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Abstract 
To improve the efficacy of the dendritic cell vaccine Alv B DC from Alv B, the PD-L1 expression in cancer cells was 

attempted to be reduced through a transfection with a custom designed siRNA. Before transfecting the dendritic 

cells, the siRNA functionality had to be tested through flow cytometry, that resulted in negative results and 

therefore led to a RT-qPCR protocol that indicated that the siRNA was functional. Protocols for the two methods 

were developed and a cell line expressing PD-L1 was set up as a tool for testing. The final goal of testing the 

effects in Alv B DC was never performed due compromising time but the positive result from the PCR provides a 

promising start to further testing. 
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Sammanfattning 
För att förbättra effektiviteten av det dendritiska cellvaccinet Alv B DC från Alv B, genomfördes ett försök att 

reducera PD-L1-uttrycket i cancerceller genom en transfektion med ett specialdesignat siRNA. Innan de 

dendritiska cellerna transfekterades behövde siRNA-funktionaliteten testas genom flödescytometri, vilket 

resulterade i negativa resultat och därför ledde till ett RT-qPCR-protokoll som indikerade att siRNA var 

funktionellt. Protokoll för de två metoderna utvecklades och en cellinje som uttrycker PD-L1 sattes upp som ett 

verktyg för testande. Det slutliga målet med att testa effekterna i Alv B DC Alvacan 1000 utfördes aldrig på grund 

av tids kompromiss, men det positiva resultatet från PCR gav en lovande start inför ytterligare experiment. 
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Abbreviations 
Ab- Antibody 

ACT- adoptive cell immunotherapy 

AKT- protein kinase B 

APC- antigen presenting cells. 

CD- cluster of differentiation 

cDNA- complementary DNA 

DC- Dendric cells 

DMEM- Dulbecco’s Modified Eagle’s Medium 

DOTAP- Dioleoyl-3-trimethylammonium propane 

DPBS- Dulbecco's phosphate-buffered saline 

EGF- epidermal growth factor 

FBS- Fetal Bovine Serum 

Fc- fragment, crystallizable 

FGF Fibroblast growth factors 

FITC- Fluorescein isothiocyanate 

FSC- forward scatter 

IFN- Interferon 

LPS- Lipopolysaccharide 

MHC- Major histocompatibility complex 

PD-1- programmed cell death protein 

PD-L1 - Programmed death-ligand 1 

PI3K- phosphoinositide 3-kinase 

RISC- RNA induced silencing complex. 

RNAi- RNA interference 

RT-qPCR- Real-Time Quantitative Reverse Transcription PCR 

SSC- Side scatter 

TCR- T cell receptor 
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1. Introduction 
As a treatment alternative for a variety of cancer types, adoptive immunotherapy utilising dendritic cells (DC) 

shows promising results in lab settings.  A variety of clinical studies provides results indicating an increase in 

survival rate among canine patients followed by adoptive immunotherapy against cancer, commonly known as 

cancer vaccines. 1,2,3Alv B have developed a DC vaccine for canine patients that is about to enter clinical trial.  DC 

vaccines can be optimised by transfecting the DC with a specific siRNA to reduce PD-L1 expression, a inhibiting 

signal that informs the immune system not to attack the cancer cell.1 The promising results from other studies 

such as the one from Konduri V et al,1 provides a base for Alv B to wanting to do the same improvement through 

genetic manipulation of their DC vaccine (Alv B DC).  

1.1 Aim 
With a final goal of transfecting DCs in the Alv B DC product, the aim of this project was to develop e analytical 

method by first finding one or more cell lines that expresses PD-L1 that will be used as an experimental tool. The 

functionality of the custom designed siRNA had to be tested prior to further testing. When an optimised 

protocol has been developed and the siRNA has proven functional, the transfection will be tested in DCs from 

Alv B DC.  

1.2. Theory 
Cancer vaccines are designed to target cancer cells by utilising the immune system to defeat the disease, this can 

be done Through dendritic cells. Several studies indicated an increase in survival rate amongst canine and 

human patients, which highlights it as a promising treatment method. 2,3,4 

1.2.1 Cancer 

Cancer is generally known as a disease were cells uncontrollably multiply. When the process of cell division fails 

so that cancerous- or non-cancerous tumours develop, the tissue can spread and invade other tissues in 

proximity. Cancer cell’s ability to spread and utilise resources can and will often lead to death amongst patients 

diagnosed with the disease.5 

1.2.1.2Cancer cell lines 

Cancer cell lines are a common tool used in medical research and drug development. Despite the relatively low 

success rate of setting up a new growing cell line in vitro, it has proven to be a valuable tool historically. Not only 

will it allow for experiments that would not be feasible in vivo but it also provides indefinite material. Not having 

to work with patients directly will lower the cost per experiment but also reduce stress on the patient.6 A 

primary cancer cell line is derived from tissue taken during biopsy or surgery. The cells can be dissociated from 

the tumour through either enzymatic digestion, chemical treatments, or mechanical separation. Following the 

separation, the cells can be cultured in a variety of dimensions such as in a traditional flask for a 2D culture in 

Culturing media or as a 3D culture in the form of spheroids or organoids.7 

1.2.2. Adoptive cell immunotherapy 

Since the 1980s adoptive cell immunotherapy (ACT) has been progressively growing as a form of cancer 

treatment, where DCs a type of accessory cells to the immune system are often used.8 Due to DCs being efficient 

antigen-presenting cells (APC), it is a suitable template for an ACT vaccine alongside other immune cells. 

Generally, DC immunotherapy has previously been applied either in vivo or ex vivo to activate the immune 

system. Peripheral blood mononuclear cells will be taken from the patient’s own blood and matured to DCs and 

activated through stimuli such as cytokines before being reintroduced to the patient. If successful, it will initiate 

an anti-tumour T lymphocyte (T-cell) stimulus after reintroducing the cells to the patient (Figure 1).9 T-cells are a 

type of white blood cell that in the immune system operates by initiating immune-mediated cell death in the 

infected, foreign or cancerous cell.10 Studies show that reducing Programmed Cell Death Protein 1 (PD-L1) mRNA 

expression will improve the efficacy of DC vaccines.11 
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1.2.2.1 Dendric cells  

Dendritic cells are accessory cells of the mammalian immune system, that operates by presenting antigens to T 

cells. T cells are incapable of recognising antigens on foreign cells, the immune response relies on major 

histocompatibility complex (MHC) molecules to present these. DCs will produce cytokines after detecting 

pathogens specifically associated with the local infection and signal to the T cells.   Upon maturation the DCs will 

go from having a smooth round surface, to a rough, pseudopodia filled structure.  Due to their high surface area 

dendric cells can initiate immune response for many surrounding cells simultaneously.  If DCs are transfected 

with a siRNA during the maturation process can lead to either down- or upregulation of coreceptor proteins such 

as PD-L1 (see figure 1).8 

 

