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2 Summary 
 

To defend ourselves from invading pathogens, we are all equipped with an immune system, a 

complex network of cells and proteins. The skin already provides a first layer of defense against 

pathogens: however, when the microbes bypass this layer, they have to deal with immune cells. 

Key players of the immune response are T cells: originated in the bone marrow, T cells multiply 

and differentiate in the thymus before migrating into peripheral lymphoid organs or circulating 

within the blood, where they can recognize and eliminate foreign antigens. Therefore, it is 

crucial to maintain homeostatic numbers of T cells to guarantee a continuous response to 

pathogenic and tumor antigens. 

 

The mammalian WD-repeat containing protein coronin 1, that is abundantly expressed in cells 

of hematopoietic origin including T cells and B cells, has been described to play a central 

function in T cell homeostasis. In fact, deletion or mutation of coronin 1 in mice and humans 

results in profound T cell deficiency, that particularly affects peripheral lymphoid organs as 

spleen and lymph nodes, despite apparently normal T cell selection and development in the 

thymus (Foger et al., 2006; Lang et al., 2017; Mueller et al., 2008; Shiow et al., 2008). 

Moreover, the naïve T cell pool is the one most impaired by the absence of coronin 1, while 

effector and memory T cells are less affected. 

Coronin 1 is a member of a family of 7 mammalian proteins (coronin 1 to 7) (de Hostos, 1999; 

Pieters et al., 2013) that are evolutionarily conserved from yeast to human and described to 

play a pivotal role in different cellular processes including transcription regulation, vesicular 

trafficking, remodeling of the cytoskeleton and signal transduction.  

However, besides coronin 1, the role of the other coronins in T cells is poorly understood. 

 

The purpose of this study was to assess whether other coronin family members, besides coronin 

1, might play a role in T cell homeostasis. 

Here we show that deletion of coronin 1 results in upregulation of coronin 2 and coronin 3 in 

a human T cell line, suggesting that a compensatory mechanism is activated when a member 

of the coronin family is depleted. Furthermore, depletion of coronin 3 impaired T cell 

proliferation and survival and the cells grew as aggregates in culture. These results suggest an 

important role for coronin 3 in cellular survival and raise the possibility that individual coronins 
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cooperate to mediate T cell homeostasis. Moreover, coronin 3-depleted T cell lines show up-

regulation of N-cadherin and non-phosphorylated-β-catenin at the protein level, which might 

be responsible for the cell aggregation phenotype observed in the coronin 3-depleted cell lines.  

Finally, depletion of coronin 3 in coronin 1-deficient mice further enhances the T cell depletion 

phenotype that has been previously observed (Lang et al., 2017), confirming our hypothesis 

that the coronin family members might cover similar functions. 

The results presented in this work suggest that multiple coronin family members cooperate, 

albeit via different mechanisms, to regulate T cell population homeostasis. 
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3 Introduction 
 

3.1 The immune system 

 

In our everyday life, we are constantly exposed to microbes that are inhaled, swallowed or 

colonize our skin and mucosal membranes, which can threaten the health of our organism. 

However, not all the microbes are deleterious to the host organism: some of them, even share 

symbiotic relationship that can be beneficial for the host.  

For instance, gut-resident bacteria aid in the digestion and absorption of the nutrients, while 

the host provides these bacteria with sustenance and hospitality. Other microorganisms occur 

as commensals, as they profit from the host but offer neither benefits nor harm. Finally, 

pathogenic microbes can damage the host and give rise to disease and infection (Curtis & 

Sperandio, 2011). Both the pathogenicity of the organism and the integrity of the host defenses 

determine whether or not these microbes can cause disease.  

 

The immune system has evolved to protect ourselves from invading pathogens through a 

dynamic network of lymphoid organs, cells, humoral factors and cytokines. The importance of 

the immune system is best exemplified when it is misfunctioning: indeed, underactivity give 

rise to infection and tumors while overactivity to allergic and autoimmune diseases (Parkin & 

Cohen, 2001). 

The immune system has the ability to recognize specific features on the pathogen that are 

different from the host cells. The discrimination between self and non-self is a key feature of 

the immune system that allows to eliminate potential deleterious organisms without 

compromising its own tissues. There are two main mechanisms that the immune system can 

put in place: the innate immune response and the adaptive immune response (Figure 1). The 

term “innate immunity” usually refers to physical and chemical barriers, as well as cellular 

components (neutrophils, monocytes, macrophages, complement system and cytokines) which 

provide immediate host defense. On the other hand, the adaptive immune response consists of 

antigen-specific reactions through T lymphocytes and B lymphocytes. Whereas the innate 

response can damage normal tissues due to its lack of specificity, the adaptive response is more 

specific, but can take days or even weeks to develop. Finally, the adaptive immune response 

produces long-lived cells that persist in the body in an apparently dormant state, but that can 
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be reactivated when recognize the same antigen a second time and can mount a much more 

effective and rapid response (Chaplin, 2010; Janeway, 1989). 

 

 
3.1.1 Innate immune response 

 

To deal with pathogens, the host can adapt three different strategies consisting in avoidance, 

resistance and tolerance.   

Anatomical barriers such as the epithelial cell layers that express tight cell-cell contacts (tight 

junctions, cadherin-mediated cell interactions and others), mucosal surfaces colonizing the 

respiratory and gastrointestinal tracts are considered a primitive form of avoidance and the first 

line of defense that the innate immune response adapts against the entry of pathogens into host 

tissues (Murphy, 2012).  

If the pathogen overcomes these barriers, the innate immune response mainly adapts resistance 

mechanisms. Pathogen Associated Molecular Patterns (PAMPs) constitute chemical structures 

unique to microbes that are recognized by pattern-recognition receptors (PRRs) on sensor cells 

which play a key role in the recognition of pathogens or cellular injury (Anderson & Matzinger, 

2000; Janeway, 1989; Matzinger, 1998, 2012). Triggering these receptors can activate innate 

immune cells that can directly respond with effector activity.  

For instance, macrophages can directly phagocytose pathogens and kill these by releasing toxic 

chemical mediators, such as degradative enzymes and reactive oxygen (ROS) and nitrogen 

(RNS) species (Hirayama et al., 2017; Nathan & Cunningham-Bussel, 2013; Nathan & Ding, 

2010). Alternatively, dendritic cells can release inflammatory mediators, such as cytokines and 

chemokines that recruit other immune cells. Lastly, the innate immune system also includes 

soluble proteins that are constitutively present in biological fluids such as complement proteins, 

defensins and ficolins (Brown, 1991; Carroll, 1998; Hiemstra, 2007; Holmskov et al., 2003). 

 

To summarize, innate immune response occurs rapidly on exposure to an infectious organism. 

It constitutes the initial host response and initiates the activation of the adaptive immune 

response.  
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3.1.2 Adaptive immune response 

 

The adaptive immune response generally expresses itself temporally after the innate immune 

response. Initially the innate and adaptive immunity were thought to be independent and act 

separately; we now know that their responses are closely complementary and cooperating.  

The adaptive immune response requires innate signals to be activated and constitutes the 

second line of defense against invading pathogens, exhibiting unique features such as a high 

specificity due to the expression of antigen-specific receptors on the adaptive immune cells and 

immunological memory. Indeed, once exposed to an infectious agent, the immune response 

will be immediate and stronger against any subsequent future exposure to it. 

Adaptive immune responses rely on antigen-specific receptors expressed on the surface of T- 

and B-lymphocytes and usually encompasses two stages: first, upon infection, antigen-

presenting cells (APC) such as dendritic cells, macrophages as well as B cells can activate T 

cells and B cells which undergo priming, activation and differentiation. Second, the effector 

response takes place either because the activated T cells leave the lymphoid tissue to reach the 

disease site, or because B cells release antibodies into the blood and tissue fluids (Medzhitov 

& Janeway, 1998). 

 

To summarize, despite sometimes the innate and adaptive response are described as separate 

branches of the host response, they usually act in a synergistic way, with the innate response 

being the first line of defense against invading microbes and the adaptive response becoming 

prominent after several days, when the T-cells and B-cells have undergone clonal expansion. 

Components of the innate immune response activate the antigen-specific cells, as well as 

adaptive immune cells amplify their response by recruiting innate effector mechanisms 

(Chaplin, 2010; Janeway, 2016). 
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Figure 1. Innate and Adaptive Immunity: overview of cellular components of the innate and adaptive 

immune system and the relative response time upon infection (from Abbas A. Basic Immunology: Functions 

and Disorders of the Immune System. 2010. WB Saunders Company; 3rd edition). 

 

 

3.1.3 T lymphocytes 

 

The establishment, maintenance and memory of the immune response relies on T cells.  

T lymphocyte originate in the bone marrow from a common lymphoid progenitor, then migrate 

in the thymus where they undergo maturation and selection from which T cells are finally 

exported to peripheral lymphoid organs as lymph node and spleen. Peripheral T cells include 

different subsets such as naïve T cells that have not yet encountered any antigen, memory T 

cells derived from previous antigen activation and responsible for long-term immunity, and 

regulatory T cells (Treg) that keep the immune responses in check.  

 

T cells populate every organ and tissue in the body including primary and secondary lymphoid 

tissues, mucosal and barrier sites, exocrine organs and even the central nervous system (CNS) 

(Clark, 2010; Ganusov & De Boer, 2007). The vast majority of T cells are found within 

lymphoid tissues (bone marrow, lymph nodes, spleen, tonsils) leading to around 6 x 107  

circulating T cells in mouse and 4 x 1011 in an adult human body (Jenkins et al., 2010). 



 12 

 

The role of T cells evolves and adapts during human lifespan: during childhood, naïve T cells 

constitute the majority of T cells, but Tregs are also present. During this stage, most of the 

antigens are encountered, therefore naïve T cells play mainly a protective role in clearing off 

infections, Tregs develop tolerance while memory T cells start being established. In adulthood, 

fewer new antigens are encountered and T cells are dedicated to maintain homeostasis.  

Already in young adulthood, immunosenescent changes take place including thymic involution 

and decrease in T cell functionality, leading to immune dysregulation and occurrence of 

associated pathologies (Aspinall & Andrew, 2000; Lynch et al., 2009) 

 

 

3.1.4 T cell development  

 

The thymus is the primary site for T cell development. Committed lymphoid progenitors arise 

in the bone marrow and then migrate via the blood to the thymus. Here they lose the potential 

to become B cells and natural killer (NK) cells, giving rise to double negative (DN) T cells 

precursors that do not express neither CD4 nor CD8, then becoming CD4+CD8+ double positive 

(DP) and finally maturing into single-positive (SP) CD4+ or CD8+ T cells. DN thymocytes can 

be further divided into four stages of differentiation, based on the surface expression of CD44 

and CD25: DN1, CD44+CD25-; DN2, CD44+CD25+; DN3, CD44-CD25+; and DN4, CD44-

CD25- (Ceredig & Rolink, 2002; Godfrey & Zlotnik, 1993) (Figure 2). Different thymic regions 

participate to thymic development thanks to a complex and probably chemokine-mediated 

migration throughout the thymus: lymphoid progenitors enter the thymus at the cortico-

medullary junctions, then they migrate to the outer cortex and finally return into the medulla 

(Norment & Bevan, 2000; Petrie, 2002). 

Single-positive (SP) thymocyte migrate to the periphery mainly as naïve T cells, exhibiting 

CD45RA+CCR7+ phenotypes, while Treg cells, defined as CD4+CD25+ and expressing Foxp3 

transcription factor represent 9-10% of the human CD4+ SP thymocytes (Watanabe et al., 

2005) 

Most of our current knowledge about thymopoiesis is based on studies performed in mice using 

thymectomy, bone marrow reconstitution and genetic manipulation (Germain, 2002; Klein et 

al., 2014). However, studies examining T cell turnover in human and mice have highlighted 

some key differences between these two species. Indeed, in mice the majority of naïve T cells 
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derive from thymic output, with little contribution from peripheral naïve T cell division; on the 

contrary, in humans, peripheral turnover represents the main source of peripheral naïve T cells, 

even in young adults with an active thymic output (den Braber et al., 2012; Vrisekoop et al., 

2008). 

These studies also showed differences in naïve T cells life span between mice and humans: 

indeed, in mice naïve T cells survive only 6-10 weeks in the periphery, while in humans they 

can persist up to 5-10 years.  

However, during our lives we all experience a process called thymic involution, consisting in 

a decrease in tissue mass and cellularity, together with a loss of tissue organization resulting in 

a reduction of the naïve T cell pool (Aspinall & Andrew, 2000; Lynch et al., 2009). Although 

the exact mechanism regulating age-associated thymic involution is not fully understood, 

studies have demonstrated that age-related alterations in hematopoietic stem cells (HSC) could 

contribute to thymus atrophy, since they exhibit a bias towards myeloid differentiation rather 

than lymphoid maturation, observed in mice and human (Beerman et al., 2013; Van Zant & 

Liang, 2012). 

 

To summarize, the thymus is the primary source of T cells in the body: the generation of new 

T cells is a complex and highly regulated process and is the main source of peripheral naïve T 

cells in mice, while peripheral proliferation of naïve T cells plays a major role in humans.  

However, how exactly circulating T cells maintain near constant numbers and homeostasis is 

still not known. Previous studies described that T cell survival is based on MHC:TCR signaling 

and interleukin (IL)-7:IL-7 receptor (IL7R) signaling (Mueller et al., 2008; Sprent et al., 2008). 

However, a third axis has recently been discovered to be involved in T cell homeostasis. A 

WD-containing protein, named coronin 1, was shown to play a central role in adjusting T cell 

population size at proper levels. Indeed, its depletion or mutation results in a profound 

depletion of circulating naïve T cells (Lang et al., 2017; Mueller et al., 2008; Pieters et al., 

2013). 
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Figure 2. Overview of T cell development in the thymus. Committed lymphoid progenitors arising in the 

bone marrow migrate to the thymus. Double negative (DN) thymocyte lack the expression of T-cell receptor 

(TCR), CD4 and CD8 and can be further divided into four stages (DN1, DN2, DN3, DN4). DP thymocytes 

interact with cortical epithelial cells that express MHC class I and MHC class II molecules associated with 

self-peptides. The appropriate TCR signaling initiates effective maturation (positive selection): thymocytes 

that bind MHC class I molecules become CD8+ T cells, whereas those that bind MHC class II molecules 

will become CD4+ T cells. These cells are then exported from the medulla to peripheral lymphoid organs as 

single-positive (SP) thymocytes (from Figure 1 in Germain et al., 2002). 

 
 
 
3.2 The coronin protein family 

Coronins belong to the family of evolutionarily conserved tryptophan (W) and aspartic acid 

(D)-repeat proteins (Fong et al., 1986; Neer et al., 1994; Smith, 2008) and are widely expressed 

throughout the eukaryotic kingdom: indeed, bioinformatics analyses identified 723 coronins in 

358 species (Eckert et al., 2011). Members of the family were found in lower (Saccharomyces, 

Entamoeba, and Trichomonas) and higher eukaryotes (Xenopus, Caenorhabditis, Drosophila, 
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and mammals) (Spoerl et al., 2002). They are described to play a pivotal role in various cellular 

processes including signal transduction, transcription regulation, remodeling of the 

cytoskeleton, and regulation of vesicular trafficking (Eckert et al., 2011; Pieters et al., 2013). 

The overall structure of the coronin proteins consists of an amino-terminal WD repeat-

containing region of approximately 40 amino acid residues, followed by a unique region of 

variable length that connects it to a carboxy-terminal coiled-coil domain that is required for 

oligomerization (Gatfield et al., 2005; Kammerer et al., 2005) (Figure 3). The centrally located 

WD40-repeat domain folds into a 7-bladed b propeller structure, also known as b-transducin 

repeats, which is thought to serve as a platform for protein-protein interaction. Coronins form 

an evolutionarily conserved protein family expressed in all eukaryotes, but absent in 

prokaryotes (Eckert et al., 2011; Gatfield et al., 2005; Pieters et al., 2013). The lower eukaryote 

Dictyostelium discoideum only expresses a single short coronin (Coronin A) (de Hostos, 1999), 

while two genes were identified in Drosophila and Caenorhabditis, whereas the coronin 

protein family encompasses 7 proteins in mammals (Pieters et al., 2013; Uetrecht & Bear, 

2006): coronin 1 to 6 display the canonical structure, while coronin 7 is a tandem molecule 

having two core WD repeat-containing region but lacking the coiled-coil domain (Nakamura, 

1999; Okumura, 1998; Rybakin et al., 2004). Despite that different coronins colocalize with 

membranes, their sequences do not predict a transmembrane domain, but they might associate 

with the membrane in a cholesterol-dependent manner (Gatfield & Pieters, 2000). 

Coronin 1 is the best characterized members of the family and particularly abundant in cells of 

hematopoietic origin, including T cells, B cells, macrophages, dendritic cells, mast cells, 

neutrophils as well as neurons (Ferrari et al., 1999; Jayachandran et al., 2014). Coronin 2, as 

well as coronin 3, appears to be ubiquitously expressed (Uhlen et al., 2015), while coronin 4 

was identified as a component of the nuclear receptor corepressor (Ncor) and shown to localize 

in the nucleus of macrophages (Huang et al., 2011). Coronin 5 is mainly express in the brain 

and to a less extent in the heart and ovary (Nakamura, 1999), whereas coronin 6 was described 

to accumulate at neuro-muscular junctions (Chen et al., 2014). Finally, coronin 7, the 

homologue of coronin B in Dictyostelium, appears to be localized in the cytosol as well as in 

the Golgi of different cell types (Rybakin et al., 2004; Uhlen et al., 2015).  

To summarize, despite being initially defined as F-actin binding proteins, the available 

literature suggests that the mammalian coronins play numerous and different functions, as well 
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as appear to localize in different cells and tissues. Therefore, it is not yet clear whether they 

share a specific role or show any cooperation or functional redundancy. 

 

 
 
Figure 3. The coronin protein family.  CC, coiled-coil domain; UD, unique domain; WD repeats, tryptophan-

aspartate repeats (from Table 1 in Pieters et al., 2013). 

 

 

3.2.1 Coronin 1 

 

Coronin 1, also known as P57 or TACO, for Tryptophan Aspartate containing Coat protein is 

a 55 kilo Dalton (kDa) WD repeat-containing protein, highly expressed in leukocytes and 

neurons (Ferrari et al., 1999; Nal et al., 2004; Pieters et al., 2013; Suzuki, 1995). 

Coronin 1 was initially described as a host factor exploited by Mycobacterium tuberculosis to 

hijack the immune system: whereas normally, the recognition of pathogens through cell-

surface receptors, expressed on phagocyte membranes such as on macrophages, leads to 

phagocytosis of the microorganism followed by lysosomal destruction, M. tuberculosis escapes 

this destruction by actively blocking lysosomal delivery (Armstrong & Hart, 1975). It has been 

shown that, during mycobacterial infection, coronin 1 is recruited at the phagosomal membrane 

where it is responsible for the activation of the calcium/calcineurin pathway thereby blocking 

phagosome-lysosome fusion and the degradation of internalized mycobacteria (Ferrari et al., 
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1999; Jayachandran et al., 2007). The analysis of mice lacking the gene encoding coronin 1 

(coro1a) revealed the inability of coronin 1-deficient macrophages to sustain mycobacterial 

survival (Jayachandran et al., 2007). Moreover, small interfering (si) RNA-mediated 

downregulation of coronin 1 turned out to drastically reduce mycobacterial burden in 

macrophages following infection (Jayachandran et al., 2008; Seto et al., 2012). However, 

macrophages lacking coronin 1 remain otherwise fully functional in terms of phagocytosis, 

endocytosis, motility, membrane ruffling, and migration (Jayachandran et al., 2008; 

Jayachandran et al., 2007). 

Overall, these results suggest that coronin 1 is essential in mouse macrophages to sustain 

mycobacterial survival, while being dispensable for phagocytosis and cell motility.  

 

Mice and humans lacking coronin 1 show a near total depletion of naïve T cells that particularly 

affects peripheral lymphoid organs as lymph node and spleen. Mutations in the coronin 1-

encoding gene, in both mice and humans, result in paucity of T cells, revealing an essential 

role for coronin 1 in immune response and autoimmunity (Haraldsson et al., 2008; Mori & 

Pieters, 2018; Moshous et al., 2013; Mueller et al., 2008; Shiow et al., 2008). 

