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Resumo 

Uma abordagem científica essencial que tem sido central para o estudo da biologia e do papel 

das células T CD8+ durante as respostas imunes é a melhor compreensão dos mecanismos de 

morte/sobrevivência dessas células. Durante a fase de contração, a morte de células T antígeno-

específicas pode ser alcançada por morte celular induzida por ativação (AICD) que ocorre após 

a ligação de Fas e FasL, ambos expressos por células T ativadas. Essa interação trimeriza o 

Fas, resultando no recrutamento da proteína adaptadora Fas-associated death domain (FADD) 

e das caspases-8 e/ou -10, criando o complexo de sinalização induzido pela morte (DISC). Então, 

o DISC ativa a caspase-8 ou 10 que inicia uma cascata levando à apoptose. O conhecimento e 

a manipulação dos mecanismos de morte/sobrevivência podem melhorar as habilidades de 

matar células T, otimizando as imunoterapias contra o câncer e os métodos de prevenção de 

infecções por vírus. Seguindo essa ideia, o projeto estudou o efeito de moléculas de 

morte/sobrevivência, como Fas e FasL, na ativação e diferenciação de células T CD8+ in vitro. 

Neste estudo, primeiro padronizamos o isolamento de células T CD8+ frescas de baços de 

camundongos de tipo selvagem (WT) e analisamos a ativação e diferenciação dessas células 

para os subconjuntos Tc0 (controle somente de ativação), Tc1 e Tc2 por Multicolor Flow 

Citometria (MFC) e Reação em Cadeia da Polimerase em Tempo Real (qPCR), posteriormente 

aplicando a mesma avaliação em camundongos deficientes em FasL (gld). Por fim, avaliamos a 

ativação de Tc0, Tc1 e Tc2 e a diferenciação entre camundongos WT e gld por MFC. Nossos 

resultados mostraram que isolamento, ativação e diferenciação eficientes em ambas as 

linhagens de camundongos foram alcançados. No geral, a deficiência de FasL não interfere na 

ativação, diferenciação e atividade efetora das células T CD8+. 

 

Palavras-chave: gld, mecanismos de morte/sobrevivência; marcadores de ativação, moléculas 

efetoras. 
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Abstract 

One scientific essential approach that has been central to the study of CD8+ T cell biology and 

role during immune responses, is the better understanding of death/survival mechanisms of these 

cells. During the contraction phase, death of antigen-specific T cells can be achieved by 

activation-induced cell death (AICD) that occurs upon ligation of Fas and FasL, both expressed 

by activated T cells. This interaction trimerizes Fas, resulting in the recruitment of Fas-associated 

death domain (FADD) adaptor protein and the caspases-8 and/or -10, creating the Death-induced 

signaling complex (DISC). Then, DISC activates caspase-8 or 10 that initiate a cascade leading 

to apoptosis. The knowledge and manipulation of death/survival mechanisms could improve T 

cells killing skills, optimizing cancer immunotherapies and prevention methods of virus infections. 

Following this idea, the project studied the effect of death/survival molecules, such as Fas and 

FasL, in CD8+ T cell activation and differentiation in vitro. In this study, we first standardized fresh 

CD8+ T cell isolation from spleens of wild-type (WT) mice and analyzed the activation, and 

differentiation of these cells towards the Tc0 (activation-only control), Tc1, and Tc2 subsets by 

Multicolor Flow Cytometry (MFC) and Real-Time Polymerase Chain Reaction (qPCR), later 

applying the same evaluation on FasL-deficient mice (gld). Last, we assessed Tc0, Tc1, and Tc2 

activation, and differentiation between WT and gld mice by MFC. Our results showed that efficient 

isolation, activation and differentiation in both mice lineages were achieved. Overall, FasL-

deficiency does not interfere with the activation, differentiation, and effector activity of CD8+ T 

cells.  

 

Key Words: gld; death/survival mechanisms; activation markers; effector molecules. 
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1. Introduction 

The Immune System protects the host against pathogens and tumors via its innate and 

adaptive immune responses 1. The innate immune response comprises the first layer of protection 

and is composed by preexisting physical, biochemical, and microbiological barriers, as well as 

specialized cells that respond promptly to pathogen-associated molecular patterns (PAMPs). 

Afterwards, the adaptive immune response takes place and amplifies the mechanisms of 

protection. Differently from innate immune cells, B and T lymphocytes interact with pathogens 

using antigen-specific receptors capable of recognizing “particularities” instead of molecular 

patterns. Importantly, these cells are able to generate the so-called immunological memory, which 

is the capacity to subsequently respond faster and stronger to the same infection 2. 

Effector CD8+ T cells, known as cytotoxic T lymphocytes (CTLs), protects the body against 

intracellular threats, such as virus and tumors 3,4. Cancer kills millions of people each year and is 

the second main cause of death worldwide, where statistics estimates that one in six deaths is 

cancer-related 5. In addition, viral infections represent great danger not only individually but also 

to the entire human population, due to their ability to quick replicate and spread among many 

vertebrates, as well as their capacity to stimulate strong immune responses, bringing harmful 

consequences to the hosts 6. Since the beginning of 2020, the world has been suffering from a 

pandemic crisis caused by a new SARS-coronavirus, known as SARS-Cov-2. This new virus is 

able to quick spread by human-human contact, causing respiratory disorders that may lead to 

death, particularly in elders and patients with co-morbidities 7–9. In this context, CTLs play an 

important role as they are responsible for killing the infected cells, stopping the viruses replication, 

combating the infection and generating memory CD8+ T. Additionally, CTLs penetrate the tumor 

microenvironment (TME), where they produce important immune cytokines and kill tumor cells, 

representing an important target for cancer immunotherapy 3. 

Once naïve CD8+ T cells are activated, signaling transduction cascade induced by 
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TCR/CD3 promotes the activation of transcriptional factors, such as Nuclear factor of activated -

cell (NFAT), Nuclear factor kappa-B (NF-kB) and Activator protein-1 (AP-1), which promote the 

transcription of Interleukin (IL)-2 and its receptor (IL-2R) and also increases the expression IL-2R 

a-domain (CD25) and the transmembrane C-Type lectin protein CD69 10–15. NF-kB and AP-1 

stimulates metabolic adaptation and production of effector enzymes (Perforin and granzymes), 

thereby transforming naïve into activated CD8+ T cells 16,17. IL-2 signaling results in massive 

proliferation and clonal expansion and also increases the expression of important adhesion 

molecules, such as CD44, a classical marker for activation and prolonged survival related to 

memory differentiation 18–21.  

Many studies support the notion that CD8+ T cells differentiate into effector subsets, such 

as Tc1, Tc2, Tc9, Tc17, Tc22 and Tcreg subpopulations. These subsets hold distinctive polarizing 

cytokines, functions, transcriptional factors (involved in subset commitment), markers and 

cytokines production profiles, similarly to effector CD4+ T cells 17,22–26 (Table 1).  

Tc1 cells are considered to be the conventional CTLs. They produce high levels of 

Interferon-g (IFN-g) and tumor necrosis factor (TNF)-a, and low levels of IL-4 27–29. Probably 

because of their high expression of cytolytic molecules, such as Granzyme B and Perforin, they 

present superior cytotoxic activity 30,31. When naïve cells are activated, the presence of IL-12 

triggers a signaling cascade that increases expression of the transcription factors Signal 

transducer and activator of transcription (STAT) 4, T-Box protein expressed in T cells (T-bet) and 

Eomesodermin (EOMES), which together shape the commitment to the Tc1 pathway 32,33. In 

addition, the high expression of Interleukin-18 receptor (IL-18R) has been shown to be a particular 

characteristic of the Tc1 lineage 26,34. Tc1 cells seems to be important to fight viral infections 35,36 

and tumors 31,37, but some recent studies have been demonstrated that Tc1 is also associated to 

chronic inflammation mechanisms in some small intestine autoimmune disorders, such as 

Inflammatory Bowel Disease  38–40 . 
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Table 1: Characterization of effector CD8+ T cells subsets by cytokines and transcriptional factors 
involved in their polarization, main known surface markers, production of cytokines and effector 
molecules, described function and cytotoxicity capacity.  

______________________________________________________________________________ 

Like effector CD4+ subsets well stablished features, the cytokines IFN-g, IL-4, IL-9, IL-17 and IL-22, also 

the transcription factors, T-bet, GATA3, IRF4, RORgT and AhR can also be decisive to distinct and identify 

each effector CD8+ subset 24,26,38. (Figure retrieved and adapted from St. Paul, M & Ohashi, P., 2020). 

 

Tc2 differentiation is stimulated by IL-4, which activates a cascade via STAT6 and GATA 

binding protein 3 (GATA3). Tc2 produces very low level of IFN-g and seems to display a weak 

cytotoxic ability26,41–44. Similarly to Th2, Tc2 is characterized by increased production of IL-4, IL-5 

and IL-13, and the ability to stimulate IgE production and eosinophils recruitment to the respiratory 

tract, having an important role in allergy development 44–48. 
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Tc9 is a relatively new subset that is not yet completely accepted in the literature. 