Figure 1. siRNA treatment of immature DC to T cell activation, from Titov A et al. (2021) .8 

DCs express other receptors in addition to PD-L1, such as fragment crystallizable (FC) receptors that similarly to 

other membrane bound receptors will bind to an antibody and pathogen to initiate cell activation.12 

1.2.2.1 T cell activation 

The activation of T cells through DCs is initially activated by the antigens being presented on the cell surface of 

immune cells (Figure 2) that will later form an immunological synapse,13 a small chemical connection between T 

cells and an antigen presenting cell.14  The identification of the DC- complex requires two signals to 

simultaneously be active. Signal 1 works through a T cell receptor (TCR) to peptide- MHC binding that will lead to 

a phosphorylation of the receptor on cluster of differentiation 3 (CD3), a protein complex present on the cell 

surface of the T cells.12,15 . The T cells will reactivate this activation signal 1 after the signalling has been 

sustained over a longer period and several TCRs. Signal 2 is initiated by both positive and negative signals to 

form interactions between costimulatory molecules (CD80/CD28, LFA-1/ICAM-1 or ICAM2, CD2/LFA-3). This 

interaction will lead to an enhanced TCR response towards the antigen.12 In addition to the two first signals a 

third signal (signal 3) will provide a secretion on cytokines from the APC that will help avoid tolerance by 

polarising the T cells towards the antigen.16 The activation of the T cells will then induce the expression of 

programmed cell death protein (PD-1).17 
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Figure 2. Activation of Naïve T cell by dendritic cell. Adapted from Lee, Hong-Gyun, et al. (2020).18 

1.2.2.2 PD-L1/PD-1 

Programmed Cell Death Protein 1 or PD-L1 is a transmembrane glycoprotein that will promote inhibition 

towards immune responses and will therefore establish a tolerance towards activated T cells when binding to 

PD-1. PD-1 is a transmembrane protein highly expressed on tumour specific T cells. Tumour cells have been 

found to express high levels of PD-L1 as a form of protection against an immune response. PD-1/PD-L1 can be 

regulated through a series of signalling pathways, such as the phosphoinositide 3-kinase (PI3K)/protein kinase B 

(AKT) pathway that will enhance PD-L1 expression through regulation of negative phosphates and tensin 

homolog receptors.19 In addition to the PI3K/AKT pathway there is 5 other major pathways with an effect on PD-

1/PD-L1. Transcription factors such as interferon (IFN) will play a part in the regulation, with IFN-γ generating an 

upregulation of PD-L1 in certain cancers.20 Altering pathways and transcription factors is not the only option for 

PD-L1 reduction in cancer cells, several studies have been looking into siRNA mediated silencing to enhance an 

immune response. 21 The half-life of PD-L1 varies a lot depending on what sources one reads but an estimation is 

that it has a long half-life of 38 h.22 

1.2.2.3 siRNA  

Small interfering RNA (siRNA) contains between 15 and 30 nucleotides and acts as an active slicing agent and are 

designed with complementary sequences to the target gene mRNA.23,24 Using siRNAs during RNA interference 

(RNAi), has certain advantages. Instead of acting on a protein level like small molecular treatments, the siRNA 

approach will inhibit at a post transcriptional stage, this will provide an efficient treatment through giving a small 

amount of the vaccine. Smaller amounts will be a better option for both patient and the environment. The 

biological mechanism of RNAi is when gene slicing is induced through targeting mRNA for degradation through a 

few steps. Firstly, RNA will be cleaved into siRNA made possible through the enzyme RNase III termed Dicer. The 

siRNA will then bind the RNA induced silencing complex (RISC) where the siRNA strands are separated. If 

successful, the single stranded siRNA strands will guide the RISC complex to the target mRNA to initiate cleaving, 

that will cause gene silencing (see figure 3).25   
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Figure 3. Schematic representation of mechanism of how siRNA interferes with mRNA, from Therapeutic 

potential of siRNA and DNAzymes in cancer.26 

One of the challenges when it comes to siRNA treatments are the delivery of the siRNA to the cells. A variety of 

methods have been developed to combat this problem, with Lipofectamine and Dioleoyl-3-trimethylammonium 

propane (DOTAP) being some of the most available and effective options.27 

1.3. Analytical techniques 
To analyse cell treatments a variety of methods can be utilised. Simple equipment such as the NucleoCounter, 

that uses the Via1-Cassette™ to stain the cells with Acridine Orange and fluorescent nuclear dyes (DAPI) before 

analysing a fluorescent image to determine cell count and viability.28 Additionally the Nanodrop is used to 

confirm concentrations and purity of DNA or RNA, through analysing absorbance across UV-Vis spectrum.29,30 To 

analyse more complex cell behaviours and changes, such as protein changes or changes of genetic expression, 

methods such as flow cytometry and PCR can be employed.  

1.3.1 Flow Cytometry 

Using lasers, the flow cytometer analyses cells moving in a saline-based buffer. Visible light scatter will measure 

the cells in a forward direction to estimate the size of the cells and at 90° to provide information on the 

granularity of cells also known as how much proteins or organelles there is in the cell. These are also known as 

forward scatter (FSC) and side scatter (SSC). Besides the visual light the flow cytometer will detect fluorescence 

proteins, such as after staining the cells with fluorescently conjugated antibodies for example fluorescein 

isothiocyanate (FITC).31 Adding a nucleic acid dye to the samples such as Hoechst 33258 Staining Solution, a 

commercially available dye that will bind to DNA in dying cells. Hoechst 33258 has a fluorescence emission 

maximum of 461 nm when DNA bound and an excitation maximum of 355 nm. This cell stain can therefore be 

excited by both ultraviolet lasers and violet lasers, whilst detected with a blue fluorescence channel on the flow 

cytometer.32  

When analysing samples containing immune cells such as DCs with high amounts of Fc receptors on their surface 

that tend to bind to antibodies non-spicifically, it is common to block these receptors. Since flow cytometry 

commonly operates by identifying fluorescently labelled antibodies binding to specific cell surface proteins, 

immune cells can generate a false positive due to their ability to bind the non-specific fluorescently labelled 

antibodies. Typically, this type of binding will be done prior to staining the cells by pre binding a FC inhibitor to 

the FC receptor.33 
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With a file format of FCS file, the data can be analysed on software such as FlowJo™.34 By gating cell populations 

and applying the same gate to the remaining samples. The gating helps remove cells nonspecific to the analysis. 

