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Resumo 

CD5L é uma proteína que pertence à família de recetores “scavenger” ricos em cisteína. 

Esta proteína atua como um inibidor da apoptose, sensor microbiano e é um importante 

mediador de doenças inflamatórias.  

Para perceber os mecanismos moleculares de ação da proteína CD5L, investigamos 

novos potenciais recetores para esta proteína em células humanas. Através dos dados 

previamente obtidos por um transcriptoma de linhas celulares e baseando-se no perfil 

de ligação de tetrâmeros de CD5L a cada linha celular, identificámos uma lista de 

potenciais recetores para validar. A linha celular HT29 foi usada como alvo para 

executar a técnica CRISPR/Cas9 de forma a obter células nas quais a expressão de 

cada potencial recetor fosse anulada ou pelo menos diminuída. Não conseguimos 

identificar clones individuais com os genes de interesse deletados por PCR, por isso, 

decidimos avançar para análise por citometria de fluxo para a expressão de cada recetor 

após CRISPR. Para os recetores PTGFRN e MCAM, descobrimos que apesar da 

expressão de RNA mensageiro dos dois genes ocorrer na linha celular segundo os 

dados do transcriptoma, as proteínas não são expressas à superfície da célula nas 

condições testadas e portanto, estes não podem ser recetores para a proteína CD5L. 

Relativamente ao recetor FZD5, infelizmente os RNA guia escolhidos não foram 

eficientes, necessitando de ser redesenhados e repetir o ensaio. 

Investigações anteriores realizadas pelo nosso grupo em que recorremos a modelos in 

vivo de ratinho de ligação cecal e punção (CLP) mostraram que a proteína CD5L tem 

um papel importante no processo inflamatório durante a sépsis. Análises anteriores 

indicaram que os níveis de CD5L aumentam significativamente na cavidade peritoneal 

quando submetidos a CLP. Como esta proteína é quase exclusivamente produzida por 

macrófagos residentes e estas células desaparecem da cavidade peritoneal após o 

procedimento de CLP, investigámos se a CD5L pode ser produzida por outras células, 

residentes ou não, no contexto da sépsis. A nossa estratégia passou por analisar a 

expressão do mRNA por qRT-PCR em leucócitos provenientes da cavidade peritoneal 

e em sangue, de ratinhos naïve e ratinhos submetidos a CLP. No entanto, algumas 

dificuldades técnicas relacionadas com a qualidade do RNA obtido forçou a uma 

alteração de estratégia e então foi realizada uma análise semi-quantitativa da expressão 

de CD5L que revelou que esta apenas existe em macrófagos e monócitos. Para além 

disso, a injeção de proteína CD5L recombinante de ratinho (rmCD5L), via intraperitoneal 

(IP) em ratinhos knockout (KO) para CD5L após CLP mostrou que a proteína pode ser 
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detetada em neutrófilos, eosinófilos e macrófagos, indicando que se pode ligar à 

superfície destas células ou ser internalizada, mas não produzida. 

Nos modelos in vivo de CLP, a proteína CD5L tem um papel protetor e está associada 

a um aumento do recrutamento de neutrófilos para o local da infeção e diminuição do 

número de bactérias, tanto local como sistemicamente. CD5L já foi identificada como 

sendo capaz de se ligar a bactérias e em alguns modelos, aumenta a fagocitose por 

parte de macrófagos. Investigámos então o papel da proteína CD5L na fagocitose de 

bactérias do ceco, e de partículas fluorescentes de E. coli inativada, por parte de 

neutrófilos e macrófagos, in vivo e in vitro. Os resultados não mostraram diferenças 

significativas na fagocitose de neutrófilos em ratinhos wild type (WT) e KO, nem quando 

a proteína CD5L recombinante (rmCD5L) foi adicionada exogenamente. Enquanto que 

não se observaram diferenças significativas na fagocitose de bactérias do ceco por parte 

de macrófagos WT e KO, ensaios in vitro com partículas fluorescentes de E. coli 

inativada mostraram que ratinhos KO parecem ter uma capacidade de fagocitose 

deficiente quando comparados a ratinhos WT. E esta capacidade pode ser aumentada 

quando a proteína CD5L recombinante de ratinho está ligada às partículas. No ensaio 

in vivo os resultados, apesar de ainda serem preliminares, indicaram nos ratinhos KO 

para CD5L, uma possível diminuição da capacidade dos macrófagos em fagocitar as 

partículas quando comparado com os macrófagos de ratinhos WT. Este efeito não sofre 

aumento após injeção IP de rmCD5L. Este ensaio mostrou um possível novo papel da 

proteína CD5L na maturação ou ativação dos macrófagos em ratinhos WT mas não dos 

pertencentes a ratinhos KO, o que pode vir a modular a função dos mesmos. 

O aumento do recrutamento de neutrófilos aquando da indução de sépsis quando a 

proteína CD5L está presente pode apontar para um potencial papel desta como uma 

molécula quimiotática de leucócitos. Para investigar isto, tentamos estabelecer culturas 

primárias de células mesoteliais, dado que estas são uma das primeiras barreiras de 

resposta à infeção. Apesar de inúmeras tentativas, não tivemos sucesso na cultura 

deste tipo de células, portanto optamos por uma nova estratégia onde recolhemos 

explantes de peritoneu de ratinhos WT e KO e procedemos à sua estimulação com LPS 

e E. coli inativada, na presença e ausência de proteína rmCD5L. A quantificação de 

CXCL1, uma das principais moléculas quimiotáticas de neutrófilos, a partir de 

sobrenadantes recolhidos dos explantes, revelou muita variabilidade entre cada animal. 

Decidimos então realizar um ensaio de quimiocinas usando soro recolhido de ratinhos 

WT e KO, que foram submetidos a CLP e injetados ou não com proteína rmCD5L, por 

via intravenosa (IV). Os resultados não revelaram diferenças entre nenhuma quimiocina 
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associada ao recrutamento de células mielóides, indicativo de que amostras 

provenientes da cavidade peritoneal seriam uma melhor opção para este teste, dado 

que é o local de infeção e é também onde a primeira linha de resposta à mesma é 

iniciada. 

No geral, este trabalho contribuiu significativamente para clarificar o papel da proteína 

CD5L em novos aspetos da resposta inflamatória após CLP que se pode traduzir para 

os mecanismos da sépsis em humanos. 

Palavras-chave 

CD5L, inflamação, infeção, fagocitose, neutrófilos, sépsis, reconhecimento microbiano. 
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Abstract 

CD5L is a circulating protein that belongs to the scavenger receptor cysteine-rich 

(SRCR) superfamily. This protein acts as an apoptosis inhibitor, microbial sensor and is 

also an important mediator in inflammatory diseases.  

To understand the molecular mechanisms of action of CD5L, we investigated potential 

new receptors for this protein in human cell lines. A 14-cell line transcriptome has been 

previously obtained and based on the binding profile of CD5L tetramers to each cell, we 

identified a list of potential receptors to validate experimentally. The HT29 cell line was 

used as target for CRISPR/Cas9 engineering to obtain cells in which the expression of 

each potential receptor was abrogated or at least downregulated. We were not able to 

identify single clones carrying the deletion of the genes of interest by PCR so we 

performed a flow cytometry-based analysis of each receptor´s expression upon CRISPR. 

For PTGFRN and MCAM, we discovered that although mRNA expression of the two 

genes exists according to the transcriptomic data, the proteins are not expressed on the 

cell surface in our experimental conditions and thus these cannot be true receptors for 

CD5L. Regarding FZD5, unfortunately the chosen gRNAs were not efficient in targeting 

the gene and need to be redesigned and the experiment repeated.  

Previous work from our group, using the in vivo mouse model of cecal ligation and 

puncture (CLP) showed that CD5L has an important role in orchestrating the 

inflammatory process during sepsis. Some results indicated that CD5L levels increase 

significantly in the peritoneal cavity early upon CLP. Since CD5L is almost exclusively 

produced by tissue resident macrophages and these cells disappear from the peritoneal 

cavity after CLP, we investigated whether CD5L can be produced by other resident or 

infiltrating cells in sepsis. Our strategy was to analyze the expression of Cd5L by qRT-

PCR in sorted leukocytes from the peritoneal cavity and blood in naïve and CLP animals. 

However, technical difficulties associated with the obtained RNA quality made us change 

our approach and thus we performed a semi-quantitative analysis of Cd5L expression 

that revealed that it exists only in macrophages and monocytes. Furthermore, injection 

of recombinant mouse CD5L (rmCD5L) intraperitoneally (IP) in CD5L knockout (KO) 

mice upon CLP showed that the protein can be detected in neutrophils, eosinophils and 

macrophages indicating that it can bind the surface of these cells or be internalized but 

not produced by them.  

In the in vivo models of CLP, CD5L has a protective role and is associated with increased 

neutrophil recruitment to the infection site and decreased bacterial counts locally and 
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systemically. CD5L was previously identified as capable of binding bacteria and in some 

models increases the phagocytosis by macrophages. We thus investigated the role of 

CD5L in the phagocytosis of cecal bacteria or inactivated E. coli fluorescent particles by 

neutrophils and macrophages in vitro and in vivo. The results indicate that no significant 

differences exist in the phagocytic ability of neutrophils from WT or CD5L KO mice nor 

when rmCD5L is exogenously present. While no major differences were observed in 

phagocytosis by WT or KO thioglycolate-elicited macrophages of cecal bacteria, in vitro 

assays with fluorescent E. coli particles revealed that KO mice seem to have impaired 

phagocytosis capacity compared with WT ones that can be increased in the presence of 

rmCD5L coated particles. The in vivo assay, although preliminary, indicated a possible 

decreased capacity of large peritoneal macrophages (LPM) from CD5L KO mice to 

phagocyte the particles, compared with WT, LPM an effect that is not increased upon 

rmCD5L IP injection. Interestingly, this assay also showed a possible new role of CD5L 

in changing the maturation and/or activation phenotype of WT LPM but not of those from 

KO mice that may further modulate the function of these cells.  

The increased recruitment of neutrophils upon sepsis induction when CD5L is present 

can highlight a potential CD5L role as a chemotactic molecule of leukocytes. To 

investigate this, we tried to establish primary cultures of mouse mesothelial cells since 

these are one of the first responders upon infection. Despite our multiple attempts, we 

were unsuccessful in culturing these cells, so we devised a new strategy relying on 

stimulating explants obtained from WT and KO parietal peritoneum with LPS and 

inactivated E. coli in the presence or absence of rmCD5L. The quantification of one of 

the major neutrophil chemoattractant molecules, CXCL1, in recovered supernatants from 

the explants revealed high inter-subject variability. We decided then to perform a 

chemokine array using sera recovered from WT and KO mice subjected to CLP and 

injected or not with rmCD5L intravenously (IV). The results did not reveal any differences 

regarding chemokines associated with myeloid cell recruitment suggesting that samples 

from the peritoneal cavity should be used instead as this is the site of infection and where 

the first line of response is initiated. 

Overall, this work contributed significantly to clarify the role of CD5L in new aspects of 

the inflammatory response elicited upon CLP that can be translated to sepsis syndrome 

in humans. 
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1.  Introduction 

 Innate vs adaptative immunity 

The first step in the inflammatory response is the recognition of pathogens by the innate 

immune system. This recognition is performed by pattern recognition receptors (PRR), 

expressed mainly by macrophages, neutrophils and dendritic cells, which are cells 

associated with the innate immune system. These receptors recognize pathogen-

associated molecular patterns (PAMPs) and damage-associated molecular patterns 

(DAMPs). These PAMPs and DAMPs are molecules from microbial pathogens and 

components released by cells during their process of damage or death [1, 2]. Indeed, 

biological “garbage”, including necrotic and cancer cells, is constitutively developing in 

the human body due to all the physiological events that allow us to survive. Usually, 

these substances are eliminated, and the tissues are regenerated through the 

proliferation of healthy cells, allowing us to keep a healthy state [3, 4]. 

The first line of defense against microorganisms and pathogens are the neutrophils and 

macrophages that can be classified as “professional phagocytes” [5]. Specialized 

resident macrophages exist in various parenchymal tissues, such as Kupffer cells in the 

liver and the microglia in the brain [6, 7]. When infection occurs, these resident 

macrophages are triggered by the pathogen. This response leads to the release of 

inflammatory cytokines that will allow the migration of neutrophils [8] and monocytes, 

that will differentiate in macrophages, [6] to the tissues and start to internalize the 

pathogens through different receptors. This is the process called phagocytosis, in which 

cells engulf particles larger than 0.5 μm. As soon as the microbial particle is recognized, 

the phagocytic receptor will initiate a cascade to regulate the actin cytoskeleton to form 

the phagosome (Figure 1) [9, 10]. The recognition of the particle is the first step of the 

phagocytosis process. This is a process performed by specific receptors found on the 

cell membrane. Different receptors include PRR that bind directly with PAMPs. In this 

family are included Dectin-1, mannose receptors, CD14, and scavenger receptor A (SR-

A) [11]. There are also the opsonic receptors, that recognize soluble opsonins that will 

coat the foreign particles. These act as a tag for specific receptors on the membrane of 

the phagocyte. IgG molecules are one example of an important opsonin that are 

recognized by Fc𝛾 receptors. These are expressed on the leukocyte membrane and bind 

to IgG, inducing phagocytosis [12, 13]. Finally, there are receptors for apoptotic cells, 

like CD68 and lectin like oxidized LDL receptor (LOX-1) [14]. In a normal, healthy 
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organism, cells die every day through apoptotic processes and the debris must be 

cleared by phagocytosis. This occurs through the release of molecules and signals that 

usually do not exist outside the cells thus allowing for its recognition. These molecules 

include sphingosine 1-phosphate, ATP and lysophosphatidylcholine that will work as 

chemoattractants for phagocytes. Apoptotic cells also display on their cell surface 

molecules that are not usually present on healthy cells, functioning as an “eat-me” signal 

for phagocytes [15]. 

 

 

 

 

 

 

The phagosome is the vesicle where the particle will be contained and is formed by the 

fusion of the cell membrane around the particles. As soon as the foreign particle or 

apoptotic cell is internalized by the phagosome, the vesicle will fuse with vesicles from 

the endoplasmic reticulum and the Golgi complex, forming the intermediary phagosome 

[16, 17]. These phagosomes will later fuse with lysosomes in order to form 

phagolysosomes (Figure 2). These can contain reactive oxygen species (ROS) and 

hydrolytic enzymes that will kill and digest pathogens [18]. The release of proteases 

along with the ROS production, called oxidative burst, has high microbicidal properties 

[19]. It also has an acidic environment due to ATPases [20].  

The main function of the phagolysosome is to degrade pathogens or other particles. 