However, studies have described it as a subset involved in pro-inflammatory activity related to 

small intestine and respiratory tract. In addition, adoptive transfer studies suggested that Tc9 cells 

may have important antitumor activity 49–52. Their polarization is also driven by IL-4 in addition to 

Transforming growth factor beta (TGF-b), which induces Interferon Regulatory factor 4 (IRF4) and 

STAT6 signaling driving the transcription of genes related to this lineage. They produce IL-9 as a 

signature cytokine, but also IL-10. Similarly to Tc2 cells, Tc9 cells are poorly cytotoxic and IFN-g 

producers 51,53–56. 

The relationship among Th1/Tc1 and Th2/Tc2 is also reflected at the level of Th17/Tc17. 

Tc17 cells are polarized by IL-6 in combination with TGF-b, which triggers the activation of the 

transcriptional factors Retinoic Acid-Receptor-Related Orphan Receptor gamma (ROR-g)t , IRF4 

and STAT3 that, in combination, promotes transcription of genes associated with Tc17 lineage 

commitment. They produce high levels of IL-17, IL-21 and IL-22, but low levels of IFN-g and 

granzyme B, and have no considerable cytotoxic activity 29,57–61. Although the biological role of 

these cells still unclear, few studies have shown a particular function of Tc17 on the clearance of 

fungal and other infections. Besides, other studies have revealed a contribution of Tc17 cells to 

increase chronic inflammation and to suppress immune responses in the TME of many tissue-

specific cancers, and particularly skin and small intestine autoimmune diseases and allogenic 

transplantation 21,38,40,56–58,62–66. 

The last and the more recently described subset, Tc22, have been demonstrated to have 

good cytotoxic capacity probably due to its abundant production of granzyme B. In addition, it has 

been reported that Tc22 subset has important antitumor activity and it is protective against viral 

infections 67. In addition, Tc22 has significant participation in immune response during 

transplantation complications 68, even though its biological role remains obscure. After activation, 

the presence of IL-6 and TNF-a, in combination with an agonist of the Aryl hydrocarbon Receptor 
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(AhR), activates a cascade mediated particularly by the transcriptional factor AhR, endorsing the 

Tc22 subset differentiation and consequently the production of IL-22, TNF-a and IL-2 24,26,34,69,70. 

Importantly, although the mechanisms of CD4+ T cells differentiation are well established, the 

molecular machinery responsible for effector CD8+ T cells differentiation into diverse cellular 

phenotypes remains unclear 22,71,72.  

When the threat is finally contained or CD8+ T cells are being chronically activated, 

mechanisms of programmed cell death secure the elimination of unnecessary or potentially 

harmful antigen-specific effector CD8+ T cells 73. During this contraction phase, death of antigen-

specific T cells can be achieved by two different processes: activation-induced cell death (AICD) 

and activated T-cell autonomous death (ACAD), both involving the well-described extrinsic and 

intrinsic apoptosis pathways (Figure 1) 73,74.  

AICD occurs through Fas-Fas ligand (FasL) interaction, in which Fas is the prototype of 

the death receptor family, commonly expressed by many cell types, particularly activated T cells. 

Upon ligation, FasL also expressed by activated T cells, trimerizes Fas, resulting in the 

recruitment of Fas-associated death domain (FADD) adaptor protein and the caspases-8 and/or 

-10, creating the Death-induced signaling complex (DISC). Caspase-8 or 10 are activated and 

initiate a cascade leading to apoptosis. In contrast, ACAD occurs via Bcl-2-like protein 11 (Bim), 

a BH3 domain-only member of Bcl-2 family. Bim can be activated by multiple stress signals, 

including oncogene activity, chemotherapeutic drugs, and absence of extracellular 

survival/activation signals 75. Upon activation, Bim antagonizes two anti-apoptotic proteins of the 

Bcl-2 family (Bcl-2 itself and Bcl-xl) that are constantly inhibiting the major pro-apoptotic proteins 

from the same family (Bax and Bak), thereby maintaining mitochondrial membrane stability. Once 

Bax and Bak are free from Bcl-2 or Bcl-xl restraint, Bax-Bak oligomerizes and creates pores on 

the mitochondrial outer membrane. Because of that, mitochondrial intermembrane content, 

primarily cytochrome c, overflow to the cytosol binds to APAF-1 and activates caspase-9, initiating 
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apoptosis 76,77. While AICD is dependent on the TCR restimulation, ACAD is initiated by the 

absence of external stimuli (antigen) 73,74.  

 

 

Figure 1: Antigen-specific T cell death mechanisms. Fas-FasL interaction leads to trimerizaton of Fas, 

in which FADD adaptor protein binds to other death effector domain proteins in Fas cytoplasmic area, 

generating DISC complex. DISC eventually activates a cascade of effector caspases through caspase- 8 
or 10, resulting in apoptosis (AICD). As the result of a drop of antigen stimulation, Bim protein gets activated 

and breaks the blocking effect of anti-apoptotic Bcl-2 and Bcl-xl on both Bax and Bak proteins, thereby 

inducing their oligomerization and mitochondrial outer membrane pore (MOMP) formation. As a 

consequence, cytochrome c and other proteins leak to the cytosol activating the effector caspases that 

leads to apoptosis (ACAD)78.(Figure retrieved and adapted from Zhang N.,et all, 2005). 

 



  

 20 

 

Most importantly, these cell death mechanisms are essential part of the immune 

regulation, as they maintain lymphocyte homeostasis, prevent exacerbated inflammation, and 

contribute to tolerance 79. Although the manipulation of these survival mechanisms could improve 

the amplitude of CD8+ T cell responses, the effect of signaling pathways emanating from Fas/FasL 

interaction and/or dependent on the expression of Bim to the differentiation of CD8+ T cell subsets  

and their effector capacity remains obscure 4,80. In addition, it is not clear how Bim activation and 

Fas/FasL interaction shape the memory cell repertoire/compartment. After contraction phase, the 

remaining CD8+ T cells differentiate into central memory T cells (TCM), located in the secondary 

lymphoid organs, effector memory T cells (TEM) that circulates or populates the tissues 22,81, and 

resident memory T cells (TRM), which does not circulates and rather populates tissues 

permanently 81–84. More recently, some studies also identified a new subpopulation described as 

peripheral memory T cells (TPM) based on the expression of the fractalkine receptor (Cx3Cr1), 

during chronical infections85,86. These subpopulations (long term cells) create a heterogeneous 

pool of memory cells that can fluctuate depending on the antigen and duration of exposure. Also, 

they basically  have the potential to effectively produce a second pool of functional terminal-

effector cells, providing immune-surveillance adapted to quickly and carefully respond to a re-

infection 22,23,81. 

 In fact, CD8+ T cell differentiation into effector and memory subsets during antigen 

exposures have been explained by two different models 87. The first model claims that once 

activated, naïve CD8+ T cell differentiates into effector subsets and during contraction phase, 

each subset individually develops memory precursors 88,89. The cytotoxic activity of these memory 

precursors and their high expression of effector molecules such as granzyme B support the notion 

that these cells have previously passed through an effector stage 90. In contrast, the second model 

proposes that once naïve cells are activated (in its early activation stage), memory precursors, 
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named as memory precursors effector cells (MPECs), are originated and following stimuli, those 

precursors could later differentiate into memory subsets and short-lived effector subsets 91,92.  

The distinct memory subpopulations follow the same rule as the effector subsets and can 

be characterized by the expression levels of surface markers, transcriptional factors, cytokines 

production, also function and location (Table 2). The expression of CD127, CD27, CCR7, CD44, 

CD62 Ligand (CD62L) and Cx3Cr1 also the transcriptional factors T-bet, TCF1, Blimp1 and Hobit 

could also identify the distinct memory subpopulations. TCM cells show increased expression of 

CD62 Ligand (CD62L), CD127, CD27, CD44 and CCR7, but low expression of KLRG1 and 

Cx3Cr1, has an elevated proliferation ability and decreased cytotoxic activity explained by these 

population been substantially located in lymph nodes 21,55,64,65,84,93. 

 

 

Table 2: Characterization of the memory CD8+ T cells subpopulations in mice by phenotype 

markers, function, location/trafficking and respective transcriptional factors expressed. 

 

The distinct expression levels of surface markers such as KLRG1, CD127, CCR7, CD27, CD44 and CD62L 

and transcription factors T-bet, TCF1, Blimp1 and Hobit are fundamental to characterize the three memory 

subpopulations. In addition, proliferation and toxicity capacities, also location of the cells, are different 

among memory subpopulations and could help identify and characterize each one of them 21,55,64,65,81,84,93. 
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In contrast, TEM cells express high KLRG1, Cx3Cr1, also CD127 and CD44, but low 

CD62L, CD27 and CCR7. They are poorly proliferative but they show high cytotoxicity, also 

explained by its capacity to circulate through the whole body and be ready to act upon any threat 

encounter 21,55,64,86,92,93. TRM cells show similar levels of some important surface markers of TEM 

(CD62Llow, CCR7low,) and TCM (KLRG1low, CD127high, T-betlow). On the other hand, they exclusively 

express high levels of transcriptional factor Hobit, and surface markers CD69, CD103 and CD49 

65,93,94. They are located strictly in tissues and have a basic function of local immunosurveillance 

and quickly alert the tissue by any threat re-encounter 95,96. The recent described TPM cells express 

unique intermediate levels Cx3Cr1 and other markers, also cytotoxicity and proliferation. They 

basically are a subpopulation that show better stability and self-renewal capability, also can 

migrate to peripheral tissues 86,97. However, this differentiation process and the physiological 

importance of those subpopulations is still yet in development. 