 

 

3.2.2 Coronin 1 and T cell homeostasis 

 

Through the analysis of mice lacking coronin 1, it has been demonstrated that coronin 1 plays 

a central function in T cell maintenance: indeed, deletion or mutation of coronin 1 in mice and 

humans results in peripheral T cell deficiency, that affects peripheral lymphoid organs as lymph 

node and spleen (Figure 4,(Mueller et al., 2008)), despite apparently normal T cell selection 

and development in the thymus as well as export to peripheral lymphoid organs (Lang et al., 

2017; Mueller et al., 2008). Moreover, coronin 1 deletion particularly affects the naïve T cell 

pool, while effector and memory T cells are less affected.  Also in humans, mutations of 

coronin 1 result in T cell deficiency, observed by a reduction of single positive CD4+ and 

CD8+ T cells in the periphery, but it should be noted that all the so far reported cases show 

other genetic defects (Foger et al., 2006; Haraldsson et al., 2008; Jayachandran et al., 2019; 

Jayachandran & Pieters, 2015; Moshous et al., 2013; Shiow et al., 2008). 
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Figure 4.  Lymph node of wild-type and coronin 1-deficient mice. Lymph node sections from wild-type 

and coronin 1-deficient mice stained with B220 (FITC) and Thy 1.2 (PE) (above) and with DAPI (below) 

showing near total depletion of T lymphocytes (red) in the coronin 1-deficient mice compared to the wild-

type, whereas the B lymphocytes (green) are not affected. Magnification 10X (from Mueller et al., 2008). 

 

 

Analyses from in vivo mouse models demonstrated that splenocytes from coronin 1-deficient 

mice show a significant reduction in the number of T cells, starting from 2 weeks after-birth, 

when an important coronin 1-dependent decisional switch occurs (Lang et al., 2017). 

Indeed, coronin 1-deficient mice show wild-type comparable T cell numbers until 2 weeks of 

age; after that a decrease in the number of splenocytes is observed, (Figure 5, left) whereas no 

significant defect is observed in the number of thymocytes (Figure 5, right) (Lang et al., 2017).  

Initially, the paucity of naïve T cells upon coronin 1 depletion was thought to depend on F-

actin-mediated apoptosis and/or to changes of mitochondrial membrane potential (Foger et al., 

2006). However, subsequent work suggested that coronin 1 is dispensable for F-actin mediated 

processes (Mueller et al., 2011; Mueller et al., 2008). Instead, coronin 1 was found to be 

involved in a Ca2+-dependent signaling upon TCR activation, which leads to calcium ion 

mobilization and calcineurin activation, that are both known to provide pro-survival signals, 

for instance activating pro-survival molecule B cell lymphoma 2 (BCL-2) (Jayachandran et 

al., 2007; Mueller et al., 2011; Mueller et al., 2008; Shiow et al., 2008). These observations 

were further supported by the fact that mice lacking the calcineurin Ab subunit show a similar 
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reduction of naïve T cells to the one observed in coronin 1-deficient mice (Manicassamy et al., 

2008).  

T cell migration capacity is also impaired by coronin 1 depletion: however, this may be 

secondary to the loss of T cell viability upon coronin 1 depletion, as suggested by incubating 

coronin 1-deficient naïve T cells with the cytokine IL-7, which prevents apoptosis. As a result, 

IL-7-treated coronin 1-deficient naïve T cells show a comparable migration capacity to the 

wild-type counterparts (Mueller et al., 2011). 

Thus, initially having been described as a host factor exploited by M. tuberculosis to hijack the 

immune response, coronin 1 turned out to be crucial for T cell maintenance, showing a pro-

survival role for peripheral naïve T cells. 

Regarding the role of coronin 1 in other immune cells, B cells have been reported to show 

alteration in total numbers after coronin 1 deletion depending on the source (blood versus 

spleen versus lymph nodes) analyzed (Combaluzier & Pieters, 2009; Mueller et al., 2008).  

In addition, in the absence of coronin 1, B cell receptor (BCR) triggering failed to result in 

intracellular Ca2+ mobilization and proliferation of B cells lacking coronin 1 was altered upon 

BCR triggering. However, the latter could be rescued in the presence of costimulatory signals, 

meaning that coronin 1-deficient mice are still able to mount a proper B cell-mediated response. 

(Combaluzier et al., 2009). Finally, no abnormalities were observed in other immune cells 

populations such as neutrophils, dendritic cells (DC) and mast cells, when deprived of coronin 

1 (Arandjelovic et al., 2010; Combaluzier & Pieters, 2009; Westritschnig et al., 2013). 

 

In conclusion, coronin 1-deficient mice show a near total depletion of naïve T cells two weeks 

after birth, which has been observed in mouse splenocytes but not in in the thymus, suggesting 

that coronin 1 is involved in T cell survival and homeostasis. The lack of coronin 1 specifically 

influences T cell numbers in the periphery, while other immune cell population do not appear 

to be affected by the absence of coronin 1. 
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Figure 5. Numbers of T lymphocytes at different ages from wild-type and coronin 1-deficient mice. 

Splenocyte numbers (left) constantly increase in wild-type mice, while in coronin 1-deficient mice there is 

a significant reduction in the number of T lymphocytes starting from two weeks after-birth. This reduction 

has not been observed in thymocytes (right) from the same two genotypes (from Figure 5a in Lang et al., 

2017). 

 

 

3.2.3 Coronin 1 and the cAMP/PKA pathway 

 

Coronin 1 was also shown to be important for behavioral and cognitive functions via regulation 

of cyclin adenosine monophosphate (cAMP)/protein kinase A (PKA)-dependent signal 

transduction and synaptic plasticity. Different activity of excitatory synapses, whose function 

relies on cAMP/PKA-dependent synaptic plasticity, has been observed in coronin 1-deficient 

mice (Jayachandran et al., 2014). In vitro and in vivo studies demonstrated that coronin 1 acts 

as a molecular switch required for regulating growth and branching of sympathetic axons 

during late innervation (Suo et al., 2014; Suo et al., 2015). Coronin 1 deletion is associated 

with severe neurobehavioral dysfunction in both mice and humans: mice lacking coronin 1 

displayed defective vocalization, as well as lowered anxiety and enhanced aggression.  

For T cells, the importance of coronin 1 in regulating cAMP signaling has been assessed by 

evaluating intracellular concentrations of cAMP in both wild type and a coronin 1-deficient 

background: coronin 1-deficient T cells showed enhanced levels of cAMP relative to wild-type 

(Jayachandran et al., 2019). Furthermore, analysis of migrated healthy naïve T cells as well as 

memory T cells (Mueller et al., 2011), revealed elevated cAMP concentrations in all coronin 

1-deficient T cell subsets and increased PKA activity. Also, human T cells lacking coronin 1 
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(Jurkat T cells) show enhanced cAMP concentration (Jayachandran et al., 2019). This suggests 

a critical role for coronin 1 in both mouse and human T cells in a cell-intrinsic manner. 

 

Recent studies have shown that deletion of coronin 1 creates an immunosuppressive 

environment that allows higher tolerance after organ transplantation: allograft transplantation 

of heart, hematopoietic cells and skin was performed in both wild-type as well as coronin 1-

deficient mice. Interestingly, while wild-type mice rapidly rejected an MHC-mismatched organ 

after transplantation, coronin 1-deficient mice showed long-term acceptance of mis-matched 

organs (Jayachandran et al., 2019). RNA-sequencing analyses were carried out on wild-type 

and coronin 1-deficient conventional CD4+ T cells as well as regulatory T cells to analyze a 

possible mechanism behind the observed tolerance. Reactome pathway analyses identified 

regulators of the cAMP pathway, in line with the previously observed capacity of coronin 1 to 

modulate cAMP pathway. Specifically, it was shown that coronin 1-deficiency increased cyclin 

adenosine monophosphate (cAMP) concentrations to suppress allospecific T cell responses 

(Jayachandran et al., 2019).  

Nonetheless, coronin 1-deficiency allowed appropriate responses against a range of pathogenic 

microbial challenges (S. aureus, C. albicans, S. typhimurium). Both wild-type and coronin 1-

deficient mice showed a specific proliferation and expansion of T cells upon microbial 

infection.  

Taken together, these data suggest that the allograft tolerance is not due to T cell paucity upon 

coronin 1-depletion, but rather to an intrinsic defect (Jayachandran et al., 2019). 

 

 

3.2.4 Coronin 3 

 

Coronin 3, also known as CORO1C, CRN2 or CRNN4, is the most widely expressed 

mammalian coronin isoform and was initially identified as a random cDNA clone selected from 

a library derived from a human colon cancer cell line (Iizaka et al., 2000). In human and mouse, 

it consists of 474 amino acids with a sequence-derived molecular weight of 53 kilo Dalton 

(kDa), even though the apparent molecular weight by SDS-PAGE analysis is 57 kDa. The 

amino acid sequence shared 65% identity with the human coronin 1, as well as 46% identity 

with Coronin A from Dictyostelium (Iizaka et al., 2000). 
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Coronin 3 is ubiquitously expressed in all cells and tissues, but particularly upregulated in 

different malignancies: for instance, it was identified as a potential marker for melanoma 

progression, probably via the Erk-mitogen-activated protein kinase cascade (Roadcap et al., 

2008; Shields et al., 2007). Similarly, coronin 3 overexpression was observed in hepatocellular 

carcinoma, associated with poor prognosis of gastric cancer (Cheng, 2019; Ren et al., 2012; 

Wu et al., 2010) and malignant phenotype in diffuse gliomas (Solga et al., 2019; Thal et al., 

2008; Wang et al., 2020). 

Finally, immunohistochemical analyses revealed a strong expression of coronin 3 in primary 

effusion lymphoma together with SELPG, a membrane-associated glycoprotein that binds to 

not only P-selectin, but also E- and L-selectin, thus involved in cell adhesion (Luan et al., 

2010). Most of these papers show a reduced cell proliferation, motility and invasion upon 

knock-down of coronin 3 in cancer cells, as well as in fibroblasts isolated from coronin 3-

depleted mice. Interestingly, despite the mice do not show any obvious phenotype, the 

fibroblasts isolated from these mice display defects in migration, proliferation, as well as in 

localization, morphology and function of mitochondria, aberrant tubulin, intermediate filament 

and actin-based cytoskeleton (Behrens et al., 2016; Solga et al., 2019). However, Solga et al., 

observed some neurological abnormalities in coronin 3-deficient mice, which mainly consist 

in decreased hearing sensitivity. Furthermore, coronin 3-deficient mice are hypoactive and 

show a slight reduction in urination frequency. Moreover, minor phenotypic alterations were 

observed (echocardiography, clinical chemistry and hematology, immunology) which were 

mainly sex-related.  

The only exception showing opposite results is an in vivo recent report in which enhanced cell 

proliferation and metastasis following coronin 3 ablation was observed in a melanoma mouse 

model (Tagliatela et al., 2020). 

Therefore, coronin 3 may impact tumor progression differently between cancer types. 

 

 

3.2.5 Coronin 3 localization 

 

Discrepancies among the different reports were observed as well on coronin 3 localization. 

Indeed, in the same fibroblast-like cell line (COS-7 cells) transfected HA-tagged coronin 3 was 

reported to localize on actin fibers (Iizaka et al., 2000) while green fluorescent protein (GFP) 

fusion was observed to localize on endosomes, where it is thought to regulate endosome fission 
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and recruitment to the Endoplasmic Reticulum (ER) (Hoyer et al., 2018). In mouse fibroblast 

endogenous coronin 3 was described to partially colocalize with F-actin as well as with 

microtubules and vimentin intermediate filaments (Behrens et al., 2016), while in primary 

human fibroblast and Swiss 3T3 fibroblasts, coronin 3 was found to localize at punctate and 

filamentous cytoplasmic structures and lamellipodia (Spoerl et al., 2002). Furthermore, coronin 

3 shuttles between intracellular pool and the cell cortex during remodeling of the cortical 

cytoskeleton (Spoerl et al., 2002). Finally, in the Central Nervous System (CNS) coronin 3 was 

shown to localize at lamellipodia of outgrowing neurites (Hasse et al., 2005). Such a variable 

localization of coronin 3, especially when tagged with fusion proteins, might be due to the fact 

that transient transfection might alter normal regulation of expression, resulting in 

overexpression artifacts such as ectopic subcellular localization, erroneous formation or protein 

complexes and excess amount (Bernhem et al., 2018; Ratz et al., 2015). On the other hand, 

endogenous localization studies for coronin 3 not always show negative controls, such as 

knock-out cell lines, therefore raising the question of whether the obtained signal corresponds 

to coronin 3 localization. 

In section 5.3 of this thesis, results are shown from an immunofluorescence, as well as a 

Western Blot screening in which the main antibodies described in the literature in coronin 3 

localization studies were tested on wild-type cell lines as well as coronin 3-deficient cells. 

 

 

3.2.6 Coronin 3 interactors and possible functions 

 

Different proteins were identified as potential interactors of coronin 3: indeed, it was described 

to interact and promote cofilin-mediated F-actin disassembly and inhibit the activity of the 

Actin Related Protein (Arp) 2/3 complex by keeping it in an inactive open conformation away 

from the actin filaments (Cai et al., 2007; Foger et al., 2006; Rodal et al., 2005; Rosentreter 

et al., 2007). 

This interaction was reported to be inhibited by phosphorylation of coronin 3 at serine 463 in 

the coiled-coiled domain by the coronin 3-binding partner protein kinase CK2 (Xavier et al., 

2012) Also, a short sequence stretch that resembles the Cdc42/Rac interactive binding (CRIB) 

motif is present in coronin 3 and could act as a potential binding site for the activated GTP-

binding proteins Rac and Cdc42, involved in the regulation of the actin cytoskeleton (Xavier 

et al., 2009).  
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In addition, coronin 3 was identified as a novel Rab27a effector, binding GDP-Rab27a through 

its b-propeller structure and, therefore, participating in endocytosis and membrane trafficking 

(Kimura et al., 2008). Coronin 3 was also described to interact with Rac1, Caveolin and RCC2 

to mediate release of Rac1 from non-protrusive membranes and is necessary for Rac1 

redistribution to protrusive tip and fibronectin-dependent Rac1 activation (Williamson et al., 

2014; Williamson et al., 2015). Finally, it was observed in a glioblastoma model that coronin 

3 binds to the tissue inhibitor of matrix metalloproteinase 4 (TIMP4) and the matrix 

metalloproteinase 14 (MMP14), representing a pro-invasive effector within the cell tumor 

microenvironment (Solga et al., 2019). 

 

To summarize, coronin 3 is a 474 amino acid ubiquitously expressed protein which was 

observed to be upregulated in a number of solid tumors. Coronin 3 is present in the cytoplasm 

and enriched at actin filaments, lamellipodia and membrane ruffles (Spoerl et al., 2002). 

It appears to play a role in multiple, actin-dependent cellular functions such as proliferation, 

migration, formation of cell protrusions, endocytosis and secretion. Coronin 3 influences actin 

cytoskeleton via interaction with small G-proteins. Indeed, binding of coronin 3 with GDP-

Rac1 and RCC2 leads to GTP-Rac1 enrichment at membrane protrusions, whereas its 

interaction with Rab27a increases endocytosis of the insulin secretory membrane for recycling 

in pancreatic beta-cells (Kimura et al., 2008; Tilley et al., 2015; Wang et al., 2013; Williamson 

et al., 2014). 

Because of its ubiquitous expression, it is possible that coronin 3 might have a more general 

role and not necessarily related to a specific tissue. 

 

 

 

3.3 Cell-cell interactions 
 

The capacity of the cell to communicate and adhere to each other is an important prerequisite 

for establishment and maintenance of a multicellular organism. With their ability of sensing 

the microenvironment, cells can decide whether to continue or stop proliferating, change 

morphology, migrate or simply cease to exist. Cells have adapted different mechanisms that 

allow them to sense external signals and respond accordingly to them (Armingol et al., 2021; 

Rouault & Hakim, 2012; Zhou et al., 2018).  
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Interactions between cells create pathways for communication, allowing them to exchange 

signals to regulate their behavior and gene expression. Cells can interact either with their 

extracellular matrix, a complex network of proteins and polysaccharide chains that they secrete 

(Rozario & DeSimone, 2010), or via a mechanism that involves the inner cytoskeleton of 

neighboring cells (Ohashi et al., 2017). Some cell-cell interactions are transient, such as the 

ones that are established between immune cells or  the interactions that direct white blood cells 

to an inflammation site; others types of interactions are stable cell-cell junctions which 

orchestrate and coordinate the organization of cells within a tissue, such as epithelial cell layers 

(Friedl & Storim, 2004).  

Cell-cell adhesion is not stochastic, but is a very selective process which depends on 

transmembrane proteins called cell adhesion molecules, that can be divided into four major 

categories: selectins, integrins, immunoglobulin (Ig) superfamily and cadherins (Harjunpaa et 

al., 2019). 

 

 

3.3.1 Cadherins and cell-cell adhesion 

 

The cadherin-catenin pathway is one of the most important regulators of morphogenesis and 

tissue homeostasis. 

Cadherins can be classified into several subtypes (see Table 1): type I class cadherins such as 

E (epithelial)-cadherin, N (neural)-cadherin and P (placental)-cadherin; type II class cadherin 

such as VE (vascular-endothelial)-cadherin and OB (osteoblast)-cadherin (Goodwin & Yap, 

2004; Kemler, 1992); the desmosomal cadherins (Kottke et al., 2006; Yin & Green, 2004); the 

seven-pass transmembrane cadherins (Goffinet & Tissir, 2017; Takeichi, 2007); FAT and 

dachsous (DCHS) group cadherins (Ahmed et al., 2019; Takeichi, 2007) and protocadherins 

(PCDHs) (Frank & Kemler, 2002; Junghans et al., 2005; Wu et al., 2010).  
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Table 1. The cadherin superfamily (from Table 1 in Yu et al., 2019). 

 

 

All the cadherin subtypes share a similar structure consisting of five extracellular cadherin 

domains (EC) responsible for homotypic interaction with the same type of cadherin expressed 

by neighboring cells, a single-pass transmembrane domain (absent in seven-pass 

transmembrane cadherins) and a cytoplasmic domain which functions as a linker between cell 

surface and the cytoskeleton (Sannigrahi et al., 2018; Wheelock et al., 2001).  

Specifically, the engagement between cadherin monomers on adjacent cells occurs by 

reciprocal interaction of a tryptophan residue side-chain on its first extracellular domain (EC1) 

into the hydrophobic pocket on the cadherin partner EC1 (trans adhesion). This binding is 

stabilized by a His-Ala-Val (HAV) motif on the EC1 domain as well as the recognition of a 

second extracellular domain (EC2) on the same cadherin monomer (cis adhesion) (Harrison, 

2011; Shapiro, 1995; Davis, 2003) (Figure 6).  
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Figure 6. Schematic representation of N-cadherin adhesive complex. The extracellular EC1 domain of N-

cadherin engage cis and trans interactions respectively with EC2 domain of cadherins expressed on the same 

cell and EC1 domains of cadherin expressed on adjacent cells. Clustering of N-cadherin monomers on the 

same cell occurs via a His-Ala-Val (HAV) adhesion motif on the EC1 domain and a recognition sequence 

of a second EC2 domain of the partner monomer (cis interaction). Activation of RhoA leads to b-catenin 

and a-catenin accumulation on the cytosolic domain of N-cadherin. This results in anchorage of N-cadherin-

catenin complexes to the actin cytoskeleton, thereby stabilizing cell-cell adhesion. 

Finally, engagement of N-cadherin extracellular domains also activates PI3K/Akt signaling which 

inactivated the pro-apoptotic protein Bad, resulting in the subsequent activation of the anti-apoptotic protein 

Bcl-2 (from Figure 1 in Thian et al., 2011). 

