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Local immune modulation for the treatment of     

malignant melanoma 

Annika Bolind Bågenholm 

Populärvetenskaplig sammanfattning 

 

Cancer kännetecknas av en abnorm och okontrollerad celldelning och spridning av kloner av 

transformerade celler till andra vävnader. Tillväxten av maligna tumörer bestäms i huvudsak 

av cellernas kapacitet att dela sig och invadera andra vävnader och därmed metastasera till 

andra platser i kroppen. Metastaserande melanom är en mycket aggressiv cancerform som 

uppkommer genom onormala förändringar av melanocyter. Normalt sätt är dessa cellers 

uppgift att producera melanin och finns bland annat i huden och vävnader som täcker våra 

inre organ. Cancer är den näst vanligaste dödsorsaken i Sverige efter hjärt- och kärlsjukdomar 

och malignt melanom är den sjätte vanligaste cancerformen hos både kvinnor och män. Vårt 

immunförsvar finns till för att skydda oss ifrån infektion av främmande och skadliga 

mikroorganismer såsom till exempel svampar, bakterier och virus, men också från kroppsegna 

celler, som inte beter sig normalt.  

 

Vid uppkomst av cancer måste tumörcellerna ha genomgått ett antal förändringar varav en del 

gör att de kan undkomma vårt immunförsvar. Tumörcellerna kan till exempel reglera ner 

vissa molekyler från sin yta vilket gör dem mindre synliga för våra immunceller och/eller 

tillverka och utsöndra ämnen som leder till att en immunosuppressiv miljö skapas kring 

tumörerna. En del immunterapier mot cancer fokuserar på att försöka stimulera och stärka 

vårt immunförsvar och dirigera våra immunceller till att attackera tumörceller så specifikt 

som möjligt. Detta kan göras genom att t.ex. rikta antikroppar mot ett specifikt ytprotein på en 

viss typ av immunceller i syfte att stimulera ett immunsvar mot tumören. Dendritceller är en 

typ av immunceller som presenterar antigen (en bit av en mikroorganism eller en tumörcell) 

för andra immunceller som t.ex. T celler. Om dendritceller presenterar tumör-antigen för T 

celler under immunstimulerande förhållanden kan dessa sedan utvecklas till effektor celler, 

som har kapacitet att söka upp och eliminera tumörceller, som presenterar det specifika 

antigenet på sin yta. I det här projektet utvärderas en kombinationsterapi bestående av lokalt 

administrerade immunstimulerande antikroppar tillsammans med systemisk administrering av 

tumör-specifika T celler. Terapin utvärderas i en mus modell och har syftet att öka det 

immunologiska anti-tumörsvaret mot etablerade melanom tumörer. 
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1. Introduction 

 

1.1 Cancer  

Cancer is an unifying term for more than 100 diseases characterised by abnormal and 

uncontrolled division of cells leading to aberrant tissue growth, invasion of adjacent tissue 

and eventually metastasis (National Cancer Institute, homepage). In 2010, 55 342 new cases 

of cancers where reported in Sweden with a distribution of fifty-two percent in men and forty-

eight percent in women (The Swedish Board of Health and Welfare homepage). 

 

Twelve years ago, six hallmarks of cancer were described by Hanahan and Weinberg 

comprehending; (1) evasion of growth suppressors, (2) sustained proliferative signalling, (3) 

escape of cell death, (4) replicative immortality, (5) induction of angiogenesis, (6) activation 

of invasion and metastasis (Hanahan and Weinberg 2000). In 2011 two additional hallmarks 

were identified including (7) reprogramming of energy metabolism and (8) evasion of 

immune destruction (Hanahan and Weinberg 2011). Recognition of these eight hallmarks is a 

result from many years of research and summarizes the molecular mechanisms which form 

the basis of our knowledge of cancer.  

 

There are five categories of cancers that can be distinguished according to their tissue of 

origin; carcinoma, sarcoma, leukaemia, central nervous system cancers and lymphoma and 

myeloma. Moreover, most cancers are named after the organ or cell type where they have 

originated from e.g. malignant melanoma originates from melanin-producing cells, so called 

melanocytes (National Cancer Institute, homepage). 

 

1.2 Malignant Melanoma 

Malignant melanoma is a form of cancer originating from aberrant changes of melanocytes. It 

belongs to the carcinoma form of cancer that is recognized by its origin in skin or from tissues 

lining or covering internal organs. Melanocytes are cells that are able to produce melanin and 

can be found mainly in skin but also in other pigmented tissues such as intestines and in eyes 

(National Cancer Institute, homepage). In early studies by Osterlind et al.(1988), Magnus 

(1981), Popescu et al. (1990) and Måsbäck  et al. (1994) the most common anatomical areas 

in which cutaneous malignant melanoma occurred were identified. Accordingly, the highest 

occurrence in women is on the lower limbs and in men on back and shoulders. Another study 

identified the face as the most common area for developing malignant melanoma for both 
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sexes. This result was obtained when estimating propensity of occurrence of melanoma per 

unit area of skin of surface areas being evaluated (Green et al. 1993). A more recently 

performed study evaluating 45 483 patients with German, Austrian or Swiss origin (from year 

1996 to 2000) showed that the most common sites for arise of malignant melanoma were 

lower extremities in women (40.5 %) and posterior trunk (40.4%) in men. This study also 

evaluated the five year survival rates of patients having primary tumours alone (94.5 %) and 

patients with additional distant metastases (1 %) revealing poor prognosis for patients that 

reached a metastasizing stage of disease (Buettner et al. 2005). It has become well known that 

a high number of melanocytic nevi, intermittent exposure to sunlight and sunburns during 

childhood increase the risk of developing cutaneous malignant and metastatic melanoma 

beside genetic predisposal (Svenska Melanomstudiegruppen 2007). Statistical analyses show 

that the highest frequencies of cutaneous malignant melanoma are found in fair-skinned 

populations with the highest occurrence in Australia (Garbe and Leiter 2009).  

 

In 2010 in Sweden, 2817 new cases of malignant melanoma were reported which embrace 

approximately five percent of the total number of new cancer cases reported. Malignant 

melanoma is almost equally occurring in men (5 %) and women (5.1%) and was the sixth 

most common cancer in both sexes in Sweden in 2010 (The Swedish Board of Health and 

Welfare homepage).  

 

1.3 Cancer Immune Therapy 

The idea of modulating the immune system with the purpose to combat cancers is a growing 

field and has paved the way for the development of many new therapies. Cancer immune 

therapies are aimed to stimulate the immune system to attack tumour cells leading to tumour 

eradication. There are many different approaches combating cancer by immune therapy.  This 

thesis will focus on a CD40-based immune therapy against malignant melanoma evaluated in 

a mouse model.  

