Human health and disease

Introduction
To complete my graduate training at the Hanze University Groningen, I further took an internship at molecular virology department of the University Medical Center Groningen. The internship lasted for five months and the project will be discussed in this report.
1. UMCG
The University Medical Centre Groningen (UMCG) is the only university medical center in the northern part of the Netherlands, and therefore the final point of referral for many patients. The more than 8500 employees and 1300 beds make the UMCG one of the largest hospitals in The Netherlands. Moreover, thousands of employees provide numerous services to even a greater number of patients and visitors. A special role in research and teaching is submerged in sector F of the UMCG. There are nine subgroups under the sector focusing primarily on pre-clinical and translational sciences. Such a multi-disciplined foundation makes medical studies from UMCG innovative and competitive.
2. Department of Medical Microbiology
The department of Medical Microbiology is responsible for research and patient care in the fields of fundamental, applied and clinical aspects of microbial diseases. Research and development in the department focuses on the significance of microbes in human health and disease. In the discipline of Medical Microbiology, two main streams bacteriology and virology can be distinguished. The research activities are accommodated in the Section of Molecular Bacteriology and the Section of Molecular Virology. There are 150 employees working in the Department of Medical Microbiology.
3. Molecular Virology
As mentioned before, my graduation is covered by the section Molecular Virology. The head of this group is Prof. Dr.Jan Wilschut. Three main research themes can be distinguished: Tumor viruses, Flaviviruses and Respiratory viruses. The project I have performed in the recent months covered the theme 'Respiratory viruses' headed by Dr. Anke Huckriede. Research of the respiratory viruses group is devoted to the development of improved viral vaccines, and to the exploitation of reconstituted viral membrane envelopes or virosomes for cellular delivery of macromolecules. The research aims at vaccine technologies that can be used in case of a pandemic. Various adjuvants are examined for their antigen-sparing properties and their effects on the quality and quantity of immune responses elicited.
4. The project
Vaccination is the main technique of influenza prevention. Influenza vaccines have been in use for over 50 years and are the most cost-effective methods of preventing influenza. In evaluation of the capacity of the vaccine or adjuvant, the protecting capacity is often determined by the presence of specific antibodies against Influenza antigens. Recent studies show that high antibody titers not necessarily correlate well with the vaccine afforded protection. Those new findings lead to the increasing demand for a new technique called intra-cellular cytokine staining (ICS). With this technique, it is possible to keep cytokines in the cell and measure influence of vaccination on cytokine production. The technique offers the capacity of cell specific cytokine measurement using flow cytometrie analysis. My internship project on the establishment and discussion of ICS is part of a PhD project of Marcy Heng Liu .
In this report I will first afford some background about influenza, cytokines and the ICS-technique, followed by Material and Methods. Then the results will be elaborated. The discussion and conclusion can be found at the end of this report.
Background
1. Influenza vaccination
Influenza, commonly referred to as "the flu", is an infectious disease caused by RNA viruses that affects birds and mammals. The virus is transmitted easily from person to person via droplets and small particles produced when infected people cough or sneeze. Influenza tends to spread rapidly in seasonal epidemics.

When infected, both innate and adaptive immune responses are stimulated. The innate immune response develops very quickly and controls virus replication during the early stages of infection. The innate immune system recognizes virus-infected cells through mechanisms that are not antigen specific. For specific immune response activation of adaptive immune system is necessary. Influenza vaccination is the primary method for preventing influenza and its severe complications. Influenza vaccination is given to people in developed countries. In The Netherlands mainly patients with cardiovascular abnormalities, chronic lung disease, diabetes mellitus and chronic renal failure are vaccinated. Also all people over the age of 65 years and residents of nursing homes are routinely vaccinated.

Currently, a vaccine is used containing two influenza A and one Influenza B virus. Important components of the vaccines are surface antigens; haemagglutinin (HA) and neuraminidase (NA). Antigens are derived from virus grown in chick embryos. It is well established that HA-specific antibodies protect against severe viral pneumonia. Therefore, current inactivated influenza vaccines aim at induction of an efficient antibody response against the viral HA. Accordingly, vaccine immunogenicity is evaluated on the basis of serological antibody responses. Antibody titers are generally determined on the basis of haemagglutination-inhibition (HI) activity.

