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“Somebody has to save our skins.” 

- Princess Leia Organa



Abstract 
Background: Melanoma the most immunogenic cancer type and metastatic melanoma has 

poor prognosis. Currently, there are hardly any peripheral blood biomarkers that allow for 

identification of patient’s prognosis or survival. With most recent advances in melanoma 

treatment associated with immune based therapy, it is crucial to understand better how the 

immune system reacts to treatment.  

Purpose: The main objective of this project was to compare the reactivity of the T cells of 

patients with stage III or IV metastatic melanoma to Tumor-Associated Antigens, before and 

after surgery where metastatic lesions were removed. This could provide a better insight 

into the interaction between tumor and T cells.  

Methods: Peripheral blood mononuclear cells were isolated from blood samples taken 

before and after surgery. Cells were stimulated over the course of two weeks with 

overlapping peptide pools of three known melanoma antigens: MelanA, NY-ESO-1 and 

Cripto-1. After 12 days, the cells were re-stimulated and analyzed using multicolor flow 

cytometry. CD4 and CD8 positive cells were analyzed for cytokine production, comparing the 

re-stimulated cells to a negative non re-stimulated control. This gave a set of paired nominal 

data for each patient, pre and post-surgery. McNemar’s test was used to analyze changes 

before and after surgery, and Kaplan-Meier analysis were used to investigate correlation 

between cell reactivity and cytokine production with progression free survival. 

Results: Surgical removal of metastatic lesions changes reactivity of T cells to MelanA, NY-

ESO-1 and Cripto-1. Cripto-1 showed a significant increase in both combined CD4 and CD8 

response as well as in exclusive cell type response. The presence of CD4 T cells that 

produced IL-17 and/or TNF-a after stimulation was correlated with a worse progression free 

survival. We also, surprisingly, observed a beneficial effect of IL-10 production by CD4 cells 

upon stimulation.   

Conclusions: We show here that surgical removal of metastases amplifies the immune 

response of melanoma patients. This may provide insight into the complexity of the 

correlation between cytokine secretion profiles and a favorable immune response to 

metastatic melanoma.  
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1. Introduction 

1.1 Cancer – a general overview 

Cancer is a class of diseases involving abnormal or out of control growth of cells with a 

genetic defect being the starting point for its development. Cancer causing genetic defects 

can sometimes be inherited but most often they are caused by environmental factors. The 

environmental factors include chemicals like those found in tobacco and cigarettes, diet, lack 

of exercise, infections such as viral infections, radiation and diseases. Most often it takes 

more than one genetic defect to cause a cell to transform into a cancer cell. An alteration in 

the genes that control cell growth and differentiation must occur, resulting in uncontrolled 

cell division and proliferation. These genes can be divided into two categories, oncogenes 

and tumor suppressor genes. Oncogenes promote growth of the cell and reproduction while 

tumor suppressor genes inhibit cell proliferation (Stéhelin, 1995). Without the control that 

these genes provide and the rapid division of the cell, mutations are more likely to occur, 

creating somewhat of a snowball effect where cells accumulate genetic defects. This drives 

progression of the tumor towards more invasive stages through clonal evolution. In the end 

the cell will have gained sustained proliferative signaling, resistance to cell death, replicative 

immortality, capacity to invade tissue and other features, so called hallmarks of cancer 

(Hanahan & Weinberg, 2000). When the cancer spreads to other tissues in the body it is 

known as metastasis. The original tumor is known as the primary tumor while the tumors 

that form from the cells that have invaded other tissues are called metastatic tumors. 

Diagnosing and treating cancer before metastasis gives much better prognosis in most cases 

but predicting survival depends on the type of cancer and the stage (Weinberg, 2014).  

1.2 The immune system 

1.2.1 Innate and adaptive immunity 

The main role of the immune system is to defend the host against various infections. This 

defense system can be divided into two major arms: innate and adaptive immunity. When a 

pathogen enters the body, the first line of defense is the innate immunity. This includes 

epithelial barriers, mucus, enzymes and peptides that can be secreted. Since these features 

are constantly present, they are regarded as immediate innate defense. Induced innate 

defense includes recruitment of effector cells such as dendritic cells (DCs), macrophages and 

neutrophils to name a few. The cells of the innate immunity can phagocytose the pathogen 
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and also initiate inflammation through the release of pro-inflammatory and antiviral proteins 

called cytokines. All in all, the innate immunity detects and destroys most microorganisms 

that enter the body within hours or even minutes. The receptors of the innate immunity 

recognize features that are common for many invading microorganism and are very effective 

in discriminating between self and non-self elements. This recognition can then lead to the 

activation of the adaptive immune system, which is much more specialized, with the ability 

to not only distinguish self from non-self but also to distinguish between very closely related 

proteins and molecules called antigens. B cells and T cells each have their own kind of 

recognition proteins, immunoglobulins and T cell receptor respectively, that recognize 

antigens. The B cells and their immunoglobulins interact with the pathogen in extracellular 

spaces of the body where the immunoglobulin can either be bound to the membrane of the 

cell or secreted. T cells on the other hand do not recognize pathogens in the extracellular 

spaces of the body but only when antigens are presented to them by antigen presenting 

cells (APCs). Natural killer cells are one more type of lymphocytes. They carry activating and 

inhibitory markers on their surface and can distinguish healthy cells from infected or 

distressed cells based on their major histocompatibility complex (MHC) molecule expression 

(Murphy et al., 2012). With the main focus in this thesis on the T cells of the patients, the 

characteristics and function of T cells will be explained in more detail. 

