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ABSTRACT 

Salmonellae are motile, Gram-negative bacteria commonly transmitted through the 

ingestion of contaminated food and water. They can infect a broad range of hosts causing diseases 

extending from typhoid fever to gastroenteritis. Salmonella Typhimurium infection in susceptible 

mice is a model for human systemic disease. Through a recessive N-ethyl-N-nitrosourea (ENU) 

mutagenesis screen for susceptibility to infection with Salmonella Typhimurium, followed by 

mapping and exome sequencing, Family with sequence homology 49 member b (Fam49b) was 

identified as a novel Salmonella susceptibility gene. We have recently shown that FAM49B 

expressed in myeloid cells play an important role in resistance to Salmonella infection. This project 

aims to investigate the potential role of Fam49b in T lymphocytes during Salmonella infection.  

A T cell conditional knockout mouse model of Fam49b was generated and then challenged 

with Salmonella infection. Fam49b deletion in T cells minimally affected susceptibility to 

infection compared to littermate controls. Despite the lack of a major clinical phenotype, in the 

Fam49b T cell-specific conditional knockout mice there was a depletion in CD8+ T cells at steady 

state, which was associated with elevated activation, increased cytokine production (IFN- γ and 

IL-13), and enhanced proliferative ability. No differences were found in cell death or thymocyte 

development to account for the decrease in CD8+ T cells, suggesting that Fam49b either induces 

a homeostatic response or acts as a T cell activation modulator. Given its role as a cytoskeleton 

regulator and the significance in myeloid cell mechanisms, Fam49b has a promising role in T cell 

activity and future experiments are needed to explore this possibility.  
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RÉSUMÉ 

Les salmonelles sont des bactéries mobiles à Gram négatif communément transmises par 

l'ingestion d'aliments et d'eau contaminés. Elles ont la capacité de provoquer un large spectre de 

symptômes chez l’homme et chez les animaux, allant d’un portage asymptomatique à une infection 

généralisée (sepsis) pouvant être fatale. L'infection à Salmonella Typhimurium chez les souris 

sensibles est un modèle de maladie systémique humaine. Grâce à la mise en place d’une approche 

basée sur un crible de mutagenèse à l’éthyl-nitroso-urée (ENU) avec pour objectif d’identifier de 

nouveaux gènes impliqués dans la sensibilité à l'infection par Salmonella Typhimurium, le gène 

Fam49b (Family with Sequence Similarity 49 Member B) a été identifié comme un nouveau gène 

de sensibilité à la salmonelle. Nous avons récemment démontré que FAM49B exprimé dans les 

cellules myéloïdes joue un rôle important dans la résistance à l'infection à Salmonella. Ce projet 

vise à étudier le rôle potentiel de FAM49B dans les lymphocytes T lors d'infection à Salmonella. 

Un modèle de souris knockout conditionnel où l’expression de Fam49b est spécifiquement 

supprimée dans les cellules T a été développé. Nous avons démontré que la délétion de Fam49b 

dans les cellules T a très peu affecté la susceptibilité à l'infection à Salmonella. Toutefois, nous 

avons observé que le nombre de lymphocytes T CD8+ étaient diminué chez les souris invalidée 

pour le gène Fam49b dans les lymphocytes T. Cette diminution est observée à l'état d'équilibre et 

était associée à un phénotype d’activation élevée, une production accrue de cytokines (IFN-γ et 

IL-13) et une capacité de prolifération augmentée. Afin de déterminer pourquoi les lymphocytes 

T étaient moins abondants chez les souris Fam49b knock-out que chez les souris contrôles, certains 

aspects mécanistiques ont été étudiés. Tout d’abord nous avons vérifié différents processus de mort 

cellulaire et la maturation des lymphocytes dans le thymus. Nous n’avons pas observé de 

différences significatives dans la mort cellulaire ou le développement des thymocytes qui 
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pourraient expliquer la diminution des lymphocytes T CD8+ chez les souris Fam49b knock-out. 

Ces résultats suggèrent que FAM49B induit soit une réponse homéostatique ou agit comme 

modulateur d'activation des lymphocytes T.  

Compte tenu de son rôle de régulateur du cytosquelette et de son importance dans 

l’interaction complexe hôte-pathogène, FAM49B joue certainement un rôle important dans la 

fonction de plusieurs types cellulaires. Il sera donc nécessaire de poursuivre les travaux de 

recherche pour tracer un portrait complet du rôle de FAM49B dans l'activité des lymphocytes T 

dans un contexte de santé et de maladie. 
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1.1 Salmonella Classification 

Salmonellae are motile bacteria commonly transmitted through the ingestion of 

contaminated food and water, which is a leading cause of food-borne illnesses. Their prevalence 

in the food chain has an immense global effect on economic and health systems. Environmental 

circumstances, the health status of the host, and virulence factors contribute to the burden of 

foodborne infectious diseases (1). 

Salmonella, found within the Enterobacteriaceae family, is made up of facultative, rod-

shaped, Gram-negative bacteria that is comprised of two species: Salmonella enterica and 

Salmonella bongori. S. enterica consists of six subspecies: arizonae, diarizonae, enterica, 

houtenae, indica, and salamae. S. enterica contains over 2,600 serovars, with human disease most 

commonly being associated with serovars within the subspecies enterica, including Salmonella 

Typhi and Salmonella Typhimurium (2). To try to organize the diversity of Salmonella, the 

Kauffman-White classification system was developed based on surface antigens: O (somatic), H 

(flagellar) and K (capsular) (3). Few serovars are host restricted and only can only infect a single 

host; for example, Salmonella Typhi is restricted to humans (4). Other serovars are promiscuous 

and zoonotic, such as Salmonella Typhimurium which can infect multiple hosts including humans. 

 

1.2 Salmonella Epidemiology 

 Typically, Salmonella infection begins following the ingestion of contaminated food or 

water. Given the diversity in Salmonella serovars, salmonellosis includes several possible clinical 

syndromes including enteric fever, non-typhoidal Salmonella (NTS) gastroenteritis, and invasive 

non-typhoidal Salmonella (iNTS) infection. 
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1.2.1 Enteric Fever 

Enteric fever, which includes typhoid and paratyphoid fever, is a systemic febrile disease 

of the reticuloendothelial system that can potentially be fatal. Typhoid fever is caused by S. Typhi 

and paratyphoid fever is caused by S. Paratyphoid A, B, and C. These serovars are restricted to 

humans and higher primate hosts and have not been found to infect other animal species. With a 

fecal-oral route of infection, Salmonella-associated disease states disproportionately affect areas 

with limited access to proper sanitation and clean water. Globally, there are an estimated 21.7 

million new cases and 210,000 deaths attributed to typhoid fever every year (5,6). However, almost 

all cases are found in developing countries and nearly 80% of cases recorded in developed 

countries have been related to international travel (7, 8). 

Following an incubation period of approximately 14 days, symptoms such as fever, fatigue, 

and headache can be observed (9). Symptoms can last several weeks without treatment but can 

resolve within a few days if treated with antimicrobial therapy. Complications can arise following 

an episode of enteric fever, such as intestinal perforation (10). The fatality rate of typhoid fever 

when untreated versus treated can go from 20% down to 1% (11). However, the emergence of 

multidrug-resistant Salmonella strains has now required second-line antimicrobial therapies for an 

effective remedy.  

 Chronic carriage can occur after recovery from acute febrile illness. 1-5% of those infected 

will continue to shed bacteria for up to several years in stool and urine (12). Approximately 25% 

of chronic carriers do not experience any clinical symptoms during infection (9). It has been found 

that the gall bladder may act as a reservoir for bacteria, with a correlation of chronic infection of 

Salmonella with gallstones, and in particular biofilm formation on gallstones (13,14). Prolonged 

treatment with high-dose antibiotics resolves most cases of long term infection (15). This ability 
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for the bacteria to linger within asymptomatic hosts may be a key factor in the persistence of 

Salmonella infection within the human population. 

 

1.2.2 Gastroenteritis 

 In the developed world, Salmonella is typically associated with a food-borne disease, 

which results in gastroenteritis with symptoms such as nausea, vomiting, diarrhea, and abdominal 

pain. Non-typhoidal Salmonella serovars often associated with this diarrhoeal disease are S. 

Typhimurium and S. Enteritidis (16). These tend to be zoonotic with the ingestion of infected food 

animals or contaminated fresh produce being linked to the majority of Salmonella-related 

gastroenteritis (17). Every year, approximately 93.8 million cases and 155,000 deaths are 

attributed to non-typhoidal Salmonella (18). Generally, the infection resolves in less than 7 days 

without treatment, but treatment through anti-emetics, analgesia, or fluid replacement can provide 

much-needed symptom relief.  

 

1.2.3 Invasive non-Typhoidal Salmonella (iNTS) Infection 

 In immunocompetent individuals, NTS infection is usually self-limiting and localized to 

the gastrointestinal system. In the context of immunosuppression, NTS infection can result in 

systemic bacteremia called iNTS (19) with more severe clinical manifestations. Presentation is 

similar to enteric fever with symptoms including chills, myalgia, and general malaise (20). The 

ability of some serovars to establish extra-intestinal infection in immunocompromised hosts has 

resulted in an annual 3.4 million cases and 680,000 deaths (21). In particular, individuals with 

advanced human immunodeficiency virus (HIV), mainly in sub-Saharan Africa, succumb to iNTS 

at a fatality rate of 70% compared to the overall fatality rate of 20% in HIV negative patients (22). 
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Some other high-risk factors include malaria, malnutrition, and anemia, affecting children to a 

greater degree (22, 23). In developed nations, cases of iNTS are infrequent, but are found in the 

context of defects in both the adaptive or innate immune system, such as HIV infection, 

autoimmune diseases, or primary immunodeficiencies (24).  

 

1.3 Salmonella Pathogenesis 

Infection begins when Salmonellae enter the host through the consumption of contaminated 

food or water. Once ingested, the majority of the bacteria will be destroyed by the acidic 

environment of the stomach, but some can withstand the low pH and migrate to the intestine 

(Figure 1.1) (25). Salmonellae will colonize the lumen of the small intestine through adherence to 

enterocytes (26). This results in the penetration of host epithelial cells with preferential invasion 

of microfold (M) cells overlying Peyer’s patches (27, 28). Salmonellae will also be engulfed by 

CD18+ phagocytes, which reach into the intestinal lumen between tight junctions (29, 30). 

Additionally, through certain virulence factors, bacteria can disrupt tight junctions and can also 

invade through this route (31). The bacteria will then have access to the gut-associated lymphoid 

tissue (GALT) where they are further internalized by professional phagocytes such as 

macrophages, neutrophils, and dendritic cells in an attempt to eliminate the bacteria (32).  

Pathogens have a multitude of methods to evade phagocytosis and spread infection (33). 

Notably, Salmonella benefit from entering host cells and replicating intracellularly in this 

protective niche; therefore, avoiding clearance by neutrophils and shielding bacteria from anti-

microbial peptides (34). Detection of the internalized bacteria induces macrophage activation and 

an inflammatory caspase response. Caspase-1 activation can lead to cell death as well as additional 

pro-inflammatory cytokine production through IL-1β and IL-18. This leads to a large 
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Figure 1.1: Salmonella Pathogenesis. Salmonella infection begins with the ingestion of 

contaminated food or water (1). Many of the bacteria will be killed by the low pH in the stomach 

(2). Some will colonize the intestine and invade epithelial cells such as microfold cells, enterocytes, 

or phagocytes (3). Through innate immune mechanisms, a massive influx of PMN cells to the area 

will be triggered in gastroenteritis. During systemic infection, the bacteria induce minimal 

intestinal inflammation and will be disseminated by macrophages, dendritic cells, and B cells to 

secondary tissues, such as the liver (4), spleen and lymph nodes. Bacteria can also infect the gall 

bladder, which has been identified as a likely reservoir for Salmonella in chronic carriage (5). 

These chronic carriers will shed the bacteria through feces for up to several years if left untreated 

(6). (Figure from (25) – open access article permitted for distribution) 

 

influx of polymorphonuclear (PMN) cells and intestinal inflammation (35–38). NTS infection is 

then contained within the gastrointestinal system by this large recruitment of neutrophils and 

subsequent induction of diarrhea. Although NTS is limited to the intestines, immunocompromised 

individuals cannot elicit this massive immune cell response and the bacteria can disseminate to the 

bloodstream leading to invasive non-typhoidal Salmonella. Salmonellae then continue to persist 
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and replicate in protective Salmonella containing vacuoles (SCVs) within cells of secondary 

tissues, such as the spleen, liver, and lymph nodes (39). During enteric fever, S. Typhi and S. 

