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ABSTRACT 

 

SNX3 LOSS ENHANCES EGFR OVEREXPRESSION IN A MOUSE 

TRIPLE NEGATIVE BREAST CANCER MODEL  

 

 

 

Çırçır, Ayça 

Doctor of Philosophy, Biology 

Supervisor : Prof. Dr. A.Elif Erson-Bensan 

 

 

January 2023, 62 pages 

 

 

Sorting nexin 3 (SNX3) is one of the sorting nexin family proteins and recruits the 

retromer complex in endosomal trafficking.  SNX3 binds specifically to 

Phosphotidylinositol3Phosphate (PtdIns(3)P) via its Phox-domain (PX) domain but 

can also interact with cargo proteins which are mostly membrane receptors. 

Internalized receptors can be recycled back to the plasma membrane or the trans-

Golgi network or degraded in lysosomes or proteosomes. In addition to the role of 

SNX3 in Wntless (Wls) and Transferrin receptor (Tfrc) turnover, previous work and 

ours demonstrated the epidermal growth factor receptor (EGFR) as a recycling cargo 

of SNX3. Considering the critical role of EGFR in cell survival, proliferation, 

invasion/migration and clonogenicity of EGFR positive triple negative breast 

cancers (TNBCs), we hypothesized that SNX3 might modulate EGFR levels in 

TNBCs and deregulation of SNX3 might result in the alteration of clinical 

phenotypes. To experiment with our hypothesis, we generated Snx3 knockdown 

mouse mammary cell line models and evaluated the alterations in the neoplastic 

phenotypes of the cells. Early response to Snx3 downregulation decreased the Egfr 

protein, whereas extended silencing of Snx3 resulted in both Egfr protein and Egfr 
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mRNA upregulation. Upregulation of the Egfr protein enhanced the phenotype of 

4T1 cells to a more aggressive state. In summary, Snx3 levels are critical for Egfr 

protein levels. Our results suggest that Snx3 loss may explain Egfr overexpression 

cases in triple negative breast cancer patients who do not have genomic 

amplification. 

 

Keywords: Sorting nexin 3, Epidermal growth factor receptor, Triple negative breast 

cancer, Phenotypic assay 
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ÖZ 

 

SNX3 KAYBININ FARE ÜÇLÜ NEGATİF MEME KANSERİ 

MODELLERİNDE EGFR AŞIRI İFADESİNİ ARTIRMASI 

 

 

 

Çırçır, Ayça 

Doktora, Biyoloji 

Tez Yöneticisi: Prof. Dr. A.Elif Erson-Bensan 

 

 

Ocak 2023, 62 sayfa 

 

Sorting nexin 3 (SNX3) sorting neksin ailesine ait ve retromer kompleksinin 

endozomda görev alımını yönlendiren bir proteindir. SNX3, PX domaini sayesinde 

speisifik olarak fosfotidilinositol-3-fosfata (PtdIns(3)P) bağlanır ve aynı zamanda 

çoğunluğunu membrane proteinlerin oluşturduğu kargo proteinlerine de bağlanır. 

Hücre içine alınan reseptörler, tekrar hücre membranınına dönebilir ya da trans-

Golgi ağına gidebilir veya lizozom ya da proteozomda yıkıma uğrayabilir. SNX3’ün, 

Wntless (Wls) ve Transferin reseptörünün (Tfrc) geri dönüşümünde rol almasına ek 

olarak, yeni bulgular epidermal büyüme factörü reseptörünün (EGFR) de SNX3 

tarafından geri dönüştürüldüğünü göstermektedir. EGFR’ın üçlü negative meme 

kanseri (TNBC)  hücrelerinde,  hücre sağkalımı, çoğalması, migrasyon/invazyonu 

ve coloni oluşturma kapasitesi üzerindeki kritik rolünü düşünerek, SNX3’ün üçlü 

negative meme kanserlerinde EGFR seviyesini düzenleyebileceğini hipotez ettik. 

Hipotezimizi test etmek için Snx3 susturulmuş fare meme hücre hattı oluşturduk ve 

fenotipik değişimleri değerlendirdik. Snx3 baskılanmasına karşı ilk yanıt olarak Egfr 

protein seviyesi azalırken, baskılama süresinin uzaması hem Egfr protein hem de 

Egfr mRNA seviyesinin artışı ile sonuçlandı. Egfr seviyesindeki düzensizliğin hücre 

fenotipini daha agresif olma yönünde değiştirdiği bu durum; düşük Snx3, yüksek 
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Egfr mRNA seviyesi olan hastaların düşük oranda nükssüz sağkalıma sahip 

olmalarıyla tutarlıdır. Sonuç olarak, SNX3, üçlü negative meme kanseri 

hücrelerinde, EGFR proteini düzenlenmesi açısından kritik bir proteindir ve EGFR 

tarafından kontrol edilen kanser tipleri için de önemli bir aday olabilir. 

 

Anahtar Kelimeler: Sorting Neksin 3, Epidermal büyüme faktörü reseptörü, Üçlü 

negative meme kanseri, Fenotipik analiz 
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CHAPTER 1  

1 INTRODUCTION  

1.1 Basic properties of Sorting Nexins and SNX3 

The SNX (Sorting Nexin) family is made up of a wide variety of cytoplasmic and 

membrane-associated proteins that are involved in numerous processes of cargo 

endocytosis and endosome trafficking (Gallon & Cullen, 2015; Hanley & Cooper, 

2020). The evolutionarily conventional 100–130 amino acid phagocyte oxidase 

(PHOX) homology domain (PX) is present in all members of the SNX family (SEET 

& HONG, 2006; Yang et al., 2019). The PX domain facilitates SNXs interaction 

with phosphatidylinositols, most often phosphatidylinositol 3-phosphate (PI3P) 

(Chandra et al., 2019). Thus, PI3P-bearing early endosomes are linked to the 

majority of SNXs (Gallon & Cullen, 2015). The SNX family is divided into five 

subfamilies based on their domains, including SNX-BAR (Bin/Amphiphysin/Rvs), 

SNX-PX, SNX-FERM (protein 4.1/ezrin/radixin/moesin), SNX-PXA-RGS-PXC, 

and additional distinct SNX subfamilies (Amatya et al., 2021; Yong et al., 2020; H. 

Zhang et al., 2018). Some SNXs contain these domains as well as other unique 

structures. Some members of subfamilies exhibit distinctive characteristics, such as 

the PDZ domain in the FERM subfamily (Bauler et al., 2008; Ghai et al., 2014), 

which is only present on SNX27 and the N-terminal transmembrane domain (PXC) 

predicted on SNX13/SNX14/SNX19 but not on SNX25 in the PXA-RGS subfamily, 

as well as the absence of the RGS domain in SXN19 (Mas et al., 2014; Paul et al., 

2022; Teasdale & Collins, 2012; Vieira et al., 2021; Yang et al., 2019). 
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Figure 1.1. The organization of the SNX family is shown schematically based on 

conserved domains. All annotated members of the family contain the PX domain. 

The picture includes representations of additional domain abbreviations. BAR, 

Bin/Amphiphysin/Rvs domain; FERM, protein 4.1/ezrin/radixin/moesin domain; 

FHA, forkhead associated domain; KM, kinesin motor domain; MIT, microtubule 

interacting and trafficking domain; PDZ, postsynaptic density 95/discs large/zonula 

occludens domain; PX, phagocyte oxidase (phox) homology domain; PXA, PX-

associated domain A; PXC, PX-associated domain C; RB, Rab5-binding domain; 

RGS, the regulator of G-protein signaling domain; SNX, sorting nexin (Vieira et al., 

2021).  

