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1 Abstract  

Introduction: T cells are a part of the adaptive immune system, which is designed to attack 

pathogens in the body. T cells recognize antigen presented by HLA molecules on the surface 

of antigen presenting cells (APC) through their T cell receptor. Conjugation formation 

between T cells and APC turns on a system of intracellular events that eventually activates T 

cells. These intracellular events can lead to the activation of the transcription factor NF-κB. 

Upon activation, NF-κB translocates to the nucleus where it induces transcription of target 

genes. Adapter proteins are crucial in regulating intracellular signaling by promoting protein-

protein interactions during signal transduction cascades but lack catalytic activity. T cell-

specific adapter protein, TSAd, is expressed in activated T cells. TSAd interacts with the 

tyrosine kinases Lck and Itk and modulates their activity. These kinases are critical for the 

activation of T cells, however, the consequences of TSAd´s modulation of their activities are 

poorly understood. The aims of this study are: 1. Establish method for NF-κB translocation in 

activated T cells. 2. Establish and test conjugation of APC and transfected T cells, with or 

without TSAd. 3. Assess translocation of NF-κB in T cells forming conjugates with APC. 

Materials and methods: Experiments were done using Jurkat TAg cells (T cell line) and Raji 

cells (B cell line). Transfection with electroporation was used to introduce different cDNA 

construct into the Jurkat cells. Conjugation of Jurkat cells and Raji cells was performed using 

SEE super antigen to induce conjugate formation and to activate the Jurkat cells. All analyses 

were based on data from flow cytometry and image based cytometry, as well as Western 

blotting. 

Results: By stimulating Jurkat TAg cells using PMA, NF-κB translocation was evident after 

one hour of stimulation. Conjugation of APC and transfected T cells was performed using 

superantigen stimulation. Using time titration, relative NF-κB translocation in T cells peaked 

after one hour of superantigen stimulation. Jurkat T cells in conjugates, expressing TSAd wt, 

showed an increase in relative NF-κB translocation with time, although higher percentage of 

T cells, expressing the TSAd mutant protein, showed translocation. 

Discussion: Using TSAd transfected cells and a novel image based flow cytometry technique, 

we found that TSAd did influence relative NF-κB translocation upon APC presentation in T 

cell blasts but this needs to be further examined to be able to clearly define the role of TSAd 

in the activation of NF-κB. 
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2 Abbreviation

Ab  Antibody 

Ag   Antigen 

APC  Antigen presenting 

cell 

B cell  Bone marrow 

derived cell 

BCR B cell receptor 

BSA Bovine serum 

albumin 

Ca
2+

   Calcium ion 

C-terminal  Carboxyl terminal 

DAG  Diacylglycerol 

DMSO  Dimethyl sulfoxide 

ER Endoplasmic 

reticulum 

FCS  Fetal calf serum 

GFP Green fluorescent 

protein  

HLA Human leukocyte 

antigen 

IFN  Interferon 

Ig   Immunoglobulin 

IKK  IκB kinase 

IL   Interleukin 

IP3  Inositosol-1,4,5-

triphosphate 

IS Immunological 

synapse 

ITAM  Immunoreceptor 

tyrosine-based 

activation motif 

Itk   Inducible Tec kinase 

LAT Linker for activation 

of T cells 

Lck  Lymphoid cell 

kinase 

MHC  Major 

Histocompatibility 

Complex 

NFAT Nuclear factor of 

activated T cells 

NF-κB  Nuclear factor κB 

NK   Natural Killer cell 

PAGE Polyacrylamide gel 

electrophoresis 

PBS Phosphate buffered 

saline 

PFA  Para formaldehyde 

PKCθ Protein kinase C 

theta 

PLC Phospsholipase C 

gamma 

PMA Phorbol 12-myristate 

13-acetat 

PRR   Proline rich region 

PTK  Protein tyrosine 

kinase 
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PVDF Polyvinylidene 

difluoride 

SEE Staphylococcal 

enterotoxin E  

SH   Src homology 

SH2D2A  SH2 domain protein 

2A (=TSAd) 

SLP-76 Src homology 2 

(SH2) domain-

containing leukocyte 

protein of 76 kDa 

SMAC Supramolecular 

activation cluster 

Src  Rous sarcoma virus 

transforming protein 

TBS-T Tris-buffered saline 

tween 

Tc   Cytotoxic T cell 

TCR   T cell receptor 

TCR T cell receptor 

Th   Helper T cell 

Treg   Regulatory T cells 

TSAd  T cell specific 

adapter protein 

Zap-70  ζ-associated protein 

of 70 kDa
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3 Introduction 

3.1 The Immune system    

The human body is protected from infectious microbes and other harmful agents by a 

complex system of cells and molecules, known as the immune system. This well regulated 

system can differentiate self from non-self. To do so immune cells that are specific for the 

body´s normal cells or self are eliminated or rendered tolerant. A failure of these mechanisms 

may lead to immunodeficiency or autoimmune diseases. The system has two parts; the innate 

immune system and the adaptive immune system. The innate system responds rapidly upon 

exposure to an infectious organism but is not specific for a particular pathogen. The system 

utilizes pattern-recognition receptors to detect the pathogens. It consists of many cell types 

such as natural killer (NK) cells, macrophages, granulocytes, mast cells and dendritic cells 

(figure 1).  