 

1.3.1 CD40-based immune therapy and dendritic cells 

CD40 is a 48 kDa sized type I transmembrane protein that belongs to the tumour necrosis 

factor receptor (TNF-R) superfamily (Elgueta et. al. 2009). It acts as a costimulatory receptor 

and is well known for its function as a regulator in cell-mediated immune responses i.e. 

regulator of the effector functions of T lymphocytes. The CD40 receptor is expressed on 

antigen presenting cells (APCs) such as dendritic cells, B cells, monocytes and macrophages. 
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Furthermore, CD40 is expressed by other cell types including fibroblasts, platelets, 

endothelial and epithelial cells (Alexandroff et al. 2000, Loskog et al. 2009), as well as on 

many tumour cells (Vonderheide 2007). Its ligand, CD154 is a 32-39 kDa sized type II 

transmembrane protein and is a member of the tumour necrosis factor (TNF) ligand 

superfamily. Primarily, CD154 is expressed by activated T and B cells and platelets but 

during inflammation it may also be expressed on natural killer (NK) cells, basophiles, 

monocytic cells and mast cells (Carbone et al.1997, van Kooten et al. 2000).  

 

The cellular effects of the interaction between CD40 and its ligand depend on the cell type 

and the surrounding milieu. Ligation of CD40 on dendritic cells results in maturation and 

activation which is accompanied with the up-regulation of major histocompatibility complex 

(MHC) molecules, CD80 and CD86 receptors as well as the secretion of IL-12 (Cella et al. 

1996, Loskog and Totterman, 2007). The activation and proliferation of naïve T cells and 

efficient anti-tumour activity of CD8+ T cells avoiding deletion or induction of a tolerant state 

requires 3 major signals (1) antigen recognition by the T cell receptor (TCR), (2) recognition 

of costimulatory molecules (mainly CD80 and CD86) and (3) presence of a cytokine e.g. IL-

12 or IFN-α/β (illustrated in Figure 1). Activated dendritic cells provide and promote signal 

dependent development and maintenance of CD8+ T cells and their effector functions 

(Curtsinger and Mescher 2010). Cellular events illustrated in Figure 1 omits other pathways 

which can be of importance for cytolytic killing by cytotoxic CD8+ T lymphocytes (CTLs) 

and an enhanced anti-tumour effect. Two important ways described in the literature are the 

role of cross-presentation of antigens to CTLs and CD4+ T cells (by APCs) and direct killing 

by ligation to CD40 on tumour cells expressing CD40 on their surface (Loskog et al. 2009, 

Toes et al. 1999). 
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FIGURE 1. Engagement of CD40 on dendritic cells (DCs) contributes to enhancement of anti-tumour 

effects. Ligation of agonistic anti-CD40 antibodies on dendritic cells leads to activation and maturation of the 

dendritic cells, accompanied with up-regulation of major histocompatibility complex (MHC) molecules and 

costimulatory receptors (CD80 and CD86) as well as secretion of IL-12. These events comprehend the three 

signals required for development and maintenance of cytotoxic T cells and their effector functions. 

 

The stimulation of CD40 on macrophages and monocytes has also shown to enhance anti-

tumour activity, IFNγ secretion and up-regulation of CD40 itself (Lum et al.2006). 

Additionally, the production of pro-inflammatory cytokines such as IL-1α/β, TNFα, IL-6 and 

IL-12 is enhanced after CD40 dependent stimulation (Suttles and Stout 2009). 

 

Currently, there are several approaches that use immunotherapies targeting the CD40 

pathway. One strategy comprises the use of agonistic anti-CD40 antibodies to target and 

activate APCs. These in turn secrete cytokines and present tumour antigens which induce and 

enhance anti-tumour immune responses that eradicate the tumour (Elgueta et al. 2009, 

Vonderheide 2007). 

 

1.3.2 Adoptive cell transfer as a treatment of melanoma 

Adoptive cell transfer (ACT) can be used as a treatment for cancer based on ex vivo 

generation of a large number of activated and tumour-specific T lymphocytes which are 
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transferred back into the autologous host in order to target and destroy tumour cells. 

Immunotherapies which include ACT of highly tumour-specific cytolytic T lymphocytes 

(CTLs) are currently one of the most promising approaches for eradication of several cancers 

(Dudley and Rosenberg 2003).  

 

Melanoma tumours in humans usually induce a large number of tumour-specific lymphocytes 

with anti-tumour activity themselves. Isolation and characterization of these anti-tumour 

lymphocytes has enabled identification of a number of melanoma-associated antigens such as 

MART-1 and human glycoprotein 100 (hgp100). These antigens can be used as potential 

targets for adoptive immunotherapies (Rosenberg and Dudley 2009, Kawakami et al. 2000). 

The first attempt of treating patients with adoptive cell transfer of lymphocytes was made 

together with IL-2 administration in 1988. The lymphocytes used for the adoptive transfer had 

been extracted from freshly resected melanoma tumours and were referred to as tumour-

infiltrating lymphocytes (TILs) (Rosenberg et al. 1988). This study was followed by a larger 

study by Rosenberg et al. 1994, and promising results from both these studies paved the way 

for further examination of ACT in immunotherapies against melanoma and other types of 

cancer. Since then, modifications of the approach of ACT in immunotherapies against 

melanoma have resulted in great improvements in both specificity and efficiency of the 

therapies. This is partly due to the identification of tumour-associated antigens and the ability 

of generating activated tumour-specific CTL clones ex vivo (Rosenberg and Dudley 2008). A 

large number of tumour-associated antigens are derived from non-mutated self-proteins that 

are expressed by both healthy and tumours cells. These antigens are attractive targets for 

immunotherapies since they are shared by many patients which circumvent the need of 

personalized treatments. However, due to naturally occurring tolerance mechanisms these 

tumour-associated antigens are poorly immunogenic and there is a need for an efficient way 

of breaking this tolerance in order to generate an advantageous milieu for destruction of 

tumour cells (Overwijk et al. 2003). The human melanoma-associated antigen hgp100 was 

identified in the end of the 1980ies. It was found to be nearly identical with the human pre-

melanosomal protein (Pmel) 17 which is normally expressed by melanocytes playing an 

essential role for the melanin production (Theos et al. 2005).   

 

In 2003, Overwijk and his colleagues created a transgenic mouse strain (named Pmel-1) to 

facilitate studies of immune responses towards the melanoma associated antigen gp100/pmel-

17. The transgenic mouse strain was developed on a C57BL/6 background and expresses a 
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TCR specific for the melanoma gp100 presented on MHC class I; H-2D
b
. This pmel-1 TCR 

transgenic mouse strain further enabled the study of breaking tolerance to self/tumour 

antigens in order to generate an efficient anti-tumour response against gp100 positive 

melanoma tumours. In this model, pmel-1 T cells expressing the TCR specific for gp100 were 

adoptively transferred to normal C57BL/6 mice carrying B16 melanoma tumours. The murine 

B16 melanoma, which generates aggressive tumours in C57BL/6 mice, expresses a mouse 

homologue (mgp100) to the human gp100. B16 melanoma is poorly immunogenic and first 

attempts to enhance anti-tumour responses by ACT of pmel-1 T cells were not successful. 