Paratyphi have altered virulence genes, which induces very minimal intestinal inflammation and 

neutrophil infiltration, allowing the bacteria to evade host defence mechanisms and spread the 

infection systemically (10, 40). With prolonged systemic infection, induction of the adaptive 

immune response results in a Th1 response with production of interferon-γ (IFN-γ) and tumour 

necrosis factor-α (TNF-α) (35, 36). This T cell response is needed for the complete resolution of 

infection (41, 42). 

 

1.4 Salmonella Virulence Factors 

 Salmonella virulence is determined by genes crucial for invasion and survival, which 

requires organized timing and coordination. These genes are encoded in Salmonella Pathogenicity 

Islands (SPIs), with a total of 21 SPIs identified (43) – the most well-described being SPI-1 and 

SPI-2. Both encode type III secretory systems (T3SSs), which are essential for the virulence as 

mutations in several of these genes cause virulence attenuation. Salmonella uses T3SSs to inject 

effector proteins into host cells and exploit host cell mechanisms for their survival and replication 

(44). Type III secretory systems target host cells at multiple levels, including cytoskeleton 

modulation, vesicle trafficking, cytokine production, and cell death. Each gene seems to have 

varying effects on different cell types and it is believed that S. Typhi lacks many of the effector 

proteins specifically involved in a gastrointestinal inflammation (45). 
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1.4.1 SPI-1 Genes 

 Salmonella Pathogenicity Island 1 is associated with invasion of non-phagocytic cells, such 

as enterocytes and M cells of the intestinal epithelium (Figure 1.2) (45). Many SPI-1 genes encode 

effector proteins that are involved in actin modulation through activation of host Cell division 

control protein 42 (CDC42) and Ras-related C3 botulinum toxin substrate 1 (RAC1) signalling 

(46–48). This leads to actin polymerization through downstream neural Wiskott-Aldrich syndrome 

protein (N-WASP) and WAVE regulatory complex (WRC) activity. Salmonella invasion proteins 

SipA and SipC both promote processes involved in actin filament assembly (49, 50) while SopB, 

SopE, and SopE2 act as effector proteins for CDC42 and RAC1 signalling. For example, SopE 

acts as a guanine nucleotide exchange factor (GEF) for RAC1 signalling (51). This increased 

activity of cytoskeleton remodelling facilitates membrane ruffling and micropinocytosis to 

promote Salmonella internalization. Following the invasion of a host cell, virulence factor SptP 

acts as a GTPase-activating protein (GAP) by antagonizing RAC1 and CDC42 signalling, thereby 

halting membrane ruffling (48). Many SPI-1 effectors act on Nuclear factor κβ (NF-κB) or 

mitogen-activated protein (MAP) cascades to both induce and inhibit an inflammatory response 

through IL-8 production throughout the course of infection (37, 45, 52). In addition, SP1-1 

virulence genes such as SipB can promote caspase-1 activation, which can then activate a greater 

inflammatory response with IL-1β and IL-18 production (53).  
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Figure 1.2: SPI-1 interactions during host cell invasion. Salmonella injects several virulence 

factors into host cells to promote internalization. SPI-1 effector proteins (in red) interact with 

multiple host processes to exploit actin modulation, such as RAC1 and CDC42 (RHO GTPase) 

activation. This leads to increased membrane ruffling and micropinocytosis. (Figure reproduced 

and reprinted with permission from (45)) 

 

1.4.2 SPI-2 Genes 

 Salmonella Pathogenicity Island 2 is associated with bacterial proliferation, particularly in 

response to acidification of SCVs (54, 55). Once inside the cells, Salmonella promotes the 

development of the SCV, which is important for bacterial survival. Both SPI-1 and SPI-2 genes 

coordinate for SCV development (56). The effector proteins work together to modulate maturation 

and trafficking of the SCV and to prevent fusion with lysosomes and further acidification (57). 

Salmonella Pathogenicity Island 2 genes are also responsible for the deterrence of reactive oxygen 

species (ROS) and reactive nitrogen species (RNS) to the SCV to avoid possible destruction of 
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bacteria and promote bacterial survival (58, 59). Many other SPI-2 genes are involved in furthering 

replication within host cells and aid in juxtanuclear positioning of the SCV for optimal bacterial 

replication (60, 61). Furthermore, SPI-2 has been found to have a role in suppressing immune 

cascades such as NF-κB and MAP kinase signalling (62, 63).  

 

1.5 Host Response against Salmonella 

The strategic mechanisms Salmonella utilizes to evade and hijack the host immune 

response are complex and not yet fully understood. Much of the genetic regulation involved in 

disease pathology is conserved between mouse and human. Although the murine system does not 

perfectly correlate with the human immune response, the use of murine models of Salmonella 

Typhimurium infection has been extremely helpful in unravelling the underlying genetics and 

mechanisms of infection susceptibility. Many factors can alter clinical outcome including serovar, 

infective dose, host genetics, and gut flora – all of which can be manipulated within the mouse 

model. Through studies of mouse models of infection, numerous novel genes and pathways central 

to the immune response against bacteria have been identified. 

In modelling gastroenteritis, pre-treatment of mice with streptomycin disrupts the intestinal 

microbiota and the course of S. Typhimurium oral infection resembles salmonellosis-like disease 

in mice (64). In modelling enteric fever, serotypes S. Typhi and S. Paratyphi are restricted to 

humans and do not infect mice. There have been attempts to infect humanized mice with these 

serovars (65); however, these models do not replicate many aspects of human typhoid fever. S. 

Typhimurium is a natural pathogen of mice and systemic or oral infection of mice with S. 

Typhimurium models the disease progression of iNTS or typhoid fever in humans.  
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The genetic background of mice can drastically affect the response to infection, whether 

that be survival time or bacterial load. For example, 129 substrains are extremely resistant, 

compared to C57BL/6J which are extremely susceptible (66, 67). Solute carrier family 11 member 

(Slc11a1) is pleiotropic and has been described to be involved at multiple levels in the host 

response to intracellular pathogens, including Salmonella (68). C57BL/6J mice carry the mutant 

allele Gly169 of Slc11a1, which makes them exceedingly vulnerable (69). Upon challenge with 

Salmonella, Slc11a1 is crucial for protection and is involved in controlling bacterial load, 

macrophage activation, pro-inflammatory cytokine responses, ROS and RNS production, and 

antigen presentation (69–72).  

 

1.5.1 First Phase 

The course of Salmonella infection can be divided into four phases (73). During the first 

phase of infection, the bacteria have crossed the epithelium and begins disseminating to secondary 

organs such as lymph nodes, spleen and liver. It is characterized by the rapid killing and clearance 

of Salmonella by phagocytes, such as neutrophils and macrophages. Pathogens are killed through 

the production of ROS and humoral immunity, such as antibodies and the complement cascade. 

Bacteria can be opsonized through complement C3b, a signal for phagocytosis. After cleavage of 

C5 into C5a and C5b, C5a then acts as a chemokine to bring neutrophils to clear the pathogen (74). 

C5b in coordination with C6, C7, C8, and C9 form the membrane attack complex (MAC), creating 

a transmembrane channel and leading to lysis of bacteria (75).  
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1.5.2 Second Phase (39)  

 The second phase of infection is defined by the exponential growth of Salmonella within 

cells and although bacteria killing persists, it becomes trivial. Bacteria is predominantly found in 

SCVs within resident phagocytes and dendritic cells from secondary lymphoid organs such as the 

spleen and lymph nodes. Pathogen-associated molecular pattern molecules (PAMPs), such as 

lipopolysaccharide (LPS), are recognized by innate immune cells through their pattern recognition 

receptors such as Toll-like receptors (TLRs) and Nod-like receptors (NLRs). This induces 

enhanced production of both pro-inflammatory (TNF-α, IFN-γ, IL-1, IL-6) and anti-inflammatory 

(IL-4 and IL-10) cytokines. In addition to bacterial growth control through ROS and RNS, the host 

employs cell death of infected macrophages as a protection mechanism and to prevent further 

proliferation and dissemination. 

The host response at this phase determines the clinical outcome of infection. Resistant mice 

can subdue the exponential growth through innate immune mechanisms such as macrophage 

activation, production of antimicrobial peptides, ROS, and pro-inflammatory cytokines. 

Susceptible mice are unable to contain the growth of Salmonella and the bacteria evade death 

leading to overwhelming replication and likely death. 

 

1.5.3 Third Phase 

 The third phase of infection is marked by a plateau in bacterial growth as innate immune 

cells contain replication through bactericidal and bacteriostatic methods. This suppression of the 

rate of bacterial growth will provide much needed time to mount a sufficient adaptive immune 

response and complete clearance of infection. An important process is the formation of granulomas 

of infected tissues to limit spread to the reticuloendothelial system (42, 76).  
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1.5.4 Fourth Phase 

 The fourth phase of infection involves the induction of the adaptive immune response 

through T and B cell activity. Although the innate response can control the infection, the adaptive 

immune compartment is essential for a full recovery and also protects from subsequent infections. 

B cells develop the ability to generate antibodies specific to Salmonella antigens, such as LPS and 

other antigenic epitopes, which become important during potential secondary exposure to 

Salmonella. B cells are also crucial in antigen presentation to initiate the T cell response. Mice 

deficient in B cells are unable to develop sufficient adaptive immunity and immunized mice 

succumb to Salmonella during repeat challenge (77, 78). Interestingly, the HLA-DRB1 allele is 

associated with protection for typhoid fever (79, 80) and has been attributed to its role in antigen 

presentation to T cells. 

Lymphocyte-deficient mice are susceptible to Salmonella infection and determined to be 

mediated mostly by CD4+ and in part by CD8+ T cells (81, 82). The T cell immune response has a 

Th1 bias and promotes enhanced production of Th1 cytokines such as IFN-γ and TNF-α. The CD4+ 

T cell response also induces additional activation of PMN cells and antigen presentation. In 

particular, IFN-γ secreting T cells have been found to be critical in Salmonella elimination (83). 

CD8+ T cells differentiate into cytotoxic T lymphocytes (CTLs) and are thought to support the 

immune response through the killing of infected macrophages. Enhanced CD8+ T cell activity has 

been found to be associated with improved outcomes of typhoid fever in humans (84). It is through 

the adaptive immune response that the infection is completely cleared from the host system.  
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1.6 The Role of Fam49b 

 Family with sequence similarity 49 (FAM49) proteins are evolutionarily conserved across 

many phyla. In mammals, there are two members of the Fam49 family, Fam49a and Fam49b, that 

share 80% sequence identity. High levels of FAM49B expression were detected in patients with 

relapsing multiple sclerosis (85), but otherwise until recently little was known about the function 

of Fam49b. Now several additional studies have begun to elucidate the potential role of Fam49b 

in a variety of contexts.  

 

1.6.1 Fam49b Involvement in Immune Surveillance 

 In 2012, a study identified Fam49b playing a possible role in immune surveillance. 

Endoplasmic reticulum aminopeptidase associated with antigen processing (ERAAP) process 

peptides for presentation by major histocompatibility complex (MHC) class I molecules (86). The 

study found that disruption of ERAAP induced presentation of a peptide FYAETPML (FL9) on 

MHC class Ib molecule Qa-1b (87). Of note, naïve mice immunized with ERAAP knockout cells 

produced antigen-experienced CD8+ T cells specific for Qa-1b-FL9. The FL9 peptide that induced 

antigenic activity was found to be encoded by Fam49b. It was suggested, given the ubiquitous 

expression of Fam49b, the presentation of Qa-1b-FL9 is a conserved mechanism of immune-

surveillance to detect ERAAP defects and pMHC class I (pMHCI) presentation abnormalities.  

 

1.6.2 Fam49b in Cancer Tumorigenesis 

An investigation in pancreatic ductal adenocarcinoma (PDAC) found FAM49B to be 

associated with mitochondrial fission and cancer progression (88). In PDAC biopsy samples 

stained for FAM49B expression, the lymph node invasion rate was much higher in patients with 
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tumours stained negative. Interestingly, in mouse studies FAM49B expression was silenced in 

PDAC by the tumour microenvironment. While in PDAC cell lines, knockdown of FAM49B 

showed enhanced proliferation, migration, and tumour growth when injected into 

immunocompromised mice. In this study, the suppression of FAM49B expression caused changes 

in mitochondrial morphology and was associated with mitochondrial fission and elevated ROS. 

Considering their findings, the study points to a possibility of FAM49B regulating metabolic and 

mitochondrial dynamics, which impacts cancer metastasis. This group hypothesized that the 

tumour microenvironment inhibited FAM49B expression, which has the consequence of inducing 

pro-tumoral ROS in PDAC mitochondria, leading to subsequent increases in proliferation and 

invasiveness of the PDAC cells. FAM49B also promoted gallbladder carcinoma cell proliferation 

and migration through its regulation by Taspase 1-PI3K/AKT pathway (89). 