SNX proteins participate in endocytic trafficking in several aspects (Worby & Dixon, 

2002). First, the most crucial physiological function of SNXs is recycling (Vieira et 

al., 2021). SNXs are a part of the retromer, a multi-subunit protein complex that 

mediates the recycling or retrograde trafficking of transmembrane proteins from 

endosomes to the trans-Golgi network (TGN) or back to the plasma membrane (Haft 

et al., 1998; Steinberg et al., 2013; Tu et al., 2020). Recycled proteins, also known 
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as cargo proteins, are transmembrane proteins, G protein-coupled receptors 

(GPCRs), receptor tyrosine kinases (RTKs), transporters for enzymes and the Wnt 

sorting receptor, glucose , and metal ion transporters, and polarity proteins (Atwell 

et al., 2022; González-Mancha et al., 2022; Hanley & Cooper, 2020; McGough et 

al., 2018; Steinberg et al., 2013; Vieira et al., 2021). 

The retromer complex comprises two subunits: the vacuolar protein sorting 

associated protein (VPS26-VPS29-VPS35) trimeric subcomplex, which interacts 

with and concentrates the cargo, and a membrane-associated SNX dimer, which 

binds to endosomal membranes and leads to coordination of cargo proteins to their 

destination (K.-E. Chen et al., 2021; Lucas et al., 2016).  

The mammalian retromer complex has three unique forms: SNX-BAR-retromer, 

SNX3-retromer, and SNX27-retromer (Kvainickas et al., 2017; Yong et al., 2021). 

Some SNXs, including SNX1/2/5/6 of the SNX-BAR subfamily, SNX3 of the SNX-

PX subfamily, and SNX27 of the SNX-FERM subfamily, have been the subject of 

attention due to their cargo proteins (Steinberg et al., 2013).  

For instance, heterodimers of the SNX-BAR proteins, SNX1, SNX2, SNX5, and 

SNX6, are necessary for the retrograde transport of the cation-independent mannose 

6-phosphate receptor from the endosomes to the Trans-Golgi network (TGN) 

(Kvainickas et al., 2017; Seaman, 2007). The Wnt-binding protein Wntless is 

transported from the endosomes to the TGN by the SNX3-retromer (Brown et al., 

2020; Harterink et al., 2011; P. Zhang et al., 2011) and the SNX27-retromer, on the 

other hand, facilitates direct endosome-to-plasma membrane trafficking, bypassing 

the TGN, for recycling of glucose transporter type 1 (Shinde & Maddika, 2017; 

Steinberg et al., 2013). Without being a part of the retromer complex, SNX9 has a 

role in clathrin-mediated endocytosis and interacts with dynamins in clathrin-coated 

pits or through protein-protein interactions (Lundmark & Carlsson, 2003; Soulet et 

al., 2005). SNX11 facilitates the movement of TRPV3 from the plasma membrane 

to the lysosomes for destruction. The roles of SNX proteins are not restricted to a 

single direction (Li et al., 2016; Xu et al., 2020). For example, while SNX17 hinders 
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the lysosomal degradation of β1 integrins by attaching to its tail (Böttcher et al., 

2012; Steinberg et al., 2012), it also prevents the entrance of P-selectin to the 

lysosome for its degradation (Knauth et al., 2005; Williams et al., 2004). 

 

1.2 Role of SNX3 in endosomal trafficking and its targets 

SNX3 plays a role in endosomal trafficking by recruiting VPS26-VPS35-VPS29 

retromer trimer to early endosomes (Bean et al., 2017; Harrison et al., 2014a; Lucas 

et al., 2016). Early endosome is enriched with Phosphatidyl-inositol-3-phosphate 

(PtdIns(3)P or PI3P), and binding of SNX3 to PI3P is crucial in attracting the 

retromer complex to early endosome (Gu et al., 2001).  

PI3P is present and enriched on the early endosomal membranes and recognized by 

several proteins. SNX3 and PI3P interaction is facilitated by the bilayer insertion 

of a proximal loop of the SNX3 PX domain. This interaction can be regulated 

by the phosporylation od specific serine residues on SNX3(Lenoir et al., 2018). 

In case of SNX3 binding to early endosmes, the retromer complex is recruited, 

however, dual recognition by SNX3 and RAB7 is necessary for this reqruitment. C-

terminal part of VPS35 binds to SNX3 and GTP-bound RAB7 to form a binding 

pocket together for  the other VPS proteins for cargo protein (Harrison et al., 2014b). 

Among this complex of proteins, SNX3 emerges as the specificty  factor for the fate 

of the retromer-dependent transport of Wntless, a membrane protein necessary for 

Wnt secretion, in worms and flies. For Wnt secretion and the development of 

morphogenic gradients, Wntless delivers Wnt ligands to the cell surface. The 

endosome-to-Golgi transport route needs SNX3-retromer to recycle endocytosed 

Wntless. Therefore, after internalization of surface receptor Wntless, early 

endosomes start sorting the cargo to TGN instead of the degradative axis if SNX3-

retromer is recruited. Otherwise, in the absence of SNX3, the internalized cargo 

enters the degradation route in which early endosomes mature into late endosomes 
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and merge with a lysosome at the end (Brown et al., 2020; Harterink et al., 2011; P. 

Zhang et al., 2011). 

 

 

Figure 1.2. The function of sorting nexin proteins in the endocytic pathway. 

Internalized transmembrane proteins are transported from the plasma membrane to 

early endosomes. Membrane proteins must be transported retrogradely in order to be 

recycled back to the plasma membrane. This route requires the involvement of 

recycling endosomes and the trans-Golgi network. Plasma membrane proteins to be 

degraded are sent to late endosomes and lysosomes to generate the endolysosomes 

(Hanley & Cooper, 2020). 

 

The role of SNX3 is known for the Transferrin receptor (Tfrc) turnover in which 

silencing of SNX3 resulted in anemia and hemoglobin defects because transferrin 

receptor-mediated iron absorption was hindered. The interaction of Snx3 and Vps35 

seems critical for the recruitment of Tfrc to the recycling endosomes (C. Chen et al., 

2013). 
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1.3 Epidermal Growth Factor Receptor (EGFR) and SNX3 

EGFR belongs to the protein kinase superfamily and is a transmembrane 

glycoprotein receptor. The classic description of transmembrane receptor activity 

involves initial ligand binding, EGF, and other epidermal growth factor family 

members, followed by intracellular signaling and internalization (Oda et al., 2005; 

Sabbah et al., 2020). At this time, EGFR is either degraded or recycled back to the 

plasma membrane (Baldys & Raymond, 2009; Baumdick et al., 2015; Tomas et al., 

2014). Tyrosine autophosphorylation at the cytoplasmic tail of receptor and homo or 

hetero dimerizations with other ERBB family receptors (ERBB2, ERBB3, ERBB4) 

are brought about by the protein's binding to a ligand, which activates downstream 

signaling pathways (Abe et al., 2006; Hajdu et al., 2020; Liu et al., 2012; Needham 

et al., 2016).  