Fist the forward and side scatter will be gated for the granularity of the cells, followed by the lymphocytes or 

single cells and finally the alive population will be gated.35 Once gating is completed, the alive populations can be 

plotted as a histogram with a median of fluorescence Intensity for each sample. The greater the shift between 

different peaks in the histogram or the greater difference between the median values indicates a larger change 

in intensity between samples.36 The peak median will not be an indication between data input, thus can only 

provide a comparison between samples with the same analytical conditions. 

1.3.2 RT-qPCR 

Real-Time Quantitative Reverse Transcription PCR (RT-qPCR), a PCR technique that determines the gene 

expression that is the amount of mRNA that’s been produced from a product, that is based on the speed and 

amount of complementary cDNA that is synthesised above a set threshold..37 There is the option of performing 

either a one-step procedure or a two-step procedure, both with advantages and disadvantages. The two-step 

procedure will provide greater flexibility and stability in comparison to the one-step process due to the 

complementary DNAs (cDNA) ability to store over time and greater options when it comes to primers.38 Starting 

by extracting mRNA from tissue or cells, that will be used as the RNA template, a reverse transcriptase reaction 

to create cDNA will be done by adding primers, the enzyme and enzyme cofactors to the RNA template, while 

letting the sample undergo different heating cycles. The cDNA generated is then used as the PCR template (see 

figure 4).39,40 As the most sensitive method of mRNA quantification, it is a good option for comparing mRNA 

expressions against one or more housekeeping genes such as GAPDH where the expression is assumed stable 

between physiological states and experimental conditions.41 When running the PCR the fold change will be 

detected as each PCR cycle will result in a dubeling of genetic material.  

 

 

Figure 4. Two-step RT-gPCR process, from AAT Bioquest.42  
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2. Materials and Methods 

2.1. Equipment and reagents 
All equipment used are found in table 1 and all reagents used are found in table 2. 

2.1.1 Equipment 

Table 1. Equipment list with supplier 

Equipment Supplier 

Centrifuge 5910 R Eppendorf AG, Germany 

Micro Star 17R microcentrifuge VWR, Germany 

NucleoCounter® NC-202 Chemometec, Denmark 

Galaxy® 170S CO2 Incubator New Brunswick, Eppendorf AG, Germany 

MACSQuant® Analyzer 10 Flow Cytometer Miltenyi Biotec, Germany 

Microscope Leica Microsystems, Germany 

NanoDrop Microvolume Spectrophotometer Thermo Fisher Scientific, USA 

QuantStudio™ 5 Applied Biosystems™, Thermo Fisher Scientific, 
Singapore 

Vortex Genie 2 Scientific Industries Inc, USA 

Digital Heatblock VWR, Germany 

2.1.2 Reagents 

Table 2. Reagents used with catalogue number and supplier. 

Reagent Catalogue number Supplier 

Dulbecco's Modified Eagle 
Medium (DMEM) 

31331-028 Gibco, United Kingdom 

B27 12587-010 Gibco, United Kingdom 

Penicillin/Streptomycin DE17-745E Lonza, Switzerland 

Hepes buffer BE17-737E Lonza, Switzerland 

Heparin 585661 LEO Pharma, Denmark 

FBS 76294-180 Avantor, USA 

Epidermal growth factor (EGF) E9644 Sigma-Aldrich, USA 

Fibroblast growth factors (FGF) 3718-FB R&D Systems, USA 

Dulbecco's phosphate-buffered 
saline (DPBS) 

392-0434 VWR, Germany 

Trypsin 25300-054 Gibco, United Kingdom 

IFN-γ 781-CG-050/CF R&D Systems, USA 

Lipofectamine® RNAiMAX Reagent 13778030 Invitrogen, USA 

Flow buffer, saline solution 
containing fetal bovine serum and 
sodium azide (0.09%), pH 7. 

00-4222-26 Invitrogen, USA 

Hoechst 33258 solution 94403-1ML Sigma-Aldrich, USA 

Fc Inhibitor 14-9162-42 Invitrogen, USA 

-mercaptoethanol M3148-100mL Merck, Germany 

Ethanol 1.07017.4000 Merck, Germany 

RNeasy Mini Kit 74104 Qiagen, Netherlands 

QuantiTect Reverse Transcription 
Kit 

205311 Qiagen, Netherlands 

SolisFAST® SolisGreen® qPCR Mix 28-46-0000S Solis BioDyne, Estonia 

Opti-Mem 31985-070 Gibco, United Kingdom 

Calibration Beads 130-093-607 MACSQuant, Germany 

Mouse IgG1 Isotype Control FITC MA5-18096 Invitrogen, USA 

Goat anti Mouse IgG1 FITC STAR117F BIORAD, USA 
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Non targeting siRNA D-001810-1 Dharmacon, USA 

PD-L1 antibody 34091 QED, USA 

DOTAP Liposomal Transfection 
Reagent, >99% (TLC), liquid, 
suitable for transfection 

11202375001 Merck Sigma-Aldirch, Germany 

PD-L1 siRNA Custom designed Thermo Fisher, USA 

PD-L1 F - Thermo Fisher, USA 

PD-L1 R - Thermo Fisher, USA 

GAPDH F - Thermo Fisher, USA 

GAPDH R - Thermo Fisher, USA 

Bayley, male, 2-year-old Border 
Collie, Pituitary tumour 

- Established by biopsy and 
immortalised by Alv B 

Selma, female, 8-year-old Eurasia, 
mammary tumour. 

-  Established by biopsy and 
immortalised by Alv B 

 

2.2. Experimental 
The experiments during this project have been based on a variety of sources, and in case of a source missing, the 

experimental procedure has been based of internal standard operating procedures from ALV B. 

2.2.1 Cell culture and seeding 

Selma primary mammary cells and Bayley primary canine pituitary cancer cells have been cultured in a culture 

flask with DMEM, including B27, Penicillin, Hepes buffer, and Heparin, together with 10% FBS, 0.2% EGF, and 

0.2% FGF at 37C and 5% CO2. For the seeding the media was removed from the flask, 10 mL Dulbecco's 

phosphate-buffered saline (DPBS) was added as a wash. The DPBS was removed, 1 mL trypsin was added, and 

the cells were incubated for 10 minutes at 37C and 5% CO2. The flask was tapped to detach the cells and 10 mL 

DEMEM was added to neutralise the trypsin. The cells were transferred to a 15 mL centrifuge tube and 

centrifuged for 5 minutes, at 300 xg in room temperature. The supernatant was removed and discarded before 

the cells were resuspended in 10 mL DPBS. 200 µL were transferred to a micro centrifuge tube for counting on 

the NucleoCounter. The remaining cells were centrifuged for 5 minutes, at 300 xg in room temperature. The 

supernatant was removed, and the cells were resuspended in DMEM to achieve the desired concentration. 1x 

106 cells were reintroduced to a culturing flask together with 14 mL DMEM, 10% FBS, 0.2% EGF, 0.2 % FGF and 

returned to 37C, 5% CO2 for further culturing. 