 

1.6.3 Fam49b in T cell Activation and RAC1 Mediation 

More recently, a genome-wide CRISPR screen sought out regulators of T cell activation 

and identified Fam49b as a potential regulator (90). They used single-guide RNA (sgRNA) to 

target gene expression in Jurkat T cells and determined activation phenotypes through the sorting 

of CD69high vs. CD69low T cells. Of the positive and negative regulators identified, Fam49b was 

found to be a promising novel negative regulator. Following T cell stimulation in Jurkat T cells, 

Fam49b deficiency enhanced CD69 expression and was found to have more prolonged and 

elevated MAP kinase phosphorylation. These results suggest FAM49B inhibits T cell activation 

and subsequent signal transduction.  

To further investigate the possible cellular mechanism, immunoprecipitation in 

combination with mass spectrometry was used to identify binding interactors. FAM49B was found 
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to interact with RAC1, with a higher affinity to active RAC1-GTP. FAM49B is comprised of a 

single Domain of Unknown Function 1394 (DUF1394) and this domain is shared with 

Cytoplasmic FMR1 Interacting Protein 1 (CYFIP). CYFIP1 is a component of the WRC, which 

interacts with RAC1 through its DUF1394 domain to promote actin polymerization (91). Using 

the HADDOCK server, putative conserved residues (R161, R165, N154, A192, P150) involved in 

RAC1-binding were identified and mutated in the corresponding site of Fam49b. Mutation R161D 

within this interaction interface abolished binding between FAM49B and RAC1. Also, mutations 

at these key residues (A192L, R165D, R161D, N154D, P150R) abrogated the T cell activation 

phenotype. This group also found that downstream pathways of RAC1, such as PAK 

phosphorylation and actin polymerization, were enhanced in Fam49b mutants. Overall, their 

model suggests that FAM49B directly binds to and sequesters active RAC1-GTP, resulting in a 

reduction in RAC1 downstream effects such as T cell signal transduction and likely cytoskeletal 

remodelling.  

 

1.6.4 FAM49 in RAC1-Mediated Actin Dynamics 

A subsequent study looking at Fam49, investigated its interaction with RAC1 and the 

effects of cell migration and polarization in Dictyostelium cells. Similar to the previous study, they 

found FAM49 binds active-RAC1 through the DUF1394 domain given its conserved structural 

similarity with CYFIP. Interestingly, they found unique N-terminal myristoylation on FAM49 

suggesting plasma membrane localization. Knockout of Fam49b in mammalian cell lines changed 

cell morphology with increased circularity and these cells developed broader lamellipodia 

associated with elevated levels of WAVE2. Fam49b-deficient cells also display longer and less 

extensive lamellipodial actin dynamics, causing the cells to lose their polarized lumen, plasticity 
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to reorient and speed in cell migration. Together, it seems FAM49 obstructs RAC1-Scar/WAVE 

mediated lamellipodia protrusions, suggesting that FAM49 plays a role in the feedback loop in 

regulating leading-edge actin dynamics.  

 

Overall, Fam49b has been recently investigated in a variety of contexts through ERAAP 

processing for pMHCI presentation, PDAC tumorigenesis, T cell activation and actin dynamics in 

amoeba. Multiple studies have now identified Fam49b as a gene encoding an active-RAC1 

interactor, which acts as a negative regulator for RAC1-mediated actin polymerization (90, 92, 93). 

Deletion of Fam49b in T cells induces elevated T cell activation in vitro (90); however, the 

mechanism of this is not fully understood. In Dictyostelium cells, Fam49 suppresses lamellipodia 

protrusion formation and coordinated migration (92). In line with these observations, Fam49b 

deletion in PDAC was also shown to affect cell motility with Fam49b-deficient PDAC cell lines 

demonstrating enhanced migration (88). Although the PDAC study hypothesized that the increased 

tumorigenicity of FAM49B-negative PDAC was a consequence of elevated ROS, given the 

growing information of FAM49B function, it may indeed be due to the effects of uninhibited 

cytoskeleton remodelling. The discovery of the potential role of Fam49b in different cell types has 

painted an intriguing picture of the possible mechanisms and effects of Fam49b. 

 

1.7 Role of FAM49B in vivo 

A recent investigation completed by our group was done through a genome-wide recessive 

N-ethyl-N-nitrosourea (ENU) mutagenesis screen for susceptibility to infection with S. 

Typhimurium (93). Our lab identified several variant pedigrees including Immunity to 

Typhimurium locus 15 (Ity15). Mice from the Ity15 pedigree exhibited increased susceptibility to 
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S. Typhimurium with a reduction in survival following systemic infection. Ity15 mutant mice 

(Ity15m/m) exhibited a higher bacterial load in the spleen, liver, and blood and had higher levels of 

pro-inflammatory cytokines (TNF-α and IL-6) and anti-inflammatory cytokines (IL-10) when 

compared to Ity15+/+. In addition, Ity15m/m mice developed pathological changes associated with 

septicemia. Overall, this demonstrates the increased susceptibility to S. Typhimurium of Ity15m/m. 

To identify the causal gene, genome-wide linkage analysis was completed and mapped to 

a single linkage peak on chromosome 15. Next, exome sequencing found a T to A substitution 

within the splice donor site of exon 9 in Fam49b. This caused skipping of exon 9, a frameshift and 

a premature stop codon within exon 10, and abrogated expression of FAM49B in Ity15m/m. Allelic 

complementation was done through a cross of Ity15+/m and Fam49b+/-. Ity15m/Fam49b- mice 

displayed increased susceptibility; therefore, displaying a lack of complementation. Collectively, 

this demonstrates the loss of Fam49b results in Salmonella susceptibility.  

In parallel to the previously described studies, the structure of FAM49B was identified to 

include a single domain DUF1394 and was hypothesized to interact with RAC1 given its role in 

CYFIP1. In vitro assays showed the association of FAM49B with RAC1 and pull-down 

experiments using GST-RAC1 in the presence of GDP or GTP showed FAM49B preferentially 

binds to GTP-RAC1. Two predicted RAC1 binding sites within FAM49B were identified and 

concurrent mutations at both binding sites abolished RAC1 binding. This demonstrated FAM49B 

interacts with RAC1, similarly to CYFIP1 (93). This role of Fam49b has led to the recent renaming 

of the gene to CYFIP-related RAC1 interactor B (CYRIB). 

Given the interaction of RAC1 with FAM49B and its involvement in actin polymerization, 

the role of FAM49B in cytoskeleton modulation was further explored. Fam49b knockout Hela 

cells were found to be round, unpolarized, and flattened – similar to the morphology of mutant 
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cells with ubiquitously activated RAC1. Also, these knockout cells displayed extensive ruffling 

and increased cellular spread and circularity compared to control cells. Fam49b deletion was also 

associated with enhanced actin polymerization. Therefore, Fam49b was shown to be a negative 

regulator of RAC1-driven actin cytoskeleton remodelling (93).  

Cytoskeletal remodelling is important in two major processes in Salmonella dissemination: 

phagocytosis and cell migration. Given the importance of innate myeloid-derived phagocytes in 

Salmonella infection, the role of Fam49b was evaluated in the hematopoietic system. First, 

Salmonella resistance in the hematopoietic system was assessed through bone-marrow chimeras 

of Ity15+/+ and Ity15m/m mice. Following the transfer of Ity15+/+ bone marrow cells to Ity15m/m mice, 

enhanced resistance was conferred to the mutant mice. Conversely, following the transfer of 

Ity15m/m bone marrow cells to Ity15+/+, increased susceptibility to Salmonella was observed. This 

shows the significance of the role of Fam49b in the hematopoietic system upon challenge with 

Salmonella (93).  

To further study the role of Fam49b within the myeloid-derived phagocytes, a myeloid-

specific conditional knockout mouse (B6.Tg(Lysm-Cre)Fam49b-/flox ) was generated. B6.Tg(Lysm-

Cre)Fam49b-/flox mice succumbed to Salmonella infection faster than wild-type B6.Tg(Lysm-

Cre)Fam49b+/flox mice. Furthermore, B6.Tg(Lysm-Cre)Fam49b-/flox mice displayed higher bacterial 

loads in the liver and spleen. This points to an important role of Fam49b in myeloid cells for 

protection against Salmonella infection (93). 

Given this significance of Fam49b in myeloid-lineage cells in conferring resistance to 

Salmonella, macrophage phagocytosis and neutrophil migratory ability were then assessed. Bone 

marrow-derived macrophages (BMDMs) from B6.Tg(Lysm-Cre)Fam49b+/flox and B6.Tg(Lysm-

Cre)Fam49b-/flox mice were infected with opsonized bacteria. B6.Tg(Lysm-Cre)Fam49b-/flox 
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BMDMs had a higher percentage of Salmonella infected cells, demonstrating the role of Fam49b 

in controlling phagocytic potential. Next, neutrophils from B6.Tg(Lysm-Cre)Fam49b+/flox and 

B6.Tg(Lysm-Cre)Fam49b-/flox mice were evaluated for cell motility in a three-dimensional collagen 

matrix. The deletion of Fam49b in neutrophils significantly affected migratory behaviour, 

displaying higher velocities and more random migratory patterns. Both increased phagocytosis and 

altered cell migration may explain the increased bacterial dissemination seen in Fam49b 

deficiency. In concordance to this finding, a recent genome-wide CRISPR screen for phagocytosis 

identified Fam49b as a negative regulator of phagocytosis (93).  

Through this study, our lab identified Fam49b as a RAC1 and cytoskeleton regulator in 

myeloid cells, which protects against Salmonella infection. Fam49b was involved in bacterial host 

cell invasion, phagocytosis, and subsequent dissemination (Figure 1.3) (93) not only during 

Salmonella infection but also infection with Listeria monocytogenes and Mycobacterium 

tuberculosis. Because of its important function in actin remodelling, a broader role for FAM49B 

within other immune cell types with associated implications in the host immune response is 

expected.  
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Figure 1.3: Model of FAM49B effect of Salmonella infection. Through its action as a RAC1 

mediator, FAM49B was involved in bacterial host cell invasion, phagocytosis and subsequent 

dissemination. Its role affects multiple cell types at many points during the course of infection. 

(Figure reproduced and reprinted with permission from (93))   
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Supplementary Figure 10�ŇModel of CYRI anti-Salmonella effects and SopE-mediated signalling events upon Salmonella infection
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1.8 Project Hypothesis and Objectives 

The burden of salmonellosis and other infectious diseases can be addressed with further 

understanding of the interplay between the host defence response and pathogen. Host genetics can 

elucidate the interconnected players involved in mounting a sufficient response for clearance and 

recovery from infection. This can be a difficult task with each genetic factor bearing several 

complex roles, but through using strategies such as forward genetics we have identified Fam49b 

as a novel gene implicated in susceptibility to Salmonella infection. Further characterization of its 

role in immunity will elucidate its significance in the host defence response.  

Preliminary immunophenotyping found that Ity15m/m mice have depleted levels of CD8+ T 

lymphocytes with associated elevation in CD69 expression. This phenotype of T cell depletion 

and enhanced activation was not seen in the B6.Tg(Lysm-Cre)Fam49b-/flox mice, indicating a 

potential intrinsic role within T cells contributing to the phenotype. As mentioned previously, 

Fam49b deficiency was associated with a potential T cell activation phenotype in vitro (90) but 

has not yet been investigated in vivo. We hypothesized that Fam49b depletion induces a T cell 

activation phenotype through enhanced actin polymerization and may affect clinical outcomes to 

Salmonella infection. To address this, a lymphocyte-specific conditional knockout of Fam49b was 

generated. This mouse model was further characterized at steady-state as well as during 

Salmonella challenge. This project used microbiological techniques and flow cytometry to 

describe activation, cytokine production, cell death and proliferation of T cells within this model. 

The objectives of this project are to demonstrate the impact of Fam49b knockout in T cells, to 

determine its significance in the host defence response against Salmonella and elucidate further 

the function of Fam49b.  
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Mice 

All experiments were performed under guidelines specified by the Canadian Council for Animal 

Care. The animal-use protocol was approved by the McGill University Animal Care Committee 

(Protocol number 5797). C57BL/6J and B6.Cg-Tg(Lck-Cre)548Jxm/J mice were obtained from 

The Jackson Laboratory (Bar Harbor, ME, USA). C57BL/6N-Fam49btm1a(KOMP)Wtsi/Tcp 

(Fam49btm1a) mice were obtained from the NorCOMM Project. Tcrb-/- (B6.129P2-

Tcrbtm1Mom/J) and B6.SJL-CD45.1 (B6.SJL-Ptprca Pepcb/BoyJ), originally from the Jackson 

Laboratory, were bred and maintained in the laboratory of Dr. Judith Mandl (McGill University). 