The SNX family member SNX1 regulates the lysosomal targeting motif in the EGFR 

molecule, and its overexpression promotes EGFR breakdown (Chin et al., 2001; 

Kurten et al., 1996; Nishimura & Itoh, 2019). In contrast, SNX3 delays EGFR 

degradation in the late endosomes and lysosomes. Chiow and colleagues showed that 

overexpressing SNX3 in A-431 cells caused endocytosed-EGFR to accumulate in 

the early endosomes and delay its destruction in the lysosomes (Chiow et al., 2012). 

In contrast,  suppressing SNX3 by siRNA transfection increased the degradation of 

EGFR in both A-431 cells and HeLa cells (Chiow et al., 2012; Pons et al., 2008).  

Hence when a cargo protein is transported from the ESE to the late endosomes and 

lysosomes for destruction, SNX3 seems to be crucial in negatively regulating this 

process by enhancing recycling. 
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1.4 EGFR in triple-negative breast cancers 

Triple-negative breast cancer (TNBC) is characterized by the absence of expression 

of the estrogen receptor (ER), progesterone receptor (PR), and human epidermal 

growth factor receptor (HER2) (Gluz et al., 2009; Yin et al., 2020). TNBC subtype 

is 15–20% of all breast cancer patients (Ahn et al., 2016; Santonja et al., 2018). 

TNBC is typically distinguished from other breast cancer subtypes by an aggressive 

clinical course and a poor prognosis (Ovcaricek et al., 2011; Reyes et al., 2017; 

Zagami & Carey, 2022). Moreover, chemotherapy remains the primary option for 

systemic treatment due to the absence of druggable targets, such as ER and HER2. 

TNBC exhibits EGFR overexpression more commonly than other breast cancer 

subtypes, and EGFR expression is linked to a poor prognosis for TNBCs (Masuda et 

al., 2012a; Nakai et al., 2016; Y. Tang et al., 2012; Zakaria et al., 2019). Due to 

EGFR gene amplification, protein overexpression, mutations, or in-frame deletions, 

EGFR signaling is commonly changed in various human malignancies (Roskoski, 

2014; Uribe et al., 2021). EGFR amplification or overexpression causes a rise in 

EGFR density at the plasma membrane (PM), which stimulates receptor homo- and 

heterodimerization and activates kinases (Sigismund et al., 2018). 

Last but not least, it's critical to emphasize that, in addition to oncogenic 

modifications, EGFR over-activation in cancer might result from impaired receptor 

endocytosis and trafficking (Khan & Steeg, 2021; Sigismund et al., 2018; Tomas et 

al., 2014) There are two ways to accomplish this: through changed 

endocytic/trafficking genes to increase the signal's duration and amplitude or mutant 

RTKs (receptor tyrosine kinase) hijacking the endocytic apparatus, fostering their 

signaling qualities (Sigismund et al., 2018). In fact, numerous aggressive tumors 

have changes in the equilibrium between receptor recycling and degradation (T. 

Tang et al., 2020).  
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1.5 Aim of the Study  

Current literature and results from our laboratory showed that SNX3 facilitates the 

recycling of transmembrane receptors, including EGFR. However, the role of SNX3 

in breast cancers in relation to EGFR is not known. In this study, we hypothesized 

that SNX3 might be a critical cancer-related gene, and we tested this hypothesis in a 

TNBC model. 
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CHAPTER 2  

2 MATERIAL AND METHODS 

2.1 Cell culture 

4T1 (mouse breast cancer cell line) cells were cultured in DMEM high glucose (01-

052-1A, Biological Industries) media with 10% fetal bovine serum (cat#181T-500, 

Biowest), 1% Penicillin/Streptomycin (cat#03-031-1), 1% sodium pyruvate (03-042-

1B, BI) and 1% non-essential amino acids (cat#01-340-1B, BI). Cells were incubated 

at 37°C in a 95% humidified environment with 5% CO2. 4T1 cells were a kind gift 

from Prof. Dr. Ozgur Sahin. 

2.2 Plasmids  

pSUPER retro.neo-GFP (a kind gift from Prof. Dr. Uygar Tazebay) was used to clone 

Mouse Snx3 short-hairpin RNA 

(shRNA)(5'GATCCCCAACTTCCTCGAGATCGACGTTCAAGAGACGTCGAT

CTCGAGGAAGTTTTTTTA-3') and non-targeting (NT) shRNA (5'-

CGTACGCGGAATACTTCGATT-3'). The same shRNA sequences were cloned 

into pSUPERIOR retro.neo-GFP for inducible transfection. pCDNA6/TR vector was 

used to generate TetR (Tet repressor) expressing stable 4T1 cells. Top10 E.coli strain 

was used to amplify the vectors. Vectors were isolated using the Thermo GeneJET 

Plasmid Mini-Prep Kit according to the manufacturer's instructions. Maestrogen 

Nano was used to determine vector concentrations.  

 



 

 

10 

2.3 Transfections 

2.3.1 Transient and stable cell line generation  

4T1 cells were plated onto 6-well plates. The next day, for each well of the 6-well 

plate, 2.5 g of pSUPER-Snx3sh or pSUPER-Ntsh vectors were transfected by 

Lipofectamine LTX and PLUS Reagent kit. 7.5 l LTX and 2.5 l Plus Reagent were 

used according to the manufacturer’s instructions. Transiently transfected cells were 

collected at indicated times. A day after transfection, stably transfected cells’ 

medium was replaced with a selection medium containing 350 µg/ml G418 

(cat#04727878001, Merck) as the final concentration. Cells were grown with the 

antibiotic until untransfected cells died. Monoclonal transfectants were selected, and 

they were grown in a maintenance medium containing 175 µg/ml G418 as the final 

concentration.  

2.3.2 Inducible cell line generation 

4T1 cells were transfected with pcDNA6/TR Tet repressor vector, and monoclones 

were selected with 4 µg/ml Blasicidine S hydrochloride (cat#15205, Sigma). TetR 

expression of cells was controlled by RT-PCR. TetR primer pairs (F: 5’-

AACAACCCGTAAACTCGCCC-3’ and R: 5’-TCTCAATGGCTAAGGCGTCG-

3’, 101 bp product, annealing temperature 56C) were used with cDNAs from TetR 

transfected cells. Next, confirmed monoclones were re-transfected with 

pSUPERIOR constructs, and selected clones were maintained in Tet-free FBS 

containing growth medium supplied with 175 µg/ml G418 and 4 µg/ml Blasticidine 

as the final concentration.  
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2.4 DNase Treatment 

10 g of isolated total RNA mixed with 10 L 10X DNase incubation buffer, 5 l 

DNase (cat#047167280-01, Merck) and reaction volume was completed to 100L 

with RNase-DNase free water (cat#BI01-866-1A, BI) and incubated at 37C for an 

hour in a water bath. After incubation, samples were mixed with 100L of phenol-

chloroform-isoamyl alcohol (25:24:1) and vortexed for 30 seconds, followed by a 

10-minute incubation on ice. Then tubes were centrifuged at 14000 rpm for 20 

minutes at 4C. 80 L of the upper phase of the solution was mixed with 240 L 

EtOH (100%) and 8 L of 3 M sodium acetate. After overnight incubation of samples 

at -20C, they were centrifuged again under the same conditions for 30 minutes. The 

supernatant was discarded carefully, the RNA pellet was washed with 70% EtOH, 

and samples were spun at 13000 rpm for 15 minutes at 4C. After discarding the 

supernatant, pellets were left to air-dry and suspended in DNase-RNase-free water. 