Current inactivated vaccines also exhibit relatively poor immunogenicity in immunologically naïve persons, such as children who have not had prior exposure to virus or vaccine. For the same reason, current vaccine formulations are unlikely to provide protection in a pandemic outbreak, because there would be no pre-exposure to the emerging new virus subtype. Therefore, more powerful vaccines are needed specifically for immunologically naïve individual. These vaccines must be capable of inducing a very robust antibody response against the viral HA. The strength of a vaccine can be up-regulated by using adjuvant. Researchers also work on the development and new types of vaccination (virosomes and intranasal vaccines) for higher immunogenicity.
2. Vaccine immunogenicity
After production of T-lymphocytes in the thymus, the white blood cells enter the blood circulation. When reaching the peripheral lymphoid organ they migrate through the lymphoid tissue. Mature T cells that have not yet encountered their specific antigens are known as naïve T cells.

To participate in the adaptive immune response, a naïve T cell must first encounter its specific antigen. After induction by an antigen, the cell starts to proliferate and differentiate. Several different subsets of T-cells have been discovered, each with a distinct function. A key mechanism, by which T-cells mediate their effectors function, is through the production of various cytokines. The three main types of armed effector T cell produce distinct sets of effector molecules. CD8 T cells are predominantly killer T cells that recognize pathogen-derived peptides bound to MHC class I molecules. They release perforin (which creates holes in the target cell membrane), granzymes (which are proteases that are activated intra-cellularly to trigger apoptosis) and often cytokines, mainly interferon. These chemokines attract immune cells to the site of infection, including macrophages, neutrophils and natural killer cells. Interferons, macrophages and NK cells slow virus replication and prevent the spread of virus during the first few days of infection. However, as is seen in individuals whose immune systems are naive to the infecting strain of virus, such as in infants or with pandemic strains of influenza, the innate immune response is not enough to stem the spread of viral infection. Thus, survival relies on the adaptive immune response that is initiated during this period and is essential to eliminate the virus completely.

Helper T cells (CD4) recognize peptides bound to MHC class II molecules expressed by antigen-presenting cells such as denritic cells. The expression of MHC can be upregulated by interferon-gamma (IFNγ). We can discriminate two functional types of helper T cells; Th1 and Th2. Th1 cells are specialized to activate macrophages that are infected by or have ingested pathogens. They secrete IFNγ, Tumor necrosis factor (TNF) and Interleukin to activate the infected cell, as well as other effector molecules. Th2 cells are specialized for B-cell activation; the secrete B-cell growth factors Interleukin (IL)-4, IL-5, IL-9 and IL-13. The influenza specific interaction of the helper T cells and MHC is very important for the development of both B cell and killer T cell memory.
3. Cytokines
Cytokines are proteins, peptides or glycoproteins that are secreted by specific cells of the immune system which carry signals locally between cells, and thus have an effect on other cells. They are a category of signaling molecules that are used extensively in cellular communication. Cytokines are critical to the development and functioning of both the innate and adaptive immune response. Cytokines are also involved in several developmental processes during embryogenesis. They are often secreted by immune cells that have encountered a pathogen, thereby activating and recruiting further immune cells to increase the systems response to the pathogen.

In this project, we focused on three important cytokines. We used IL-2, TNF-α and INF-γ for the characterization of the quality of T-cell responses in the process of immunization.

IFN-γ is a key cytokine in the control of infection. It is produced by both CD4- and CD8-type T cells and activated macrophages. IL-2 increases the number of T lymphocytes as well as activating leukocyte chemotaxis. Influenza virus induces tumor necrosis factor TNF-α secretion by macrophages, dendritic cells and T cells, this cytokine is required for the control of the infection when it is in its active stage.