2.2.2 Cell stimulation with IFN-γ. 

After plating the number of cells desired for the experiment on to 6 well plates, the wells were filled with 2 mL 

DEMEM, 10% FBS, 0.2% EGF, and 0.2% FGF. 2 µl IFN-γ was added per well before incubating the plate for 24 

hours at 37C and 5% CO2.43 

2.2.3 Preparation and plating of siRNA 

9 µL Lipofectamine® RNAiMAX Reagent (Lipofectamine) was diluted with 150 µL OptiMeM media in a 

microcentrifuge tube per sample44. In a separate tube, 30 pmol siRNA was diluted with 150 µL OptiMeM media, 

both for the custom siRNA and the control siRNA. 150 µL of the siRNA mixture and 150 µL of the Lipofectamine 

mixture were combined for the two samples, the PD-L1 custom siRNA and the control siRNA. The samples were 

left to incubate at room temperature for 5 minutes, before plating 250 µL of each sample to a well each on the 

cultured 6 well plate.26 When using DOTAP (figure 5) as the transfection reagent, the siRNA was diluted to the 

right volume for a final concentration of 160 nM in DPBS (1 siRNA :5 DPBS). DOTAP 1:1 was then added, and the 

samples were incubated for 15 minutes prior to plating.26 
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Figure 5. Molecular structure of DOTAP, adapted from Sigma Aldrich, 2023.45 

2.2.4 Antibody preparation and cell staining 

All media was removed, and cells were washed with 2 mL DPBS. 0.5 mL Trypsin was added, and the plate was 

incubated for 10 minutes at 37C and 5% CO2. The plate was gently tapped to detach the cells, and 1 mL DMEM 

were added. Cells were transferred to microcentrifuge tubes and centrifuged at 300xg for 5 minutes at room 

temperature. The supernatant was removed, and the cells were washed in 1 mL flow buffer followed by 

centrifuging the cells again at 300xg for 5 minutes at room temperature. The supernatant was removed, and the 

cells were resuspended in 1 mL flow buffer. The samples were split into two and incubated for 5 minutes at 

room temperature. 

The antibodies were prepared by combining 10 µL of PD-L1 antibody with 90 µL flow buffer, and 10 µL of the 

secondary goat anti mouse FITC antibody with 90 µL flow buffer per sample in microcentrifuge tubes. For certain 

experiments 10 µL Mouse IgG1-FITC was mixed with 90 µL flow buffer. 

After the incubation the cells were centrifuged at 300xg for 5 minutes at 4C and the supernatant was discarded. 

The first set of samples (marked 1) were resuspended in 100 µL of the PD-L1 Ab, while the second set of samples 

(marked 2) were resuspended in 100 µL flow buffer, and for certain experiments specific samples were 

resuspended in 100 µL of the Mouse IgG1-FITC mixture. All samples were gently mixed by pipetting and 

incubated for 30 minutes in the dark at 4C. Samples were centrifuged at 300xg for 5 minutes at 4C, and the 

supernatant was removed. The cells were washed with 1 mL flow buffer and centrifuged at 300xg for 5 minutes 

at 4C. After discarding the flow buffer, all cells were resuspended in 100 µL of the secondary goat anti mouse 

FITC Ab. The samples were incubated for 30 minutes in the dark at 4C. The samples were centrifuged at 300xg 

for 5 minutes at 4C and the supernatant was discarded before the cells were washed with 1 mL flow buffer. A 

final centrifugation 300xg for 5 minutes at 4C was performed before resuspending the cell pellets in 200 µL flow 

buffer and filtering the cells through the filter on the flow tubes (35 µm pores size cap). 1.5 µL Hoechst 33258 

solution was added, followed by a vortex immediately before analysing samples on the flow cytometer.46  

In the case where analysis was performed on DCs, an Fc Blocker was prepared accordingly. 5 µL of the Fc 

inhibitor was mixed with 95 µl flow buffer per 1 x 105 cells, vortexed and stored in 4oC until they were used. 

2.2.5 Cell lysing 

Media from the wells on a 6 well plate was removed and discarded before washing with 1 mL DPBS. 350 µL 

Buffer RLT from RNeasy kit with 10 µL -mercaptoethanol were added to each well. The plate was left to 

incubate at room temperature for 5 minutes before scraping the cells.47 

2.2.6 RNA isolation (RNeasy mini kit) 

The scraped cells from the cell lysing were added to microcentrifuge tubes and vortexed. 350 µL of 70% ethanol 

was added and the samples were mixed by pipetting. 700 µL of each sample was transferred to a mini spin 

column placed in a 2 mL collection tube and centrifuged for 15 seconds at 8000 xg. The flow through was 

discarded and 700 µL Buffer RW1 was added to each of the RNeasy spin columns. The samples were centrifuged 

for 15 seconds at 8000 xg, and the flow through was discarded. 500 µL buffer RPE was added to the spin 

columns and centrifuged for 15 seconds at 8000 xg. After discarding the flow through 500 µL of the buffer RPE 
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was added again and the samples were centrifuged for 2 minutes at 8000 xg. The RNeasy spin columns were 

placed in 1.5 mL collection tubes and 50 µL RNase- free water was added to the spin columns. The samples were 

centrifuged for 1 minute at 8000 xg and analysed on the Nanodrop.51 

2.2.7 Genomic DNA elimination reaction (QuantiTect Reverse Transcription Kit) 

Whilst working on ice, 2 µL gDNA wipe-out Buffer 7x was combined with 1 µg Template RNA in RNease free 

microcentrifuge tubes. The tubes were the filled with RNase-free water to a total volume of 14 µL per sample. 