The likely explanation to this was that the pmel-1 T cells were functionally tolerant to the B16 

melanoma tumours and did not become activated by the gp100 antigen without additional 

stimuli prior to the ACT. Moreover the pmel-1 T cells may have become tolerant in vivo due 

to absence of any of the three signals required for fully activation and development of naive 

cells into cytotoxic CD8+ T cells. Since then, a number of tolerance breaking strategies for 

adoptively transferred self/tumour-specific T cells including in vitro pre-activation, 

vaccination with peptides, lymphodepletion prior ACT with additional administration of 

cytokines like IL-2, have been tested successfully both in animal models and in human 

patients (Overwijk et al. 2009, Rosenberg et al. 2008). However, activated cytotoxic CD8+ T 

cells may eventually become anergic if no additional stimulus is present. This can be 

conducted by CD4+ T helper cells releasing IL-2, which promotes continued expansion and 

cytotoxic activity of the CD8+ T cells (Mescher et al. 2006).  

 

The combination of lymphodepletion using total body irradiation (TBI) or chemotherapy prior 

to ACT and co-administration of high doses of IL-2 has shown to be efficient in promoting 

expansion and survival of adoptively transferred T cells in tumour-bearing hosts. Enhanced 

anti-tumour effects with objective response rates of 49-72% (according to standard response 

evaluation criteria in solid tumours (RECIST)) in patients with metastatic melanoma proclaim 

that lymphodepletion prior to ACT in concert with IL-2, currently represents the most 

efficient treatment against metastatic melanoma (Rosenberg and Dudley 2009). However, 

lymphodepletion by using TBI or chemotherapy and high doses of IL-2 may result in severe 

side effects which negatively effect the overall survival of the patients (Schwartzentruber et 

al. 2001, Cho et al. 2012). Hence, efficient and safe methods to enhance the anti-tumour 

effects of ACT treatment have to be further investigated. 
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1.4 Aim of this project 

The aim of this project is to evaluate the therapeutic effect of local administration of agonistic 

anti-CD40 antibodies in combination with systemic adoptive cell transfer (ACT) of in vitro 

pre-activated T cells to combat B16-F10 melanoma tumours in a mouse model.  

 

1.5 Previous findings and project description 

Previous studies performed using animal models have shown that agonistic anti-CD40 

antibodies aimed to stimulate dendritic cells can improve the anti-tumour immune response 

by activating T cells through costimulation and cytokine release (Diehl et al. 1999, 

Sotomayor et al. 1999). 

  

Furthermore, a systemic administration of agonistic anti-CD40 antibodies with the purpose to 

enhance anti-tumour responses against melanoma in human has been evaluated clinically. 

Data from this study showed promising results with an enhanced anti-tumour effect with still 

tolerable side effects. The most commonly seen side effect was cytokine release syndrome (in 

55 % of the patients) which is associated with symptoms such as fever and rigors, muscles 

pain, nausea and vomiting (Vonderheide et al. 2007).  A study performed in a mouse model 

showed that both systemic and local administration of agonistic anti-CD40 antibodies are able 

to enhance anti-tumour responses against established tumors that are not expressing CD40 on 

their surface themselves (van Mierlo et al. 2002). Another study evaluated the benefits of 

local administration of agonistic anti-CD40 antibodies in emulsion (Montanide ISA-51) in the 

tumour area, including the tumour-draining LN. A systemic increase in tumour-specific CTLs 

and an efficient anti-tumour response towards both local and distant tumours were seen 

although a relatively low dose of therapeutic antibodies was used. It could be concluded that 

local administration of the immune-stimulating anti-CD40 antibodies in emulsion was able to 

elicit an efficient systemic anti-tumour response without causing a non-specific activation of 

CTLs or systemic toxicity (Fransen et al.2011).   

 

Agonistic anti-CD40 antibodies have been shown to activate APCs such as dendritic cells 

resulting in up-regulation of MHC molecules, CD80 and CD86 and secretion of IL-12 and 

other cytokines (Bedian et al. 2006, Glaude et al. 2006, Vonderheide et al. 2007). These 

events further embrace the three signals known as being required for host naïve T cell 

activation and proliferation but also promote expansion and survival of adoptively transferred 

T cells. 
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The task of this project was to evaluate whether a combination therapy of local administration 

of agonistic anti-CD40 antibodies and systemic ACT of in vitro pre-activated self/tumour-

specific T cells would enhance the anti-tumour response against established melanoma 

tumours. This was performed by using normal C57BL/6 mice (n = 6 or 9 per group depending 

on experiment) as tumour-bearing models generated by subcutaneous inoculation of B16-F10 

melanoma tumour cells.  Tumour-bearing mice were treated with peritumoral injections with 

therapeutic anti-CD40 antibodies or control antibodies in combination with adoptive transfer 

of pre-activated and stimulated tumour-specific T cells. Two experiments were performed, 

one survival experiment and one end-point experiment for immune monitoring purposes. At 

the day of euthanization, collection of tumours and lymph nodes was performed in order to 

investigate the presence as well as the condition of tumour-reactive T cells in the host. 

Measurement of cytokine serum levels (IL-12p40 and IFNγ) was performed on sampled 

blood.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 

 

 

2. Materials and Methods 

 

2.1 Mice 

Two kinds of mice were used in this project; normal C57BL/6 mice obtained from Taconic 

M&B (Ry, Denmark) and pmel-1 TCR transgenic mice obtained from the Jackson 

Laboratories (USA). The mice were maintained according to local regulations at the Rudbeck 

Animal Facility, Uppsala University, Sweden. Animal experiments were performed after 

approval by the local Animal Ethics Committee (Dnr: C9/1 and C11/11). 

 

2.2 Tumour cells 

Two clones of a B16-F10 mouse melanoma cell line (kindly provided by Dr. Fredrik Eriksson 

at Rudbeck Laboratory, Uppsala or bought from American Type Culture Collection, 

Manassas, VA) were cultured in Dulbecco modified eagle medium with glutamax (DMEM) 

supplemented with 10% fetal bovine serum (FBS), 1% 4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid (HEPES) and 1% penicillin-streptomycin (PEST) in a 

humidified 37°C incubator with 5% CO2. All reagents used for culturing the B16-F10 cells 

were purchased from Invitrogen, Carlsbad, CA. Cell culture flasks (430641, Corning Inc., 

USA) containing 20 ml medium were used for culturing the B16-F10 cells. Cells that reached 

a confluence of approximately 70% were split and medium was changed. All B16-F10 cells 

used to create tumour-bearing models were tested mycoplasma negative and had not passed 

passage 15. 