Methods for cytokine detection include Enzyme-Linked-Immuno-Sorbent-Assay (ELISA) analysis of secreted cytokines, with this technique it is possible to detect the presence of specific antibodies. A more recent development is enzyme-linked immunospot assay (ELISPOT), which enables to determine the qualitative and quantitative antigen-specific cytokine secretion on a single-cell level. ELISPOT is principally a modification of ELISA, with the important difference that upon cytokine release by T cells, cytokines are captured directly after secretion. Cytokines captured in an agarose gel and are not diluted in the culture supernatant. The captured cytokines will be labeled, and form dots. The technique for multiple cytokine detection on single cell level is Intra-cellular cytokine staining.
4. ICS-technique
Intra-cellular cytokine staining (ICS) is a technique that facilitates the detection of cellular responses, which are not measurable on the cell surface. Currently, flow cytometry is the only technique that can simultaneously characterize multiple cellular functions by detecting different growth factors, chemo attractants and cytokines. Recent studies have shown that the quality of an immune response isn't only in relation with the amount of antibodies. The diversity of functions for individual lymphocytes becomes more important. T cells that express combinations of cytokines are highly relevant for clinical and immunological function. Those double or triple positive cells have an enhanced cytolytic activity. Optimal for vaccine development is the production of long-term memory lymphocytes that can produce multiple cytokines.

As mentioned before the cytokines are secreted. Secreted cytokines can't be measured with flow cytometry, for this reason a technique is needed to keep those cytokines in the cell. By blocking the Golgi-apparatus, cytokines stay in the cell. By using at least five-color technology the expression of multiple cytokines can be measure. Markers for CD4, viability, and for detection of IL2, IFNγ and TNFα, can be used for intra-cellular cytokine measurements.
5. Flow cytometry
When cells or particles stained with fluorochrome-conjugated antibodies or other dyes pass through a laser beam, the dyes can absorb photons (energy) and can be promoted to an excited electronic state. In returning to their ground state, they release energy, most of which is emitted as light. This light emission is known as fluorescence. Suspended cells can pass along an electronic detection apparatus. Flow cytometry allows simultaneous multiparametric analysis of the physical and chemical characteristics of the cells. More than thousands of particles per second can be measured. The voltage corresponding to each signal is digitized continuously during operation and is represented in the computer. For each cell that passes the lasers, the flow cytometer is detecting forward scatter, side scatter, ViVid dye, CD4, IL-2, IFN-γ and TNF-α. In figure 1 the spectrum of fluorochromes attached to the antibodies is showed.

Spectrum for antibody fluorochromes, used for flow cytometry analysis. Pacific Blue; label for ViVid viability. PE; combined with IL-2 antibodies. APC; attached to the TNF-α antibodies. PerCP-Cy5.5 label for IFN-γ measurement and Alexa Fluor 750 attached to CD4 antibodies.
6. Aim of the project
The aim of this project was the development and optimization of the intra-cellular staining technique for detection of influenza specific T cells and vaccine immunogenicity control. We looked after to storage methods for the cells, cost aspects by reducing antibody titers, biological variation of different mice and reproducibility of multiple staining experiments.
Material and Methods
1. Whole inactivated PR8 (H1N1) Influenza virus and subunit preparations
For vaccine immunization and ex vivo antigen-specific stimulation, we used whole inactivated virus (WIV) and subunit (SU) of A/PR8/H1N1 influenza virus. Virus stock was incubated with 0.1% β-propiolactone (BPL, Acros Organics, New Jersey, USA) at 4oC overnight for virus inactivation. BPL is an alkylating agent which reacts with nucleophilic reagents including nucleic acids and proteins. Such interactions change the structure of nucleic acids, induce nicks in DNA and cross-linkage between DNA and proteins. After virus inactivation, the stock was dialysed overnight against HNE buffer (5mM Hepes, 150mM NaCl, 0,1 mM EDTA, pH 7.4) for purification.

To obtain virus subunits, the preparation was further incubated with 0.4% Tween 80 (Merck) and 0.8% Cetrimonium bromide (CTAB) in PBS for three hours. Tween 80 was a detergent for the disruption of viral membrane. CTAB was used to extract DNA out of the solution. The nucleocapsids were then removed by ultra centrifugation at 50000 rpm for 30 minutes. The supernatant was collected and incubated with methanol activated Biobeads (BioRAD) at 4oC for 30 minutes.