However, it is involved in other functions such as antigen presentation and inflammation. 

Pro-inflammatory cytokines such as IL-1β, IL-6, TNFα, and IL-12 are produced as 

common signaling molecules that are involved in the internalization mechanism and in 

the inflammatory response [21, 22]. 

Figure 1 - Schematic representation of the phagocytosis mechanism. The phagocytic cell 
recognizes the pathogen by specific receptors on the cell surface, initiating the phagocytosis process.  
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Figure 2 - Schematic representation of the formation and role of phagolysosome. The phagosome contains the 
pathogen and will fuse later with lysosomes in order to form phagolysosomes. ROS and hydrolytic enzymes will degrade 
the pathogen forming debris that will be later exocytosed. 

 

Dendritic cells (DCs) are another type of cell very important in the recognition of foreign 

molecules. They reside in tissues and are also able to perform phagocytosis. But unlike 

neutrophils and macrophages, these cells are not supposed to kill and perform the 

clearance of pathogens. They destroy and process them in order to present the antigen 

to cells of the adaptive immune system, thus providing an important bridge between 

innate and adaptive immunity [18]. The phagosomes of dendritic cells have different 

characteristics, since they are less acidic than  macrophage and neutrophil phagosomes. 

Like that, they retain small peptides that will be conjugated to major histocompatibility 

complex (MHC) molecules, a process that will be described later in this chapter [18].  

Cytokines also have an important role in phagocytosis. Some cytokines such as IL-10, 

IL-12 or IL-23, are produced by phagocytic macrophages and have a key role in the 

regulation of the antigen-presenting cells and lymphocytes during the response to 

external pathogens. IL-12, for example, is responsible for the generation of T helper (Th) 

type 1 cells, this being a key process in the immune response. When the expression of 

these cytokines is inappropriate or dysregulated, it can lead to serious damage such as 

autoimmune diseases [23-25]. 
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The adaptive immune response stands as the second line of defense against pathogens. 

This type of response is specific to the pathogen presented, providing increased 

protection against a case of reinfection by the same agent. 

An adaptive immune response begins, therefore, with the action of the antigen 

presenting cells (APCs) classically composed by DCs, macrophages, Langerhans cells 

and B cells. This process directs the adaptive immune response activation through a 

process called “antigen presentation”, as described above. This process is essential to 

the occurrence of the T cell immune response. APCs are capable of phagocyte the 

pathogen, digest it and present the resulting peptides to T cells through the MHC. There 

are two types of MHC molecules: MHC class I (MHC-I) and MCH class II (MHC-II). MHC-

I molecules are present in all nucleated cells and are recognized by cytotoxic T cells 

(CD8+) [26]. MHC-II molecules can present peptides to CD4+ T cells that help to regulate 

the immune response by the release of cytokines and are thus also Th [27, 28]. Even 

though an MHC molecule can bind to a large number of peptides, each T cell will only 

recognize a sequence of a single peptide [29]. 

In addition to their roles in antigen presentation and cytokine production, B cells also 

have a very specific function in the immune response, which is the production of 

antibodies. To perform this production, these cells need to be activated. At the same time 

that the active Th cells start their clonal expansion, B cells are activated through the 

detection of an antigen by the B cell receptor (BCR), an immunoglobulin expressed on 

its surface. Here is where the Th cells have a very specific role; they will bind its MHC to 

the B cells, recognizing them as ‘self’. Th cells will then release cytokines that when 

detected by B cells will induce their activation. Upon activation, B cells undergo clonal 

expansion and will differentiate into plasma cells, which are responsible for the antibody 

production, and B memory cells, which will maintain the immunity [30-32]. 

Adaptive immunity can also be called acquired immunity or specific immunity because 

this response is specific and differs according to the pathogen that is recognized. 

Autoimmune diseases are developed when an error occurs and the MHC-II presents a 

peptide from the self and T cells recognize it as “non-self”, attacking itself [33]. 
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 Inflammation and sepsis 

Sepsis is one of the oldest syndromes in medicine. The term derives from the Greek, 

“σήψις”, which was used by Hippocrates to describe the process by which flesh rots, 

swamps generate foul airs, and wounds fester [34]. According to The Third International 

Consensus Definitions Task Force, the new definition of sepsis is “a life-threatening 

organ dysfunction caused by a dysregulated host response to infection”, and septic 

shock is defined as “a subset of sepsis in which particularly profound circulatory, cellular, 

and metabolic abnormalities are associated with a greater risk of mortality than with 

sepsis alone” [35]. Sepsis incidence and prevalence have increased around the world in 

recent years and is the leading cause of death in Intensive Care Units [36, 37].   

 

The global burden of sepsis, with an estimated 49 million cases and 11 million deaths in 

2017, is the direct cause of nearly 20 % of all deaths worldwide, twice of what was 

previously estimated (Figure 3) [38]. This impressive difference is due to the inclusion of 

more data from low- and middle-income countries, where sepsis incidence and mortality 

are considerably higher and for which data were previously been lacking. Sepsis follows 

a bimodal age distribution, affecting more commonly infants and the elderly. Various 

comorbid conditions also represent a risk factor for sepsis, such as diabetes mellitus, 

congestive heart failure, chronic pulmonary disease, immunosuppression, liver disease, 

malignancy and chronic renal failure [37].   

Any infection, from bacterial, fungal, parasitic or viral origin, can ultimately be responsible 

for sepsis [38]. When the host is infected, a pro-inflammatory response mediated by 

innate immune cells that recognize the microorganisms/pathogens is initiated as an 

appropriated host response [39]. The inflammatory response is usually locally controlled. 

As soon as the host loses the capacity to contain the infection locally, the body starts to 

be systemically exposed to microbes and their components. This will induce an 

inflammatory response and will initiate a sepsis-like response. This response occurs 

through the recognition of pathogens and damaged tissue by PRRs. The systemic 

activation of the innate immune system leads to a severe inflammatory response, with 

the activation of a large number of leukocytes and with an excessive release of 

inflammatory cytokines like IL-1, IL-17 and TNF. This reaction is commonly known as 

“cytokine storm” that will in turn activate more white blood cells [40-43]. 
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In the first stages after an infection, the pool of mature neutrophils within the bone marrow 

is rapidly mobilized leading to a great rise in the number of circulating neutrophils that 

allows an increase in the number of cells that can be available for recruitment to the sites 

of infection [44]. Neutrophils are beneficial in early sepsis because they can activate 

phagocytic cells and immature neutrophils have a higher life span, higher resistance to 

spontaneous apoptosis and are also capable of mediating important functions from the 

innate immune system [45, 46]. Neutrophils end up suffering constitutive apoptosis and 

will be removed by macrophages.  

In a severe case of sepsis or in case of septic shock, macrophage activation syndrome 

can be developed. This syndrome is characterized by high fever, lymphoadenopathy, 

hepatosplenomegaly with signs of liver, central nervous system and kidney involvement 

Figure 3 - Sepsis incidence worldwide.  Age-standardised sepsis incidence per 100 000 population for both sexes, 
in 2017 (A), and percentage of all deaths related to sepsis, age-standardised for both sexes, in 2017 (B). Adapted from 
Rudd et al 2020 (38) 
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and it may lead to organ failure [47]. It is marked by excessive activation of macrophages 

and the increased secretion of IFN-γ, IL-12 and IL-18 that will promote macrophage 

activation [48]. 

As the disease progresses, the patient undergoes a state of immunosuppression that 

includes macrophage deactivation, reduced antigen presentation, suppression of 

proliferation of lymphocytes and release of anti-inflammatory cytokines. The polarization 

of Th cells toward the Th2 type is also common and can result in increased susceptibility 

to a secondary infection and death is a frequent outcome due to the inability of the 

immune system to control this infection [49-51]. 

The European Society of Intensive Care Medicine and the Society of Critical Care 

Medicine understood the need to differentiate sepsis from uncomplicated infection, due 

to the data presented above regarding the mortality numbers. Since sepsis did not have 

a valid diagnostic test and a clear differentiation between these two conditions can 

improve the understanding of the sepsis pathobiology, it is important to have a model 

that could clearly differentiate this condition from a common infection [35]. 

 

The outcome prediction models used before, such as APACHE, SAPS or MPM, 

assessed mortality risk based on values taken within the first 24 hours on the ICU patient 

stay [52-54]. The problem was that these models did not consider factors that could 

influence the patient outcome during his ICU stay. It was important to create a method 

that could evaluate the changes over time. Organ dysfunction is clinically identified by 

an acute change in total Sequential Organ Failure Assessment (SOFA) score ≥2 points 

consequent to the infection [35]. This score includes both clinical signs and symptoms 

as well as laboratory markers and is used to stratify the mortality risk and clinical severity 

[55]. 

 Animal models for sepsis 

Several models have been widely used to study sepsis in mice and to test new therapies 

for this syndrome. The two most commonly used are lipopolysaccharide injection (LPS) 

and the cecal and ligation puncture (CLP) model. LPS is a PAMP that is released by 

gram-negative bacteria [56]. However, this model may neglect the interactions 

performed by gram-positive bacteria and can be classified as an intoxication model 
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rather than a sepsis model [57]. The model of LPS injection consist on the injection of 

LPS intra-peritoneally in mice in a lethal or sublethal dose, depending on the study 

objective. The mice response to LPS is also dose dependent. Small doses may show a 

hyperdynamic state and large doses can lead to hypotension and hypothermia, which 

are more characteristic of a sepsis condition [58]. When compared to humans, this model 

in mice gives higher plasma inflammatory cytokine concentrations, including TNF, IL-1ß 

and IL-6 that peaks earlier and with greater values but also with faster resolution [59].  

The CLP model consists in a laparotomy performed under anesthesia where a portion of 

the cecum is ligated, followed by needle puncture [60]. This procedure will cause 

polymicrobial sepsis from fecal spillage into the peritoneal cavity resulting in peritonitis 

followed by translocation of enteric bacteria into the bloodstream, which activates the 

inflammatory response and eventually leads to septic shock. The length of the cecum 

that is ligated and the number of punctures will determine the severity of the disease and 

modulate the organism answer [61]. Besides sepsis, there are other problems caused to 

the organism such as surgical trauma of the tissues and also induction of ischemic tissue 

from the ligated cecum. Both of these can alter the standardization of this process [62, 

63]. However, CLP has a high relevance when studying sepsis due to its resemblance 

between mice and humans: there is a polymicrobial insult, detectable bacteremia that 

originate from within the host, therefore mimicking traumatic injury leading to peritonitis 

in humans [63-65]. 

Despite some limitations, using animal models is the best available approach, and will 

remain essential for the development of new therapies for sepsis. 

 Scavenger receptor cysteine rich superfamily 

The recognition of pathogens by the immune system is a key first event in beginning an 

immune response that will culminate in the clearance of such microbes. Normally, it 

involves the recognition of PAMPs that are conserved products of pathogens that are 

essential for their survival, like the LPS from Gram-negative bacteria and lipoteichoic 

acid (LTA) from Gram-positive bacteria [66]. 

Usually, these PAMPs are recognized by a family of receptors of the innate immune 

system called PRR. Several classes of PRR domains recognize PAMPs: C-type lectin 
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domain, leucine-rich repeat and the scavenger receptor cysteine-rich domains are some 

examples involved in this recognition [67, 68]. 

The scavenger receptor cysteine rich (SRCR) superfamily is a family of proteins with 

varying functions, from recognition of foreign particles, mediating its phagocytosis, to the 

involvement in the activation of immune cells [68]. The origin of the term scavenger 

receptor was due to the capacity of macrophages to uptake modified lipoproteins. The 

authors discovered that the uptake of low-density lipoproteins (LDL) was receptor 

mediated and so the type I and II class A macrophage scavenger receptors, that mediate 

this function, were the first to be identified [69, 70]. 

This superfamily includes a large number of molecules that are able to recognize a vast 

set of structures that can go from host molecules to pathogenic structures. They are 

characterized into several different classes, according to their structural characteristics 

and biological functions [71]. Members of this family are closely related from a structural 

point of view despite sharing few common functions. It contains cell surface-associated 

molecules as well as secreted proteins and they are characterized by the presence of 

one or more SRCR domains. These domains have around 100 to 110 amino acid 

residues and contain 6 to 8 cysteines with a well conserved disulfide bond pattern. The 

relative position of cysteines and the disulfide bridge are well conserved in SRCR 

domains as are some positions with well-defined amino acids [72, 73]. These 

characteristics allowed to subdivide the SRCR superfamily into two different groups, A 

and B, based on the differences in the spacing pattern between cysteine residues. Group 

A contains six cysteines while the majority of group B members contain eight cysteines. 

However, some members of group B might have six or seven cysteines but since their 

position is conserved as well as other sequence features, it is possible to categorize 

them as belonging to group B [74]. Group A domains are encoded by split exons, 

whereas domains from members of the group B are encoded by a single exon [72]. 

Besides the fact that this family can recognize PAMPs, there is some evidence that they 

can also mediate protein-protein interactions [75, 76]. Since the group A of SRCR-SF 

was the first to be identified, it has been intensively studied. When it comes to group B, 

the one to which CD5L belongs to, it is classified into two different subgroups, according 

to the presence or absence of other domains than the SRCR domains (Figure 4) [72]. 
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Figure 4 - Human group B SRCR members. CUB, C1r/C1s Uegf Bmp1 domain; PST, proline-, serine-, and threonine-
rich sequence; ZP, zona pellucida. Adapted from Martinez et al 2011 [77] 

The SRCR superfamily includes some proteins involved in the development of both 

innate and adaptive systems and their regulation. Usually, these members are found in 

lymphoid and non-lymphoid tissues and are present in a variety of species. It is known 

to date that most of the members act as PRR, constituting the first line of defense against 

pathogens. These receptors can be particularly useful for anti-inflammatory therapy 

since this pattern recognition is one of the earliest events in the immune response. 

Furthermore, the deregulation of the expression of these proteins is associated with 

some diseases and so they are being proposed as markers for some diseases [77]. 

 CD5L 

CD5L, also called Spα, AIM or Api6, is a secreted protein categorized as belonging to 

the group B of SRCR superfamily. CD5L has 19 hydrophobic amino acids at its N-

terminus, acting as a secretory signal later removed from the mature protein [78]. CD5L 

is also composed by three SRCR domains, having each approximately 100 amino acids 

in length [78]. These three domains are homologous to other cysteine rich domains found 

in other members of the group B of the SRCR superfamily (Figure 5) [74]. CD5L has the 

same domain organization as the extracellular region of the lymphocyte associated 

receptors CD5 and CD6. However, sequence alignment shows a higher homology 

between CD5L and WC1 and CD163. The gene encoding CD5L is located on the long 

arm of the chromosome 1 at q21-q23 [78]. 
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Figure 5 - Schematic representation of CD5L domain organization. A) human CD5L protein B) mouse CD5L 
protein.  SRCR domains 1, 2 and 3. The amino acid number is indicated below each sequence. 