 

Figure 1This figure shows the cells of the immune system. The blue circle shows cells of the 

innate immune system and the pink circle shows cells of the adaptive immune system.
4 
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3.1.1 The adaptive immune system 

The adaptive response takes longer to be activated but is more specialized due to specific 

antigen receptors on the surface of lymphocyte, which are the main cells of the adaptive 

immune system. It is said to have specificity and memory, unlike the innate system. The 

specificity of the system is created by rearrangement of genes during lymphocyte 

differentiation which produces almost unlimited sets of lymphocyte receptors. The memory is 

produced by clonal expansion of specific T cells and antibody producing B cells, reacting 

with a particular antigen.  There are two types of lymphocytes, B cells and T cells (figure 1).
1
 

B cells have B cell receptor (BCR) that is activated by antigens (Ag) and promote the 

formation of immunoglobulin that can form soluble antibodies. T cell receptor (TCR), on the 

surface of T cells, recognizes antigens bound to major histocompatibility complex (MHC) on 

the surface of antigen presenting cells (APC).
2 

Hence, T cells interact with and are stimulated 

by APC. This stimulation also affects B cells, were T cells secretes cytokines which helps B 

cells to recognize the antigen that activated the T cell.
3 

 

3.2 T cells  

T cells develop in the thymus where there are two main types of T cells. The T helper cells 

(Th) express the CD4 co-receptor and are involved in activation of B cells. The cytotoxic T 

cells (Tc) express the CD8 co-receptor and are designed to attack host cells which have been 

invaded by intracellular pathogens. Activation of T cells leads to production of cytokines, 

interleukins (IL) and interferons (IFN) for example. These cytokines can serve as a molecular 

signal to other cells or control interaction between cells. CD4 and CD8 co-receptors affect the 

signal transduction by interfering with the response threshold.
5
  CD8+ T cells have already 

been selected to be cytotoxic T cells by the time they leave the thymus. CD4+ T cells can 

differentiate into different subsets of effector T cells after their activation of Ag. CD4 cross 

links TCR and the MHC of the APC but also acts as a signaling molecule, because of its 

association with Lck.
6
 The main subsets of CD+ T cells are Th1 and Th2 cells but CD4+ T 

cells can also differentiate into Th17 and Treg cells. The Th1 cells produce high levels of 

interferon gamma (INF) and target intracellular pathogens by activation of macrophages. 

Th2 cells produce interleukins (IL), IL4, IL5, IL9 and IL13 that promote B cell growth and 
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mainly target extracellular organisms.
1
 Th17 cells produce high levels of IL17 and may 

contribute to autoimmune disease.
7
 On the contrary Treg cells (CD4+CD28+Foxp3+)  have 

been shown to suppress other immune cells and avert autoimmune disease by producing 

inhibitory cytokines such as IL10 and TGF-.
8
  

T cells recognize antigen presented by HLA molecules on the surface of APC through their T 

cell receptor. HLA or human leukocyte antigen molecule is the name for MHC in humans. 

When TCR binds the peptide/HLA complex the T cell receives an activation signal through 

the receptor and this may initiate a T cell mediated immune response.
9
  

 

3.3 T cell activation  

The TCR complex consists of of the clonotypic heterodimers αβ or γδ which associate with 

the invariant chains CD3-γ, -δ, -ε and ζ-chains non-covalently.
10

 The CD3 chains contain 

immunoreceptor tyrosine-based activation motifs (ITAMs) which connect the TCR complex 

to the intracellular signalling network (figure 2).
11

 

Figure 2 Simplified model of the T cell receptor. The immunoreceptor 

tyrosine-based activation motifs (ITAMs) are shown as black dots.  

chains recognize pMHC and have no intracellular signaling domains or 

motifs. 
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The successful connection between the TCR-MHC activates the lymphoid cell kinase (Lck) 

which is responsible for phosphorylating the tyrosines of the ITAMs in the different CD3 

chains (figure 3).
12-14

 Phosphorylated ITAMs is a recruitment site of ZAP-70, a 70-kDa 

phosphoprotein and member of the Syk kinase family.
15

 There Lck activates ZAP-70 by 

phosphorylation.
16

 The recruitment of ZAP-70 leads to a cascade of phosphorylation events.
17

 

The most important targets for ZAP-70 are transmembrane adapter protein linker for 

activation of T cells (LAT) and the cytosolic adapter protein Src homology 2 (SH2) domain-

containing leukocyte phosphoprotein of 76 kDa (SLP-76).
18,19

 This signaling complex results 

in the activation of PLC-dependent pathways including Ca
2+

 and DAG-induced response. 

PLC is found in the signaling complex bound to SLP-76 and LAT, where it is 

phosphorylated and activated by the Tec kinase Itk. After TCR ligation, Itk is recruited to the 

membrane and there Lck phosphorylates Itk.
20

 When PLC is activated it hydrolyzes PIP2, 

located in the plasma membrane, which leads to the production of the second messengers IP3 

and DAG. Localization of PLC is dependent on LAT and SLP-76
21

 and activation of PLC is 

dependent on Itk, which, in turn,  is dependent on Lck, ZAP-70, LAT and SLP-76.
22,23

 

Production of DAG results in activation of two signalling pathways involving Ras and PKCθ. 