Dissolved RNAs were analyzed in terms of quality and quantity by using Maestrogen 

Nano. RNAs were stored at -80C. To control whether DNase treatment completely 

degraded DNAs in RNA samples, Rplp0 (Ribosomal Protein Lateral Stalk Subunit 

P0) specific primers were used in PCR where the template was isolated RNAs. The 

primer couple is Rplp0_F: 5’-GAGGCCACACTGCTGAACAT-3’, Rplp0_R: 5’-

ATGCTGCCGTTGTCAAACAC-3’ with a product size of 83 base pairs. PCR 

reaction conditions were as follows; 94C for 10 min initial denaturation, 94C for 

30 sec denaturation, 60C for 30-sec annealing, and 72C for a 20-sec extension. The 

last three steps were repeated along 35 cycles, and the reaction was finalized with 

72C for a 10-minute final extension. As a positive control, gDNA was used in PCR. 
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2.5 cDNA Synthesis 

1 g of RNA was converted to cDNA by using RevertAid First Strand cDNA 

Synthesis Kit (cat#LSG-K1622, Thermo) according to the manufacturer's 

instructions. cDNA products were kept at -20C. 

2.6 RT-qPCR 

SYBR Green Mastermix (cat#1725121, BioRad) was used for all RT-qPCR 

reactions. 10 L of total reaction volume was prepared with 300 nM of gene-specific 

primers. Mouse Egfr primer pairs sequences were F: 5’-

GGACTGTGTCTCCTGCCAGAAT-3’ and R: 5’-

GGCAGACATTCTGGATGGCACT-3’ with 129 bp product size. CFX Connect 

(BioRad) PCR cycler was used, and normalization of Egfr expression was done 

against Rplp0, whose primer sequences are given above. RT-qPCR reaction 

conditions were 95C for 10 min initial denaturation, 40 cycles of 94C for 15-sec 

denaturation, 60C and 67C annealing temperatures for Rplp0 and Egfr, 

respectively, and 72C for a 30-sec extension. Additional steps for melt curve 

analysis were 95C for 10 sec and 50C to 99C with 1C increments before the plate 

read. According to the o Cq equation, relative quantification was calculated by 

following the MIQE Guidelines. Statistical analysis tests were performed by using 

GraphPad Prism. 
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2.7 Protein isolations  

2.7.1 Protein isolation from tumor samples 

50-100 mg tumors were taken into an Eppendorf tube and washed with 1X PBS by 

vortexing. Then samples were centrifuged at 13000 rpm for a minute, and PBS was 

discarded. 150 l of RIPA buffer (20 mM sodium phosphate buffer, 150 mM NaCl, 

five mM EDTA, 1% Triton X-100, and 0.5% sodium deoxycholate added with one 

complete tablet of protease inhibitor (cat#1187350001, Roche) and 1 mM sodium 

orthovanadate (pH 7.4)) was added to each sample, and they were sonicated for 3 

minutes on ice when pulser was set to 10 sec ON and 10 sec OFF. Then 

centrifugation was applied at 13000 rpm for 40 minutes at 4C. Finally, the 

supernatant was transferred to a new tube and kept at -80C until use. From cell lines: 

M-PER Mammalian Protein Extraction Reagent (cat#78501, Thermo) was used 

according to the manufacturer’s protocol. M-PER was added with 1X PhosSTOP 

(cat#04906837001, Roche) and 1X Protease inhibitor (cat#1187350001, Roche) 

before mixing with samples. After isolation, Pierce BCA Protein Assay Kit 

(cat#23227, Thermo) was used to measure protein concentrations by basing on the 

kit manual both for cell and tumor isolates.   

2.7.2 Protein isolation from cell lines 

Total protein was isolated from cell lines using M-PER Mammalian Protein 

Extraction Reagent (78501, Thermo Scientific). Trypsinized cells were collected and 

washed with 1X PBS with 2000 rpm 5 min centrifugation. Pellet was suspended in 

M-PER, containing 1X phosSTOP (05056489001, Roche Life Science) and 1X 

protease inhibitor cocktail (4906845001, Roche Life Science) as final concentrations 

by adjusting the volume of the reagent according to pellet amount. Suspended 

samples were incubated on ice for 30 minutes and vortexed after every 10 minutes. 
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Then, samples were centrifuged at 13000 rpm for 20 minutes at 4C. Collected 

supernatants were taken into clean Eppendorf tubes and stored at -80 C until use. 

2.8 Protein Quantification 

Pierce BCA Protein Assay Kit (23227, Thermo Fisher Scientific) was used for 

protein concentration determination. The kit protocol was modified as 200 μl 

Reagent A, and 4 μl Reagent B were mixed for each protein sample, and 5 μl of 

protein and 20 μl of nuclease-free water were added to the mixture in a 96-well plate. 

A blank sample was prepared with 25 μl of nuclease-free water without protein. 

Then, the plate was incubated in 37C water bath for 30 minutes. Then the 

absorbance was measured at 562 nm with Multiskan GO Microplate 

Spectrophotometer (Thermo Fisher Scientific) 

2.9 Western blotting 

6X Laemmli buffer (12% SDS, 30% 2-mercaptoethanol, 60% Glycerol, 0.012% 

Bromophenol blue, 0.375M Tris) was added to 100 g protein isolates as 1X final 

concentration, and samples were boiled at 95C for 5 minutes. Boiled samples were 

spun down after cooling and run onto 10% SDS-polyacrylamide gel. Then proteins 

were blotted onto the PVDF membrane (cat#03010040001, Roche). Depending on 

the primary antibody used, skim-milk (cat#170-6404, BioRad) or Bovine serum 

albumin (BSA-cat#11934.01, Serva) in TBS-T (20mM Tris, 137 mM NaCl, 0.1% 

Tween 20, pH: 7.6) were used for the blocking step. After overnight primary 

antibody incubation at 4C, membranes were washed with 1% TBS-T three times 

for 10 minutes and incubated in appropriate HRP-conjugated secondary antibody for 

an hour at RT. After washing, the membranes were incubated with WesternBright 

ECL (cat#K12045-D50, Advansta) for 5 minutes and visualized using Chemidoc MP 

Imaging System (BioRad).  
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2.10 Proliferation and Viability Assays 

2.10.1 xCELLigence Real-Time Cell Analyzer Proliferation Assay 

 pSUPER-NTshRNA and pSUPER-Snx3shRNA stably transfected 4T1 cells were 

counted with (Countess Automated Cell Counter, Thermo) and seeded at a density 

of 2 × 104 cells/well on E-plates placed to the RTCA plate station (xCELLigence 

Real-Time Cell Analyzer, ACEA Biosciences). Impedance was recorded live for 48 

h with 15-min intervals.  

2.10.2 MTT Metabolic Activity and Viability Assay 

Counted cells were seeded at a density of 2 × 103 cells/well in three 96-well plates. 

After overnight growth, cells were treated with MTT (cat#M5655, Sigma) solution 

(0.5% in 1X PBS) as 10 l in 100 l growth medium. 4 hours later, 100 l SDS-HCl 

solution was added (10%SDS in 0.01M HCl) and left overnight incubation. The next 

day, OD measurement was taken at 570 nm with a plate reader (Multiscan GO 

Microplate Spectrophotometer, Thermo). MTT was added to the time 0 plate right 

after the cell seeding to be used as seeding density normalization control.  