The total protein content was determined with Micro-Lowry assay.
2. Mice
Female Balb/c (Harlan, Venray, The Netherlands) and C57bl/6(Harlan) mice of 8-12 week old were used during the project. All mice were numbed before immunization and termination (cervical dislocation). Vaccine immunization was done by intramuscular injection. 50μl of WIV vaccine (containing 3μl of HA) was injected into both of the rear legs (25 μl each) of a mouse. Mice were sacrificed 7-10 days after the immunization.
3. Spleen collection and splenocyte isolation
Spleen samples were harvested and collected upon termination in a 50 ml tube containing ice-cold IMDM complete medium (10% FBS, 1% Penicillin/Streptomycin, 50uM β-mercaptoethanol). Spleen samples were crushed with a plunger of 1ml syringe on a cell stainer (70μm, BD) placed on top of a new 50 ml tube. The isolated splenocytes were flushed and collected by rinsing the plunger and strainer with IMDM complete medium several times. The cells were span down at 350g for 10 minutes. 5 ml of ACK buffer (0.83% NH4Cl, 10mM KHCO3, 0,1 mM EDTA, pH 7,2) were then added and incubated at room temperature for 5 minutes for red blood cells lysis. Splenocytes were span down and resuspende with IMDM complete medium. After viable cell counting with trypan blue, a final concentration of 4x106 cells/ml was achieved. The whole isolation procedure was carried out on ice.
4. Splenocyte stimulation
The collected splenocytes were further stimulated in vitro for cytokine production. 500μl of cell suspension (containing 2x106 cells) was transferred to a staining tube (4,5 ml Greiner Bio-One, USA) for cell culture.

For aspecific (or polyclonal) stimulation, 500μl of stimulation solution containing PMA (Phorbol 12-myristate 13-acetate ,40μg/ 4x106 cells, Sigma), Ionomycin (1mg/ 4x106 cells, Sigma) and BFA (Brefeldin A, 1mg/4x106 cells Invitrogen) was added and incubated for 4 hours. PMA is a phorbol diester and is used to activate PKC (protein kinase C) signaling pathway. Ionomycin is an ionophore that can induce intracellular calcium influx. The combination of PMA and ionomycin is frequently used to stimulate cytokine production, including IFN (interferon), TNF (tumor necrosis factor) and Interleukin-2 (IL-2). BFA is a lactone antibiotic produced by fungus, it interferes protein transportation from endoplasmic reticulum (ER) to Golgi apparatus and causes protein accumulating within the ER. Adding BFA during in vitro stimulation thus prevents the newly synthesized cytokines from secretion and traps them in cytoplasm for intracellular cytokine staining at a later stage.

For antigen-specific stimulation, 500μl of stimulation solution containing either whole inactivated virus (3 μg/ 4x106 cells) or virus subunits (1μg / 4x106 cells) was added and incubated for 18 hours. BFA was added 2 hours later (or 16 hours before cell harvesting) to avoid its interference with antigen uptake and processing of antigen presenting cells.
5. Cell harvesting, Fixation and freezing
Stimulation was stopped by PBS and cells were kept on ice for the following procedures. Cells were washed with PBS and resuspended to 1x106 cells/ml after cell viability counting. 1 μl of ViVid dye (Invitrogen) was added to 1 ml of cell suspension and incubated on ice for 30 minutes after a thorough mixture. The viability dye non-specifically binds to the N-terminus of proteins. For live cells with intact cell membranes, ViVid dye can only binds to cell surface proteins. Dead cells with porous membranes allow ViVid dye to have access to abundant intracellular proteins and result in a much higher staining signals.

Staining was stopped by topping 1ml PBS. After another PBS wash, cells were resuspended in 200μl of 4% paraformaldehyde (4% PFA/PBS, pH 7.2) and incubated for 20 minutes on ice for cell fixation. Fixation was stopped by PBS and cells were washed again with PBS. The cells can be stored in Facs buffer (1% BSA/ PBS, 5mM EDTA) at 4oC in the dark overnight for intracellular staining on the next day.

