC group are 20. The Research Ethics Committee of the 

Kowloon Central/Kowloon East Cluster approved our ethics application under 

the Hospital Authority (Ref: KC/KE-19-0114/ER-2).  

3.1.2 Immunohistochemistry (IHC) Staining of Specimens 

     Tissues were sectioned into 5 µm thickness by using a rotary microtome. The 

sections were floated in a 56℃ water bath followed by mounting on Superfrost 

slides (Menzel Glaser, Lower Saxony, Germany). The slides were dried at RT 

overnight. Then, the slides were using the following steps to achieve rehydration 

before staining: a. the slides were immersed in xylene for 10 min (2 times); b. 

the slides were immersed in 100% alcohol for 10 min (2 times); c. the slides 
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were immersed in 95% alcohol for 5 min; d. the slides were immersed in 70% 

alcohol for 5 min; e. the slides were immersed in 50% alcohol for 5 min; f. the 

slides were washed with ddH2O.  

     To eliminate the endogenous peroxidase, the slides were incubated with 3% 

H2O2 for 10 min followed by ddH2O washing for 5 min (2 times). To expose the 

antigen sites, the slides were added citric acid buffer and boiled in microwave 

for 3 min. After cooling down to RT, the slides were washed with ddH2O for 2 

times followed by washing with PBS for 5 min (2 times). To block non-specific 

binding interactions between primary antibody and tissues, the slides were 

blocked with serum for 30 min at 37℃. After discarding the serum and wiping 

away the remaining liquid, the primary antibody ADAM9 (R&D System, 

Minnesota, USA) was diluted and incubated with slides at 4℃ overnight. The 

primary antibody was reclaimed, and the slides were washed with PBS for 5 min 

(3 times). Anti-goat HRP-DAB tissue staining kit (R&D system) was used to 

detect antigen-antibody reaction. Briefly, the slides were incubated with anti-

goat secondary antibody at 37℃ for 30 min after wiping away the PBS. The 

slides were washed with PBS for 3 times (5 min) and incubated with HSS-HRP 

for 30 min. The prepared DAB Chromogen solution was dropped to the slides 

after washing with PBS for 3 times. After 20 min incubation with DAB 

Chromogen solution, the slides were washed with ddH2O for 5 min. Finally, the 

slides were counterstained with haematoxylin. As for the negative control, the 

slides were stained at the absence of primary antibody.  
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     The IHC staining results were visually observed by two pathologists with 

rich experience. Five grades were used to describe the IHC intensity of ADAM9 

which are 0 = negative, 1 = weak, 2 = moderate, 3 = strong and 4 = prominent 

staining. Two pathologists with rich experience counted the number of staining 

cells and total cells in one field of view, the number of staining cells in three 

fields was counted to calculate ADAM9 staining percentage. ADAM9 

expression level was calculated by using ADAM9 staining intensity multiply 

ADAM9 staining percentage.  

3.1.3 Survival Analysis 

     The survival analysis was performed by using Kaplan-Meier (KM) plotter 

integrative data analysis tool (http://kmplot.com/analysis/) (Györffy et al., 2010). 

Briefly, we used the mRNA gene chip for breast cancer to conduct survival 

analysis (Figure 3.1). For all analysis, the gene symbol was chose as ADAM9 

(Affymetrix ID: 202381_at). The patients were ranked from low to high 

according to their ADAM9 expression level. The median value of ADAM9 

expression was used to separate high or low ADAM9 expression in breast cancer 

patients and TNBC patients. All the other parameters, such as the intrinsic 

subtype, following up threshold, lymph node status and TP53 status, were set as 

the default value (Figure 3.2). Besides, different patient cohorts from TCGA and 

GEO were collected in KM plotter for survival analysis. And not all the database 

includes the data of OS, DMFS, DFS and RFS. Therefore, in this situation, the 

http://kmplot.com/analysis/
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cohorts might be different in OS, DMFS, DFS and RFS. To achieve OS, relapse-

free survival (RFS) and distant metastasis free survival (DMFS) analysis of 

breast cancer, the restrict analysis to subtypes was set at “all”. For TNBC, we set 

the ER status, PR status and HER2 status as negative to select TNBC patients. 

Only RFS analysis was performed due to the limited cases. Besides, the RFS of 

grade I, II and III breast cancer was performed by choosing “Grade” button.  
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Figure 3.1 The homepage of KM plotter.  
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Figure 3.2 The operation interface of KM plotter. The gene could be set by using 

gene symbol or Affymetrix ID. The type of survival analysis could be selected 

by clicking the button of “Survival”.  
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3.2 Results  

3.2.1 Details of Specimens from Patients with Breast Cancer  

     In order to strength the findings from breast cancer cell lines and database, 

we retrieved breast cancer specimens from the Queen Elizabeth Hospital. There 

were 44 specimens from patients. 24 of which were TNBC specimens and 20 

specimens were non-TNBC. In Table 3.1, it showed the expression of hormone 

receptor and HER2 expression, clinical diagnosis, histology, ADAM9 IHC 

intensity and ADAM9 staining percentage.  
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Case 

Number 

Pathological 

Diagnosis 
Histology Receptor Status 

IHC 

Intensity 

Staining 

Percentage  

1 TNBC, metastasis 
Invasive ductal 

carcinoma 
ER- PR- HER2 0 3+ 70% 

2 TNBC, metastasis 
Invasive ductal 

carcinoma 
ER- PR- HER2 0 1+ 30% 

3 TNBC, metastasis 
Invasive ductal 

carcinoma 
ER- PR- HER2 0 3+ 40% 

4 TNBC, metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
3+ 50% 

5 TNBC, metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
2+ 40% 

6 TNBC, metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
1+ 70% 

7 TNBC, LN metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
2+ 20% 

8 TNBC, LN metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
2.5+ 20% 

9 TNBC, LN metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
1+ 60% 

10 TNBC, LN metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
3+ 30% 

11 TNBC, LN metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
2+ 10% 

12 TNBC, LN metastasis 
Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
3.5+ 70% 

13 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
1+ 20% 

14 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
2+ 60% 

15 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 
1+ 10% 

16 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 3+ 60% 

17 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 2.5+ 30% 

18 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 4+ 30% 
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19 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 2+ 40% 