The samples were mixed and incubated for 2 minutes at 42C. After the incubation the samples were 

immediately placed back on ice. 1 µL Quantiscript Reverse Transcriptase, 4 µL Quantiscript RT Buffer and 1 µL RT 

Primer mix were combined per sample and mixed, before adding 14 µL of the template RNA mixture. The 

samples were then mixed and incubated for 15 minutes at 42C and 3 minutes at 95C. The cDNA was then 

analysed on the Nanodrop.48  

2.2.8 RT-qPCR 

Following the procedure provided in the HOT FIREPol® EvaGreen® qPCR Supermix, 5x data sheet from Solis 

Biodyne, all components were handled while working on ice. The cDNA concentration was measured with the 

NanoDrop, before calculating the required amount for the desired concentration and number of samples. The 

cDNA was diluted in an RNase free microcentrifuge tube with RNase-free water and put to the side. The GAPDH 

and PD-L1 primers were diluted to a concentration of 10 µM with RNase-free water for all four primers used 

(GAPDH forward (CCATCTTCCAGGAGCGAGAT), GAPDH reverse (TTCTCCATGGTGGTGAAGAC), PD-L1 forward 

(CGACAAGACTCCAAAGACTCAA), and PD-L1 reverse (GAGAATCACAGGCACCTACAA)).4950 The master mix was then 

prepared by combining 4 µL of the HOT FIREPol® EvaGreen® qPCR Supermix (5x) with 0.4 µL of the forward 

primer, 0.4 µL of the reverse primer and 5.2 µL of RNase-free water. This was repeated for each primer and 

sample. cDNA and master mixes were then plated with 10 µL each to a total volume of 20 µL per well. For the 

negative control samples, primers or cDNA were replaced by the equivalent volume of RNase-free water. The 

plate was sealed and centrifuged briefly to remove bubbles before being analysed on QuantStudio™ 5, with an 

initial activation at 95oC for 12 minutes, followed by another 15 sec denaturation at 95oC, a 30 sec annealing 

phase at 65oC and an extension phase for 30 sec at 72oC. All heating steps besides the initial activation was 

repeated for 40 cycles.51  

Analysation of the data produced from a PCR can be done in software connected to a specific PCR machine. The 

data will be presented in a plot with the Amount of PCR product on the Y axis and the PCR cycle number on the x 

axis. A logarithmic curve of the fluorescence signal will present the results, where a baseline and a threshold can 

be set. A Ct number, which represents the primary statistical metric during a PCR, can be determined at the 

cycle number at the threshold level (see figure 6). The ΔΔCt model is an analytical technique that will compare 

the Ct value of the target sample against a control sample, both paired with a target gene and a housekeeping 

gene (see equation 1 and 2).52,53  

∆𝐶𝑡 =  𝐶𝑡 (𝑔𝑒𝑛𝑒 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡)–  𝐶𝑡 (ℎ𝑜𝑢𝑠𝑒𝑘𝑒𝑒𝑝𝑖𝑛𝑔 𝑔𝑒𝑛𝑒) (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1) 

∆∆𝐶𝑡 =  ∆𝐶𝑡 (𝑇𝑎𝑟𝑔𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒)– ∆𝐶𝑡 (𝑐𝑜𝑛𝑡𝑟𝑜𝑙) (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2) 

After normalising against both controls, the negative ΔΔCt value will be raised by 2 (see equation 3). 

2−∆∆𝐶𝑡 = 𝐹𝑜𝑙𝑑 𝑔𝑒𝑛𝑒 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛  (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3) 
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Figure 6. PCR plot with cycle number against fluorescence, where the detection threshold is marked for all 

samples. Adapted from Lacey, Lawrence A (2012).54 

2.2.9 Flow cytometry 

Prior to analysing the prepared samples, the flow cytometer was calibrated using calibration beads. 4 gates were 

set up, one for SSC-A against FSC-A, the second one where the y axis was SSC-A (SSC- area) and the X axis was 

SSC-W (SSC- width), and live P1 (all cells in gate 1). The Third gate had SSS-A as the Y axis and the Hoechst 33258 

live/dead marker as the X axis, where the live was set to P2 (all cells from p1 in gate 2). The final gate had SSC-A 

as the Y axis and FITC-A as the x axis, live a was set to P3 (all cells from p1 in gate 3). The last gate was set up as a 

histogram instead of scatter plots like the remaining 3. Following the gate setup, a run with an unstained sample 

was started while the laser strengths were set up. The FSC utilised three lasers on the specific machine used at 

the wavelengths of 488 nm, 404 nm and 640 nm. The SSC only utilised one laser at 488nm, the PD-L1 FITC 

utilised the blue laser at 488 nm with an emission maximum of 519 nm55 and the Hoechst stain utilised the blue 

laser at 488 nm. 

The analysis of the acquired data was performed in FlowJo, where the gating was performed on the calibration 

sample. The first gate that is demonstrated in figure 6, where the gating was done to single out the relevant cell 

by following the outline of the highly saturated area of cells. Gate 2 shown in figure 7 is marking the single cells, 

and gate 3 is shown in figure 8, where the alive cells are marked. 

  

 

  

 

 

 

Figure 7. (A) Cell gating,(B) single cell gating and (C) Alive cells gating in FlowJo where SSC-A is plotted against 

VioBlue-A (Hoechst 33342). 

  

A B C 
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Assessing PD-L1 expression in Alv B DC. 

Alv B DC was produced by the ALV B production team and provided ca. 2 x 105 cells in DPBS, split into three 

samples marked Alv B DC, immature DCs and Lipopolysaccharide (LPS). The samples were centrifuged at 300xg 

for 5 minutes at 4C, and the supernatant was removed and discarded. The cells were then resuspended in the 

previously made Fc- blocker solution, and the samples were split into 2 microcentrifuge tubes with ca. 5 x 104 

cells in each. After an incubation of 20 minutes at 4°C, the cells were stained according to protocol and analysed 

on the flow cytometer.  

2.2.2 PD-L1 antibody functionality and PD-L1expression in cell lines. 

Antibodies were all prepared in microcentrifuge tubes. 2.5 µL PD-L1 Ab was combined with 97.5 µL flow buffer 

and 5 µL PD-L1 Ab was combined with 95µL flow buffer, or 10 µL PD-L1 Ab with 90 µL flow buffer depending on 

the experiment. The same volumes were applied for mixing the secondary FITC and the mouse IgG1-FITC. After 

seeding, 1x 106 cells were transferred into three microcentrifuge tubes and stained before analysing on the flow 

cytometer. 

3.3 PD-L1 expression in Selma cell line using flow cytometry after stimulating with IFN-γ. 

After seeding, the cells were plated into 4 wells on a six well plate and 1.5 mL media, 10% FBS, 0.2% EGF and 0.2 

FGF were added to each. In the well marked 1, 2 µL IFN-γ was added. In the wells marked 2, 3 and 4, 2 µL DPBS 

were added. The plate was incubated for 24 h at 37C, 5% CO2. After 24 h, 2 µL IFN-γ was added to well 3 and 2 

µL DPBS was added to the remaining wells. The plate was incubated for 24 h at 37C, 5% CO2. Following the 

incubation, the media was removed and discarded, and all wells were washed with 2 mL DPBS before being 

seeded and stained. The 8 samples were analysed on the flow cytometer.  