Ras is a binding protein that is only active in the GTP-bound form and its activation turns on a 

cascade of phosphorylation that results in the activation of ERK, which activates transcription 

factors.
24

 The second major pathway is mediated by PKCθ. PKCθ regulates NFκB activation 

and therefore specific gene transcription.
25

 The production of IP3 stimulates Ca
2+

 permable 

ion channel receptors (IP3R) on the membrane of the endoplasmic reticulum (ER) which leads 

to release of Ca
2+

 into the cytoplam. After the ER stores are depleted the Ca
2+

 release-

activated Ca
2+

 (CRAC) channels in the plasma membrane are activated and induce 

extracellular Ca
2+

 influx.
26

 Raise in intracellular Ca
2+

 concentration activates signaling 

proteins like calmodulin and calcineurin. Activated calcineurin dephosphorylates nuclear 

factor of T cells (NFAT) which leads to their translocation to the nucleus.
27
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3.4 Immunological synapse 

After the T cell activation phase of cellular conjugation between T cell and APC, signaling 

proteins cluster into an area called the immunological synapse (IS).
29,30

 The IS develops at the 

contact site between the T cell and the APC. It is composed of two molecular regions: The 

TCR-rich central supramolecular activation cluster (cSMAC) and the peripheral SMAC 

(pSMAC) which is rich in integrin.
31

 The precise role of IS remains unclear, some studies 

suggest that the cSMAC is the site of prolonged signaling
31

, while others show that TCR 

signaling peaks before the formation of cSMAC and that the cSMAC is mainly a site for TCR 

degration.
32-34

 The role of cSMAC remains controversial but it is now accepted that the 

starting point of TCR signaling takes place in the pSMAC and their formation starts before 

the IS formation. 

Figure 3 A schematic figure of T cell activation. After a successful ligation between TCR and MCH 

molecule on APC a complex signaling pathway takes place. These pathways include phosphorylation of 

proximal TCR elements (blue pathway), activation of Ras-Erk (green pathway), activation of NF-κB 

transcription factor (pink pathway) and Ca
2+

 mediated signaling (yellow pathway).
28 
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3.5 T cell specific adapter protein, TSAd 

T-cell activation is regulated by a variety of different intracellular signaling proteins including 

adapter proteins. Adapter proteins lack catalytic activity, but are crucial in regulating 

intracellular signaling by promoting protein-protein interactions during signal transduction 

cascades.
35

 TSAd was first identified in a human cDNA library from activated CD8+ T cells, 

using subtractive hybridization.
36 

The murine TSAd homolog was given the name LAD or 

Lck adapter.
41

 Later it was cloned as a part of the interaction with Itk and Rlk and given the 

name RIBP or Rlk/Itk binding protein.
44

  The SH2D2A gene encodes T cell specific adapter 

protein (TSAd) and it is located on human 1q21. It is preferentially expressed in activated T 

cells and NK cells, where it modulates proximal signaling events.
9
 TSAd has a Src homology 

2 (SH2) domain, a proline rich region (PRR) and 10 potential tyrosine phosphorylation sites 

(figure 4).
36

 TSAd is found in the cytosol
36

 and in the nucleus of T cells
37,38

 and is induced in 

T cells upon TCR ligation.
36,39,40

 TSAd interacts with the Src kinase Lck
41

 and TSAd can be 

tyrosine phosphorylated by Lck. TSAd can therefore modulate Lck activity and influence 

TCR signaling pathways.
37,40,42,43

 The SH2D2A exon 7 encodes for amino acids that are 

essential for TSAd interaction and modulation of Lck activity.
37

 TSAd has also been found to 

interact with the Tec family kinase Itk and modulating its activity.
44

  

TSAd knock-out mice have been reported to develop autoimmune disease with age.
45

 This 

suggest that that TSAd is important for the normal activation of T cells and decreased 

expression can lead to the development of autoimmune disease.
1 

 

 

Figure 4 Schematic figure of the T cell specific adapter protein, TSAd, showing the SH2 domain, the proline 

rich region (PRR) and 10 tyrosine phosphorylation sites. 
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3.5 NF-κB 

The transcription factor nuclear factor  κB (NF-κB) is an important part of the immune system 

in sensing pathogens and conveying this information through its activation. The core 

components of the NF-κB are the IKK (IκB kinase) complex, the inhibitory IκB proteins and 

NF-κB itself. NF-κB is a family of transcription factors that are a part of the regulation of T 

cells in response to foreign Ag. In the resting state, NF-κB dimers are located in the 

cytoplasm and bound to the IκB inhibitory proteins. Upon stimulation IKK activation leads to 

phosphorylation and degradation of  IκB proteins. This process releases NF-κB dimers that 

are activated in posttranslational modification and in the end translocate to the nucleus where 

it induces transcription of target genes.
25,46

 The effects of this gene regulation are evident 

when looking at the importance of cells ability to be able to survive, differentiate and 

proliferate.
46 

Activation of NF-κB seems to be not only dependant on the successive connection between 

TCR and the MCH on APS but also activation of the co-receptor CD28.
47

 Activation of NF-

κB in mature T cells is strictly dependent on DAG and activation protein kinase C θ 

(PKCθ).
48
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4 Aims of study  

1. Establish method for NF-κB translocation in activated T cells in the lab. 

2. Test conjugation of T cells, with or without TSAd, and APC. 

3. Assess translocation of NF-κB in T cells forming conjugates with APC. 
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5 Materials and methods  

The methods used in this project involve sterile cell culture work, conjugation of T cells and 

APC using superantigen stimulation, transfection of plasmids into T cell blasts, Western 

blotting and flow cytometry using standard flow cytometer and image based flow cytometer. 

5.1 Cell culture 

Jurkat cells used in this project are a cell line derived from a patient with acute leukemia. 

Jurkat Tag clone expresses the SV40 large T antigen and that is required to activate the SV40 

origin of replication.
49

 The Jurkat-T cell line is easy to maintain and show very little change in 

phenotype over time.
50,51 

Raji is a B cell line and these cells they were used in conjugate formation with Jurkat cells. 