20 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 2.5+ 20% 

21 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 3+ 60% 

22 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 3.5+ 70% 

23 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 2.5+ 10% 

24 
TNBC, non-

metastasis 

Invasive ductal 

carcinoma 
ER- PR- 

HER2 0 3.5+ 10% 

25 Non-TNBC 
Invasive ductal 

carcinoma 
ER 6 PR 8 HER2 0 1+ 50% 

26 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 1 0.5+ 10% 

27 Non-TNBC 
Invasive ductal 

carcinoma 
ER 7 PR 5 HER2 2 2+ 20% 

28 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 2 1+ 70% 

29 
Non-TNBC Invasive ductal 

carcinoma 
ER 7 PR 0 HER2 3 1+ 70% 

30 
Non-TNBC Invasive ductal 

carcinoma 
ER 7 PR 6 HER2 2 0.5+ 10% 

31 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 2 2+ 25% 

32 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 5 HER2 2 2+ 10% 

33 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 1 0.5+ 40% 

34 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 0 0.5+ 50% 

35 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 6 HER2 1 

2+ 30% 

36 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 7 HER2 2 

2+ 40% 

37 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 0 

3+ 40% 



Chapter III ADAM9 Expression in TNBC Specimens and Its Association with 
Prognosis 

53 

Table 3.1 The details of ADAM9 IHC staining in TNBC and non-TNBC 

specimens. LN, lymph node. 

 

 

 

 

 

 

 

3.2.2 IHC Staining Images of ADAM9 Expression and Statistic Analysis  

     We used haematoxylin staining to observe the morphology of cells and 

confirmed the nests of breast cancer cells (Figure 3.3). The tumor cells showed 

irregular arrangement and changed nuclear-to-cytoplasmic ratio. The IHC 

38 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 2 

3+ 60% 

39 
Non-TNBC Invasive ductal 

carcinoma 
ER 6 PR 8 HER2 1 

2.5+ 40% 

40 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 8 HER2 2 

2+ 50% 

41 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 0 HER2 2 

2+ 10% 

42 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 0 HER2 2 

3+ 10% 

43 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 7 HER2 3 

2+ 40% 

44 
Non-TNBC Invasive ductal 

carcinoma 
ER 8 PR 7 HER2 2 

2+ 10% 
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staining results indicated that ADAM9 staining in TNBC specimens was 

stronger than that of in non-TNBC specimens (Figure 3.4). Under 200 X 

magnification, it was clearly observed the abundant staining of ADAM9 in 

cytoplasm of TNBC cells. To quantitatively compare ADAM9 expression 

between TNBC and non-TNBC, ADAM9 staining intensity and ADAM9 

expression level were employed. The results indicated that ADAM9 staining 

intensity was markedly increased in TNBC specimens compared with non-

TNBC specimens (Figure 3.5, p < 0.05). As for ADAM9 expression level, there 

was an increasing trend in TNBC group when compared with non-TNBC group 

(Figure 3.6, p = 0.06). 
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Figure 3.3 The haematoxylin staining of TNBC and non-TNBC specimens. The 

left is TNBC (A) and the right is non-TNBC (B). The label “T” was used to 

indicate the tumor cells. Scale bar = 100 µm. 
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Figure 3.4 The ADAM9 staining in TNBC (A) and non-TNBC (B) specimens. 

Scale bar = 100 µm. 
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Figure 3.5 ADAM9 staining intensity (A) and ADAM9 expression level (B). 

Independent sample t-test showed that ADAM9 staining intensity in TNBC was 

markedly stronger than non-TNBC (A). ADAM9 expression level showed an 

increasing trend in TNBC (B). *p < 0.05. 

 

 

 

 

 



Chapter III ADAM9 Expression in TNBC Specimens and Its Association with 
Prognosis 

58 

3.2.3 The Correlation between ADAM9 Expression Level and Survival of 

Breast Cancer Patients 

     We firstly investigated the relationship between ADAM9 expression and 

survival of breast cancer patients. There were 1402 patients included in OS 

analysis. Patients with high ADAM9 expression had significantly lower OS 

compared with those with low ADAM9 expression, and the hazard ration (HR) 

was 1.43 (Figure 3.6, p = 0.0011). DMFS is another important indicator for 

prognosis of breast cancer patients. Therefore, we performed DMFS analysis in 

a group of 1746 breast cancer patients. The result indicated that patients with 

high ADAM9 expression had significantly lower DMFS when compared with 

breast cancer patients with low ADAM9 expression (Figure 3.7, p = 0.0014). 

Besides, we conducted DFS analysis in 414 breast cancer patients who has 

follow-up investigation. Similarly, breast cancer patients with high ADAM9 

expression had shorter DFS compared with patients with low ADAM9 

expression (Figure 3.8, p = 1.6e-13).  
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Figure 3.6 The association between ADAM9 expression in breast cancer patients 

and OS.  
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Figure 3.7 The correlation between ADAM9 expression and DMFS in breast 

cancer patients.  
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Figure 3.8 DFS analysis in breast cancer patient.  
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3.2.4 The Association between ADAM9 Expression Level and RFS in TNBC 

Patients 

     In order to investigate the association between ADAM9 expression and 

survival in TNBC patients, we performed survival analysis in TNBC patients 

according to ADAM9 expression. However, we just completed RFS analysis due 

to the limited TNBC cases. Overall, there were 255 TNBC patients included in 

RFS analysis. The result indicated that TNBC patients with high ADAM9 

expression had markedly shorter RFS compared with TNBC patients with low 

ADAM9 expression (Figure 3.9, p = 0.0038). 
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Figure 3.9 RFS analysis in TNBC patients.  
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3.2.5 The Relationship between ADAM9 Expression and RFS in Different 

Tumor Grade of Breast Cancer 

     We conducted RFS analysis in breast cancer patients with different grades to 

further reveal the relationship between ADAM9 expression level and breast 

cancer progression. We found that increasing tumor grades had increasing HR, 

which indicated the important role of ADAM9 in patients with high grade of 

breast cancer. Briefly, in grade III tumor group, those patients with high 

ADAM9 expression had markedly shorter RFS (Figure 3.10).  
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Figure 3.10 RFS analysis in different tumor grade of breast cancer. (A and B) No 

significant difference in RFS was found in grade I (A) and grade II tumor (B) 

according to ADAM9 expression; (C) Increased ADAM9 expression markedly 

shortened the RFS of breast cancer patients with grade III tumor.  
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3.3 Discussion and Conclusion 

     In this chapter, we investigated the ADAM9 expression in TNBC and non-

TNBC specimens. The results indicated that ADAM9 staining intensity in 

TNBC specimens was markedly higher than that of in non-TNBC specimens. 