For AG1478 (cat#1276, Tocris) treatment, cells were treated with AG1478 (15 μM) 

or vehicle control on the next day of plating. After 72 hours of incubation, the MTT 

protocol was performed. 

2.11 Transwell Migration and Invasion Assays 

70% confluent pSUPER-NTshRNA and pSUPER-Snx3shRNA stably transfected 

4T1 cells were trypsinized and collected with 10% FBS growth medium. After 

centrifugation at 2000 rpm for 5 minutes, the supernatant was aspirated, and cells 

were washed with PBS twice and suspended in a 1% FBS-containing growth 

medium. Counted cells were seeded at a density of 5x104 cells onto the upper 
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chamber of transwell inserts (cat#662638, Greiner) in a 100 μl 1% FBS growth 

medium. The bottom of the transwell inserts residing in the 24-well plate was filled 

with 600 μl 10% FBS growth medium, and cells were allowed to migrate for 8 hours 

at 37°C.  

For invasion assay, transwell chambers were coated with 100 μl Matrigel 

(cat#356231, Corning) as a final concentration of 300 μg/ml and were dried for 4 

hours at 37°C. Later, 8 × 104 cells were seeded per well to be incubated for 12 hours. 

Cell count and other plate preparation steps are the same as the migration assay 

except for Matrigel coating. At the end of migration and invasion durations, 

transwells were removed from the plate, and the inner surface of the transwell was 

cleaned with cotton sticks carefully not to scratch the membrane. 24-well plate wells 

were filled with 1mL methanol, and transwells were immersed for 10 minutes. After 

that, inserts were taken into Giemsa-filled wells and kept for 2 minutes. After 

staining, inserts were transferred to dH2O-filled wells for washing. The inner parts 

of the destained transwell inserts were cleaned with a cotton stick, and the membrane 

was cut from the insert with a razor blade without touching the bottom surface. The 

cut membrane was placed onto a glass slide as the bottom surface up position. The 

membrane surface was covered with a tiny drop of immersion oil and covered with 

a coverslip by sealing the edges with colorless nail polish. Stained migrated/invaded 

cells were photographed under the light microscope at 10X magnification to be 

counted. 

2.12 Colony formation assay 

Stably transfected 4T1 cells were harvested and seeded on a 6-well plate as 500 

colonies per well and allowed to grow for 7 days. For the inhibitor treatment 

experiment, seeded cells were treated with AG1478 (IC50=15 μM) or DMSO vehicle 

control during the same time. Cells were washed with 1X PBS and fixed with pure 

methanol for 20 minutes. Then, colonies were stained with crystal violet and 
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photographed to be counted with countPHICS (Plot HIstograms of Colony Size) 

software (Brzozowska et al., 2019). 
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CHAPTER 3  

3 RESULTS AND DISCUSSION 

Earlier, we described 3’UTR shortening of SNX3 upon EGF treatment in EGFR-

positive triple-negative breast cancer cells. In support of the role of SNX3 in EGFR 

biology, Chiow et al. suggested the involvement of SNX3 in EGFR recycling in an 

epidermoid carcinoma cell line A-431. Our lab also generated data to show 

SNX3localization in early endosomes and with EGFR. In this thesis, I investigated 

whether SNX3 has cancer-related functions considering its link to EGFR recycling. 

To this end, I generated an Snx3 knock-down cell line model using the mouse 4T1 

cells representing human TNBCs (Pulaski, 2001). 4T1 cells are highly tumorigenic 

and metastatic in mice.  

3.1 Effect of Transient Silencing of Snx3 on Egfr Expression 

To test the efficiency of silencing, I first performed transient transfection of an 

shRNA targeting Snx3 in 4T1 cells. 24- and 72-hours post-transfection, lysates were 

collected for western blotting.  I used a non-targeting shRNA vector as a control. 

Figure 3.1 shows the result of the western blot and silencing of Snx3 in Snx3sh 

transfected cells compared to NT shRNA transfected cells. 

I also checked Egfr levels as decreased Snx3 levels would cause less recycling of 

Egfr and hence decreased total protein levels. Egfr protein level was initially 

decreased when Snx3 protein level was downregulated after 24 hours of Snx3 

shRNA transfection; however, at 72 hours, Egfr protein levels were higher upon 

Snx3 silencing. To better profile the effect of Snx3 silencing on Egfr protein levels, 

we moved on to an inducible system. 
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A. 

 

B. 

 

                 

Figure 3.1. 4T1 cells were transfected transiently with pSUPER- NTshRNA and 

pSUPER- Snx3shRN. A. Western blot image of Snx3 and Egr protein levels. Cells 

were collected as indicated, and 50 g protein was used in SDS-PAGE. ActB was 

used as loading control. B. Densitometry analysis of Snx3 and Egfr. t-test was 

performed for statistical analysis (*<0.05, **<0.01, ***< 0.001) (n=2)  
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3.2 Inducible Silencing of Snx3 in 4T1 Cells 

For inducible silencing, 4T1 cells were first transfected with pcDNA6/TR, 

tetracycline repressor (TetR) expressing vector. Transfected and untransfected cells 

were treated with 8 g/mL Blasticidine. I selected monoclones that grew in the 

presence of Blasticidin. Surviving monoclones were collected, and cDNA was 

synthesized after total RNA isolation. TetR specific primers were used in a colony 

PCR. Colonies with high expression of TetR were selected for the following 

experiments (Figure 3.2). Then I transfected these monoclones with pSUPERIOR-

retro-neo-GFP vector with either NT or Snx3 shRNA.  

In this system, in the absence of tetracycline, shRNA expression is suppressed via 

TetR expression. When tetracycline is given to the cells, it blocks the repression via 

binding to TetR. TetR-expressing monoclones were confirmed with RT-PCR (Figure 

3.2). 

 

 

 

 

 

 

Figure 3.2. TetR expression of monoclones with RT-PCR. cDNA synthesized from 

isolated total RNA was used as a template in the PCR reaction. 100 bp Plus DNA 

ladder was used (#SM0321, Thermo) for size control, and gDNA and NTC (no 

template control) was used as positive and negative PCR controls, respectively.  

While this PCR was not quantitative, all monoclones seemed to express TetR. I chose 

a colony (lane 2) and transfected these TetR+ monoclonal cells with pSUPERIOR-

retro-neo-GFP-NTshRNA and pSUPERIOR-retro-neo-GFP-Snx3 shRNA inducible 

101 bp expected product size 
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shRNA vectors. 350 g/mL G418 was used to select TetR+/shRNA+ monoclones, 

and these clones were maintained in 175 g/mL G418 and 4 g/mL Blasticidine-

containing medium. Inducible monoclones were first confirmed with PCR using 

pSUPERIOR-retro-neo-GFP specific primers and isolated gDNA as a template. 