 

2.3 Antigen-specific CD8+ T cells for adoptive transfer 

Antigen-specific CD8+ T cells for adoptive cell transfer (ACT) were generated by isolation of 

spleens and lymph nodes from pmel-1 TCR transgenic mice. These mice have been 

previously described by Overwijk et al. (2003). Spleens and lymph nodes were macerated 

through 70 μm nylon cell strainers (BD Biosciences) forming a homogenised cell suspension. 

Red blood cells were lysed using RBC lyse (BD Pharm lyze, BD Biosciences) and the pmel-1 

cells were seeded 1x10
6
 cells/ml in complete R10 medium (RPMI 1640 medium 

supplemented with 10% FBS, 1% HEPES, 1% PEST 1%β-mercaptoethanol and 0.1% sodium 

pyruvate) supplemented with recombinant human interleukin (rhIL)-2 (60 IU/ml) (Novartis) 

and a synthetic peptide spanning amino acids 25-33 (KVPRNQDWL) (Overwijk et al.1998)  

of the human glycoprotein 100 (hgp100) (1 μg/ml) (Proimmune, Oxford, UK). Approximately 
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5*10
5
 cells were saved for analysis by flow cytometry. The pmel-1 cells were cultured for 5 

days before adoptive cell transfer. Half of the medium was replaced every second day 

supplemented with new rhIL-2 to a final concentration of 60 IU/ml. Medium and supplements 

used for culturing the pmel-1 cells were purchased from Invitrogen, Carlsbad, CA.  

 

2.4 Animal models 

Normal C57BL/6 mice were used to create a tumour-bearing model where B16-F10 cells 

were diluted in phosphate buffered saline (PBS) and subcutaneously injected in the right hind 

flank of the mice. 

 

2.5 Therapeutic antibodies 

Anti-CD40 (clone FGK4.5) is an agonistic rat anti-mouse CD40 monoclonal antibody, which 

exert its effect by binding to cells expressing CD40 on their surface. A rat IgG2a (clone 2AE) 

was used as control. Antibodies were diluted in PBS to a final concentration of 300μg/ml and 

administrated by peri-tumoral (p.t.) injections corresponding to 100μl/dose. 

 

2.6 Therapy 

Female C57BL/6 mice (n = 6 and 9 per group) were subcutaneously injected with 2*10
5
 B16-

F10 cells in the right hind flank. Seven or ten days later, the mice received their first therapy. 

In a survival experiment, four therapy groups were represented where p.t. injections of 30μg 

of therapeutic antibody (anti-CD40, clone FGK4.5) or control antibody (rat IgG2a, clone 

2AE) were administrated with or without  adoptive transfer of in vitro pre-activated 2*10
6
 

pmel-1 cells in PBS (100 μl/dose), seven days after tumour challenge. Antibodies (therapy or 

control) were administrated three times with a 3-day interval. In an end-point experiment, two 

therapy groups were represented where p.t. injections of 30μg of therapeutic antibody (anti-

CD40, clone FGK4.5) or control antibody (rat IgG2a, clone 2AE) were administrated in 

combination with adoptive transfer of in vitro  pre-activated 2*10
6
 pmel-1 cells in PBS (100 

μl/dose), ten days after tumour challenge. Antibodies (therapy or control) were administrated 

two times with 2 days in between. In both experiments the pmel-1 cells were given to 

recipient mice through tail vein injection at the first occasion of therapy. Tumour growth and 

survival were monitored throughout the experiments. Mice were sacrificed when tumour 

volumes exceeded 1 cm
3
 or when ulcerated wounds developed. The formula used to compute 

tumour volumes was based on the formula for ellipsoid volume: 4/3 * π * r(width) * r(length) 

* r(depth). 
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2.7 Cell preparation 

Mice from the end-point experiment were euthanized 24 hours after the last therapy i.e. 

fourteen days after tumour challenge. Tumours, draining lymph nodes (dLN) and non-

draining lymph nodes (non-dLN) were isolated and put on ice in RPMI 1640 medium 

supplemented with 10% FBS. Tumour and lymph nodes were macerated with a 5-mL syringe 

plunger through 70 μm nylon cell strainers (BD Biosciences) forming homogenised single 

cell suspensions. Strainers were rinsed with RPMI 1640 medium supplemented with 10% 

FBS and the collected cells were washed one time in RPMI 1640 medium supplemented with 

10% FBS and one time in PBS supplemented with 1% BSA before staining and analysis. 

 

2.8 Flow cytometry analysis 

Cells generated from isolation of spleens and lymph nodes from pmel-1 TCR transgenic mice 

were analysed by flow cytometry in connection to the isolation and at day of adoptive transfer 

(five days after isolation). Cells were stained with anti-mouse CD8a (Biolegend), anti-mouse 

Vβ13 (BD Pharmingen) and anti-rat CD90/mouse CD90.1 Thy1.1 (Biolegend) antibodies. 

Cells were stained by incubation with the fluorescently-labelled antibodies for 15 min at room 

temperature (RT). Cells were washed in PBS with 1% BSA and centrifuged at 1500 rpm for 5 

min. The supernatants were discarded and the cells were resuspended in PBS with 1% BSA. 

This step was repeated twice before the cells were fixated in PBS with 1% paraformaldehyde 

(PFA). Compensation controls were prepared by using single-stained compensation beads 

(BD Biosciences) and an automatic compensation (FACS DIVA version 6.1.3, BD 

Biosciences) was performed. Samples were analysed after 24 hours by using FACSCanto II
TM

 

flow cytometer (BD Biosciences) and FlowJo software (Tree Star, Ashland OR). 

 

Cells obtained from tumour and lymph nodes were stained with anti-mouse CD8a 

(Biolegend), CD107a (Biolegend), PD-1 (Biolegend) and anti-rat CD90/mouse CD90.1 

Thy1.1 (Biolegend) antibodies. Isotype controls were prepared from one tumour sample and 

one non-dLN sample by staining with anti-mouse CD8a (Biolegend), CD3 (Biolegend), PD-1 

(Biolegend) antibodies and the corresponding isotype control antibody for PD-1 (Biolegend). 

Cells were stained as previously described besides the step of fixation. Cells were instead 

resuspended in PBS with 1% BSA and analysed directly by using FACSCanto II
TM

 flow 

cytometer (BD Biosciences, San Diego, CA) and FlowJo software (Tree Star, Ashland OR). 
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An automatic compensation was performed by using FACS DIVA version 6.1.3 and single-

stained compensation beads (BD Biosciences).  