Though there was no significant difference in ADAM9 expression level, an 

increasing trend was found in TNBC patients (Figure 3.5). Subsequently, we 

conducted survival analysis in breast cancer patients. It was showed that 

ADAM9 expression was associated with OS, DMFS and DFS of patients with 

breast cancer. In TNBC patients, high ADAM9 expression also indicated shorter 

RFS. Besides, high ADAM9 expression in high grade tumor indicated poor 

prognosis. 

     ADAM9 expression level was also reported to be associated with prognosis 

of patients in other cancer. In prostate cancer, upregulated ADAM9 expression 

indicated shorter PSA RFS (Fritzsche et al., 2008a). Likewise, increased 

ADAM9 expression in renal cell cancer was associated with decreased survival 

time of patients (Fritzsche et al., 2008b). In lung cancer, high ADAM9 

expression was indicated to be correlated with decreased 5-year survival rate 

(Lin et al., 2014). In a cohort including 63 patients with resected stage I non-

small cell lung cancer (NSCLC), ADAM9 was overexpressed in tumor tissues 

compared with peripheral normal tissues, and enhanced ADAM9 expression was 

associated with lower survival rate (56.9 versus 88.7%) (Zhang et al., 2014). 

Besides, it was reported that upregulated ADAM9 expression might be 
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associated with higher tumor grade in ovarian cancer (Guo et al., 2020). 

Therefore, these findings supported the conclusion that high ADAM9 expression 

was associated with more aggressive phenotypes and worse prognosis. 
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Chapter IV The Role of ADAM9 in the 
Colonization, Migration and Invasion of TNBC 
Cells 

4.1 Materials and Methods 

4.1.1 Cell Lines 

     MDA-MB-231, Hs578t and MCF-7 cell were cultured DMEM medium 

supplemented with 10% FBS at 37℃ and 5% CO2. 

4.1.2 siRNA Transfection and Protein Inhibition 

     Cells were seed in a 6-well plate at a density of 3 x 105 cells per well. After 

incubating at 37℃ and 5% CO2 for 24 h, siRNA targeted to ADAM9 (RiboBio, 

Guangdong, China) was transfected into cells by Lipofectamine 2000 

(Thermofisher Scientific). Briefly, ADAM9 siRNA power was solved in RNase-

free water to make a work solution (100 nM). A concentration of 20 nM 

ADAM9 siRNA was added into Opti-MEM medium (Thermofisher Scientific) 

followed by incubated with Lipofectamine 2000 at RT for 10 min. After 

discarding the previous medium, ADAM9 siRNA was added into the well with 

completed medium followed by a 6 h incubation. Then, the medium was 

replaced by conditioned medium. Negative control (NC) was prepared by using 

cells transfected with scrambled siRNA. Cells only treated with Lipofectamine 
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2000 was regarded as blank control (BC). The transfection efficiency was 

investigated by using Scrambled siRNA labeled with green fluorescence protein 

(GFP, RiboBio). 

     For protein inhibition, GSK690693 and MK2206-2HCl (Selleckchem) 

compounds were pan-AKT and p-AKT inhibitor at Ser473 and Thr308, 

respectively. For GSK690693, concentrations range from 10 to 50 nM were 

added into the culture medium. For MK2206-2HCl, concentrations range from 

10 to 40 nM were added into the culture medium.  

4.1.3 Western Blotting  

     Cells were lysed by RIPA buffer supplemented with protease inhibitor 

cocktail (Thermofisher Scientific). Each well was added 100 µL RIPA buffer, 

and cells were scraped and collected into 1.5 mL EP tube. Protein concentration 

was evaluated by Rapid Gold BCA Protein Assay (Thermofisher Scientific). 

Total protein was mixed with 2 x loading buffer and heated in 95℃ for 10 min. 

The denatured protein was stored under -20℃ until use. 

     Cell lysates were loaded into the SDS-PAGE gel and separated by SDS-

PAGE gel. The voltage of gel electrophoresis is set at 120 V. The total protein on 

the separation gel was transferred to polyvinylidene fluoride (PVDF) membrane 

at 300 mA for 90 min. Membranes were blocked in 5% non-fat milk resolved by 

TBST (1% tween 20, in TBS) for 1 h. Membranes were incubated with primary 

antibody (ADAM9 (1:200, R&D system); p-EGFR (1:1000, Tyr1068), EGFR 
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(1:1000), p-MAPK (1:1000, Tyr202/204), MAPK (1:1000), GAPDH (1:1000), 

p-AKT (1:500, Ser473), AKT (1:1000), p-IKKα/β (1:1000, Ser176/180), IKKβ 

(1:1000), p-NF-kBp65 (1:1000, Ser536), NF-kBp65 (1:1000), p-IkBα (1:1000, 

Ser32), IkBα (1:1000), and β-actin (1:1000, Cell Signaling, Massachusetts, 

USA)) according to the recommendation of manufacturer overnight at 4℃. 

Membranes were washed by TBST for 3 times and incubated with anti-rabbit or 

anti-goat secondary antibodies for 1 h at RT. The membrane was exposed by 

using high-sensitivity ECL (Millipore).  

4.1.4 RT-qPCR 

The concentration of RNA was evaluated by NanoDrop 2000C. cDNA was 

produced by reverse transcription reaction kit (Takara, Tokyo, Japan). The 

reaction was performed by Veriti TM (Applied Biosystems, AB) at 37℃ for 15 

min followed by 85℃ for 5 sec and maintained at 4℃. 

     RT-qPCR was performed by AB 7500 real-time PCR system (Thermofisher 

Scientific). SYBR Green PCR Master Mix (Roche, Baden-Württemberg, 

Germany) was used to conduct RT-qPCR. The primer sequences were in Table 

4.1. 