3.4 siRNA functionality in Selma cell line. 

The cells were cultured and seeded prior to plating 3 x 105 cells in 4 wells on a 6 well plate. The samples were all 

treated with IFN-γ and incubated for 24 hours at 37C and 5% CO2. Following the incubation, the media was 

removed from all samples and the cells were washed with 1 mL DPBS. 2 mL media, 10% FBS, 0.2% EGF and 0.2 

FGF were added to each well. In 4 microcentrifuge tubes the siRNA mixture was prepared according to protocol 

and plated so that one well contained the custom siRNA, one with the control siRNA, one with Lipofectamine 

only and one with Optimem only. The samples were incubated for 48 hours at 37C and 5% CO2, and later 

stained and analysed on the flow cytometer. 
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3. Results 

3.1 Assessing PD-L1 expression in Alv B DC. 
To analyse the PD-L1 expression on the Alv B DC, the Alv B DC were analysed on the flow cytometer compared 

against immature DCs and DCs matured according to a standard maturation mixture (LPS). The flow cytometry 

analysis provided histograms indicating that PD-L1 was present, due to the higher fluorescent intensity in the 

FITC compared to the secondary only control samples (figure 8). 

 

 

Figure 8. PD-L1 expression in Alv B DC, Immature DCs and LPS with count on the Y axis and fluorescence intensity 

on the X axis. Blue representing the sample treated with the PD-L1 Ab and the red peak represents the sample 

treated with the secondary ab only. 

3.2 PD-L1 expression in cell lines. 
Testing PD-L1 expression in the Selma and the Bayley cell lines indicated that they do express small amounts of 

PD-L1 by themselves, but this expression can be amplified through stimulation with IFN-γ. 

3.2.1 PD-L1 antibody functionality and PD-L1expression in Selma cell line. 

Analysing the PD-L1 expression in the Selma cell line provided a small shift between the control samples and the 

sample treated with PD-L1, as seen in Figure 9. The low shift between the PD-L1 sample and the two control 

samples showed a low PD-L1 expression on the cell line. When testing the antibody concentration in the Selma 

cell line (appendix A.II), it was confirmed that the Ab concentration had a minor effect on the PD-L1 expression, 

but that the expression remained low. 

 

 

Figure 9. PD-L1 expression in Selma cell line, with count on the Y axis and fluorescence intensity on the X axis. 

Orange represents the sample stained with QED PD-L1 antibody, blue represents the secondary antibody only 

and the red represents the sample stained with a control IgG1 ab. 

LPS Immature DCs Alv B DC 
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3.2.2 PD-L1 antibody functionality and PD-L1expression in Bayley cell line. 

When analysing PD-L1 expression in the Bayley cell line in Figure 10, where the PD-L1 expression is 

demonstrated as a histogram. The small shift between the peaks shows a low PD-L1 expression.  

 

Figure 10. PD-L1 expression in Bayley primary canine pituitary cancer cells. Y axis shows the cell count and the X 

axis the expression. Orange represents the sample stained with a PD-L1 Ab, blue represents the sample stained 

with the secondary Ab only. Red represents the sample stained with the IgG1 FITC and the green represents the 

unstained sample. 

3.2.3 PD-L1 expression in Selma cell line using flow cytometry after stimulating with IFN-γ. 

To enhance the PD-L1 expression in the Selma cell line the cells were stimulated with IFN-γ. In figure 11, there is 

a clear shift between the control samples and the samples stained with the PD-L1 Ab.  

 

Figure 11. PD-L1 expression in Selma cell line after stimulating with IFN-γ. Light orange represents sample that 

been stimulated for 48h and stained with PD-L1 ab, dark orange represents the sample that was stimulated for 

24h and stained with the PD-L1 Ab. Light blue represents the sample stimulated for 48h and stained with only the 

secondary Ab, and dark blue represents the sample stimulated for 24h and stained with only the secondary Ab. 
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3.3 siRNA transfection 

3.3.1 The use of DOTAP as a transfection reagent when analysing PD-L1 expression in Selma cell 

line with PD-L1 siRNA. 

Scatter plots of the different samples were plotted for the relevant cells in figure 12. The cells were gated to 

provide a comparative window. The cells transfected by the PD-L1 siRNA in the left upper corner of the figure. 

The right upper corner shows the cells transfected with the control siRNA, lower left corner shows the sample 

only treated with the transfection reagent DOTAP and the lower right corner shows the cells only treated with 

DPBS. 

   

Figure 12. Scatter plots presenting the cells prensent in a flow cytometry analysis with the SSC-A on the Y axis and 

FSC-A as the X axis. The left upper corner shows the cells transfected with the PD-L1 siRNA, the right upper corner 

demostrated the cells transfected with the control siRNA, the left lower coner shows the smapele trated with only 

the transfection reagent DOTAP, and the right lower corner shows the cells only treated with PBS. 

A histogram was contructed to compare the different samples stained with the PD-L1 Ab on the left in figure 13, 

that demostrates a small change in shift between the peaks, indicating low PD-L1 expression. The low expression 

within both experimental conditions alongside the morphology change, shows that DOTAP was not a suitable 

reagent.  

PD-L1 siRNA Control siRNA 

DOTAP only PBS only 
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Figure 13. PD-L1 expression in Selma cell line for the samples treated with the PD-L1 Ab on the left and the 

samples treated with the secondary only on the left. Both histograms have the cell count on the Y axis and the 

expression on the X axis. The red peaks represent the samples treated with DOTAP only. The orange peaks show 

the cells transfected with the PD-L1 siRNA, the green peaks represent the samples transfected with the control 

siRNA and the blue peaks show the samples treated with DPBS. 

3.3.2 siRNA transfection of Selma cell line using Lipofectamine. 

Changing the transfection reagent from DOTAP to Lipofectamine for the treatment with the siRNA is shown in 

Figure 14. 

When the transfection was repeated following the stimulation with IFN-γ, the demonstrated a greater shift 

compared to the non-stimulated samples as an bee seen in figure 15.  

 

Figure 14. PD-L1 expression with the cell count on the Y axis and the expression on the X axis. The light orange 

peak represents the cells transfected with the PD-L1 siRNA and stained with the PD-L1 Ab, the dark orange peak 

shows the expression of the sample transfected with the control siRNA and stained with the PD-L1 Ab. The light 

blue peak shows the cells transfected with the PD-L1 siRNA and stained with the secondary Ab, and the dark blue 

peak shows the sample treated with the control siRNA and the secondary Ab. 