For long-term storage, cells were span down and resuspended with ice cold freezing medium (20% DMSO, 80% Facs buffer) drop by drop. DMSO is used as a cryo-preserver that prevents the formation of ice crystals, witch could punctuate and damage cells during thawing process. Cells were transferred into pre-cooled freezing vials and stored at -80oC freezer (for months) or liquid nitrogen (for years).
6. Intracellular Staining
Fixed cells were further washed with permeabilization buffer (BD perm/ wash buffer,USA). 500μl of blocking buffer (5% milk powder in BD perm/wash buffer) was then added and incubated on ice for 30 minutes in the dark. After blocking, cells were allocated to new staining tubes at a concentration of 2x105 cells/tube. After another round of centrifugation, decant the supernatant and left the last drop in tubes. Add either buffer or freshly prepared antibody master mix (Table 1, page 15) to the correspondent tubes. Incubate the tubes on ice in the dark for 30 minutes after a thorough mixture. Staining was stopped by topping 1 ml permeabilization buffer to each tube. The cell were further washed twice with the same buffer, transferred into 300μl 4% paraformaldehyde and stored at 4oC in the dark before machine (LSR-II) analysis.
7. LSR-II Flow cytometer analysis
We recorded 1X104 and 1X105 lymphoctes for the analysis of polyclonal and antigen-specific stimulations respectively. Live cells (with low ultra velvet/ pacific blue signal) were selected (Figure 2). FSC (forward scatter) vs. SSC (side scatter) scatter plot were then used to locate lymphocyte population. After zooming into lymphocytes, CD4+ population (Alexa Flour 750 positive) was further selected and characterized with IFN-γ (PerCp-Cy5.5 signal), IL-2 (PE signal) and TNF-α (APC signal) production capacities.
Elispot assay
ELISA plates were pre-coated with anti-mouse IFNγ antibodies (50U/ml BD Pharmingen) at 37ºC for 1 hour (or overnight at 4 ℃). Wash the plates three times with PBST (0.02% Tween/ PBS, without calcium and magnesium) before use to remove unbound antibodies. The plates were then blocked with blocking buffer (4% bovine serum albumin (RIA grade) /PBS) for an hour at 37ºC. After blocking, Wells were washed with PBST and freshly prepared splenocytes were added to the wells. We tested 8 different concentrations, from 3.9 x103 cells/ well to 5x105 cells/ well, by making 3-fold serial dilution in plates. 50μl of stimulant containing PMA and ionomycin (0.2 μg PMA with 5 μg ionomycin per well) was added and incubated for 4 hours at 37oC. After stimulation, put the plates on ice for cell lysing and a full release of cytokines. The plates were washed four times with PBST to remove cell debris and subsequently incubated with biotinylated antibodies against IFNγ (0.125μg/ 2%BSA, BD Pharmingen) for an hour at 37 ℃. The plates were three times with PBST to remove unbound antibodies and then incubated with 50 ul streptavidin-AP (0,125μg/ml PBS with 2%BSA,/well, BD Pharmingen). Chromogenesis reagent containing BCIP (5-bromo-4-chloro-3-indolyl phosphate; Sigma, Chemical, St Louis, USA), 2-amino-2-methyl-1-propanol (Sigma), Triton X-405(BDH), MgCl2 and 3% Agar (Sigma) was freshly prepared and kept on a heater before adding. The plates were incubated at 37oC after the addition of the chromogenesis reagent. Solid gels with or without blue spots were formed at the bottom of each well after 2 hours of incubation. The amount of dots per well was counted manually and represents the number of IFNγ producing cells.
Results
1. Effect of freezing and storage on splenocytes condition
Splenocytes used for intra-cellular staining need to be processed shortly after isolation. For this reason it would be more practical to freeze the splenocytes. To find optimal freezing conditions we used two methods. After isolation the cells were frozen directly after all erythrocytes and cell fragments were removed, shown in Figure 3A. Second option was stimulation and fixation before freezing.

Dot plot graphs Two methods for freezing polyclonally stimulated splenocytes A: samples frozen after isolation. B: samples frozen after isolation, stimulation, and fixation. Viability marker and forward scatter exclude the dead cells. The live cells are gated to side-scatter, the lymphocyte population is shown in circle.