1.2.2 T cells 

Unlike B cells that can secrete antibodies, the T cell receptor (TCR) is always membrane 

bound on the T cell itself. The TCR cannot recognize the antigen in its natural form like the B 

cell receptor but requires the antigen to be processed and presented by APCs as a ligand 

bound to a molecule called the MHC molecule. Two different classes of MHC molecules, 

class I and II, are present on different types of cells. Class I is present on all cells and class II 

on APCs. When the APC that carries the antigen in its MHC molecule is ready to present it to 

the T cell it either encounters T cells in situ or travels from the site of infection to a 

secondary lymphoid organ such as a lymph node or the spleen. There it can encounter a 

circulating T cell that has specificity to that particular antigen through its T cell receptor, a 

complex containing the CD3 co-receptor that can be used as a T cell marker. Each T cell then 

also has either CD4 or CD8 glycoprotein on its surface, which interacts with the MHC 

molecule. CD4 interacts with MHC class II and CD8 with MHC class I molecules, assisting the 

communication between the T cell and the APC. A schematic overview of the TCR, MHC 



4 
 

molecule and the way the CD4 and CD8 proteins interact with the MHC molecule can be 

seen in figure 1. In order to recognize and destroy only invading pathogens and their 

antigens, the T cells undergo both positive and negative selection during their development 

in the thymus.  

 

Figure 1. Schematic overview of the binding of TCR to MHC on an APC (A) and the binding of CD4 and CD8 to 

their respective MHC molecule (B). Adapted from (Murphy et al., 2012).  

T cells that react too strongly to autologous antigens in the thymus are destroyed to prevent 

auto-immune diseases and those T cells that respond too weakly are forced into apoptosis. 

This mechanism is known as central tolerance. Along with the signal from the binding of the 

MHC molecule and the TCR, the APC carries other co-stimulatory molecules on its surface 

that are required as a secondary signal to activate the T cell. Without the secondary signal, T 

cells are not activated. This mechanism is known as peripheral tolerance and prevents the T 

cells that have escaped selection in the central tolerance from attacking self-antigen bearing 

cells. Once T cells have been presented with an antigen they recognize and have received 

secondary signals through co-receptors they become activated and start producing 

Interleukin-2 (IL-2) to stimulate further proliferation and differentiation. The CD4 T cells act 

as helper cells (Th), activating both macrophages and CD8 T cells through secretion of 

cytokines. The different subtypes of T cells can be seen in figure 2 along with important 

cytokines secreted by each subtype. After receiving activation and proliferation signals, the 

Th cell becomes a Th0 cell that secretes IL-2, IL-4 and Interferon-gamma (IFN-γ). The Th0 cell 

then differentiates into a Th subtype depending on the cytokine environment. CD8 T cells or 

cytotoxic lymphocytes (CTL) destroy infected cells and tumor cells. Regulatory T cells (Tregs) 

on the other hand, can impair the host immune surveillance to cancer. 
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Figure 2. Development of T cell subtypes showing inducing and produced cytokines. Red boxes highlight 

cytokines investigated in this thesis. Adapted from (Pennock et al., 2013). 

These cells express the CD4 glycoprotein as well as CD25 and the transcription factor Foxp3. 

The main role of Tregs is to modulate the immune system by downregulating the induction 

and proliferation of the Th cells and CTLs through inhibitor receptors on their surface and 

cytokine secretion. Both Transforming growth factor β (TGF-β) and IL-10 have been 

associated with Treg immune suppression. After encountering their antigen, the T cells 

become memory T cells that circulate around the body, which are more sensitive to antigens 

and can respond more rapidly on re-exposure to their antigen (Murphy et al., 2012). 

1.2.3 Immune response to cancer 

As has been stated before, the main role of the immune system is to protect us from 

invading pathogens but when we develop cancer, the pathogen is no longer xenogenic but 

autologous. Cancer cells are very similar to our normal properly functioning cells so they 

should under normal circumstances not be efficiently recognized and destroyed by the 

immune system due to the central tolerance of T cells. A study using mice showed that mice 

vaccinated with dead tumor cells were protected when injected with same tumor cell line, 

while mice injected with a different cell line were not protected (Lollini et al., 2006). Mouse 

models lacking different key immune mechanisms have also showed higher cancer 

incidence, demonstrating the important role the immune system plays in controlling cancer 

growth (Parish, 2003). Figure 3 shows an overview of the immune response to tumor cells. 
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When cells develop into cancer cells their functions change and along with that they develop 

different characteristics that can help T cells to distinguish them from normal cells. The 

tumor cells accumulate mutations resulting in the expression of non-self antigens called 

Tumor-Associated Antigens (TAAs). When CTLs encounter a cancer cell presenting the 

matching TAA, the CTLs can lyse the cancer cell, resulting in the release of more TAAs and 

continued loop of destruction of the tumor. 

 

Figure 3. Immune response to tumor cells. Adapted from (Tindle, 2002). 

When T cells infiltrate the tumor they are known as tumor infiltrating lymphocytes or TILs. 