 

Human and mouse CD5L share around 78% amino acid identity, having a protein 

sequence well conserved between both species [78-80]. However, human CD5L has a 

smaller molecular weight (38 kDa) when compared with mouse CD5L (mCD5L) (55 kDa), 

even though their predicted sizes from amino acid sequences are similar [80]. This 

difference is due to posttranslational modifications and may reflect distinct functional 

activities [78, 81, 82]. In fact, in humans, two forms of CD5L were described, with 98 and 

38 kDa, differing in sialic acid content [82]. In addition, the human CD5L amino acid 

sequence suggests the existence of a potential N-glycosylation site Asn-X-Cys in the 

SRCR domains 2 and 3 [80, 83]. 

  

hCD5L is present mainly in lymphoid tissues like the spleen, lymph nodes, thymus, bone 

marrow and fetal liver, as indicated by RNA blot analysis, [78] where macrophages are 

the unique source of CD5L even though an expression in lung epithelial cells was 

suggested [84]. Three distinct hCD5L mRNA transcripts were found and all of them in 

the tissues indicated above. The three sequences differed in length in their 3’ regions 

and in the number of AUUUA elements. It was suggested that these regions could have 

a role in the stability of hCD5L mRNA [78]. Murine CD5L is strongly expressed in 

macrophages, with decreased expression in the spleen, liver, thymus and lung when 

comparing with the human tissues [79]. 

 

CD5L function in mouse was firstly associated with anti-apoptotic effects. In CD5L 

knockout mice, CD4/CD8 double positive thymocytes were more susceptible to 

apoptosis, and in vitro addition of rmCD5L decreased the death of these cells [79]. CD5L 

deficient mice also showed a decrease in the number of T cells compared with WT mice 

B 
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in inflammatory conditions [85]. CD5L has also the capacity to protect macrophages 

against apoptosis induced by some pathogens such as Escherichia coli, Bacillus 

anthracis, Salmonella typhimurium and Listeria monocytogenes [86-88]. 

 

CD5L is positively controlled by the liver X receptor (LXR) [86, 87]. The LXR receptor is 

a member of the nuclear receptor family of transcription factors and it has some key roles 

in lipid homeostasis, it acts as an important regulator of cholesterol, fatty acids and 

glucose homeostasis [89]. Two isoforms are described for this receptor, LXRα and LXRβ 

[89, 90]. LXRα is the isoform involved in the regulation of CD5L expression [86]. This 

expression is regulated through the formation of heterodimers with retinoid X receptor 

(RXR), another member of the nuclear receptor family, through the combined activation 

of LXR and RXR [86, 87, 89]. 

 

Together with the role in apoptosis, CD5L function in metabolic-associated disorders is 

well established. CD5L is incorporated into adipocytes through its receptor, CD36, 

inducing a CD36-mediated endocytosis. There, it will bind to cytosolic fatty acid synthase 

(FAS) protein in regions responsible for elongation of fatty acids. As a consequence, the 

decrease in FAS activity caused by CD5L leads to a decrease in lipid droplet storage 

within adipocytes [91]. Indeed, CD5L KO mice, have adipocytes with increased size in 

visceral fat tissue when compared with WT mice, suggesting that CD5L may be 

physiologically relevant to obesity progression [91].  

 

CD5L circulates at a high concentration in blood, at around 10 µg/mL, [82, 92] associated 

with IgM pentamers and in this way CD5L is protected from renal excretion since free 

CD5L molecules are easily excreted in the urine [81, 82, 93, 94]. 

Despite the normal abundant levels of CD5L in circulation, this protein can be up-

regulated in certain conditions, especially in inflammatory contexts like Kawasaki 

disease, hepatocellular carcinoma, type 2 diabetes, liver fibrosis in hepatitis C patients 

and especially in inflammation-related pathologies like allergic asthma, atopic dermatitis 

and infection [95-100]. CD5L is thus being proposed as a disease biomarker. 

 

Indeed, it is becoming increasingly clear that CD5L is somehow related with 

inflammation. As other members of the SRCR-SF, CD5L binds to Gram-negative and 

Gram-positive bacteria, acting as a PRR for LPS and LTA [101, 102]. 

It was shown that CD5L also has antimicrobial functions namely by increasing the 

mycobactericidal activity of macrophages. Its expression is higher in the early phase of 
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infection which induces the synthesis of Vitamin D-dependent antimicrobial peptides that 

will activate autophagy mechanisms leading to mycobacterial killing [100, 103]. Loss of 

regulation of the expression of CD5L led to macrophage apoptosis and higher 

susceptibility to infection on mice [86, 88]. There is also an experimental model of Listeria 

monocytogenes infection that showed the survival of infected cells through CD5L 

induction [88]. 

CD5L also has a regulatory effect on the pathogenicity of Th17 cells. CD5L is highly 

expressed in non-pathogenic Th17 cells and the deficiency of CD5L can convert non-

pathogenic Th17 cells in pathogenic Th17 cells. This evidence is supported by the fact 

that CD5L regulated the lipid metabolism in Th17 cells, altering their fatty acid 

composition [104]. 

 

CD5L has also been shown to have a role in the monocyte inflammatory response. In 

vitro tests, using TLR2 and TLR4 agonists showed that CD5L can inhibit the production 

of inflammatory cytokines such as TNF and IL-1β [101, 102, 105] while enhancing the 

production of IL-10, an anti-inflammatory cytokine [102].  These effects are mediated by 

an enhanced CD5L-mediated autophagy mechanism where the CD36 receptor is 

required [106]. 

 

CD5L also seems to have a role in chronic kidney disease. Some studies show that 

CD5L is strongly expressed in macrophages that are infiltrated in the kidney in this 

disease and also treatment with drugs that inhibited the kidney damage and lowered the 

infiltration of macrophages showed reduction in CD5L expression [107]. 

 

Alveolar macrophages are involved in the inflammation in the case of chronic obstructive 

pulmonary disease (COPD) and resistance of alveolar macrophages to apoptosis has 

been implicated in this disease [108]. Indeed, increased numbers of alveolar 

macrophages positive for CD5L were observed in the lungs of a mouse model for COPD 

and its expression was demonstrated at mRNA and protein levels in the alveolar 

macrophages that were isolated from the bronchoalveolar lavage fluid [109].  

 

CD5L is also being associated with some cancer models even though without a unifying 

role. In lung adenocarcinoma, a mouse model in which CD5L was overexpressed, it led 

to increased inflammation in the lung and formation of bronchoalveolar adenocarcinoma 

and some oncogenic pathways were also activated in blood, lung macrophages and 

neutrophils [110]. On the other hand, circulating CD5L prevented hepatocellular 
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carcinoma in steatotic liver in obese mice and CD5L knockout mice were more 

susceptible to a steatosis-associated hepatocellular carcinoma development [111]. 

 

  Objectives 

CD5L is a blood circulating protein of the scavenger receptor cysteine-rich (SRCR) 

family, with varying functions such as apoptosis inhibitor, microbial sensor and acts as 

an important mediator in different infectious and inflammatory diseases.  

 

CD5L has some known receptors described in the literature. CD36, mainly expressed in 

macrophages and some regulators of complement activation (RCAs) like CD55, Crry, 

CD59 and factor H were demonstrated by co-immunoprecipitation assays in transfected 

cells, even if further experimental evidences are needed to validate and characterize 

these interactions [91, 111]. In order to understand the molecular mechanisms of action 

of the CD5L protein, we investigated potential new receptors for this protein in human 

cells. These candidate receptors were identified through a previous transcriptomic assay 

based on the differential binding profile of CD5L tetramers to different human cell lines. 

CD36 and RCAs are not expressed in some of the cells positive for CD5L binding in our 

screening, showing that other putative(s) receptor(s) exist. Therefore, based on an 

algorithm, three potential targets with the highest statistical significance were chosen to 

be further investigated using the CRISPR/Cas9 technique in which cells lines devoid of 

the expression of each of these receptors were created and tested for binding to CD5L 

tetramers.  

 

Previous work from the lab showed that CD5L KO mice, generated by CRISPR/Cas9 

engineering, have increased susceptibility to sepsis, displaying impaired leukocyte 

recruitment and higher levels of bacteria both locally and systemically in vivo. Also, upon 

aggression, CD5L soluble levels increase significantly especially in the site of infection 

and CD5L expression seems to exist not only in resident macrophages but also in other 

recruited leukocytes, which has not been described before.  

 

The expression of CD5L was exclusively attributed to macrophages, but previous work 

from the lab detected positive staining by flow cytometry in other leukocytes upon CLP. 

Having this in mind, we will investigate whether this is due to increased protein 

expression in these recruited cells or a result of engulfment of bacteria bound to CD5L 

or simply because the soluble protein binds to some receptor (s) in these cells.  
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Based on the above-mentioned observations, our hypothesis is that controlling the 

bacterial spread might be one of the early key events to prevent sepsis and septic shock 

which could explain the susceptibility observed in CD5L KO mice. The main goal of this 

work is therefore to investigate the role of CD5L in the phagocytosis of cecal bacteria by 

murine innate cells, mainly neutrophils and macrophages, recovered from WT and KO 

animals. Additionally, we will also test whether this protein can serve as an opsonin, 

facilitating the phagocytosis of bacteria in the context of sepsis.  

 

Lastly, another goal of the work is to assess whether the presence of CD5L, upon sepsis 

induction, is able to induce a distinct cytokine/chemokine profile that influences leukocyte 

recruitment, explaining the observed increased neutrophil recruitment and thus 

contributing to the final outcome.  

 

 

 

 

  



 
FCUP 

Dissecting the molecular mechanisms of CD5L action in the early events of sepsis 
34 

 
 

2.  Material and Methods 

 

 Cell lines 

The human cell lines HEK 293T and HT-29 were obtained from ATCC and were cultured 

in DMEM medium (HyClone GE Healthcare Life Sciences), supplemented with 1 % 

penicillin and streptomycin, 1 % sodium pyruvate (Gibco) and 10 % fetal bovine serum 

(Gibco) at 37°C with 5 % CO2. 

 

 Mycoplasma test 

Cells were subjected to mycoplasma tests periodically, in order to confirm that they were 

not contaminated. 

For the mycoplasma test, 500 µL of cellular suspension were collected and centrifuged 

for 1 minute, at 13000 rpm (5424R Eppendorf). 150 µL of the supernatant was 

transferred to a new tube and incubated at 95°C for 5 minutes (Thermostat plus 

Eppendorf). Afterwards, the tubes were centrifuged at 13000 rpm for 1 minute and 100 

µL of the supernatant was recovered to be used in a PCR reaction using the primer pairs 

described in table 1.  

Table 1 - Primers used for the mycoplasm test 

 

 

The PCR conditions were 5 minutes at 95°C, 30 seconds at 95°C, 30 seconds at 56°C 

and 50 seconds at 72°C, repeated 30 times and finally a cycle of 10 minutes at 72°C 

(PCR Thermal Cycler, Applied Biosystems).The samples were run in a 1% agarose gel.  

 Mice 

All experiments were conducted in 8 to 12 week-old C57BL/6 and C57BL/6 CD5L KO 

mice following the Portuguese (Portaria 1005/92) and European (Directive 2010/63/EU) 

legislations concerning housing, husbandry and welfare. The project was reviewed and 

approved by the Ethics Committee of the Instituto de Investigação e Inovação em Saúde 

(i3S), Universidade do Porto, and by the Portuguese National Entity Direcção Geral de 

Alimentação e Veterinária (license reference: 009951). 
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For the genotyping of CD5L KO mice, three different pairs of primers were used in order 

to distinguish from CD5L +/+, +/- and -/- mice.  

Table 2 - Pair of primers designed and used to perform mice genotyping for CD5L 

 

 

 

The PCR conditions were: a first cycle of 5 minutes at 95°C, followed by 30 cycles of 30 

seconds at 95°C, 30 seconds at 59°C for pair A and 60° for pairs B and C and a final 

cycle of 10 seconds at 72°C. Finally, a cycle of 10 minutes at 72°C (PCR Thermal Cycler, 

Applied Biosystems). The samples were run in a 2 % agarose gel.  

 

 Construction of CRISPR/Cas-9 engineered cells 

gRNAs were designed using the online tool http://crispr.mit.edu/ - Guide Design 

Resource.  

Table 3 -  gRNAs designed for the Crispr/Cas9 targeting of the 3 genes encoding the receptors to be tested and respective 

localization 

 

 

 

 

 

 

 

 

The two gRNA for each target (Table 3) were cloned in the pLentiCRISPR V2 vector (a 

gift from Feng Zhang: Addgene plasmid # 52961; http://n2t.net/addgene:52961; 

RRID:Addgene_52961). pLentiCRISPR V2 was digested using BsmBI (Biolabs) and 

purified using a column purification kit (NZYGelpure, NZYtech). 

http://crispr.mit.edu/
http://n2t.net/addgene:52961
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The sense and anti-sense gRNAs were annealed and phosphorylated using PNK 

(Thermo Scientific) in the presence of 25 mM ATP and incubation at 37°C, for 30 minutes 

followed by 5 minutes at 95°C and 1ºC decrease/ minute until 25 ºC (PCR Thermal 

Cycler, Applied Biosystems). 

Digested pLenticrispr was ligated with the annealed oligos using T4 DNA ligase (Thermo 

Scientific) incubated at 22°C for 1 hour and inactivated at 70°C for 5 minutes. The mixture 

was used to transform E. coli TOP 10 chemically competent with 5 µL of the ligation 

reaction and plated them on LB + ampicillin plates. 

Colony PCR was performed using the primers presented on table 4. 

Table 4 - Primers designed to detect the inserted gRNAs and its respective band size 

 

 

 

The PCR was performed in a PCR Thermal Cycler (Applied Biosystems), using a cycle 

of 5 minutes at 95°C, 35 cycles of 30 seconds at 95° C, 30 seconds of 55°C and 5 

seconds of 72°C and a final cycle of 10 minutes at 72°C. This was run on a 2 % agarose 

gel. 

A miniprep was performed from a positive PCR colony (NZYMiniprep, NZYtech) and 

sequenced using hU6-F primer (sequence: GAGGGCCTATTTCCCATGATT). This 

primer anneals at -245 bp of the cloning site for the target sequence. 

 

 Transfection 

HEK 293T cells were plated in a 6 -well plate at 4.5x105 cells per well to reach a 70 % 

confluency 24 hours later. For the virus assembly, a lipofection mix containing the 

packing plasmids p8.91, pMD-G and pLenticrispr together with lipofectamine 2000 

(Invitrogen) was prepared.  