 

2. Objectives 

 Main Objective 
 

The objective of this work was to investigate the role of pro-apoptotic molecules, such as Bim 

and FasL, on in vitro CD8+ T cell differentiation to the known effector subpopulations. 

 

Specific Goals 
 

• To optimize experimental conditions for in vitro CD8+ T cell isolation, in C57BL6 WT 

mice.  

• To optimize experimental conditions for in vitro CD8+ T cell activation to Tc0 (non-

polarized condition), in C57BL6 WT mice.  

• To optimize experimental conditions for in vitro CD8+ T cell differentiation to Tc0 (non-

polarized condition), Tc1 and Tc2 effector subsets, in C57BL6 WT mice.  
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• To compare the activation and differentiation profile of Tc0, Tc1 and Tc2 subsets in WT, 

and gld animals.  

 

3. Materials and Methods 

Animals 
 

C57BL/6 WT and gld mice, between 6 and 8 weeks of age, male or female were obtained 

from the animal facility of the Institute of Biomedical Sciences, University of São Paulo (ICB-USP) 

and maintained under institutional guidelines conditions. Animals were kept in ventilated racks 

under controlled conditions of temperature, humidity and lighting (12-hour light/dark cycle). All 

manipulation were subject to approval by the Animal Manipulation Ethics Committee of the ICB-

USP before any experimental procedure, abiding by the international laws of animal ethics. 

 

Extraction of splenocytes and isolation of CD8+ T cells 
 

WT and gld mice were euthanized by inhalation of isoflurane solution (BioChimicoâ)  

followed by cervical dislocation. Spleens were removed and placed into 6-well tissue culture 

plates or Petri dishes containing RPMI-1640 supplemented with 10% fetal bovine serum (FBS). 

Then, spleens were squeezed by a 0.45mm x 13mm syringe plunger to release splenocytes into 

the plate solution. Cell suspension was filtered in a 70 µm cell strainer to remove tissue debris 

and transferred to 50 mL falcon tubes. Next, splenocyte suspensions were centrifuged at 350g 

for 10 min at 4°C. Supernatants were carefully discarded and pellets were mixed and 

resuspended in 2ml/spleen of hypotonic solution buffer (0.15 mM NH4Cl, 1 mM KHCO3, 0.1 mM 

Na EDTA, pH 7.2–7.3) for 2 minutes to lyse red blood cells. Then, samples were washed with 

MACS Buffer (Phosphate-buffered saline (PBS) 1X, 5% of Bovine Serum Albumin (BSA), 0,4% 

of 0,5mM EDTA, pH 8.0), centrifuged again and resuspended with the same buffer. Cell 

concentration and viability were evaluated by 0.2% trypan blue staining in a Neubauer 
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hemacytometer and Nikon Microscope or in an Automated Cell Counter (Countess II FL cell 

counter, Life Technologiesä ). After that, CD8+ T cells were negatively selected from samples 

containing 5 x 107 - 1 x 108 splenocytes using the EasySepä Mouse CD8+ T Cell Isolation Kit 

(StemCellä Technologies), following manufacturer instructions. Briefly, pools of spleen cells were 

mixed with a variety of lineage-specific antibodies, which does not include CD8+ T cells one, then 

separated by a magnet (EasySepä Magnet – StemCellä Technologies), and eliminated from 

samples. Freshly-isolated CD8+ T cell (FI- CD8 T cells) concentration and viability were evaluated 

following same procedure.  

 

In vitro subset Activation and Differentiation 
 

For generation of effector CD8+ T cell subsets - Tc0, Tc1 and Tc2 -  FI-CD8 T cells (in 

proportion of 2 x 105 cells/ well)  were first separated in 1,5 ml sterilized tubes and centrifuged at 

350g for 10 min at 4°C. Afterwards, cells were resuspended with supplemented medium (RPMI-

1640,  10% FBS, 1% Non-essential Amino Acids – NEAAs, 1% sodium pyruvate, 1% 

penicillin/streptomycin, 1% vitamins, 1% L-glutamine 1% b-Mercaptoethanol) containing  anti-

CD3/CD28 antibodies coupled with magnetic beads (Dynabeads™ Mouse T-Activator CD3/CD28 

for T-Cell Expansion and Activation – Gibco™) in proportion of 5µL / 1 x 106  FI-CD8 T cells and 

incubated at 37°C for 45 min-1h. In parallel, another Mix for each subset were prepared containing 

same supplemented medium, 20 ng/mL (or 30 U/mL) of IL-2 (diluted with PBS 1x from the IL-2 

human stock at 105 U/ml, Sigma-Aldrichâ) and specific polarizing cytokines: 5 ng/mL of IL-12 

(diluted with PBS 1x from the IL-12 mouse stock at 200µg /mL, BD Pharmingenä ) for Tc1; 20 

ng/mL of IL-4 (diluted with PBS 1x from the IL-4 mouse stock at 200µL /mL, BD Pharmingenä) + 

2,5µg/mL of anti-IFN-g mAbs (stock at 2,5 mg/ml, Biolegendâ) for Tc2 69. Each subset Mix were 

distributed in the 24-well flat-bottomed plates in volume of 800µL/well. Last, the samples were 
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distributed in the same plates in volume of 200µL/well and placed for culture under 5% CO2 at 

37°C for 3 or 5 days. 

 

 

Post-culture Treatment 
 

After activation and differentiation, anti-CD3/CD28 antibodies coupled to magnetic beads 

were eliminated from the cultures using the magnet column. Samples containing Tc0, Tc1 and 

Tc2 were washed and either resuspended in RNA-isolation solution (TrizolTM reagent, Invitrogen) 

and kept in -80°C freezer for minimum 48h for qPCR protocol or used immediately for Extracellular 

and Intracellular staining and flow cytometry.  

 

Real-Time Polymerase Chain Reaction (qPCR) analysis 
 

1.1.1. RNA extraction  

CD8+ T subset samples previously stored in Trizol were submitted to RNA isolation from 

DNA and proteins. The upper transparent portion of samples, which contains RNA, were 

cautiously removed, avoiding contamination, transferred to another tube where 500µL of 

isopropanol were added and then kept at room temperature for 10 minutes. Samples were 

centrifuged at 12000g for 10 minutes and the supernatants were discarded. Pellets were washed 

three times in 1 mL of 75% ethanol and centrifuged at 7600g for 5 minutes at 4°C. Ethanol was 

removed, tubes were kept inverted on the bench at room temperature until the pellet was 

completely dry out, and then resuspended again in 25µL of sterilized diethylpyrocarbonate 

(DEPC) water at 0.1%. Purified total RNA was quantified using NanoDrop™ 2000/2000c 

Spectrophotometer (Thermofisher Scientifics), and concentration provided as ng/µL. 
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1.1.2. cDNA synthesis 

For the synthesis of cDNA, 2 µg of mRNA (previously extracted) were diluted in DEPC 

water to reach 14.2µL. Then, 5.8μL of a master mix containing 0.8µL of dNTPs, 2µL of RT random 

primers, 2µL of RT Buffer, and 1µL of multiscribe reverse transcriptase enzyme were added. 

Samples were subject to cycles of 10 minutes at 25°C; 2 hours at 37°C; and 5 minutes at 85°C) 

in a thermocycler (QuantStudio™ 3 Real-Time PCR System, 96-well, 0.2 mL, laptop – Applied 

Biosystems™). After that, 180µL of DEPC water were added to each sample containing now 

cDNA, which were finally kept at -20°C. 

1.1.3. Quantification of messenger RNA (mRNA) expression 

To analyze the expression of transcriptional factors (T-bet and Gata-3) and effector 

molecules (IFN-g, IL-4 and IL-18R) involved in CD8 T cell differentiation, the obtained cDNA 

samples were submitted to a quantitative PCR reaction. For each reaction, 4.6µL of cDNA sample 

were added to a mix containing 5.0µL of SYBR Green Master Mix (Applied BiosystemsTM) and 

0.4 µL of Custom Primers’ oligo sequences (InvitrogenTM) for transcriptional factors and effector 

molecules genes: Tbx21 (forward: 5’-AGCAAGGACGGCGAATGTT-3’; reverse: 5’-

AGTAGGCCACATTACACTGCT-3’); Gata3 (forward: 5’- CTCGGCCATTCGTACATGGAA-3’; 

reverse: 5’-GGATACCTCTGCACCGTAGC-3’); Ifng (forward: 5’-

ATGAACGCTACACACTGCATC-3’; reverse: 5’- CCATCCTTTTGCCAGTTCCTC-3’); Il4 

(forward: 5’-GGTCTCAACCCCCAGCTAGT-3’; reverse: 5’-GCCGATGATCTCTCTCAAGTGAT-

3’); Il18r (forward: 5’-ACTTTTGCTGTGGAGACGTTAC-3’; reverse: 5’-

CCGGCTTTTCTCTATCAGTGAAT-3’); Actb (forward: 5’-GGCTGTATTCCCCTCCATCG-3’; 

reverse: 5’-CCAGTTGGTAACAATGCCATGT-3’). The PCR samples were taken again to the 

thermocycler (QuantStudio™ 3 Real-Time PCR System, 96-well, 0.2 mL, laptop – Applied 

Biosystems™) for a cycle of 40 repeats for the following stages: 2 minutes at 50°C; 2 minutes at 

95°C; 95°C for seconds and 1 minute at 60°C).  