 

 

Type I cadherins, such as E-cadherin, N-cadherin and P-cadherin, mainly act in cooperation 

with catenin molecules, such as a-catenin, b-catenin and g-catenin.  
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To initiate the adhesion process, extracellular domains of cadherins engage Ca2+-dependent 

homophilic interactions with identical cadherin molecules on adjacent cells. The homotypic 

interaction of cadherin extracellular domains triggers the activation of the Rho GTPase Rac, 

which promotes localized actin filament assembly and the formation of membrane protrusions 

at the level of cell-cell contacts (Ratheesh et al., 2013; Yap & Kovacs, 2003). With their 

cytoplasmic tails, cadherins sequester b-catenin molecules, which serves as a critical link to a-

catenin. The latter facilitates the anchorage to the actin cytoskeleton via actin-binding proteins 

such as cortactin and a-actinin, thereby promoting the maturation of cell-cell contacts (Niessen 

et al., 2011; Pokutta & Weis, 2007). Initial engagement of cadherin extracellular domains also 

triggers PI3K/Akt signaling which inactivates the pro-apoptotic protein Bad, resulting in 

activation of the anti-apoptotic protein Bcl-2 as a consequence (Figure 6).  

 

Thanks to their adhesive functions, cadherins can transmit signals from the extracellular 

microenvironment inside the body. It was observed in the past that formation of a confluent 

cell monolayer results in a phenomenon called “contact inhibition of cell proliferation”, leading 

to cell cycle blockage (Eagle & Levine, 1967; McClatchey & Yap, 2012). Indeed, re-expression 

of E-cadherin in human epithelial cancer cell lines lacking this molecule or its disruption using 

neutralizing antibodies demonstrated that cadherin-mediated cell adhesion plays a role in 

contact inhibition of cell proliferation (St Croix, 1998).   

 

Abnormal expression of cadherin was shown to be closely related to tumorigenesis. In many 

epithelial cancers, metastasis is facilitated by the genetic reprogramming and transition of 

cancer cells from a non-motile and epithelial phenotype to a motile and mesenchymal-like 

phenotype. This phenomenon is known as Epithelial-Mesenchymal Transition (EMT) and is a 

driving force in tumorigenesis (Gupta et al., 2007; Savagner, 2010; Thiery & Sleeman, 2006). 

A key feature of EMT is down-regulation of E-cadherin and up-regulation of N-cadherin, 

which plays a key role in invasion and metastasis. In particular, E-cadherin downregulation 

reduces cell-cell contact, while N-cadherin upregulation enhances the migratory and invasive 

ability of tumor cells. This process is called “cadherin switch” and is associated with increased 

migratory and invasive behavior. Many other factors contribute to E-cadherin loss and EMT in 

cancer: these include hepatocyte growth factor, epithelial growth factor and TGF-b, which are 

thought to initiate EMT and upregulate EMT-related transcriptional factors such as Snail, Slug 

and Twist (Medici & Nawshad, 2010; Thiery, 2002). Finally, another key factor promoting 
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tumorigenesis is represented by an oncogenic stimulus via b-catenin, further stimulating the 

canonical Wnt signaling pathway and finally stimulating T-cell factor-regulated genes involved 

in cell proliferation and invasion, including CCD1, MMP-7, MMP14, FN1, c-MYC, LGR5, 

PLAUR etc. (Crawford et al., 1999; Gradl et al., 1999; Peifer & Polakis, 2000).  

 

The above-mentioned process called “cadherin switch” particularly affects N-cadherin 

upregulation, which has been associated with tumorigenesis and solid tumor metastasis. There 

are now emerging evidences demonstrating that N-cadherin plays a role as well in 

hematological malignancies, including leukemia (Qui, 2014; Zhi et al., 2016).  

Leukemia is associated with the malignant transformation of Hematopoietic Stem cells (HSCs) 

into leukemic stem cells (LSCs) which occupy and modify HSC niches in the bone marrow, 

that are known to play a critical role in housing and maintaining HSCs pools  (Colmone et al., 

2008; Lapidot et al., 1994; Petzer et al., 1996). 

However, the precise role that N-cadherin plays within the HSC niche in still not known. 

Studies have reported that N-cadherin is expressed on primitive leukemic cell sub-populations 

including patient-derived chronic myeloid leukemia (CML) cells and acute myeloid leukemia 

(AML) cells. In this context, N-cadherin is thought to promote engagement of leukemic cells 

with the surrounding BM microenvironment. Indeed, it has been shown that treating CML cells 

with the N-cadherin neutralizing antibody GC-4, which binds to the EC1 domain and inhibits 

N-cadherin-mediated adhesion, blocks their adhesion to human BM stromal cells (BMSCs) 

(Zhang et al., 2013). Similarly, GC-4 treatment of a mouse acute lymphoblastic leukemia 

(ALL) cell line inhibited their capacity to adhere to mouse fibroblasts (Zhang et al., 2007). 

Therefore, N-cadherin represents a potential target in LSC malignancies.  

 

 

3.3.2 Cadherins and Wnt signaling 

 

Cadherins mediate formation of cell-cell junctions thanks to the engagement of catenin 

molecules on their cytoplasmic domain. In particular, b-catenin serves as a critical link between 

cadherins and a-catenin, which then connects the cadherin-catenin complex to actin 

cytoskeleton.  

However,  b-catenin is a key molecule for another important biological pathway as well, which 

is the canonical Wnt signaling. The Wnt signaling pathway is an ancient and evolutionarily 
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conserved mechanism that regulates crucial aspects of cell fate determination, cell polarity, cell 

motility, neural patterning and organogenesis during embryonic development (Komiya & 

Habas, 2008; Logan & Nusse, 2004). Furthermore, it was observed that Wnt signaling is also 

important for immune cell maintenance and renewal. It regulates the progenitor cell 

homeostasis, thereby controlling hematopoiesis and renewal of circulating immune cells, 

having therefore a positive influence in the anticancer immune response. Mutations or 

deregulated expression of Wnt signaling components can induce disease, most importantly 

cancer (Bienz & Clevers, 2000; Moon et al., 2004; Polakis, 2000). Through the Wnt pathway, 

signals are exchanged between neighboring cells and tissues: Wnt ligands are released from 

one cell type and can interact with specific surface receptors of neighboring cells. These signals 

are transferred from the surface to the nucleus, where gene regulation is modulated. This 

process participates in cell fate determination, cell polarity, cell proliferation, survival, cell 

migration, differentiation, neural patterning and organogenesis during embryonic development 

(Heuberger & Birchmeier, 2010; Komiya & Habas, 2008). 

In the absence of Wnt ligands, cytoplasmic b-catenin is recruited into a destruction complex, 

where it interacts with Adenomatous Polyposis Coli (APC) and Axin and the N-terminal of b-

catenin is phosphorylated by axin-bound casein kinase 1a (CK1a) and glycogen synthase 

kinase-3b (GSK3b), a component of the E3 ubiquitin ligase complex, therefore maintaining 

cytoplasmic levels of b-catenin low (Figure 7).  

Inhibition of this degradative process occurs when, in the presence of Wnt ligands, low-density 

lipoprotein receptor-related protein 5/6 (LRP5/6) are phosphorylated by CK1g and GSK3b and 

Dishevelled is recruited to the plasma membrane, where it interacts with the Frizzled receptors. 

Phosphorylated LRP5/6 recruits Axin to the plasma membrane, which leads to a decay of the 

destruction complex, thereby allowing β-catenin to accumulate in the cytosol and enter the 

nucleus, where it will form an active complex with the T cell factor/lymphoid enhancer factor 

(TCF/LEF) and mediate transcription of several target genes (Amit et al., 2002; Klaus & 

Birchmeier, 2008; Murillo-Garzon & Kypta, 2017). Wnt signaling and cadherin-catenin 

pathways might compete for the same cellular pool of b-catenin, with cadherins sequestering 

it from the nucleus, thereby attenuating Wnt signaling (Heuberger & Birchmeier, 2010; Nelson 

& Nusse, 2004). This concept is based on genetic and overexpression experiments in embryos 

as well as cultured cells. In fact, overexpression of cadherins in Xenopus embryos inhibited 

dorsal axis formation, which is known to depend by Wnt signaling (Fagotto et al., 1996; 

Heasman et al., 1994; Torres et al., 1996). Furthermore, armadillo (β-catenin) mutant in 



 31 

Drosophila embryos, harboring only one E-cadherin allele, showed a less severe segment 

polarity phenotype, depending on Wnt signaling, compared to embryos with two cadherin 

alleles (Cox et al., 1996). Finally, cadherin overexpression mimicked the wingless (Wnt) 

phenotype in Drosophila embryos (Sanson et al., 1996). An interplay between cadherin and 

Wnt signaling has been also observed in cell culture cells: in colon cancer cells, expression of 

N-cadherin or an interleukin receptor-cadherin hybrid (where the β-catenin binding region of 

N-cadherin is maintained) induced the translocation of β-catenin from the nucleus to the 

cytoplasm (Sadot et al., 1998). 

On the other hand, some studies propose that N-cadherin-b-catenin complex provides a stable 

cellular pool of b-catenin available for TCF/LEF-mediated transcription in cancer cells. 

Therefore, it is not clear whether b-catenin could be exclusively operational in the Wnt 

signaling or in the cadherin-catenin pathway or whether they can both be active at the same 

time; however, it is known that these two mechanisms are highly interconnected (Heuberger 

& Birchmeier, 2010).  

Different mechanisms are described in the literature with which these two pathways regulate 

each other: first, the cadherin may promote the activity of b-catenin destruction complex at the 

adherent junction site (Maher et al., 2009). Secondly, another mechanism involves the cleavage 

of E- and N-cadherins by proteases (Verheyen & Gottardi, 2010): cadherins can be cleaved 

intracellularly by proteases like caspase-3 and preselin or intracellularly by the intramembrane 

protease ADAM-10. Intracellular cleavage of cadherins releases nearly the entire cytoplasmic 

domain, while extracellular cleavage releases the adhesion domain. As a result, b-catenin is 

released in the cytosol and subsequently translocated into the nucleus (Heuberger & 

Birchmeier, 2010). Finally, a third mechanism involves tyrosine kinases and phosphatases that 

control the carboxyl-terminal phosphorylation of the cadherins and the b-catenin signaling as 

a consequence, depending on the phosphorylation site. However, the mechanism that is 

considered as the most relevant consists in the sequestration of b-catenin by the cadherin 

cytoplasmic domain at the cell surface, thereby reducing the cytoplasmic pool of b-catenin that 

is available for nuclear translocation and TCF/LEF-mediated transcriptional activity (Gottardi 

& Gumbiner, 2001).   
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Figure 7. Canonical Wnt pathway (from Figure 2 in Heuberger et al., 2010). 

 

To summarize, cadherins are surface glycoproteins mediating Ca2+-dependent cell-cell 

adhesion via homotypic interactions with the identical cadherins on neighboring cells via their 

extracellular domain and association to the actin cytoskeleton via catenin molecules with their 

cytoplasmic domain. They are key regulators of cell morphology and tissue homeostasis, 

however deregulation of their expression has been observed to occur in many cancers, where 
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loss of epithelial-cadherin and upregulation of neural-cadherin, also known as “cadherin 

switch”, facilitates acquisition of mesenchymal properties to cancer cells, thereby promoting 

invasion and metastasis. The cadherin-catenin pathway is highly interconnected with several 

biological processes, among which the Wnt signaling pathway since they both depend on b-

catenin availability in the cell. It appears that these two pathways compete for cellular b-catenin 

and, therefore, several mechanisms were proposed that would determine whether b-catenin is 

available to interact with cadherins on the surface or whether it will translocate into the nucleus 

and activate the transcription of several target genes.  
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4 Introduction to my PhD thesis and Aim of my work 
 

Previous members of the lab have demonstrated that mice lacking coronin 1 show a near total 

depletion of T cells in peripheral lymphoid organs, such as lymph node and spleen, particularly 

after 2 weeks of age (see Figure 5,(Lang et al., 2017)). To understand the molecular basis of 

this striking phenotype, since it was not practical to work with T cells from coronin 1-deficient 

mice due to their low numbers and continuous need for pro-survival stimuli in “ex vivo” 

conditions, a human T cell line (Jurkat) was selected as a model to study coronin 1-dependent 

phenotype. Dr. Tohnyui Ndinyanka Fabrice generated coronin 1-deficient Jurkat T cell lines 

using CRISPR-Cas9-based gene editing, obtaining independent clones used for in vitro 

analyses.  

Analyses of the growth curve of wild-type and coronin 1-deficient Jurkat cells highlighted a 

similar phenotype to the mouse splenocytes lacking coronin 1. Indeed, while the wild-type cells 

grow normally, the coronin 1-deficient cells reached prematurely stationary growth phase 

followed by induction of cell death and decreased cell viability. Particularly, the coronin 1-

deficient cell lines grow at nearly wild-type levels until 72 hours after cell seeding: after that 

time point, the wild-type cells continue to expand, while the coronin 1-deficient cells stop to 

proliferate and rather begin to die, as evinced by the percentage of viable cells, which 

significantly drops from 90% to 40%. (Figure 8). 

 

 

 
 
Figure 8. Jurkat cell growth and viability. Wild-type Jurkat cells (grey), coronin 1-positive Jurkat cells 

(grey) and complemented-coronin1 cells (black) grow and duplicate their numbers every 24 hours, reaching 

higher cell density after 120 hours (left) and maintaining cell viability between a range of 90 and 95% of 

live cells (right). Coronin 1-deficient Jurkat cells (pink) proliferate at wild-type levels until 72 hours, 
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afterwards a premature stationary growth phase is reached (left) and cell viability decreases to 40% of live 

cells at 120 hours-time point (right) (data from Ndinyanka et al., 2022). 

 

 

Furthermore, another phenotype that was observed in Jurkat lacking coronin 1 is the high level 

of cell aggregation, as shown by time-lapse microscopy analyses. In fact, coronin 1-deficient 

clones form big cell clusters in culture and the cells die within these aggregates (as shown by 

Propidium Iodide staining) (Figure 9).  

RNA-sequencing and Mass spectrometry analyses revealed that the Jurkat coronin 1-deficient 

clones specifically upregulate members of the integrin family of cell adhesion molecules as 

Intercellular adhesion molecule 1 (ICAM-1) and Lymphocyte function-associated antigen 1 

(LFA-1), a heterodimer consisting of Integrin a L (ITGAL) and Integrin b 2 (ITGB2) 

(Ndiyanka et al., accepted). 

 

 

 
 

Figure 9. Cell aggregation of coronin 1-deficient Jurkat T cell. Clones 20-11 and 1-C7 were positive clones 

which followed the same phenotype as wild-type (WT) Jurkat cells: cells proliferated and homogeneously 

filled the space. Coronin 1-deficient Jurkat clones (cl. 20-23, 20-37, 1-C4) formed large aggregates, in which 

massive cell death occurs. Dead cells were detected as red spots by Propidium Iodide (PI) staining (data 

from Ndinyanka et al., 2022). 

 

 

The results from this work suggested the existence of an evolutionarily conserved mechanism 

in which coronin 1 modulates the expression of LFA-1 and ICAM-1 adhesion molecules to 

adjust proper T cell population size via an integrin-mediated cell death mechanism that is 

activated when the density increases beyond homeostatic levels. 
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In light of these observations, the aim of my project was to investigate the function of the other 

coronin family members in immune cells, with a particular focus on T lymphocytes, in order 

to evaluate whether other coronins beside coronin 1 might have a role in T cell homeostasis. 

Indeed, the coronin proteins were described to play many important biological roles as 

transcription regulation, remodeling of the cytoskeleton, vesicular trafficking; however, they 

have never been studied in the context of the immune system and in T cells.  

Therefore, we choose Jurkat T cells as our in vitro model and planned to generate coronin-

deficient cell lines using CRISPR-Cas9-based gene editing in order to evaluate the resulting 

phenotype. The results from these analyses might shed a light on possible redundant or unique 

functions of the coronin family members in T lymphocytes. 

  

 

  



 37 

5 Results 
 

5.1 Evaluation of coronin family members expression in different cell lines 

 

5.1.1 Mammalian coronins are differently expressed in immune and non-immune mouse 

and human cell lines 

 

Coronins constitute a family of highly conserved WD repeat-containing proteins and described 

to be involved in several biological processes as cytokinesis, cell motility, phagocytosis and 

vesicular trafficking (de Hostos, 1999; Pieters et al., 2013). Mammals encode for 7 different 

coronin isoforms: some of which are ubiquitously expressed, while others are reported to show 

a tissue-specific pattern (Pieters et al., 2013; Uhlen et al., 2015). 

To evaluate the expression of the 7 mammalian coronins in a subset of different immune and 

non-immune human and mouse cell lines, mRNA was isolated from Jurkat, Supt-1, J774, 3T3, 

HEK293T and HeLa cells and qPCR analyses were performed and the relative expression to 

coronin 1 was plotted. As it can be observed in Figure 10, different cell lines express specific 

coronin family members at different levels: coronin 3 is expressed in all the analyzed cell lines, 

with a predominant expression in mouse and human epithelial cells (3T3, HEK293T and HeLa 

cells), whereas cells of immune origin such as Jurkat, Supt-1 T cells and J774A macrophages 

mainly express coronin 1, while coronin 3 constitutes the second most expressed coronin. 

Finally, in the context of immune cells, coronin 3 appears to be more abundant in human 

leukemia cell lines such as Jurkat and Supt-1 rather than in mouse macrophages J774.  

The obtained results were in line with what has been previously reported in the literature, with 

coronin 1 being particularly abundant in cells of hematopoietic origin, including T cells, 

macrophages and to a far lesser extent in a subset of neurons, with no detectable expression in 

other cell types (Arandjelovic et al., 2010); while the other coronins are either ubiquitous 

(coronin 2 and coronin 3) or mainly expressed in specific cell types: for instance, coronin 4 is 

described to be expressed in immune cells and neurons (Rastetter et al., 2015), whereas coronin 

5 and coronin 6 are reported to be expressed in adult brain and neuromuscular junctions (Chen 

et al., 2014; Nakamura, 1999). Finally, coronin 7 is detected in human spleen, bone marrow, 

lymph node, lung and small intestine (Human Protein Atlas database).  
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Figure 10.  Differential expression of coronins in different immune and non-immune cell lines. qPCR 

analyses of the 7 coronin family members in human Jurkat and Supt-1 T cells, J774 mouse macrophages, 

3T3 mouse fibroblasts, human embryonic kidney (HEK) 293T cells and human epithelial HeLa cells.  

 

 

As mentioned in section 4, we selected Jurkat as our model T cell line in light of the results 

observed by Dr. Tohnyui Ndinyanka Fabrice upon coronin 1-depletion with the aim of 

understanding whether other coronin family members might play a role. 

Therefore, we first confirmed that Jurkat T cells mainly express coronin 1, coronin 3, coronin 

4 and coronin 7 also at the protein level with Western Blot analyses (Figure 11). As negative 

controls to assess the specificity of the antibodies that were used, previously generated Jurkat 

or Mouse Embryonic Fibroblasts (MEFs) depleted for each of the four coronins were included, 

with the exception of coronin 2 for which we did not have yet generated knock-out cell lines 

at the time of the analysis. Finally, GAPDH was used as positive control. 

As shown in Figure 11, our analyses confirmed that coronin 1 and coronin 3 are the most 

expressed coronins in Jurkat T cells, followed by coronin 4 and coronin 7; coronin 2 appears 

to be the least expressed coronin in Jurkat T cells.  

 



 39 

 

 
 

Figure 11.  Coronins protein expression in Jurkat T cell line. Western blot analyses of coronin 1, coronin 2, 

coronin 3, coronin 4 and coronin 7 in Jurkat wild-type, Mouse Embryonic Fibroblasts (MEF) wild-type, the 

corresponding knock-out for each of the coronins have been included as negative controls. GAPDH used as 

endogenous control.  

 

 

5.1.2 Jurkat T cells upregulate coronin 2 and coronin 3 upon coronin 1-depletion 

 

Coronin 1 is by far the best described coronin protein: the most essential role for coronin 1 is 

perhaps the maintenance of naïve T cells in peripheral lymphoid organs. Indeed, deletion or 

inactivation of coronin 1 leads to near total depletion of T cells in peripheral lymphoid organs 
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in both mice and humans, while no effect was observed in the bone marrow or in the thymus 

(Foger et al., 2006; Lang et al., 2017; Moshous et al., 2013; Mueller et al., 2008). 

Nonetheless, besides coronin 1, the literature is very scarce regarding the role of the other 

coronin family members in immune cells and, particularly, in T lymphocytes.  

 

We therefore asked the question whether other coronins might have complementary or 

redundant functions and play a role as well in T cell homeostasis. To test this hypothesis, we 

started by comparing the expression of the 7 mammalian coronins in a human T cell line 

(Jurkat) either expressing or lacking coronin 1: particularly, qPCR analyses were performed on 

the wild-type and three different coronin 1-depleted T cell lines, previously generated in our 

laboratory by Dr. Tohnyui Ndinyanka Fabrice using CRISPR-Cas9 technology.  