These tumor specific T cells are also found circulating around the body and along with TILs, 

their numbers can be used as a prognostic marker for cancer treatment with 

immunotherapy where the immune system is utilized to eradicate cancer (Wang et al., 

2014). When cancer cells are attacked by immune cells the immunogenicity of tumors can 

change through mutations and selection of immune-resistant cancer cells. This is known as 

cancer immunoediting. Cancer immunoediting can be divided into three separate steps; 

elimination, equilibrium and escape (Dunn, Old, & Schreiber, 2004). In the elimination phase 

the immune system recognizes and eliminates the tumor cells. The equilibrium phase is 

where variant tumor cells arise over time, when cells continue to mutate and develop new 

characteristics that can aid their survival against the immune system. When the tumor cells 

have accumulated enough mutations they escape the immune response and avoid further 

stimulation of immune system in the final escape phase, for example by eliminating their 
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TAAs (Dunn et al., 2004). These phases overlap as the tumor continues to develop (Muenst 

et al., 2016). Tumor cells can also develop immune suppressive traits that diminish the 

immune response. When T cells encounter tumor cells they are met with a number of 

immunosuppressive factors, surface proteins and molecules that can either suppress or kill T 

cells. Examples of immune suppressive mechanisms tumor cells utilize are shown in figure 4. 

These include TGF-β and IL-10 (Motz & Coukos, 2014) and checkpoint signals that control T 

cell activation (Pico de Coaña, Choudhury, & Kiessling, 2015). Cancer cells also recruit Tregs 

and other immune suppressive cells to the tumor site and can create oxidative stress 

rendering the tumor microenvironment hostile towards T cell activity (Murphy et al., 2012).  

Figure 4. Overview of immune suppressive mechanisms tumor cells use to evade immune response. Adapted 

from (Thapa B, Watkins DN, 2016). 

1.3 Melanoma 

1.3.1 Melanocytes 

Melanocytes are melanin producing cells found in the epidermis of skin, iris and in hair 

follicles, which originate from neural crest stem cells (NCC). Melanocytes are not the only 

cells of the body that can produce melanin but they are the main cell population giving color 

to skin, hair and eyes of humans. The life cycle of melanocytes starts with lineage 

specification from NCC to melanoblasts. The melanoblasts migrate and proliferate, 

differentiating into melanocytes. When melanocytes mature they develop special organelles, 



8 
 

the melanosomes, and change their morphology to a dendritic morphology. After the 

melanosomes have matured, they are transported to neighboring keratinocytes and 

together the melanocytes and keratinocytes form the epidermal-melanin unit. This transfer 

of melanosomes determines skin color and provides protection against ultraviolet radiation 

(UVR). Tanning or UVR-induced melanogenesis is affected directly by the level of UVR on 

melanocytes and also indirectly by other skin cells. The darkening of the skin due to UVR can 

be immediate, after exposure to UV-A light, or delayed, after exposure to UV-B light, but 

both processes are influenced by genetic factors (Agar & Young, 2005).  

1.3.2 Development of melanoma 

Like all other cancer types, melanoma develops from DNA damage or mutation changing 

normal melanocytes into cancer cells. Of all human cancers, melanoma has the highest rate 

of mutations (Lawrence et al., 2013). It develops most frequently in the skin but can also 

develop in eyes, gastrointestinal tract, ears and in oral and genital mucous membrane. When 

melanoma develops, the cancer cells grow out of control, first radially but later vertically and 

finally the cancer cells invade other tissue. This process can be seen in figure 5.  

 

Figure 5. Proliferation of melanocytes forming a nevus, melanoma and in the end metastatic melanoma.  

Adapted from (Habif, 2010).  
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Melanoma has the ability to metastasize to any organ of the body, making it the one of the 

most dangerous tumors (Habif, 2010). One of the major signaling pathways involved in 

growth and migration of melanocytes is the mitogen-activated protein kinase (MAPK) 

pathway. In normally functioning melanocytes this pathway is activated with growth factors 

and ligands and those same ligands are produced for autocrine stimulation in melanoma. 

Mutations in the gene BRAF cause constitutive activation of the MAPK pathway, allowing for 

uncontrolled growth. Mutations in BRAF, along with mutations in the NRAS gene, can be 

found in 70% of melanoma, but never at the same times, since that would cause overdrive of 

the cell growth (Wong & Ribas, 2016). Care must be taken not to confuse melanoma with 

nevi, benign tumors of nevus cells that are derived from melanocytes. Nevi can vary in size, 

shape and color but overall they tend to be very uniform in shape and color unlike 

melanoma. There is strong correlation between nevi formation and sun exposure, as is with 

melanoma, and individuals with big or atypical nevi should take care to monitor changes in 

size or shape to limit the risk of melanoma development (Habif, 2010). 

1.3.3 Incidence and risk factors 

Skin cancer is the second most common cancer type in both males and females in Sweden, 

following prostate cancer in males and breast cancer in females. In the year 2015 alone, 

6.077 men and 4.937 women were diagnosed with skin cancer in Sweden. Out of these 

11.014 individuals, 3.951 were diagnosed with melanoma in the skin (“Statistikdatabas för 

cancer,” n.d.). Melanoma has the highest frequency in Caucasians while the disease tends to 

be more severe in Non-Caucasians, with lower overall 5-year survival and more advanced 

stages at diagnosis (Azoury & Lange, 2014). Caucasians are more likely to develop melanoma 

since the amount of melanin in their skin is much lower than in people of other ethnicities 

with darker skin. Melanocytes protect the body from UVR as has been stated before but a 

big risk factor for melanoma is UVR exposure and sunburns of the skin. Exposure to UVR can 

cause genetic changes in the skin and induce formation of DNA damaging chemicals, building 

a foundation for melanocytes to become cancerous cells. UV-A light causes DNA mutations 

and UV-B light the release of reactive oxygen species that affects DNA repair. The increased 

skin pigmentation that follows exposure to UVR is partly regulated through alpha-

melanocyte-stimulating hormone and its receptor MC1R. Germ-line polymorphism in the 