In the upper panels of Figure 3 the viability is shown for both conditions. Here the dead cells can be excluded. The viability of the directly frozen sample was 84%, the viability for samples frozen after fixation was 82%. The lower panels show the lymphocyte population. The lymphocyte population is an important parameter, since all cytokine results are related to the fraction of this population. Forward (size) and side scatter (granularity) were used to exclude the cell fragments. Large amount of cell fragments were caused by thawing of the splenocytes. Directly frozen samples showed a low lymphocyte fraction (9%) as shown in the lower left corner. The fixed frozen sample (right) gave better results and had a percentage of 33% lymphocytes. The percentage was not optimal because we expected the lymphocyte population to be around 50% of the total splenocytes. To check the cytokine production capacity of the freshly frozen samples, we performed an Elispot assay.
2. Functional performance
Elispot assay wells tested for different situations. Fresh and frozen cells in stimulated and un-stimulated situation. Only the stimulated fresh cells show cytokine production.

The Elispot assay is a very common method for the detection of cytokine producing cells. In this experiment polyclonally stimulated splenocytes and medium treated cells were used for evaluation of functionality of fresh splenocytes and splenocytes frozen before fixation. In Figure 4 the Elispot is shown for four conditions. The experiment was done in dilution series, for the highest contrast the cell concentration of 5x105cells/well is shown in the figure. Medium treated cell didn't show any IFNγ production for both situations. Stimulated frozen spenocytes didn't show any signal either. In contrast, for the freshly stimulated splenocytes we saw appearance of dots. In this assay only the freshly stimulated splenocytes show IFNγ production.
3. Storage and staining
Now the optimal conditions for freezing were known, we compared fresh and frozen cells in one experiment. In combination we also checked if the period between staining and flow cytometric analysis, has effect on staining results. This could be important because of the decrease in antibody fluorescent activity. Three conditions were prepared for flow cytometer analysis. All samples were treated with the viability marker ViVid Dye before freezing. One group was stained on the day of analysis (direct analysis) and the other group was stained 24 hours before the analysis and stored in the cold room in the dark (analysis after 24hr). The frozen samples were stored in the -80oC for at least 24 hours, then stained and directly analysed or analysed 24 hour after staining.
1. Intracellular staining of IFNγ and TNFα
The prices of antibodies are relatively high for these experiments. The reduction of antibody amount would be cost reducing. Too high antibody concentrations during staining can also provide high background signals. For this reason we tested three different antibody concentrations for the same sample. Those dilution series gave us more information about the capacity of the antibodies. We used medium stimulated cells as a control to set the gate. Polyclonally stimulated splenocytes were used to compare the concentrations of antibody. We did the titration for anti-Interferon antibodies (Figure 7) and anti-Tumor necrosis factor antibodies .

The titration results for anti-TNF are shown in Figure 8. The gate was set on the medium stimulated cells (data not shown).

The volumes of TNFα-antibodies used were 12,5μl, 6,25μl and 3,12μl. In this figure the percentage of CD4 positive TNFα producing cells is shown. The size of the TNFα-positive lymphocyte population was 19%, 23% and 21%, respectively The highest percentage was found at the volume of 6,25μl. The difference with the lowest volume was very small. As we saw for the anti-IFNγ we also can reduce the volume for TNFα antibodies by 75%. Reduction of these antibodies doesn't influence the other cytokine results. The titrations are batch specific. With the staining conditions set, the cytokine measurements can be done.
2. Handling and mouse variation
In this experiment we intended to understand the biological and experimental variation. We can expect some variation in cytokine production between different mice. In this experiment three mice were compared. Two of those mice were immunized three weeks before the experiment with whole inactivated virus (WIV). The third mouse (control) was not immunized. All three spleens were collected freshly and were polyclonally stimulated. For the handling experiment we used three antibody master mixes of identical composition.

The difference in cytokine production was not the only difference between mouse 1 and 2. The fraction of CD4 positive cells varied by 50% (data not shown). In the lymphocyte gate the proportions were 14% and 8% for resp. mouse 1 and mouse 2. For this reason it was difficult to compare the results. The major problem was the setting of the lymphocyte gate. This is difficult because the cell population is not always well separated from the cell fragments. The biological variation seems to be much higher in comparison to the handling variation.
3. Reproducibility
Because variation is the major problem in intra-cellular cytokine staining experiments, reproducibility was very important. For this experiment, polyclonally stimulated and fixed splenocytes were frozen, stained and measured at several time points.