  

 27 

All control curves provided by real time cycling were normalized by the expression of Actb. 

Each specific gene expression was obtained by DCT, which is the CT (Cycle threshold) of the 

target gene subtracted of the CT of the constitutive gene. The relative gene expression among 

subsets was represented by fold change, calculated by the respective formula:  

𝟐("
𝑭𝒐𝒍𝒅
DD𝑪𝑻) , where  $%&'

DD()
 = DCT (sample) –DCTmean (calibrator). 

The calibrator was the control subset (Tc0), and DCTmean was obtained from the mean of four 

replicates of Tc0 DCT. Each sample was equivalent to a replicate. 

 

Multicolor Flow Cytometry (MFC) 
 

1.1.4. Extracellular staining 

For the analysis of surface activation and effector/memory markers, 1 x 106  splenocytes, 

FI-CD8 T cells, Tc0, Tc1 and Tc2 were stained with the following conjugated antibodies: CD8a 

(BV510 and BB515, clone 53-6.7, BD HorizonTM); CD4 (PE, clone H129.19, BD PharmingenTM);  

CD69 (BV480, clone H1.2F3, BD PharmingenTM and BD OptiBuildTM ;  FITC, clone XMG1.2, 

eBioscienceTM), CD25 (APC, clone PC61.5, eBioscienceTM), CD44 (PE, clone IM7, 

eBioscienceTM), KLRG1 (BV786, clone 2F1, BD HorizonTM) and CD62L (PE-CF594, clone MEL-

14, Biolegendâ); as well as the viability dye LIVE/DEADTM Fixable Near-IR Dead Cell Stain Kit, 

InvitrogenTM). Dilution for all antibodies varies between 1:100 and 1:1000 in MACS Buffer and 

was previously optimized for our flow cytometers and experimental conditions. Samples were 

stained at 4°C for 30 min, then washed with 1 mL of MACS Buffer, and fixed with 300µL of 

paraformaldehyde (PFA) 1%. Unstained samples (US) of each cell population were used as 

negative controls.  
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1.1.5. Intracellular staining 

For the analysis of effector molecules, 1 x 106 FI-CD8 T cells, Tc0, Tc1 or Tc2 were treated 

with Brefeldin-A (Biolegendâ) under 5% CO2, at 37°C for 4h. Then, samples were stained with a 

mix of the following conjugated antibodies: CD8a (BB515, clone 53-6.7, BD HorizonTM), 

FasL/CD178 (PE, MFL3, eBioscenceTM) and LIVE/DEADTM Fixable Near-IR Dead Cell Stain, 

followed by IFN-g (PE-CF594, clone XMG1.2, BD HorizonTM), TNF-a (BV650, clone MP6-XT22, 

BD HorizonTM), Granzyme B (PE-Cy7, clone NGZB, eBioscenceTM), Perforin (APC and PE, clone 

eBioMAK-D, eBioscenceTM), IL-4 (BV711, clone 11b11, BD HorizonTM), using intracellular staining 

kit (FoxP3 Staining Buffer Set, eBioscenceTM) following manufacturer’s instructions. An unstained 

sample (US) of each cell population were used as negative control.  

1.1.6. Multicolor Flow cytometry (MFC) and data analysis. 

All samples were run in Cytek Nothern lightsTM or BD LSR FortessaTM Cell Analyzer using 

BD FACSDiva™ Software. For each stained Tc0 samples of 5 days-culture, 3 x 105 events were 

recorded. For the rest of all stained samples and for negative control samples, 5 x 105 and 5 x 104 

events were record, respectively. Each staining panel (extracellular and intracellular) was 

compensated using compensation beads (BD™ CompBeads Anti-Mouse Ig, κ/Negative Control 

Compensation Particles Set, BD Biosciences) or Tc0 samples, stained with each antibody 

individually. Negative controls used were either unstained compensation beads or Tc0 samples.  

All data were analyzed by BD FlowJo™ V.10 software using the same gate strategy 

(Figure 2). Doublets, cellular debris and dead cells were successively excluded using FSC-H x 

FSC-A, SSC-A x FSC-A and SSC-A x Live/Dead staining analysis, respectively. Remaining data 

were provided as frequency of CD8+ live events. All gates were defined based on their respective 

non-stained negative control.  
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Figure 2:  BD FlowJo™ gate strategy for the analysis of CD8+ T cells. All samples were first gated for 
singlets, following by lymphocytes and live cells. For negative control samples, all gates for the antigens of 
interest are selected inside the live cells’ gate, while for stained samples, the antigens are designated inside 
viable CD8a gate. 

 
Statistical Analysis  

 
All CD8+ T cell activation and differentiation experiments by MFC were performed in 

triplicates, 1 to 3 times independently. Statistical analysis of MFC was based on the Frequency 

and Mean Fluorescence Intensity (MFI) of live CD8+ T cells expressing activation markers and 

effector molecules. Frequency was considered as a relative percentage given by the total number 

of viable CD8+ events, also positive for each specific molecule, compared to the total number of 

live events. In addition, qPCR experiments were performed in quadruplicates in 2 independent 

experiments and analyzed as described above. Since this presented work was completely 

exploratory, statistical significance of frequency, MFI and fold change was assumed as a < 0.05. 

All data was analyzed in Graphpad Prism 9 software using the following strategies. 
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1.1.7. WT Comparison of FI-CD8 T cells, Tc0 from 3 and 5 days-culture by MFC. 

Frequency and MFI values of a single experiment per population performed individually 

were analyzed by a single factor (subset) per each dependent variable (activation markers) using 

ordinary one-way ANOVA. Multiple comparisons were corrected by Tukey’s test. Statistical 

sample size (N) was 3 (3 animals for FI-CD8 T cells and 3 culture wells for Tc0 of both distinct 

time-cultures). 

1.1.8. WT x gld analysis of FI-CD8 T cell activation markers by MFC. 

Frequency and MFI values of a single experiment were analyzed by a single factor 

(lineage) per each variable (activation markers) using unpaired two-tailed Welch’s t-test. 

Significance was assumed as a < 0.008, due to Bonferroni’s correction of multiple comparisons. 

N was 3 (3 animals per lineage). 

1.1.9. qPCR analysis 

Fold change values of one experiment were analyzed by a single factor (subset) per each 

dependent variable (transcription factors and cytokines) using ordinary one-way ANOVA. Multiple 

comparisons were corrected by Tukey’s test. N was 4 (4 culture wells for each subset). 

 
1.1.10. WT x gld: Tc0, Tc1 and Tc2 analysis of activation markers by MFC.  

Frequency and MFI values of three independent experiments were analyzed by 2 factors 

(subset and lineage) per each dependent variable (activation markers) using ordinary two-way 

ANOVA, confirming normality. Multiple comparisons were corrected by Tukey’s or Šídák's tests. 

N = 9 (3 culture wells for each subset per test). 

 
1.1.11. WT x gld: Tc0, Tc1 and Tc2 analysis of effector molecules by MFC. 

Frequency and MFI values of two independent experiments were analyzed by 2 factors 

(subset and lineage) per each dependent variable (effector molecules) using ordinary two-way 
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ANOVA, confirming normality. Multiple comparisons were corrected by Tukey’s or Šídák's tests. 

N = 9 (3 culture wells for each subset per test). 

 

4. Results  

 
Isolation of splenic CD8+ T cells  

 
We started our project optimizing the efficiency of CD8+ T cell isolation using negative 

selection protocol. To achieve that, we performed a great number of independent experiments 

using spleens from male and female WT animals, aged between 6-8 weeks and reagents 

obtained from different suppliers. Total splenocytes and freshly isolated CD8+ T (FI-CD8 T) cells 

were stained for viability, CD8a, and CD4 and analyzed by flow cytometry (Figure 3). Regarding 

viability, all splenocytes and FI-CD8 T cell samples maintained similar and high frequency of live 

cells (Figure 3). Furthermore, all splenocyte samples demonstrated comparable frequency of 

CD4+ (around 15%) and CD8+ (around 10%) T cells, expected from healthy animals (Figure 3). 

After numerous tests, we were able to obtain a high and constant amount of purified FI-CD8 T 

cells (80-90%), with no contamination of CD4+ cells (Figure 3). 
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Figure 3: Isolation of fresh CD8+ T cells using Negative Selection Kit. Flow cytometry plots showing 

viability and isolation efficiency of splenocytes and freshly-isolated CD8 T cells (FI-CD8 T cells) samples 

from WT animals using StemCell™ Technologies kit. The presence of CD4+ cells are also demonstrated 

in the two samples. 