Gene  Forward Primer（5’-3’） Reverse Primer（5’-3’） 

ADAM9 CCTCGGGGACCCTTCGTGT 
ATCCCATAACTCGCATTCTCT

AAA 

GAPDH 
CCACCCATGGCAAATTCCA

TGGCA 

TCTAGACGGCAGGTCAGGTC

CACC 
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Table 4.1 The sequences of primers. 

4.1.5 Cell Growth Assay 

     MDA-MB-231, Hs578t and MCF-7 cells were seeded in 96-well plate at a 

density of 1 x 104 cells/well. Cells were transfected with ADAM9 siRNA, 

scrambled siRNA and Lipofectamine 2000 alone. After 1, 2, 3 and 4 days of 

incubation, Cell Proliferation Kit I (Roche) was used to conduct cell growth 

assay. In brief, cells were added with 10 µL 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) and incubated at 37℃ and 5% CO2 for 4 h. 

The solubilization solution (100 µL) was added into the medium, and the cells 

were incubated at 37℃ and 5% CO2 overnight. The absorbance at 560 nm was 

read by a microplate reader (Bid-Rad).  

     For colony formation assay, MDA-MB-231 and MCF-7 cells were 

transfected with ADAM9 siRNA, scrambled siRNA and Lipofectamine 2000 

followed by seeded 500 cells per well in 6-well plate. After 12 days incubation 

in completed medium, the medium was discarded and 4% PFA was used to fix 

the colonies for 15 min. Fixed colonies were stained with 0.1% crystal violet for 

30 min, and counted under a digital camera (Nikon, Tokyo, Japan).  

4.1.6 Wound Healing Assay 

      The wound healing assay was conducted with Culture-Insert 2 well (ibidi, 

Wisconsin, USA) (Figure 4.1). Briefly, cells were firstly transfected with 

ADAM9 siRNA, scrambled siRNA or Lipofectamine 2000 as described above. 
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Cells were digested and the concentration of cells were adjusted to 3 x 105 

cells/mL. Each inserted well was added with 70 µL cells. After 24 h incubation 

in 37℃ and 5% CO2, the culture-insert was removed to disclose the cell-free gap 

and the culture dish was filled with fresh medium. The cell-free gap was 

observed by using a light microscope every 6 h for 24 h.  
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Figure 4.1 The illustration of Culture-Insert 2 well (https://ibidi.com/culture-

inserts/24-culture-insert-2-well.html). 
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4.1.7 Transwell Invasion Assay 

     Transwell invasion assay was performed by using Cell Biolabs CytoSelectTM 

Cell Invasion Assay Kit (Figure 4.2). In brief, the invasion chamber was warmed 

at RT for 10 min. The basement membrane layer of the cell culture insert was 

rehydrated by adding 300 µL prewarmed conditioned medium without FBS 

followed by incubating at RT for 1 h. Treated cells (2 x 105/mL) suspended in 

conditioned medium were added into the upper chamber. Completed medium 

(500 µL) was added into the lower chamber. Cells were incubated at 37℃ and 5% 

CO2 for 24 h. Only live invasive cells could degrade the basement membrane 

and migrate into the lower chamber followed by staining with cell stain solution. 

Dead cells lose their ability to degrade the basement membrane and cannot be 

detected by cell stain solution. Stained cells were counted at least three 

individual fields per insert.  
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Figure 4.2 Brief description of transwell invasion assay. Adjusted from Cell 

Biolabs (https://www.cellbiolabs.com). 
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4.1.8 Enzyme-linked Immunosorbent Assay (ELISA) 

     ELISA was performed by using Human HB-EGF DuoSet ELISA Kit from 

R&D Systems. The capture antibody was diluted to the working concentration 

by using PBS. Diluted capture antibody (100 µL per well) was used to coat a 96-

well microplate. The microplate was sealed and incubated at RT overnight 

followed by three times washing with wash buffer (400 µL per well). After the 

last time of wash, the plate was inverted on a clean paper towel to remove the 

remaining wash buffer. The plate was blocked by adding Reagent Diluent (300 

µL) into each well and incubated at RT for 1 h. After washing for three times, 

the plate was ready to use. 

     The supernatant of MDA-MB-231 cells was collected into EP tubes. The 

supernatant (100 µL) was diluted in Reagent Diluent and added into each well 

followed by 2 h incubation at RT. After washing for three times, 100 µL of 

detection antibody was diluted in Reagent Diluent and added into each well. The 

plate was covered with an adhesive strip and incubated at RT for 2 h. After 

washing with wash buffer for three times, Streptavidin-HRP solution (100 µL) 

was added into each well, and the plate was incubated at RT for 20 min in the 

dark. Substrate Solution (100 µL) was added into each well, and the plate was 

incubated at RT for 20 min. Stop Solution (50 µL) was added to stop the 

reaction. The absorbance at 450 nm was read by using a microplate reader.  
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4.1.9 Spearman Correlation Analysis between p-NF-κBp65 and ADAM9 in 

TNBC Patients 

     Spearman correlation analysis was performed to investigate the correlation 

between ADAM9 expression level and p-NF-κBp65 level in TNBC patients. We 

obtained ADAM9 mRNA expression (version: HiseqV12) from National Cancer 

Institute GDC Data Portal (https://portal.gdc.cancer.gov/). Meanwhile, Reverse 

Phase Protein Array Replicates-Based-Normalized (RPPA-RBN) data (version: 

2018-06-13) of The Cancer Genome Atlas (TCGA) BRCA was collected from 

UCSC Cancer Genome Browser (http://genome-cancer.ucsc.edu). 
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4.2 Results  

4.2.1 The Inhibition of ADAM9 mRNA and Protein in MDA-MB-231 Cells 

     To confirm that siRNA could be successfully transfected into MDA-MB-231 

cells by Lipofectamine 2000, scrambled siRNA labeled with GFP was 

transfected into MDA-MB-231 cells. After 3 h and 6 h incubation, MDA-MB-

231 cells were observed by using fluorescence microscope. The fluorescence 

images showed that scrambled siRNA was successfully transfected into MDA-

MB-231 cells (Figure 4.3). Subsequently, ADAM9 siRNA was transfected into 

MDA-MB-231 cells to downregulate ADAM9 expression. Western blotting 

showed that ADAM9 protein expression was significantly suppressed by 

ADAM9 siRNA (Figure 4.4). Meanwhile, RT-qPCR results indicated that 

ADAM9 mRNA expression level was markedly inhibited by ADAM9 siRNA 

(Figure 4.5, p < 0.01). 
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Figure 4.3 Fluorescence images of scrambled siRNA in MDA-MB-231 cells. 