Interestingly, we observed that upon coronin 1 depletion, Jurkat T cells show a 2- to 3-fold 

increase of coronin 2 and coronin 3 at the mRNA level, while the expression of the other 

coronin family members was not changed (Figure 12a). Subsequent Western Blot and Mass 

spectrometry analyses revealed that the above-described upregulation also occurs at the protein 

level (Figure 12b-c). As it can be observed in Figure 12b, coronin 2 is not detected by Western 

Blot in the Jurkat wild-type, while it clearly shows a band in both the coronin 1-deficient lines; 

on the other hand, despite being already expressed in the wild-type, coronin 3 is further up-

regulated in both coronin 1-deficient clones.  

 

These results strongly indicate that, when coronin 1 is depleted, the cells try to compensate to 

its absence by up-regulating coronin 2 and coronin 3, suggesting a potential compensation 

and/or functional redundancy among these proteins.  

Therefore, coronin 1 might not be the only member of the coronin family to play a pivotal role 

in T cell homeostasis, but other coronins as well might cooperate to maintain proper T cell 

population size.  
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Figure 12. Jurkat T cells upregulate coronin 2 and coronin 3 upon coronin 1-depletion.  (a, left) qPCR 

analyses of the 7 coronins in Jurkat wild-type (grey), coronin 1-deficient clone 20-23, clone 5-B11 and clone 

1-C4 (pink), (a, right) focus on the up-regulation of coronin 2 and coronin 3 at the mRNA level in coronin 

1-deficient clones compared to the wild-type. * p=<0.05, ** p<0.005, *** p<0.0005. Ordinary one-way 

ANOVA (b) Immunoblots of coronin 2 and coronin 3 in Jurkat wild-type and coronin 1-deficient clones. b-

actin is used as endogenous control. (c) Mass spectrometry analysis of wild-type and coronin 1-deficient 

Jurkat cells seeded at 200’000 cells/mL and for the following 5 days part of the cultures were sent for Mass 

spectrometry analysis. 
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5.2 Depletion of coronin 3 in Jurkat T cells results in cell aggregation and impaired 

cell proliferation 

 

5.2.1 Generation of Jurkat coronin 3-depleted cell lines using CRISPR-Cas9 

 

As previously described, coronin 3 is the second most expressed coronin in Jurkat but its role 

in T lymphocytes has never been investigated. In light of the significant upregulation of coronin 

3, together with coronin 2, in coronin 1-deficient Jurkat cells, we hypothesized that these three 

coronins might have similar functions in T cell homeostasis.  

To test this hypothesis, coronin 3-deficient Jurkat cell lines were generated using CRISPR-

Cas9. Specifically, different single-guide RNAs targeting the coding sequence of coronin 3 

were designed, cloned into a GFP-expressing plasmid and, finally, transfected into Jurkat wild-

type cells using Xfect transfection reagent. Transfected cells were sorted for GFP 48 hours and 

1 week after transfection, expanded, and sorted again 2 weeks post-transfection as 1 and 5 cells 

per well in a 96-wells plate. Since at the time of the knock-out validation we did not have any 

coronin 3 antibody suitable for Flow cytometry, that would have been the most efficient method 

to screen all the clones, the approach that was used to validate the expanded clones for coronin 

3 deficiency was Western Blotting: to do that, a rabbit serum raised against a unique peptide 

within the C-terminal part of human coronin 3 and previously generated in the lab was used, 

which allowed us to isolate four different coronin 3-deficient clones that were further validated 

with qPCR analyses to confirm that coronin 3 was significantly downregulated also at the 

transcript level (Figure 13a-b).  

In order to determine the exact type of mutation as well as the distribution of the different 

CRISPR-Cas9-induced Insertion and Deletion mutations (InDel), a subcloning approach was 

used. The sgRNA targeted region of coronin 3 was amplified and cloned into a linearized 

plasmid which was subsequently transformed into competent E. coli. 15 single colonies for 

each sgRNA were sent for Sanger sequencing and the sequencing results were analyzed using 

SnapGene software to identify the most recurrent InDel as well as the affected protein domain 

and the resulting protein product (see Supplementary Figure 1): with this approach, it was 

possible to identify the four most recurrent InDel for each of the coronin 3-deficient clones, the 

frequency with which they occur and the amino acid length of the protein product (Figure 13c).  

In light of the observed results, the coronin 3-deficient clone 2-A8 was excluded from 

subsequent analyses, since most of the analyzed colonies either were did not carry any mutation 
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or the mutations did not disrupt the reading frame and, therefore, the wild-type protein was still 

produced.  

 

 

 
 

Figure 13.  Generation of coronin 3-deficient Jurkat T cell lines. (a) qPCR analyses for coronin 3 in the 

Jurkat wild-type (grey) and the isolated four coronin 3-deficient clones. (magenta). (b) Immunoblots of the 

Western blot screening performed to isolate the final four coronin 3-deficient clones. Actin used as 

endogenous control. (c) Table summarizing the results from the genotyping of the coronin 3-deficient cells 

indicating the analyzed clones, the Indel type, frequency of mutation, amino acid length of the protein 

product and description. 
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5.2.2 Coronin 3 depletion leads to cell aggregation and impaired cell proliferation in 

Jurkat T cells 

 

To understand a possible role for coronin 3 in T cell population homeostasis, the phenotype 

resulting from the depletion of coronin 3 in Jurkat T cell lines was evaluated using different 

approaches. First, in light of the already known phenotype resulting from coronin 1 depletion 

(see Paragraph 4), namely a significant reduction in the number of live cells and viability 

observed in the same cell line (Jurkat T cell), and of the previously mentioned hypothesis of a 

functional redundancy among the coronin family members, the growth curve of the coronin 3-

deficient clones was evaluated and compared with the wild-type and coronin 1-deficient cells 

(Figure 14a). 

To do so, the Jurkat wild-type, a coronin 1-deficient clone and three coronin 3-deficient clones 

were seeded at the same density (200’000 cells/mL) in a 48-wells plate and both live and dead 

cells were monitored every 24 hours with Trypan blue-based cell count for 7 days.  

As observable in Figure 14a, all the coronin 3-deficient clones show a defective growth curve, 

resulting from a significant reduction in the number of live cells compared to the wild-type. 

Indeed, while the wild-type cells grow normally, doubling the number of live cells every 24 

hours and going into a stationary phase when a density of 30*105 cells/mL is reached, the 

coronin 3-deficient cells grow much slower and reach a premature stationary phase already at 

a density of 20x105 cells/mL. In fact, after 120 hours the number of live cells decreases whereas 

an increase in the number of dead cells is observed. As seen in the viability curve, the 

percentage of viable cells is significantly reduced in all the three coronin 3-deficient cell lines, 

especially after 120 hour-time point when the percentage of viable cells drops from 90% to 

60%, indicating a correlation with cell density. In fact, Ki67 staining in wild-type as well as 

coronin 3-deficient Jurkat also indicates a reduction in the number of Ki67-positive cells in the 

coronin 3-deficient Jurkat cells, which is particularly observed when the cells are sampled at 

high density (2*106 cells/mL) compared to low density (5x105 cells/mL) (See Supplementary 

Figure 2). However, no significant difference was observed when the cell cycle was analyzed 

using Propidium Iodide staining (data not shown). 

As for the coronin 1-deficient clone, the results confirmed what was previously observed 

(Ndinyanka et al., 2022): the cells grow normally until 72 hours, when a premature stationary 

phase is reached and the cells start to die. The coronin 1-deficient phenotype appears to be 

more severe than the coronin 3-deficient phenotype in terms of cell viability: as observable in 
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the Figure 14a (lower panel) the cell viability of the coronin 1-defcient clone drops from 90% 

to around 30%, while the cell viability of the coronin 3-deficient clones is still at 60%.  

 

To further characterize the consequences of coronin 3 depletion, a time-lapse microscopy 

experiment was performed. In particular, the wild-type and coronin 3-deficient Jurkat T cells 

were seeded at the same density (200’000 cells/mL), stained with 0.5 µg/mL of Propidium 

Iodide to monitor cell death and images have been taken every 3 hours for 144 hours (Figure 

14b).  

As shown in Figure 14b, while the Jurkat wild-type grows as a single cell suspension culture, 

the coronin 3-deficient cells aggregate until forming large clusters of cells. However, based on 

the presence of Propidium Iodide indicating dead cells, the cells do not appear to die within the 

aggregates but rather outside. Interestingly, a similar phenotype was observed to occur also 

upon coronin 1-depletion both in vitro and in vivo (Ndinyanka et al., 2022): however, it has to 

be noticed that the aggregates resulting from coronin 1-deficiency show a massive cell death 

to occur within the cellular clusters.  

 

In summary, the results observed from the phenotypic analyses of the coronin 3-deficient Jurkat 

cells reinforce the hypothesis that the coronin family members might play similar function in 

T cells, in particular coronin 1 and coronin 3, which both appear to play a role in regulating T 

cell homeostasis as their absence results in a similar phenotype.  
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Figure 14.  Phenotypic characterization of Jurkat coronin 3-deficient cell lines. (a) Growth curve of wild-

type, coronin 3-deficient and coronin 1-deficient Jurkat T cells seeded at 2x105 cells/mL and analyzed at the 

indicated time points for cell number and viability using Hemocytometer and Trypan blue exclusion. Jurkat 

wild-type (grey), Jurkat coronin 1-deficient clone 20-23 (pink), Jurkat coronin 3-deficient clones (magenta). 

(b) Cell aggregation phenotype of coronin 3-depleted Jurkat T cells, compared with the wild-type 

counterparts, observed with a Nikon Ti2E microscope. Cells were seeded at 2x105 cells/mL and images were 

taken at different time points, here 72h and 96h time points have been shown. Propidium Iodide was added 

to visualize dead cells (in red). The final images, assembled in Omero, results from the overlapping of 

Brightfield and Cy3-channel which show PI signal. Bar 200μm. 

 
 
 
5.2.3 Expression and blocking of selected Integrin and ICAM molecules in coronin 3 and 

coronin 1-deficient Jurkat cells 

 

To understand the nature of the cell aggregation phenotype occurring upon coronin 3 depletion, 

the first approach was to evaluate the expression of different adhesion molecules that were 

already described to play an important role in the cell aggregation phenotype of the coronin 1-

deficient Jurkat cells (Ndinyanka et al., 2022). More specifically, it was demonstrated that upon 

coronin 1 depletion in Jurkat T cells, there is a significant overexpression of intracellular 

adhesion molecule 1 (ICAM-1), the main adhesin in T cells and the ligand for lymphocyte 
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function-associated antigen-1 (LFA-1), formed by integrin alpha L (ITGAL) and integrin beta 

2 (ITGB2) subunits.  

 

In order to assess which molecules might be responsible for the cell aggregation phenotype in 

the coronin 3-deficient Jurkat cells, a surface staining was performed using flow-cytometry in 

Jurkat wild-type, coronin 1-deficient and coronin 3-deficient clones. Interestingly, as it can be 

observed in Figure 15a, both ITGAL and ITGB2 are upregulated in coronin 1-deficient and 

coronin 3-deficient clones, even though at different levels: ITGAL is 2- to 3-fold higher in the 

coronin 3-deficient cells while up to 6-fold increase was observed in the coronin 1-deficient 

clone; ITGB2 is 1.5- to 2-fold higher in the coronin 3-deficient cells and 4-fold higher in the 

coronin 1-deficient clone. ICAM-2 and ITGB1 are upregulated in the coronin 3-deficient cells 

but downregulated in the coronin 1-deficient clone, while ICAM-3 is downregulated in both 

coronin 1-deficient and coronin 3-deficient cells. Finally, ICAM-1 is significantly down-

regulated upon coronin 3 depletion, whereas it is upregulated in the coronin 1-deficient cells. 

In light of these observations, we hypothesized that the analyzed integrins might not be 

responsible for the cell aggregation in coronin 3-deficient Jurkat cells.  

To further test this hypothesis, a functional blocking assay against ICAM-1, ITGAL and ITGB2 

was performed using time-lapse microscopy: in particular, the Jurkat wild-type, coronin 1-

deficient and coronin 3-deficient cells were seeded at the same density (200’000 cells/mL), 

stained with Propidium Iodide (0.5 µg/mL) and incubated with functional blocking antibodies 

against ICAM-1, ITGB2 and ITGAL. As can be seen in Figure 15b, the blocking antibodies 

had no effect on the wild-type while reduced or rescued the cell aggregation phenotype in the 

coronin 1-deficient cells. Indeed, blocking ICAM-1 and ITGAL rescues the cell death 

phenotype of the coronin 1-deficient cells, while blocking ITGB2 rescues both the cell death 

and cell aggregation phenotypes as the cells appear similar to the wild-type. 

 

The results confirmed the correlation between LFA-1/ICAM-1 molecules and the cellular 

aggregation in the coronin 1-deficient Jurkat cells, but not in coronin 3-deficient cells, as cells 

lacking coronin 3 still aggregate even in the presence of antibodies blocking LFA-1/ICAM-1.  

Therefore, there might be a different mechanism regulating the cell aggregation phenotype in 

the absence of coronin 3.  
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Figure 15.  Expression and blocking of selected integrin/ICAM molecules in coronin 3 and coronin 1-

deficient cells. (a) Surface Flow cytometry staining of cell adhesion molecules (ICAM-1, ICAM-2, ICAM-

3, ITGAL, ITGB1, ITGB2) in Jurkat wild-type (grey), coronin 3-deficient (magenta) and coronin 1-deficient 

(pink) Jurkat T cells. * p=<0.05, ** p<0.005, *** p<0.0005. Ordinary one-way ANOVA (b) Functional 

blocking assay of ICAM-1, ITGAL and ITGB2 in Jurkat wild-type, coronin 1-deficient and coronin 3-

deficient cells, images taken with 20x objective of Nikon Ti2E in DIC channel and Cy3 channel for 

Propidium Iodide staining. 
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5.2.4 Cadherin molecules are responsible for the cell aggregation phenotype resulting from 

coronin 3 depletion in Jurkat T cells  

 

To elucidate which surface molecules might be deregulated in Jurkat T cells lacking coronin 3 

and, possibly, responsible for the cell aggregation phenotype, surface Mass spectrometry 

analyses were performed comparing the Jurkat wild-type surface proteome to the coronin 3-

deficient one. This approach allowed us to have a broad overview on the proteins deregulated 

between the wild-type and the coronin 3-deficient Jurkat cells and, potentially, identify the 

candidate proteins involved in the cell aggregation phenotype. The plasma membrane proteins 

were isolated using a Plasma Membrane Protein Extraction Kit (see methods) that allows 

separation of the total cytosolic proteins from the plasma membrane proteins. The plasma 

membrane protein purity of the samples was analyzed by blotting both the cytosolic and the 

plasma membrane isolated fractions for specific intracellular molecules (e.g. Actin) and surface 

molecules (e.g. ICAM-1, ITGB2), respectively. After having assessed the purity of the isolated 

fractions, the plasma membrane fractions were sent for Mass spectrometry. Finally, the 

obtained data were analyzed using DAVID Functional Annotation Tool, a database that 

allowed to identify the most enriched biological processes and molecular functions and 

compare them between the wild-type and the coronin 3-deficient cells.  

 

The results of these analyses indicated that in the coronin 3-deficient Jurkat cells the most 

enriched biological process was the cell adhesion, while as molecular function cadherin-

mediated cell-cell adhesion was detected (Figure 16a). In particular, a specific cadherin, N-

cadherin (CDH2) was found to be upregulated in all the coronin 3-deficient clones, a result that 

was confirmed with subsequent qPCR analyses: N-cadherin (CDH2) mRNA was upregulated 

by 20- to 40-folds in the coronin 3-deficient Jurkat, while almost undetectable in the wild-type 

(Figure 16b).  

To investigate a possible correlation between N-cadherin upregulation and the cell aggregation 

phenotype, a functional blocking assay was carried out using the commercially available 

monoclonal antibody GC-4, which reacts with the N-terminal half of the extracellular domain 

of human N-cadherin and is described in the literature to inhibit N-cadherin-mediated cellular 

aggregates (Puch, 2001; Li 2001; Wein, 2010). EDTA was used as control since, as calcium 

chelator, it prevents the calcium-dependent cell-to-cell adhesion.  
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Interestingly, as it can be observed in Figure 16c, functional blocking of N-cadherin with 100 

µg of GC-4 antibody could reduce the cell aggregation in the coronin 3-deficient Jurkat, while 

in presence of EDTA no aggregates were observed, indicating the calcium-dependency of this 

process.  

 

 
 
Figure 16.  Cadherin molecules are responsible for the cell aggregation phenotype in Jurkat coronin 3-

deficient cell lines. (a) Gene ontology analysis using DAVID functional annotation tool on surface Mass 

spectrometry data from Jurkat WT and coronin 3-deficient cell line. BP = Biological Processes, MF = 

Molecular Function. Data collected with Dr. Tohnyui Ndinyanka Fabrice. (b) qPCR analyses of N-cadherin 

(CDH2) in Jurkat wild-type, coronin 3-deficient clones 1-A7, 1-B2 and 2-A4. * p=<0.05, ** p<0.005, *** 
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p<0.0005. Ordinary one-way ANOVA (c) Functional blocking assay using N-cadherin neutralizing antibody 

(GC-4, 100 µg) and 20 mM EDTA used as control on Jurkat wild-type and coronin 3-deficient clones 1-A7, 

1-B2 and 2-A4. 

 

 

5.2.5 Jurkat coronin 3-deficient cells show upregulation of β-catenin, a crucial player of 

both Cadherin and Wnt signaling pathways 

 

Cadherins constitute a large family of adhesion molecules which play essential roles in tissue 

morphogenesis and homeostasis by controlling both cell-cell adhesion and cell signaling.  

To initiate the adhesion process, extracellular domains of cadherin molecules engage Ca2+-

dependent homophilic trans-interactions with identical cadherin molecules on an adjacent cell, 

while their cytoplasmic tails bind to catenin proteins (Klezovitch & Vasioukhin, 2015).  

As previously demonstrated, in the absence of coronin 3 the cells form cell-cell junctions by 

upregulating N-cadherin. Furthermore, Western Blot analyses revealed that β-catenin is also 

significantly upregulated in the coronin 3-deficient cells compared to the wild-type 

counterparts, where it is barely detectable. In particular, the non-phosphorylated form of β-

catenin was detected, therefore the active form of β-catenin is upregulated when coronin 3 is 

absent.  

β-catenin upregulation only occurs at the protein level but not at the mRNA level, as observed 

by Western blot and qPCR analyses (Figure 17a-b), indicating that β-catenin accumulation in 

the cell is regulated at the protein level. 

 

These observations reflect what is reported in the literature regarding regulation of β-catenin 

in the cell, which is known to be regulated at the protein level via the proteasome degradation 

pathway. In the absence of extracellular stimuli, cytosolic β-catenin is phosphorylated by 

glycogen synthase kinase-3β, leading to its ubiquitination and subsequent degradation by the 

26S proteasome (Hwang et al., 2005). However, in presence of extracellular stimuli, such as 

Wnt signaling, the glycogen synthase kinase-3β is inhibited, β-catenin escapes from ubiquitin-

dependent proteasomal degradation and it can freely accumulate in the cytosol, from where it 

can translocate into the nucleus and, in association with members of the T-cell factor 

(Tcf)/lymphoid-enhancer-factor (Lef) family of transcription factors, leading to stimulation or 

suppression of target gene transcription (Willert & Nusse, 1998).  
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In fact, we have observed that by blocking the 26S proteasome with increasing concentrations 

of the proteasome inhibitor MG132 (10 µM and 20 µM), the protein levels of β-catenin were 

restored both in the wild-type but even more in the coronin 3-deficient cells, compared to 

DMSO control (Figure 17c). The experiment was also performed using a LiCor-based method 

for secondary antibody staining and membrane development in order to obtain more 

quantitative data on β-catenin expression upon proteasome blocking with MG132 (see 

Supplementary Figure 9). However, the results did not show any significant difference between 

the samples treated with the DMSO and MG132 except for the coronin 3-deficient clone 1-B2 

which showed more β-catenin upon blocking of the proteasome. In light of these results, it is 

difficult to conclude whether coronin 3 is involved in the proteasome-dependent β-catenin 

degradation. Indeed, if this would be the case, by blocking the proteasome in both wild-type 

and coronin 3-deficient cells, a higher upregulation of β-catenin should be visible in the wild-

type compared to the coronin 3-deficient cells. 