 

2.9 Collection of blood and Enzyme-Linked Immunosorbent Assay 

Blood was collected from mice in the survival experiment 24 hours after the third therapy. 

Blood sampling was performed by tail vein incision and a maximum of 200 μl blood was 

collected into capillary tubes containing clotting activator (Microvette® CB 300, Sarstedt AG 

& Co., Germany). The blood was left at 4°C over night and then centrifuged at 10 000 g for 5 

min. Serum was collected, transferred to new eppendorf tubes and stored at -20°C until 

further analysis. Blood from mice in the end-point experiment was collected 24 hours after 

the second therapy in connection with the euthanization. Mice were anesthetized and blood 

samples were collected into eppendorf tubes by heart puncture. The blood was left at 4°C over 

night to allow coagulation. The blood samples were centrifuged at 3500 rpm for 15 min. 

Serum was collected, transferred into new eppendorf tubes and stored at -20°C until further 

analysis.  

 

For detection and quantification of interferon-γ (IFNγ) in mouse serum from blood collected 

24 hours after last therapy in the survival experiment a mouse IFNγ enzyme-linked 

immunosorbent assay (ELISA) kit (Biolegend, San Diego, CA, USA) was used. The analysis 

was performed according to manufacturer’s protocol with the exception that all volumes were 

divided by two in order to have sufficient serum volumes to be able to run samples in 

duplicates.  

 

For detection of interleukin (IL)-12p40 in mouse serum from the end-point experiment 

enzyme-linked immunosorbent assays (ELISA) were performed accordingly: 

 

A 96-well microtiter plate (3590, Corning inc., New York, USA) was coated with IL-12p40 

antibodies (Biolegend). The antibodies were diluted to 1μg/ml in 0.05 carbonate-bicarbonate 

buffer (Sigma-Aldrich, St. Louis) before coating was performed. The plate was sealed and left 

for incubation at 4°C over night. The plate was washed three times before PBS with 1% BSA 

was added to the wells and left for incubation at 37°C for 1 hour. All washing steps were 

performed with PBS with 0.05 % Tween-20 (Amresco inc., Solon Ind. Pkwy., Solon Ohio). 

Serum samples were diluted 1:3 and 1:9 in PBS with 1 % BSA and 0.05 % Tween-20 and run 

in duplicates for each dilution.  To be able to determine the amount of IL-12p40 in pg/ml a 
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standard was made. The standard was starting at 1000 pg/ml with 2-fold dilutions in six steps 

creating a standard curve with PBS with 1 % BSA and 0.05 % Tween-20 used as a negative 

control. Samples and standard (50μl) were added to the plate and left for incubation for 2 

hours in 37°C. The plate was washed three times. Biotinylated anti-IL-12p40 antibodies 

(Biolegend) were added to the wells (50μl/well) and left for incubation for 1 hour in 37°C. 

The biotinylated antibodies were diluted to 1μg/ml in PBS with 1 % BSA and 0.05 % Tween-

20 before added to the plate. The plate was washed three times before horseradish peroxidase 

(HRP)-conjugated streptavidin (Dako A/S, Glostrup, Denmark), diluted 1:4000 in PBS with 1 

% BSA and 0.05 % Tween-20, was added (50μl/well) to all wells in the plate. The plate was 

left for incubation for 1 hour at RT in the dark and then washed three times. TMB (Dako, 

Stockholm, Sweden) was added (50μl/well) to all wells in the plate and left for incubation at 

RT in the dark. Stop solution (1M H2SO
4
 in milliQ water) was added (50μl/well) to all wells 

of the plates and the absorbance was read at 450 nm (Emax precision microplate reader, 

Molecular device). 

 

2.10 Statistics  

A Kaplan-Meier plot was performed for evaluation of the survival of the mice and differences 

between the groups were compared using a non-parametric log-rank (Mantel-Cox) test. For 

group comparisons, non-parametric Mann-Whitney tests were performed and p-values below 

0.05 were considered significant for both the statistical analyses.  All statistical analyses were 

performed using GraphPad Prism version 5.00 for Windows (Graph Pad Software Inc., San 

Diego, USA).  
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3. Results 

 

3.1 Titration assay and choice of clones 

A titration study evaluating the two B16-F10 clones showed that 2*10
5
 tumour cells of the 

clone provided by Anna Dimberg were suitable to use for obtaining a stable tumour take at 

day 10 in the mice (data not shown).   

 

3.2 Agonistic anti-CD40 antibody administrated in combination with adoptive T cell transfer 

from pmel-1 TCR transgenic mice leads to tumour regression and delay in tumour growth 

In order to evaluate the effect of local administration of agonistic anti-CD40 antibodies in 

combination with systemic adoptive transfer of self/tumour-specific T cells to combat 

subcutaneously established melanoma tumours, a comparative survival experiment was 

performed in mice. Female C57BL/6 mice (n = 9 per group) received therapeutic anti-CD40 

antibodies or control IgG2a antibodies with or without adoptive transfer of pmel-1 T cells.  

The pmel-1 T cells originate from pmel-1 TCR transgenic mice and have a TCR specific for 

gp100/pmel-17 which is an antigen expressed by B16-F10 melanoma as well as by normal 

melanin producing cells. Thy1.1 is a congenic marker used for recognition of these T cells 

and Vβ13 determines the presence of the transgenic TCR. The pmel-1 T cells had been pre-

activated with hgp100 and rhIL-2 for 5 days before adoptive transfer. In the culture 

approximately 85 % of the cells expressed CD8 and had the TCR specific for the antigen 

pmel-17/gp100 (Figure 2).   

 

FIGURE 2. Population of pmel-1 cells aimed to be used for ACT contained approximately 85 % CD8+ T 

cells having the TCR specific for the antigen pmel-17/gp100. Pmel-1 T cells originating from spleens of 

pmel-1 transgenic mice were pre-activated with hgp100 and rhIL-2 for 5 days before the adoptive transfer was 

performed. 
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Starting at day 7 post tumour inoculation, mice were peritumorally injected with 30 μg anti-

CD40 or control IgG2a antibodies in combination with an intravenous injection of  in vitro 

pre-activated and stimulated 2*10
6
 pmel-1 T cells or not. All mice received repeated p.t. 

injections of 30 μg anti-CD40 or control IgG2a antibodies at day 10 and 13. 

 

A delay in tumour growth and prolonged survival were seen in mice receiving therapeutic 

anti-CD40 antibodies compared to control IgG2a antibodies (Figure 3 A,B ,D and F).  