The Fam49btm1a KO-first allele was converted to a conditional allele (Fam49btm1c) through Flp 

recombination and the Fam49btm1c/tm1c mice were crossed with Meox-Cre (B6.129S4-

Meox2tm1(cre)Sor/J) mice to generate the Fam49btm1d allele (Yuki et al 2019). B6.Fam49btm1c/tm1c, 

B6.Fam49btm1c/tm1d, B6.Tg(Lck-Cre)Fam49b+/tm1d, B6.Tg(Lck-Cre)Fam49tm1c/tm1c, Tcrb-/- , B6.SJL-

CD45.1, and C57BL/6J mice were maintained on a 12-hour light-dark cycle in the temperature-

controlled facility of the McGill Goodman Cancer Centre with free access to food and water. 

Crosses were made between B6.Tg(Lck-Cre)Fam49b+/tm1d and B6.Fam49btm1c/tm1d to generate 

control (B6.Tg(Lck-Cre)Fam49bflox/+) and experimental (B6.Tg(Lck-Cre)Fam49bflox/-) animals. 

Alternatively, crosses were made between B6.Fam49btm1c/tm1c and B6.Tg(Lck-Cre)Fam49btm1c/tm1c 

to generate control (B6.Fam49+/+) and experimental (B6.Tg(Lck-Cre)Fam49bflox/flox) animals. For 

in vivo and ex vivo experiments, either male or female mice aged between 7-16 weeks were 

included. Mice were age and sex-matched for each experiment.  
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Genotyping 

Deoxyribonucleic acid (DNA) extractions were performed from mouse ear punches with digestion 

in lysis buffer and proteinase K overnight. Potassium acetate 8M was added, followed by 

chloroform. Samples were cooled at -20°C, spun in a centrifuge, and the top aqueous phase was 

placed in 100% ethanol. After a few hours at -80°C, the DNA precipitate was isolated through 

centrifugation and washed with 70% ethanol. DNA pellets were then air-dried for several minutes 

and resuspended in dH2O. Genotyping was done using polymerase chain reaction (PCR) 

amplification and primers detailed in Table 1. Fam49b WT was used to identify the presence of 

the wild-type allele (857 bp band) and tm1c KO-first allele (1115 bp band). Intron 6-7 was used 

to discern which two of three Fam49b alleles (tm1c – 1821 bp band, wild-type – 1636 bp band, 

tm1d – 991 bp band) each mouse carried. Lck identified the presence of the transgene Lck-Cre 

recombinase (wild-type 324 bp band, tg Lck-Cre 250 bp band). Polymerase chain reaction products 

of Fam49b WT and Intron 6-7 were then run on agarose gels of 1.5%, while PCR products of Lck 

were run on 2.5% agarose gels.  

 

Salmonella Stock Preparation and in vivo Salmonella Infection 

Salmonella Typhimurium strain SL1344 was used in all experiments. To prepare stock, one 

Salmonella colony was added to 4mL of tryptic soy broth (TSB), then placed on an oscillating 

wheel overnight at 37°C. The following day, 1mL of glycerol was added. Aliquots of Salmonella 

were kept frozen at -80°C. The day before the infection, 1000μL of frozen Salmonella stock was 

added to 25mL of TSB, then placed on a rotating shaker (200 rotations per minute) at 37°C until 

the mixture reached an optical density (measured at 600nm, OD600) of approximately 1.0. The 

Salmonella culture was then placed on ice at 4°C for at least 2 hours. After the culture cooled, 1 
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in 10 serial dilutions were done with 10-4 and 10-5 dilutions plated on tryptic soy agar (TSA) plates. 

Plates were incubated overnight at 37°C and the culture of Salmonella was kept at 4°C overnight. 

The next day, colony-forming units (CFUs) were counted to calculate the concentration of 

Salmonella. Salmonella was diluted with 0.9% saline to achieve a concentration of 5 CFUs/μL. 

Mice were inoculated intravenously (i.v.) with 200μL of 1000 CFUs via the caudal vein. For 

survival analysis, mice were monitored twice a day for changes in mouse body score condition 

(94). Those individuals demonstrating a body condition score of less than 2 were humanely 

euthanized by exposure to CO2. Spleens and livers were collected 5 days post-infection for CFU 

determination. Tissues were removed aseptically, weighed, placed in 3 mL of isotonic saline and 

homogenized using a tissue homogenizer (T25 Ultra-Turrax, IKA). The resulting homogenate was 

diluted in 1× Phosphate-buffered-saline (PBS) and serial dilutions were plated on tryptic soy agar 

to determine organ bacterial load. Spleen enlargement was measured using spleen index which is 

calculated by the following equation: !!"#$$%	'$()*+	())	//0
1234	'$()*+	())

 

 

Hematology 

Blood samples were collected by cardiac puncture into EDTA tubes (Sarstedt) for complete blood 

counts and white blood cell differential. Analyses were performed at the Comparative Medicine 

and Animal Resources Centre at McGill University. Data from females and males was pooled. 

 

Cell Processing 

Spleen, lymph node, and thymus were harvested under sterile conditions. Single-cell suspensions 

were prepared by processing the tissues through 70µm cell strainer (Fisherbrand). Red blood cells 

were lysed by treatment with Ammonium-chloride-potassium (ACK) buffer. Samples were then 
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washed with PBS and passed a second time through a cell strainer. Cells were counted using a 

hemocytometer and resuspended at a concentration of 20x106/ml in complete RPMI and plated in 

96-well microtitre plates (Falcon, BD Bioscience).  

 

In vitro T cell Stimulation 

For in vitro activation, T cells were stimulated with anti-CD3 (145-2C11, Invitrogen) and anti-

CD28 (37.51, Invitrogen) or phorbol 12-myristate 13-acetate (PMA) and ionomycin. For the 

detection of intracellular cytokines, a cocktail of Brefeldin and Monesin (Invitrogen) was added 

4-6 hours before the collection of cells. Cells were collected, washed and fixed using 

fixability/permeability solutions (BD Cytofix/Cytoperm). For proliferation analysis, T cells were 

exposed to anti-CD3 and anti-CD28 and were pre-loaded with 2.5µM carboxyfluorescein 

succinimidyl ester (CFSE) using the CellTrace CFSE Cell proliferation kit (Invitrogen) and 

cultured for 3-5 days. Interleukin-2 (IL-2) was added to the media on day 2.  

 

Naïve T cells Enrichment and Adoptive Transfer 

Naïve T cells were enriched using the EasySepTM Mouse Pan-Naïve T cells Isolation Kit (Stem 

Cell) by negative selection. Cells are targeted for removal using biotinylated antibodies directed 

against non-naïve T cells (CD11b, CD19, CD24, CD25, CD44, CD45R/B220, CD49b, TER119) 

and removed using streptavidin-coated magnetic particles. The purity of naïve T cells 

(CD44loCD62Lhi) was determined to be >92% by FACS analysis. For in vitro experiments, cells 

were cultures for 18 hours before fixation and staining. For in vivo experiments, Tcrb-/- mice 

received 6x106 naïve T cells stained with 2.5µM of CFSE in 300µl sterile PBS by intravenous 
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injection. At day 7 post-transfer, spleen and lymph node lymphocytes were stained and analyzed 

through flow cytometry. 

 

Flow Cytometry Analysis 

Viability was evaluated using Zombi Aqua Fixable Viability Dye (Biolegend). To assess the 

thymus, cells were stained with CD44 BV711 (IM7, Biolegend), CD25 BV785 (PC61, Biolegend), 

CD4 PeCy7 (GK1.5, Invitrogen), CD8 APC (53-6.7, Biolegend). Splenocytes and lymph nodes 

were additionally stained with CD5 Alexa Fluor 700 (53-7.3, Biolegend), CD69 FITC (H1.2F3, 

Invitrogen) and CD62L BV421 (Biolegend). For intracellular staining, cells were permeabilized 

and stained with TNF-a PE (MP6-XT22, Biolgend), IL-17a BV605 (TC11-18, Biolegend), IFN-

g PerCP-Cyanine5.5 (XMG1.2, Invitrogen), IL-13 APC-eFluor 780 (eBio13A, Invitrogen), and 

IL-5 BV421 (TRFK5, Biolegend). Apoptosis was assessed using Annexin V FITC (eBioscience) 

and Fixable Viability Dye eFluor 780 (Biolegend). Samples were acquired using the FACS 

Fortessa and analyzed using FlowJo version 10.0.8r1. To assess cell death, lymphocytes were 

stained with Annexin V-FITC (Invitrogen) and BD HorizonTM Fixable Viability Dye eFluorTM 780 

(BD Biosciences) and acquired within 1-2 hours of staining. 

 

Gating Strategy 

Debris was excluded using FSC-A vs. SSC-A. Next, single cells were selected using FSC-A vs. 

FSC-H. Then, cells negative for Fixable Viability Dye were identified as viable cells. For 

thymocyte gating, viable single cells were then gated on CD4 vs. CD8. Thymocytes were gated as 

CD4+, CD8+, CD4+CD8+ (double positive, DP), or CD4-CD8- (double negative, DN). DN cells 

were then gated on CD44 vs. CD25. DN cells were gated as CD44+CD25- (DN1), CD44+CD25+ 
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(DN2), CD44-CD25+ (DN3), and CD44-CD25- (DN4). Cells from spleen and lymph nodes were 

similarly gated to remove debris then select for single viable cells. CD5+ cells were selected and 

then gated on CD4 vs. CD8 to identify CD4+ T cells (CD4+CD8-) and CD8+ (CD4-CD8+). Further 

gating schemes can be found in CHAPTER 3: 

 

Western Blot Analysis  

Thymuses were processed into single-cell suspensions. Samples were then incubated and eluted 

from a nylon wool column to isolate thymocytes (95). Cells were resuspended in the appropriate 

amount of 2x Laemmli buffer and resolved on a 10% gel, then transferred to PVDF membrane. 

The following primary antibodies were used: FAM49B Rabbit PolyAb (Proteintech, 1:1000, 5% 

BSA-TBST) and b-tubulin Rabbit PolyAb (Proteintech, 1:1000, 5% BSA-TBST). Anti-rabbit IgG 

(Cell Signalling Technology, 1:5000, 5% milk-TBST) was used as the secondary antibody. 

Western blots were visualized with high contrast western blotting film (Diamed).  

 

Statistical Analysis 

Graphs were generated on GraphPad Prism 8. Statistical analyses were performed using GraphPad 

Prism 8. The statistical tests and P-values are specified in the figure legends. P-values < 0.05 were 

considered significant. Outliers were removed using the Grubb’s-outlier test.   
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3.1 Generation of Fam49b T cell conditional knockout 

To study the role of FAM49B in lymphocytes, a T cell conditional knockout was generated. 

Mice with a Fam49b knockout-first allele (tm1a allele) on a C57BL/6J background were obtained 

from NorCOMM2. The tm1a allele has a promoter-driven cassette flanked by FRT sites inserted 

to disrupt Fam49b. The cross of a Fam49b+/tm1a mouse with a Flp recombinase mouse resulted in 

the removal of the Flp cassette, producing the tm1c allele (Figure 3.1 A). The tm1c allele is a 

functionally wild-type Fam49b allele, with exon 6 flanked by loxP sites. Mice were bred to 

homozygosity for Fam49btm1c as well as for Slc11alG169 (Figure 3.1 C, top right mouse), a wild-

type allele for Salmonella resistance. As Slc11a1 is essential in restricting the growth of 

Salmonella (96), the Slc11a1 mutant allele present on the C57BL/6 background of the conditional 

allele could obscure any phenotype associated with Fam49b alleles. Therefore, the wild-type allele, 

Slc11alG169, from the strain BcA17 was introduced through serial backcrosses to mice carrying the 

tm1c allele.  

Simultaneously, Fam49btm1c/tm1c mice were crossed with ubiquitous Meox-Cre 

recombinase mice. The tm1c allele in the presence of Cre recombinase yields the deletion of floxed 

exon 6 and produces the knockout tm1d allele (Figure 3.1 B). Mice homozygous for tm1d were 

non-viable; therefore, Fam49b+/tm1d were selected for further breeding. Mice with Cre recombinase 

under the control of Lck, a T cell-specific promoter, were crossed with Fam49b+/tm1d mice, 

generating B6.Tg(Lck-Cre)Fam49b+/tm1d mice (Figure 3.1 C, top left mouse).  