 

β-catenin is a central molecule of both Cadherin-catenin pathway and Wnt signaling, but how 

exactly are these pathways interconnected and regulate each other is still a the matter of debate. 

Indeed, multiple studies indicate that the cadherin and the Wnt signaling pathway may compete 

for the same β-catenin cytoplasmic pool and the loss of cadherin-mediated cell adhesion can 

promote β-catenin release and signaling (Heuberger & Birchmeier, 2010). In other cases, not 

only do cadherins not inhibit but even potentiate the β-catenin signaling pathway (McCrea & 

Gottardi, 2016). In conclusion, the observed upregulation of β-catenin at the protein level in 

the coronin 3-deficient Jurkat cells may indicate that β-catenin is bound to the cytoplasmic 

domain of the cadherins and, therefore, participating in the establishment of cell-cell contacts 

leading, as a result, to the observed cell aggregation phenotype. Alternatively, β-catenin 

upregulation may be indicative for activation of canonical Wnt signaling pathway. 
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Figure 17.  Upregulation of b-catenin at the protein level in the Jurkat coronin 3-deficient cell lines. (a) 

qPCR analyses of b-catenin expression in Jurkat wild-type and coronin 3-deficient clones. (b) Immunoblots 

of b-catenin in Jurkat wild-type and coronin 3-deficient clones. (c) Proteasome blocking assay using either 

10 µM or 20 µM MG-132 and DMSO as control on Jurkat wild-type and coronin 3-deficient cells. Cells 

were treated with MG-132 for 6 hours, then cells have been lysed in RIPA buffer and 50 µg of protein have 

been run on a 10% SDS-page gel. 

 

 

5.2.6 Evaluation of Wnt signaling in Jurkat wild-type and cor3-KO 

 

To understand whether the observed upregulation of β-catenin at the protein level was an 

indication of its association to N-cadherin or whether it also indicates activation of Wnt 

signaling, several analyses were performed. First, since accumulation of non-phosphorylated 

β-catenin in the cytosol leads to its subsequent translocation in the nucleus, we analyzed the 

localization of β-catenin in cytosol versus nucleus. Therefore, cell fractionation and nuclear 

localization of β-catenin were first assesses using two different fractionation protocols: the 

isolated fractions were then stained for β-catenin, while β-tubulin and Histone H1 were used 

respectively as controls for cytoplasmic and nuclear fractions.  

 

The results from both assays indicate that β-catenin was mainly detected in the cytoplasm of 

the coronin 3-deficient cells with both fractionation protocols (Figure 18a-b). As for the 

nuclear fractions, using the first method allows to detect β-catenin in the nucleus of all the three 

coronin 3-deficient clones but not in the wild-type (Figure 18a). The exclusive presence of 

Histone H1 in the nucleus and not in the cytoplasm indicates that there is no contamination of 

the cytoplasmic fraction with the nuclear fraction. However, β-tubulin that was used as 
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cytoplasmic control is detected mainly in the input and cytosol but also in the nucleus. This 

can be due either to a contamination of the nuclear fraction with the cytosolic fraction or to an 

actual presence of β-tubulin in the nucleus of Jurkat cells. Indeed, the presence of β-tubulin has 

been noticed in the nucleoplasm of interphase human cancer cells (Akoumianaki et al., 2009). 

Similarly, many other cytoskeletal proteins were found to shuttle between the cytoplasm and 

the nucleus (Hobbs et al., 2016; Kumeta et al., 2013; Stuven et al., 2003). When NE-PER 

nuclear and cytoplasmatic extraction kit was used, β-catenin was mainly detected in the 

cytosolic fraction of the coronin 3-deficient cells while in the nucleus a band comparable to the 

one observed in the wild-type is detected. Even in this case, β-tubulin is mainly detected in the 

cytosol but a band is also visible in the nucleus (Figure 18b). From these results, it appears 

that, by using both fractionation protocols, β-catenin is mainly localized in the cytoplasm of 

coronin 3-deficient Jurkat cells. A quantitative analysis (e.g. LiCor system) would allow to 

more precisely determine the differences in β-catenin cytosolic and nuclear portions between 

the wild-type and the coronin 3-deficient cells.     

 

 
 

Figure 18.  Nuclear translocation of b-catenin analyzed using two different assays. (a) Cells were lysed 

using RSB buffer (10mM Hepes pH 6.2, 10mM NaCl, 1.5mM MgCl2, 1x Phosphatase Inhibition Cocktail) 
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and homogenized with a syringe. Nuclei were separated from cytoplasm fractions using centrifugation. 

Immunoblots show b-catenin in input, cytosol and nuclear fractions, Histone H1 was used as nuclear control, 

while b-tubulin as cytoplasm control. (b) Cell fractionation performed using NE-PER nuclear and 

cytoplasmic extraction kit (ThermoFisher, #78833). Immunoblots showing cytosolic and nuclear fractions 

for b-catenin, b-tubulin and Histone H1. 

 

 

Since once translocated into the nucleus, β-catenin mainly acts as transcription factor in a 

complex with TCF and LEF, different transcriptional target of β-catenin that were described in 

the literature were analyzed using qPCR analyses. As main targets of β-catenin transcriptional 

activity, Axin 2, c-Myc and Cyclin-D1 were analyzed, but there was either no significant 

difference in their expression between the wild-type and all the three coronin 3-deficient clones 

or there was a decrease in the expression of some targets upon coronin 3 depletion, such as 

Cyclin D1 and Myc; the expression of TCF7 was up-regulated only in the coronin 3-deficient 

clone 1-A7 but not in the other two, while T-cell factor ligand 1 and 2 were downregulated in 

all the three coronin 3-deficient clones (Figure 19a). The results observed by qPCR analyses 

were afterwards confirmed by analyzing RNA-sequencing data obtained by Dr. Tohnyui 

Ndinyanka Fabrice in our laboratory (Figure 19b). Subsequent Gene Ontology enrichment 

analyses were performed by Wandrille Duchemin at the sciCORE facility, which overall did 

not show a significant difference in the transcriptional signature of Wnt related genes between 

the Jurkat wild-type and the coronin 3-deficient clones (Figure 19c). Some genes were shown 

to be specifically upregulated in the coronin 3-deficient cells compared to the wild-type: some 

of these, such as Tnik, Wnt2b, Adgra2, Ndrg2 and Gpc4 are known to promote the Wnt 

signaling while others, like Sostdc1, Dact3 and Draxin are inhibitors of the pathway, and finally 

Wnt5a can either activate or inhibit the Wnt signaling.  

 

Therefore, it would be necessary to carefully look at the single targets that were found to be 

deregulated upon coronin 3 depletion by performing further analyses in order to shed a light 

on a possible role of coronin 3 in regulating Wnt signaling pathway. 
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Figure 19.  Evaluation of Wnt signaling genes in Jurkat wild-type and coronin 3-deficient clones. (a) qPCR 

analyses of different Wnt signaling targets in Jurkat wild-type and coronin 3-deficient clones.  * p=<0.05, 

** p<0.005, *** p<0.0005, ****p<0.0001. (b) Analyses of RNA-sequencing data obtained from Dr. 

Tohnyui Ndinyanka Fabrice in Jurkat wild-type and coronin 3-deficient clones seeded at the same density 

(133’000 cells/mL) and harvested 72h later for RNA extraction and submission for RNA-seq. (c) Gene-

Ontology enrichment analyses performed by Wandrille Duchemin on RNA-seq data from Jurkat wild-type 

and coronin 3-deficient clones for Wnt signaling target genes. (d) Focus on the main genes found to be 

upregulated in the coronin 3-deficient Jurkat cells compared to the wild-type. 
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Finally, to further evaluate β-catenin transcriptional activity, an independent approach was 

used which consists in a luciferase reporter assay. The TOPFlash assay consists in the use of 

two different luciferase-expressing plasmids (one of inducible and one of constitutive 

expression) that are transfected in target cells. The pSTF plasmid (STF: SuperTopFlash) 

includes 8 nuclear TCF binding sites for β-catenin which control the expression of a firefly 

luciferase; therefore, it can be used as a proxy for β-catenin nuclear activity. On the other hand, 

a control plasmid (pRL) contains the coding sequence of renilla luciferase and is used as a 

normalizer. As negative control, a plasmid in which the 8 TCF-binding sites are mutated was 

also included (FOP Flash). Wild-type and coronin 3-deficient Jurkat cells were co-transfected 

with either TOP-Flash and Renilla or FOP-Flash and Renilla plasmids using two different 

transfection approaches (see methods). 48 hours after-transfection, luminescence was read 

using Spark multimode microplate reader from Tecan.  

The results showed that the Neon appears to be the preferable transfection method as the 

luminescence arising from the mutant plasmid was still very high for the coronin 3-deficient 

clone 1-B2 transfected with the TransIT reagent while, when using the Neon transfection 

system, the values for the negative control were homogeneous for all the samples (Figure 20).  

From these analyses, it appears that the coronin 3-deficient clones have a 2-fold increase in β-

catenin transcriptional activity, compared to the wild-type, which would reflect an increase in 

Wnt signaling when coronin 3 is depleted.  

 

 
Figure 20. Evaluation of Wnt signaling activity using a luciferase reporter assay. (left) Relative luciferase 

expression (ratio Firefly/Renilla luciferase) on cells transfected using TransIT transfection reagent for Jurkat 

cells. (right) Relative luciferase expression (ratio Firefly/Renilla luciferase) on cells electroporated using 

Neon transfection system. Cells were seeded at the same density (500’000 cells/mL) in 24-wells plate and 



 58 

transfected with one of the two transfection methods. 48 hours-after transfection the cells were lysed using 

Dual Luciferase Reporter assay (Promega) and luminescence was read using Spark Tecan microplate reader.  

 

 

 

5.3 Coronin 3 localizes at the cell periphery in Jurkat T cells and colocalizes with 

coronin 1 

 

5.3.1 Subcellular localization of coronin 3 in Jurkat T cells using Immunofluorescence 

 

As previously mentioned in the paragraph 3.2.5, it is well known that coronin 3 is widely 

expressed in different tissues: as for its subcellular localization in transfected COS-7 cells HA-

tagged coronin 3 was reported to colocalize with actin fibers (Iizaka et al., 2000), while a 

coronin 3-green fluorescent protein (GFP) was instead found to localize on endosomes in the 

same cell type, probably regulating endosome fission (Hoyer et al., 2018). In fibroblast, 

platelets and neurons, coronin 3 was found to localize in the cytoplasm and at lamellipodia of 

outgrowing neurites (Hasse et al., 2005; Spoerl et al., 2002). However, many of these reports, 

make use of different commercially available antibodies without providing controls using cells 

lacking coronin 3, therefore not being able to demonstrate any specificity of the antibodies 

used. Furthermore, the localization of coronin 3 in T cell lines has so far never been 

investigated.  

 

Therefore, one of the biggest challenges of my PhD project was to identify a good antibody 

which could be suitable for immunocytochemistry analyses in order to study the localization 

of coronin 3 in Jurkat T cells. We first tried to use a rabbit serum generated in our laboratory 

which I purified using HiTrap protein A column; however, it was not able to distinguish 

between Jurkat wild-type and coronin 3-deficient cells in immunocytochemistry analyses (data 

not shown). We therefore decided to screen for a subset of commercially available antibodies 

that were described in the literature to work for immunofluorescence. In total 6 commercially 

available antibodies were tested in addition to a widely-used monoclonal antibody, K6-444 

(Spoerl et al., 2002). The table below summarizes the antibodies that were included in the 

screening, with the relative product information, fixation method, dilution used and final result. 
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Antibody 

for 

Host Supplier 

(#Cat.) 

Dilutions 

tested 

Results for PFA 

fixation 

Results for 

MeOH fixation 

Coronin 3 Rabbit 

(Polyclonal) 

Invitrogen,  

#PA5-30479 

1:500,  

1:1000,  

1:2000 

Background signal 

in coronin 3-

deficient cells 

Worked at 

1:1000 dilution 

Coronin 3 Rabbit 

(Polyclonal) 

Proteintech,  

#14749-1-AP 

1:25, 

1:50, 

1:100 

Background signal 

in coronin 3-

deficient cells 

Background 

signal in 

coronin 3-

deficient cells 

Coronin 3 Rabbit 

(Polyclonal) 

Abcam,  

ab15719 

1:500, 

1:1000, 

1:2000 

No signal No signal 

Coronin 3 Rabbit 

(Polyclonal) 

Sigma,  

SAB4200117 

1:500,  

1:1000 

Background signal 

in coronin 3-

deficient cells 

Background 

signal in 

coronin 3-

deficient cells 

Coronin 3 Mouse 

(Monoclonal) 

Abnova,  

H00023603-

M02 

1:2000,  

1:5000 

Background signal 

in coronin 3-

deficient cells 

Background 

signal in 

coronin 3-

deficient cells 

Coronin 3 Mouse 

(Monoclonal) 

SantaCruz G-

R2 

1:500,  

1:1000 

Background signal 

in coronin 3-

deficient cells 

Background 

signal in 

coronin 3-

deficient cells 

Coronin 3 Mouse 

(Monoclonal) 

K6-444,  

Eichinger 

1:500,  

1:1000 

Background signal 

in coronin 3-

deficient cells 

Background 

signal in 

coronin 3-

deficient cells 

 

 
Table 2.  Antibody testing for coronin 3 on Jurkat T cells. Table summarizing the antibodies that were 

screened for Immunofluorescence indicating the relative host, supplier and catalog number, dilution tested 

and fixation method (Paraformaldehyde or Methanol). For each dilution, the result is summarized.   
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Of all the antibodies that were tested, only the Invitrogen rabbit polyclonal antibody was able 

to discriminate between wild-type and coronin 3-deficient cells, while all the others either gave 

signal also in the coronin 3-deficient clones or signal was not detected at all (Supplementary 

Figure 3-8).  

The Figure 21 shows the results from the Immunofluorescence analyses done on Jurkat wild-

type, Supt-1 wild-type (another leukemia T cell line), Jurkat coronin 3-deficient clones and a 

the coronin 1/coronin 3-double deficient clone generated in the laboratory by Dr. Tohnyui 

Ndinyanka Fabrice and Shani Kornhaeuser. As observable in Figure 21a, the results clearly 

show that the Invitrogen rabbit polyclonal antibody is able to distinguish between the Jurkat 

and Supt-1 wild-type and the coronin 3-depleted T cell lines. In fact, a signal is only detected 

in the wild-type leukemia T cell lines, whereas no signal is observable in the coronin 3-depleted 

cells as well as in the coronin 1/coronin 3-double deficient cell line. Supt-1 cells show a higher 

expression of coronin 3 compared to Jurkat, confirming what was already observed by qPCR 

analyses (Figure 1). 

Furthermore, as shown by higher magnification images (Figure 21b), both in Jurkat and Supt-

1 T cell lines, coronin 3 appears to be localized at the cell periphery, forming a ring around the 

cells, while no nuclear localization was detected.  

 

 



 61 

 
 

Figure 21.  Localization of coronin 3 in Jurkat T cells. (a) Immunofluorescence staining using Invitrogen 

rabbit polyclonal antibody for coronin 3 on Jurkat wild-type, Supt-1 wild-type, Jurkat coronin 3-deficient 

and coronin 1/coronin 3-double deficient clones. Cells were stained on poly-L-lysine slides, fixed with 

MeOH and incubated overnight with coronin 3-antibody (Invitrogen). Images taken using 20x objective of 

Nikon Ti2E microscope in DIC and Cy3 channels. Images assembled with Omero. (b) Images from the same 

staining, taken using 60x objective in Cy3 and DAPI channels for nuclei staining, deconvolved with Huygens 

software and assembled using Omero.  

 

 

To further analyze the endogenous localization of coronin 3 that was observed, the Jurkat wild-

type were transfected with a plasmid in which coronin 3 has been tagged at the N-terminus 

with FLAG-tag, along with crRNA and homology directed repair template (HDR) that has been 

previously used in our laboratory by Haiyan Zhang to generate FLAG-tagged coronin 1.  
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The results indicated a 27% of FLAG-positive cells in the sample transfected with FLAG-

CORO1C plasmid (Supplementary Figure 9). The samples were stained afterwards for FLAG 

expression using immunofluorescence: as shown in Figure 22, the results confirmed was 

previously observed with the endogenous localization, with coronin 3 being localized mainly 

at the cell periphery, forming a clear ring around the nucleus. A FLAG-Cor1 clone (cl. B1) was 

included in the staining as positive control.  

 

 
Figure 22. Localization of FLAG-coronin 3 in Jurkat T cells. Immunofluorescence staining for FLAG-

coronin 3 in Jurkat transfected with FLAG-Cor3 plasmid (SinoBiologicals), crRNA and homology directed 

repair template for FLAG-Cor1 and FLAG-Cor1-positive clone. Images were taken using 60x objective of 

Nikon Ti2E microscope in Cy3 and DAPI channels, deconvolved using Huygens software and assembled 

with Omero. 

 

 

5.3.2 Coronin 3 and coronin 1 colocalize in Jurkat T cells 

 

In light of the previously stated hypothesis of a functional redundancy existing among the 

coronin family members, a colocalization experiment was performed to evaluate the 

localization of coronin 1 and coronin 3 in Jurkat T cells.  

The wild-type, coronin 3-deficient and coronin 1/coronin 3-double deficient cells were seeded 

on poly-L-lysine coated slides and stained with either only with coronin 3 antibody, or only 

with coronin 1 antibody, or with both antibodies.  

The results show that coronin 1 and coronin 3 perfectly colocalize at the cell periphery as shown 

by both single staining and the colocalization signal, while the knock-out controls for either 
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coronin 1, or coronin 3, or both of them did not show any signal, confirming the specificity of 

the antibodies used (Figure 23).  

 

 
 
Figure 23.  Colocalization of coronin 1 and coronin 3 in Jurkat T cells. Immunofluorescence staining of 

coronin 1 (first row), coronin 3 (second row) and merged (third row) in Jurkat wild-type and coronin 1-

deficient clone 20-23, coronin 3-deficient clones 1-A7 and 1-B2 and coronin 1/coronin 3-double deficient 

clone 10-A5. Cells were seeded on poly-L-lysine slides, fixed with MeOH and stained either only for coronin 

1 or coronin 3 or co-stained. Images were taken in GFP, Cy3 and DAPI channels using a 60x objective of 

Nikon Ti2E microscope, deconvolved with Huygens software and assembled with Omero. 10µm scale bar. 

 

 

5.3.3 Antibody testing for coronin 3 using Western Blot analyses 

 

Given the encountered challenge in finding a suitable antibody for immunofluorescence that 

would distinguish the wild-type from the coronin 3-deficient cells, the same subset of 

antibodies that were tested for immunofluorescence was also included in a Western blot 

screening. The only exception was the Abcam antibody which was tested only for 

immunofluorescence, while the SantaCruz (D9) antibody was tested only for Western Blot.  
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The Jurkat wild-type, Supt-1 wild-type and Jurkat coronin 3-deficient cells and coronin 

1/coronin 3-double deficient cells were included in the antibody testing analysis.  

The results show that the most suitable antibody for Western Blot appears to be the mouse 

monoclonal K6-444 antibody, since it gives clear bands in the Jurkat and Supt-1 wild-type, 

while it shows no signal in the coronin 3-deficient and the coronin 1/coronin 3-double deficient 

clones. The rabbit polyclonal Invitrogen and mouse monoclonal Abnova also show good 

results, but the exposure time required is longer (respectively 5 min and 10 min) and the 

background signal is also higher (Figure 24). 
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Figure 24. Commercial antibody screening for coronin 3 in Supt-1 and Jurkat T cell lines. Immunoblots 

from testing commercial antibodies on Jurkat wild-type, Supt-1 wild-type, Jurkat coronin 3-deficient and 

coronin 1/coronin 3-double deficient clones used as negative controls. 20*106 cells have been harvested and 
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lysed in RIPA buffer. Protein concentrations have been established using BCA assay and 20 µg of proteins 

have been loaded on 10% SDS-gels and then transferred on nitrocellulose membranes; 1:1000 primary 

antibody dilution was used, images were acquired using Vilber Fusion chemiluminescence imager at the 

indicated exposure times.  