The survival rates were significantly different when comparing mice which received 

combination therapeutic therapy (anti-CD40 antibodies and pmel-1 T cells) with combination 

control therapy (IgG2a antibodies and pmel-1 T cells) (p = 0.0083, Log-rank test) or control 

antibodies alone (IgG2a antibodies) (p = 0.0011, Log-rank test). Moreover, combining local 

administration of therapeutic anti-CD40 antibodies with systemic ACT of pmel-1 T cells 

seemed to further prolong the survival of the mice compared to the administration of anti-

CD40 alone (Figure 3.A, E and F).   
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FIGURE 3. Peritumoral injections with therapeutic anti-CD40 antibodies in combination with ACT of 

pre-activated and stimulated pmel-1 T cells resulted in a significant delay in tumour growth and 

prolonged survival of mice inoculated with B16-F10 melanoma tumour cells. Mice (n=9 per group) were 

treated with anti-CD40 therapy or control antibodies at day 7, 10 and 13 post tumour inoculation and pmel-1 T 

cells were only administrated at the first occasion of therapy. Volume of tumours was measured from day 7 to 40 

with 2-3 days between. The volumes are calculated by using the formula: V = (4/3)*π* 

r(width)*r(length)*r(depth). A, Survival curve showing percent (%) of surviving mice starting at the day of first 

administration of therapy. B, Mean value of tumour volumes presented for each group of treatment until day 16. 

C, D, E and F Volume of individual mouse tumour in each treatment group. 
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3.3 Anti-CD40 therapy enhance anti-tumour effects  

An end-point experiment was performed to evaluate the presence, condition and anti-tumour 

effects of CD8 positive cells and adoptively transferred pmel-1 T cells. This was performed 

by collecting tumours, draining and non-draining lymph nodes in mice that received local 

anti-CD40 therapy or control antibodies in combination with systemic ACT of T cells from 

pmel-1 TCR transgenic mice. Ten days post tumour challenge; female C57BL/6 mice (n = 6 

per group) received therapeutic anti-CD40 or control IgG2a antibodies in combination with 

ACT of pmel-1 T cells as described in materials and methods. Cells used for adoptive transfer 

contained approximately 85 % of CD8+ T cells having the TCR specific for the antigen pmel-

17/gp100 as in the survival experiment (Figure 1). 

   

Three days later (day 13) second p.t. injections of therapeutic anti-CD40 or control IgG2a 

antibodies were performed. In accordance with the survival experiment a delay in tumour 

growth and regression in tumour size was detected 24-48 hours after therapy (Figure 4). This 

result indicates that agonistic anti-CD40 antibodies are able to boost anti-tumour effects. 
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FIGURE 4. Peritumoral injections with therapeutic anti-CD40 antibodies in combination with ACT of 

pre-activated and stimulated pmel-1 T cells resulted in a significant delay in tumour growth and 

regression in tumour size in mice with established B16-F10 melanoma tumours. Mice (n=6 per group) were 

treated with anti-CD40 therapy or control antibodies at day 10 and 13 and pmel-1 T cells were only 

administrated at the first occasion of therapy. Volume of tumours was measured at day 10, 12, 13 and 14. The 

tumour volumes are calculated by using the formula: V = (4/3)*π* r(width)*r(length)*r(depth). 
 

Twenty-four hours after the second therapy the mice were euthanized and tumours and lymph 

nodes were isolated and blood was collected through heart puncture. Flow cytometry was 

used to analyse the presence and state of endogenous CD8 positive cells and adoptively 
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transferred pmel-1 T cells in tumours, draining and non-draining lymph nodes. There was no 

significant difference in cells expressing the CD8 marker (i.e. endogenous CD8 positive cells 

and adoptively transferred pmel-1 T cells) in the tumours when comparing therapy and 

control group. However, the percentage of CD8 positive cells compared to tumour cells was 

low (ranging from 0.04 to 0.84 %) which indicates that the tumour challenge might have been 

to demanding to be able to generate any immune response strong enough to eradicate these 

tumours. Evaluation of CD8 positive cells in the lymph nodes did not show any difference 

between therapy and control group but there was an equal decrease of CD8 positive cells in 

draining lymph nodes compared to the non-draining lymph nodes in both therapy and control 

group possibly due to that the tumours are attracting the CD8 positive cells to the adjacent 

lymph node (data not shown).  

 

For analysis of condition of the CD8 positive cells, staining for CD107a and PD-1 were 

performed. CD107a is a degranulation marker of cytotoxic T cells which is used as a marker 

of cytotoxicity whereas the expression of PD-1 indicates exhaustion of antigen-specific T 

cells (Betts et al. 2004, Barber et al. 2006, Ahmadzadeh et al. 2009). No significant 

difference in expression of CD107a and PD-1 was detected analysing the whole CD8 

population in tumours or lymph nodes when comparing therapy and control group (data not 

shown). On the other hand both the expression of CD107a and PD-1 were significantly 

increased (p = 0.005 (mean) and 0.002, Mann-Whitney test) in draining lymph nodes 

compared to non-draining lymph node in both therapy and control group (data no shown). 

This may be explained by the fact that immune cells in the draining lymph nodes are triggered 

by the tumours resulting in an activation and eventually exhaustion of the cytotoxic T cells. 

 

3.3.1 Agonistic anti-CD40 antibodies break the tolerant state of adoptively transferred 

tumour-specific T cells in vivo 

Using self/tumour-antigen specific T cells is considered as a promising treatment strategy to 

combat cancer. Pmel-1 T cells originating from the pmel-1 TCR transgenic mice are 

frequently used in studies of anti-tumour effects of ACT in mouse models with established 

melanoma tumours. The Thy1.1 congenic marker is used for recognition of these adoptively 

transferred pmel-1 T cells. Results from analysis of Thy1.1 positive of CD8 positive cells in 

mice from the end-point experiment showed a significant decrease in both tumours (p = 

0.006, Mann-Whitney test) and draining lymph nodes (p = 0.015, Mann-Whitney test) in mice 

receiving therapy compared to control group. The trend of a greater amount of Thy 1.1 
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positive cells in tumours from mice receiving the control treatment was most likely related to 

tumour sizes (Figure 5). However, the self/tumour-specific T cells seem not be able to elicit 

an efficient anti-tumour effect without breaking their tolerance with an additional stimulation 

of the immune system. No difference was detected in the non-draining lymph nodes.   