Jurkat TAg cells and Raji cells were cultured in a preheated (37°C) RPMI 1640 (Life 

technologies) with 10% FCS and everything (see Appendix). The cells were incubated at 

37°C 5% CO2 and maintained at a concentration of 0,4x10
6
 cells/mL – 1,5x10

6
 cells/mL. 

5.2 Conjugation of Jurkat and Raji cells 

Preparation of the cells: 1x10
6
 Raji cells and 1x10

6
 Jurkat Tag cells are needed per test. The 

cells are washed with PBS, 0,1% BSA. Cell tracker is added to the Raji cells where indicated 

(1x10
6
 cells/mL in PBS, 0,1% BSA) – 0,01 µL CFSE (Invitrogen) cell tracker in 1 mL PBS, 

0,1% BSA. Cell tracker is also added to Jurkat TAg cells  (1x10
6
 cells/mL in PBS, 0,1% 

BSA) – 1 µL SNARF (Invitrogen) cell tracker is added to 1 mL PBS, 0,1% BSA (final 

concentration is 1 µL SNARF/1x10
6
 cells). Raji and Jurkat cells were incubated for 12 

minutes at 37ºC 5% CO2. The cells were washed with RPMI 10% FCS with everything. 

Divide the Raji cells to 2 test tubes, one sample was coated with SEE superantigen and the 

other one was not. 1 µg/mL SEE was put to the sample that should be activated by SEE and 

the concentration should be 2x10
6
 cells/mL in S-RPMI.

52
 Incubation for 40 minutes at 37ºC 

5% CO2. Cells (JTAg and Raji) were washed two times in preheated (37ºC) SF-RPMI. 

Incubate for at least one hour at 37ºC 5% CO2. 
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Conjugation: Raji cells (1x10
6
 cells in 100 µL preheated (37ºC) SF-RPMI) and JTAg cells 

(1x10
6
 cells in 100 µL preheated (37ºC) SF-RPMI) were mixed in 1:1 ratio. Live-Dead 

(Invitrogen) cell stain (1 µL/mL) was included. Centrifuge at 70 g for 1 minute. Cells were 

conjugated at 37ºC 5% CO2 for indicated times. Centrifuge the samples at 400 g for 4 minutes 

and stop the conjugation by adding PBS, 2% PFA (final concentration was 1% PFA). Cells 

were fixated for 20 minutes at 25ºC. 

5.3 Activation of T cells with PMA/ionomycin 

This method describes activation of T cells with PMA/ionomycin.
53

 5x10
6
 cells/mL Jurkat T 

cells are needed for each test. The cells are washed in RPMI 10% FCS. The cells are then 

resuspended in PMA/ionomycin in PBS to a concentration of 5x10
6
 cells/mL. Final 

concentration of PMA was 10 ng/mL and final concentration of ionomycin was 250 ng/mL. 

The cells were placed in a 37ºC 5% CO2 incubation for indicated times. 

5.4 Probing nuclear translocation of NF-κB  

4x10
6
 cells were used per test. Materials for this experiment included: rabbit anti- NF-κB 

(Santa Cruz Biotechnology), AF488 anti-rabbit IgG or AF647 anti-rabbit IgG (Invitrogen), 

PBS (Phosphate buffered saline), fixation buffer (2% PFA/PBS), perm wash buffer (0,1% 

triton X-100/2% FBS/PBS) and wash buffer (2% FBS/PBS). 

Staining protocol: All washes were done at 400 g for 6 minutes. Cells were washed with wash 

buffer and fixed in 100 µL fixation buffer. Incubation for 10 minutes at 25ºC. Cells were 

washed with wash buffer and then 100 µL of perm wash buffer was added. Incubation for 5 

minutes at 25ºC. Cells were then resuspended in 100 µL of wash buffer containing anti- NF-

κB (1:100). Incubation for 30 minutes at 25ºC. Cells were washed with wash buffer and 

resuspended in 100 µL of wash buffer containing AF488 anti-rabbit IgG or AF647 anti-rabbit 

IgG (1:200). Incubation for 30 minutes at 25ºC. Cells were washed with wash buffer. 100 µL 

of Hoechst (Invitrogen) in PBS (1:500) was then added and incubation for 10 minutes at 25ºC. 
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5.5 Transfection of T cell lines with electroporation 

This method introduced DNA plasmids into Jurkat T cells by using electroporation. Electrical 

pulses temporarily disrupt the plasma membrane and DNA can be introduced into the cell. 

The cells will then express protein encoded by the transfected DNA in culture for a day.
54 

At day one the density of the cells was checked and the cells were separated so they would 

have a density of about 0,6 – 1x10
6
 cells/mL the next day. 

At day two the cells were counted and their viability checked, by using acridinorange/EtBr2 in 

a fluorescent microscope. There should be at least 95% living cells. 

The cells were washed in RPMI 1640 media without streptomycin/penicillin (transfection 

media, see Appendix). The cells were resuspended to 15x10
6
/0,4 mL of transfection media. 

The BTX electroporator (Genetronix, San Diego, CA) was set to 240 LV, 25 ms. It is normal 

to use 2 – 15 µL plasmid DNA for 15x10
6
 cells but the amount of DNA is empirical for each 

transfection. We used 400 µL with 15x10
6
 cells for each eppendorf tube with the DNA 

plasmid. Cells and DNA was transferred to cuvettes and placed in the BTX machine. There 

the cells received an electric shock. The tests stood for 15 min after the electroporation at 

room temperature. The cells were transferred from the cuvettes to a cell culture flask 

containing 15 mL of transfection media. The culture flasks were put in a 37ºC, 5% CO2 

incubator over night. 