48 hours later, HT29 cells were plated on a 6 -well plate at 4.5x105 cells per well. 72 

hours post transfection, supernatants from HEK 293T were recovered and added to 

HT29 cells. After 48 hours, HT29 transduced cell line was passed to a T25 flask and 

cultured in the presence of 2 µg/mL puromycin for selection (Invivogen). 
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 Single clone cell sorting and DNA extraction 

The transduced HT29 cells were subjected to single clone cell sorting for selection and 

DNA analysis. For that, cells were detached and resuspended in a buffer containing 1 

mM EDTA, 25 mM Hepes and 2% FBS in DPBS (Ca2+/Mg2+ free). One cell per well was 

recovered in 96-well plates pre-filled with 100 µL of culture media containing 2 µg/mL 

puromycin (FACSAria, BD Biosciences). 

Upon cell recovery, cells were lysed in Bradley Lysis Buffer (10mM Tris-HCl pH 7.5, 10 

mM EDTA, 0.5 % SDS, 10 mM NaCl, 1 mg/mL proteinase K) overnight at 60°C. 100 µL 

of ice cold EtOH/NaCl was added to precipitate DNA and incubated at room temperature 

for 30 minutes. After centrifugation, supernatant was discarded and 150 µL of cold EtOH 

70 % was added followed by a new centrifugation step and removal of supernatant. The 

pellet was air dried for around 15 minutes and resuspended in 30 µL of warm TE buffer.  

A PCR was performed using the extracted DNA from the individual clones of PTGFRN 

and MCAM receptors. Used primers are present on table 5. 

Table 5 - Primers designed to detect Crispr deletion of target genes 

 

  

 

 

 

 

 

The PCR cycle started with 5 minutes, at 95°C, proceeded by 35 cycles of 30 seconds 

at 95°C, 30 seconds at 60°C and the time of extension was dependent on the pair of 

primers used (2000 bp/min). The extension step temperature was 72°C. There was a 

final step of 10 minutes, at 72°C. This was performed on PCR Thermal Cycler (Applied 

Biosystems). 
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 Flow cytometry 

After recovery of the cells post transduction, FACS analysis was performed in order to 

confirm the expression of the receptor. After washing, cells were stained with anti-

MCAM/CD146 (Concentration: 1:100; Biolegend), anti-hPTGFRN (concentration: 1:300; 

R&D systems) or anti-frizzled 5 (Concentration: 1:300; R&D systems) followed by goat 

anti-mouse A647 secondary antibody (Concentration: 1:1000; Molecular Probes). Cells 

were acquired in FACS Canto II (BD Biosciences) and analysed in FlowJo V10.4. 

 

 Phagocytosis assays using cecal bacteria 

 

 Cecal bacteria isolation and growth 

For the phagocytosis assay, bacteria were isolated from WT mice cecum as described 

previously [112]. Briefly, the cecal content of 3 mice was removed, diluted in PBS and 

filtered through sterile gauze. The cecal suspension was diluted in brain heart infusion 

(BHI) medium (BD Biosciences) and incubated at 37°C for 18 hours. Afterwards, the 

suspension was centrifuged for 15 minutes at 4000 rpm and washed twice with PBS. 

The bacterial suspension was then aliquoted, lyophilized and stored at -80°C.  

For the phagocytosis experiments using cecal bacteria, a lyophilized aliquot was grown 

for 20 hours in 100 mL of BHI medium, at 37°C with agitation. After that, bacteria were 

washed with sterile PBS twice to achieve an optical density (OD) at 600 nm of 2.0. 

 

 Bacteria pre-incubation 

After growth and washing, 1x 108 bacteria were resuspended in 500 µL of TBS with 5 

mM CaCl2, containing 0, 2 or 10 µg of rmCD5L and incubated for 1 hour, on ice. After, 

bacteria were washed twice with PBS. The pellet was resuspended in 200 µL PBS and 

plated on BHI agar plates by serial dilution for CFU determination. 

The confirmation of binding of rmCD5L with bacteria was done by western-blotting. A 30 

μl sample of coated bacteria was mixed with 6x Laemmli sample buffer, denatured for 

10 min at 95ºC and loaded on a 10% SDS-polyacrylamide gel (SDS-PAGE) and 

separated for 45 min at 200 V (Bio-Rad). Samples were transferred to a nitrocellulose 

membrane (TransBlot Turbo, Bio-Rad). The membrane was blocked with a solution of 

5% non-fat milk in Tris-buffered saline and 1% Tween (TBS-T) for 1 hour at room 

temperature, then incubated with the primary antibody α-His (Quiagen) at a 

concentration of 1:2500 in a solution of 3% non-fat milk in TBS-T overnight at 4ºC. The 
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membrane was washed three times with TBS-T for 10 minutes and subjected to the 

HRP-conjugated secondary goat anti-mouse antibody (Biolegend) in a solution of 3% 

non-fat milk in TBS-T for 1 hour. ECL solution (GE Healthcare) was used to develop a 

chemiluminescent signal in an X-ray film (GE Healthcare).  

 

 Peritoneal cell recovery and flow cytometry analysis 

After injecting 2.5 mL of 3 % thioglycolate IP, mice were euthanized with isoflurane 

overdose. 5 mL of RPMI medium (HyClone GE Healthcare Life Sciences) with 5 % FBS 

were injected in the mice peritoneum and left for 1 minute. The medium was then 

recovered using a syringe, collecting the peritoneal cells. For recovery of neutrophils and 

macrophages, peritoneal cells were collected 6 hours or 3 days after thioglycolate 

injection, respectively.  

 

 Phagocytosis  

Bacteria were incubated with the peritoneal cells at a multiplicity of infection of 5, in 

incomplete RPMI medium. The neutrophils were incubated in suspension, so this step 

was performed right after the recovery of the peritoneal cells.  

For the macrophages, after recovery, they were counted and seeded at 2x106 cells/well 

in 12-well plates for 24 hours. The number of adhered macrophages was counted after 

this time to adjust the bacterial numbers. Phagocytosis was allowed to occur for 1 hour 

for neutrophils and 2 hours for macrophages followed by washing twice with PBS.  

For the gentamycin-protection assays with macrophages, there was an additional step 

of a one-hour incubation with 100 µg/mL gentamycin (Lonza). Cells were lysed in 500 

µL of 0.2 % Triton X-100 (Sigma) in PBS.  

Bacteria were plated in BHI agar plates and CFU number in the suspension was 

determined through serial dilutions. CFU were counted after an overnight period. 

 

 Flow cytometry analysis 

Cells were incubated with FVD (concentration 1/1000; eBiosciences) for 20 minutes, at 

4°C followed by Fc block (concentration 1/50; Biolegend) for 10 minutes at 4°C. The 

antibodies used to identify cellular populations were incubated for 20 minutes at 4°C: 

CD11b Pe/Cy7 (Concentration 1:300, Biologend), CD11b FITC (Concentration 1:100, 

Biologend), Siglec-F APC (Concentration: 1:200 Biologend), Ly6G-Pacific Blue 

(Concentration 1:100; Biologend), F4/80 PE (1:200; Biologend), F4/80 APC/Cy7 (1:1, 
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00; Biologend)CD45 PercP/Cy5 (Concentration 1:400; Biologend). Cells were acquired 

in FACS Canto II (BD Biosciences) and analysed in FlowJo V10.4. 

 

  Assays with phRodo particles 

 

  Preparation of particles 

One vial containing 2 mg of particles (pHrodo™ Red E. coli BioParticles™ Conjugate for 

Phagocytosis, ThermoFisher) were reconstituted with 500 µL of TBS with 5 mM 

CaCl2 and sonicated for 5 min. Particles were split into 2 tubes each containing 250 µL 

of the reconstituted particles: 10 µg of rmCD5L were added to one of the tubes and the 

other was left without protein, as control. Protein was incubated with the particles for 1 

hour at 4°C with rotation followed by washing three times with PBS and resuspending 

each tube in 250 µL of imaging solution (RPMI without phenol red, 10% FBS, 1 % sodium 

pyruvate). The confirmation of binding of rmCD5L with the particles was performed by 

western-blotting as described above. 

 

  In vitro assays 

The recovery of the peritoneal cells was performed as described above for neutrophils 

and macrophages. 

In experiments with neutrophils cells were incubated with 2 µl of E. coli pHrodo particles 

for one hour to allow for phagocytosis to occur followed by two washes with FACS buffer 

and flow cytometry analysis as described above. 

In experiments with macrophages, upon 24 h adhesion, 1 µL of pHrodo particles were 

added and phagocytosis was analyzed 1 hour later after washing the wells and 5 µg/mL 

Hoechst was added for nuclear staining. Imaging was performed in a Leica DMI 6000 

FFW wide-field inverted microscope. 

 

  In vivo assay 

For the in vivo assays with neutrophils, 15 µl of pHrodo beads were injected IP together 

with 50 µg of rmCD5L or PBS as control 6 h after thioglycolate injection. The cells were 

recovered one hour later and analyzed by flow cytometry as described above. For assays 

with macrophages, 15 µl of pHrodo beads were injected IP together with 50 µg of 

rmCD5L or PBS as control. The cells were recovered 30 minutes later and analyzed by 

flow cytometry as described above.  
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  Cecal Ligation and Puncture 

For induction of sepsis by cecal ligation and puncture (CLP), mice were subjected to 

surgery under isoflurane anesthesia, exposure and ligation of the cecum (corresponding 

to approximately half the distance between the distal pole and the base of the cecum for 

mid-grade sepsis) and through-and-through puncture with a 21G needle. After suturing, 

mice were subcutaneously (sc) injected with warm 0.9 % NaCl.  

The animals were placed on a heating pad to recover from the anesthesia and then 

returned to their cage with access to soft food and water. 

Naïve mice used as a control and mice subjected to cecal ligation and puncture (CLP) 

were used for this test. In the case of mice subjected to CLP, mice were euthanized 3 

hours after the procedure and peritoneal cells and blood of these and naïve mice were 

recovered.  

 

  Cell sorting 

Cells were stained with antibodies as detailed above and sorted in a FACS xAria. Cells 

were recovered in culture media then quickly centrifuged and resuspended in 

TrypleXtractor (Grisp) at a concentration of 5x106 cells per 1 mL and kept at -80°C before 

RNA extraction. 

 

  RNA extraction 

To the samples kept in Trizol, 0.2 mL of chloroform were added, tubes were shaken for 

15 seconds and incubated at room temperature for 3 minutes. Then, they were 

centrifuged at 14000g, at 4°C for 15 minutes and the aqueous phase was transferred to 

a new tube. The RNA was precipitated adding 1 volume of isopropanol followed by 

centrifugation and washing the pellet with 1 mL of cold 70% ethanol. After centrifugation 

and new washing, the pellet was left to air-dry before resuspension in 20 µL of RNAse-

free water. The isolated RNA was stored at -80°C until use. 
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  cDNA preparation and semi-quantitative PCR 

The RNA extracted was converted into cDNA using SuperScript IV Reverse 

Transcriptase (Invitrogen) following the manufacturer’s instructions. PCR was performed 

using the primers in table 6.  

Table 6 - Primers designed to detect mCD5L cDNA and β-actin 

 

 

 

 

 

  Culture of primary peritoneal mesothelial cells 

Two protocols were performed, as described by Zhou et al 2015 [113]. 

In the first protocol, WT and KO mice were euthanized and injected IP with a solution of 

0.25% trypsin in EDTA at a ratio of 10 mL/100 g of bodyweight for 10 minutes. The 

peritoneal fluid was collected and washed before resuspension DMEM medium. Viable 

cells were counted and seeded at a 1-2x106 in DMEM medium (HyClone GE Healthcare 

Life Sciences) supplemented with 1 % penicillin and streptomycin, 15% fetal bovine 

serum, 1 % sodium pyruvate and 10 µg/mL gentamycin. 

In the second protocol, specimens of mesenteric peritoneum were collected and 

dissected into 2-3 cm2 pieces that were digested in 0.1 % trypsin, 0.02 % EDTA for 30 

minutes in order to obtain a cell suspension. Afterwards, viable cells were counted and 

seeded like above. 

 

  Immunofluorescence 

To perform the immunofluorescence assay, the mesothelial cells were cultured on 10 

mm cover slips for 24 hours. Cells were fixed in PBS containing 4% paraformaldehyde 

Cells were washed with PBS and non-specific antibody binding sites were blocked using 

PBS containing 3 % of bovine serum albumin for 30 minutes at room temperature. 

Afterwards, cells were incubated for 2 h with the primary antibodies for mouse anti-

vimentin (concentration 1:100, Sigma Aldrich), mouse anti-SMA (concentration 1:100, 

Sigma Aldrich) and mouse anti-CK18 (concentration 1:100, Santa Cruz Biotechnology). 



 
FCUP 

Dissecting the molecular mechanisms of CD5L action in the early events of sepsis 
43 

 
 
Cells were washed and incubated with secondary goat anti-mouse Alexa 568 antibody 

(concentration 1:1000, Molecular Probes) and DAPI for nuclear counterstaining for 1 

hour. Samples were mounted on an anti-fade mounting medium (VectaShield). Cell 

imaging was performed in a Leica SP5 confocal microscope and analyzed in Fiji 

software. 

 

  Chemokine Assays 

 

  Peritoneal Explants 

Three WT mice and three CD5L KO mice were euthanized and peritoneal parietal wall 

was collected and dissected into 5-8 mm2 pieces. Explants were weighted and cultured 

for 2 hours at 37°C in the presence of 100 ng/mL LPS, 2,5x106/mL isopropanol 

inactivated E. coli or unstimulated in the absence (0 µg) or presence of 1 µg and 10 µg 

of rmCD5L in RPMI supplemented with 10 % FBS in 48-well plates.  

After that time, the supernatants were recovered and kept at -20ºC until quantification.  

 

 ELISA 

The recovered supernatants were quantified using the DuoSet ELISA Mouse CXCL1/KC 

(R&D systems) according with the provided instructions. The optical density of each well 

was determined using a microplate reader (Synergy 2) at 450 and 540 nm. 

 

 In vivo assay 

4 WT mice and 4 KO mice were subjected to CLP and 3 hours later, 2.5 mg/ Kg rmCD5L 

or PBS was IV injected in 2 mice of each group. After one hour, mice were euthanized 

and blood was collected. The blood samples were allowed to clot for 1 hours at room 

temperature and were centrifuged for 15 minutes at 10000g. Samples were stored at -

20°C until further use. 