 

             

 

FIGURE 5. A trend of an increased incidence of pmel-1 T cells infiltrating the tumours was seen in mice 

which received control antibodies and also carrying the largest tumours, fourteen days after tumour 

challenge. C57BL/6 mice (n=6 per group) with established B16-F10 melanoma tumours received peritumoral 

injections with therapeutic anti-CD40 antibodies or control antibodies in combination with ACT of pre-activated 

and stimulated pmel-1 T cells. Mice were treated at day 10 and 13 and pmel-1 T cells were only administrated at 

the first occasion of therapy. Twenty four hours after the last therapy, mice were euthanized, tumours and lymph 

nodes were collected and flow cytometry was used for analysing the presence of the adoptively transferred pmel-

1 T cells. 

 

3.3.2 Decrease in expression of PD-1 on adoptively transferred pmel-1 T cells in tumours and 

draining lymph nodes in mice receiving local anti-CD40 therapy 

PD-1 is a T cell co-receptor known to be up-regulated on exhausted antigen-specific CD8+ T 

cells (Barber et al. 2006, Ahmadzadeh et al. 2009). Tumours and lymph nodes which had 

been removed 24 hours after the last treatment were analysed for expression of PD-1 on 

Thy1.1 positive of CD8 positive cells. As shown in Figure 6, the expression of PD-1 was 

significantly lower in both tumours (p = 0.002, Mann-Whitney test) and draining lymph nodes 

(p = 0.04, Mann-Whitney test) in mice receiving therapy compared to control group. These 

results indicate that local administration of agonistic anti-CD40 antibodies is able to 

counteract an immunosuppressive environment commonly found in tumour areas and result in 

maintenance of a potent state of self/tumour-specific T cells present in tumours and draining 

lymph nodes. 
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FIGURE 6. Decrease in expression of PD-1 on pmel-1 T cells found in tumours and draining lymph nodes 

of mice which received anti-CD40 antibodies. This result indicates that adoptively transferred tumour-specific 

CD8 T cells are prone to be less exhausted in mice receiving the anti-CD40 therapy. C57BL/6 mice (n=6 per 

group) with established B16F10 melanoma tumours received peritumoral injections with therapeutic anti-CD40 

antibodies or control antibodies in combination with ACT of pre-activated and stimulated pmel-1 T cells. Mice 

were treated on day 10 and 13 and pmel-1 T cells were only administrated at the first occasion of therapy. 

Twenty four hours after the last therapy, mice were euthanized, tumours and lymph nodes were collected and 

flow cytometry was used for analysing the condition of the adoptively transferred pmel-1 T cells. 

 

 

3.3.3 No change in expression of CD107a in tumours and draining lymph nodes in mice 

receiving local anti-CD40 therapy 

Expression of the degranulation marker CD107a on Thy 1.1, CD8 positive cells were 

analysed by flow cytometry as previously described for the expression of PD-1. There was no 

significant difference in expression of CD107a in tumours or lymph nodes when comparing 

therapy and control group (data not shown). However, this marker alone does not give a 

complete picture of the cytotoxic status of the cells since there are more ways of how the cells 

can exert their cytolytic activities (Trapani and Smyth, 2002).  

 

3.4 Local anti-CD40 therapy results in increased systemic levels of cytokines important for 

obtaining potent anti-tumours effects 

Former experiments have shown that administration of agonistic anti-CD40 antibodies that 

aim to stimulate CD40 expressing dendritic cells can improve the anti-tumour immune 

response by activating T cells through co-stimulation and cytokine release (Diehl et al. 1999, 

Sotomayor et al. 1999) which is also indicated from results obtained in this project.  
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3.4.1 Local anti-CD40 therapy together with adoptively transferred pmel-1 T cells result in 

increased levels of IL-12p40 in blood 

Evaluation of systemic serum levels of IL-12p40 were analysed (by ELISA) from blood 

collected from mice 24 hours after the last therapy. These mice had received therapy two 

times with an intravenous injection of pmel-1 T cells at the first occasion of therapy. 

Interestingly, systemic serum levels of IL-12p40 were increased almost threefold in mice 

treated with anti-CD40 antibodies compared to control group (Figure 7) and the difference 

between therapy and control group was statistically significant (p= 0.0022, Mann-Whitney 

test). This increase in levels of IL-12p40 can be due to secretion from CD40-stimulated 

dendritic cells which is also known as the third signal required for naïve T cell activation and 

proliferation and promotes expansion and survival of adoptively transferred T cells.  

 

             

FIGURE 7. Significantly increased serum levels of interleukin 12p40 (IL-12p40) in mice receiving anti-

CD40 therapy. IL-12p40 is released by CD40-stimulated dendritic cells which promotes naïve T cell activation 

and proliferation and expansion and survival of adoptively transferred T cells. C57BL/6 mice (n=6 per group) 

was treated as described in Figure 5 and 6. Blood was collected through heart puncture in connection to 

euthanization, fourteen days post tumour inoculation. Serum levels of IL-12p40 were measured by an ELISA 

analysis. 

 

3.4.2 Tendency of enhanced serum levels of interferon-γ in mice receiving a combination of 

anti-CD40 therapy and adoptive T cell transfer compared to anti-CD40 therapy alone 

It has been shown that ligation of CD40 on dendritic cells leads to secretion of IL-12 which 

further can enhance the cytolytic activity of natural killer (NK) cells and cytotoxic T cells and 

promote their production of interferon-γ (IFNγ) (Loskog et al. 2009). Systemic serum levels 

of IFNγ from mice in the survival experiment were analysed (by ELISA) from blood collected 

24 hours after the last therapy. These mice had received therapy three times with an 

intravenous injection of pmel-1 T cells at the first occasion of therapy or not. Difference in 
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serum levels of IFNγ in mice treated with anti-CD40 antibodies compared to control showed 

significant differences when comparing groups which received combination therapy to each 

other and those that had not received ACT of pmel-1 T cells to each other (p = 0.0079 for 

both comparisons, Mann-Whitney test) (Figure 8). A trend of increased serum levels of IFNγ 

was seen in mice receiving combination therapy of agonistic anti-CD40 antibodies and ACT 

of pmel-1 T cells indicating that the combination therapy may be the most efficient treatment 

to achieve a strong anti-tumour effect (Figure 8).  
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Figure 8. A trend of increased serum levels of interferon-γ (IFNγ) in mice receiving combination therapy 

of anti-CD40 and ACT. IFNγ is primarily released by activated CD8 T cells and natural killer (NK) cells. 

C57BL/6 mice (n=9 per group) was treated as described in Figure 4. Blood was collected through tail vein 

incision 24 hours after last therapy and serum levels of IFNγ in pg/ml was analysed by ELISA.  
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4. Discussion 

 

4.1 Local administration of agonistic anti-CD40 antibodies triggers a T helper type 1- 

response 

It is well established that cell-mediated immune responses are comprised by several steps 

including naïve T cell recognition of peptide-MHC antigens in peripheral lymphoid organs 

followed by clonal expansion and their differentiation into effector cells. These effector T 

cells are then ready for migration to site of infection or antigen challenge to promote 

elimination of the infectious agent or antigen. Both CD4+ and CD8+ T cells are contributing 

to the cell-mediated immunity, but play different roles for eradication of infectious agents or 

other targets expressing antigens on their surface e.g. tumour cells. 