Following the development of the previous transfection protocol, a time dependent experiment was developed 

and provided minimal change in expression between samples that can be seen in figure 15. 
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Figure 15. PD-L1 expression with the cell count on the Y axis and the expression on the X axis. The lightest orange 

peak represents the samples treated with the control siRNA and incubated for 96 h, the second to lightest orange 

peak shows the cells transfected with the PD-L1 siRNA and incubated for 48 h, the second to darkest orange peak 

shows the sample treated with the PD-L1 siRNA and incubated for 72 h, the blue peak shows the cells the cell 

transfected with the PD-L1 siRNA and stained with the secondary Ab, then incubated for 96 h. The darkest orange 

shows cells incubated for 96 h, transfected with the PD-L1 siRNA and stained with the PD-L1 Ab. 

3.4 RT-qPCR 
The PCR analysis provided two amplification plots, one showing the two samples treated with siRNAs with the 

target gene against each other and one with the two samples with siRNAs with the housekeeping gene against 

each other. The plot for the target gene (see figure 16) showed a threshold of 0.152 and the plot for GAPDH (see 

figure 17) showed a threshold of 0.075, both set automatically by the analytical software. 

 

Figure 16. Amplification plot with RN on the Y axis and the cycle number on the X axis for the PD-L1 gene. The 

triplicate in purple shows the samples containing the PD-L1 siRNA, and the triplicate in blue shows the samples 

containing the Control siRNA. 
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Figure 17. Amplification plot with RN on the Y axis and the cycle number on the X axis for the GAPDH gene. The 

triplicate in purple shows the samples containing the control siRNA and the triplicate in blue shows the samples 

containing the PD-L1 siRNA. 

After establishing the thresholds, the normalisation fold change based on the numbers shown in appendix B.1 

and appendix B.2, provided an average of 1.00063 for the control siRNA and an average of 0.14036 for the PD-L1 

siRNA (see figure 18). The standard deviation for the control siRNA was 0.04393 and 0.00913 for the PD-L1 siRNA 

(see appendix B.3). 

 

Figure 18. PD-L1 mRNA expression for control siRNA in blue and PD-L1 siRNA in red after RT-qPCR, showing the 

normalised fold change. 
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4. Discussion 

4.1 Assessing PD-L1 expression in Alv B DC. 
Due to the large shifts between the control samples and the PD-L1 stained samples among all three DCs it can be 

concluded that the cells express PD-L1. Since the DCs expression were high, it is likely that PD-L1 is contributing 

to the interaction between these cells and T cells and thus is seems that reducing the PD-L1 expression in Alv B 

DC might have an effect and are therefore a legitimate hypothesis. Due to not having access to enough blood 

from the patient sample, the outcome resulted in a low cell count, and should be repeated with a higher count. 

4.2 PD-L1 expression in cell lines. 
As the first aim of the project, there was a need to find an appropriate cell line to use as a tool throughout the 

project. Due to the low PD-L1 expression amongst both the available cell lines provided by Alv B, there was a 

need to optimise the protocol to increase this expression. If the expression was too low, it would be difficult to 

analyse the results when reaching the transfection step since the shifts would be marginal. The low shift 

between the PD-L1 Ab and the two control samples within both the Selma cell line and the Bayley cell line, 

indicated that the cell lines expressed small amounts of PD-L1, but that shift was not large enough to be able to 

work with the line as it was. These experiments did however create a benchmark for optimisation. The first step 

following the initial Selma experiment was to analyse how the antibody concentration effected the shift. Due to 

the nature of the Bayley cell line in culture, the cells stopped growing and after a few weeks of troubleshooting 

it was decided that this line would not be used as an option for further optimisation. Due to the difficulties of 

starting a strong cell line, it is not uncommon that certain lines will stop growing at an early passage which is a 

risk when working with cell lines. 

The antibody concentration alterations in the Selma cell line indicated that there is no difference in PD-L1 

expression when increasing or decreasing the concentration of PD-L1 Ab (appendix A.II). There was a small 

increase in expression for the higher antibody concentration, but since the shift was so small the concentration 

was determined to not have to a big effect on the expression. What however did increase the PD-L1 expression 

within the Selma cell line, was to stimulate the cells with IFN-γ.29 The two samples that were stimulated had a 

clear shift from the unstimulated control samples. There was a small increase for the sample stimulated for 48 h 

compared to the sample stimulated for 24 h, but the small change shows that there would be a sufficient 

increase even when stimulating for 24 h. Cutting the stimulation time in half from 48 h to 24 h would free up 

more time for additional experiments, while also improving cell quality and viability since cell cultures typically 

do not thrive in altered medias. The increase in expression confirmed the Selma cell line as a suitable tool to 

start assessing the functionality of the PD-L1 siRNA designed by Alv B.  

4.3 siRNA transfection. 
As DCs a notoriously hard to transfect as described in the article by Smith N et al,56 that compared different 

transfection reagents on DCs, DOTAP was chosen as the best suited reagent. Due to the obstacle of transfecting 

DCs DOTAP was more suited compared to the more commonly used transfection reagent. Since the end goal 

was to transfect DCs to improve the Alv B DC product, the transfection within the Selma cell line was first 

attempted using DOTAP as the reagent. The long chained hydrophobic molecule of DOPTAP (figure 5) acts by 

forming extracellular vesicles to enhance uptake of foreign materials, when looking at the scatter plots there 

was a clear change between the samples containing DOTAP compared to the control sample containing only 

DPBS. This differentiation points towards a morphology change caused by the transfecting reagent. Additionally, 

it appeared to have caused cell death when analysing the transfected samples under the microscope prior to 

staining (not shown). Not only did DOTAP have a morphological change in the cells apparent because of the 

increase in SSC that shows the increased uptake of foreign material57, but the histogram also did not show any 

down regulation of PD-L1. Since the transfection appeared to have enhanced the PD-L1 expression, paired with 

the upregulated secondary only samples containing DOTAP, it can be classified as a false positive. In other 
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words, nothing can be proven by these results. It is possible that when transfecting the Selma cells using DOTAP, 

not only would the siRNA have been internalised but also the antibodies, this due to DOTAPS outstanding 

abilities to enhance uptake of foreign materials. This abnormal accumulation of substances within the cells could 

then lead to the observed change in morphology. This uptake enhancement might also be the cause for the 

increased PD-L1 expression, if DOTAP would have enabled uptake of the PD-L1 Ab and the secondary FITC 

alongside the siRNA, thus increasing the fluorescent intensity creating a false positive. To improve the 

transfection, protocol the transfection reagent was changed to Lipofectamine, a much milder transfection 

reagent, often used on cancer cell lines. 