The green represented the scrambled siRNA. It showed that scrambled siRNA 

was colocalized well with MDA-MB-231 cells in merged images. Besides, the 

fluorescence was brighter in MDA-MB-231 cells incubated with scrambled 

siRNA for 6 h. Scale bar = 40 µm. 
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Figure 4.4 Western blotting image of ADAM9. Western blotting results 

suggested that both ADAM9 precursor and mature expression were decreased in 

MDA-MB-231 cells transfected with ADAM9 siRNA.  
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Figure 4.5 ADAM9 mRNA level in MDA-MB-231 cells after ADAM9 silencing. 

MDA-MB-231 cells transfected with ADAM9 siRNA had markedly lower 

ADAM9 mRNA level compared with the negative control group (p < 0.01). 
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4.2.2 The Effect of ADAM9 Silencing in Cell Proliferation and Colony 

Formation of TNBC Cells 

     To investigate the influence of ADAM9 downregulation in TNBC cells, we 

transfected ADAM9 siRNA into MDA-MB-231 and Hs578t cells. MTT assay 

indicated that suppressed ADAM9 expression significantly inhibited MDA-MB-

231 (p < 0.01) and Hs578t (p < 0.001) cells proliferation (Figure 4.6). In order to 

confirm the influence of ADAM9 silencing on non-TNBC cells proliferation, we 

performed MTT assay in MCF-7 cells. The results indicated that downregulated 

ADAM9 expression did not affect the cell proliferation of MCF-7 cells (Figure 

4.6). The ability of colony formation is another aspect to describe the cell 

proliferation. The results suggested that the ability of MDA-MB-231 and Hs578t 

cells to develop colony were greatly inhibited by ADAM9 silencing (Figure 4.7). 
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Figure 4.6 The influence of ADAM9 silencing in cell proliferation of TNBC and 

non-TNBC cells. (A and B) ADAM9 downregulation markedly inhibited MDA-

MB-231 (A) and Hs578t (B) cells proliferation; (C) MCF-7 cells transfected 

with ADAM9 siRNA did not show any difference with NC and BC.  
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Figure 4.7 Colony formation assay in MDA-MB-231 and Hs578t cells. Colonies 

in MDA-MB-231 and Hs578t cells treated with ADAM9 siRNA were 

significantly less than NC and BC (*p < 0.05, **p < 0.01, ***p < 0.001). 
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4.2.3 The Influence of ADAM9 Suppression in Migration of TNBC and 

Non-TNBC Cells 

     To describe the effect of ADAM9 silencing in migration of TNBC and non-

TNBC cells, wound healing assay was conducted in MDA-MB-231, Hs578t and 

MCF-7 cells. After treated with ADAM9 siRNA, the migration of MDA-MB-

231 and Hs578t cells was markedly suppressed compared with NC and BC 

(Figure 4.8). However, we did not observe the same phenomenon in MCF-7 

cells. There was no difference among MCF-7 cells treated with ADAM9 siRNA, 

NC and BC (Figure 4.9). 
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Figure 4.8 The migration assay of MDA-MB-231 and Hs578t cells. The results 

showed that MDA-MB-231 (A) and Hs578t (B) cells was significantly inhibited 

by downregulating ADAM9 expression (***p < 0.001).  
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Figure 4.9 The migration of MCF-7 cells treated with ADAM9 siRNA, NC and 

BC.  
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4.2.4 ADAM9 Silencing Inhibited the Invasion of TNBC Cell Lines 

     Cell invasion is used to describe the aggressiveness of cells. Matrigel 

invasion assay was used to investigate the invasive ability of TNBC cells. The 

number of MDA-MB-231 or Hs578t cells invaded into the lower chamber was 

decreased by ADAM9 downregulation, which suggested that ADAM9 played a 

role in degrading matrigel membrane in TNBC cell lines (Figure 4.10). 
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Figure 4.10 ADAM9 silencing significantly inhibited MDA-MB-231 (A) and 

Hs578t (B) cells invasion (**p < 0.01, ***p < 0.001). 
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4.2.5 ADAM9 Participated in AKT/NF-κB Pathway in TNBC Cells 

     Previous study indicated that ADAM9 could activate EGFR-AKT pathway 

via shedding HB-EGF from cell surface, which could promote cancer 

progression (Liu et al., 2015b). Therefore, we investigated whether ADAM9 

could cleave HB-EGF to stimulate EGFR-AKT pathway in MDA-MB-231 cells. 

ELISA was used to detect the HB-EGF level in the culture medium of MDA-

MB-231 cells. There was no difference existed among MDA-MB-231 cells 

treated with ADAM9 siRNA, NC and BC in HB-EGF level (Figure 4.11). 

Besides, we found that the phosphorylation level of EGFR and MAPK did not 

change in MDA-MB-231 and Hs578t cells transfected with ADAM9 siRNA 

(Figure 4.12). However, the decrease of ADAM9 expression significantly 

reduced the level of p-AKT in MDA-MB-231 and Hs578t cells (Figure 4.12). 

This indicated that ADAM9 might regulate the phosphorylation of AKT in 

MDA-MB-231 and Hs578t cells. To confirm whether the level of p-AKT could 

affect ADAM9 expression in MDA-MB-231 cells, we used MK-2206 2HCl, an 

inhibitor of p-AKT at Ser473 and Thr308, to downregulate the level of p-AKT 

and observed the change of ADAM9 expression. Different concentrations of 

MK-2206 2HCl (range from 10 nM to 40 nM) were incubated with MDA-MB-

231 cells. The western blotting results suggested that inhibition of p-AKT did 

not mediate the expression of ADAM9 in MDA-MB-231 cells (Figure 4.13). 