MC1R gene is often present in individuals with light skin and red hair, making the basis for 
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increased susceptibility in light skinned people to melanoma a genetic impairment (Progress 

& Cooper, 2009). People with fair skin and lower pigmentation are therefore more likely to 

get sunburned and are more exposed to the dangerous and carcinogenic UV-A and UV-B rays 

from the sun (Agar & Young, 2005). Regardless of ethnicity, men are more likely to develop 

melanoma than women and they also have shorter long term survival after diagnoses. The 

ratio between the genders is age dependent, older men are more likely to develop 

melanoma than women but under the age of 49, women are more likely to develop the 

disease (Azoury & Lange, 2014). The location of the tumor on the body is also gender-

dependent. Women are more likely to develop tumors on their legs while tumors are more 

likely to form on the back and in the head and neck region for men. As with other types of 

cancer, the risk of developing melanoma increases with age (Stewart & Wild, 2014). 

1.3.4 Diagnosis and classification of melanoma 

The so called TMN system is the tool most melanoma staging in based on. TMN stand for the 

Tumor category, Metastasized category, and finally lymph Node category. The T category is 

based on the thickness of the tumor, mitotic rate of the cancer cells and if the skin over the 

melanoma is broken (ulcerated), further divided into subcategories a and b. The T category 

classification can be seen in table 1 (Habif, 2010). The stages can be used to classify patients 

into three groups. Patient with stage I or II melanoma have localized disease and no 

evidence of metastasis, patients with stage III have metastasis but the disease is regional and 

finally patients with stage IV have distant metastasis (Stewart & Wild, 2014). Again, the 

stages have sub-stages (A, B, C). 

Table 1. T category classification of melanoma 
Value Characteristics 

TX Primary tumor cannot be assessed 
T0 No evidence of primary tumor 
Tis Melanoma in situ 
T1 Melanoma ≤1mm thick 
T2 Melanoma between 1,01 - 2,0mm 

thick 
T3 Melanoma between 2,01 – 4,0mm 

thick 
T4 Melanoma >4,0mm thick 

Clinical Dermatology, 2010 

 

In table 2 (Habif, 2010) all the stages and characteristics can be seen but the sub-stages are 

only shown for stage III, since other sub-stages are not relevant for this thesis. 
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1.3.5 Management 

The first step to diagnose melanoma is a physical examination of the skin to distinguish 

between benign melanocytic lesions and melanoma. For diagnostic purposes a biopsy of the 

melanoma is taken whenever possible (Habif, 2010). In earlier stages of melanoma where 

the cancer has not spread, the primary tumor can be removed with surgery, but a sentinel 

lymph node biopsy is recommended in some cases to check spreading to lymph nodes. At 

stage III, when the cancer has already spread to the lymph nodes, a lymph node dissection is 

done along with wide excision of the primary tumor if possible, with some patients 

undergoing adjuvant therapy. Biopsies are taken from nearby lymph nodes and other 

tumors. Radio- or chemotherapy might be used on the area of the melanoma and some 

patients undergo biological treatment such as targeted treatments or immunotherapy. With 

stage IV all of these treatments can be used with additional surgery sometimes needed to 

remove distant tumors (Wong & Ribas, 2016). 

1.3.6 Immune response to melanoma 

As has been stated before, tumor cells express TAAs that lymphocytes of the body can 

recognize as non-self. With more mutations, the likelihood of antigen recognition expands 

with the cancer cell accumulating new characteristics and TAAs. As has also been stated 

before, melanoma is the human cancer with highest mutation frequency making it highly 

Table 2. Staging of melanoma 
Stage Characteristics 

0 Cancer cells are located only in epidermis. 

I-II Melanoma is only in skin, but has spread to dermis, with no signs of spread to lymph nodes or 
other parts of body. Further staging within stage I and II depends on thickness and ulceration of 
the melanoma. 

IIIA All of the following applies:  
• Up to 3 nearby lymph nodes contain melanoma cells visible only under microscope. 
• Nodes are not enlarged. 
• The melanoma is not ulcerated and has not spread to other parts of the body. 

IIIB One of the following applies:  
• Follows all criteria for stage IIIA but melanoma is ulcerated. 
• Follows all criteria for stage IIIA but lymph nodes are enlarged. 
• Melanoma is not ulcerated, has spread to small areas of skin or lymphatic channel but nearby 
lymph nodes do not contain melanoma cells. 

IIIC One of the following applies: 
• Lymph nodes contain melanoma cells AND melanoma cells are located in skin and lymph 
channels close to main melanoma. 
• Melanoma is ulcerated and has spread to up to 3 lymph nodes nearby that are enlarged. 
• Melanoma has spread to 4 or more lymph nodes. 
• Melanoma has spread to lymph nodes that have joined together. 

IV Advanced melanoma with distant metastases. Further staging is based on the M category. 