 

 Chemokine Array 

A semi-quantitative dot-blot-based chemokine array was used to compare the 

chemokine profile of each sample (Proteome Profiler Mouse Chemokine Array, R&D 
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systems). Pool of sera from two mice per group (25 µl of each) was used in this assay 

following manufacturer’s instructions. Chemiluminescent signal was captured in an X-

ray film (GE Healthcare).  
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3.  Results & Discussion 

 

 Identification of new CD5L receptors in human cells 

The discovery of new receptors for a protein is a useful tool to dissect the molecular 

mechanisms of action of that molecule, understanding and exploring its function. The 

first goal of this thesis was therefore to uncover new CD5L receptors. 

CD36 has already been reported as a ligand for CD5L [106]. This receptor incorporates 

CD5L into adipocytes, leading to a reduction in FAS activity that will decrease the droplet 

storage within adipocytes [91]. CD36 is required to promote the CD5L-induced 

autophagy, being this an important step in the induction of the macrophage autophagy 

[102]. 

Previous unpublished work from the lab used a strategy for this search that consisted in 

performing a screening of CD5L binding to different human cell lines to hopefully identify 

ligand(s) for this SRCR protein. Cells were incubated with fluorescent tetramers 

composed of CD5L and subjected to flow cytometry analysis to assess the fluorescent 

intensity as a direct measure of binding. Due to the measured normally low dissociation 

constant (Kd) of the interaction between cell surface molecules, it is difficult to detect and 

identify the ligand for a given receptor of interest using affinity methods. In order to 

increase the sensitivity of binding detection of soluble CD5L to different cell surfaces, we 

assembled this protein as tetramers containing a fluorescent label. To do this, we 

performed in vitro biotinylation through the use of the enzyme biotin ligase that 

specifically recognizes the BirA recognition sequence included in the C-terminal of 

recombinant CD5L. The resulting biotinylated CD5L was mixed with AlexaFluor 647-

coupled streptavidin, thereby resulting in a tetramer (Fig. 6). 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 6 - Schematic representation of CD5L assembled into tetramers. The biotinylated recombinant CD5L is mixed 

with AlexaFluor 647-coupled streptavidin, containing 4 biotin-binding sites, thereby obtaining fluorescent tetramers. 
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The results from the binding assays indicated that CD5L is able to bind different cells 

from epithelial and hematopoietic origin (Almeida, S. MSc thesis).     

A full transcriptome of all tested cell lines was performed and a bio-informatic analysis 

combined the CD5L tetramers binding intensities (negative/low-yellow, moderate-

orange, high-red) with all the transcript levels of those cell lines thereby identifying a 

potential list of candidate receptors for CD5L (Table 7). 

 
 

 

 

The potential target list is ordered by statistical significance meaning that CD5L receptors 

to test are eventually among the top candidates. Our strategy for the next testing steps 

and because we could not test all the candidates at the same time, was to narrow the 

list to molecules that have the highest statistical significance, are expressed on the cell 

surface and for which there are available commercial antibodies. The first candidate, 

FGFR3 had already been previously tested in the lab and the results excluded it as a 

receptor for CD5L. The three receptors that were chosen to be next tested in this work 

were PTGFRN, MCAM and FZD5. 

Table 7 - Results from the informatic algorithm combining the binding intensities of CD5L tetramers with transcript levels.  Ordered list of 

potential targets by statistical significance.  Red: cell lines with high binding affinity; orange: cell lines with moderate binding afinity; yellow: cell lines 

with low binding affinity. The relative transcript levels for the indicated genes is shown. 
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The strategy used to test whether these three targets are receptors for CD5L was to 

generate cells in which their expression is individually abrogated and next perform the 

same binding assays using CD5L tetramers described above. In case of a true receptor, 

CD5L tetramers should not bind to those engineered cells.   

To construct cell lines without, or, at least, with downregulated expression of the three 

targets, an approach, based on the CRISPR/Cas9 engineering recently developed, was 

carried out [114]. For that, two gRNAs were designed so that gRNA1 targets one of the 

first exons and the gRNA2 one of the last exons of the coding region of the gene so that 

they would generate an almost complete deletion of that gene (Fig. 7A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - Schematic representation of the CRISPR/Cas9-based approach to construct receptor KO cell lines. A) Two 

gRNA were used in order to delete the zone of interest. The two gRNA for each target were cloned in the pLentiCRISPR V2 

vector, transfection was performed in HEK 293T cells for virus assembly. HT-29 cells were transduced and selected in DMEM 

culture medium in the presence of puromycin at a concentration of 2 µg/mL. B) Two different pairs of primers were used to verify 

the gRNA targeting: “CRISPR” pair, located outside the gRNA target site would generate a PCR fragment of smaller size 

consistent with a deletion, “WT” pair located between the two gRNAs target site indicate the presence of a WT allele. 

 

 

 

B 
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Figure 8 – Flow cytometry results regarding CD5L tetramers binding to HT-29 cell line. Binding of CD5L tetramers to HT-29 cell 

line, in the absence (A) and presence of Ca2+ (B).  

For each receptor, the gRNAs were designed in order to be highly active, specific and 

with reduced off-target effects using the online tool http://crispr.mit.edu/ - Guide Design 

Resource. For PTGFRN, gRNA1 was localized on exon 2 and gRNA2 on exon 8; for 

MCAM, gRNA1 was localized on exon 3 and gRNA2 on exon 12; for FZD5 receptor, 

gRNA1 and gRNA2 were both localized on exon 2.  

To check for the efficiency of the gRNAs in inducing the expected gene deletion, two 

pairs of primers were designed: “CRISPR” pair is located downstream and upstream of 

each gRNA target site, and ‘WT’ pair in the sequence between both gRNAs, thereby 

indicating whether a WT allele is present in a given cell (Fig. 7B).  

The chosen cell line to perform the assays was HT-29, which is a colorectal 

adenocarcinoma cell line [115]. This cell was chosen because it is a suitable transfection 

host, is a relatively easy cell line to keep in culture, and, according to the transcriptomic 

data, has a moderate to high expression of the possible receptors to test and it had a 

good binding index to CD5L tetramers (Fig. 8), especially in the presence of Ca2+ in 

accordance with what was previously reported for CD5L binding to bacteria [101]. Human 

CD2 tetramers were used as positive control, since the binding to its ligand, CD58, is 

well known and characterized. 
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Figure 9 - PCR results for PTGFRN and MCAM targeted cell lines. Example of some of the tested clones. A) PTGFRN receptor. The 

WT pair result in a 582 bp fragment in the presence of a WT allele. The CRISPR pair should result in a band of 801 bp if the deletion 

occurred. Some lanes present unspecific bands as shown in the figure. B) MCAM receptor. The WT pair result in a 381 bp fragment in 

the presence of a WT allele. The CRISPR pair should result in a band of 685 bp if the deletion occurred. Some lanes present unspecific 

bands as shown in the figure. 

After transduction with the lentiviral particles carrying the all-in-one pLenticrispr vector 

encoding the gRNAs and Cas-9, HT-29 cells were selected with puromycin and single 

clones were isolated and tested by PCR. While all the clones tested had the presence of 

the WT allele, the CRISPR PCR did not show the existence of a deletion for any of the 

two candidate genes tested through this technique (Fig 9). We were expecting bands of 

801 bp for PTGFRN and 685 bp for MCAM in case a deletion had occurred but none of 

the tested clones had this alteration (Fig 9).  For the FZD5 receptor, we did not perform 

the PCR test and directly tested the CRISPR efficiency by flow cytometry as described 

below.  

However, the absence of deletion does not mean that one of the gRNA (or both) had not 

worked. The gRNAs can originate indels that would lead to frameshifts or the appearance 

of premature stop codons resulting in loss of protein expression. Therefore, the lack of 

an apparent deletion only means that the two gRNAs did not induce a change in the 

same allele at the same time and therefore we cannot exclude that some mutation may 

have occurred.  

 

 

 

 

 

 

 

 

 

We thus decided to test our CRISPR-edited pool of cells for surface expression of the 

candidate receptors using specific antibodies by flow cytometry. 

Regarding the PTGFRN receptor, the results are presented in figure 10A, where we can 

observe that both the WT and CRISPR cells stained with the secondary antibody (as 

control) and the ones stained with the antibody against the receptor and the secondary 

antibody are completely coincident. To exclude that this was a technical problem with 

the antibody used, we tested a positive cell line, MCF-7, known to express this receptor 

(The human Protein Atlas Database: www.proteinatlas.org). The results in figure 10A 

A B 
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indicate that while the staining is heterogeneous, there is a small proportion of cells that 

are stained with this antibody, thereby excluding that the lack HT-29 cell staining was 

due to an antibody malfunction. Instead, this indicates that, contrary to what was 

indicated by the transcriptomic data, these cells are not expressing a significant amount 

of PTGFRN molecules on the surface to be detected by FACS which means that perhaps 

this is not a possible receptor for CD5L. 

For the MCAM receptor, we performed the same procedure and the results are 

presented on figure 10B. The results were very identical those obtained for the PTGFRN 

receptor (figure 10A), indicating that the HT-29 cell line does not expresses MCAM on 

the surface. Again, we used a positive control cell line, HUVEC [116] that shows a 

positive staining for MCAM ruling out any problem with the antibody used. Regarding 

FZD5 receptor, similarly to the other receptors, we also included a control cell line (Hep-

G2) that is positive for FZD5 surface expression [117] and where a positive staining can 

be observed when compared with the negative control stained only with the secondary 

antibody (Fig 10C). An analysis of the results on figure 10C comparing the histogram of 

HT29 CRISPR cells with the WT ones, indicates that there is no difference in surface 

staining between both cells, when we were supposed to detect a negative population for 

this receptor in order to confirm that the CRISPR procedure occurred. Therefore, we can 

conclude that the CRISPR/Cas9 procedure did not work, something that can be common 

with this technique in vitro with some cell lines. An approach to solve this problem would 

be to design new gRNAs to delete the receptor and repeat the CRISPR/Cas9 procedure. 

However, due to time limitations that was not possible to accomplish, but is something 

that will be pursued in the future.  

Overall, this work in trying to find new cellular receptors for CD5L did not uncover any 

new molecule so far. The results obtained with PTGFRN and MCAM revealed that 

although very useful, the transcriptomic approach has some limitations since the direct 

correlation between mRNA presence or abundancy and protein expression is not always 

observed. There is also the possibility that the receptor expression may be occurring 

intracellularly but not on the cell surface, a phenomenon that is commonly observed with 

some surface proteins that require a specific stimulus to be exported. The fact that we 

cannot observe a surface expression in steady state cells, the same culture conditions 

in which the transcriptome was made, excludes these two proteins as receptors for CD5L 

since tetramer binding would not be possible. 
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Figure 10 - Flow cytometry results. Staining of HT-29 WT or CRISPR for the indicated genes (HT-29 CRISPR) or the indicated 

control cell line.  A) PTGFRN. Staining was performed using α-PTGFRN followed by an Alexa 647 goat anti-mouse secondary antibody. 

B) MCAM. Staining was performed using α-MCAM coupled with an Alexa 647 goat anti-mouse secondary antibody. C) FZD5. Staining 

was performed using α-FZD5, followed by an Alexa 647 goat anti-mouse secondary antibody. 
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 Role of CD5L in the resolution of the inflammation induced upon 

sepsis. 

Previous unpublished work from the lab demonstrated an important role for CD5L in the 

inflammatory process of sepsis using the in vivo mouse model of cecal ligation and 

puncture (CLP).  

We investigated the role of this protein in sepsis using CD5L knockout mice (KO) 

generated by CRISPR/Cas9 engineering. Mice deficient for the Cd5L gene have 

increased susceptibility to septic shock displaying impaired neutrophil recruitment and 

higher levels of bacteria both locally and systemically in vivo. Therefore, the next three 

subsections try to dissect the molecular mechanisms in which CD5L may be involved 

and that could explain the increased in vivo susceptibility of mice devoid of this SRCR 

protein production. 

 

 Expression of CD5L in leukocytes 

Previous observations indicated that CD5L levels increase significantly in the peritoneal 

cavity upon aggression, such as in sham operated animals or CLP as early as 6 h post-

challenge, decreasing at 24 h but remaining significantly higher than in healthy controls 

(0 h). 

CD5L production has been associated almost exclusively to tissue resident 

macrophages and CD5L expression from other leukocytes is unknown [84]. However, 

these cells disappear from the peritoneal cavity after CLP while this site starts to be 

flooded firstly with infiltrating neutrophils and later with monocytes. We thus investigated 

whether the local increase of CD5L following CLP could be due to increased secretion 

by any resident or infiltrating cells. For that peritoneal and blood cells were recovered 

from healthy animals (0 h), after 3 and 6 h post CLP and the intracellular amount of CD5L 

was analyzed by flow cytometry (Fig. 11). As early as 3 h after surgery, the still present 

resident large peritoneal macrophages, small peritoneal macrophages and eosinophils 

stain for high levels of CD5L. Interestingly, infiltrating neutrophils in the peritoneal cavity 

display significant amounts of CD5L at 3 and 6 h.  In the blood, monocytes, that normally 

express CD5L in homeostatic conditions, have an increased CD5L amount 6 h post CLP, 

at the same time that other cells, like neutrophils and eosinophils, start to be positive for 

CD5L staining. 
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These results indicate an increase in the staining observed for CD5L. However, these 

can have two explanations: either CD5L is being expressed by these different leukocytes 

as a result of the injury and or/infection induced upon CLP or the increased soluble CD5L 

is becoming surface attached/internalized by the different cells. 

To elucidate which of the hypothesis is correct, to investigate whether CD5L is being 

expressed in other leukocytes upon CLP, we decided to analyze the expression of CD5L 

in different cells by quantitative real-time PCR. To do that, we recovered different cells 

by cell sorting from the peritoneal cavity of 3 naïve or 3 mice 3 hours upon CLP: large 

peritoneal macrophages (LPM), small peritoneal macrophages (SPM), neutrophils, 

eosinophils, B cells and T cells; or from blood: F4/80high monocytes, F4/80 low/int  

monocytes, neutrophils, eosinophils, B cells and T cells (Fig. 12). 

However, some cellular populations were recovered in very low numbers, as expected, 

given the normal distribution of these cells and the changes in the peritoneal myeloid 

compartment induced by CLP. In a steady state as in naïve mice, LPM and B1 cells are 

the more abundant populations, followed by SPM, and eosinophils, T and B2 cells, are 

in smaller numbers and neutrophils almost absent. Upon CLP, LPM disappear from the 

peritoneal cavity a reaction referred as macrophage disappearance reaction (MDR) in 

which upon inflammatory or infectious stimuli LPM migrate to the omentum [118, 119]. 