 

In vitro activation of CD8+ T cells 
 

Once the isolation protocol was finally optimized and validated, we established the best 

condition of in vitro CD8 T cell activation. We compared data from three independent experiments 

where we cultured 2 x 105 FI-CD8 T cells/well of 24-well flat-bottom plates containing IL-2 and 

anti-CD3/anti-CD28 magnetic beads, for 3 and 5 days to generate Tc0. Samples were stained for 

selected activation markers, such as CD25, CD69, CD44, KLRG1 and CD62L, using the 

extracellular staining protocol and then analyzed by MFC (Figure 4).  

 



  

 33 

 
 

Figure 4: Comparison of CD8+ T cell activation profile after 3 and 5 day-culture. MFC pseudocolor 

plots of activation surface markers expressed by FI-CD8 T cells and activated-only cells (Tc0) from WT 

mice cultured in 24-well, flat-bottom plates for 3 or 5 days. Plots were gated on viable CD8a+ cells and 

reveal classical activation markers, CD69 and CD25, as well as other activation markers such as CD44, 

KLRG1 and CD62L, which can also determine the transition between effector and memory precursors, post 

activation. Plots are representative of independent experiments performed for all three populations.  

 
 

First, viability was above 90% for both FI-CD8 T cells and Tc0 of 3-days culture. However, 

after 5 days in culture, stimulated Tc0 cells display a significantly lower viability (replicates mean 

» 30%), perhaps as the result of chronic stimulation with anti-CD3/CD28 beads (AICD) or the 

absence of proper levels of survival factors, such as IL-2. In any case, when we gated on viable 

CD8T cells, Tc0 from both 3 and 5 day-culture displayed signs of activation, represented 

particularly by the expression of CD25, the high affinity IL-2 receptor (Figures 4 and 5 A-B). In 

comparison, as expected, FI-CD8 had no expression of CD25 (Figures 4 and 5 A-B). 

Interestingly, although the frequencies of CD25-positive cells were similar on days 3 and 5, the 

level of expression of CD25, as measured by the MFI, decreased on day 5 compared to day 3 
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(Figures 4 and 5 A-B).  Similar upregulation on day 3 and downmodulation on day 5 also 

occurred for the expression of CD69, CD44, CD62L and CD8. In these cases, the percentage of 

positive events also decreased in 5 days (Figures 4 and 5 A-B). Unexpectedly, no KLRG1 

expression were observed before or after stimulation (Figures 4). Intriguingly, upon activation, 

two CD62L+ populations (high and low) were observed in both 3- and 5-day cultures (Figures 4 

and 5). 

 

 

Figure 5: Frequency and Mean Fluorescence Intensity (MFI) of CD8+ T cells before and after 
activation. Statistical analysis of activation markers CD25, CD69, CD44 and CD62L, expressed by viable 

FI-CD8+ T and Tc0 cells from WT mice cultured in a 24-well, flat-bottom plate for 3 and 5 days. A) % of 
CD8+ cells expressing the activations markers. B) MFI of CD8+ cells expressing the same activations 

markers. (A-B) ANOVA comparing samples from independent experiments performed for all three 

populations. Graphs show mean, standard deviation (SD) and multiple comparisons where: * = p<0.05, ** 

= p<0.01, *** = p<0.001 **** = p<0.0001 and ns = no significant. N = 3 

 
 

Taken together, our results suggest that CD8+ T cells were being properly activated and 

that day 3 is the peak of activation in our experimental conditions. 
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CD8+ T cell Differentiation towards Tc1 and Tc2  
 

After establishing the best conditions to successfully activated CD8+ T cells in vitro, 

we decided to study the differentiation towards Tc1 and Tc2, the two better described CD8+ T 

cell effector subsets. 

Again, we initiated by testing protocols and adjusting the levels of differentiating 

cytokines and blocking antibodies in our cultures. For that, 2 x 105/well of FI-CD8 T cells from 

WT animals were cultured for 3 days in 24-wells, flat-bottom plates containing IL-2, anti-

CD3/CD28 magnetic beads, as well as IL-12 (Tc1), IL-4 and anti-IFN-g antibody (Tc2). Tc0 

was also generated with no polarizing cytokines and set as a negative control for the 

differentiation process. To confirm polarization, mRNA expression of specific genes for Tc1 

(Tbx21, Ifng and Il18r) and Tc2 (Gata3 and Il4) were analyzed by qPCR (Figure 6 A-B). As 

expected, Tc1 polarization was confirmed by increased mRNA levels of Tbx21, Ifng and Il18r, 

whereas Tc2 polarization resulted in upregulation of Gata3 and Il4 (Figure 6 A-B).  

 

Activation profile of Tc1 and Tc2 effector cells  
 

We further analyzed the effect of the polarizing conditions on the expression of the 

activation markers. Therefore, 2 x 105/well of FI-CD8 T cells from WT animals were cultured for 3 

days in 24 flat-bottom well plates containing IL-2, anti-CD3/CD28 magnetic beads, as well specific 

cytokines, already mentioned, for Tc1 and Tc2 polarization. After culture period, cells were stained 

for selected activation markers (CD25, CD69, CD44, KLRG1 and CD62L) using extracellular 

staining protocol, and analyzed by MFC (Figure 7). 
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Figure 6: In vitro CD8+ T cell differentiation towards Tc1 and Tc2. mRNA expression analysis by qPCR 

of A) specific transcriptional factors genes Tbx21 and Gata3 and B) specific effector molecules genes Ifng, 

Il18r and Il4 from WT animals cultured in 24-well, flat-bottom plates for 3 days. (A-B) mRNAs expression 

between Actb and other genes, in the three represented subsets, were previously compared to normalized 

all data. ANOVA of one independent experiment (representative of two independent experiments), showing 

mean, SD and multiple comparisons, where: ** = p<0.01, *** = p<0.001, **** = p<0.0001 and ns = no 

significant. N = 4. 
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Figure 7: In vitro CD8+ T cell activation and differentiation. MFC histogram profiles of activated and 

differentiated subsets (Tc0, Tc1 and Tc2. US: unstained negative control) from WT mice cultured in 24-well 

flat-bottom plates for 3 days, gated on viable CD8a+ cells. Plots reveal the same group of activation markers 
previously mentioned (CD25, CD69, CD44, KLRG1 and CD62L) expressed by each cell subset. 

 

All three subsets demonstrated viability superior to 90% after 3-day cultures. Also, all 

subsets presented increased expression of the activation markers when compared to 

unstimulated control, except KLRG1 (Figure 7). In addition, all three subsets presented similar 

frequency of CD69-, CD44- and CD62L-positive cells. Interestingly, Tc1 and Tc2 demonstrated 

increased frequency of CD25-positive cells compared to Tc0 (Figure 8 A-B). Moreover, the 

expression of CD25 was statistically higher in both Tc1 and Tc2, compared to Tc0 (as shown by 

MFI graph in Figure 8 B). Strickingly, CD62L levels were statistically lower in Tc2, compared to 

Tc1 and Tc0 (Figure 8 A-B).  
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Figure 8: Frequency and MFI of surface marker-positive CD8+ T cells during in vitro activation and 
differentiation. Statistical analysis of A) Frequency (%) and B) MFI of viable CD8+ T cells expressing 

CD25, CD69, CD44 and CD62L by Tc0, Tc1 and Tc2 of WT animals after culture in 24 flat-bottom well 

plates for 3 days. ANOVA of three independent tests, showing mean, SD and multiple comparisons, where: 

* = p<0.05, *** = p<0.001 **** = p<0.0001 and ns = no significant. N =9 

 
 

Furthermore, Tc1 and Tc2 also presented CD62Lhigh and CD62Llow populations, already 

shown for Tc0 during activation (Figures 4, 7 and 9 A-B). Remarkably, we observed that Tc0 

and Tc1 histograms profiles were very similar for this molecule, but Tc2 cells presented a different 

profile (Figure 9 A). Tc2 presented lower levels of CD62Lhigh and higher levels of CD62Llow 

populations. Curiously, we found the MFI of CD62Lhigh subpopulations statistically different in Tc0, 

Tc1 and Tc2 cells, whereas no difference was observed for the MFI of CD62Llow subpopulations 

(Figure 9 B).  
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Figure 9: Expression of CD62L in CD8+ T cell subsets. Distinct expression of CD62L high and low 

populations by Tc0, Tc1 and Tc2 from WT mice, cultured in a 24-well flat-bottom plate for 3 days. A) MFC 

Histogram profiles showing different counts of CD62L high and low populations, gated on viable CD8a+ 

CD62L+ cells. B) Statistical analysis of Frequency (%) and MFI of viable CD8+ CD62Lhigh+ and CD8+ 
CD62Lhigh+ populations. ANOVA of three independent tests, showing mean, SD and multiple comparisons, 

where: * = p<0.05, ** = p<0.01, *** = p<0.001 **** = p<0.0001 and ns = no significant. N = 9 

 

Expression of effector molecules by Tc1 and Tc2 effector cells  
 

Finally, we evaluated the expression of effector molecules by Tc0, Tc1 and Tc2 subsets. 