Clinical Dermatology, 2010 
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immunogenic (Alexandrov et al., 2014). Melanoma TAAs were discovered by co-culturing 

lymphocytes with irradiated tumor cells, identifying the cytotoxic T cells that killed tumor 

cells bearing those TAAs. These melanoma-specific T cells can be found circulating in 

peripheral blood (Murphy et al., 2012). One of the most common melanoma TAA is Mart-1 

or MelanA, a melanosomal protein specific to the melanosomal lineage (Coulie et al., 2014). 

A high density of peptide:MHC complex containing this protein due to overexpression is 

what most likely makes it immunogenic (Coulie et al., 2014). Another known melanoma 

antigen is the cancer-testis antigen NY-ESO-1 (Giavina-Bianchi et al., 2015). It has been found 

in 20% of invasive tumors and has been associated with increased thickness of the primary 

tumor (Giavina-Bianchi et al., 2015). Normally, NY-ESO-1 is only expressed in male germ cells 

but the function of the protein is still unknown mostly due to the lack of an evolutionary 

homolog, excluding animal models (Gnjatic et al., 2006). A less frequently studied protein 

that has been found in melanoma is Cripto-1, an onco-fetal protein. Cripto-1 is expressed 

during embryogenesis where it has a role in axial development and is involved in cell 

migration, invasion and other cellular processes. In many cancer types Cripto-1 is re-

expressed, including melanomas (Ligtenberg et al., 2016).  

1.4 Project aim 

The aim of this project was to look at the effect removal of one or more melanoma 

metastasis would have on immune response. We hypothesize that removal of the tumor 

results in lower levels of tumor immune suppression and increase in immune cell reactivity. 

Reactivity of T cells to known melanoma TAAs (MelanA, NY-ESO-1 and Cripto-1) after long 

term stimulation was measured, using cells isolated from blood samples acquired on the day 

of surgery, and compared to T cell reactivity in same patients at a later time point. The 

comparison was used to analyze if removal of metastasis changed the T cell mediated 

immune response. Using the results of T cell reactivity we also wanted to investigate if 

reactivity to different TAAs as well as different cytokine secretion profiles could be 

associated to clinical parameters. After stimulation with overlapping peptide mixes of these 

three TAAs, production of both Th1 (IFN-γ and TNFα) and Th2 (IL-4 and IL-5) cytokines along 

with three other cytokines secreted by different subtypes of T cells (IL-2, IL-10, IL-17A), were 

measured by intracellular cytokine staining (ICS) and compared to controls. Long term 

stimulation was used in order to amplify memory cell response, allowing for both CD4 and 
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CD8 responses to be analyzed without restriction to a particular HLA type or a specific 

epitope. This thesis project is a part of a longitudinal study, where the immune system of 

patients with melanoma is monitored using multicolor flow cytometry to characterize the 

cell population present in peripheral blood samples.  
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2. Materials and methods 

2.1 Patients and collection of blood samples 

Pre blood samples were collected from 41 patients with melanoma, on the day they came in 

for a surgery to remove one or more melanoma metastases. During this surgery, most of the 

tumor burden was removed from the patient with stage III melanoma. Same patients came 

in for a checkup after the surgery where a post blood sample was collected. Sample 

collection started in early 2012. Information about the patient cohort as well as the number 

of days between the pre and the post sample collection can be seen in table 3. Written 

informed consent according to the Declaration of Helsinki was obtained from all 

participating patients and the conduct of the immune monitoring of these patients was 

approved by the Karolinska Institutet Review Board.  

Table 3. Patient information at time of surgery 

Variable No. of patients (%) 

Age, years* 66 (range 44-87) 
Days between samples* 35 (range 14-119) 

Gender  

  Female 15 (37) 

  Male 26 (63) 

Stage  

  IIIB 20 (49) 

  IIIC 10 (24) 

  IV 11 (27) 

T category  

  TX/T0 8 (20) 

  T1 4 (10) 

  T2 11 (27) 

  T3 8 (20) 

  T4 10 (24) 

BRAF status  

  BRAF
V600 

9 (22) 

  BRAF
WT 

14 (34) 

  Unknown 18 (44) 

 *Median value 

 

Six stage IIIB patients and seven stage IIIC patients later progressed to stage IV after coming 

in for surgery. Blood samples were collected into 9 ml heparinized vacutainer tubes (BD), 

eight tubes for each patient sample. After collection the samples were immediately 

transported to the laboratory for further handling. 
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2.2. Isolation of PBMCs from blood 

Peripheral blood mononuclear cells (PBMCs) were isolated from blood samples using Ficoll-

Paque density gradient (Ficoll-Paque™ Plus, GE Healthcare Life Science) following 

manufacturer’s instructions. Briefly, blood from two tubes was pooled together in a 50 ml 

Falcon tube and PBS added to a final volume of 35 ml. 10 ml of Ficoll-Paque were added to 

the tube, slowly deposited to the bottom, creating a layer of Ficoll-Paque below the blood. 

Samples were centrifuged at 800g for 22 minutes with acceleration and brake turned off. 

The PBMC layer was collected carefully using a transfer pipette and transferred to a new 50 

ml tube. PBS was added to 50 ml and samples centrifuged at 450g for 7 minutes to increase 

the mononuclear cell recovery. This was followed by two washes in 35 ml of PBS, centrifuged 

at a lower speed of 300g for 7 minutes to get rid of platelets. Cells were then re-suspended 

in PBS, counted and frozen at -80°C in fetal bovine serum containing 10% DMSO. The next 

day the samples were moved to liquid N2. 