Figure 11 - CD5L is present in different cells upon infection. WT or CD5L KO mice were subjected to mid-grade sepsis 

(CLP). At the indicated time points post-surgery, mice were euthanized and analysis of cellular populations in the peritoneal 

cavity and blood was performed by flow cytometry. Intracellular staining was performed after 2% PFA fixation and 

permeabilization with 0.1% saponin with a goat anti-mCD5L polyclonal antibody followed by an Alexa 488-coupled donkey 

anti-goat secondary antibody.  
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This is accompanied by massive recruitment of inflammatory cells like neutrophils in an 

early time point and monocytes later on, leading to increased SPM and monocyte 

frequency and numbers, together with an increase in eosinophils that are not normally 

very abundant.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to the low number of recovered cells, the RNA quality analyzed by 

spectrophotometry revealed that not only the amount of RNA in the majority of samples 

was very low, but the quality and integrity of this nucleic acid was very heterogeneous 

between samples. While the RNA amount may not be a problem per se because only 

smaller amounts are required for real-time qPCR, the different quality ratios strongly 

compromise the experimental results that would be obtained by this technique. 

Nonetheless, we decided to use the obtained RNA samples, convert them to cDNA and 

perform a semi-quantitative PCR analysis of CD5L expression, using specific primers for 

Figure 12 - Cells recovered from naïve mice and mice subjected to CLP. The indicated peritoneal (A) or blood cells (B) were 

recovered from naïve mice or mice subjected to mid-grade sepsis (3 hours post CLP). 

A 

B 
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the Cd5L gene and actB as a control for our samples, since ß-actin is an housekeeping 

gene with general good expression across all eukaryotic cell types.  

 

 

 

The obtained results of the PCR are presented on figure 13. As expected, LPM and SPM 

in the peritoneal cavity of naïve mice together with monocytes F4/80high in the blood 

present clear expression of CD5L RNA. Surprisingly none of the cells in which we 

detected a strong CD5L staining by FACS (Fig. 11) 3 h upon CLP, namely neutrophils, 

SPM or eosinophils in the peritoneal cavity, or neutrophils, eosinophils and B cells in the 

blood had a band corresponding to Cd5L expression despite the presence of genetic 

material confirmed by actB expression in these samples.  

We can also see some faint CD5L bands on some cell types of naïve mice that were not 

expected to appear, such as T cells from peritoneal cavity and blood that it might be due 

to small cell contamination during sorting or the fact that that these may be nonspecific 

bands.  

All together, these results suggest that CD5L is not being expressed in other leukocytes 

than macrophages especially after CLP. However, given that this was a semi-quantitative 

analysis and the observed result could be due to the limit of detection of the technique 

we performed an additional in vivo experiment.  

Figure 13 - Expression of Cd5L in different cell types on naive and CLP mice. Peritoneal (PerC) and blood cells of 

two groups of 3 mice, naive and subjected to CLP, were recovered and sorted. A semi-quantitative PCR analysis was 

performed in order to analyze the expression of the gene in these cell populations using specific primer pairs for Cd5L and 

actB as a control. 
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Figure 14 - CD5L is internalized/surface exposed in different cells after CLP. WT or CD5L KO mice were subjected to mid-grade 

sepsis (CLP). 1 hour after surgery, mice were injected with rmCD5L or PBS IP and 5 hours later were euthanized and analysis of cellular 

populations in the peritoneal cavity was performed by flow cytometry. Intracellular staining was performed after 2% PFA fixation and 

permeabilization with 0.1% saponin with a goat anti-mCD5L polyclonal antibody followed by an Alexa 488-coupled donkey anti-goat 

secondary antibody.  

Upon CLP surgery on both WT and CD5L KO mice, recombinant mouse CD5L (rmCD5L) 

or PBS were injected one hour later, via intraperitoneal (IP), and peritoneal cells were 

recovered 5 hours later to perform intracellular staining to analyze CD5L presence by 

flow cytometry. 

 

   

 

 

The results in Fig. 14 show that KO mice injected with protein have increased CD5L 

staining mainly in eosinophils, neutrophils and macrophages and a more discrete 

difference in B1 and B2 cells, when compared with control animals injected with PBS. 

Overall these results follow a similar pattern to what was observed in figure 11. Since 

CD5L KO mice are not able to produce this SRCR protein, the only explanation for this 

observation is that the injected protein is bound on the cell surface possibly interacting 

with surface receptors expressed by these cells or is being internalized/phagocytosed 

bound or not to bacteria.   

IP administration of rmCD5L in WT mice did not induce any significant change in the 

staining of CD5L for all the tested populations possibly because the endogenously 

produced protein that is rapidly increased in soluble form upon CLP saturates the cellular 

surface and/or is internalized in high levels even without the exogenous administration. 
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With this experiment we cannot distinguish between surface bound or internalized 

protein because the cells are permeabilized during the staining procedure. In future 

experiments, one could easily perform the same kind of experiment and subject a cell 

sample to surface staining and another to surface and intracellular staining. In this way, 

it would be easy to conclude if the protein is simply surface bound or is being internalized 

by some cells. 

 

 Importance of CD5L in the phagocytosis of cecal bacteria 

by murine innate cells 

In the in vivo models of CLP, CD5L has a protective role when it is present. Given that 

controlling the bacterial spreading might be one of the early key events to prevent septic 

shock, the main goal of this part of the work is to investigate the role of CD5L in the 

phagocytosis of cecal bacteria by murine innate cells recovered from WT and KO 

animals. 

 

Some authors described CD5L as a protein that is capable to bind to bacteria [101, 103] 

and in particular in vitro models it increases the phagocytosis of particles by 

macrophages [101]. With this in mind, the hypothesis to be tested was that CD5L-

bacteria binding could increase phagocytosis, especially by neutrophils, since they are 

the first cells to be recruited to the infection site [5], and for which any role in phagocytosis 

in the presence of CD5L remains unknown.  

 

As mentioned previously, the model currently being used to assess the role of CD5L in 

sepsis is the CLP based on the release of cecal bacteria into the peritoneal cavity causing 

a peritonitis and later septicemia and septic shock. To investigate whether CD5L is 

playing a role in the phagocytosis of cecal bacteria we adapted the in vitro methodology 

so to better reflect the in vivo setting. Therefore, we chose to perform our analysis using 

primary murine neutrophils and macrophages extracted from the peritoneal cavity (the 

first site of infection upon CLP), since these are the main phagocytic cells in this place 

and bacterial cultures extracted from the cecum of mice.  

 

WT and CD5L KO mice were injected intraperitoneally with 3 % thioglycolate that induces 

an influx of cells into the peritoneal cavity [120] and depending on the time of recovery 

of the cells we will be able to obtain an enrichment in neutrophils or macrophages. 
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Despite being a widely used protocol in the literature, there is a variety of time points 

used either because the thioglycolate preparation and age is detrimental and difficult to 

control and experimental conditions between laboratories and animal facilities are 

different. Therefore, we decided to first test the best time points to recover both 

neutrophils and macrophages after thioglycolate injection in our experimental conditions. 

 

Figure 15 shows the obtained results after recovering the cells at five different time 

points: 2, 4, 6, 16 hours and 72 hours post-thioglycolate injection.  

 

Analyzing the graph from figure 15, there is a progressive increase in the frequency of 

neutrophils reaching its maximum at 6 h post thioglycolate injection. Macrophages, as 

expected, follow the opposite trend, with decreasing frequencies from 2 h until 6 h and a 

progressive increase from 16 hours until 72 hours after thioglycolate administration.    

According to this, we decided to perform our experiments recovering the peritoneal 

neutrophils 6 hours after thioglycolate injection. 

 

 

 

 

 

 

 

 

 

 

 

Upon recovery of thioglycolate-elicited neutrophils both from WT and CD5L KO mice, 

with the enrichment percentages shown on fig 16A, an incubation with cecal bacteria 

was performed for 3 h in the presence of increasing amounts of rmCD5L. After this 

incubation time, the cells were washed, lysed and CFU were determined by plating. The 

results presented on figure 16B indicate that without exogenous addition of CD5L, no 

significant differences exist in the phagocytosis ability of WT or KO mice. Furthermore, 

the presence of rmCD5L in either 1 or 10 µg did not influence the phagocytosis ratio of 

WT or KO neutrophils.   

Figure 15 - Peritoneal cell population frequencies upon thioglycolate injection. WT mice were IP injected with 2.5 mL of 

3 % thioglycolate and peritoneal cells were recovered 2, 4, 6, 16 hours or 72 hours later. Different peritoneal leukocytes were 

analyzed by flow cytometry.   
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After analyzing these results, we hypothesized that the conditions of the incubation did 

not allow us to control some aspects of the assay like the ligation of CD5L to the cecal 

bacteria, since the recombinant protein is added together with the bacteria to the 

neutrophils. Also, the efficient binding of CD5L to the bacterial cells may be a 

requirement for its hypothetic role in the phagocytosis, something that with the previous 

assay may not be happening extensively because as soon as bacteria are added to 

neutrophils they are quickly phagocytosed and possibly there was not enough time to 

achieve a significant CD5L binding. For that reason, we performed a similar assay, but 

with an extra step in which the bacteria were pre-coated with the CD5L protein, ensuring 

the binding of the protein to the bacteria according to what we have demonstrated 

previously [121]. The incubation was performed by incubating 1x 108 bacteria with three 

different amounts of CD5L: 0, 2 and 10 µg for 1 h on ice. After washing, the bacterial 

suspension was added to the cells in a MOI of 1-2 and a sample was analyzed by 

western blotting to control the binding of CD5L to the bacteria. As can be observed in 

figure 17A, CD5L was successfully bound to bacteria in a dose dependent manner given 

the increased band intensity when bacteria are incubated with 10 µg of protein comparing 

with 2 µg.  

 

 

Figure 16 - Effect of CD5L on neutrophil phagocytosis of cecal bacteria. WT and CD5L KO mice were IP injected with 2.5 

mL of 3% thioglycolate and peritoneal cells were recovered 6 hours later. A) Frequencies of recovered peritoneal neutrophils were 

determined by flow cytometry. B) 1x106 peritoneal cells were incubated with cecal bacteria at an MOI of 5 for 3 h in the presence 

of 0, 1 or 10 µg of rmCD5L. After this time, cells were washed, lyzed and plated for CFU enumeration. Phagocytosis ratio was 

obtained by dividing the number of CFU in each condition by the number of neutrophils of that animal. The results represent a 

total of 2 experiments with a minimum of 3 animals per group. 
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The frequencies of neutrophils recovered in these experiments is within the expected 

range and in accordance with the previous results (Fig. 17B). The phagocytosis results 

obtained indicate an overall tendency for increased phagocytosis levels by WT cells 

comparing with CD5L KO ones, although not statistically different (Fig 17C). However, 

exogenous addition of either 2 or 10 µg rmCD5L in the form of pre-coated bacteria did 

not change the phagocytosis ratio by both WT nor KO cells comparing with the control 

without recombinant protein. 

Of note, in the experiments without pre-coating (fig.16B), the levels of phagocytosis ratio 

were higher than the levels with the pre-coating (fig.17C). That could be explained by 

differences in the initial number of bacteria that was added to the peritoneal cells that 

resulted in a MOI of 5 in the first experiment and 1-2 in the second. That was probably 

due to the fact that the pre-coating process implies increased time of bacteria on ice 

inducing a loss of viability and more manipulation due to the washing steps done by 

centrifugation after the incubation with rmCD5L that could result in reduced bacterial 

numbers. In addition, the fact that the incubation step with the recombinant protein has 

Figure 17 - Effect of CD5L on neutrophil phagocytosis of cecal 

bacteria. A) 1x 108 bacteria were incubated with three different 

amounts of CD5L: 0, 2 and 10 µg for 1 h on ice in a TBS buffer 

containing Ca2+. After washing, a sample was resuspended in Laemmli 

buffer and boiled at 95ºC for 10 min. Western blot results using those 

samples to detect CD5L using a mouse anti-His antibody followed by 

a secondary goat anti-mouse HRP antibody, confirming the presence 

of CD5L protein. WT and CD5L KO mice were IP injected with 2.5 mL 

of 3% thioglycolate and peritoneal cells were recovered 6 hours later. 

B) Frequencies of peritoneal neutrophils were determined by flow 

cytometry. C) 1x106 cells were incubated with pre-coated cecal 

bacteria with 0, 2 or 10 µg of rmCD5L, at a MOI of 1-2 for 3 h. After 

this time, cells were washed, lysed and plated for CFU enumeration. 

Phagocytosis ratio was obtained by dividing the number of CFU in 

each condition by the number of neutrophils of that animal. The results 

represent a total of 2 experiments with a minimum of 2 animals per 

group. 
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to be performed in the presence of Ca2+, in order to achieve an efficient CD5L binding, 

may also result in increased membrane permeability, hence reduced recovery of viable 

bacteria after the phagocytosis time [122]. 

These two experiments have some limitations that may be influencing the obtained 

results and their interpretation, namely the fact that in both we are accounting for bacteria 

not only being phagocytosed but also some that may remain attached to the cells in 

solution and even to the microtube walls. One strategy frequently used to overcome this 

would be to perform the assays in the presence of gentamycin, an antibiotic that is 

eukaryotic cell impermeable and effectively inhibits bacterial growth, thereby allowing the 

exclusive quantification of phagocytosed bacteria. However, another limitation of this 

assay is that although significantly enriched in neutrophils, the peritoneal cells comprise 

different cells, namely macrophages that although in very significantly reduced levels 

comparing with neutrophils have a significant phagocytic ability. 

Therefore, we decided to use a different experimental approach that relies on E. coli 

particles (pHrodo™ Red E. coli BioParticles™) previously inactivated that have a special 

dye that becomes fluorescent in acidic pH only, like the one found inside the 

phagosomes [123]. This is a common technique used in phagocytosis tests because it 

allows to distinguish between the particles that are inside and outside the cells. 

Combining these with flow cytometry assays, we are able to distinguish between different 

populations according to the antibodies used. phRodo particles can be used as a marker 

due to their fluorescent characteristics and using Ly6G together with anti-CD11b 

antibodies as markers for neutrophils, we can look specifically inside that population and 

analyze the percentage of cells that internalized the fluorescent particles (Fig. 18B). 

To perform these assays and to keep a similar experimental procedure as the one above, 

we first confirmed that CD5L could bind pHrodo particles. The results in Fig. 18A indicate 

that although the signal is fainter than the one obtained for the coating of live cecal 

bacteria in figure 17A, we can still detect CD5L efficiently bound to the particles. Probably 

this difference is due to the inactivation of E. coli in the manufacturing process of these 

particles that resulted in partial loss or alteration of critical cellular components that 

mediate the binding of CD5L.  