The variation in cytokine expression was the highest for IFNγ production. For an identical sample we would expect less variation. The variation in these results could come from staining-, machine- or analyzing variation. The staining procedure was consistent and the amount of antibodies didn't influence systematically. For all data the same machine was used, using the same settings. The gating procedure was done individually for each measurement.
4. Specific stimulation
Two mice immunized three weeks before the experiment with whole inactivated virus (WIV) (resp. mouse 1 and 2) and one control mouse, were used for this experiment. Specific stimulation was done using freshly collected splenocytes, stimulated with WIV or subunit (SU). The cytokine production of T cells after stimulation with these compounds gave an indication for the quality of the immunization. Splenocytes of all three mice were collected and processed in the same way. All the samples shown in the bar graph below have a lymphocyte population between 35 and 40% and showed a CD4 population between 55 and 60%. As shown in Figure 11, samples of mouse 1 were processed in triplicate. Half of the splenocytes were stimulated with WIV (plain bars) and half of the splenocytes were stimulated with SU (striped bars).

The production of IL2 and TNFα in WIV or SU stimulated splenocytes of un-immunized mice (control) was rather high. We don't expect influenza specifically stimulated mice to react to this extent, in comparison with the polyclonally stimulation results . WIV stimulated splenocytes didn't give higher responses than SU stimulated ones. Because WIV contains more different antigens than SU at similar amounts of HA, a higher cytokine production was expected for WIV immunized samples. Immunisation with WIV gave higher production of influenza specific T cell respons in comparison with the control mouse. The immunisation of mouse 1 and 2 was detectable with the intra-cellular staining technique.
Discussion / conclusion
1. Discussion
The effect of freezing and storage on splenocytes conditions was found to be very important. As we showed is Figure 3 and 4 the method of freezing can influence the results dramatically. The function of cytokine production was not measurable with cells frozen before fixation. The best way for freezing was after fixation as shown in Figure 5 and 6. The wash steps with ACK and IMDM are used to get rid of the erythrocytes and cell fragments. One or more extra wash steps can help to show a proper lymphocyte population in the flow cytometer analysis. Gate settings in FlowJow (see Figure 2) are very important. If the cell populations are not clearly separated, the variation easily becomes higher. For optimization of the staining procedure the antibodies against interferon gamma (Figure 7) and tumour necrosis factor (Figure 8) were titrated. For both cytokines the background signal was reduced and the volumes were reduced by 75% without loss of signal. For the variation of intra-cellular staining we intended to understand the biological and experimental variation (Figure 9). The biological variation in this experiment was related to the variation in size of the lymphocyte population. The biological variation seems to be higher in comparison to the handling variation. For the reproducibility aliquot splenocytes were measured on several time points. We saw the highest variation for IFNγ production (Figure 10). For specific stimulation we used whole inactivated virus and subunit. Immunisation with WIV gave higher production of influenza specific T cell respons in comparison with the control mouse. (Figure 11) The immunisation of mouse 1 and 2 was detectable with the intra-cellular staining technique.
2. Conclusion
The aim of this project was the development and optimization of the intra-cellular staining technique for detection of influenza specific T cells and vaccine immunogenicity control. In this project two methods for freezing were compared. The fixation step before freezing is very important. The cytokine producing capacity was checked by Elispot assay. No IFNγ producing was measurable. We proceeded with splenocytes frozen after stimulation and fixation. The time between staining and measurement didn't influence the results of the flow cytometer analysis. For optimal staining conditions we titrated de antibodies for IFNγ and TNFα. This resulted in a volume and cost reduction by 75%. With the antibody configuration set, the variation experiment has been done. Increase of influenza specific T cell response was measurable after immunization with WIV in comparison to the control mouse. The most unstable part of the protocol for this experiment was the identification of the lymphocyte population after flow cytometer analysis.

Experiments' were done on the methods of cell storage, cost aspects by reducing antibody titers, biological variation of different mice and reproducibility of multiple staining experiments for polyclonally and specific stimulated splenocytes.

For future experiments a more robust procedure is needed for the staining and analysing method. The usage of other florochromes with a higher intensity can also be a good alternative. For example PE-Cy7 could be used instead of the AF750 fluorochrome for staining of CD4 thus facilitating the identification of T helper cells. A high priority should be given to the lymphocyte gate, by adding an extra wash step it would be possible to reduce the cell fragments and other proteins.
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