 

5.6 Western blot 

Transfection efficiency of Jurkat cells was examined using Western blot. 

Cells were washed with PBS and lysed using NP40 lysis buffer (see Appendix). The lysate 

was transferred to a eppendorf tube with 10 µL 6xSDS sample buffer with mercapto ethanol. 

The samples were put in a 95ºC water bath for 5 minutes. Samples were run on a 10% 

acrylamide gel with 4% acrylamide gel on the top and then transferred to a PVDF 

(polyvinylidene difluoride) membrane. A precision plus protein standard (Bio-Rad) was used. 

Blocking was done with 3% skimmed milk for 90 minutes. 
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Primary antibodies, 1715T TSAd antibody (1:1000) (V.Shapiro) and α-GFP (1:3000) (Santa 

Cruz Biotechnology) in 3% skimmed milk, were added to the membrane and kept in 4 ºC over 

night. The samples were washed with 4 times TBS-T (Tris-Buffered Saline Tween) and 

secondary antibodies, GAM (1:5000) to α-GFP blot and GAR (1:5000) (Invitrogen) to 1715T 

blot,  in 3% skimmed milk were added. Samples were then washed 4 times with TBS-T. 

Chemiluminescent detection was performed by using chemiluminescent reagent 

(SuperSignal® West Pico Chemiluminescent Substrate from Thermo scientific) and 

visualization using autoradiography.  

Membranes were then washed 3 times with TBS-T before reprobing using primary antibody 

α-GADPH (1:5000) (Chemicon) in 3% skimmed milk and secondary antibody GAM (1:5000) 

in 3% skimmed milk. Cheiluminescent detection and visualization was performed again. 

5.7 Flow cytometer 

Samples were analyzed on a FACSCantoII flow cytometer (Becton Dickinson 

Immunocytometry Systems, Mountain View, California, USA). Live cells were gated by 

forward and side scatter. Spectral overlap was compensated using FACSDiva compensation 

wizard. The data was analysed on FACSDiva software (Becton Dickinsin Immunocytometry 

Systems, Mountain View, California, USA) 

5.8 ImageStream 

Samples of 4x10
6
 cells in 55 L wash buffer were acquired on a 12-channel ISX Imaging 

Flow Cytometer with 40x (Amnis). Single stained controls were collected with bright-field 

(BF) illumination illumination off, and with all necessary excitation lasers switched on. 

Samples were acquired with a BF area lower limit of 50m2 to eliminate debris. The data was 

analyzes using IDEAS 4.0 software (Amnis). A compensation matrix was created using single 

stained raw image files and the IDEAS compensation wizard. The matrix was used to 

compensate the raw sample files to correct for spectral overlap. Cells in focus were identified 

using the Gradient RMA feature. Single and double cell events were identified using the Area 

and Aspect ratio of Channel 01 (Bright-field) default mask (M01). GFP, SNARF, AF488, 

AF647, Hoechst and Live-Dead fluorescence was measured using the Intensity feature and the 

default M01, M02, M04, M07, M11 and M12 masks respectively. 
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Apoptotic cells were identified by Live-Dead intensity. SNARF was used to identify events 

with a single SNARF labeled Jurkat TAg cell. NFκB staining was analyzed in Jurkat TAg 

cells only. NFκB translocation was assessed by calculating the similarity of Hoechst and 

NFκB in the nuclear mask using the similarity feature in IDEAS 4.0. 
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6 Results  

6.1 Live-Dead staining 

Titrating Jurkat cells with Live-Dead staining, analyze using ImageStream. 

Transfection of cells with DNA involves electroporation which results in substantial cell 

death. In order to be able to distinguish transfected cells from dead cells, we wanted to 

establish a method of staining dead cells which could be used for all subsequent analyzes. In 

this experiment I used different concentration of DMSO to try to kill cells and then stain the 

cells with Live-Dead fluorescent dye. The cells were then analyzed in the ImageStream as 

dead or dying cells should be easily observed as bright pink cells (figure 5).  

 

 

 

 

 

 

 

 

 

 

Figure 5 A. Percentage of dead cells treated with different concentration of 

DMSO. B. Living cells are round and uniform in the bright field and take up 

very little dye. C. Dead or dying cells are deformed in the bright field compare 

to the living cells. D. This figure shows gate R3 that has only dead or dying 

cells. 
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6.2 Conjugate formation 

Conjugates of Jurkat/Raji cells (SEE superantigen stimulation). 

In this experiment we wanted to test the conjugate formation between Jurkat T cells and Raji 

cells using SEE superantigen stimulation. This form of conjugation would then be used in 

subsequent experiments to monitor intracellular events in Jurkat T cells. In this experiment 

CFSE cell tracker was used to track Raji cells and SNARF cell tracker was used to track 

Jurkat TAg cells. The Live-Dead dye was also used in this experiment, to exclude any dead or 

dying cells from the results (figure 6 and 7). The results in figure 6 shows that we obtain 

approximately 4% conjugates, and that increased incubation times did not result in increased 

proportion of conjugates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 A. In this experiment Jurkat TAg cells and Raji cells were used to make conjugates using 

SEE stimulation. B. The graph shows the percentage of JTAg cells in conjugates to single Jurkat cells 

for 4 different time points of incubation. C. Picture from the ImageStream showing the bright field 

(BF), green Raji cells and orange Jurkat TAg cells. 
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Figure 7 shows how we analyzed the ImageStream data. The amount of conjugates is 

calculated based on the relative amount of filtered images containing two cells in contact, 

where one cell is s Jurkat cell and the other one is a Raji cells. Dead cells are excluded from 

the results.  