 

 

 

5.4 Comparative expression of coronin proteins in leukemic cell lines and a subset 

of healthy donors 
 

Coronin 3 is reported to be upregulated in different malignancies such as diffuse glioma, breast 

cancer, hepatocellular carcinoma and gastric cancer (Castagnino et al., 2018; Ren et al., 2012; 

Wu & Maniatis, 1999). However, its expression in T-cell lymphoma has never been 

investigated so far. We therefore analyzed the expression of the different coronins in two 

leukemia T cell lines (Jurkat and Supt-1) and compared them with total T cells and naïve T 

cells isolated from four different healthy donors. 

In particular, peripheral blood mononuclear cells (PBMC) were isolated from buffy coat: from 

them either total T cells or naïve CD4 T cells were purified and used for RNA and protein 

extraction. qPCR analyses were performed on total human T cells, naïve T cells from four 

donors, Jurkat and Supt-1 wild-type to compare the mRNA expression of the 7 coronins.  

The results indicate that coronin 1 appears to be expressed more in naïve T cells from healthy 

donors compared to total T cells as well as Jurkat and Supt-1 T cells. On the other hand, coronin 

3 appear to be exclusively expressed in Jurkat and Supt-1 which express respectively 10-fold 

and 50-fold more coronin 3 compared to the total and naïve T cells from healthy donors (Figure 

25). As for the other coronins, there were some variations occurring among the different 

healthy donors that make it difficult to draw conclusions. Further analyses are required that 

would include more healthy donors, as well as a higher number of leukemia T cell lines.  

 

 

 

 



 67 

 
 
Figure 25. Analyses of coronins expression in Jurkat, Supt-1, human total primary T cells and naïve CD4+ 

T cells from healthy donors. qPCR analyses of coronins expression in leukemia cell lines (Jurkat and Supt-

1) compared to total T cells and naïve CD4+ T cells from healthy donors. Buffy coats obtained from the 

Blutspendezentrum of Basel from which Peripheral Blood Mononuclear Cells (PBMC) were purified using 

Ficoll gradient. Total T cells and naïve CD4+ T cells were isolated using EasySep Human T cell isolation 

kit and EasySep Human Naïve CD4+ T cells isolation kit (Stemcell). 

 

 

To confirm the observed results at the protein level, proteins were extracted from Jurkat, Supt-

1 and naïve T cells from two different healthy donors and Western Blot analyses were 

performed to analyze the expression of coronin 1 and coronin 3. 

The results showed that while coronin 1 appears to be more expressed in naïve CD4 from 

healthy donors, coronin 3 is more expressed in leukemia T cell lines as Jurkat and Supt-1, while 

naïve CD4+ T cells from the two analyzed donors show a double band at a higher level 

compared to the expected molecular weight of coronin 3 (53 kDa), which can either be an 

unspecific product or a protein dimer (Figure 26).  
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Figure 26. Coronin 1 and coronin 3 proteins expression in leukemia cell lines and primary naïve T cells. 

Immunoblots of coronin 3 and coronin 1 in Jurkat and Supt-1 wild-type and human primary naïve CD4+ T 

cells isolated from PBMC of healthy donors using EasySep Human Naïve CD4+ T cells isolation kit 

(Stemcell). 

 

 

Finally, immunofluorescence analyses were performed on Jurkat wild-type, human total T 

cells, human naïve CD4+ T cells and Jurkat coronin 3-deficient cells as negative control for 

coronin 3 staining. The results showed that coronin 3 expression was only detected in Jurkat 

wild-type, where a clear signal corresponding to the previously established localization of 

coronin 3 is observed (Figure 27). No signal was detected in the human naïve and total T cells 

from healthy donors, as well as in the coronin 3-deficient cells. These results confirm what was 

previously observed using qPCR analyses (see Figure 25), raising a doubt about the double 

band that was observed for coronin 3 in naïve T cells from healthy donors (see Figure 26), that 

could be due to an unspecific binding of the antibody or to a protein dimer. Alternatively, the 

different methods used (Immunofluorescence versus Western Blot) could explain the 

difference in the outcomes. Therefore, further more quantitative analyses (e.g. Licor-based 

Western Blot or Mass spectrometry) might be needed to have more conclusive results. 
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Figure 27. Coronin 3 immunofluorescence in wild-type and coronin 3-deficient Jurkat cells compared with 

human naïve CD4+ and total T cells. Images were taken using 60x objective of Nikon Ti2E microscope in 

DAPI and Cy3 channels, deconvolved using Huygens software and assembled in Omero. 10µm scale bar. 

 

 

 

5.5 Characterization of coronin deficiency in mice 
 

5.5.1 Coronin 1-deficient mice do not seem to show any significant compensation by other 

coronin family members 

 

In light of the compensation that was observed to occur in vitro and in particular in our Jurkat 

T cell model upon depletion of coronin 1, the expression of the different coronins was evaluated 

in mice as well. In particular, CD4+ T cells were isolated from splenocytes of wild-type and 

coronin 1-deficient mice, RNA was subsequently extracted from the purified CD4+ T cells and 

qPCR analyses were performed to compare the expression of the 7 coronins between wild-type 

and coronin 1-deficient mice. As shown in Figure 28, the expression of the different coronins 

was comparable between wild-type and coronin 1-deficient mice and no evidence of 

compensation was observed.  

This might be due to the complexity of an in vivo system, where other factors might come into 

play during development that might mask the compensation mechanism that was observed to 

occur in vitro. Alternatively, it is possible that the observed compensation may not be evident 

in a physiological state, but only observed in leukemia cell lines (e.g. Jurkat T cells) which are 

representative of a pathologic condition.  
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Figure 28.  Evaluation of coronins expression in wild-type and coronin 1-deficient CD4+ T cells. qPCR 

analyses performed on CD4+ T cells isolated from splenocytes of wild-type and coronin-1 deficient mice. 

The CD4+ T cells were purified using EasySep CD4+ T cell isolation kit (Stemcell), RNA was extracted 

using Trizol reagent and qPCR analyses were performed on 1 µg of the resulting cDNA.  

 

 

5.5.2 Generation and phenotypic characterization of the coronin 3-deficient and coronin 

1/coronin 3-double deficient mice 

 

Through the analysis of mice lacking coronin 1, it has been demonstrated that coronin 1 plays 

a central function in T cell maintenance: indeed, deletion or mutation of its coding gene results 

in peripheral T cell deficiency, that affects peripheral lymphoid organs, despite apparently 

normal T cell selection and development in the thymus (Foger et al., 2006; Lang et al., 2017; 

Mueller et al., 2008; Shiow et al., 2008). Moreover, coronin 1 deletion particularly affects the 

naïve T cell pool, while effector and memory T cells are far less affected. As for coronin 3 

depletion in mice, although it was not observed any obvious phenotype, fibroblast from coronin 

3-deficient mice showed defects in migration, proliferation, defective subcellular localization 

and function of mitochondria and defective tubulin, intermediate filament and actin-based 

cytoskeleton (Behrens et al., 2016; Solga et al., 2019). However, a recent report showed 

completely opposite results, with an observed enhanced cell proliferation after coronin 3 
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ablation (Tagliatela et al., 2020), therefore being in contrast with previous reports of defective 

proliferation upon coronin 3 depletion (Behrens et al., 2016).  

Hence, in light of the observed compensation among the coronins that was observed to occur 

in our in vitro analyses, generation of coronin 3-deficient mice as well as combination of 

different knock-out, such as the coronin 1/coronin 3-double deficient mice was started.  

Particularly, Dr. Julie Ruer-Laventie in collaboration with the Center for Transgenic Models 

(CTM) initiated the generation and genotyping of coronin 3-deficient as well as the coronin 

1/coronin 3-double deficient mice using CRISPR-Cas9: two different single-guide RNA 

(sgRNA) were designed in order to delete the third exon of the coronin 3 genomic sequence. 

PCR amplification of the target sequence confirmed that the resulting mutation leads to 

production of a shorter DNA fragment of 400 base pairs (bp) compared to the wild-type 

fragment of 523 base pairs (bp).  

In this thesis some phenotypic analyses of the coronin 1/coronin 3-double deficient mice, as 

well as single knock-out mice for coronin 1 and coronin 3 were performed in order to assess, 

first, whether they were true knock-out and, second, whether there was any defect in immune 

cell populations.  

 

 
5.5.3 Antibody testing for coronin 1 and coronin 3 in mouse organs 
 

First, an antibody screening was performed to identify the most suitable antibodies that would 

allow to detect mouse coronin 1 and coronin 3 with Western blot. The three best antibodies 

that were selected during the previous screening performed on the Jurkat T cell lines were 

included. One of them (rabbit polyclonal, Invitrogen) did not give a good signal for coronin 3: 

indeed, it mainly detects coronin 3 in the lung from wild-type mouse but a band is observable 

as well in the spleen of the coronin 1/coronin 3-double deficient mouse. The other two 

antibodies (K6-444 and Abnova, mouse monoclonal) showed a better detection of coronin 3 in 

the wild-type organs, but a band was detected also in the coronin 1/coronin 3-double deficient 

mice. As for coronin 1, the best antibody was the home-made rabbit serum 320 (GST-expressed 

Coronin 1 in E. Coli) which only detects a single band in the wild-type spleen and lung, where 

the protein is more abundant, while it shows no protein detected in the coronin 1/coronin 3-

double deficient mice (Figure 29).  
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Figure 29. Antibody screening for coronin 1 and coronin 3 in mouse organs from wild-type and coronin 

1/coronin 3-double deficient mice. Immunoblots from antibody testing for coronin 1 and coronin 3 in which 

different antibodies were tested on wild-type and coronin 1/coronin 3-double deficient lungs, liver, kidney 

and spleen. Organs were isolated and lysed in RIPA buffer, quantified using BCA assay and 30 µg of proteins 

were loaded on 10% SDS-gels.  Images have been acquired using Fusion Vilber chemiluminescence imager 

at the indicated exposure times. 
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5.5.4 Targeted Mass spectrometry analyses for the coronin proteins in mouse organs  
 

To further investigate whether coronin 3 was detected due to unspecific binding of the antibody 

or if the mice still express the protein, the same protein lysates that were used for the Western 

blot analyses were analyzed using targeted Mass spectrometry. For this preliminary 

experiment, one mouse per genotype was used since we wanted to test whether a unique 

procedure for protein isolation could be used for both Western Blot and targeted Mass 

spectrometry analyses. 

In particular, specific peptides recognizing the 7 different coronins were used to detect their 

expression in different organs (lungs, liver, kidney and spleen) of wild-type and the coronin 

1/coronin 3-double deficient mice. Figure 30 shows the results for two representative peptides 

that were used for each coronin (except for coronin 6 where only background signal was 

detected due to the lack of expression in all the organs analyzed). The results indicate that the 

mutated mice do not express neither coronin 1 nor coronin 3 in all the organs analyzed, 

therefore they are clean knock-out. As expected, coronin 1 is mainly express in the spleen and 

it is detected at low levels in the lung. Coronin 3 was found to be mainly expressed in the lung, 

followed by spleen, kidney and liver, reflecting the ubiquitous expression of this protein. 

Finally, no compensation was observed to occur when coronin 1 and coronin 3 are knocked 

out in mice, except for a minor increase of coronin 2 upon depletion of coronin 1 and coronin 

3 observed in the spleen. 

Coronin 2 also shows ubiquitous expression in all the analyzed organs, being more expressed 

in the spleen compared to the other organs.  
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Figure 30. Targeted Mass spectrometry analyses of coronin family members in different organs from wild-

type and coronin 1/coronin 3-double deficient mice. Organs were isolated from wild-type and coronin 

1/coronin 3-double deficient mice and lysed in RIPA buffer. Samples were submitted at the Proteomics Core 

Facility (PCF, Biozentrum), proteins purified and digested with the SP3 approach.   

 

 

5.5.5 FACS analysis of different immune cell populations in wild-type, coronin 1-deficient, 

coronin3-deficient and coronin 1/coronin 3-double deficient mice 

 

To investigate whether there was any phenotype in terms of immune cell populations defect in 

the coronin 1/coronin 3-double deficient mice, a surface Flow cytometry staining was 

performed. Newly generated coronin 3-deficient mice were also included.  In particular, we 

looked at the main immune cell populations that are known to be affected by coronin 1-

deficiency: CD4+, CD8+ and naïve T cells were analyzed in spleen, thymus and inguinal lymph 

nodes from wild-type, coronin 1-deficient, coronin 3-deficient and coronin 1/coronin 3-double 

deficient mice. The results indicate that the total number of splenocytes was comparable among 
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the different genotypes, while the cellularity of the lymph node was significantly reduced upon 

coronin 1-depletion (Figure 31a). Interestingly, while isolating the organs from the different 

mice, we consistently saw that the coronin 1/coronin 3-double deficient mice (n=3) had a larger 

thymus compared to the other genotypes (data not shown). In fact, the total number of 

thymocytes was 4-fold higher in the double knock-out compared to the wild-type as well as to 

the single knock-outs, even though the CD4+ and the CD8+ T cells were comparable among 

the different genotypes in the thymus (Figure 31b). Our results confirmed that, as previously 

shown, upon coronin 1 depletion there is a defect that particularly affects CD4+ and naïve T 

cells, as well as CD8+ T cells in peripheral lymphoid organs, such as spleen and lymph node 

(Figure 31c-d). Furthermore, coronin 3 depletion appears to reduce as well the total cell 

numbers of CD4+, CD8+ and naïve T cells, even though to a lesser extent compared to the 

coronin 1 depletion (Figure 31c-d). Depletion of coronin 3 in the coronin 1-deficient 

background further reduces the total cell numbers of naïve T cells in spleen and lymph node.  
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Figure 31. Flow-cytometry analysis of different immune cell population in wild-type, coronin 1-deficient, 

coronin 3-deficient and coronin 1/coronin 3-double deficient mouse organs. (a) Total cell numbers isolated 

from spleen, thymus and lymph node of wild-type (14-weeks old), coronin 1-deficient (17-weeks old), 

coronin 3-deficient (29 weeks-old) and coronin 1/coronin 3-double deficient mice (25, 29, 34-weeks old). 

Cell suspension from thymus (b), spleen (c) and inguinal lymph node (d) were analyzed for the expression 

of CD4+, CD8+ T cells and naïve (CD62L+) T cells. Cells were counted using Neubauer chamber and total 

cell counts were calculated by referring the percentage of a certain cell type (as determined by flow 

cytometry) to the total cell count. Data represent means ± s.e.m of 3 animals (n=3), except for the coronin 

1-deficient mice where n=2. Data collected with Dr. Julie Ruer-Laventie. 
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6 Discussion 
 

To preserve proper functioning of a multicellular organism, cellular homeostasis needs to be 

maintained in all cells and tissues. For instance, the control of T cell population size is crucial 

for defense against invading pathogens and cancers. However, the mechanisms regulating 

homeostatic levels of naïve T cells in the periphery are not known. Although the survival of 

peripheral naïve T cells was proposed to depend by peptide presentation by the major 

histocompatibility complex (MHC) to T cell receptors (TCRs) and interleukin-7 (IL-7) 

signaling, recent work from our laboratory suggested the existence of a third pathway which is 

pMHC:TCR and IL-7-indepentent and is responsible for regulating homeostasis of naïve T cell 

in the periphery. Mori et al., demonstrated the existence of a hitherto unknown cell intrinsic 

and coronin 1-dependent signaling pathway that regulates and maintain proper naïve T cell 

population size (Mori et al., 2021). Furthermore, Ndinyanka et al. recently described a kin-to-

kin cell density-regulating pathway in which coronin 1 plays a key function in allowing cells 

to reach and maintain the proper population homeostasis. Particularly, at low density, coronin 

1 blocks initiation of integrin-mediated cell death by promoting intracellular integrin retention 

and Ca2+-dependent pro-survival signaling until homeostatic numbers are being reached. At 

increasing density, coronin 1 expression levels are limited, resulting in increasing integrins 

expression at the surface and initiation of caspase 3/7-mediated apoptosis to adjust the cell 

population size. Interestingly, it was found that coronin-dependent population homeostasis was 

conserved from amoeba to humans and, therefore, may not be restricted only to coronin 1 but 

might be a shared role among the coronin family members (Ndinyanka et al., 2022).  

 

To understand whether coronin proteins might cover similar functions in T cells, I generated 

coronin 3-deficient Jurkat T cell lines using CRISPR-Cas9. Coronin 3 is the second most 

expressed coronin in Jurkat T cells and found to be upregulated upon coronin 1 depletion. The 

phenotype resulting from the lack of coronin 3 was studied with a series of biochemical and 

molecular biology techniques.  

Coronin 3 is ubiquitously expressed in all cells and tissues: endogenous and fusion protein 

analyses described it to localize in punctate and filamentous cytoplasmatic structure, on 

endosomes as well as lamellipodia (Behrens et al., 2016; Hoyer et al., 2018; Spoerl et al., 

2002). However, most of the above-mentioned studies used antibodies that were tested in this 

work and resulted to fail to distinguish between wild-type and coronin 3-deficient cell lines, 



 78 

indicating that probably the antibodies used in these studies do not specifically label coronin 

3. These results emphasize the importance of including negative controls, such as knock-out 

cell lines for the target protein to ensure that the antibody is specific. The results provided here 

identified one polyclonal antibody that successfully distinguishes between wild-type and 

coronin 3-deficient cell lines and shows that coronin 3 is localized at the cell periphery in Jurkat 

T cells.  

 

Coronin 3 was found to be upregulated, together with coronin 2, when coronin 1 is depleted 

both at the transcript and at the protein level. This compensation, that appears to be triggered 

by coronin 1 depletion, could be indicative of a common role for these coronins in T cells. This 

hypothesis was further supported by co-precipitation experiments performed by another 

member of our laboratory, Haiyan Zhang, which suggested an interaction among the type I 

coronins since coronin 2 and coronin 3 are both detected when coronin 1 is 

immunoprecipitated. Furthermore, immunofluorescence analyses carried out in this thesis 

showed that coronin 1 and coronin 3 colocalize in Jurkat T cells, where they are both detected 

at the cell cortex. These observations are consistent with analyses in human and mouse platelets 

were coronin 1, coronin 2 and coronin 3 coimmunoprecipitate and colocalize, showing a diffuse 

cytoplasmic localization with accumulation at the cell cortex (Riley et al., 2020).  

The fact coronin 1, 2 and 3 colocalize and different isoforms might participate in the same 

complex could suggest functional redundancy among the coronin family. Functional 

redundancy is the most common form of redundancy whereby two proteins have similar 

biochemical activities allowing each other to compensate in the absence of the other (Ghosh & 

O'Connor, 2017). Two genes are commonly identified as redundant when experimental 

inactivation of one of them has no effect on the phenotype or fitness of an animal. Examples 

of redundant genes come from different developmental biology (Kastner et al., 1995; Rudnicki 

et al., 1992), immunology (Schorle et al., 1991; Taniguchi, 1995), neurobiology (Pekny et al., 

1995; Steindler et al., 1995) and cell cycle studies (Reed, 1991; Roche et al., 1995). 

We observed that coronin 3 is upregulated in the absence of coronin 1, which could indicate 

functional redundancy among these coronins; however, we showed as well that by deleting 

either coronin 1 or coronin 3 in Jurkat T cells the cell proliferation was impaired as well as 

increased cell aggregation was observed. If the two genes encoding for coronin 1 and coronin 

3 would be completely redundant, no phenotype should be observed upon inactivation of one 

of them. We therefore propose that coronin 1 and coronin 3 might have complementary 



 79 

functions and cooperate in regulating T cell homeostasis, albeit via different molecular 

mechanisms. 

 

While coronin 1 is known to regulate T cell homeostasis by sequestering integrin molecules 

intracellularly (Ndinyanka et al., 2022), we show in this thesis that coronin 3 appears to play a 

role in regulating the cadherin-catenin pathway: in fact, coronin 3 deletion leads to up-

regulation of N-cadherin and b-catenin, as well as cell aggregation, which appears to be 

reduced when N-cadherin is blocked using functional blocking antibodies. We do not know yet 

whether and how the reduced cell proliferation and the cell aggregation phenotypes are 

connected to each other and what is the exact function of coronin 3 in this context.  