Similar to the previous experiments, the frequencies of obtained neutrophils within the 

total leukocyte population of peritoneal cell recovered upon thioglycolate injection is in 

agreement with the expected (Fig. 18C). Analyzing the percentage of both WT and KO 

neutrophils that phagocytosed beads, there are no significant differences between both 
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groups of mice neither the coating of these particles with CD5L seem to influence the 

percentage of pHrodo+ neutrophils (Fig 18D). The results of mean fluorescence intensity 

of pHrodo particles inside neutrophils indicative of the number of phagocytosed particles 

among fluorescent neutrophils did not show any significant differences when comparing 

WT or CD5L neutrophils or in the presence of exogenous CD5L in the form of coated 

particles (Fig. 18E). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 - In vitro phagocytosis of pHrodo particles by neutrophils. A) pHrodo particles were incubated with 0 or 10 µg of 

CD5L for 1 h on ice in a TBS buffer containing Ca2+. After washing, a sample was resuspended in Laemmli buffer and boiled at 95ºC 

for 10 min. Western blot results using those samples to detect CD5L with a mouse anti-His antibody followed by a secondary goat 

anti-mouse HRP antibody, confirming that CD5L was bound to the particles. WT and CD5L KO mice were IP injected with 2.5 mL 

of 3% thioglycolate and peritoneal cells were recovered 6 hours later. 1 x 106 of total cells were then incubated for one hour with 2 

µL of pHrodo particles and phagocytosis was analyzed by flow cytometry after surface staining. B) Representative neutrophil dot 

plot and respective histogram showing pHrodo fluorescence inside the cells. C) Frequencies of recovered peritoneal neutrophils 

from WT and CD5L KO mice upon thioglycolate injection. D) Percentage of neutrophils that internalized pHrodo particles. E) Mean 

fluorescent intensity (MFI) value (geometric mean) of pHrodo channel within the pHrodo+ neutrophil population. The results 

represent a total of 2 experiments with a minimum of 3 animals per group. 
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Since in vitro results did not show any influence of CD5L in the phagocytosis of 

neutrophils, we performed an in vivo preliminary experiment where we injected the 

pHrodo particles IP in mice that had a previous administration of thioglycolate to have an 

enrichment of neutrophils in the peritoneal cavity. For these experiments we decided not 

to inject the coated particles but to provide the recombinant protein in the same CD5L 

amount (50 µg) that we use for in vivo assays. We let the phagocytosis to occur for 1 

hour before recovering the peritoneal cells and analyze them by flow cytometry.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An analysis of the obtained results in figure 19A indicates the expected enrichment in 

neutrophils in both WT and KO mice.  In the graph corresponding to the percentage of 

neutrophils positive for pHrodo particles (fig. 19B), there are no significant differences 

between WT and KO mice in the absence of exogenous CD5L nor when the protein was 

added. The MFI analysis also indicates no relevant changes in the amount of 

phagocytosed particles comparing WT or KO cells in absence of exogenously added 

rmCD5L, although a small tendency to increased phagocytosis is observed when WT 

mice are injected with the recombinant protein (fig. 19C). However, since these results 

Figure 19 - In vivo phagocytosis of pHrodo particles by 

neutrophils. WT and CD5L KO mice were IP injected with 

2.5 mL of 3% thioglycolate and 6 hours later, 15 µL of 

pHrodo particles were IP injected together with 50 µg of 

rmCD5L or PBS (0 µg). 1 hour later, peritoneal cells were 

recovered and analyzed by flow cytometry after surface 

staining. A) Frequencies of recovered peritoneal neutrophils 

from WT and CD5L KO mice. B) Percentage of neutrophils 

that internalized pHrodo particles. C) Mean fluorescent 

intensity (MFI) value (geometric mean) of pHrodo channel 

within the pHrodo+ neutrophil population. The results 

represent 1 experiment. 
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represent only one experiment they must be repeated before any definitive conclusions 

can be made.   

 

Despite the global results obtained using neutrophils, indicating that there is no influence 

of CD5L in the phagocytosis levels, we decided to perform similar experiments using 

macrophages. We chose these cells due to their known role in the host response and 

defense, as they phagocyte bacteria and secrete mediators that control the inflammation 

state [124, 125]. 

In order to obtain a better control of the phagocytosed bacteria, we performed 

gentamycin protection assays as mentioned before. According to the results in figure 14 

we recovered the peritoneal cells 72 hours after thioglycolate injection since this was the 

optimal time to have an enrichment in macrophages. After recovery, the cells were left 

to adhere for 24 h. We performed the infection with cecal bacteria pre-coated with 0, 2 

or 10 µg rmCD5L similarly to the experiments with neutrophils and let the phagocytosis 

occur for 1 hour. Afterwards, gentamycin was added and left to act for 1 hour.  

 

 

 

 

 

 

 

 

 

 

 

 

The results in figure 20 indicate that similarly to what was obtained with neutrophils, no 

significant differences exist in the numbers of phagocytosed bacteria by WT or CD5L KO 

macrophages. Also, the presence of CD5L on the surface of cecal bacteria did not 

influence the phagocytosis rate in WT or CD5L KO macrophages. 

Figure 20 - Effect of CD5L on macrophage phagocytosis of cecal bacteria. 1x 108 bacteria were incubated with three different 

amounts of CD5L: 0, 2 and 10 µg for 1 h on ice in a TBS buffer containing Ca2+. WT and CD5L KO mice were IP injected with 2.5 

mL of 3% thioglycolate and peritoneal cells were recovered 72 hours later. A) Frequencies of peritoneal macrophages were 

determined by flow cytometry. B) 1x106 cells were incubated with pre-coated cecal bacteria with 0, 2 or 10 µg of rmCD5L, at a MOI 

of 5 for 1 h. After this time, cells were washed and culture media containing gentamycin was added. 1 hour later cells were washed, 

lysed and CFU were determined by serial dilution plating. The results represent a total of 2 experiments with a minimum of 3 animals 

per group. 
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To further confirm these results and since CD5L was previously demonstrated to have a 

positive effect in increasing the phagocytosis by macrophages [101], we did another in 

vitro assay, using pHrodo particles similarly to what was done above for neutrophils. 

Except that in this case, since macrophages are adherent cells, we performed the assay 

in culture dishes and acquired the results by microscopy. 

The results in figure 21 point to some differences between WT and KO mice. WT 

macrophages phagocytosed more particles than KO in the absence of exogenous CD5L. 

Since the wells are washed before incubation with the particles, this may reflect an 

intrinsic effect of CD5L in the phagocytosis capacity of macrophages that does not 

necessarily imply a secretion followed by binding to the organism or particle to be 

phagocytosed. 

However, when the protein is present on the surface of the particles, macrophages from 

KO mice are able to phagocyte more particles, comparing the 10 µg with the 0 µg control, 

which indicates the helper role of the protein in the phagocytosis. WT macrophages 

behaved differently comparing phagocytosis of uncoated vs CD5L coated particles, 

where no increase in the amount of internalized particles was observed in the presence 

of CD5L. Even though at this moment we cannot explain this observation, we can only 

hypothesize that the endogenous CD5L already present in these macrophages is 

enough for them to perform their function and the provided exogenous protein did not 

potentiate the effect. 

We also analyzed the influence of CD5L in the phagocytosis of pHrodo particles by 

macrophages in vivo. Since naïve mice have naturally a high percentage of peritoneal 

macrophages, mainly LPM, we decided not to perform the thioglycolate injection and 

analyze the phagocytosis by these naturally occurring cells. For that, mice were injected 

with the particles together with 50 µg CD5L or with PBS only (0 µg CD5L) similar to the 

in vivo assay with the neutrophils.  

The results demonstrated that the percentage of cells that phagocytosed these particles 

was very close to 100 % in all tested conditions without significant changes between 

groups (Fig. 22A), highlighting the high phagocytic potential of LPM, something already 

observed [118]. 
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Figure 21 - In vitro phagocytosis of pHrodo particles by macrophages. pHrodo particles were incubated with 0 or 10 µg of CD5L 

for 1 h on ice in a TBS buffer containing Ca2+. WT and CD5L KO mice were IP injected with 2.5 mL of 3% thioglycolate and peritoneal 

cells were recovered 72 hours later. 2 x 106 of total cells were left to adhere for 24 hours and then 1 µL of pHrodo particles were added 

and phagocytosis was analyzed 1 hour later after washing the wells and Hoechst was added for nuclear staining. Imaging was 

performed in a Leica DMI 6000 FFW wide-field inverted microscope. A) Representative image of WT and KO macrophages after 

phagocytosis of pHrodo particles coated or not with rmCD5L. Scale bar: 50 µm B) Fluorescence intensity of pHrodo beads analyzed in 

Fiji software by normalizing the integrated density with the cell area and image background signal. The results represent a total of 2 

experiments with a minimum of 2 animals per group in duplicate wells and analysis of at least 50 cells per condition. Mann-Whitney 

test was used to identify statistical differences between groups. ****: p< 0.0001. 
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Figure 22 - In vivo phagocytosis of pHrodo particles by macrophages. WT and CD5L KO mice were IP injected 

with 15 µL of pHrodo particles together with 50 µg of rmCD5L or PBS (0 µg). 30 minutes later, peritoneal cells were 

recovered and analyzed by flow cytometry after surface staining. A) Percentage of large peritoneal macrophages (LPM) 

that internalized pHrodo particles. B) Mean fluorescent intensity (MFI) value (geometric mean) of pHrodo channel within 

the pHrodo+ LPM population. C) Representative dot plot showing the percentage of pHrodo+ LPM and their distinct 

F4/80 profile. D) Histogram overlay of F4/80 expression within pHrodo+ LPM from all mice. E) MFI value (geometric 

mean) of F4/80 channel within the pHrodo+ LPM. F) Histogram overlay of CD11b expression within pHrodo+ LPM from 

all mice. G) MFI value (geometric mean) of CD11b channel within the pHrodo+ LPM. The results represent 1 experiment. 

Two-way ANOVA with Sidak’s multiple comparison test was used to identify statistical differences between groups. *: 

p< 0.05; **: p< 0.01.  
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However, analyzing the average amount of phagocytosed beads by LPM of each 

experimental group, it is possible to observe that in the absence of exogenous rmCD5L 

there is a tendency for reduced phagocytosis by KO LPM (Fig. 22B), that given the very 

reduced number of animals may provide a significant difference in a future experiment. 

Surprisingly, when the protein is injected, there is a significant decrease in the MFI of KO 

LPM when compared with the group without rmCD5L and also when compared with LPM 

recovered from WT mice that received the exogenous protein. Even though this 

observation should be analyzed cautiously because it results from a single experiment, 

it may highlight a different effect of CD5L in KO LPM that may reflect any intrinsic 

differences of these cells compared with WT ones.  

An interesting observation in these experiments showed that the injection of CD5L with 

the pHrodo particles induces a change in the phenotype of LPM, particularly in their 

expression of the classical surface markers F4/80 and CD11b (Fig 22C-G). In an 

unstimulated state, LPM represent 50-60 % of all leukocytes in the peritoneal cavity and 

our previous unpublished results show that there are no differences in both numbers or 

phenotype of these macrophages between WT or CD5L KO mice. In this experiment, 

however, we observed that the injection of phRodo particles together with rmCD5L 

induced marked changes in the expression of both F4/80 and CD11b, especially in WT 

mice. In KO mice the recombinant protein had no alteration or a reduction of the surface 

markers at best, thereby contrasting with the results of the WT (Fig. 22D-G). Already in 

the absence of exogenously administered rmCD5L, the expression of F4/80 and CD11b 

is smaller in KO LPM that can be explained by the fact that the WT have the ability to 

rapid produce and secrete endogenous CD5L in response to stimuli, as represented by 

the particles that may contribute to this difference.  

The expression of F4/80 in macrophages is mainly correlated with their state of 

maturation, developmental process, and type of macrophage, being higher in 

resident/tissue macrophages [126]. Langerhans cells are known to downregulate F4/80 

expression after antigen uptake and before migrating to the local lymph nodes [127] and 

is in accordance with the hypothesized adhesion and signaling function of the protein 

[126]. 

The integrin CD11b together with CD18 have been shown to mediate macrophage 

adhesion, migration, chemotaxis and accumulation during inflammation [128, 129]. 

Our preliminary results on Fig. 22 may suggest that on WT cells, CD5L is promoting a 

phenotypic change in resident macrophages that may help to retain these cells and 
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activate them in the peritoneal cavity to help the clearance of pathogens. In this 

experiment, that is not reflected in an increase in phagocytosis (Fig. 22B), possibly 

because our experimental setup is already saturated and we should decrease the 

amount of injected pHrodo particles or the time of phagocytosis before the recovery of 

cells is not the best and we should increase it. Why this phenomenon is only observed 

for WT and not the KO LPM remains unclear but may reflect other unknown function (s) 

of CD5L that by being absent from KO cells influence the expression of some molecules 

like surface receptors important for this process. However, this experiment must be 

repeated and eventually optimized so definitive conclusions can be made. 

A global analysis of all the phagocytosis results indicate that the presence of exogenous 

CD5L does not seem to increase the levels of phagocytic activity of neutrophils, at least 

in the different models that we chose. Neutrophils from KO mice did not seem 

significantly impaired in phagocytosing live bacteria or particles comparing with WT ones. 

Hence, our in vivo results showing that KO mice are more susceptible than WT ones to 

sepsis induced by CLP, that was correlated with increased bacterial numbers both locally 

and systemically and decreased neutrophil numbers early after surgery, may not be 

explained by different phagocytosis ratios. Instead, impaired neutrophil recruitment and 

consequently smaller numbers of these cells would by itself impact on the bacterial 

clearance, despite the fact that these cells maintain a normal function. 

Although the phagocytosis of neutrophils was the main focus of this part of the work, we 

decided to investigate also the role of CD5L in the phagocytosis by peritoneal 

macrophages since these cells will be the first ones to phagocyte bacteria in the 

peritoneal cavity upon CLP and together with other resident cells, to produce 

inflammatory mediators to develop a protective immune response. We found that in a 

model of phagocytosis of live bacteria, no significant differences existed between WT 

and CD5L KO cells nor in the presence of exogenously added rmCD5L. This contrasted 

with reports in the literature that ascribed to this protein a role as a facilitator of 

phagocytosis using different in vitro models [101]. Indeed, the specific model may 

influence the results obtained since when we used E. coli particles in vitro and analyzed 

the results by fluorescence microscopy, we could find an effect of rmCD5L as increasing 

phagocytosis of KO macrophages. The results from the in vivo model, although 

preliminary, demonstrated that KO LPM have a small tendency to have some impairment 

in the phagocytosis comparing with WT ones. Furthermore, the exogenous 

administration of CD5L gave surprising results because it decreased the amount of 

phagocytosed particles by KO LPM and also changed the maturation and/or activation 
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phenotype of WT LPM that may be correlated with increased phagocytic ability. These 

results will be confirmed and explored in future experiments. 