The tm1c allele in the presence of Cre under the control of Lck would produce a T cell-

specific deletion of Fam49b. Thus, a cross of B6.Tg(Lck-Cre)Fam49b+/tm1d mice with 

Fam49btm1c/tm1c mice generated the necessary control (B6.Tg(Lck-Cre)Fam49btm1c/+) and 

experimental (B6.Tg(Lck-Cre)Fam49btm1c/tm1d) mice when carrying the transgene Lck-Cre (Figure 
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3.1 C). B6.Tg(Lck-Cre)Fam49btm1c/+ mice, also known as B6.Tg(Lck-Cre)Fam49bflox/+, have one 

copy of wild-type Fam49b in T cells. B6.Tg(Lck-Cre)Fam49btm1c/tm1d mice, also known as 

B6.Tg(Lck-Cre)Fam49bflox/-, have no functional copies of Fam49b in T cells. Previous work has 

shown that mice with one copy of wild-type Fam49b were phenotypically equivalent to mice 

homozygous for wild-type Fam49b. All offspring carried one copy of Slc11alG169. 

The initial breeding scheme, although effective, was not optimal with only 50% of mice 

bred having the appropriate genotype. In a second breeding scheme, Lck-Cre mice were crossed 

with Fam49btm1c-Slc11alG169 mice to produce B6.Tg(Lck-Cre)Fam49btm1c/tm1c mice (Figure 3.1 D, 

top left mouse). These B6.Tg(Lck-Cre)Fam49btm1c/tm1c mice were then crossed with Fam49btm1c-

Slc11alG169 mice (Figure 3.1 D, top right mouse), generating the control (Fam49btm1c/tm1c) and T 

cell-conditional knockout (B6.Tg(Lck-Cre)Fam49btm1c/tm1c) mice, all homozygous for Slc11alG169. 

Control mice are homozygous for the tm1c allele and therefore are functionally wild-type 

(B6.Fam49b+/+). Experimental mice are also homozygous for the tm1c allele, but in the presence 

of Lck-Cre, exon 6 is deleted from both alleles and produces T cell-specific conditional knockout 

mice (B6.Tg(Lck-Cre)Fam49bflox/flox). In this breeding scheme, all mice are used and are 

homozygous for tm1c.  

Phenotypically, wild-type from the initial breeding scheme (B6.Tg(Lck-Cre)Fam49bflox/+) 

and wild-type from the second breeding scheme (B6.Fam49b+/+) are equivalent. The presence or 

absence of Lck-Cre did not affect the different phenotypes tested (Salmonella susceptibility, 

cellularity of lymphoid organs, FACS analyses) of the wild-type mice. Similarly, the T cell-

conditional knockout mice from both schemes, B6.Tg(Lck-Cre)Fam49bflox/- and B6.Tg(Lck-

Cre)Fam49bflox/flox, are indistinguishable. As such, experiments in further investigations used mice 

from both breeding schemes.  
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To confirm the efficacy of the Cre-lox system acting on both alleles of tm1c in the second 

breeding scheme, western blots were performed. Previous attempts to confirm the conditional 

knockout model were inconclusive as a residual expression of FAM49B was detected, most likely 

from other non-lymphocyte cells. As the thymus is largely composed of lymphocytes, the thymi 

were collected and processed. The single-cell suspensions were incubated with nylon wool to 

which more adherent cells, such as B cells, antigen-presenting cells (APCs), or epithelial cells 

attach. The eluted fraction with fewer adherent cells corresponds to a purified fraction of 

thymocytes. These purified thymocytes were then lysed and run on a western blot. In the presence 

of Cre, under the T cell-specific promoter Lck, FAM49B expression in the thymus is completely 

abrogated (Figure 3.1 E). This confirms the successful conditional knockout using the second 

breeding scheme (Figure 3.1 D).  

 

3.2 Immunophenotyping of Fam49b T cell conditional knockout 

3.2.1 Fam49b deletion in T cells results in reduced T cell number in the spleen without affecting 

T cell maturation in the thymus: In the T cell-conditional knockout model, hematology and 

immunophenotyping of the spleen and thymus were completed to look at the subsets of lymphoid 

and myeloid populations. Previous work showed that the original ENU full knockout mice, 

Fam49bIty15/Ity15, exhibited a significant decrease in the proportion of CD8+ T cells in the spleen 

(93); however there were no abnormalities in blood counts or thymus composition. When 

comparing T cell-conditional knockout (B6.Tg(Lck-Cre)Fam49bflox/- or B6.Tg(Lck-

Cre)Fam49bfl/fl) with wild-type (B6.Tg(Lck-Cre)Fam49bflox/+ or B6. Fam49b+/+), there were no 

significant differences in hematologic parameters for both macrophage, monocyte, neutrophil, or 

lymphocyte populations (Table 2). In the spleen and thymus, there were no differences in total 
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cell numbers (Figure 3.2 A, C respectively). In the spleen, CD5, a T cell marker, was used to 

identify T cells and subsequently the identification of CD4+ and CD8+ T cells. There was a 

depletion of CD5+ T cells (Figure 3.2 B, left) in the T cell-conditional knockout, which appears 

to mainly be driven by a decrease in CD8+ T cells (Figure 3.2 B, right). This is similar to 

findings in the full knockout of Fam49b, but interestingly myeloid-specific conditional knockout 

models of Fam49b (B6.Tg(Lysm-Cre)Fam49bfl/fl) did not show a decrease in T cells (93), 

pointing to an intrinsic role of Fam49b in T cells causing this T cell reduction.  

To examine the source of this decrease in T cells, the development of the lymphocyte 

compartment was assessed in the thymus and compared between control (B6.Fam49b+/+) and T 

cell-specific knockout (B6.Tg(Lck-Cre)Fam49bfl/fl). When gating CD4 vs. CD8, there were no 

differences in the double-negative (DN, CD8-CD4-), double-positive (DP, CD8+CD4+) or single-

positive (SP: CD8+ and CD4+) thymocytes (Figure 3.2 D). Further analysis of the DN thymocytes 

into DN1 to DN4 populations using CD25 vs. CD44 was completed, which did show genotypic 

differences. T cell-conditional knockout (B6.Tg(Lck-Cre)Fam49bfl/fl) exhibited a decrease in DN4 

(P-value = 0.048), which seems to be compensated for with an increase in DN1 (P-value = 0.004) 

(Figure 3.2 E). Although there are differences in the progression from DN1 to DN4 populations, 

there is no gross abnormality seen in the development of thymocytes as they move from DN to DP 

and into their determined fate as SP CD4+ or CD8+ T cells. As such, no gross developmental 

aberration was found to be responsible for the decrease in T cells in the periphery. 

 

3.2.2 T cell deletion of Fam49b reduces the pool of naïve T cells: To further immunophenotype 

lymphocytes from the spleen, naïve and effector T cell phenotypes were identified using the 

expression of CD44 vs. CD62L cell surface markers (Figure 3.3 A). CD44hi is characteristic of 
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effector T cells while CD62Lhi is a marker for naïve or antigen-inexperienced T cells. 

CD44hiCD62Lhi T cells are considered central memory (CM) T cells. T cell-conditional knockout 

(B6.Tg(Lck-Cre)Fam49bfl/fl) splenocytes display a reduction in naïve CD4+ and CD8+ T cells 

(Figure 3.3 B). The absence of Fam49b in T cells caused a shift away from a naïve phenotype 

which does not impact the percentage of effector and CM T cells. 

 

3.2.3 Impaired activation of Fam49b depleted T cells at steady state in vivo: Further evaluation 

of effector or memory T cell phenotypes were investigated through additional T cell activation 

markers: CD44, CD69, and CD25. As described previously, CD44 is a marker of effector T cells, 

while CD69 and CD25 are indicators of early T cell activation. Splenocytes were isolated from 

both genotypes and cultured for 5 hours with a combination of aCD3 and aCD28 or PMA and 

ionomycin, as well as an unstimulated condition. aCD3 and aCD28 activate T cells through 

interactions with costimulatory molecules, which is more comparable to physiological 

mechanisms. PMA/ionomycin is unspecific and causes a rapid influx of calcium leading to a 

large increase in T cell activation. T cell-conditional knockout (B6.Tg(Lck-Cre)Fam49bfl/- or 

B6.Tg(Lck-Cre)Fam49bfl/fl) CD4+ T cells following stimulation with PMA/ionomycin displayed 

significantly heightened levels of activation, with an elevation of all three markers (Figure 3.4 A-

C). In addition, increased % CD4+CD69+ with CD3/CD28 stimulation was observed (Figure 3.4 

C). T cell-conditional knockout CD8+ T cells demonstrated a more robust T cell activation 

phenotype with elevated % CD44hi and % CD25+ with and without stimulation compared to 

control (B6.Tg(Lck-Cre)Fam49bfl/+ or B6.Fam49b+/+) (Figure 3.4 D, E). Of note, the T cell 

activation phenotype was more pronounced in CD8+ T cells compared to CD4+ T cells, in line 
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with the stronger T cell depletion phenotype seen in CD8+ T cells. Overall, the depletion of 

Fam49b in T cells demonstrated higher levels of T cell activation. 

 

3.2.4 FACS analysis of T helper cytokines in Fam49b T cell-specific conditional knockout: In 

addition to activation, cytokine production was assessed to determine if there was a T cell 

polarization for either Th1 (IFN-g, TNF-a), Th2 (IL-5, IL-13), or Th17 (IL-17a) phenotype. 

There was a predominant production of Th1 cytokines after stimulation in both groups. In 

Fam49b deficiency (B6.Tg(Lck-Cre)Fam49bfl/- or B6.Tg(Lck-Cre)Fam49bfl/fl), CD8+ T cells 

produced higher levels of Th1 cytokine IFN-g, following 5-hour stimulation with CD3/CD28 as 

well as with PMA/ionomycin (Figure 3.5 A). Moreover, CD8+ T cells from conditional knockout 

mice produced marginally higher levels of Th2 cytokine IL-13 (Figure 3.5 D). Otherwise, there 

were no significant differences in intracellular levels of TNF-a (Figure 3.5 B), IL-17a (Figure 

3.5 C), or IL-5 (Figure 3.5 E). CD4+ T cells consistently did not show significantly different 

responses in cytokine production (Figure 3.5 A-E). Analogous to the patterns seen for activation, 

there was a more distinct effect in CD8+ T cell cytokine production with no detectable 

differences in CD4+ T cell cytokine production.  

 

3.3 Fam49b T cell-specific conditional knockout during challenge with Salmonella infection 

3.3.1 Fam49b deficiency in T cell confers mild Salmonella susceptibility: To observe if this T 

cell activation phenotype affects clinical outcomes to infection, the T cell-conditional knockout 

mice were challenged with Salmonella. As previously described, Fam49b was discovered in an 

ENU mutagenesis screen for susceptibility to Salmonella, as the full knockout mouse model 

(Fam49bIty15/Ity15) was significantly more susceptible than the wild-type (Fam49b+/+). The 
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myeloid-specific conditional knockout (Lysm-Cre) mice also succumbed to the infection faster 

than control mice (93), given the importance of the myeloid lineage in host defence against 

Salmonella. T cells are crucial in the clearance of Salmonella as T cell-conditional knockout 

mice succumb to infection (97). As such, the lymphoid-specific conditional knockout was also 

challenged with S. Typhimurium infection. The deletion of Fam49b in T cells resulted in a 

decrease in survival when compared to the control (Figure 3.6 A), which is a much milder 

susceptibility phenotype in comparison to full knock out and myeloid conditional knockout 

models (93). There were no differences in the spleen index at day 5 post-infection (Figure 3.6 B) 

and CFUs showed only a marginal increase in bacterial load in the liver (Figure 3.6 C). Although 

there is this mild susceptibility phenotype, the deletion of Fam49b in T cells does not seem to 

greatly affect the outcomes of acute Salmonella infection.  

 

3.3.2 Salmonella infection does not alter T cell numbers and activation in the spleen of T cell-

specific conditional Fam49b knockout: Immunophenotyping during infection was performed. 

Mice were infected with 1000 CFUs of S. Typhimurium and on day 5 post-infection, splenocytes 

were isolated, stained, and analyzed. As seen in uninfected mice, Salmonella-infected T cell-

conditional (B6.Tg(Lck-Cre)Fam49bfl/- or B6.Tg(Lck-Cre)Fam49bfl/fl) mice exhibited a lower 

CD5+ T cells count compared to infected wild-type (B6.Tg(Lck-Cre)Fam49bfl/+ or 

B6.Fam49b+/+) mice, which was due to the diminished percentage of CD8+ T cells (Figure 3.7 

A). We did not observe a difference in the activation phenotype of CD4+ and CD8+ T cells 

between wild-type and conditional knockout mice (Figure 3.7 C and 7D). During infection there 

is an increase in % CD44hi CD8+ T cells (Figure 3.7 C) only in wild-type mice. This was not 
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observed in the T cell-conditional knockout which may be explained by the fact that activation 

levels were already high at steady-state and they did not increase during Salmonella infection.  