However, it is known from the literature that cadherins are key regulators of embryonic 

development as well as adult tissue homeostasis (Gumbiner, 2005). Homophylic cadherin 

binding was described to mediate a process called contact inhibition of proliferation (CIP) that 

is activated when cells reach confluency. The basic properties of this phenomenon were 

established in the 1960s, along with the observation that the density-dependence of cell 

proliferation is lost during tumorigenesis (Levine et al., 1965). The molecular mechanism 

behind this process is not known, however cadherin-mediated cell-cell adhesion is thought to 

play an important role (Fagotto & Gumbiner, 1996; Hanahan & Weinberg, 2000).  

Given the fact that coronin 3-deficient cells show reduction in cell growth and upregulate N-

cadherin which appears to be involved in the cell aggregation, it is possible that, in a wild-type 

condition coronin 3 would regulate cell proliferation and blockage of contact inhibition of cell 

proliferation by keeping cadherin levels low. However, when coronin 3 is depleted, the cells 

upregulate N-cadherin, form cell-cell aggregates and sense the environment as they would be 

in a high-density condition, thereby stopping proliferation.  

Also, the reduced cell proliferation observed upon coronin 3 depletion is particularly evident 

at increasing densities, as shown by the growth curves of the coronin 3-depleted Jurkat cells in 

comparison with the wild-type counterparts, as well as by Ki67 staining showing a decrease in 

Ki67-positive cells at increasing cell density in the coronin 3-deficient Jurkat T cells. 

 

The role of coronin 3 in T cell homeostasis was also investigated in vivo by generating coronin 

3-deficient mice, as well as double knock-out mice for coronin 1 and coronin 3. Preliminary 

results showed that, despite no upregulation of coronin 3 or of any other coronin was observed 

in mice lacking coronin 1, analyses of different immune cell populations in coronin 3-deficient 
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mice appear to show reduction in CD4+, CD8+ as well as naïve T cells upon coronin 3 

depletion compared to the wild-type in both spleen and inguinal lymph nodes. Even though 

coronin 3 depletion appears to have a less severe effect compared to coronin 1 depletion, a 

reduction of the above-mentioned immune cell populations still occurs even in the presence of 

coronin 1.  

Furthermore, simultaneous depletion of coronin 1 and coronin 3 in mice appears to results in a 

further reduction that particularly affects the naïve T cell pool in both spleen and lymph node.  

 

To summarize, we show in this thesis that coronin 3, a member of the mammalian coronin 

protein family, plays a role in regulating T cell population homeostasis. In vitro analyses 

conducted in a human T cell line (Jurkat) suggest that coronin 3 regulates T cell population 

size via the cadherin-catenin pathway, as coronin 3-deficient cell lines show a N-cadherin-

dependent cell aggregation and a decrease in cell proliferation; whether or not cadherin 

modulation affects viability remains to be analyzed. Also, it would be needed to understand 

whether blocking of N-cadherin reduces not only the cell aggregation phenotype, as 

demonstrated in this thesis, but also the cell death phenotype observed when coronin 3 is 

lacking. Preliminary in vivo analyses performed in coronin 3-deficient mice as well as the 

coronin 1/coronin 3-double deficient mice suggest that coronin 3-depletion affects different 

immune cell populations, such as CD4+, CD8+ and naïve CD4+ T cells, despite the presence 

of coronin 1. 

 

Further analyses are required to confirm these preliminary data and decipher as well the exact 

molecular mechanism used by coronin 3 to play its function in T cells. For instance, since cell 

viability was also observed to be impaired by coronin 3 deficiency, it would be necessary to 

understand which cell death pathway is triggered in the absence of coronin 3 (e.g. caspase-8-

mediated cell death as shown for coronin 1-deficient cells, (Mori et al., 2021). Moreover, 

additional analyses need to be performed to clarify whether a deregulation of the Wnt signaling 

pathway occurs in the absence of coronin 3. For instance, the target genes that were shown to 

be upregulated in the RNA-sequencing analyses need to be carefully analyzed since some of 

them are known to promote the Wnt signaling (Tnik, Wnt2b, Adgra2, Ndrg2 and Gpc4), others 

to inhibit the pathway (Sostdc1, Dact3 and Draxin) while Wnt5a can play a double function in 

either inhibiting or promoting the pathway.  
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Finally, given the ubiquitous expression of coronin 3, coronin 3-deficient non-immune cell 

lines (e.g. HeLa, 3T3) are currently being generated in our laboratory to understand whether 

coronin 3 might have a role as well in regulating homeostasis in different cell lines, other than 

T cells.  
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7 Material and Methods 
 

7.1 Buffers and Solutions 
 
 

 

Phosphate-Buffered Saline (PBS) buffer  137 mM NaCl 
2.7 mM KCl 

  8 mM NaH2PO4  
  1.5 mM KH2PO4  
    

PBS-Tween 20 (PBS-T) buffer  PBS + Tween 20  
    

FACS buffer  PBS 
  2% FCS 
  2 mM EDTA 

    
Permeabilization buffer  PBS 

  2% FCS 
  10 mM EDTA  
   0.1% Saponin 
  0.05% NaN3 
    

Transfer buffer 10x (semi-dry system) 390 mM Glycine 
  480 mM Trizma base 
  0.0375% SDS 
  (20% Methanol added before use)  
    

20% sodium dodecyl sulfate (SDS) buffer  For 500 mL:  
  100 g SDS to 400 mL dH2O 
  Dissolve fully with heat and stiring 
   Tritrate 5 M HCl to adjust pH to 7.2  
  Adjust volume to 500 mL 
    

SDS-PAGE running buffer 10x  For 1 L:  
  500 mL dH2O  
  22.4 g Tris 
  144 g Glycine 
  10 g SDS  
  Fill to 1 L with dH2O 
    

SDS-PAGE resolving gel buffer  For 0.5 L of 2 M Tris-HCl pH 8.8: 1 
  21.1 g Trizma Base  
  Dissolve in 300 ml H2O  
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  Adjust pH to 8.8  
  Fill up with dH2O to 500 ml  
    

SDS-PAGE stacking gel buffer  For 0.5 L of 0.5 M Tris-HCl pH 6.8:  
  30.275 g Trizma Base  
  Dissolve in 300 ml H2O  
  Adjust pH to 6.8  
  Fill up with dH2O to 500 mL  
    

SDS-PAGE sample buffer 5x  62.5 mM Tris-HCl pH 6.8  
  2% SDS 
  5% Glycerol  
  1.54% DTT 
  0.02% Bromophenol blue 
    

5% PBS-T low fat milk  For 500 mL: 
  25 g low fat milk powder 
  500 mL PBS-T 
    

Cell lysis RIPA buffer  50 mM Tris-HCl pH 7.4 
  1% NP-40 
  0.5% NaDOC 
  1 mM MgCl2.6H2O 
  100 mM NaCl 
  1 mM EDTA 
  0.1% SDS 
    

lysogeny broth LB-medium  For 5 L: 
(containing 100 μL/mL ampicillin)  50 g Bacto-Tryptone 

  25 g Bacto-Yeast Extract 
  50 g NaCl 
  + 100 μL / mL ampicillin 
  Fill up to 5000 ml with H2O (bidest) 
  (Adjust pH to 7 Sterilize by autoclaving)  
    

LB-agar LB-medium (containing 100 μL / mL ampicillin) 
(containing 100 μL/mL ampicillin)   + 15 g Bacto-Agar per liter LB-medium 

  (Adjust pH to 7 Sterilize by autoclaving)  
    

ACK buffer  155 mM NH4C 
  10 mM KHCO2 
  1 mM EDTA 

  
Table 3.  List of buffers and solutions 
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7.2 List of reagents 
 

4% Paraformaldehyde solution, buffered, pH 6.9  Sigma-Aldrich  #1.00496  
30% (37.5:1) acrylamide-bis ready-to-use solution  Merck #A3699  
Acetic acid (CH3COOH) Merck #1.60250  
ammonium persulfate (APS)  Bio-Rad  #1610700  
Bacto-Agar BD #214010  
Bacto-Tryptone Gibco #211701  
Bacto-Yeast Extract Gibco #212750  
Bromphenol blue Merck  #108122  
Dimethyl sulfoxide (DMSO) Sigma-Aldrich  #D2438  
Dithiotreitol (DTT) Sigma-Aldrich  #20-265  
Dulbecco's Phosphate-Buffered Saline (DPBS)  Sigma-Aldrich  #D8537  
Ethanol  Sigma-Aldrich  #02890-2.5L-F  
Ethylendiamide tetraacetate (EDTA)  Sigma-Aldrich  #6381-92-6  
Fetal Bovine Serum (FBS) Gibco  #10270-106  
Glycine  Sigma-Aldrich  #G8898  
Glycerol Sigma-Aldrich  #G5516  
Hydrochloric acid (HCL) Sigma-Aldrich  #320331  
Isopropanol Thermo Scientific  #383910010  
L-Glutamine Sigma-Aldrich  #G3126-100G  
Low fat milk powder Bakels  #10199292  
Magnesium chloride (MgCL2.6H2O) Sigma-Aldrich  #M8266-1KG  
N,N,N,N'-tetramethylenethylendiamine (TEMED) Bio-Rad  #1610800  
Nonoxinol 40 (NP-40)  Thermo Scientific  #85124  
Penicillin-Streptomycin Sigma-Aldrich  #P0781  
Ponceau S Sigma-Aldrich  #P7170  
Potassium chloride (KCL) Sigma-Aldrich  #P3911  
Potassium dihydrogen phosphate (KH2PO4) Merck  #104873  
Proteinase K  Roche #03508838103  
Restore Plus Western Blot Striping Buffer  Thermo Scientific  #46328 
Saponin Sigma-Aldrich  #47036  
Sodium azide (NaN3) Sigma-Aldrich  #S2002  
Sodium chloride (NaCl)  Fluka  #15636980  
Sodium deoxycholate (NaDOC) Sigma-Aldrich  #89904  
Sodium dihydrogen phosphate (NaH2PO4) Fluka #04269  
Sodium dodecyl sulfate (SDS)  Bio-Rad  #1610301  

 
Table 4.  List of reagents 
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7.3 Mice and cells 
 
 
Coronin 1-deficient (available from The Jackson Laboratory (JAX stock no. 030203) and wild-

type mice were described before (Jayachandran et al., 2007; Mueller et al., 2008), they were 

backcrossed to C57/BL6 and backcross 10 was used. Mice deficient for coronin 1 and coronin 

3 were generated by Dr. Ruer-Laventie in collaboration with the Center for Transgenic Mice 

(CTM). CRISPR-Cas9-mediated gene editing was used to deplete coronin 3 in the coronin 1-

KO background. Two single-guide RNA (sgRNA) (5’ CCAACAGGTTTGGCAGATCCCGG-

3’ and 5’- CGCTCCTGTCGTACCGGGCACCC-3’) have been designed to target and remove 

the exon 3 of coronin 3 genomic sequence: this depletion results in the production of a shorter 

DNA fragment of 400 base pairs (bp) compared to the wild-type fragment of 523 base pairs 

(bp).  Genotyping analyses performed by Dr. Ruer-Laventie allowed us to identify the mice in 

which coronin 3 has been successfully depleted. Further Western Blot and Mass spectrometry 

analyses confirmed the absence of coronin 3 in the mice that have been used for subsequent 

experiments.  

Jurkat cells (ECACC, Sigma 88042803) were grown in RPMI-1640 (Sigma) medium 

supplemented with 2mM L-glutamine, 1% penicillin/streptomycin and 10% Fetal Bovine 

Serum (FBS) (all materials were from Gibco). Cells were incubated at 37°C with 5% CO2. Cell 

passing was performed by centrifuging the cells at 200-250 g for 5-10 minutes and cells were 

washed with Dulbecco’s Phosphate-Buffered Saline (DPBS). Live and dead cell count was 

performed by manual counting using Haemocytometer and Trypan blue exclusion (#93595, 

Sigma), from which the cell viability has been calculated using the following formula: 

	

Viable	cells	(%)	=	Cell	viability	(%)	=	100*	n.	live	cells/	(n.	live	cells	+	n.	dead	cells)	
	
	

7.4 Deletion of coronin 1-gene in Jurkat T cells by CRISPR-Cas9 genome editing 
 
 
Single-guide RNAs (sgRNA) targeting coronin 3 genomic sequence at different exons have 

been designed using publicly available tools (GPP sgRNA Designer) and cloned into the 

pSpCas9(BB)-2A-GFP (PX458) which was a gift from Feng Zhang (Addgene plsmid #48138). 

The cloning method was previously described (Ran, 2013). 1*106 Jurkat T cells were 
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transfected with 7.5 µg of pX458-sgRNA plasmid in a 6-wells tissue culture plate using 

XfectTM Transfection Reagent (Takara Bio, Cat #631618) according to manufacturer protocol. 

GFP-expressing cells were sorted 48 hours and 1 week-post transfection and expanded, then 

sorted again two weeks after transfection as 1 and 5 cells per well in a 96-wells plate. The 

expanded clones were finally screened and validated for coronin 3 absence using Western Blot 

and qPCR analyses.  

The coronin 3-knockout clones that have been isolated were further genotyped to assess which 

kind of mutation occurred in each clone and, finally, the sequencing files were analyzed using 

the Interference of Crispr Edited (ICE)-based webtool (https://ice.synthego.com/#/) 

 

 

7.5 Genotyping of coronin 3-deficient cell lines 

 

The sgRNA-targeted regions for the different coronin 3-deficient clones were amplified with 

specific primers and all clones showing a clear single band on the 2% agarose gel were sent for 

Sanger sequencing (See Supplementary Figure 1). The NEB PCR Cloning kit (#E1202S) was 

used to anneal the PCR amplicons into a Linearized pMiniT 2.0 Vector containing an ampicillin 

resistant cassette and a toxic minigene as the cloning site, which gets inactivated if the PCR 

product is introduced. The rationale of this approach is that, if the DNA amplicon is 

successfully inserted into the plasmid, the toxic gene is disrupted, therefore allowing only the 

colonies which successfully insert the amplicon to growth. Subsequently, plasmids were 

transformed into competent E. coli and plated on lysogeny broth (LB) agar containing 100 

μg/mL ampicillin. Thus, only bacteria containing the plasmid construct with a PCR insert, and 

therefore the inactivated toxic gene, will grow into single colonies. 15 colonies per each sgRNA 

were sent for Sanger sequencing at Microsynth and the sequencing results were analyzed using 

Snapgene software to identify the Insertion Deletion mutations (InDel) occurring into each 

clone.  

 

 

7.6 Lymphoid organ analyses 
 
 
For analysis of mouse T cells, mice were euthanized with CO2 and spleen, lymph nodes and 

thymus were harvested in ice cold Dulbecco’s PBS and smashed through a gridded mesh 
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(steel/nylon (Sefar AG)). The debris were removed by a quick spin (70xg, 3 sec). Spleen and 

thymus cells were treated with Ammonium-Chloride-Potassium (ACK) buffer (155mM 

NH4Cl, 10mM KHCO2, 1mM EDTA, pH 7.4) to remove red blood cells, the reaction was 

ended by addition of DPBS. Cells were counted and stained in FACS buffer (PBS, 2% FCS, 

5mM EDTA) with the appropriate antibodies as indicated in Table 5. After incubation, cells 

were washed twice with FACS buffer and finally resuspended in 200 μL of FACS buffer. The 

fluorescence was measured using a BD LSR Fortessa and results analyzed using FlowJo 

software (Tree Star).  

 

 

7.7 Human blood specimens 
 

Human PBMCs were isolated from healthy volunteers through the Blutspendezentrum, 

University Hospital Basel using a Histopaque 1077 (Sigma Aldrich, #10771) column and the 

naïve CD4+ T cells have been purified using EasySepTM Human Naïve CD4+ T Cell Isolation 

Kit II (StemCell, Cat #17555) following the manufacturers protocol. 

 

 

7.8 Quantitative polymerase chain reaction (qPCR) 
 

RNA was isolated following the manufacturer’s protocol (Zymo Reseach Direct-Zol RNA 

Isolation Kit). In brief, 1μg of isolated RNA was transcribed into cDNA (by high-capacity 

cDNA reverse transcription kit, ThermoFisher, #4368814). For each qPCR reaction, 10 ng of 

cDNA were used and detection was based on SYBR Green reaction mix (ThermoFisher, 

#4385612). qPCRs were performed on an Applied Biosystem machine (StepOne Plus) using 

StepOne v1.2.x software and results were analyzed using the comparative CT (ΔΔCT) method. 

Results were normalized to the expression of the wild-type phenotype using Glyceraldehyde 

3-phosphate dehydrogenase (GAPDH) or Beta-2-microglobulin (B2M) as endogenous control. 

Primers, synthesized by MicroSynth (Balgach, Switzerland), are shown in Table 3. 
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Gene Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’) 

Human 

coronin 1 5’-CTGTGCTGTCAACCCTAAGTT-3’ 5’-GTGGGCGCATTCTTGTCCA-3’ 

Human 

coronin 2 5’-CAG GCT TCA GCC GAA TGA G-3’ 5’-CGC AGA CGT AGA CCA CAC T-3’ 

Human 

coronin 3 5’-GAC CTG GGA TAG TTC CTT TTG TG-3’ 5’-AAT TCG ACC AGT CTT GTG CAG-3’ 

Human 

coronin 4 5’-CCC CAC TAC CCA AAA GTC TGC-3’ 5’-CAG GAG GCG ATC TCA AAA TCA TC-3’ 

Human 

coronin 5 5’-CAG GAT TGA ACC CAA CTA CCC-3’ 5’-GAG CAC GAG GCA ATG ATG TT-3’ 

Human 

coronin 6 5’-AGA CAG GGC GAG TGG ATA AGA-3’ 5’-CAT TGT GTG GAC ACC AGT CAA-3’ 

Human 

coronin 7 5’-GCT GCC ATT CAG ACC TAG TCA-3’ 5’-AGT CGC CAG AGT TTT ACC GTC-3’ 

Mouse 

coronin 1 5’-TGG CTC TGA TCT GTG AGG C-3’ 5’-TCT TGT CTA CTC GTC CAG TCT TG-3’ 

Mouse 

coronin 2 5’-CAA GGA CAA GAG CGT CCG AAT-3’ 5’-CAC CTT CCC GTC AGC TAG AAA-3’ 

Mouse 

coronin 3 5’-GGA CAG GCG GTG AAG AAT GAC-3’ 5’-CCA CTC GCT TCT ATG ATG ATG G-3’ 

Mouse 

coronin 4 5’-CCG CCA GCA AAG AGA ACT G-3’ 5’-AGA AGT GGT TGT CGT GGA CG-3’ 

Mouse 

coronin 5 5’-GAC CGC AGT ACC GCA GTT C-3’ 5’-ATC CCG TCA AAG CAG TGC TC-3’ 

Mouse 

coronin 6 5’-TCC AGC ATC GTC TAC TTG TGT-3’ 5’-CGA AAG GTG GTT CTT CCG TAA-3’ 

Mouse 

coronin 7 5’-AGT GAT ATT CGT GCT GTA ACC AC-3’ 5’-GAC ACC CAA TAC ACC TGG GC-3’ 

GAPDH 5’-GGAGCGAGATCCCTCCAAAAT-3’ 5’-GGCTGTTGTCATACTTCTCATGG-3’ 

B2M 5’-AAG TGG GAT CGA GAC ATG TAA GC-3’ 5’-AAA AAG CAA GCA AGC AGA ATT TGG-3’ 

 

Table 5. Primer sequences used for qPCR with SYBR-Green method 

 

As for N-cadherin, b-catenin, Axin-2, TCFL1, TCFL2, Myc and Cyclin D1, Taqman 

technology was performed and HPRT1 was used as reference gene. Primers, synthesized by 

Thermo Fisher are listed in Table 4. 
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Gene Primer Cat. Number Target species 

CDH2 Hs00983056_m1 4453320 Human 

CTNNB1 Hs00355045_m1 4452230 Human 

TCF7 Hs01556515_m1 4331182 Human 

AXIN2 Hs00610344_m1 4331182 Human 

TCFL1 Hs01064103 4331182 Human 

TCFL2 Hs01009038_m1 4453320 Human 

MYC Hs00153408_m1 4331182 Human 

CCND1 Hs00765553_m1 4331182 Human 

HPRT1 Hs02800695_m1 4448484 Human 

 

Table 4. Primer sequences used for qPCR with Taqman method 

 

 

7.9 Flow cytometry 
 

For cell surface staining, cells were seeded in 96-wells plate and incubated with blocking 

solution (LEAF CD16/CD32, 0.5 mg/mL) for 15 minutes at 4°C. Subsequently, cells were 

centrifuged at 450g for 5 minutes at 4°C. Cells were incubated with Live/DeadTM Fixable Near-

IR Dead Stain marker (Thermo Fisher, L10119) for 15 minutes in the dark. Cells were washed 

with Phosphate Buffered Saline (PBS) and subsequently with FACS buffer (Phosphate 

buffered saline supplemented with 2% FCS and 2mM EDTA) containing antibodies for 30 min 

on ice, pelleted and resuspend in 200μL of FACS buffer and analyzed by BD LSR Fortessa 

Analyzer of BD FACS Canto II Analyzer. Results were analyzed by FlowJo software (Tree 

Star). Equal number of cells between a range of 0.4 and 1 million cells were used for 

Fluorescence-activated cell sorting (FACS) measurement. Antibodies used for FACS 

measurements are listed in the Table 5. 
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 Antigen Fluorophore Reference Isotype Dilution 

CD19 APC 115512, BD Rat IgG2a, k 1/200 

CD4 Pacific blue 100531, BD Rat IgG2a, k 1/200 

CD69 PE 104507, BD Hamster IgG 1/200 

CD8 BV510 100751, BD Rat IgG2a,k 1/300 

CD3 AF488 100210, BD Rat IgG2a,k 1/50 

CD44 PE/Cy7 103030, BD Rat IgG2b, k 1/200 

CD62L PerCP/Cy5.5 104432, BD Rat IgG2a, k 1/200 

L/D APC/Cy7 L10119A, Invitrogen  1/1000 

Table 6. Antibodies used for flow-cytometry analyses 

 

 

7.10 Immunofluorescence analyses 
 

Cells were seeded on Poly-L-Lysine coated slides (EprediaTM, X2XER208B) for 30 minutes 

on ice. Attached cells were fixed with either ice-cold 100% methanol for 5 minutes or 4% 

Formaldehyde pH 7.4 for 15 minutes and subsequent permeabilization in 0.2% Triton X-100 

for 5 minutes at RT, followed by 2h blocking with 2% FBS, 1% BSA in PBS. Then cells were 

incubated with primary antibodies in blocking solution overnight at 4°C, followed by 1:500 

dilution of Alexa Fluor 568 donkey anti-rabbit and/or Alexa Fluor 488 donkey anti-mouse 

labelled secondary antibody (Invitrogen #A-10042 and #A-21202) incubation at RT for 1h. 