Therefore, p-AKT was mediated by ADAM9 expression or p-AKT was located 

at the downstream of ADAM9.  
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Figure 4.11 HB-EGF protein levels in culture medium of MDA-MB-231 cells 

treated with ADAM9 siRNA, NC and BC. It showed that the level of HB-EGF 

did not change in MDA-MB-231 cells after ADAM9 silencing.  
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Figure 4.12 The change of EGFR-AKT pathway in MDA-MB-231 and Hs578t 

cells after ADAM9 silencing.  
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Figure 4.13 Western blotting results in MDA-MB-231 cells after using MK-

2206 2HCl. MK-2206 2HCl Concentrations ranged from 10 nM to 40 nM were 

added into the culture medium. Neither ADAM9 precursor nor ADAM9 mature 

expression did not influence by MK-2206 2HCl.  
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     Since the phosphorylation level of MAPK did not follow the change of p-

AKT, the downstream signal pathway should be further investigated. Previous 

study indicated that there was a correlation between the phosphorylation of AKT 

and NF-κB (Dan et al., 2008). Phosphorylated AKT could induce the activation 

of NF-κB. Therefore, we investigated whether this signaling pathway was also 

existed in TNBC cells. GSK690693 and MK-2206 2HCl were pan-AKT and p-

AKT inhibitors, respectively. After treating with GSK690693, the level of AKT 

in MDA-MB-231 cells was significantly reduced combined with decreased level 

of p-IKKα/β, p-NF-κBp65, and p-IkBα (Figure 4.14). MDA-MB-231 cells 

treated with MK-2206 2HCl showed reduced level of p-AKT followed by 

decreased level of p-IKKα/β, p-NF-κBp65 and p-IkBα (Figure 4.15). 

     To investigate the correlation between ADAM9 and AKT/NF-κB pathway,  

we used ADAM9 siRNA to suppress the ADAM9 expression in MDA-MB-231 

and Hs578t cells (Figure 4.16). We found that ADAM9 silencing lead to 

significantly reduced level of p-NF-κBp65 and p-IkBα (Figure 4.16). To further 

confirm the relationship between ADAM9 expression and the level of p-NF-

κBp65, we obtained ADAM9 expression data and p-NF-kBp65 level from 68 

TNBC samples in TCGA database. The results suggested that ADAM9 mRNA 

expression was positively correlated with the level of p-NF-kBp65 (Figure 4.17, 

p < 0.05). 
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Figure 4.14 Western blotting image of MDA-MB-231 treated with GSK690693. 

GSK690693 induced AKT inhibition reduced the level of p-IKKα/β, p-NF-

κBp65, and p-IkBα in MDA-MB-231 cells.  
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Figure 4.15 Western blotting image of MDA-MB-231 treated with MK-2206 

2HCl. MK-2206 2HCl induced p-AKT inhibition reduced the level of p-IKKα/β, 

p-NF-κBp65 and p-IkBα in MDA-MB-231 cells. 
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Figure 4.16 The effect of ADAM9 silencing in the level of p-NF-κBp65 and p-

IkBα in MDA-MB-231 and Hs578t cells.  
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Figure 4.17 The correlation between ADAM9 mRNA expression and p-NF-

κBp65 in TNBC patients (n = 68, p = 0.041).  
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4.2.6 The Association between ADAM9 expression and MMPs (MMP2 and 

MMP9) Expression 

     MMP2 and MMP9 are the target protein mediated by NF-κB. To investigate 

whether there is association among ADAM9, MMP2 and MMP9, we obtained 

MMP2, MMP9 and ADAM9 expression from TCGA BRCA database. Spearman 

correlation analysis was conducted to reveal the correlation between ADAM9 

level and MMP2 or MMP9. The results indicated that MMP2 (p < 0.001) and 

MMP9 (p < 0.05) mRNA level were positively associated with ADAM9 mRNA 

level in TNBC patients (Figure 4.18). 
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Figure 4.18 The correlation between ADAM9 mRNA expression and MMP2 (A) 

or MMP9 (B) mRNA expression in TNBC patients. 
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4.3 Discussion and Conclusion 

     The results showed in chapter IV of this thesis suggested that ADAM9 plays 

an important role in the cell proliferation, migration, and invasion of TNBC cells 

(MDA-MB-231 and Hs578t). ADAM9 silencing leads to inhibited cell 

proliferation, migration, and invasion in TNBC cells. The results also indicated 

that ADAM9 mediated the aggressive phenotypes of TNBC cells via AKT/NF-

κB pathway not EGFR/AKT pathway.  

     MTT assay and colony formation assay were used to evaluate the cell 

proliferation of TNBC cells after ADAM9 inhibition. MTT assay showed that 

both the absorbance of MDA-MB-231 and Hs578t cells treated with ADAM9 

siRNA was significantly lower than NC and BC, and this phenomenon did not 

exist in MCF-7 cells. This indicated that ADAM9 might play a critical role in 

proliferation of TNBC cells not non-TNBC cells. Colony formation capacity 

could be used to quantitatively depict the potential of cell proliferation. The 

number of colonies was significantly less in MDA-MB-231 and Hs578t cells 

treated with ADAM9 siRNA, which was consistent with the result of MTT assay. 

Similarly, N Giebeler et al. developed HGF/CDK4 mice with ADAM9 deletion 

and found that ADAM9 deficient reduced melanoma growth and the tumor size 

(Giebeler et al., 2017). Evaluating the migration of TNBC and non-TNBC cells 

in wound healing assay showed that ADAM9 inhibition suppressed TNBC cells 

migration not non-TNBC cells. This suggested that ADAM9 might contribute 
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more in migration of TNBC cells.  

Yasushi et al. showed that overexpressed ADAM9 promoted NSCLC cells 

adhesion to brain tissue and brain metastasis in mouse model that intravenous 

injection of NSCLC cells (Shintani et al., 2004). In glioma, the invasive capacity 

of glioma cell lines was markedly decreased after ADAM9 knockdown (Sarkar 

et al., 2015). ADAM9 was found to degrade several kinds of ECM proteins such 

as fibronectin, entactin and laminin (Roychaudhuri et al., 2014). Therefore, 

transwell invasion assay was used to quantitatively evaluate invasion capability 

of TNBC cells in vitro. TNBC cells showed reduced invasion after ADAM9 

silencing. This indicated that ADAM9 might involve in extracellular matrix 

(ECM) degradation and proteolysis of TNBC cells.  