Cells were grown in Tetracycline free FBS containing medium and induced with 2 

g/mL Tetracycline every 24 hours till 72 h. Cells were collected at each time point 

and used to isolate total protein. The extent of Snx3 silencing was verified by 

changes in protein level via Western Blot analysis (Figure 3.3, A) 

In agreement with the transient transfection result, inducible knockdown of Snx3 in 

4T1 cells resulted in the Egfr downregulation first, yet it was upregulated once the 

Snx3 silencing was extended to 72h (Figure 3.3, A and B) 
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Figure 3.3. Snx3 and Egfr protein levels in an inducible silencing model. A. 

pSUPERIOR-retro-neo-GFP-NTshRNA and pSUPERIOR-retro-neo-GFP-Snx3 

shRNA transfected 4T1 cells were induced with 2 g/mL Tetracycline till 72 h. Cells 

were collected at each indicated time point, and 50 g of total protein was loaded 

onto 10% SDS gel. ActB was used as a loading control. B. Densitometry analysis of 

a) Snx3 and b) Egfr in Western blot. t-test was applied for significance analysis (*: 

p<0.05, ***: p<0.001, ****: p<0.0001). (n=3) 

3.3 Stable Silencing of Snx3 in 4T1 Cells 

Next, to see the long-term effects of Snx3 silencing, I also generated a stable 

silencing model cell line using 4T1 cells. For this, cells were transfected with 

pSUPER-NTshRNA and pSUPER-Snx3shRNA vector systems. Resistant 

monoclones were selected with 350 g/mL G418 both for NTshRNA and 

Snx3shRNA transfected cells. The extent of Snx3 silencing was verified by Western 

Blot analysis (Figure 3.4, A) 
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Figure 3.4. Selection of monoclones. A. 50 g of total protein isolated from selected 

monoclones was used in western blot analysis. ActB was used as a protein loading 

control. B. Densitometry analysis of western blots. (n=1).  

 

Comparison of NT1 (non-target monoclone) and sh1, sh14 (Snx3sh monoclones) 

showed silencing of Snx3. Thus, we continued with these monoclones in the 

following experiments. 

In previous experiments, we observed an increased protein level of Egfr with 

extended Snx3 silencing. Therefore, we wanted to see how the Egfr protein level 

changed in response to stable Snx3 downregulation.  
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Figure 3.5. Egfr upregulation with Snx3 stable silencing. A. Total protein was 

isolated from 4T1 stable cells, and 50 g of protein was loaded onto SDS-gel. ActB 

was used as a protein loading control. B. Snx3 and C. Egfr are densitometry analysis. 

The significance of the results was tested with an unpaired t-test, *:p<0.05, **:p < 

0.01, ****<0.0001 (n = 3). 

In agreement with the previous results, Snx3 silenced 4T1 cells had upregulation of 

Egfr protein level with Snx3 knockdown (Figure 3.5). Our data so far suggested that 

Snx3 silencing initially correlated with downregulated Egfr protein levels, but Egfr 

protein levels were upregulated when Snx3 silencing was extended for a longer 

period. 

3.4 Egfr mRNA Level in Stably Snx3 Silenced 4T1 Cells 

Next, we wanted to investigate how EGFR proteins were upregulated in Snx3 

silenced cells. I looked into transcriptional regulation. I isolated RNA, synthesized 

cDNA, and performed RT-qPCR with stable shRNA expressing 4T1 cells. 

 

 

 

 

 

 

 

Figure 3.6. Egfr mRNA levels in NTsh and Snx3sh monoclonal populations, 

detected by RT-qPCR. The significance of the results was analyzed with an unpaired 

t-test,*:p < 0.05 (n = 3). 
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While the short-term silencing of Snx3 resulted in reduced Egfr protein levels, 

possibly due to decreased recycling, prolonged silencing of Snx3 led to the recovery 

of Egfr protein levels. These data suggested that transcriptional upregulation of Egfr 

mRNA in Snx3 silenced cells may explain the upregulation of Egfr protein levels. 

3.5 Functional Assays in Stable Snx3 Silenced 4T1 models 

The next step was to test the phenotypic changes in 4T1 cells with Egfr 

overexpression and Snx3 silencing. 

3.5.1 Effect of Snx3 Silencing on 4T1 Proliferation 

First, I looked into the proliferative behavior of 4T1 cells.  I used both end-point and 

real-time analysis methods. Both the MTT Viability assay (Figure 3.7, A) and real-

time monitoring with the XCelligence Proliferation assay (Figure 3.7, B) results 

showed an increase in cell proliferation in Egfr upregulated Snx3sh stable 4T1 cells. 

 

                   

 

 

 

 

 

Figure 3.7. Proliferation assays.  

A. pSUPER-NTshRNA and pSUPER-Snx3shRNA stably transfected 4T1 cells were 

seeded at a density of 2x103 in 96-well flat-bottom plates, and cell viability was 

analyzed for 48 hours (n=3). B. For real-time proliferation analysis, 2x104 cells/well 
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0 24 48

0

5

10

15

20

Time (hours)

N
o

rm
a
li
z
e
d

 p
ro

li
fe

ra
ti

o
n NT sh

Snx3 sh-1

Snx3 sh-2

*
**

0 12 24 36 48
0

5

10

15

Time (hours)

P
ro

li
fe

ra
ti

o
n

N
o

rm
a
li
z
e
d

 c
e
ll
 i
n

d
e
x

shNT

shSnx3-1

shSnx3-2

****

****



 

 

27 

were plated on E-plates placed in the RTCA plate station. Impedance was monitored 

live for 48 hours at 15-minute intervals (n=2). Two-way ANOVA was used for 

significance analysis, *:p<0.05, **:p < 0.01, ****<0.0001 (n = 3). 

3.5.2 Effect of Snx3 Silencing on Colony Formation Ability of 4T1 Cells 

Later, I continued with the colony formation assay, which is based on the expansion 

capability of a single cell. The technique shows the ability of a single cell to grow 

into a colony, which in turn may correlate with the tumor initiation capacity of cancer 

cells (Franken, 2006; Gruber, 2019). 70% confluent cells were harvested and 

suspended in a minimum of 2 mL of medium to obtain the 500000 cells/mL, and 

serial dilution was applied to reach the 500 cells/mL. Then 1 mL of diluted cell 

suspension was added to each well. Cells were allowed to grow and form colonies 

for seven days. Then I fixed and dyed colonies and counted them (Figure 3.8). 

 

 

 

 

 

 

 

Figure 3.8. Colony formation assay. Stably transfected 4T1 cells (500 cells/well) 

were grown in 6-well plates for seven days. Following methanol fixation, colonies 

were stained with 0.5 % crystal violet. A. Representative image of colonies on a 6-

well plate. B. Normalized graph of % count of colonies. The size cut-off for counted 

colonies is ≥ 1000. The significance of the results was analyzed with the unpaired t-

test, **:p < 0.01, ****<0.0001 (n = 3). 
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With downregulated Snx3 and increased Egfr protein levels, we observed that the 

colony forming potential of shSnx3 cells increased by more than 60%. (Figure 3.8 

B) 

3.5.3 Effect of Snx3 Silencing on Migratory and Invasive Property of 4T1 

Cells 

Later, we wanted to test the migratory and invasive properties of Snx3 silenced cells. 

50000 cells/well were seeded at the upper chamber of transwell plates for migration 

assay, and cells were allowed to migrate from low FBS to high FBS-containing 

medium through the chamber. For the invasion assay, chambers were coated with 

Matrigel to mimic the extracellular matrix, and 80000 cells per well were seeded to 

invade towards the high FBS side. Five random pictures were taken at 4X 

magnification, and cells on the membrane were counted. 
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Figure 3.9. Transwell migration and invasion of 4T1 Snx3sh cells. Cells were 

allowed to migrate for 8 h. For invasion assay, cells were allowed to invade Matrigel-

coated chambers for 12 h. A. Representative pictures were taken at 4X 

magnification. B. Migration and C. Invasion graphs show cell counts normalized to 

percent of control. Three independent experiments were analyzed with unpaired t-

tests (*p < 0.05,**p < 0.01). daha cok resmin varsa koyabilirsin 

Hence, stable silencing of Snx3 and overexpression of Egfr resulted in increased 

migration and invasion in 4T1 cells. Both shSNx3-1 and shSnx3-2 showed an almost 

2-fold change in the invasion, and we observed 2-fold and 1.5-fold changes in 

migration for shSNx3-1 and shSnx3-2, respectively.  