 

3.3.3 FACS analysis of T helper cytokines in Fam49b T cell-specific conditional knockout during 

Salmonella infection: We measured T cell cytokine production by FACS to assess possible 

differences between wild-type and conditional knockout mice in T cell polarization during 

Salmonella infection. The splenocytes were left untreated or stimulated with CD3/CD28 or 

PMA/ionomycin for 5 hours. The cells were then fixed and permeabilized for intracellular 

staining. Comparable to what was seen in steady-state lymphocytes, we observed a predominant 

Th1 bias. In wild-type mice we observe an increase in the percentage of IFN-g producing CD8+ 

T cells during infection (22.30% ± 0.22 at day 5 versus 15.77% ± 0.94 at day 0) upon stimulation 

with PMA/ionomycin (Figure 3.8 A compared to Figure 3.5 A). In the T cell-conditional 

knockout, we did not observe an increase in IFN-g producing CD8+ T cells following infection as 

the percentage was already elevated at day 0 and did not induce a stronger response (27.07% ± 

1.05 at day 5 versus 27.48% ± 1.03 at day 0) (Figure 3.8 A and Figure 3.5 A). Although there 

was no increase in the percentage of IFN-g producing CD8+ T cells in conditional knockout 

mice, the levels were significantly higher than those observed in wild-type mice after 

PMA/ionomycin (Figure 3.8 A). A higher percentage of IL-13 producing CD8+ T cells (Figure 

3.8 D) during infection was observed in the T cell-conditional knockout compared to wild-type 

control after stimulation with CD3/CD28 as previously observed at day 0. No major differences 

in CD4+ T cell cytokine production were observed between the two groups (Figure 3.8 A-E). In 

the conditional knockout mice, the profile of cytokine expression during infection reflects 

observed differences in cytokine production seen at steady state. Overall, in response to a 
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challenge with Salmonella infection, B6.Tg(Lck-Cre)Fam49bfl/fl mice did not induce a stronger 

CD8+ T cell activation or cytokine response than seen at steady-state.  

 

3.4 Cell death and proliferation in T cell-specific conditional knockout of Fam49b 

3.4.1 Fam49b deficiency does not affect T cell death: The T cell depletion phenotype, seen at 

both steady-state and during Salmonella infection, was further investigated. Cell death was 

evaluated as a possible source in the reduction of T cell numbers. Phosphatidylserine (PS) is a 

phospholipid found on the inner leaflet of the cellular membrane. During apoptosis, caspase 

activity disrupts the organization of the lipid bilayer and PS can be found on the outer surface of 

cells (98). PS is a signal for phagocytes to rapidly clear the apoptotic cells. Annexin V binds to 

negatively charged phospholipids such as PS and when used in conjunction with a membrane-

impermeable vital dye, can be used to estimate the level of apoptosis (99) (Figure 3.9 A). Vital 

dye (Fixable Viability Dye) is actively expelled from live cells and therefore only labels necrotic 

or dying cells. Therefore, live cells are negative for both Annexin V and viability dye. Early 

apoptotic cells have externalized PS and stain Annexin V+ but continue to be negative for the 

viability dye. Late apoptotic cells have accumulated the membrane-impermeable vital dye and 

are double positive for Annexin V and Fixable Viability Dye. Lastly, necrotic cells lose the 

structural integrity of the lipid bilayer and Annexin V no longer binds and is then single positive 

for the viability dye. The T cell-conditional knockout (B6.Tg(Lck-Cre)Fam49bfl/fl) had mildly 

elevated early apoptotic CD4+ T cells with a mean of 16.28% ± 0.49 in comparison to the 

11.79% ± 1.11 seen in control (B6.Fam49b+/+) (Figure 3.9 B). No differences in apoptosis were 

seen for T cells overall (CD5+) as well as CD8+ T cells. Although Fam49b deletion in T cells 

was associated with a minor increase in CD4+ T cell death, it does not account for the depletion 
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seen in T cells overall (CD5+) or CD8+ T cells. This rules out the likelihood that cell death is 

responsible for the decrease in CD8+ T cells observed in conditional knockout mice.  

 

3.4.2 Fam49b deficiency in T cells exhibits elevated proliferative ability: As there were no major 

developmental issues or cell death, we then evaluated T cell proliferation as a mechanism for T 

cell reduction. Splenocytes were stained with CFSE and cultured for 5 days with aCD3 and 

aCD28. Fluorescent CSFE links to intracellular molecules and is retained in the cell. With each 

subsequent division, fluorescence decreases incrementally, and cell division can be traced. The 

proliferation index was calculated as the total number of cell divisions divided by the number of 

dividing cells. The proliferation index takes into consideration cells that have undergone at least 

one division and therefore only account for responsive cells, providing a more informative 

indicator. T cell-conditional knockout (B6.Tg(Lck-Cre)Fam49bfl/fl) lymphocytes demonstrated a 

greater proliferative activity, with an elevated proliferation index compared to control 

(B6.Fam49b+/+) for both CD4+ T cells (Figure 3.10 A) and CD8+ T cells (Figure 3.10 B). 

Reduced number of T cells found in the spleen does not seem to be due to impaired cell 

proliferation. However, there is a possibility that the increased proliferation rate is a homeostatic 

response to T cell depletion.  

 

3.5 The role of naïve T cells in Fam49b T cell-specific conditional knockout 

3.5.1 Fam49b-deficient naïve T cells display an elevated activation phenotype: Homeostatic 

proliferation results in the conversion of T cells from naïve to a memory phenotype (100). If the 

elevated proliferation rate in T cells observed is due to a homeostatic response, it may also be 

responsible for the elevated T cell activation and cytokine production seen. Given the need to 



 56 

parse the differences between an intrinsic elevated activation and a secondary effect of 

homeostatic proliferation, naïve T cell activity was evaluated. Spleen and lymph nodes (inguinal, 

axillary, brachial, cervical) were collected and cells were isolated. The cells were purified for the 

naïve T cell fraction (>92% purity, CD44loCD62Lhi) and incubated with CD3/CD28 or 

PMA/ionomycin for 18 hours to induce T cell activation in vitro. This effort was done to 

determine if there is an increased conversion of naïve T cells into effector T cells in the T cell-

conditional knockout, B6.Tg(Lck-Cre)Fam49bfl/fl. By focusing on naïve T cells, it eliminates T 

cells which may have been activated due to homeostatic expansion, providing a clearer picture.  

 After 18 hours, T cell proportions were found to have lower CD8+ T cells in B6.Tg(Lck-

Cre)Fam49bfl/fl when compared to B6.Fam49b+/+ (Figure 3.11 A). This follows similar patterns 

seen in prior experiments with whole splenocytes (Figure 3.2 B) as well as under challenge with 

Salmonella (Figure 3.7 A). Following stimulation, naïve T cells (CD44loCD62Lhi) shifted to 

effector T cell phenotypes (CD44hiCD62Llo). The activation of naïve T cells seen in Fam49b 

deficiency was to a much greater extent than wild-type control, with effector T cells making up to 

17.38% ± 4.49 of CD4+ and 8.83% ± 2.15 of CD8+ T cells in the conditional knockout in 

comparison to 2.55% ± 0.99 of CD4+ and 1.65% ± 0.76 of CD8+ T cells in wild-type (Figure 3.11 

B). When looking at CD44 specifically, there was a significantly higher percentage of CD44hi in 

both CD4+ (Figure 3.11 C, D) and CD8+ (Figure 3.11 F, G) T cells in T cell-conditional knockout 

cells. CD69, an early activation marker, is transiently expressed upon activation and showed lower 

levels of expression in T cell-conditional knockout compared to wild-type controls (Figure 3.11 

H). Altogether, these results may suggest that there is an intrinsic activation phenotype as higher 

levels of activation were observed in conditional knockout in all conditions including unstimulated.  
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3.5.2 Co-transfer of Fam49b knockout and wild type T cells transferred to lymphopenic hosts: 

To examine whether Fam49b mutation perturbs normal differentiation of naïve T cells, we co-

transferred purified naïve T cells from wild type and B6.Tg(Lck-Cre)Fam49bfl/fl mice into a 

lymphopenic host (Tcrb-/-). In the T cell-conditional knockout (B6.Tg(Lck-Cre)Fam49bfl/fl), the 

reduction of T cells in the periphery blurs any conclusion made as the activation phenotype may 

be secondary to homeostatic proliferation. In a host lacking T cells, transferred T cells undergo 

lymphopenia induced proliferation (LIP). By transferring wild-type and conditional knockout 

lymphocytes into the same lymphopenic host (Tcrb-/-), both groups will be under identical 

environmental pressures and undergo lymphopenia induced proliferation. Naïve T cells were 

enriched from both wild-type control (C57BL/6), which were CD45.1+, and B6.Tg(Lck-

Cre)Fam49bfl/fl, which were CD45.2+. The cells were stained with CFSE and then mixed at a 1:1 

ratio. 6x106 cells were injected in Tcrb-/- mice and spleen and lymph nodes were collected after 7 

days (Figure 3.12 A).  

 Before injection, cells were analyzed to confirm if the proportions of CD45.1+ : CD45.2+ 

was 1:1, which was found to be 52:45 (Figure 3.12 B) with a naïve T cell purity (CD44loCD62Lhi) 

of 96%. After 7 days, spleen (Figure 3.12 C) and lymph node (Figure 3.12 E) were analyzed for 

populations of CD45.1+ from wild-type and CD45.2+ from T cell-conditional knockout. Wild-type 

CD45.1+ T cells were found to have reached and populated the secondary lymphoid organs. On 

the other hand, the T cell-conditional knockout CD45.2+ were only found at very small proportions 

in both spleen (Figure 3.12 C) and lymph node (Figure 3.12 E). 23.08% ± 0.69 of the wild-type 

CD45.1+ T cells in the spleen and 48.00% ± 2.35 of CD45.1+ T cells in the lymph node retained 

their naïve phenotype; however, the CD45.2+ T cells were almost all converted to effector or 
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memory-type T cells with only 0.48% ± 0.13 of T cells in the spleen and 2.74% ± 0.52 of T cells 

in the lymph node retaining a naïve phenotype (Figure 3.12 E and F respectively). 
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Figure 3.1: Generation of T cell conditional knockout of Fam49b. (A) The tm1c allele is a 

functionally wild-type allele with loxP sites that would be recombined in the presence of Cre 

recombinase. (B) The tm1d allele is the knockout allele. (C) The cross between heterozygous mice 

(Fam49b+/tm1d) carrying the transgene Cre under the control of T cell promoter (Lck-Cre) and mice 
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homozygous for tm1c produces control and experimental mice when carrying the transgene. (D) 

The cross of two homozygous tm1c mice, with one carrying the transgene Lck-Cre. (E) Western 

blotting of FAM49B and β-TUBULIN in thymocytes in control and experimental mice from (D), 

confirming successful conditional knockout. 
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Figure 3.2: FAM49B deletion in T cells results in reduced T cell numbers in the spleen 

without affecting T cell maturation in the thymus. Flow cytometry analysis of wild-type 

(B6.Tg(Lck-Cre)Fam49bflox/+ or B6.Fam49b+/+) and conditional knockout (B6.Tg(Lck-

Cre)Fam49bflox/- or B6.Tg(Lck-Cre)Fam49bflox/flox) naïve mouse spleens (A-B) and thymus (C-E) 

is shown. (A) Total splenocyte numbers for wild type and conditional knockout mice. (B) 

Percentage of CD5+, CD4+ and CD8+ lymphocytes. (C) Total thymocyte numbers for wild-type 

and conditional knockout mice. (D and E) Percentage of thymocytes by developmental stages. 

Thymocytes develop through double-negative stages (stages 1 to 4) to double-positive stages 

before maturating to either CD4+ or CD8+ single positive. The results shown indicate the 

mean±SEM for data pooled from two independent experiments (n=8 for spleen and n=7 for thymus 

per genotype). Multiple t-tests using the Holm-Sidak method were used to assess significance.  

* P<0.05; ** P<0.01. 
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Figure 3.3: T cell deletion of Fam49b reduces the pool of naïve T cells. (A) CD44 and CD62L 

were used to gate lymphocytes from the spleen of B6.Fam49b+/+ and B6.Tg(Lck-

Cre)Fam49bflox/flox mice. T cells lose CD62L following activation while CD44 is a marker for 

effector T cells. Cells double positive for CD44 and CD62L are CM T cells, naive T cells are 

CD44loCD62Lhi and effector T cells are CD44hiCD62Llo. (B) Percentage of naïve, effector and 

memory CD4+ and CD8+ T cells recovered from the spleen. The results shown indicate the 

mean±SEM for data from one experiment (n=5 per genotype). Data representative of two 

independent experiments. Multiple t-tests using the Holm-Sidak method were used to assess 

significance. * P<0.05; ** P<0.01. 
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Figure 3.4: Impaired activation of FAM49B depleted T cells at steady state in vivo. 
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Figure 3.4: Impaired activation of FAM49B depleted T cells at steady state in vivo. 