Therefore, 2 x 105/well of FI-CD8 T cells from WT animals were cultured for 3 days in 24-well flat-

bottom plates containing IL-2, anti-CD3/CD28 magnetic beads, as well as the specific polarizing 

cytokines as described above. After three days, cells were harvested and stained for selected 

effector molecules (IFN-g, TNF-a, Granzyme B, Perforin, IL-4 and FasL (CD178)), using 

intracellular staining protocol, and analyzed by MFC. 
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Figure 10: In vitro CD8+ T  expression of effector molecules. MFC histogram profiles gated on viable 

CD8a+ cells demonstrating Tc0, Tc1, Tc2, expression of effector molecules related to these subsets (IFN-g, 

TNF-a, Granzyme B, Perforin, IL-4 and FasL (CD178), from WT mice after 3 days culture in 24-well flat-

bottom plates. US is also represented as a negative control.   

 
 

All three subsets demonstrated increased expression of all the effector molecules 

assessed, compared to US (Figure 10). As expected, the frequency and expression levels of 

IFN-g was statistically higher in Tc1 compared to Tc2.  Moreover, expression levels of IFN-g was 

also higher in Tc1 compared to Tc0 (Figure 11 B). These observations match our previous results 

from qPCR assay (Figures 6, 10 and 11 A-B). Surprisingly, there were no significant differences 

in frequency and MFI of TNF-a, IL-4 and Perforin among the three subsets (Figure 11 A-B). 

Moreover, Tc2 apparently presented some significant increase in frequency of FasL (CD178), 

compared to Tc1, but not compared to Tc0. (Figure 11 A-B).  
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Figure 11: Frequency and MFI of CD8+ T cells’ effector molecules production during in vitro 
activation and differentiation, after 3 days-culture. Statistical analysis of A) Frequency (%) and B) MFI 

of viable CD8+ T cells’ production of IFN-g, TNF-a, Granzyme B, Perforin, IL-4 and FasL (CD178) by Tc0, 

Tc1 and Tc2 from WT animals, after culture in 24 flat-bottom well plates for 3 days. ANOVA of two 

independent tests, showing mean, SD and multiple comparisons, where: ** = p<0.01, *** = p<0.001, **** = 

p<0.0001 and ns = no significant. N = 6  

 

Regardless that all three subsets revealed high frequency of positive cells for granzyme 

B, with no statistical difference, Tc1 presented significantly higher MFI of granzyme B production 

compared to Tc0 and Tc2 (Figure 11 A-B). In combination, our results suggest that all three 

subsets are capable of performing effector activity. Importantly, higher frequencies of cells 

expressing IFN-g and TNF-a or IFN-g and Granzyme B at the same time, a characteristic of 

superior cytotoxic effector function, were found in the Tc1 subset (Figure 12 A-B). 
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Figure 12: Assessment of Cytotoxic populations of CD8+ T cells subsets after 3 days-culture. Viable 

CD8+ T cells demonstrating Tc0, Tc1 and Tc2 double positive populations for production of IFN-g and TNF-

a (IFN-g+ TNF-a+ cells), also production of IFN-g and Granzyme B (IFN-g+ Granzyme B+ cells), from WT 

mice cultured in 24 flat-bottom well plates for 3 days. A) MFC dot plots, where US is represented as a 

negative control. B) Statistical analysis of frequency (%) of double positive cells (IFN-g+ TNF-a+  and IFN-g+ 

Granzyme B+) of Tc0, Tc1 and Tc2. ANOVA of two independent tests, showing mean, SD and multiple 

comparisons, where: * = p<0.05, ** = p<0.01, *** = p<0.001, **** = p<0.0001 and ns = no significant. N = 6 

 

Role of Fas/FasL interaction on Tc1 and Tc2 subset differentiation and function  
 

After establishing and validating the conditions to differentiate Tc1 and Tc2 subsets, we 

investigate the effect of Fas/FasL interaction using FasL-deficient gld mice. First, we compared 

the expression of activation markers and effector molecules by FI-CD8 T cells from C57Bl/6 WT 

and gld mice. Regarding activation markers, as predicted, neither CD25 nor KLRG1 expression 

was observed in FI-CD8 T cells from both WT and gld (Figure 13). Also, a very small expression 

of CD69 was presented, which was statistically similar for both lineages in frequency and MFI 
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(Figures 13 and 14 A-B). Finally, CD62L and CD44 were highly expressed in both lineages and 

presented similar profiles (Figures 13 and 14 A-B).   

 

 

Figure 13: In vitro expression of activation markers FI-CD8 T cells from WT and gld mice. MFC 

histogram profiles (gated on viable CD8a+ cell) of activation markers (CD25, CD69, CD44, KLRG1 and 

CD62L), expressed by FI-CD8 T cells on Day 0 from WT and gld mice. US is represented as single negative 

control. 

 

FI-CD8 T cells from gld mice also demonstrate two distinct CD44 populations (CD44high 

and CD44low), as previously observed for WT. Curiously, although similar in MFI, FI-CD8 T cells 

from gld mice display decreased frequency of CD44high and increased frequency of CD44low when 
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compared to WT mice (Figures 4, 13 and 15 A). These results indicate that FI-CD8 T cells from 

WT and gld mice display similar expression of activation markers.   

  

 
Figure 14: In vitro expression of activation markers FI-CD8 T cells from WT and gld  mice. Statistical 
analysis of A) Frequency (%) and B) MFI of viable CD8+ T cells expressing CD69, CD44 and CD62L by FI-

CD8 T cells from WT and gld animals. T-test of one independent test, showing mean, SD and multiple 

comparisons, where: ns = no significant. N = 3  

 
Regarding the expression of effector molecules, our data also shown similar profiles of  

FI-CD8 T cells from WT and gld mice, consistent with unprimed cells, which did not express the  

effector molecules IFN-g, Granzyme B, Perforin, and FasL (with the exception for TNF-a) (Figure 

16). 
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Figure 15: In vitro expression of CD44 by FI-CD8 T cells from WT and gld mice. Distinct in vitro 
expression of CD44 high and low populations by FI-CD8 T cells from WT and gld mice. A) MFC Histogram 

profiles showing different counts of CD44 high and low populations, gated on viable CD8a+ CD44+ cells. B) 
Statistical analysis of Frequency and MFI of CD44 high and low populations. T-test of one independent 

experiment showing mean, SD and multiple comparisons, where: ** = p<0.001 and ns = no significant. N=3 

 
 

Next, we investigated the differentiation of FI-CD8 T cells from gld mice into Tc1 and Tc2, 

using the same protocol as described above. Tc0 was also generated with no polarizing cytokines 

and set as a negative control for the differentiation process. mRNA expression of specific genes 

for Tc1 (Tbx21, Ifng and Il18r) and Tc2 (Gata3 and Il4) were analyzed by qPCR and revealed 

proper polarization of Tc1 and Tc2 subsets from gld mice (Figure 17 A-B). 
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Figure 16: In vitro expression of effector molecules by FI-CD8 T cells from WT and gld  mice Flow 

cytometry histograms profiles (gated on viable CD8a+ cell) of effector molecules (IFN-g, TNF-a, Granzyme 

B, Perforin, IL-4 and FasL(CD178)), produced by FI-CD8 T cells of WT mice compared to gld mice. US is 

represented as single negative control. 
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Figure 17: CD8+ T cells differentiation into Tc1 and Tc2 after 3 days-culture in gld mice. mRNA 

expression analysis by qPCR of A) specific transcriptional factors genes Tbx21 and Gata3 and B) specific 

effector molecules genes Ifng, Il18r and Il4, all related to CD8+ T cells differentiation in Tc1 and Tc2, after 

a 24 flat-bottom well plate culture for 3 days in gld animals. (A-B) mRNAs expression between Actb and 

other genes, in the three represented subsets, were previously compared to normalized all data. ANOVA 

of one independent test (also representative of two independent tests), showing mean, SD and multiple 

comparisons, where: * = p<0.05, ** = p<0.01, *** = p<0.001, **** = p<0.0001 and ns = no significant. N = 4 

 
 

Next, we compared the activation profiles of Tc0, Tc1 and Tc2 from WT and gld mice. 