The first transfection with Lipofectamine was performed at the same time as the stimulation with IFN-γ. This did 

not give a downregulation of PD-L1, that might be due to the siRNA and the IFN-γ outcompeting each other. If 

the IFN-γ is upregulating the PD-L1 expression at the same intensity as the siRNA is downregulating it, there 

would be no shift. Besides the possibility of competing mechanisms, the PD-L1 half-life might be longer then the 

suggested 38 h resulting in no shift31. To ensure an accurate assessment of the siRNA functionality, the 

stimulation and transfection was separated, and an incubation time dependent experiment was designed. 

After stimulating the cells for 24 h, the transfection of different samples occurred at 96 h, 72 h and 48 h prior to 

staining. It is no shift between the samples stained with the PD-L1 Ab. The siRNA was designed to downregulate 

the PD-L1 expression within the cells, but since the PD-L1 Ab stained have a higher expression then the controls, 

it indicates that the siRNA does not work. To establish the functionality of the siRNA, the analytical method 

changed from flow cytometry to RT-qPCR. 

4.4 RT-qPCR 
To test the siRNAs functionality at a genetic level a RT-qPCR protocol was designed. The reason Flow cytometry 

was the first alternative is due to its robustness in comparison to the very sensitive PCR system. When analysing 

with the PCR, it was clear that the PD-L1 siRNA was functional. Gene expression is determined by comparison of 

amplification cycle numbers (Ct), with a higher Ct denoted a lower gene expression. It is a clear shift between 

the amplification plots in figure 20, indicating a smaller amplification of the PD-L1 gene in cells treated with the 

PD-L1 siRNA. Comparatively in figure 21, there is no change in GAPDH gene expression in cells treated with PD-

L1 or control siRNAs and therefore indicating that there has been a change in PD-L1 expression. This was then 

confirmed when calculating the normalised fold change. As shown with both numbers and the amplification 

plots, the cells downregulated with the PD-L1 siRNA having a higher Ct value for the PD-L1 gene then the control 

siRNA and was plotted in figure 22 as a lower value then the control. The negative inversion of the ∆∆Ct is only 

done as a tool to simplify the representation of the results, so since the goal is to knock down PD-L1 expression 

it seems more logical to present the positive results as a lower value than the control. The sensitivity in the PCR 

system in comparison to the flow cytometry might be the reason for the positive results given from the PCR. 

Since the PCR test the siRNAs effect on a mRNA level, the indication that the siRNA is functional, might not 

necessarily proof that the siRNA would be functional at a surface level. This tells us that the half-life of PD-L1 

might not be 38 h and/or when knocking down PD-L1 in the cells, the cell behaviour changes. So, while PD-L1 

gene expression is reduced, the protein levels are unaffected. 

4.5 Further experiments 
To fully establish whether the Alv B DC would be improved by the siRNA transfection, further testing must be 

conducted. The flow cytometry protocol must be optimised, as the introduction of INF- γ could be interfering 

with the siRNA and flow cytometry protocol. By finding a better suited cell line too use as a tool, or by 

abandoning cell lines all together if more DCs would be produced for testing, this would avoid the need for 

stimulation since the DCs had a higher expression then the unstimulated cell lines. Additionally, the flow 

cytometry should be confirmed with the results from a western blot, both in regards to PD-L1 expression and 

siRNA functionality. As flow cytometry only focuses on the surface expression of PD-L1, total protein (including 
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internalised PD-L1 protein) could be analysed by western blotting. This would give an indication in the 

downregulation of PD-L1 gene expression by siRNA has a translational effect on the protein expression or not.  

With this, the flow cytometry protocol can be optimised and the PD-L1 can be analysed in the DCs, and results 

should be replicated for statistical purposes. Alongside the flow cytometry, the DCs should be tested through a 

RT-qPCR to confirm the results.  

If the results from the DC transfection proves promising, the optimise product can move on to optimising he 

introduction of the siRNA into the manufacturing protocol so it can in time be tested in the patient, as a part of a 

clinical trial.  
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5. Conclusion 
In theory based on studies conducted in recent years, the Alv B DC vaccine could improve by implementing RNAi. 

DCs expressed high levels of PD-L1, so could be potentially disrupted with siRNA, however due to lack of DC 

availability, canine cancer cell lines were used as a tool. It was clear that the antibody concentration had minimal 

effect on detecting the PD-L1 expression, while stimulation with IFN-γ provided a greater upregulation. The PCR 

should have been performed at an earlier stage of the project to establish siRNA functionality, due to the flow 

cytometry indicating that the siRNA did not reduce PD-L1 expression. The PCR did confirm that the PD-L1 siRNA 

is functional, but more optimisation of the protocols is needed to establish its effect in DCs Further testing in the 

DC product (Alv B DC) would have been ideal if time had permitted for more patient blood samples and further 

optimisations of the protocols.  
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Appendix 

A. Figures 
 

 

Appendix A.I PD-L1 expression in Selma cell line, with the cell count on the Y axis and the expression on the X axis. 

The green peak shows the samples treated with Optimum media only. The orange peak showing the cells treated 

with Only Lipofectamine, the blue peak represents the samples treated with the PD-L1 siRNA and the red peak 

shows the cells transfected with the control siRNA. 

.  

 

Appendix A.II. PD-L1 expression at different concentrations in Selma cell line. Y axis shows the cell count and the 

X axis the expression. Green shows the sample stained with the PD-L1 Ab with 10 µL Ab and 90 µL flow buffer. 

Orange shows the sample stained with 5 µL PD-L1 Ab in 95 µL flow buffer, the sample represented by blue is 

stained with 2.5 µL PD-L1 Ab in 97.5 µL flow buffer, and the red peak shows the secondary only Ab. 

 

B. Tables 
 

Target Gene  
PD-L1 
siRNA 

Control 
siRNA    
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Appendix B.1. Ct of target gene in the PD-L1 siRNA and the control siRNA for the different sample replicates in 

RT-qPCR. 

 
GAPDH 

 

 
Target Control    

rep1 16.71525 16.56319 

rep2 18.17519 15.9961 

rep3 16.23747 17.18653 

 

Appendix B.2. Ct of housekeeping gene in the PD-L1 siRNA and the control siRNA for the different sample 

replicates in RT-qPCR. 

 

 
Control 
siRNA 

PD-L1 
siRNA  

0.978662 0.133209  
1.051214 0.137237  
0.972022 0.150644 

Av 1.000633 0.140363 

SD 0.04393 0.009128 

 

Appendix B.3. Normalised fold change for the control siRNA and the PD-L1 siRNA. 
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