     ADAM9, as a membrane-anchored protein, performed as a transfer station 

which could transmit the signals from extracellular space into cytoplasm. 

Previous study indicated that ADAM9 could bind with protein kinase C (PKC) 

which leads to the cleaving of the ectodomain of HB-EGF (Mygind et al., 2018). 

HB-EGF is a ligand of EGFR which could stimulates the phosphorylation of 

EGFR. Upregulated level of HB-EGF in supernatants was proved to activate 

EGFR pathway in esophageal squamous cell carcinoma (Liu et al., 2015c). 

However, in our study, ELISA assay showed that the level of HB-EGF did not 

change in TNBC cells with ADAM9 silencing. Furthermore, our results 

suggested that the phosphorylation of EGFR and MAPK remained no change 

after ADAM9 suppression in TNBC cells. Given these results, ADAM9 might 
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not involve in the stimulation of EGFR in TNBC cells. 

     Though the activity of EGFR and MAPK did not change, the 

phosphorylation of AKT reduced after ADAM9 silencing. Western blotting 

results also indicated that p-NF-κBp65 and p-IkBα level were reduced in TNBC 

cells with ADAM9 inhibition. Previous study indicated that AKT activation 

could stimulate NF-κB complex (Shin et al., 2016). Besides, NF-κB complex 

was reported to involve in mediating cell apoptosis and MMPs expression 

(Wang et al., 1996). Cancer cells could resist apoptosis and overexpress MMPs 

expression to facilitate metastasis via abnormal NF-κB complex activation 

(Ukaji and Umezawa, 2014). It has been reported that mammosphere formation 

of breast cancer stem cells could be inhibited by NF-κB suppression (Hinohara 

et al., 2012), and NF-κB was associated with TNBC metastasis (Liu et al., 

2015a). In our results, we found that ADAM9 inhibition reduced the 

phosphorylation of NF-κB and IkBα. NF-κB is an important transcription factor 

which is responsible for the regulation of target gene expression.  

MMP2 and MMP9 are the main target proteins of NF-κB that participate 

in the degradation of ECM which could facilitate cancer cells migration and 

invasion (Rinkenbaugh and Baldwin, 2016). Aberrant activation of NF-κB 

promote cancer progression via enhancing MMP2 and MMP9 expression (Chien 

et al., 2010; Li et al., 2011). Previous study indicated that ADAM9 

overexpression interacted with β1 integrins to enhance MMP9 secretion (Zigrino 

et al., 2007). Besides, ADAM9 expression was reported to be tightly associated 
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with MMP2 synthesis in hepatocellular carcinoma (HCC) (Le Pabic et al., 2003). 

Similarly, we found that MMP9 and MMP2 mRNA expression were positively 

related to ADAM9 mRNA expression in TNBC patients.  

     However, it is still unclear that ADAM9 stimulates AKT activation in which 

way. According to previous studies, we reasoned that ADAM9 may interact with 

integrins to stimulate AKT/NF-κB pathway. Integrins, a group of 

transmembrane proteins, play an important role in cell adhesion to ECM by 

transporting signals. Takayama et al. reported that integrin αvβ3 was upregulated 

in TNBC cell lines (MDA-MB-231 and MDA-MB-435) but not non-TNBC cell 

lines (T47D and MCF-7) (Takayama et al., 2005). Likewise, integrin α6 

expression was increased in two TNBC cell lines (MDA-MB-231 and MDA-

MB-435) (Mukhopadhyay et al., 1999). Stimulation of integrins could activate 

PI3K signaling pathway to promote breast cancer progression (Webster et al., 

1998). Particularly, integrin αvβ3 was proved to involve in PI3K/AKT/NF-κB 

pathway activation in MDA-MB-231 cell line (Zhao et al., 2014). Meanwhile, it 

was reported that ADAM9 could bind to integrins, such as α6β1 and αvβ5, to 

promote cell adhesion and migration (Nath et al., 2000; Zhou et al., 2001). In 

this thesis, we found that ADAM9 inhibition led to reduced level of p-AKT and 

p-NF-κB without change of HB-EGF and p-EGFR. Given that ADAM9 

expression was associated with MMP2 and MMP9 expression, we plausibly 

speculate that ADAM9 activates AKT/NF-κB through interaction with integrins 

in TNBC cells. However, we cannot preclude the possibility that MMP2 and 



Chapter IV The Role of ADAM9 in the Colonization, Migration and Invasion of 
TNBC Cells 

105 

MMP9 also have proteinase activity which could activate NF-κB pathway. More 

experiments are needed to clarify the regulation in ADAM9 and MMPs in vitro 

and in vivo. The role of ADAM9 in TNBC progression also need to verify in 

TNBC animal model.  
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Chapter V Overall Discussion and Conclusion 

5.1 Summary of Thesis 

     The goal of this thesis was to investigate the role of ADAM9 in TNBC 

progression. In chapter II, we described the expression level of ADAM9 in 

TNBC and non-TNBC cell lines by using western blotting and RT-qPCR. We 

also obtained ADAM9 mRNA level of TNBC and non-TNBC from public 

database to compare its difference. We showed that ADAM9 was overexpressed 

in TNBC cell lines compared with non-TNBC cell lines. ADAM9 expression 

level was also significantly upregulated in TNBC patients. In chapter III, we 

firstly collected clinical specimens from hospital to evaluate ADAM9 expression 

in TNBC and non-TNBC patients. Then, survival analysis was conducted in 

breast cancer and TNBC patients to evaluate the association between ADAM9 

expression and survival rate. The results suggested that ADAM9 expression was 

significantly higher in TNBC patients. Besides, ADAM9 expression level was 

associated with the survival of breast cancer patients and TNBC patients. 

Meanwhile, we found that high ADAM9 expression in high grade tumor 

indicated poor prognosis. Chapter IV described the role of ADAM9 in TNBC 

progression and the mechanism involved in these processes. ADAM9 inhibition 

in TNBC cells suppressed their aggressive phenotypes and reduced activation of 

AKT/NF-κB pathway. The conclusions of this thesis suggested that ADAM9 

plays an important role in TNBC progression and might be a potential target for 
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TNBC treatment. 