2.3 Thawing of cells 

For each test, one vial containing cells from pre surgery sample and one from post surgery 

sample from each patient were thawed. Vials containing approximately 5x106 cells were 

thawed quickly in 37°C warm water bath. 500-1000 µl of RPMI were added slowly to each 

vial. After 30 – 60 seconds the contents of the vial were added to 8 ml of RPMI in a 15 ml 

Falcon tube. Samples were centrifuged at 300g for 5 minutes and the cell pellet re-

suspended and counted. After counting, cells were spun down and 125 ml of X Vivo 15 

medium (Lonza) containing IL-4 (PeproTech) (5 ng/ml) and IL-7 (PeproTech) (5 ng/ml) added 

per million cells. 125 µl containing 1x106 cells were put in a well in a 96 well U bottom plate 

for the flu control and 375 µl containing 3x106 cells in a well in a 24 well plate. Both plates 

were incubated overnight at 37°C. 

2.4 Stimulation 

TAA peptide mixes (TAA pepmix) were prepared using X Vivo media supplemented with IL-4 

(5 ng/ml) and IL-7 (5 ng/ml). For the flu control, PepMixTM Influenza A (NP(H3N2)) and 

Influenza A (MP1/California(H1N1)) from JPT Peptide Technologies were used. For the TAA 

test, PepMixTM Human (Melan-A/MART-1) and Human (NY-ESO-1) from JPT Peptide 

Technologies and a human Cripto-1 peptide library, generously provided by Bianco C. et al. 

(Frederick National Laboratory for Cancer Research, were used. Each peptide stock was 0,1 
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ug/ul per peptide. For flu control 2,5 µl of both flu pepmixes and 125 µl of the X Vivo media 

containing IL-4 and IL-7 were added to each well in the 96 well plate. For TAA tests 2,5 µl of 

each TAA pepmix and 375 µl of the X Vivo media were added to each well in the 24 well 

plate. Plates were then incubated at 37°C. Two days later half of the media in each well was 

replaced with fresh X Vivo 15 medium containing IL-2 (40 U/ml). Plates were further 

incubated for 9 days, replacing the medium as necessary. Care was taken to replace the 

media in all the wells in both plates at the same time to maintain same IL-2 concentrations 

for all samples.  

2.5 Re-stimulation 

On day 12 all samples were re-stimulated. Cells were removed from the well and put in an 

individual 15 ml falcon tube containing 5 ml of RPMI for each well to wash and get rid of 

added cytokines. Adherent cells in the well were not collected, only suspended cells. 

Samples were spun at 300 g for 5 minutes and the cell pellet re-suspended in X Vivo 15 

media, containing GolgiPlug Protein transport inhibitor, flu stimulated samples in 400 µl and 

TAA stimulated samples in 800 µl, 200 µl for each TAA peptide plus additional 200 µl for 

control sample. Cell suspension was added to a 96 well U bottom plate, 200 µl per well, 

splitting the flu cell suspension into 2 wells and the TAA suspension into 4 wells as shown in 

table 4.  

Table 4. Well layout for TAA re-stimulation 
 Well 1 Well 2 Well 3 Well 4 Well 5  Well 6 
Pre sample Flu  Flu control Melan-A NY-ESO Cripto-1 TAA control 
Post sample Flu  Flu control Melan-A NY-ESO Cripto-1 TAA control 

 

Leftover cells from the re-stimulation were collected in a well for use as a unstained control 

for the flow cytometry. TAA pepmixes were added to the appropriate wells. Into flu wells 3 

µl of both flu pepmixes were added and 3 µl of each individual TAA pepmix added to each 

subsequent well. Nothing was added to the control wells. The plate was then incubated at 

37°C for 12 – 14 hours.  

2.6 Staining and flow cytometry 

After incubation, cells were stained with intracellular antibodies to measure cytokine 

production in response to TAA stimulation. Cells were spun down to get rid of the X Vivo 

media and blocked with 1 µl of IvIgG (Privigen, Germany). LIVE/DEAD® Fixable Violet Dead 

Cell marker (Thermo Fisher) was added to the cells, following manufacturer‘s instructions, 
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incubating for 20 min. Cells were washed with FACS buffer before being treated with 100 µl 

of Fix/Permbuffer (BD Bioscience) for 20 min. After washing with Perm-wash buffer (BD 

Bioscience) the cells were incubated for 15 min in the Perm-wash buffer. Antibodies shown 

in table 5 were added to each well followed with 30 min of incubation. 

Table 5. Antibodies used in flow cytometry analysis 

Marker Conjugate Clone 

CD3
1 

PE-CF594 UCHT1 
CD4

2 
APC RPA-T4 

CD8
1 

APC-H7 SK1 

CD14
2 

PB M5E2 

CD19
2 

PB HIB19 

IL-2
2 

BV 510 MQ1-17H12 

IL-4
2 

PerCP-Cy5.5 MP4-25D2 

IL-5
2 

PE JES1-39D10 

IL-10
1 

BV 605 JES3-9D7 

IL-17A
1 

BV 786 N49-653 

IFN-γ
2 

PE-Cy7 4S.B3 

TNF-α
2 

FITC MAb11 

Permwash - - 
1
BD Bioscience (San Jose, CA)  

2
BioLegend (San Diego, CA)

 

 

After incubation cells were washed with Perm-wash buffer and then re-suspended in 150 µl 

of FACS buffer. Acquisition was performed using Novocyte Flowcytometer (ACEA 

Biosciences, Sweden). Analysis was performed using FlowJo software (v.10.0.7, Tree Star 

Inc.). 