 

  Influence of CD5L on the cytokine/chemokine profile 

elicited upon sepsis induction 

Our CLP in vivo results suggest that CD5L may act as a chemokine that promotes 

neutrophil recruitment, given the increase in the number of neutrophils observed when 

we compare WT with KO mice.  

CD5L is quickly secreted by resident leukocytes but also by recruited cells. To investigate 

whether CD5L is a direct modulator of the cytokines and chemokines produced upon 

infection, cultures of primary peritoneal mesothelial cells extracted from mice will be first 

established since these are one of the first sources of mediators upon aggression [130]. 

The peritoneal mesothelium is composed of an extensive monolayer of mesothelial cells 

that lines the serous cavity and internal organs whose main functions is to provide a 

protective barrier for organs, role in immune response by secreting chemokines and 

cytokines, production of growth factors and transport of fluids across serosal cavities 

[131]. 

For this experiment, we tried two different protocols found in the literature [113]. For the 

first protocol, mice were injected with 0.25 % trypsin in EDTA at a ratio of 10 mL/100 g 

of bodyweight, via IP, followed by abdominal fluid collection. Viable cells were counted 

and seeded at a concentration of 1-2x106 cells/mL in culture dishes. 

For the second protocol, mice were euthanized, and specimens of peritoneum were 

recovered. The tissues were washed to remove red blood and then dissected into 2-3 

cm2 pieces that were digested in 0.1 % trypsin, 0.02 % EDTA for 30 minutes in order to 

obtain a cell suspension. Afterwards, viable cells were counted and seeded like above.   
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The evolution of the cell culture was followed by imaging the cells frequently (Fig. 23).  A 

detailed observation of the pictures reveals that both protocols gave origin to different 

cell morphologies consistent with different cell types. The cells that originated from 

protocol A took longer to expand in culture and closely resemble microvascular 

endothelial cells that are known to be common contaminants of this protocol [113]. 

Consistent with this, the cells stopped expanding in culture and could not be passed. 

The cells recovered from protocol B, were much closer in morphology and behavior with 

what is expected of primary mesothelial cells, that are distinct from endothelial cells and 

fibroblasts by their cobblestone-type appearance [113]. Furthermore, they easily grew in 

culture until reaching a limit where this growth was arrested and their morphology 

changed. Nevertheless, to confirm if we were on the presence of mesothelial cells, we 

tested the expression of vimentin, cytokeratin-18 and α-smooth muscle actin, since 

mesothelial cells express vimentin and cytokeratin-18 but do not express α-smooth 

muscle actin [132].  

 

 

 

8 days 10 days 15 days

A

B

3 days 7 days 13 days

Figure 23 - Primary peritoneal mesothelial cells extracted from mice A) Mice were injected IP with 0.25 % trypsin in 

EDTA at a ratio of 10 mL/ 100 g of bodyweight. Abdominal fluid of the mice was recovered in order to harvest the primary 

mesothelial cells. These were plated at a concentration of 1-2x106 cells/ mL in 10 cm culture dishes. B) Specimens of 

mesenteric peritoneum were collected and dissected into 2-3 cm2 pieces that were digested in 0.1 % trypsin, 0.02 % EDTA 

for 30 min in order to obtain a cell suspension. Afterwards, viable cells were counted and seeded like above. Cells were 

imaged in an Olympus CKX41 microscope. Scale bar: 50 µm 

A 
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As can be seen from figure 24, cells isolated by protocol B expressed α-smooth muscle 

actin but not vimentin or cytokeratin-18 indicating that these were not mesothelial cells. 

Analyzing the procedure of recovery of these tissues and taking into consideration the 

anatomical place where these tissues and cells were recovered, the most probable 

hypothesis is that these are muscular cells or the mesothelial cells differentiated in 

culture, an observation previously reported in the literature [133]. 

Since this approach did not work, we needed a different way to obtain these mesothelial 

cells. We decided to use mouse peritoneal explants, by removing the peritoneal parietal 

wall and dissect it into 5-8 mm2 pieces, similar to what is commonly used to perform 

assays with human peritoneal samples.  

We thus performed the assay with explants of 3 WT and CD5L KO mice that were 

incubated in different conditions that mimic infection and in the presence of different 

CD5L amounts. In order to obtain the same type of cells between subjects to perform 

these assays, we tried to remove the exact same portion of tissue, from the same 

anatomical place in each mouse. 

Figure 24 - Immunofluorescence analysis of mesothelial cells recovered from mice mesenteric 

peritoneum. Cells were recovered from mice peritoneum using the protocol B detailed above. 13 days after 

removal from mice, cells were left to adhere in poly-L-lysine coated glass coverslips and Immunofluorescence 

was performed using antibodies against α-smooth muscle actin, vimentin and cytokeratin-18 followed by goat 

anti-mouse AlexaFluor 568. DAPI was used to counterstain nuclei. Images were acquired in a Leica SP5 confocal 

microscope. Scale bar: 10 µm.  
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Figure 25 - Quantification of CXCL1 in the cultured peritoneal explants. Peritoneal parietal wall was collected from 3 WT and 

3 CD5L KO mice and dissected into 5-8 mm2 pieces. Explants were cultured for 2 hours at 37°C in the presence of 100 ng/mL  

LPS, 2,5x106/mL  isopropanol inactivated E.coli or unstimulated in the absence (0 µg) or presence of 1 µg and 10 µg of CD5L. 

CXCL1 was quantified in recovered supernatants by ELISA and the results were normalized to each explant weight.  

We tested an LPS condition since this component of Gram-negative bacteria, when used 

in small doses in this type of assays, induces an inflammatory response that mimics the 

one elicited in early sepsis [56, 58]. We also tested a condition with whole bacteria, 

inactivated E. coli, reproducing an infection environment [134]. The tissue portions were 

incubated in culture media for 2 hours and the supernatant was collected. Our strategy 

was to use this supernatant to compare the chemokine profile elicited in these conditions. 

As a proof of principle, we decided to test first by ELISA the amount of the prototypic 

chemokine CXCL1 found in these supernatants in order to validate the assay before the 

full screening. CXCL1 is one of the first chemokines produced locally by mesothelial cells 

and some resident leukocytes upon an aggression like an infection, that will act as a 

chemoattractant for neutrophils to the place of the infection [135, 136]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results in figure 25 indicate that, globally, CXCL1 is efficiently being produced by 

cells of the explants in response to LPS and E. coli, as expected. However, analyzing 

the results in detail, there is a high variability between the 3 different WT and KO animals 
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in all conditions. This may be explained based on the fact that every piece of tissue may 

have a heterogeneous composition, in both cell type and number, despite our efforts in 

maintaining the same anatomical site and the normalization of the results according to 

the mass of tissue.  

Our next strategy was to perform the screening assay using samples recovered from in 

vivo experiments. Since we were interested in understanding the role of CD5L in the 

chemokine profile elicited upon sepsis induction, we decided to use our CLP model in 

both WT and KO mice and inject rmCD5L intravenously (IV) 3 hours later or PBS in 

control animals, following the therapeutic protocol that we already tested. One hour after 

administration of the recombinant protein, mice were euthanized and blood was 

recovered to obtain the serum. Given the limitation of the assay to 4 samples, we made 

a pool of serum samples of 2 animals per condition (Fig. 26A). The serum was used in 

a semiquantitative commercial assay where a dot plot membrane allows the detection of 

25 chemokines associated with inflammatory reactions. Differences in each chemokine 

levels are translated by the dot intensity in the different samples. 

The results of the array in figure 26B show the results for all chemokines where we can 

observe variations in some chemokines. 

Our previous in vivo results showed that the high numbers of recruited neutrophils is 

seen upon CLP in WT compared with CD5L KO mice and when CD5L is exogenously 

administered to WT compared with untreated mice. Thus, our strategy to interpret these 

results was to focus on chemokines that on one hand are increased in WT animals when 

compared with KO, and on the other hand are increased when CD5L is exogenously 

added compared with untreated samples.  

The chemokines presented in figure 27, CCL21, CXCL11, CCL27 and IL16 follow that 

pattern. All these chemokines are associated with T cells chemoattraction [137-141]. 

CCL21 has chemotactic activity in vitro for thymocytes and activated T cells, but not for 

macrophages or neutrophils, showing activity towards naive T cells, mediating homing 

of lymphocytes to secondary lymphoid organs [138, 142]. CXCL11 is chemotactic for 

interleukin-activated T cells but not unstimulated ones nor neutrophils or monocytes and 

play an important role in T cell recruitment to the CNS in some pathologies [139, 140]. 

CCL27 is a chemoattractant for skin-associated memory T lymphocytes, mediating the 

homing of lymphocytes to cutaneous sites [137, 143]. IL16 induces migration of CD4+ 

lymphocytes, monocytes and eosinophils, inducing the expression of the IL2 receptor in 

T cells [141, 144]. 
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Therefore, these chemokines do not answer our question. We would expect to see this 

pattern of differences in CXC chemokines, since these are the family of chemokines 

most related with neutrophil recruitment [145]. 

If for the first experiment the problem was the fact that we could not control the 

differences regarding the tissues recovered, for this experiment the problem may reside 

on the fact that we chose blood samples to perform the chemokine arrays. Results 

obtained after, revealed that after exogenous IV administration of rmCD5L, the protein 

can be efficiently found in the infection site upon CLP, the peritoneal cavity. It is thus 

reasonable to assume that CD5L may be exerting its hypothetical chemotactic function 

Figure 26 - Chemokine array. WT or KO mice were subjected to CLP and 3 hours later, 2.5mg/ Kg rmCD5L or PBS was IV injected. 

After one hour, mice were euthanized and blood was collected for serum recovery. Pool of sera from two mice per group was used 

in this assay following manufacturer’s instructions. A) Dot-blot membranes where each dot corresponds to a different chemokine, 

in duplicate. B) Relative amount of each chemokine after quantification of Mean Pixel Density from each membrane using Fiji 

software.   

B 

WT rmCD5L KO rmCD5L 

WT PBS KO PBS 
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directly or indirectly from this site. Therefore, in a future approach, samples from 

peritoneal fluid obtained in the same conditions as the above assay will be used in a 

different quantitative array, suitable for more samples. Since chemokines are detected 

in high number at the site of infection this will probably lead to increased differences and 

more conclusive results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27 - Chemokine array results for CCL21, CXCL11, CCL27 and IL16.  Relative amount of CCL21, CXCL11, CCL27 

and IL16 calculated after the analysis of the Mean Pixel Density of each spot from figure 25A 
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4.  Conclusions and future perspectives 

CD5L has important roles in the immune system and finding new receptors to this protein 

may help in dissecting its function. Our experiments in trying to validate the 

transcriptomic-based approach reveal some of the limitations of this technique, namely 

that the presence of mRNA may not be related to protein expression or that the receptor 

expression may be occurring intracellularly and not on the cell surface. While for FZD5 

receptor, the next step should be to design two new gRNAs and perform a new round of 

transfection and selection, we could consider other approaches in trying to find new 

receptors for CD5L. The recently developed genome-scale, cell-based genetic screening 

approach using CRISPR gene knockout technology to identify cellular pathways required 

for specific cell surface recognition events may be a useful tool to identify such CD5L 

interactors [146]. 

Previous work from our group, using the in vivo mouse model of CLP to mimic sepsis, 

showed that CD5L has an important role in orchestrating the inflammatory process 

during sepsis since CD5L KO mice are more susceptible than WT ones to a sublethal 

form of this syndrome and that treatment with the rmCD5L efficiently protects WT mice 

from lethal sepsis. CD5L levels increase significantly in the peritoneal cavity early upon 

CLP and despite being detected on other resident or infiltrating leukocytes, we have 

proved that this is due to protein binding on the surface of these cells, internalization of 

CD5L-opsonized bacteria or simple receptor-mediated endocytosis of the protein. Future 

experiments will help to elucidate which of the alternative (s) may be occurring. It also 

remains to be demonstrated whether the significant increase of CD5L in peritoneal cavity 

is due to resident macrophages rapid secretion or mobilization from the blood, since this 

remains the biggest reservoir for the soluble protein although circulating in an inactive 

form while bound to IgM.  

In the in vivo models of CLP, CD5L has a protective role that seems to be associated 

with increased neutrophil recruitment to the infection site and decreased bacterial counts 

locally and systemically. The hypothesis that CD5L may be participating in phagocytosis 

was already demonstrated in the literature where it could improve the internalization of 

beads by macrophages in vitro. We hypothesized that it could act similarly in neutrophils 

but our results discard such involvement both in vitro and in vivo.  

Since resident LPM are one of the first cells to respond in case of a peritoneal infection 

like the one induced upon CLP, we decided to analyze whether CD5L could be involved 

in the phagocytosis by these cells. Our in vitro phagocytosis experiments using 
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thioglycolate-elicited macrophages and cecal bacteria did not show any influence of 

CD5L contrasting to in vivo assays where fluorescent E. coli particles were used. Even 

though these in vivo experiments are preliminary and must be repeated, they showed a 

tendency for a decreased phagocytosis by KO compare with WT cells, but no apparent 

increase in phagocytosis was detected when rmCD5L was injected exogenously. 

Instead, an analysis of some phenotypic markers of the macrophages from both groups 

indicated that the presence of rmCD5L changes the activation or maturation profile of 

WT cells. This interesting fact was never reported before and may help to provide a link 

to the phagocytosis results that showed that KO mice seem to be intrinsically different.  

The increased neutrophil recruitment per se induced when CD5L is present together with 

the lack of involvement of the protein in phagocytosis by these cells indicate that the 

increased numbers are sufficient to explain the reduced bacterial counts. It also suggests 

that this protein may be influencing the production of some chemokine (s) directly or 

indirectly. Our screening experiments that compared the chemokine profile of sera 

recovered from WT and KO mice treated or not with rmCD5L did not provide any clue 

regarding the involvement of a particular chemokine. However, some results obtained 

after showed that IV administration of rmCD5L allows the protein to be found at the 

infection site, the peritoneal cavity, upon CLP. As a future experiment, this assay should 

be repeated using peritoneal lavage samples instead of serum especially because these 

chemokines are first produced in the infection site and can lead to more conclusive 

results. Also, a different quantification assay will be performed that is quantitative and 

allows for more samples to be analyzed.  

In conclusion, this work, by allowing the exclusion of some hypothesis, narrowed the 

path that will lead to a detailed knowledge of the molecular mechanisms in which CD5L 

participates that modulates inflammation in the context of sepsis and that will be valuable 

once translated to human medicine.  
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