Splenocytes were isolated from wild-type ( B6.Tg(Lck-Cre)Fam49bflox/+ or B6.Fam49b+/+) and 

conditional knockout (B6.Tg(Lck-Cre)Fam49bflox/- or B6.Tg(Lck-Cre)Fam49bflox/flox ) mice and 

cultured with CD3/CD28 or PMA/Ionomycin for 5 hours. (A) Representative histograms for CD44 

expression gated on CD4+ T cells in unstimulated samples (left panels). Percentage of (A) CD44 

(right panel), (B) CD25, and (C) CD69 of resting (unstim), CD3/CD28, or PMA/Ionomycin 

stimulated CD4+ T cells. Representative histograms for CD44 expression gated on CD8+ T cells 

in unstimulated samples (D, left panels). Percentage of CD44 (D, right panel), CD25 (E), and 

CD69 (F) of resting (unstim), CD3/CD28, or PMA/Ionomycin stimulated CD8+ T cells. The results 

shown in the right panels indicate the mean±SEM for data pooled from two independent 
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experiments (n=8 per genotype). Data representative of four independent experiments. Multiple t-

tests using the Holm-Sidak method were used to assess significance. * P<0.05; ** P<0.01. 
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Figure 3.5: FACS analysis of T helper cytokines in Fam49b T cell-specific conditional 

knockout. Splenocytes were isolated from wild-type (B6.Tg(Lck-Cre)Fam49bflox/+ or 

B6.Fam49b+/+) and conditional knockout (B6.Tg(Lck-Cre)Fam49bflox/- or B6.Tg(Lck-

Cre)Fam49bflox/flox) mice and treated with CD3/CD28 or PMA/Ionomycin for 5 hours. Percentages 

of gated, specific cytokine-producing T helper cells per spleen were determined by intracellular 

cytokine staining for Th1 (IFN-γ and TNF-α), Th2 (IL-5 and IL-13), and Th17 (IL-17α) cytokines. 
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Representative histograms for CD8+ IFN-γ expression following activation of T cells with 

PMA/ionomycin (A, left panels). Percentage of CD4+ and CD8+ IFN-γ (A, right panel); TNF-α 

(B); IL-17α (C); IL-13 (D); and IL-5 (E). The results shown indicate the mean±SEM for data from 

one experiment (n=3 per genotype). Data representative of four independent experiments. Multiple 

t-tests using the Holm-Sidak method were used to assess significance. * P<0.05; ** P<0.01. 
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Figure 3.6: Fam49b deficiency in T cell confers mild Salmonella susceptibility. (A) Survival 

curves of wild-type (B6.Tg(Lck-Cre)Fam49bflox/+ or B6.Fam49b+/+) and conditional knockout 

(B6.Tg(Lck-Cre)Fam49bflox/- or B6.Tg(Lck-Cre)Fam49bflox/flox) mice infected with S. 

Typhimurium. Data was pooled from three independent experiments. Logrank (Mantel-Cox test) 

was used to assess significance. *P<0.05. (B) Spleen index prior to and after infection in wild-type 

and conditional knockout mice. The results shown indicate the mean±SEM for data pooled from 

two independent experiments (n=9 per genotype). (C) Bacterial load in spleen and liver collected 

day 5 post-S. Typhimurium infection. The results shown indicate the mean±SEM for data pooled 

from four independent experiments. For (B) and (C) multiple t-tests using the Holm-Sidak method 

were used to assess significance. * P<0.05. 
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Figure 3.7: Salmonella infection does not alter T cell numbers and activation in the spleen of 

T cell-specific conditional Fam49b knockout. Wild-type (B6.Tg(Lck-Cre)Fam49bflox/+ or 

B6.Fam49b+/+) and conditional knockout (B6.Tg(Lck-Cre)Fam49bflox/- or B6.Tg(Lck-

Cre)Fam49bflox/flox) mice were infected with S. Typhimurium and the spleens were collected on 

day 5 post-infection. Splenocytes were treated with CD3/CD28 or PMA/Ionomycin for 5 hours. 

(A) Percentage of CD5+, CD4+, and CD8+ T lymphocytes during infection. Representative 
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histograms for CD44 expression of unstimulated CD4+ (B, left) or CD8+ (C, left). Percentage of 

CD44 of unstimulated (unstim), CD3/CD28 or PMA/Ionomycin stimulated CD4+ (B, right) or 

CD8+ (C, right) T cells during infection. The results shown indicate the mean±SEM for data pooled 

from two of four independent experiments (n=8 per genotype). Multiple t-tests using the Holm-

Sidak method were used to assess significance. * P<0.05; ** P<0.01. 
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Figure 3.8: FACS analysis of T helper cytokines in Fam49b T cell-specific conditional 

knockout during Salmonella infection. Wild-type (B6.Tg(Lck-Cre)Fam49bflox/+ or 

B6.Fam49b+/+) and conditional knockout (B6.Tg(Lck-Cre)Fam49bflox/- or B6.Tg(Lck-

Cre)Fam49bflox/flox) mice were infected with S. Typhimurium and spleens were collected on day 5 

post-infection. Splenocytes were treated with CD3/CD28 or PMA/Ionomycin for 5 hours. 

Percentages of gated, specific cytokine-producing T helper cells per spleen were determined by 

intracellular cytokine staining for Th1 (IFN-γ and TNF-α), Th2 (IL-5 and IL-13) and Th17 (IL-

17α) cytokines. Representative histograms for CD8+ IFN-γ expression following activation of T 
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cells with PMA/ionomycin (A, left panels). Percentage of CD4+ and CD8+ (A, right) IFN-γ; (B) 

TNF-α; (C) IL-17α ; (D) IL-13 and (E) IL-5 The results shown indicate the mean±SEM for data 

from one of three independent experiments (n=4 per genotype). Multiple t-tests using the Holm-

Sidak method were used to assess significance. * P<0.05; ** P<0.01. 
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Figure 3.9: Fam49b deficiency does not affect T cell death. To assess cell death, splenocytes 

from B6.Fam49b+/+ and B6.Tg(Lck-Cre)Fam49bflox/flox were stained with Fixable Viability Dye as 

well as Annexin V. (A) The gating strategy to assess apoptosis uses Annexin V, which stains PS, 

a marker of cell death. When gated against an impermeable viability dye, apoptosis can be 

evaluated. (B) Although not a grossly large difference, there is an increase in early apoptotic and 

a decrease in live cells in the B6.Tg(Lck-Cre)Fam49bflox/flox CD4+ T cells. However, this is not seen 

in CD5+ and CD8+ T cells. The results shown indicate the mean±SEM for data from one 

experiment (n=4 per genotype). Data is representative of two independent experiments. Multiple 

t-tests using the Holm-Sidak method were used to assess significance.  

* P<0.05; ** P<0.01. 
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Figure 3.10: Fam49b deficiency in T cells exhibits elevated proliferative ability. Splenocytes 

were isolated from B6.Fam49b+/+ and B6.Tg(Lck-Cre)Fam49bflox/flox and treated 

with .Carboxyfluorescein succinimidyl ester. To assess proliferation, CFSE stained splenocytes 

were cultured for 5 days with CD3/CD28 stimulus. On day 2, IL-2 was added to the cell culture 

media. Flow cytometry was used to analyze CFSE-labeled cells. Both CD4+ (A) and CD8+ (B) T 

cells lacking Fam49b proliferate at higher rates than wild-type T cells. Histograms of CFSE 

staining in CD4+ and CD8+ cells are shown on the left from representative samples. The results 

shown in the right panels indicate the mean±SEM for data pooled from two independent 

experiments (n=8 per genotype). Multiple t-tests using the Holm-Sidak method were used to assess 

significance. * P<0.05; ** P<0.01 
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Figure 3.11: Fam49b-deficient naïve T cells display an elevated activation phenotype. Cells 

were isolated from the spleen and lymph nodes of B6.Fam49+/+ and B6.Tg(Lck-Cre)Fam49bflox/flox 

mice and enriched for naive T cells (>92% purity). Naïve T cells were activated with CD3/CD28 

and incubated for 18 hours. The activation of naïve T cells in vitro was assessed. (A) Percentage 

of CD5+, CD4+, and CD8+ T lymphocytes. (B) Percentage of naïve, effector, and CM T cells within 

the CD4+ and CD8+ populations. Representative histogram of CD44 expression gated on CD4+ (C) 
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or CD8+ (F) naïve T cells. Percentage of CD44hi (D and G) and CD69 (E and H) expression on 

CD4+ (D and E) and CD8+ (G and H) naïve T cells. The results shown indicate the mean±SEM for 

data from one experiment (n=4 per genotype). Data is representative of two independent 

experiments. Multiple t-tests using the Holm-Sidak method were used to assess significance. * 

P<0.05; ** P<0.01; ***P<0.001. 

  



 77 

 

Figure 3.12: Co-transfer of Fam49b knockout and wild type T cells transferred to 

lymphopenic hosts. The spleen and lymph nodes were isolated from C57BL/6 (CD45.1) and 

B6.Tg(Lck-Cre)Fam49bfl/fl (CD45.2) mice and enriched for naive T cells (purity >95%). (A) Naive 

T cells were stained with CFSE and mixed at a 1:1 ratio. 6x106 cells were injected into Tcrb-/- mice. 

After 7 days, the spleen and lymph nodes were collected and analyzed by fluorescence-activated 

cell sorter (FACS). (B) Prior adoptive transfer, 1:1 mixed of CD45.1+ and CD45.2+ cells were 

analyzed through FACS to determine the ratio. (C, D) Representative gating for CD45.1 vs. 
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CD45.2 expression on spleen (C, left) and lymph nodes (D, left). Gating on CD45.1 vs. CD45.2 

determined the number of T cells in the spleen (C, right) and lymph nodes (D, right). Percentage 

naïve, effector, and CM cells of conditional knockout and wild-type were determined through 

gating CD44 vs. CD62L in the spleen (D) and lymph node (F). The results shown indicate the 

mean±SEM for data from one experiment (n=4 per genotype).  
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Table 1: Genotyping Information 
Marker Sequences 
Fam49b WT Fam49b_wt_F: TAAGGCAATCCAGCATCCAGCCGATGAG 

Fam49b_wt_R: TTCCTTGTCTGGTAGCTCTGGCATCC 
Intron 6-7 Fam49b_wt_F: TAAGGCAATCCAGCATCCAGCCGATGAG 

Fam49b Intron6-7-Rev: GACTTGCCCCATATTGCAATATGGAAG 
Lck 15729: TGT GAA CTT GGT GCT TGA GG 

oIMR7338: CTA GGC CAC AGA ATT GAA AGA TCT 
oIMR7339: GTA GGT GGA AAT TCT AGC ATC ATC C 
oIMR8990: CAG GTT CTT GCG AAC CTC AT 
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Table 2: Hematology of B6.Fam49b+/+ and B6.Tg.(Lck-Cre)Fam49bflox/flox mice. 
Parameter B6.Fam49b+/+ B6.Tg.(Lck-

Cre)Fam49bflox/flox 
P-value 

WBCs x 109/L 6.525 ± 0.5188 6.338 ± 0.9034 0.8604 
RBCs x 1012/L 10.16 ± 0.2299 10.54 ± 0.1394 0.1767 
Hemoglobin g/L 150.6 ± 2.405 156.0 ± 1.722 0.0929 
Hematocrit L/L 0.4865 ± 0.009430 0.4990 ± 0.005379 0.2688 
MCV fL 48.00 ± 0.2673 47.25 ± 0.2500 0.0596 
MCH pg 14.85 ± 0.2163 14.79 ± 0.2167 0.8412 
MCHC g/L 309.8 ± 3.544 312.6 ± 3.134 0.5531 
Platelets x 109/L 1012 ± 54.84 977.0 ± 47.07 0.6381 
Neutrophils % 14.38 ± 3.540 11.00 ± 1.035 0.3757 
Lymphocytes % 76.88 ± 4.442 83.25 ± 0.7500 0.1789 
Monocytes % 7.625 ± 1.322 4.500 ± 0.6268 0.0508 
Neutrophils x 109/L 0.9938 ± 0.2760 0.7113 ± 0.1523 0.3853 
Lymphocytes x 109/L 4.946 ± 0.3927 5.271 ± 0.7455 0.7055 
Monocytes x 109/L 0.4975 ± 0.1121 0.2800 ± 0.04833 0.0965 

 
Complete blood cell counts B6.Fam49b+/+ and B6.Tg.(Lck-Cre)Fam49bfl/fl. Data was pooled 

from two independent experiments. Data are presented as mean±SEM, and n represents the 

number of mice. Results are considered significant when comparing B6.Fam49b+/+ and 

B6.Tg.(Lck-Cre)Fam49bfl/fl (two-tailed Student’s t-test). 
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CHAPTER 4: DISCUSSION 
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4.1 Role of Fam49b in T cells 

In previous studies, Fam49b has been identified as a RAC1-mediator of actin 

polymerization, which is involved in multiple cellular processes. In particular, our group’s recent 

work has shown Fam49b to be involved in phagocytosis and neutrophil migration. It seems this 

cytoskeletal effect on immune cells induces a susceptibility phenotype in the myeloid-specific 

conditional knockout of Fam49b (93). Cytoskeleton-dependent processes such as antigen 

presentation, polarization, and signalling are important in a variety of immune cell types and may 

affect their function. 