2.7 Analysis 

Cells were gated in FlowJo to identify CD4 and CD8 positive cells and each population was 

then analyzed independently for cytokine expression levels, comparing the re-stimulated 

cells with the TAA control. For details of the gating strategy see supplementary figure 1. The 

data generated in FlowJo was exported to Excel where each population (MelanA, NY-ESO-1 

or Cripto-1 re-stimulated) is compared to the TAA control population. When a clear cytokine 

producing population could be identified and percentage of stimulated cells was twofold 

that of the TAA control then the sample was regarded as positive for stimulation and activity 

was marked as 1. If not, then it was regarded as negative for stimulation and marked as 0. 

Examples of this can be seen in supplementary figure 2. Samples were only included if 

influenza control samples were positive for stimulation compared to non-stimulated 

influenza samples.  
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This gave a data set of paired nominal data for each patient, before and after surgery. To 

analyze this data McNemar’s test was used to see if surgery to remove one or more 

metastasis changed anything regarding the reactivity of peripheral T cells in patient’s blood 

using SPSS version 24 (IBM). Progression from stage IIIB or IIIC to stage IV was documented 

and statistical analysis was performed with Kaplan-Meier method using GraphPad Prism 

version 7 for Windows (GraphPad software). Censored events were either due to death from 

other causes than melanoma or limited follow up time. Throughout the analysis, P < 0,05 

was considered as statistically significant.  
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3. Results 

3.1 Anti TAA T-cell response increases post surgery  

39 patients showed reactivity to MelanA and 38 patients to NY-ESO-1 before surgery. 

Overall, MelanA and NY-ESO-1 had a very similar ratio of cell type response before surgery. 

Before surgery 22 and 23 patients has a combined CD4 and CD8 response to MelanA and NY-

ESO-1 respectively, as is shown in figure 6. Exclusive CD4 cell recognition was observed in 15 

patients to MelanA and in 12 patients to NY-ESO-1. Very few patients had an exclusive CD8 

response, 2 patients to MelanA and 3 to NY-ESO-1.  

After surgery, anti-MelanA response consisted of 29 patients with combined CD4 and CD8 

response, 7 with exclusive CD4 response and 2 with exclusive CD8 response. Anti-NY-ESO-1 

response consisted of 32 patients showing combined CD4 and CD8 response, 7 with 

exclusive CD4 response and 2 with exclusive CD8 response. For both antigens, combined CD4 

and CD8 response is increased while exclusive CD4 response decreases. This indicates that 

surgery increases the CD8 response in patients to both MelanA and NY-ESO-1. This MelanA 

and NY-ESO-1 response after surgery again shows a similar ratio of cell type response 

between the two TAAs. 

Figure 6. Ratio of T-cell subtypes, responding to antigen stimulation by MelanA (left), NY-ESO-1 (middle) and 

Cripto-1 (right) both pre (top) and post (bottom) surgery. 
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The result for anti-Cripto-1 response had a different ratio between T cell subtypes compared 

to anti-MelanA and anti-NY-ESO-1 response. Before surgery, 17 patients showed no 

reactivity and an equal number of 10 patients had a combined T-cell response or a CD4 

exclusive response. An exclusive CD8 response was observed in 4 patients. After surgery the 

number of non-responding patients had gone down to 7 patients and the number of patients 

showing a combined response had gone up to 20 patients. Exclusive CD4 response was 

observed in 8 patients and exclusive CD8 response in 6 patients. In the case of anti-Cripto-1 

response, reactivity is increased after surgery, again with a noticeable increase in CD8 

response.  

3.2 Cytokine response profile is pro-inflammatory 

A very similar cytokine response was observed after stimulation with all three antigens. Both 

CD4 and CD8 cells produced mainly pro-inflammatory cytokines IFN-γ, TNF-α and IL-2 or had 

a combined IFN-γ and TNF-α response. This trend can be seen in figure 7 which shows 

cytokine production after stimulation with MelanA and NY-ESO-1. In most cases, cytokine 

production is increased after surgery or stays stable. The exception from this can be seen in 

decreased IL-10 production by both cell types after stimulation with MelanA. IL-17A 

production by CD8 cells after stimulation with NY-ESO-1 also shows a decrease.  

 
Figure 7. Anti-MelanA (left) and Anti-NY-ESO-1 (right) cytokine production by CD4 and CD8 cells pre and post 

surgery.  

The same pattern is observed for anti-Cripto-1 response. The anti-Cripto-1 cytokine 

production is mostly pro-inflammatory and increases after surgery as can be seen in figure 8. 

The exception to this is IL-10 production by CD4 cells and also IL-2 production by CD8 cells, 
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with less production detected after surgery. In conclusion, CD4 T cells of patients show more 

cytokine production in response to the TAAs compared to CD8 T cells. This response is 

mostly pro-inflammatory and generally increases after surgery. Less production after surgery 

is only detected in a few cases, most notably in IL-10 production.  