Stained samples were mounted with Mounting Medium containing DAPI (Abcam, ab104139) 

and slides were visualized using a 20x or 60x oil immersion objective on a Nikon Ti2E 

microscope. 

 

 

7.11 Live imaging  
 

Cell cultures in 96 well plates (Falcon® 96-well Black/Clear Flat Bottom TC-treated Imaging 

Microplate with Lid, Cat#: 353219) were imaged on Nikon Ti2E microscope at 37°C and 5% 

CO2 incubator (Life imaging Services GmbH, Basel, Switzerland). The final pictures were 

assembled using OMERO software. 
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7.12 Functional antibody blocking assay 
 

In the Integrin blocking experiment, wild-type, coronin 1-deficient and coronin 3-deficient 

Jurkat T cells were seeded at 200’000 cells/mL and treated with antibodies against ITGB2 

(clone H52, DSHB, developed by Tim Springer), ITGAL (clone MHM.24, DSHB, developed 

by Tim Springer), ICAM-1 (clone P2A4, DSHB, developed by E.A. Wayner and G. 

Vercellotti), ITGA3 (clone P1B5, DSHB); obtained from the Developmental Studies 

Hybridoma Bank (DSHB, University of Iowa, Department of Biology, Iowa City, IA 52242, 

USA), created by the NICHD of the NIH. After 96h from the treatment images were acquired 

as above described. In the N-cadherin blocking experiment, wild-type and coronin 3-deficient 

Jurkat T cells were seeded at 200’000 cells/mL and treated with 100 µg/mL of GC-4 antibody. 

Images have been acquired 6 hours post-incubation with the GC-4 antibody using the Nikon 

Ti2E microscope in the DIC channel. 

 

 

7.13 Cell lysis and immunoblotting  
 
 

Recipe for 2 gels (1.5 mm 
tickness) 

Resolving Gel 
Components  

Stacking Gel Components 

  10% (10 mL total) 4% (10 mL total) 

  30% Acrylamide/0.8% 
bisacr. 3.3 mL 1.3 mL 

  dH2O 4.6 mL 6.1 mL 

  2M Tris/HCl pH 6.8 - 2.5 mL 

  2M Tris/HCl pH 8.8 2.0 mL - 

  20% SDS 50 µL 50 µL 

  10% APS 50 µL 50 µL 

  TEMED 10 µL 10 µL 

 
Table 7. Preparation of SDS-Page gels 

 

 

Cells or tissues were lysed for 30-45 minutes at 4°C in RIPA buffer (50mM Tris-HCl pH7.0, 
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100mM NaCl, 1% NP-40, 0.5% Na deoxycholate (NaDOC), 0.1% SDS, 1mM EDTA) 

containing halt protease and phosphatase inhibitor cocktail (Thermo Scientific, Cat#1861284). 

Protein quantification was determined by BCA Protein Assay kit (BCA, Pierce).  

20 μg of proteins were separate on 10% sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) gels and transferred into nitrocellulose membranes with semi-

dry transfer system (BioRad, Hercules, CA, USA). The membranes were stained with Ponceau 

red protein stain for 5 minutes, rinsed with ddH2O and scanned with a CanoScan 9000F Mark 

II scanner (Canon). Membranes were blocked with 5% milk in PBS-Tween20 (PBST) for 1h 

at RT or overnight at 4°C followed by incubation with primary antibodies diluted in 5% PBST 

milk for 1h at RT. Following washes, incubation with horseradish peroxidase (HPR)-coupled 

secondary antibodies (Southern Biotech) lead to membrane development using WesternBright 

Quantum HPR substrate (Advansta) and images were acquired using Fusion FX7 (VILBER, 

Paris, France). The final pictures were assembled using Inkscape. The marker used was 

PageRuler™ Plus Prestained Protein Ladder, that visualize bands from 10 to 250 kDa 

(ThermoFisher, #26619). The list of antibodies used for western blot is shown in Table 5. 
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Protein target Clonality From Isotype Recognized 

Coronin 1 Monoclonal Abnova, 4G-10 IgG2a 
Kappa Human 

Coronin 1 Polyclonal serum 320, home-made      

Coronin 3 Polyclonal 
Invitrogen  

IgG Human, 
Mouse 

 

#PA5-30479  

Coronin 3 Polyclonal Proteintec,  14749-AP IgG Human, 
Mouse, Rat 

 

 

Coronin 3 Monoclonal Santa Cruz (G-R2) sc-
130448 

IgG2a 
Kappa 

Human, 
Mouse, Rat 

 

Coronin 3 Polyclonal Sigma, SAB4200117 - Human 
 

 

Coronin 3 Monoclonal Abnova #H00023603-
M02 

IgG2a 
Kappa Human  

Coronin 3 Monoclonal K6-444, (Ludwig 
Eichinger)     

 

 

Coronin 3 Monoclonal Santa Cruz (D-9) sc-
376919 

IgG2a 
Kappa 

Human, 
Mouse, Rat 

 

Coronin 2 Polyclonal Home-made #47      

B-catenin (non-
phosphorylated) Polyclonal Cell Signaling #8814S IgG Human, 

Mouse, Rat 
 

Histone H1 Monoclonal Santa Cruz (AE-4): sc-
8030 

IgG2a 
Kappa Broad species  

B-tubulin Polyclonal NovusBiologicals, 
NB600-936SS IgG Broad species 

 

 

 

Table 8. Antibodies used for Western blot analyses. 

 

 

7.14 Cell fractionation  
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Cell fractionation was performed with two protocols. In the first one, 30*106 cells were 

harvested and washed with PBS. Cells pellet have been resuspended in 1 mL of RSB Buffer 

(10mM NaCl, 1.5mM MgCl2, 1x Phosphate Inhibition Cocktail) and incubated for 1h on the 

rotor in the cold room. Samples have been homogenized with a syringe using first 22G needles, 

then 26G and finally 30G needles. 100 µL of samples have been collected as Input sample, 

while the remaining sample has been harvested for 2 min 400g to collect the nuclei. Supernatant 

was collected as cytoplasmic fraction, while the nuclear fraction has been washed with 1mL 

RSB buffer and lysed in 100 µL of EBC buffer (500mM Tris pH 7.5, 250mM NaCl, 1% Triton 

X-100, 1x Phosphate Inhibition Cocktail). Samples have been incubated for 30 min on the rotor 

in the cold room and finally, proteins have been measured using BCA assay. 

In the second protocol, cell fractionation has been performed using the NE-PER Nuclear and 

Cytoplasmic Extraction kit (Thermo Fisher, Cat #78833).  

 

 

7.15 Proteasome inhibition assay 
 

Jurkat wild-type or coronin 3-deficient Jurkat T cells have been seeded as 500’000 cells/mL in 

a 6-wells plate containing RPMI-1640 (Sigma) medium supplemented with 2mM L-glutamine, 

1% penicillin/streptomycin and 10% Fetal Bovine Serum (FBS) (all materials were from 

Gibco). 10 µM and 20 µM MG-132 (50 mM stock) (Sigma, SML1135) or DMSO have been 

added to each well and incubated for 6h before cell lysis as above described. 

 

 

7.16 Luciferase reporter assay for b-catenin activity 
 

For TOP/FOP-Flash promoter reporter assays, cells were seeded in triplicates in 24-well plates 

and next day were co-transfected with 500 ng of TOP- or FOP-Flash Firefly luciferase 

construct and 10 ng of Renilla luciferase construct using Trans-IT Jurkat reagent (MIR, 2124 

(Thermofisher, L3000015). 48 hours post-transfection, cells were prepared for passive lysis 

and reading using the Dual luciferase Reporter Assay system (Promega, 102769) according to 

manufacturer’s instructions. Samples were read using a luminometer (Tecan Spark multimode 

microplate reader). Firefly luciferase activity was normalized to the Renilla luciferase activity 

and expressed as relative luciferase expression. 
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7.17 Plasma membrane protein isolation and Mass spectrometry 

 

Wild-type, coronin 1-deficient and coronin 3-deficient Jurkat T cells have been harvested at 

600g for 5 min at 4°C and plasma membrane proteins have been isolated using the Plasma 

Membrane Protein Extraction Kit (Abcam, ab65400) following manufacturer’s instructions. 

Pellets of plasma membrane protein have been resuspended in 60 µL of DPBS containing 0.5% 

Triton X-100. Protein concentrations have been determined by BCA assay. Plasma membrane 

protein purity check has been performed by loading 20 µg of proteins on a 10% agarose gel 

and blotting for either cytosolic (Actin) or membrane-associated protein (ITGB2). The 

remaining 40 µL of samples have been submitted to the Proteomic Core Facility (PCF) for 

plasma membrane protein quantification. 

 

 

7.18 Targeted Mass spectrometry 
 
7.18.1 Sample preparation 
 

Proteins were purified and digested with the SP3 approach (PMID: 30464214) using a Freedom 

Evo 100 liquid handling platform (Tecan Group Ltd., Männedorf, Switzerland). In brief, Speed 

BeadsTM (#45152105050250 and #65152105050250, GE Healthcare) were mixed 1:1, rinsed 

with water and diluted to the 8 μg/µL stock solution. Samples were adjusted to the final volume 

of 90 µL and 10 µL of the beads stock solution was added to them. Proteins were bound to the 

beads by addition of 100 µL of 100% acetonitrile to the samples, which were then incubated 

for 8 min at RT with a gentle agitation (200 rpm). After, samples were placed on a magnetic 

rack and incubated for 5 minutes. Supernatants were removed and discarded. The beads were 

washed twice with 160 µL of 70 % (v/v) ethanol and once with 160 of 100% acetonitrile. 

Samples were placed off the magnetic rack and 50 µL of digestion mix (10 ng/µL of trypsin in 

50 mM triethylammonium bicarbonate) was added to them. Digestion was allowed to proceed 

for 12h at 37°C. After digestion samples were placed back on the magnetic and incubated for 

5 minutes. Supernatants containing peptides were collected and dried under vacuum. 

 

7.18.2 Sample measurement 
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In a first step, parallel reaction-monitoring (PRM) assays (PMID: 22865924) were generated 

from a mixture containing 50 fmol of each proteotypic heavy reference peptide. Peptides were 

subjected to LC–MS/MS analysis using an Orbitrap Exploris 480 Mass Spectrometer fitted 

with an Vanquish Neo (both Thermo Fisher Scientific) and a custom-made column heater set 

to 60°C. Peptides were resolved using a RP-HPLC column (75μm × 30cm) packed in-house 

with C18 resin (ReproSil-Pur C18–AQ, 1.9 μm resin; Dr. Maisch GmbH) at a flow rate of 0.2 

μL/min. Separation of peptides was achieved by using the following gradient: 4% Buffer B to 

10% Buffer B in 3 min, 10% Buffer B to 35% Buffer B in 30min,  35% Buffer B to 50% Buffer 

in 7 min. Buffer A was 0.1% formic acid in water and buffer B was 80% acetonitrile, 0.1% 

formic acid in water. The mass spectrometer was operated in PRM acquisition mode with a 

total cycle time not exceeding approximately 4 s. For MS1, the following parameters were set: 

Resolution: 120,000 FWHM (at 200 m/z), Scan Range: 350-1600 m/z, Injection time: 25 ms, 

Normalized AGC Target: 300%. MS2 scans were acquired using the following parameters: 

Isolation Window: 0.4 m/z, HCD Collision Energy (normalized): 30, Normalized AGC target: 

3000%, DataType: Centroid. For synthetic isotopically heavy labeled peptides, 50 ms injection 

time and 15,000 resolution (at 200 m/z) were set whereas for endogenous peptides 120,000 

resolution and 250 ms injection time were set.  

 

All raw-files were imported into Skyline (Version 21.2) for protein / peptide quantification. To 

control for variation in injected sample amounts, the total ion chromatogram was used for 

normalization.  

 

 

7.19 Statistical analyses 
 

Statistical analyses were performed with PRISM (GraphPad Software). Significance 

differences were tested by Student’s t-test or Mann-Whitney U-test: P-values (P) were 

represented as ns P>0.05, * P<0.05, ** P<0.01, ***P<0.001 and ****P<0.0001. Standard 

deviation is visualized as standard error margin (SEM), except if standard deviation (SD) is 

mentioned.  
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8 Appendix 

8.1 Supplementary Tables 
 

 
Primer name Primer sequence (5'-3') 

hCor3 sgRNA1_Frw 5'-CACCGCTCAAAGAGAGTCGGCATCG-3' 

hCor3 sgRNA1_Rev 5'-AAACCGATGCCGACTCTCTTTGAGC-3' 

hCor3 sgRNA2_Frw 5'-CACCGATAATCATAGAGGCAAGTGG-3' 

hCor3 sgRNA2_Rev 5'-AAACCCACTTGCCTCTATGATTATC-3' 

hCor3 sgRNA3_Frw 5'-CACCGGTTGAGGTAGTGGACGTACG-3' 

hCor3 sgRNA3_Rev 5'-AAACCGTACGTCCACTACCTCAACC-3' 

hCor3 sgRNA4_Frw 5'-CACCGTGAGATGGACACTAGCAATG-3' 

hCor3 sgRNA4_Rev 5'-AAACCATTGCTAGTGTCCATCTCAC-3' 

hCor3 sgRNA5_Frw 5'-CACCGTCATCTGGAATGTGGGAACA-3' 

hCor3 sgRNA5_Rev 5'-AAACTGTTCCCACATTCCAGATGAC-3' 

 
 

Supplementary Table 1.  Single-guide RNAs (sgRNAs) targeting different regions of coronin 3 genomic 

sequence. Five different sgRNA have been designed to target coronin 3 genomic sequence using the sgRNA 

design tool from the Zhang lab (https://crispr.mit.edu/). Reverse complement primers have been designed for each 

Forward primer. To them, the corresponding overhangs have been added (in red) in order to be annealed and 

cloned into the BbsI cloning site of the pSpCas9(BB)-2A-GFP plasmid (PX458, Addgene). 
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8.2 Supplementary Figures 
 

 

 

 
Supplementary Figure 1. Analysis of Insertion Deletion mutations in coronin 3-deficient Jurkat cells. As an 

example of the analyses performed to identify the most recurrent mutations in the newly generated coronin 3-

deficient Jurat clones, a schematic representation of the most recurrent insertions observed in the coronin 3-

deficient Jurkat clones which leads to premature stop codons and truncated proteins as a result. The coronin 3-

deficient clone 2-A8 still had a significant portion of cells producing the full-length coronin 3 protein and, 

therefore, was excluded from further studies. Images were taken from the software SnapGene. 
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Supplementary Figure 2. Ki67 staining in wild-type and coronin 3-deficient clones. Wild-type and coronin 3-

deficient Jurkat cells (clone 1-A7 and clone 1-B2) were seeded at either 1*105 cells/mL for low cell density 

analyses or 1*105 cells/mL for high cell density analyses and harvested 48 hours post-seeding, fixed and 

permeabilized in Foxp3 buffer and stained with human anti-Ki67-Pacific Blue (1:200 dilution). Samples acquired 

using BD LSR Fortessa and results analyzed using FlowJo software. 
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Supplementary Figure 3. Antibody testing for coronin 3 in T cell lines using Abcam antibody. 

Immunofluorescence analyses performed on wild-type and coronin 3-deficient Jurkat T cell lines using the Abcam 

rabbit polyclonal antibody (ab15719).  
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Supplementary Figure 4. Antibody testing for coronin 3 in T cell lines using Abnova antibody. 

Immunofluorescence analyses performed on wild-type and coronin 3-deficient Jurkat T cell lines using the 

Abnova mouse monoclonal antibody (H00023603-M02). 
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Supplementary Figure 5. Antibody testing for coronin 3 in T cell lines using K6-444 antibody. 

Immunofluorescence analyses performed on wild-type and coronin 3-deficient Jurkat T cell lines using the K6-

444 mouse monoclonal antibody (from Ludwig Eicher).  
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Supplementary Figure 6. Antibody testing for coronin 3 in T cell lines using Proteintech antibody. 

Immunofluorescence analyses performed on wild-type and coronin 3-deficient Jurkat T cell lines using the 

Proteintech rabbit polyclonal antibody (#14749-1-AP).  

 
 
 

 
 

Supplementary Figure 7. Antibody testing for coronin 3 in T cell lines using SantaCruz antibody. 

Immunofluorescence analyses performed on wild-type and coronin 3-deficient Jurkat T cell lines using the Santa 

Cruz G-R2 mouse monoclonal antibody (sc-130448). 
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Supplementary Figure 8. Antibody testing for coronin 3 in T cell lines using Sigma antibody. 

Immunofluorescence analyses performed on wild-type and coronin 3-deficient Jurkat T cell lines using the Sigma 

rabbit polyclonal antibody (SAB4200117).  
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Supplementary Figure 9. Flow cytometry analyses of surface FLAG expression. FACS analyses of FLAG 

expression in the Jurkat FLAG positive clone B, the Jurkat transfected with FLAG-Cor3 plasmid (SinoBiologicals, 

Cat. #HG17141-NF), the Jurkat transfected with either N-terminal or C-terminal crRNA for Cor1 and HDR 

template for FLAG and the Mock control. 
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Supplementary Figure 10. β-catenin protein expression upon proteasome blocking using MG132 .(a) Expression 

of β-catenin protein levels in Jurkat wild-type, cor3-KO clone 1-A7 and 1-B2 upon treatment either with DMSO 

or with 20 µM of MG132 followed by 4 hours incubation prior to cell lysis and Western Blotting. Membranes 

were incubated with either β-catenin or β-tubulin antibodies, followed by secondary antibody incubation with 

IRDye® 800CW Goat anti-Rabbit IgG Secondary Antibody and imaging with Licor ODYSSEY Fc. 
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