 

6.3 Expression of TSAd in transfected T cells 

Jurkat cells transfected with various cDNA constructs. 

In order to get the Jurkat T cells to express TSAd we used transfection with electroporation. 

We transfected Jurkat T cells with cDNA construct encoding TSAd wild type and TSAd with 

the deletion of the entire exon 7.  

Figure 7 Analyzes done on the ImageStream. A. Gate R2 shows only two or more cells together. B. Gate R3 

shows single Raji cells. C. Gate R4 shows single Jurkat TAg cells. D. Gate R6 shows living cells.  
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Exon 7 encodes most of the prolines and four tyrosine phosphorylation sites in TSAd. The 

three construct used were fusion proteins; GFP: pEF HA+GFP-N3, TSAd wt: pEF HA TSAd 

wt+GFP TSAd wt and TSAd∆exon7: pEF HA TSAd∆exon7+GFP TSAd∆exon7. The 

transfected cells were analyzed by using flow cytometer in order to test their viability and 

GFP expression level. A representative result is shown in figure 8 where it can be seen that 

53,3% of cells transfected with the empty vector GFP show a positive GFP signal, while 

11,1% cells transfected with TSAd wt and 50,5% of cells transfected with TSAd∆exon7 (a 

mutant protein) have a positive GFP signal. 

 

We also performed Western blotting of the transfected cells shown in figure 8, to directly 

examine the transfection efficiency in the Jurkat T cells. The results are shown in figure 9.

Figure 8 A. Graph (% GFP positive cells) from one transfection. “-“ represents Jurkat T cells that have not 

been transfected and are used as a negative control. B. An example of how the analyzes was done in the 

FACSDiva compensation wizard. Dots in Q2 represent GFP positive cells, while dots in Q4 represent GFP 

negative cells. The number of cells in Q2 divided by the sum of cells in Q2 and Q4 gives % GFP positive cells. 
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Figure 9 shows the expression of different proteins in Jurkat T cells. The GFP protein alone 

showed a very strong signal of 25kDa (figure 9A), while the TSAd wt protein has a very weak 

signal compared to the mutated TSAd molecule without exon 7. This is however a 

representative result, as it has been hard to get a good expression of GFP-TSAd wt in Jurkat 

cells. When probing the blot with an anti-TSAd antibody (figure 9B) a weaker signal is 

observed from TSAd ∆exon 7. However, it has been previously shown that 30% of the signal 

in this antibody comes from sequences encoded by exon 7. The cells were co-transfected with 

TSAd constructs labeled with HA-tag (not GFP). These two construct, pEF HA TSAd and 

pEF HA TSAd∆exon7 do not express GFP and therefore have a molecular weight about 25 

kDa smaller. In figure 9B the upper bands show the GFP construct and the lower bands show 

the pEF HA constructs. The control blot (figure 9C) verifies equal loading of the cell lysate. 

 

Figure 9 Western blot using of transfected Jurkat T cells. Cell lysates were seperated by SDS-PAGE and blotted 

using different antibodies: antibody -GFP (1:3000) (A), polyclonal -TSAd antibody -  1715T (1:1000) (B) 

and control blot using -GADPH (1:5000) (C). Protein size was measured in kDa. 
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6.5 NFκB antibodies 

NF-κB antibody titration.  

In order to assess NF-κB nuclear translocation, we performed a titration experiment to 

establish the amount of NF-κB antibodies sufficient enough to be detected on the 

ImageStream machine. The secondary antibody used here was the goat anti rabbit (GAR) 

Alexa Fluor 488 (Invitrogen). Samples were analyzed using the flow cytometer (figure 10). 

We found that a concentration of 1:100 of the anti- NF-κB antibody was sufficient to get a 

clear signal. 

 

 

 

 

 

Figure 10 This figure show the results from the NF-κB antibody titration were different 

concentration was tested and analyzed using the FACSCantoII. In the sample name table 

the different concentration are given different colors, black area is the control sample (no 

antibodies), dark green line shows the concentration1:20, light green line shows 1:100, 

orange line shows 1:200 and blue line shows 1:400. 
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6.5 PMA stimulation 

Translocation of NF-κB upon PMA/ionomycin stimulation in Jurkat TAg cells. 

Having established a suitable concentration of anti- NF-κB antibodies, we tested the NF-κB 

translocation to the nucleus in Jurkat cells treated with ionomycin and stimulated with PMA. 

The samples were analyzed using the ImageStream (figure 11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 A. Pictures from 

the ImageStream. The 

pictures of the unstimulated 

cells show a difference in the 

location of the nucleus 

(purple) and the NF-κB 

(green) on the merge picture. 

The stimulated cells show 

NF-κB merging with the 

nucleus. B. The black area is 

the negative control where no 

NF-κB translocation is 

evident. The area under the 

gray line is the amount of 

cells that show NF-κB 

translocation after one hour. 

C. Percentage of cells 

showing NF-κB translocation 

at different time points. 
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As can be seen from figure 11, a clear difference in the localization of NF-κB was seen in 

PMA stimulated Jurkat T cells. NF-κB translocation was evident after one hour stimulation 

with PMA. Having established the staining protocol used here to detect NF-κB translocation, 

we now proceeded to examine the effect of conjugation formation on the NF-κB translocation.  