Overall, these data showed that the Snx3 downregulation and Egfr overexpression in 

4T1 cells led to increased proliferation, colony-forming capability, and transwell 

migration and invasion.  

3.6 Effect of Snx3 Silencing on Tumorigenic Properties of 4T1 in vivo 

Next, we moved on to further test whether Snx3 knockdown and elevated levels of 

Egfr have a role in tumor progression and metastasis in vivo. In vivo experiments 

were conducted by Özge Akbulut in Prof. Özgür Şahin’s lab at Bilkent University. 

Snx3sh and NTsh 4T1 cells were injected subcutaneously into mammary fat pads 

(both right and left fat pads) to generate an orthotropic mouse model (BALB/c 

mouse).  

Outcomes of in vivo experiments were larger tumor formation and gross metastasis 

to lungs in mice with Snx3sh tumors compared to the control group of mice (Cicek 

E, Circir A, Oyken M, et al. 2022). Isolated tumors from sacrificed mice were taken 

from Dr. Sahin’s lab, and I isolated proteins from the primary tumors.    

I performed a western blot to test whether Snx3 silencing and Egfr overexpression 

status were maintained in primary tumors. 
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Figure 3.10. Snx3 and Egfr protein levels in collected primary tumors. A. Primary 

tumors were collected, and isolated proteins were used in western blot analysis. ActB 

was used as a sample loading control. Densitometry analysis graphs are shown in A. 

Snx3, B. Egfr. An unpaired t-test was used for significance analysis. *p < 0.05, **p 

< 0.01, ***<0.001***p < 0.0001, unpaired t-test) (R: right side tumor, L: left side 

tumor). 

Indeed, Snx3 silencing and Egfr overexpression was maintained in tumors. Despite 

the fact that Snx3 silencing was less than 50%, Egfr was signficantly overexpressed. 

3.7 Effect of Snx3 Silencing on Tfrc Protein Level 

The next question was whether enhanced tumorigenic properties of shSNx3 cells 

were due to upregulated Egfr. Snx3 is a general sorting protein that may be involved 

in the recycling of other proteins, such as Wntless (Wls) (Harterink, 2010) or 

transferrin receptor (Tfrc) (Chen, 2013). 
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To understand if other Snx3-regulated receptor targets were affected in the same way 

as Egfr, we checked the transferrin receptor protein levels in both Snx3sh cell lysates 

and tumor lysates. 

 

 

Figure 3.11. Western blot of Transferrin receptor. Total lysates of A. Snx3sh and 

NTsh 4T1 cells and lysates of primary tumors. The same blot was stripped and reused 

with all Egfr (cat#: sc-514312, SantaCruz), Tfrc (cat#: 13-6890, Thermo), and Snx3 

(cat# 10772,-I-AP, Proteintech) antibodies ActB was used as a loading control (R: 

right side tumor, L: left side tumor)  

Data showed that Snx3 silencing also caused an upregulation of Trfc in 4T1 cells. 

However, this upregulation was not maintained in the primary tumors. This result 

suggested that Trfc upregulation in the cell line model was not contributing to tumor 

formation in animal models. 

3.8 EGFR Inhibition Impact on Cell Proliferation 

Next, to further test whether the Egfr overexpression was indeed responsible for the 

observed phenotypes in functional assays, I used a small molecule inhibitor, 

AG1478, to block Egfr action. AG1478 is a specific inhibitor of EGFR, which 

competitively binds to the ATP binding site of EGFR and prevents tyrosine kinase 

activity by hindering its phosphorylation (Wang, 2018). 

A.                                    B. 
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For proliferation and viability and colony formation assays, Snx3sh and control 

NTsh 4T1 cells were treated with AG1478 (IC50=15M) for 72 hours or vehicle 

control DMSO. 

 

Figure 3.12. EGFR inhibition downregulates proliferation in Snx3 silenced cells. 

MTT proliferation assay of AG1478 treated Snx3sh cells for 72h. Three independent 

experiments were conducted. Results were analyzed with an unpaired t-test (**: 

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

 

The proliferation rate of AG1478-treated SNx3sh-1 and SNx3sh-2 cells decreased 

approximately 0.4 fold (p=0.0006 and p=0.0023, respectively)  compared to their 

DMSO controls.   

3.9 Effect of EGFR Inhibition on Colony Formation 

Consistent with the MTT result, when we performed the colony formation assay with 

AG1478 treatment, the elevated colony-forming potential of SNX3sh cells was 

decreased. Additionally, we noted a decrease in the size of the colonies (Figure 3.13). 
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Figure 3.13. Colony formation assay with AG1478 treatment. NTsh and Snx3sh cells 

were treated with AG1478 or DMSO for seven days. Bars show the number of large 

colonies (≥1000 pixels) counted. (n = 3 independent experiments, significance was 

tested by unpaired t-test, (**p < 0.01, ****p < 0.0001).  

The colony formation capacity of AG1478-treated SNx3sh-1 and SNx3sh-2 cells 

were decreased by approximately 0.8 (p<0.0001) and 0.6 (p<0.0027) fold, 

respectively when compared to their DMSO controls.  

To conclude, blocking the EGFR kinase activity with AG1478 in SNx3sh cells 

decreased the proliferation rate and colony-forming potential of 4T1 cells. 

Overall, these results implied that overexpression of Egfr because Snx3 knockdown 

triggered 4T1 cells to become more aggressive.  
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CHAPTER 4  

4 CONCLUSION 

The retromer complex and SNXs are critical endosomal trafficking regulators, and 

they primarily carry out their specialized activities by interacting with and sorting 

transmembrane proteins (Zhang, 2018). SNX3 is one of the nexin proteins having a 

role in the recycling retromer complex. Chiow et al. proposed the involvement of 

SNX3 in EGFR recycling in an epidermoid carcinoma cell line, suggesting a function 

for SNX3 in EGFR biology.  

Earlier in our lab, we detected the  3’UTR shortening of SNX3 upon EGF treatment 

in EGFR-positive triple-negative breast cancer cells (Akman et al., 2014). In other 

thesis work performed in our laboratory, we showed EGF induced upregulation of 

SNX3 and the close proximity of SNX3 and EGFR in early endosomes. Here, I 

investigated the role of Snx3 in both Egfr positive triple negative mouse breast 

cancer cells  

Firstly, we showed that the short and long-term knockdown of Snx3 differentially 

affected Egfr protein levels. In Egfr-positive mouse mammary cells, the transient 

knockdown of Snx3 resulted in decreased levels of Egfr as an early response. 

However, with the prolonged silencing of Snx3, the level of Egfr protein increased. 

Consistent with the differential effect of Snx3 downregulation on Egfr, inducible 

silencing of Snx3 led to the same down and upregulation of Egfr protein level with 

extended Snx3 silencing. Additionally, stably silenced 4T1 cells had increased Egfr 

protein levels. Hence multiple lines of evidence showed that Egfr levels were 

sensitive to Snx3 protein levels. These findings were interesting specifically in a 

TNBC model as EGFR overexpression is commonly detected in this agressive 

subtype of breast cancers.  
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Oncogenic activity of EGFR is linked to poor prognosis in breast and other cancer 

types (Lurje & Lenz, 2009; Masuda et al., 2012b; Rakha et al., 2007). 