Using same polarization protocol, we evaluated the expression of selected activation markers 

(CD25, CD69, CD44, KLRG1 and CD62L) and observed similar frequency and MFI among the 

three subsets of WT and gld mice (Figures 19 and 20). The only exception was the frequency of 

CD69+ population of Tc2 cells, which was lower in gld compared to WT (Figure 19). Finally, the 

expression levels of CD62L were higher in Tc0 and Tc1 from gld compared to WT mice. (Figure 

20). 
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Figure 18: In vitro expression of activation markers by Tc0, Tc1 and TC2 subsets from WT and gld 
mice. MFC histograms (gated on viable CD8a+ cell) of activation markers (CD25, CD69, CD44, KLRG1 

and CD62L), expressed by each subset (Tc0, Tc1 and Tc2) of WT compared to gld mice, after culture in 

24-well flat-bottom plates for 3 days. US – WT and US - gld are represented as negative controls of each 

correspondent lineage. CD62L+ cells high and a low populations are also exhibited. 
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Figure 19: Frequency of activation markers-positive Tc0, Tc1 and Tc2 subsets from WT and gld  
mice. Statistical analysis of frequency (%) of viable CD8+ T cells expressing CD25, CD69, CD44 and 

CD62L by Tc0, Tc1 and Tc2, of WT compared to gld animals, after culture in 24 flat-bottom well plates for 

3 days. ANOVA of three independent tests, showing mean SD and multiple comparisons, where: * = p<0.05 

and ns = no significant. N = 9 

 
Interestingly, the frequency of CD62Lhigh and CD62low positive cells were statistically higher 

and lower, respectively, in Tc1 cells from gld when compared to WT mice (Figure 21B). Moreover, 

both Tc0 and Tc1 cells from gld mice presented increased CD62high MFI compared to WT 

counterparts. In addition, Tc2 cells from gld mice displayed increased expression of CD62Llow, as 

assessed by the MFI, when compared to WT mice (Figure 21 B). Our results indicate that the 

absence of functional FasL does not significantly interfere with the activation of CD8+ T cells.   
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Figure 20: MFI of activation markers-positive Tc0, Tc1 and Tc2 subsets from WT and gld  mice. 
Statistical analysis of MFI of viable CD8+ T cells expressing CD25, CD69, CD44 and CD62L by Tc0, Tc1 
and Tc2, of WT compared to gld animals, after culture in 24-well flat-bottom plates for 3 days. ANOVA of 

three independent tests, showing mean and SD, where: ** = p<0.01 and ns = no significant. N = 9 

 
 

Lastly, we evaluated the role of FasL on the expression of effector molecules (IFN-g, 

TNF-a, Granzyme B, Perforin, IL-4 and FasL) by Tc0, Tc1 and Tc2. Overall, there was no 

important difference in the expression of effector molecules by the CD8+ T cell subsets of WT and 

gld mice (Figures 22-24), except for the level of IFN-g, which was higher in Tc1 cells from gld 

mice.  
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Figure 21: In vitro expression of CD62L by FI-CD8 T cells from WT and gld  mice. Distinct in vitro 

expression of CD62L high and low populations by Tc0, Tc1 and Tc2 from WT compared to gld mice, 

cultured in a 24 flat-bottom well plate for 3 days. A) MFC Histogram profiles showing different counts of 

CD62L high and low populations, gated on viable CD8a+ CD62L+ cells. B) Statistical analysis of frequency 

(%) and MFI of viable CD8+ CD62Lhigh+ and CD8+ CD62Lhigh+ populations. ANOVA of three independent 

tests, showing mean, SD and multiple comparisons, where: * = p<0.05, ** = p<0.01 and ns = no significant. 

N = 9 
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Figure 22: In vitro expression of effector molecules by Tc0, Tc1 and Tc2 subsets from WT and gld 
mice. MFC histograms (gated on viable CD8a+ cells) showing the expression of effector molecules (IFN-g, 

TNF-a, Granzyme B, Perforin, IL-4 and FasL) by Tc0, Tc1 and Tc2 of WT compared to gld mice, after 

culture in 24-well flat-bottom plates for 3 days. US – WT and US - gld are represented as negative controls 

of each correspondent lineage. 
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Figure 23: Frequency of effector molecules expressed by Tc0, Tc1 and TC2 subsets from WT and 

gld mice. Statistical analysis of Frequency (%) of viable CD8+ T cells producing IFN-g, TNF-a, Granzyme 

B, Perforin, IL-4 and FasL (CD178) by Tc0, Tc1 and Tc2, of WT animals compared to gld, after culture in 

24 flat-bottom well plates for 3 days. ANOVA of two independent tests, showing mean, SD and multiple 
comparisons, where: * = p<0.05, *** = p<0.001 and ns = no significant.  

N = 6 
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Figure 24: In vitro expression of effector molecules by Tc0, Tc1 and TC2 subsets from WT and gld 
mice. Statistical analysis of MFI of viable CD8+ T cells producing IFN-g, TNF-a, Granzyme B, Perforin, IL-4 

and FasL (CD178) by Tc0, Tc1 and Tc2, of WT animals compared to gld, after culture in 24 flat-bottom well 

plates for 3 days. ANOVA of two independent tests, showing mean SD and multiple comparisons, where: 

** = p<0.001 and ns = no significant. N = 6 

 
 
 

Finally, we examined whether Tc0, Tc1 and Tc2 from gld mice were able to concomitantly 

produce two effector molecules, such as WT mice. We observed no significant differences 

between Tc0, Tc1 and Tc2 subsets from gld and WT mice (Figures 25 and 26). Taken together, 

our results indicate that the lack of functional FasL do not interfere in the expression of effector 

molecules by Tc0, Tc1 and Tc2 subsets.  
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Figure 25: Assessment of cytotoxic populations of CD8+ T cells subsets. MFC dot plots gated on 

viable CD8+ T cells. Plots show Tc0, Tc1 and Tc2 double positive populations (IFN-g+ TNF-a+ and IFN-g+ 

Granzyme B+) of WT compared to gld mice, after culture in 24 flat-bottom well plates for 3 days. US - WT 

and US - gld are represented as negative controls of each correspondent lineage. 
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Figure 26: Comparison of the frequency of IFN-g/TNF-a+  and IFN-g/Granzyme B+  double positive 
CD8+ T cells in WT and gld mice. Statistical analysis of frequency (%) of viable CD8+ double positive cells 

(IFN-g+ TNF-a+  and IFN-g+ Granzyme B+) of Tc0, Tc1 and Tc2 from WT animals compared to gld. ANOVA 

of two independent test, showing mean, SD and multiple comparisons, where: ns = no significant. N = 6 

 

5. Discussion 

CD8+ T cell activation 
 

As previously mentioned, CD69 and CD25 have been widely reported to be classical 

activation surface markers of both CD4+ and CD8+ T lymphocytes 10–15. CD25, as being the high 

affinity IL-2R alpha chain, is early expressed following engagement of TCR/CD3 and CD28 

costimulatory signal and maintained expressed constitutively, as IL-2 is a crucial cytokine for T 

cells survival 11,98–100. As expected, CD25 was expressed both on days 3 and 5 post stimulation. 

Interestingly, not only increased frequencies of CD25-positive cells were observed among Tc1 

and Tc2 cells, compared to Tc0 cells, but the expression level of CD25 was also higher on the 

surface of Tc1 and Tc2 cells, as measured by MFI. In addition, CD69 is also an early activation 

marker, only transiently expressed after TCR and costimulatory signaling 101,102 . Accordingly, our 

results showed that the expression of CD69 was similarly upregulated by all subsets in both WT 
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and FasL-deficient animals after stimulation for 3 days and then downregulated again on day 5.  

Also, it has already been demonstrated that CD69 is only later expressed specifically in TRM post 

infection 65,93,94,103.  

The role of CD44 has been described not only as to mark the transient relation between 

effector and memory T cells, but also as an important molecule for function and maintenance of 

T cell homeostasis. CD44 has been directly associated with T cell trafficking, encounter with the 

antigen, for tissue migration after antigen exposure and more vital for memory precursors survival, 

being expressed in T cells from naïve to effector and memory subsets post activation in higher 

levels 18,19. This concept matches our findings in which CD44 was expressed by most of our FI-

CD8 T cells population and also by all in vitro-activated and -differentiated CD8+ T cells subsets, 

from both mouse strains. The appearance of CD44 high and low events among FI-CD8 T cells 

could indicate that these cells may be composed of relatively heterogeneous populations. 

Although our mice were maintained in germ-free conditions, this could be the consequence of 

some antigenic activation related to food antigens and/or microbiota. Alternatively, this could 

represent different time points after thymic emigration.   

It is well established that CD62L, or L-selectin, is a crucial molecule for naïve T cells entry 

into secondary lymphoid organs and that its expression is downregulated right after TCR/CD3 

and CD28 signaling, when they procced to become effector cells 104. Additionally, over the past 

two decades, CD62L has been extensively described as a vital molecule for T cell memory 

precursors, in special TCM, being highly re-expressed due to their secondary lymphoid organs 

immunosurveillance activity that requires them to be re-exposure to the antigen inside those 

organs 104,105 . Moreover, effector T cells have been associated to a low expression of CD62L 

(CD62low population), while a high expression of CD62L (CD62Lhigh) is related to central memory 

cells 106–108 . In our first set of results, we observed significantly higher expression of CD62L by 

Tc0 obtained after 3 days in culture, compared to FI-CD8 T cells. In addition, we observed similar 

frequency of CD62L-positive Tc0, Tc1 and Tc2 cells obtained from WT mice. However, looking 
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strictly at CD62L expression, Tc2 demonstrated a more prominent effector behavior than Tc0 and 

Tc1, due to its higher percentage of CD8+ T cells expressing CD62Llow and at the same time, 

downregulation of CD62L per cell. 

 KLRG1 has been described as an effector marker of short-lived cells, expressed during 

infections 93, implicating that perhaps, an in vitro culture with no inflammatory stimuli might not 

show any expression of KLRG1. Another possibility that might explain no KLRG1 expression in 

our samples is that the conjugated antibody we used to detect KLRG1+ cells could not be working 

appropriately during all staining tests. Unfortunately, due to lack of KLRG1-positive control 

samples, we were not able to test this theory.  Nevertheless, further investigation through kinetics 

assay using a positive control could be an alternative to explore further.   