 

6.6 Conjugation using transfected Jurkat cells 

Conjugate formation using transfected Jurkat cells and Raji cells (SEE superantigen 

stimulation). 

Using different cDNA construct transfected into the Jurkat T cells (see figure 8 and 9), 

conjugate formation between different Jurkat T cells and Raji cells was analyzed using the 

flow cytometer. Raji cells were coated with SNARF cell tracker and Jurkat T cells were 

analyzed based on GFP signal (figure 12 and 13). 

 

 

 

 

 

 

 

 

 

 

Figure 12 Pictures from the flow cytometer 

analysis were Q1 represents Raji cells, Q3 

represents non stained cells and cellular 

debris, Q4 represents Jurkat T cells and Q2 

represents conjugates of Jurkat and Raji cells. 

The images show conjugation formation after 

60 minute in the presence (A) and absence 

(B) of SEE stimulation.  
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Figure 12 shows a representative flow cytometry analysis of conjugate formation between 

Jurkat and Raji cells, where the experiment was repeated three times. There was a significant 

difference in the conjugation formation between the cells that were stimulated with SEE 

superantigen and those that were not (p=0,000471). However, there were no significant 

differences between different cDNA constructs expressed in Jurkat T cells and the cells ability 

to form conjugates with superantigen covered APC using (figure 13). 

Figure 13  

A. Graph showing percentage 

of positive Jurkat T cells in 

conjugates after 30 minute 

incubation at 37°C. The red 

columns stand for cells 

stimulated with SEE 

superantigen. The blue 

columns stand for cells not 

stimulated with SEE 

superantigen.  

B. Graph showing percentage 

of positive Jurkat T cells in 

conjugates after 60 minute 

incubation at 37°C.  

These results are average 

percentage from three 

experiments and are presented 

with standard deviation. 
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6.7 NFκB time titration 

Conjugate formation using Jurkat/Raji cells (SEE antigen stimulation), monitor translocation 

of NF-kB to the nucleus – Time titration. 

In order to examine the NF-κB translocation in transfected Jurkat T cells, a time titration was 

performed using conjugates of Jurkat T cells and Raji cells, coated with SEE. Four time points 

were made; 0 minutes, 30 minutes, 60 minutes and 90 minutes and NF-κB translocation was 

observed in the ImageStream. The results of the time titration would then be used to choose 

optimal time points to monitor NF-κB translocation in the transfected Jurkat cells. Figure 14 

shows the relative measure of how translocated cells are. The figure also shows single Jurkat 

cells (not in conjugate) that show the translocation. Figure 15A shows that the relative 

translocation of NF-κB in Jurkat T cells, in conjugates, increases with time and peaks at 60 

minutes. What the relative values represent can be seen in figure 14, where higher values 

indicate more translocation. Figure 14B shows an increase in the percentage of Jurkat cells 

with NF-κB translocation with increasing time, although a slight decrease is observed after 60 

minutes. 

Using the results from this time titration, 30 and 60 minute time points were chosen for the 

subsequent experiment. 

Figure 14 Picture from the ImageStream thats shows the solid gray area as Raji cells and the gate 

R13 that includes Jurkat cells with NF-κB translocation. Black line represents single Jurkat GFP 

positive cells. Gray line represents GFP positive Jurkat cells in conjugates with Raji cells. 
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6.8 NFκB translocation 

Conjugate formation using transfected Jurkat cells and Raji cells (SEE superantigen 

stimulation), monitor translocation of NF-kB to the nucleus. 

Using three different cDNA construct transfected into the Jurkat T cells (see figures 8 and 9), 

conjugates were made using Raji cells with superantigen stimulation and NF-κB translocation 

was examined in the transfected Jurkat cells using the ImageStream. Different time points 

were determined by NF-κB time titration (figure 14). 

Figure 15 A. Graph showing the relative value of how much NF-κB translocation is observed in Jurkat T cells 

in conjugates. B. Percentage Jurkat cells, in conjugates, showing NF-κB translocation at different time points. 
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As shown in figure 16A the relative values of NF-kB translocation decrease in time when 

looking at the Jurkat cells that express GFP and TSAd∆exon 7 construct but increase in time 

when looking at Jurkat cells that express the TSAd wt construct. However, in figure 16B the 

percentage of Jurkat cells, in conjugates, showing NF-kB translocation decreases with time 

when looking at Jurkat cells expressing the TSAd wt, compared to the Jurkat cells expressing 

the TSAd∆exon 7 construct that show an increase. 

 

 

 

 

 

 

Figure 16 A. Graph showing the relative value NF-κB translocation  in GFP positive Jurkat 

cells, in conjugates, that represents a measure of how translocated the cells are. B. Graph 

showing the percentage of GFP positive Jurkat cells, in conjugates, with NF-κB translocation 
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7 Discussion  

The main objective of this study was to monitor NF-κB translocation in Jurkat T cells, with or 

without TSAd. TSAd is a part of the intracellular pathway in T cell activation. Its effect on 

activation of transcription factors is of great interest as it is one step towards better 

understanding of how the immune system is regulated.  