However, EGFR gene amplifications only partly explain EGFR overexpression in 

tumors. In addition to genomic copy number increases, gain of function mutations 

are also resposible for EGFR overactivity in certain cancer types such as non-small 

cell lung cancer, glioblastoma, colon adenocarcinoma and lung adenocarcinoma. 

(Thomas & Weihua, 2019). In breast cancers, despite the low frequency  of DNA 

level alterations (Kim et al., 2017), EGFR overexpression is seen in approximately 

50% of the triple negative breast cancer cases (Masuda et al., 2012b). Hence it is of 

interest to explain how EGFR protein becomes overexpressed in tumors by DNA-

independent mechanisms. 

As we have observed EGFR protein overexpression to develop very quickly after 

SNX3 down regulation,we focused on understanding why Egfr protein levels were 

upregulated in our models. The first mechanism we turned to was transcriptional 

regulation. Indeed I showed transcriptional upregulation of Egfr mRNA in 4T1 cells 

when Snx3 expression is downregulated. This transcriptional upregulation could be 

part of the compensatory mechanism as a response to the loss of Egfr in the short-

term silencing of Snx3, potentially due to decreased recycling of Egfr. Currently it 

is not clear what kind of compensatory mechanisms are causing this transcriptional 

activation, however there is evidence for similar types of receptor overexpression 

cases in other contexts. For example, studies on trafficking of nicotinic acetylcholine 

receptors (nAChRs) show that denervation or exposure to sustained nicotine 

exposure increases the number of surface nAChRs in skeletal muscles. Alternatively, 

inhibition of proteasome activity increases the number of nAChRs on cell surface, 

due to increased assembly of nAChR subunits in the ER (reviewed in St john, 2009).  

For EGFR there are also previous findings suggesting existence of feedback or 

compensatory mechanisms. For example,  the impairment of entrance into lysosomal 

degradation pathway resulted with the increased Egfr sorting to plasma membrane 

(Gui et al., 2012) 
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Overall, it is not clear yet how and which compensatory signals rewire the 

transcriptional regulation of Egfr in our model, yet, there could be a feedback 

mechanisms in which downregulation of recycling to activate the transcriptional 

upregulation of Egfr mRNA. 

The EGFR signaling pathway is critical for many cellular mechanisms. Downstream 

EGFR signaling regulates cell proliferation, survival, migration, invasion, and 

tumorigenesis (Uribe et al., 2021; Wee & Wang, 2017). Indeed our functional assays 

showed loss of Snx3 to enhance the oncogenic phenotype of cells by promoting cell 

proliferation, migration, invasion, and colony formation.  these enhanced oncogenic 

phenotypes were reversible with the use of use of an Egfr specific inhibitor, 

emphasizing the role of increased Egfr protein levels. This experiment was important 

because Snx3 loss could have other consequences.  Indeed, EGFR is not the only 

target for SNX3. It has a role in the turnover of varying plasma membrane receptor 

proteins such as Transferrin receptor. We observed that the transferrin receptor 

protein level was increased in Snx3 silenced 4T1 cells as well but not in primary 

tumor samples. Primary tumors developed in mice clearly indicated no upregulation 

of transferrin receptor but a signficant upregulation of Egfr protein levels. These 

results suggested that cells did not depend on the transferrin receptor during 

tumorigenesis. Moreover, AG1478 treatment in 4T1 cells was effective in inhibiting 

the neoplastic phenotypes.  But for future work, the subsellular localization of 

overexpressed Egfr and the downstream signalling cascades should be characterized 

in Snx3 downregulated systems. 

In conlusion, our results indicate a dynamic relationship between Egfr protein levels 

and Snx3. We were able to identify this observation through transient, inducable and 

long term silencing experiments. This approach clearly showed that early and late 

term effects of gene silencing may differ and must be monitored to get a better 

perspective on the dynamic regulatory events. In closing, the relationship we 

describe between Snx3 loss and Egfr protein upregulation may have implications for 

the EGFR overexpressing tumors.
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APPENDICES 

A. Buffers and Solutions 

10% Separating Gel Mix: 

3.33 ml Acrylamide – Bisacrylamide (30%) 

2.5 ml 1.5M Tris-HCl pH: 8.8 

100 μl SDS (10%) 

100 μl APS (10%) 

4μl TEMED 

3.96 ml dH2O 

 

5% Stacking Gel Mix: 

1.36 ml Acrylamide – Bisacrylamide (30%) 

1 ml 1M Tris-HCl pH: 6.8 

80 μl SDS (10%) 

80 μl APS (10%) 

8 μl TEMED 

5.44 ml dH2O 

 

TBS-T: 

20 mM Tris 

137 mM NaCl 

0.1% Tween 20 

pH: 7.6 
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6X Laemmli Buffer: 

12% SDS 

30% 2-mercaptoethanol 

60% Glycerol 

0.012% bromophenol blue 

0.375 M Tris 

 

Mild Stripping Buffer: 

15g Glycine 

1 g SDS 

10 ml Tween 20 

Adjust the pH to 2.2 

Complete to 1 L with dH2O 

 

10X Running Buffer: 

25 mM Tris base 

190 mM Glycine 

0.1% SDS 

Dilute 1X with dH2O prior to use. 

 

Transfer Buffer: 

200 ml Methanol 

100 ml 10X Blotting Buffer 

700 ml dH2O 

 

10 X Blotting Buffer: 

30.3 g Trizma Base (0.25M) 

144 g Glycine (1.92M) 

pH: 8.3 
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10X PBS: 

1.37 M NaCl 

27 mM KCl 

100 mM Na2HPO4 

pH 7.4 

 

Lysis buffer for proximity-based labelling assay: 

0.8% NP-40 

50 mM NaCl 

50 mM Tris-HCl (pH 8.0) 

5 mM MgCl2 

 

Wash buffer for proximity-based labeling assay: 

0.8% NP-40 

150 mM NaCl 

50 mM Tris-HCl (pH 8.0) 

0.5% SDS 

5 mM MgCl2 

 

10X citrate saline buffer: 

1.35 M KCl 

0.15 M sodium citrate 

Autoclaved 

Diluted to 1X with Molecular Grade water 
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3X SDS sample loading buffer: 

188 mM Tris-Cl (pH 6.8) 

3% SDS 

30% glycerol 

0.01% bromophenol blue 

20 mM DTT (freshly added) 

 

 

2X SDS sample loading buffer: 

Tris-Cl (100 mM, pH 6.8) 

SDS (electrophoresis grade) (4%) 

Bromophenol blue (0.2%) 

Glycerol (20%) 

10 mM DTT (freshly added) 
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B. Vector Maps 

 

 

Figure B. 1 Vector map of pSUPER.retro.neo+GFP. 

 



 

 

58 

 

Figure B. 2 Vector map of pSUPERIOR.retro.neo+GFP 

 

 

Figure B. 3 Vector map of pcDNA6/TR. 
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C. Markers 

 
Figure C. 1 Protein ladder (Thermo PageRuler Plus Prestained, Cat #: 26619). 
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Figure C. 2 DNA Ladder (Thermo GeneRuler 100 bp Plus, Cat #: SM0321).
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