5.2 The Expression of ADAM9 in TNBC and Non-TNBC 

This thesis firstly described the expression level of ADAM9 in TNBC and 

compare ADAM9 expression between TNBC and non-TNBC. As the description 

in the introduction, the expression of ADAM9 was upregulated in several kinds 

of cancer, including lung cancer, prostate cancer, pancreatic cancer and brain 

cancer. In our study, we not only investigated ADAM9 expression in TNBC and 

non-TNBC cell lines but TNBC and non-TNBC specimens. Compared between 

TNBC and non-TNBC, it was showed that ADAM9 was overexpressed in 

TNBC cell lines and specimens (Figure 2.1-2.6). Though ADAM9 expression 

was enhanced in TNBC, it was worth noting that ADAM9 expression level was 

different in TNBC cell lines. According to PAM50, TNBC has five subtypes 

including luminal A, luminal B, HER2 enriched, basal-like and normal-like. 

ADAM9 expression in these subtypes needs to be further investigated to reveal 

whether specific TNBC subtypes are associated with high ADAM9 expression.  

ADAM9 expression is proved to be associated with survival in cancers 

described above. Though ADAM9 expression is highly expressed in TNBC, 

high ADAM9 expression level was also related to shorter survival of breast 

cancer patients. This indicated that high ADAM9 expression is associated with 

poor prognosis no matter with the breast cancer subtypes. Meanwhile, poorer 

prognosis was found in higher tumor grade of breast cancer with high ADAM9 
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expression as well as TNBC, raising the possibility that ADAM9 might be a 

useful target to predict the prognosis of breast cancer patients. Besides, we did 

not separate breast cancer patients and TNBC patients included in the survival 

analysis according to the treatment. The value of ADAM9 in predicting 

therapeutic effect of chemotherapy in breast cancer patients could be further 

investigated. 

5.3 The Role of ADAM9 in TNBC Progression 

     This thesis investigates the role of ADAM9 in TNBC progression in chapter 

IV. Inhibited ADAM9 expression in TNBC cells suppressed proliferation, 

migration and invasion. ADAM9 promotes the proliferation of cancer cells 

possibly through its cytoplasmic domain. The cytoplasmic domain mainly 

interacts with proteins containing Src-homology 3 (SH3) domain. The binding 

of PKC to cytoplasmic domain of ADAM9 could facilitate the cleavage of 

growth factors, such as HB-EGF and insulin-like growth factor binding protein-

5 (Izumi et al., 1998b; Mohan et al., 2002). ADAM9 silencing might reduce the 

binding of PKC so that decrease the level of growth factors. Though we did not 

observe the decrease of HB-EGF after ADAM9 inhibition in MDA-MB-231 

cells (Figure 4.11), other factors might be affected by ADAM9 silencing. 

Besides, the sensitivity of ELISA assay is not enough to detect trace amounts of 

proteins. Therefore, other high sensitivity technologies, such as flow cytometry, 

might be helpful for the detection of trace amounts of proteins.  
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     The disintegrin domain of ADAM9 might play a role in promoting the 

migration of cancer cells. As its name suggests, the disintegrin domain could 

bind to integrins and mediate the cell adhesion to the components of ECM 

(Mahimkar et al., 2005). This process regulated by ADAM9 allows cancer cells 

to attach the components of vessels, such as platelet and epithelial cells, which 

facilitates the migration of cancer cells. Besides, the cysteine-rich domain of 

other ADAMs could bind to ECM without the interaction of disintegrin domain 

and integrin. The downregulation of ADAM9 inhibits the migration of TNBC 

cells possibly by blocking this process. Metalloprotease domain of ADAM9 has 

proteolytic activity which could degrade ECM to promote the invasion of cancer 

cells. 

     The mechanism of ADAM9 promoting TNBC progression is still unclear. We 

originally hypothesized that ADAM9 cleaves HB-EGF from cell surface to 

activate EGFR-AKT pathway. HB-EGF ELISA assay was used to detect the 

change of HB-EGF followed by ADAM9 silencing. This assumption was 

changed as we did not observe any difference in the level of HB-EGF. 

Meanwhile, the level of p-EGFR remained no change, while the level of p-AKT 

was reduced. This implicated that ADAM9 stimulates the activation of AKT via 

other factors. Integrins are transmembrane proteins that activate signaling 

pathway by cell-extracellular matrix interaction. As we discussed above, 

ADAM9 might interact with integrins through its disintegrin domain and 

stimulates the downstream signaling pathway. NF-κB pathway is involved in 
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DNA transcription, cytokine production and cell survival. Many target genes 

participated in cancer progression are regulated by NF-κB complex. Our 

findings develop the relationship between ADAM9 and NF-κB complex. 

Reduced activation of NF-κB complex induced by ADAM9 silencing might 

downregulate several genes expression, including MMP2 and MMP9. MMP2 

and MMP9 are mainly participated in the processes of ECM degradation which 

promotes cancer cells invasion. Correlation analysis revealed that ADAM9 was 

positively correlated with MMP2 and MMP9 expression. Gelatin zymography 

assay would be helpful to verify the relationship between ADAM9 and MMP2 

or MMP9 in TNBC cells.  

5.4 Final Note 

     ADAM9 is a transmembrane protein that involves in many biological 

processes, such as cell development, wound healing, inflammation and 

neurodegenerative diseases. Increasing evidence showed that ADAM9 serves as 

an important component in tumor development and progression. In our thesis, 

we showed that ADAM9 was overexpressed in TNBC and played an important 

role in TNBC progression. ADAM9 inhibition suppressed TNBC cells 

proliferation, migration and invasion via AKT/NF-κB pathway. These results 

were consistent with studies that ADAM9 promotes cancer progression (Chou et 

al., 2020). The thesis highlighted the importance of ADAM9 in TNBC 

progression, which might be helpful for TNBC prognosis prediction and targeted 
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treatment.  
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Appendix 

1. ADAM9 Mediates Triple Negative Breast Cancer Progression 

via AKT/NF-kB Pathway 

Overview 

     This article, published in Frontiers in Medicine, included chapter II, III and 

IV that presented the role of ADAM9 in TNBC cell proliferation, migration and 

invasion. It presented as an appendix to support the conclusions of this thesis. 

Each figure in this manuscript corresponded to the figure in the thesis.  
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