 

Naive CD4+ T cells can differentiate into different subsets such as T helper 1 (Th1) and T 

helper 2 (Th2) cells. This differentiation is determined by cytokines produced by antigen 

presenting cells (APCs) and by the T cells themselves. Engagement of CD40 on dendritic 

cells result in secretion of interleukin-12 (IL-12) which induces differentiation of naive CD4+ 

T cells into Th1 effector cells. This will further result in secretion of interferon-γ (IFNγ) by the 

Th1 effector cells (Hsieh et al. 1993, Cella et al. 1996). The results of this project show that 

administration of agonistic anti-CD40 antibodies generated a systemic increase of IL-12. This 

indicates that also local administration of agonistic anti-CD40 antibodies may be able to elicit 

a systemic Th1 type of response which can further enhance the anti-tumour reactions towards 

the established B16-F10 melanoma tumours.  

 

4.2 Anti-CD40 therapy can improve the condition of tumour-specific T cells in vivo   

According to previous studies, expression of the immunoinhibitory receptor PD-1 on T cells 

correlates with impaired effector function and an exhausted phenotype (Barber et al. 2006, 

Ahmadzadeh et al. 2009). In an investigation of patients with metastatic melanoma it was 

shown that PD-1 expression was highly increased on CD 8+ T cells infiltrating the tumours. 

In addition, a correlation between increase in PD-1 expression on these effector cells and an 

exhausted phenotype was demonstrated (Ahmadzadeh et al. 2012).  

 

In this project it was shown that local administration of agonistic anti-CD40 antibodies 

correlated with a decrease in expression of PD-1 on adoptively transferred pmel-1 CD8+ T 

cells in comparison to control group (in the tumour area and the draining LN). This indicates 

that locally administrated agonistic anti-CD40 antibodies may be able to restore effector 
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functions of adoptively transferred tumour-specific T cells at the tumour site and the draining 

lymph node and thereby improving the anti-tumour response. There was a less effective anti-

tumour response in mice receiving the control antibodies despite high percentage of pmel-1 T 

cells infiltrating the tumours. This can be explained by an exhausted phenotype of the pmel-1 

T cells and thereby impairment of their anti-tumour activity. 

 

4.3 Combination therapy seems to enhance anti-tumour responses and the overall survival of 

mice 

As stated in Result section 3.4.1, serum levels of were increased in mice receiving anti-CD40 

therapy. Engagement of CD40 on dendritic cells leads to secretion of IL-12 which further can 

enhance cytolytic activity of natural killer (NK) cells and cytotoxic T cells as wells as 

promote their production of IFNγ (Loskog et al. 2009). A former study performed in vitro 

showed that presence of IL-12 could reverse anergy of tumour-derived T cells. This finding 

suggests that presence of IL-12 in the tumour-microenvironment might be able to reverse 

anergy of tumour-specific T cells, restore their effector functions (e.g. secretion of IFNγ) and 

thereby enhance the anti-tumour effect (Broderick et al. 2006). The result from the survival 

experiment indicates an enhanced survival of mice receiving combination therapy of agonistic 

anti-CD40 antibodies and adoptive transfer of pmel-1 T cells. In addition, a trend of increase 

in serum levels of IFNγ was seen in mice receiving the combination treatment compared to 

administration of anti-CD40 antibodies alone. These results indicate that the agonistic anti-

CD40 antibodies are able to promote and maintain the cytolytic activity of adoptively 

transferred pmel-1 T cells and enhance their tumouricidal effect.  

 

4.4 Indication of an alternative way for killing target cells by adoptively transferred tumour-

specific T cells in vivo 

Cytotoxic T lymphocytes (CTLs) possess two major ways of killing their target cells; through 

ligation of death receptors on the target cells (e.g. Fas ligand-Fas interactions) and by 

exocytosis of granules containing cytolytic substances such as perforin and granzyme 

(Trapani and Smyth, 2002). It has been shown that CTLs can express their Fas ligand without 

an enhanced degranulation suggesting that they can kill their target cells in an exclusively Fas 

ligand-Fas interaction mediated manner (He and Ostergaard, 2007). This might explain the 

presence of cytotoxic tumour-specific T cells in the tumour area and draining LN in 

correlation with an enhanced anti-tumour effect without seeing an increase of the 

degranulation marker CD107a. 
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4.5 Future perspectives and conclusion 

Even though the combination treatment of local administration of agonistic anti-CD40 

antibodies in conjunction with systemic ACT of tumour-specific T cells enhanced anti-tumour 

activity and survival, the melanoma tumours eventually escaped in almost all cases. For future 

experiments, a less demanding tumour challenge can be tested as the highly aggressive B16-

F10 melanoma tumour cells used here might outrule any kind of anti-tumour immune 

response. Moreover, the role of repeated administration of anti-CD40 therapy and the use of a 

formulation for slow-release delivery (e.g. montanide) of the therapeutic antibodies should be 

further addressed to investigate whether the condition of adoptively transferred tumour-

specific T cells can be improved and anti-tumour activity enhanced. In addition, it will be 

interesting to further evaluate the cytotoxic status of the tumour-specific T cells by including 

a Fas ligand marker in the analysis of the immune cells found in tumour and lymph nodes. 

 

Another explanation for the effective anti-tumour responses can possibly be that the agonistic 

anti-CD40 antibodies might be able to activate other antigen presenting cells (APCs) or even 

tumouricidal cells such as macrophages and result in an increase of their anti-tumour 

activities. A depletion study of macrophages can be a way of evaluating their role in this 

model.  Moreover, natural killer (NK) cells can be activated by dendritic cells leading to an 

increase of cytotoxic activities and secretion of IFNγ which can result in an enhancement of 

the anti-tumour effect (Ferlazzo and Münz, 2009). One way to elucidate their role can be the 

inclusion of a marker for NK cells in the analysis of the immune cells found in tumours and 

lymph nodes. Moreover, a depletion study could be performed to thoroughly evaluate their 

impact on this model. 

 

In conclusion, the data from my project indicate that a combination therapy of locally 

administrated agonistic anti-CD40 antibodies and adoptive transfer of tumour-specific T cells 

can significantly enhance anti-tumour responses and may represent a promising approach for 

cancer treatment. Furthermore, it might be beneficial to combine this therapy with an 

additional therapy directed to counteract the generation of an immunosuppressive 

environment around the tumours.  One suggestion is to block the cytotoxic T lymphocyte-

associated antigen 4 (CTLA-4) which is presented on both effector T cells and T regulatory 

cells. It has been shown that blocking of CTLA-4 on both cell types synergistically enhances 

the anti-tumour effect (Peggs et al. 2009). 
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