In this project, the experiments up to date have illustrated the role of Fam49b in T cells at 

steady-state and during Salmonella infection. Loss of Fam49b in T cells seems to affect T cell 

numbers, specifically with a depletion in CD8+ T cells in secondary lymphoid organs. Given the 

role of Fam49b in cell migration, the possibility that cell mobility within the thymus was affecting 

lymphocyte maturation was considered. Double negative development or β-selection entails T cell 

receptor (TCR) rearrangement; cells that have not successfully produced a functional pre-TCR 

will undergo cell death at the DN3 stage. If the cells have gone through β-selection, they become 

double positive CD4+CD8+ thymocytes with a fully assembled T cell receptor. The cells then 

undergo positive and negative selection to transition into single positive thymocytes. During the 

maturation of thymocytes in the context of Fam49b deficiency, there were differences seen in the 

DN1 and DN4 development stages. Although these mild changes during DN development were 

seen, it did not grossly affect development into single positive thymocytes. 

We then looked at cell death as a possible mechanism for lymphocyte depletion and 

observed a mild apoptotic phenotype in CD4+ T cells, but no differences in CD8+ T cell death. 

This indicates that cell death in secondary lymphoid organs is likely not the process causing low 
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CD8+ T cell numbers. Consistent with this finding, PDAC cells with Fam49b silencing were not 

associated with apoptosis, with no changes in cytochrome c release or caspase 9 or 3 activation 

(88). More investigation into the source of the lymphocyte depletion must continue to determine 

the source of this abnormality.  

 
4.2 T cell activation and actin polymerization 

During T cell activation, several mechanisms require cytoskeleton rearrangement to 

efficiently recognize and respond to antigen. Processes such as synapse formation, cellular 

adhesion, cell polarization, receptor sequestration, and downstream signalling are dependent on 

proper actin modulation (101).  

T cell activation and cytokine production were evaluated through FACS analysis to further 

study the role of Fam49b. In both CD4+ and CD8+ T cells, an elevated T cell activation phenotype 

was seen, most strongly in CD8+ T cells. Associated with increased activation was elevated 

cytokine production of both IFN-γ and IL-13. This is in line with previously published work, in 

which a genome-wide CRISPR knockout screen identified Fam49b as a T cell activation regulator 

(90). 

Besides RAC1, previous studies in our labs identified other possible interactors of 

FAM49B through a BioID assay (Yuki KE, Sladek R and Malo D, unpublished). One of these 

candidates, AHNAK, is a scaffold protein with multiple functions, including cytoskeletal 

regulation (102). AHNAK has also been identified as a regulator of T cell calcium signalling and 

TCR activation (103). FAM49B may interact with these essential T cell activation modulators, 

which then affects the activation states of T cells.  

Interestingly, this activation phenotype was also seen in the unstimulated groups for CD8+ 

T cells. This shows that without in vitro T cell activation, the CD8+ T cells were activated at steady-
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state. In the Fam49b conditional knockout, T cells may be hyperactivated at baseline due to their 

direct involvement in T cell activation. Another possibility is the T cell depletion may have induced 

a homeostatic response for proliferation, which is associated with a memory T cell state. Both 

possibilities must be investigated further.  

 
4.3 Lymphopenia induced proliferation (LIP)  

Typically, the anti-apoptotic signal of IL-7 in conjunction with TCR interaction with self-

peptide MHC will support the survival of naïve T cells. During lymphopenia, high concentrations 

of IL-7 and other γ-chain cytokines such as IL-2 and IL-15 cause naïve T cells to undergo 

homeostatic proliferation with subsequent conversion into a memory T cell phenotype (100,104). 

Many of these memory-like T cells are reactive to self-peptide and subsequently LIP has been 

associated with auto-immunity (105).  

The T cell-specific conditional knockout of Fam49b showed enhanced T cell proliferation 

of both CD4+ and CD8+ T cells. Lymphopenia induced proliferation involves several mechanisms 

in response to acute T cell depletion (104). Given homeostatic proliferation results in the 

conversion of T cells from naïve to a memory phenotype (100), it may be responsible for elevated 

proliferation with associated activated T cell states. Hematology (Table 2) does not suggest that 

B6.Tg(Lck-Cre)Fam49bfl/fl are lymphopenic, with no significant differences in lymphocyte 

populations in the blood. Nevertheless, the reduced T cells in the peripheral lymphoid organs may 

still generate a homeostatic proliferative response. Of note, CD8+ lymphocytes have been found 

to be more sensitive to homeostatic proliferation than CD4+ T cells (106), and in this model the 

phenotype has been much more heavily seen in the CD8+ compartment. But the dilemma remains, 

whether there is true T cell activation versus homeostatic proliferation induced memory-phenotype 

T cells.  



 85 

 An initial experiment was done to determine the activation capability of naïve T cells in 

vitro. Following enrichment for naïve T cells and stimulation or rest for 18 hours, there was an 

enhanced expression of T cell activation markers in the conditional knockout. However, these 

results are not conclusive as to whether there is an activation phenotype, as the unstimulated 

control also displayed this difference in T cell activation. It seems that in the T cell-conditional 

knockout, the naïve cells do not need any stimulus as they are already intrinsically activated at 

steady-state. In addition, when assessing purity there was a significant difference in naïve T cells 

between genotypes after enrichment with the T cell-conditional knockout at a mean of 93% 

compared to the wild-type purity of 97% (P-value of 0.0139). The lower purity in the T cell-

conditional knockout may account for some of the elevated activation seen.  

Further studies need to be done to delineate the two possibilities, which would require 

controlling the environment and removing the confounding factors. To parse this difference, an 

adoptive co-transfer was completed to determine if there is an intrinsic proliferative ability in cells 

lacking Fam49b. Wild-type and conditional knockout cells were transferred 1:1 into lymphopenic 

Tcrb-/- mice. Unfortunately, only recipient wild-type cells were recovered which is suggestive of 

possible rejection of the knockout Fam49b T cells. However, all mice used were on a C57BL/6 

background and rejection is less likely. Another possibility may be related to the mobility of the 

conditional knockout T cells. This may affect their survival due to their inability to home to the 

appropriate niche within the spleen and lymph nodes. This experiment will need to be repeated 

with adjustments to the experimental design. 

 
4.4 Salmonella Infection model of Fam49b T cell-conditional knockout 

During infection with S. Typhimurium of the Fam49b T cell-conditional knockout model, 

there was a minimal difference in survival and bacterial load seen. Also, immunophenotyping 
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during infection found little changes in T cell activation and cytokine production. It appears the 

wild-type mice were pushed to a higher activation level following infection, while the conditional 

knockout has enhanced activation prior to infection and was not able to be elevated any further. 

Previously the full knockout, Fam49bIty15/Ity15, was also challenged with Plasmodium 

berghei (cerebral malaria) and coxsackie virus B3 and did not show differential survival 

(unpublished data). Although no clinical phenotype was seen with these infections as well as with 

Salmonella in the T cell-conditional knockout, there is a possibility that a more T-cell dependent 

infection may show a phenotype. Many of the previously tested infections are acute, with mice 

succumbing within 7 days. Given the adaptive response typically takes 5-7 days to mount, a more 

chronic infection may elucidate the role of Fam49b in the T cell response.  

 
4.5 Implications 

Overall, the work displayed in my thesis investigates Fam49b as a potential T cell 

activation modulator. The role of Fam49b as a cytoskeletal regulator affects a variety of cell types 

within the context of both cancer tumorigenesis and the immune cells. In PDAC, they pointed to 

FAM49B expression as a possible therapeutic target as the downregulation of FAM49B expression 

led to greater metastatic potential (88). In T cells, investigators hypothesized the possibility of 

Fam49b as an immunotherapy target as deficiency led to greater T cell activation (90). Given this 

conflicting hypothetical application of Fam49b, more work needs to be done to investigate the role 

of Fam49b broadly. In particular, it is important to now conclusively determine if Fam49b is a 

regulator of T cell activation.  
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CHAPTER 5: CONCLUSIONS & FUTURE DIRECTIONS 
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5.1 Conclusions 

Despite advancements in access to clean water and hygiene in the developing world, food-

borne pathogens remain a large health burden. The study of host defence responses to infectious 

diseases is important to better understand the disease state and also provides other potential 

promising applications.  

Fam49b was identified through an ENU mutagenesis screen as a novel gene causing 

susceptibility to Salmonella. Further study of the gene in cell-specific conditional knockout models 

can delineate the role of the gene within different cell types. In the T cell-specific conditional 

knockout, Fam49b was found to induce only a mild Salmonella susceptibility phenotype. 

Immunophenotyping through FACS analysis elucidated the potential role of Fam49b as a regulator 

of T cell activation. Further study into its role is needed to conclusively identify Fam49b as a 

modulator of lymphocyte activation and the possible implication during immune challenge. 

 
5.2 Future Directions 

The most pertinent experiment to complete (which was not possible due to the COVID-19 

pandemic) at this time is to repeat the adoptive co-transfer experiments at a 1:1 ratio for wild-type 

and conditional knockout naïve T cells into a lymphopenic host. The initial attempt to do this was 

inconclusive due to the low levels of Fam49b-depleted T cells recovered after one week T cells 

transfer. The first step is now to reattempt this experiment and harvest the spleens 1 day post 

injection. This would provide insight as to if the conditional knockout naïve T cells reach the 

secondary lymphoid organs at all or if they are being rejected after they have reached their niche. 

An alternative approach could be to co-transfer these cells into an irradiated mouse with a similar 

background as the T cell-conditional knockout mice. If the cells do successfully graft, we can 
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determine if there is an intrinsic enhancement of T cell activation and proliferation in the absence 

of Fam49b. 

To understand the cause of the T cell depletion, many other assays can be completed. IL-

7, IL-2, and IL-15 serum levels can be assessed to determine if there are differences in anti-

apoptotic cues. An addition to current flow cytometry panels could be to add IL-7R to see if there 

is a possible difference in response to survival cues. Similarly, culturing the T cells with IL-7 or 

IL-15 stimulus can indicate if the cells respond differently to the γ-chain cytokines.  

Besides survival, the ability of cells to home properly to secondary lymphoid organs can 

be investigated for a potential cause in lymphocyte reduction. Using sphingosine 1 phosphate 

receptor (S1PR) antagonists, such as FTY720, will block the egress of lymphocytes and cause an 

accumulation within lymphoid tissues. Differences in this accumulation can point to a defect in T 

cell homing. In addition, exploring the potential mobility defects of Fam49b deletion in T cells 

can be done through in vitro assays similar to those done for neutrophils in previous studies (93). 

Preliminary experiments done by Jérémy Postat (laboratory of Dr. Judith Mandl) showed that there 

were changes in the mobility of T cells in vitro associated with Fam49b deletion, and further 

studies may help to elucidate the role of Fam49b cytoskeletal modulation on lymphocyte migration 

and subsequent effects on the immune responses.  

Although infection with S. Typhimurium showed a substantial susceptibility phenotype in 

the full and myeloid-specific knockout mice, this was not seen in the T cell-conditional knockout. 

Mice succumb to acute S. Typhimurium infection within approximately 7 days; however, a more 

chronic T cell-dependent infection will allow for enough time for the adaptive response to mount 

and possibly see a stronger clinical phenotype. In an attempt to induce an adaptive immune 

response, the T cell-specific conditional knockout mice were challenged with attenuated 
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Salmonella strains. These strains were missing important virulence genes and induce a slower 

infectious process; however, no altered response was seen with the less virulent bacteria. To further 

investigate the implications of Fam49b in T cells, challenge with a pathogen with a T cell-

dependent immune response may observe a greater altered response. For example, a well-

described model of chronic lymphocytic choriomeningitis virus (LCMV) infection has been used 

to investigate T cell function, in particular CTL activity (107). As the Fam49B T cell-conditional 

knockout model has shown a predominantly CD8+ T cell phenotype, infection with a chronic strain 

of LCMV may illustrate the impacts of the gene in T cells.  

Overall, these studies will provide a greater depth of understanding in the host defence 

response and have possible wider implications as Fam49b likely plays a significant role in many 

cell types.  
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