FasL-deficient mice (gld) was described as a strain that holds a point mutation in the C-

terminal of FasL molecule, the most conservative region within TNF-family members. This 

mutation generates loss of function - but no expression downregulation - which interferes with the 

binding to Fas receptor 109,110. Some recent reports have associated gld mice to immunological 

responses in the Central Nervous System (CNS) and protective activity against viral infections, 

metastasis of lung cancer and lymph node graft-versus-host-disease 111–113. However, we were 

not able to find any literature regarding the effect of FasL-deficiency specifically related to the 

expression of the activation markers in CD8+ T cells.  

In overall, our findings could not identify any statistically significant difference between gld 

and WT mice related to the expression of CD25, CD44 and CD69 (with the exception of frequency 

of CD69+ Tc2 cells and frequency of CD44 high and low populations of FI-CD8 T cells). Although, 

it is very important to point out that from statistical point of view that the various means differences 

observed in Figures 14, 19 and 20 trended to be different, despite no statistical significancy. This 

might implicate that FasL-deficiency reduces those activation markers when compared to a 

normal condition. Nonetheless, further testing is necessary, perhaps increasing sample size (N), 

which could reduce SD, allowing better analysis of significancy.  
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On the other hand, FasL-deficiency seems to interfere significantly with CD62L expression 

of high and low populations, generating different behavior of effector/memory when compared to 

a normal condition. More specifically, the lack of FasL functionality in vitro might shift CD8+ T 

subsets more towards a memory-like behavior, increasing not only frequency of CD62Lhigh, but 

also the expression per cell of both high and low populations. This observation was only significant 

for Tc1, but also represented by means differences for both Tc0 and Tc2. Nevertheless, further 

investigation should be considered.   

 

Expression of CD8+ T cell Effector Molecules 
 

Despite FI-CD8 T cells being a heterogenous population, it is composed mostly by naïve 

cells. This concept matches our results, in which no production of effector molecules (except of 

TNF-a) was revealed. However, curiously, FI-CD8 T cells in both lineages, presented increased 

percentages of TNF-a production. Even though we used very young animals to reduce antigen-

exposure, it is reasonable to believe that little exposure had occurred prior to euthanasia, which 

also explain the heterogeneity feature of FI-CD8 T cells and eventually the observed TNF-a 

production. 

As previously discussed, the knowledge of CD8+ T cell differentiation in effector subsets 

is still under development, but it has already been widely and recently reported the relationship 

between transcription factors (T-bet, GATA 3, RORgT, etc), the production of effector molecules 

(Granzyme B and Perforin) and cytokines such as IFN-g, TNF-a, IL-4, IL-9, IL-17, IL-22, as crucial 

to characterize effector subsets 26,34. T-bet and IFN-g have already been shown to be respectively 

the transcription factor responsible for differentiation to Type 1 effector subset and the specific 

cytokine produced by these cells. This matches our findings of statistically significant higher 

expression of Tbx21 and IFN-g production by Tc1 from both lineages, after 3 days-culture, 
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confirming the type 1 polarization. Also, the high expression of IL-18R in Tc1 already reported 26 

was also confirmed in our 3 days culture mRNA analysis. 

Similarly, Type 2 T cells are polarized in the presence of IL-4 that promotes GATA 3 

signaling and consequently increased production of IL-4, IL-5, and IL-13, and lower production of 

IFN-g26,41–44. Our findings demonstrated higher expression of GATA-3 and IL-4 mRNAs by Tc2, 

as well as low IFN-g mRNA, frequency and MFI, in both lineages, which is consistent with Tc2 

polarization. Interestingly, Il4 promoter region in Th2 from WT animals has been shown to be 

down-regulated by a microRNA (mir155), resulting in decreased expression of Il4 and 

subsequently low production of IL-4 114 .This could be an explanation to why Tc2 from both 

lineages, despite higher il4 mRNA expression did not present significantly higher frequency and 

MFI of IL-4 production, we observed after 3 days culture. Another possible explanation would be 

the intrinsic IL-4 production kinetics, being a very-early-produced cytokine. Nonetheless, further 

investigation into kinetics and microRNA downregulation would be desirable.     

TNF-a is known to be a key pro-inflammatory cytokine, in which production has also been 

demonstrated to be increased in Type 1 effector T cells, however it has been also reported 

production of TNF-a by Tc2 in vitro 115. In addition, the production and secretion of TNF-a has 

been shown to be very quick, following TCR/CD3 and CD28 engagement 116,117 . Regardless the 

high frequency of TNF-a observed in Tc1, we found equally production in Tc1 compared to the 

other subsets, specially Tc2. One plausible explanation could be that during 3 days-culture period 

TNF-a was being released into the supernatant. In this case, even though TNF-a inside 

organelles was similar among subsets, levels of soluble TNF-a in the medium could be higher in 

Tc1 compared the other subsets. This explanation could also be applied for IL-4, which is also 

released to the medium and promptly consumed by Tc2.  In any case, further experiments using 

ELISA to analyze supernatant content of each subset should bring more insights. Furthermore, 

we also believe that, despite each subset differentiation being placed individually in each culture-
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well containing their specific cytokines, no polarization protocol drives 100% differentiation 

towards the desired phenotype.  

Over the past decades, both granzyme B and perforin have also been profoundly studied 

and reported as effector molecules that promotes cytolytic and cytotoxic capacity to effector CD8+ 

T cells, and their secretion associated to Type 1 T cell function 30,118.  Regardless similar 

percentage of granzyme B+ among the three subsets, Tc1 revealed significantly the highest 

production of granzyme B per cell, matching this concept. Although, our findings revealed no 

significant distinction in levels of Perforin production among the three subsets.  

The relationship among IFN-g, TNF-a and cytolytic molecules in CD8+ T cells effector 

function has been described to promote better quality of T cell response to an antigen, in which a 

dual activity, improves cytotoxic function and killing capacity 119. Thus, the importance of TNF-a+ 

IFN-g+, also IFN-g+ Granzyme+ double-positive cells have been reported to be associated with 

many infectious diseases clearance120, with the TME immune response 121 and even with 

metabolic diseases 122 . Regarding this idea, the cytotoxic profiles we assessed demonstrated 

that both double-positive populations were presented in all three subsets, but statistically 

increased in Tc1 from WT animals, matching previous described concepts over Tc1 cytotoxicity.  

FasL is an important molecule that controls survival of activated lymphocytes. In addition, 

FasL is an effector molecule of CD4+ and CD8+ T cells. Our findings revealed that all three CD8+ 

T subsets from WT animals expressed similarly high percentage FasL+ cells. This observation 

supports that our 3-day culture subsets demonstrated effector and cytolytic behavior of an 

activated CD8+ T lymphocyte.  

From the comparison between WT and gld mice, we could observe that, like WT, FasL-

deficiency also generates effector activity after 3 days culture.  However, it did not provide any 

significantly distinction in the production/expression of TNF-a,  Granzyme B, Perforin, IL-4 and 

FasL, neither in the cytotoxic capacity of all three subsets. Although, it is worth mentioning that 
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the MFI means demonstrated visible differences, pointing out increased TNF-a,  Granzyme B, 

and IL-4 in gld and Perforin in WT subsets. On the other hand, our findings uncovered that 

production of IFN-g was significantly increased in Tc1 under FasL-deficiency condition. 

Nonetheless, further tests, increasing sample size could better investigate the means differences, 

also the prominent effect of FasL-deficiency on IFN-g production. 

  

6. Conclusions  

We can sustain that our in vitro activation and Tc1/Tc2 polarization protocols have been 

positively working and present potential to be successfully applied to other mice lineages in future 

experiments. In overall, all three subsets presented effector feature and significant similarities 

during activation, also in the expression of effector molecules. Although, they demonstrated 

expected subset-specific behavior (by the expression of specific transcriptional factors, IFN-g and 

others). Moreover, WT and gld animals statistically revealed very similar profiles of activation 

marks and effector molecules by FI-CD8 T, Tc0, Tc1 and Tc2 populations, with some punctual 

differences. Regarding those differences, we observed that FasL-deficiency might affect 

expression of CD62L and as consequence, influence the mechanisms shaping effector/memory-

like behavior in vitro. Also, FasL reverse signaling could be related to the production and 

expression of IFN-g in vitro, as some reports already described that IFN-g production via IL-2 

occur through other pathways, rather than through TCR signaling 108,123,124. 

7. Future Perspectives 

First of all, this work should also include the study of the AICD death mechanisms, testing 

same protocols and optimized conditions of activation and differentiation using bim-/- mouse strain. 

Not only that, but our polarization protocol should be extended to other effector CD8+ T subsets 

we described (Tc9, Tc17 and Tc22).  Further tests, such as ELISA for cytokine analysis of culture 
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supernatant and MFC intracellular staining for Il-13 and IL-5, could help us understand the kinetics 

of TNF-a and IL-4 production.  Moreover, we believe that experiments using cell sorting post-

culture might be crucial to better understand the effectiveness of our polarization protocol. Future 

experiments should consider designs that apply bigger sample size (N), to improve statistical 

analysis. Furthermore, a completely metabolomic study would perfectly complement and support 

the understanding of in vitro activation and differentiation of CD8+ T cells.     
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