It has been previously establish that the T cell specific adapter protein, TSAd, binds to and 

modulates the activity of the kinases Lck and Itk.
41,44

 These kinases are important for 

appropriate T cell activation. A critical step in the T cell activation pathway is the activation 

of transcription factors, which results in altered gene expression and subsequent function of 

the cell. One of these transcription factors is NF-κB. Activation of transcription factors, like 

NF-κB, are important for T cell’s ability to grow, differentiate and send signals. The research 

society has come a long way to understand the mechanisms in T cell activation but there are 

still a lot of pieces missing from the complete understanding of the process. This project is a 

part of one of the missing pieces and there has not been any previous publication on the role 

of TSAd in NF-κB translocation before. 

To be able to observe the affects of TSAd in T cells, Jurkat T cells were transfected with 

different cDNA construct, TSAd wt and TSAdΔexon 7 mutant protein. As seen in the results 

is was quite difficult to get a good expression of the TSAd wt construct in the Jurkat cells. It 

has been previously shown that it is difficult for the Jurkat cell to express this protein and that 

may be due to the amount of prolines the cell has to produce to express the protein.
37

 This low 

transfection efficiency may be a factor in other experiments, such as the conjugation 

formation and the NF-κB translocation, where even though dead cells have been excluded 

from the results, the remaining cells may not be in an optimal state. This could affect the 

Jurkat cells ability to form immunological synapses. 

According to this study there is an effect of TSAd in NF-κB translocation when looking at the 

relative translocation in Jurkat cell in conjugates, where the relative value increases with time. 

The comparison to TSAdΔexon 7 is difficult though because more cells, expressing the 

mutant protein, show the translocation. The percentage of Jurkat cell, in conjugates and 

expressing the TSAd wt protein, decreases with time compared to the increase observed with 
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Jurkat cells expressing the empty vector GFP and the TSAdΔexon 7. These results might be 

affected by the low transfection efficiency shown by Jurkat cells expressing the TSAd wt 

protein but this experiment was only performed once and has to be repeated to rule out 

uncertainty. There were also between 10 and 20 % single Jurkat cells (not in conjugates) that 

showed NF-κB translocation. One possible explaination for this might be that these cells were 

in conjugates and were therefore activated but lost its connection to the Raji cells in the 

staining protocol. All this is a clear indicator that the experiments need to be repeated to get a 

comprehensive results regardings TSAd role in the activation of NF-κB. 

Advantages of the study: One of the main advantages of this project was the use of the image 

based cytometer, ImageStream. Being able to take so accurate pictures of a large number of 

single cells is of great significance when looking at signaling events with a large variability in 

individual cells. To average out the variance between cells, a large number of observations are 

required. Previously these analysis have been done by manual microscopy, which is not very 

efficient, and subject to the biased assessment of the experimenter.  

Defects of the study: Not all the experiments were done in triplicates. Due to the short 

timeframe of this project, we had to choose carefully which experiments to perform. Also, we 

experienced some technical difficulties that affected the time to do experiments. Although it 

has been reported that this method can be used to analyze TCR stimulated T cells, there has 

been no previous publication on analysis of NF-κB translocation in superantigen stimulated T- 

and B cell conjugates. Therefore we were not exactly sure how this assay would work in T 

cell blasts. Although the use of image based flow cytometer is an advantage it requires proper 

experimental setup, analysis and testing to ensure the parameters are analysed correctly. 

Next step – future experiments: Most importantly the experiments need to be repeated. It is 

necessary to repeat the results at least three times to get statistically valid data. Experiments 

involving cells from TSAd wt and knockout mice could be done to monitor NF-κB 

translocation. Further mapping of the intracellular events leading to the activation of NF-κB 

would give us a better understanding of how TSAd is involved in regulation of this pathway. 
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Conclusion: T cells are thought to play a major role in the cause of autoimmune disease and it 

has been shown that in mice that have genes for T cell signaling pathways “knocked out”, 

autoimmune diseases may develop.
55

 Mapping of complete signaling pathway is therefore of 

great clinical interest as this knowledge can be used in the treatment of many diseases 

involving the immune system. 
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10 Appendix  

RPMI 1640 10% FCS with everything: 

 500 mL RPMI 1640 

 50 mL inactivated FCS (fetal calve serum) 

 5 mL Sodium Pyruvat (100x) 

 5 mL non-essential amino acids (100x) 

 5 mL streptomycin/penicillin solution (10000:10000) 

 1,74 µL 2-Mercaptoetanol (14,3M stock, final concentration of 50µM) 

 

Transfection media: 

 500 mL RPMI 1640 

 25 mL inactivated FCS 

 5 mL Sodium Pyruvat (100x) 

 5 mL non-essential amino acids (100x) 

 1,74 2-Mercaptoetanol (14,3M stock, final concentration of 50µM) 

 

Lysis buffer: 

 50 µL 10% NP40 

 50 µL NaF (0,5M 10x) 

 50 µL Octyl β-glykosidase (10x) 

 10 µL Na3VO4 (100x = 0,0184 g/mL) 

 40 µL protease inhibitor (25x) 

 300 µL 2x lysis buffer (2x Tris salt solution) 

 H2O to 1 mL (500 µL) 
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10% acrylamide gel: 

 12,5 mL Tris HCl pH 8,8 

 12,5 mL 40% acrylamide  

 0,5 mL 10% SDS 

 24,5 mL dH2O 

5 mL of the 10% acrylamide gel and add:   

 25 µL 10% APS 

 5 µL Electran 

 

4% acrylamide gel: 

 12,5 mL Tris HCl pH 6,8 

 5 mL 40% acrylamide 

 0,5 mL 10% SDS 

 32 mL dH2O. 

5 mL of the 4% acrylamide gel and add: 

 25 µL 10% APS 

 5 µL Electran 