 

Figure 8. Anti-Cripto-1 cytokine production by CD4 and CD8 cells pre and post surgery 

3.3. Cell type response changes significantly with surgery 

Changes in reactivity of all samples, before and after surgery, were analyzed using 

McNemar‘s test in SPSS. P-values for change in cell type response are depicted in table 6 

with significant values highlighted in green. Surgery does not significantly change the overall 

anti-TAA cell type response, where reactivity to any of the three antigens is combined. Anti-

MelanA response shows no significant difference after surgery. Combined CD4 and CD8 

reactivity to NY-ESO-1 was significantly increased, along with a significant increase in CD8 

exclusive response. When Cripto-1 reactivity was compared before and after surgery, 

significant differences were observed in all cases.  

Table 6. P value for McNemar‘s test on difference in  
anti-TAA cell type reactivity pre and post surgery 

 Overall MelanA NY-ESO-1 Cripto-1 

CD4 and/or CD8 0,3173 0,6547 0,0833 0,0039 

CD4 and CD8 0,3657 0,0707 0,0201 0,0124 

CD4 0,5637 0,7389 0,1573 0,0325 

CD8 0,3173 0,0896 0,0209 0,0047 
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P values from McNemar‘s test analysis for individual cytokine production are shown in table 

7.  

Table 7. P value for McNemar‘s test on difference in anti-TAA cytokine production pre and post surgery 

CD4 Overall MelanA NYESO Cripto1 CD8 Overall MelanA NYESO Cripto1 

IFN-γ 0,0114 0,0201 0,0896 0,0116 IFN-γ 0,0126 0,0124 0,1967 0,0124 

TNF-α 0,4795 0,6171 0,5637 0,0045 TNF-α 0,5930 0,4386 0,5930 0,1655 

IFN-γ + TNF-α 0,4795 1,0000 0,2850 0,4795 IFN-γ + TNF-α 0,0325 0,4386 0,1088 0,0126 

IL-2 0,1336 0,5127 0,1967 1,0000 IL-2 0,7815 0,2568 0,1573 0,7389 

IL-4 1,0000 0,5637 1,0000 1,0000 IL-4 0,3173 0,3173 0,3173 0,3173 

IL-5 0,0707 0,0588 0,1088 1,0000 IL-5 0,0578 0,0588 0,4142 0,1025 

IL-10 0,6374 0,3657 1,0000 0,5637 IL-10 1,0000 0,7055 1,0000 0,3173 

IL-17A 0,0201 0,7815 0,1655 0,6547 IL-17A 0,2568 0,1573 0,7055 0,1797 

 

Significant P values are highlighted in green. In response to any of the three antigens, a 

significant increase was observed in production of IFN-γ and IL-17A by CD4 cells and IFN-γ 

and double-positive IFN-γ and TNF-α by CD8 cells. Anti-MelanA response had significant 

increase in IFN-γ production by both cell types while no significant difference in individual 

cytokine production was observed in anti-NY-ESO-1 response. Anti-Cripto-1 response 

changes significantly after surgery with increased IFN-γ and TNF-α secretion by CD4 cells and 

increased IFN-γ and combined IFN-γ and TNF-α production by CD8 cells. 

3.4 Progression free survival according to TAA response 

To investigate the clinical significance of the reactivity to the different TAAs, progression of 

patients from stage III to stage IV was analyzed. Overall survival could not be analyzed due to 

lack of follow up time for a majority of the patients. Kaplan Meyer analysis was performed 

for both cell types (CD4 and CD8) as well as all individual cytokines. For clarity, only the 

analysis that resulted in significant differences in progression free survival (PFS) will be 

discussed.  

3.4.1 Anti-TAA progression free survival correlates with IL-17production 

Significance was seen for anti-TAA IL-17 production by CD4 cells after surgery. Patients that 

showed IL-17 production by CD4 cells after surgery in response to any of the three antigens 

had a significantly worse PFS (figure 9). We compared anti-TAA IL-17A production by CD4 

cells after surgery to all other cytokines secreted by the same cell type. Interestingly, IL-10 

production by CD4 cells, with or without IL-17A production, showed an increase in PFS 

(Supplementary figure 3). Patients with CD4 cells that produced TNF-α in response to 
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stimulation by any of the antigens showed significantly worse PFS than those patients with 

no TNF-α production by their CD4 cells (Supplementary figure 4).  

Figure 9. Progression free survival of patients with stage III melanoma with Melan-A, NY-ESO-1 or Cripto-1 

reactive cells. Patients are clustered according to the production of IL-17 by CD4 cells upon stimulation after 

surgery. 

This data shows that patients with combined anti-TAA IL-17 and TNF-α production by CD4 

cells after surgery have the worst PFS (Supplementary figure 5). Patients with TNF-α 

production or a combined IL-10 and TNF-α production also show a worse PFS compared to 

patients without TNF-α production, although having combined TNF-α and IL-10 production 

shows a slightly better PFS. This shows that there is more than one cytokine involved in the 

PFS of patients with CD4 cell production of IL-17A as anti-TAA response after surgery. 

3.4.2 Anti-MelanA progression free survival correlates with IL-10 production 

Patients that had an anti-MelanA response with CD4 cells secreting IL-10 before surgery 

showed a significantly better PFS compared to patients without this CD4 cell cytokine 

production. Anti-MelanA IL-10 production by CD4 cells after surgery showed a very similar 

correlation with PFS but was not significant (data not shown). Again, we wanted to 

investigate this further, comparing anti-MelanA IL-10 production by CD4 cells before surgery 

to all other cytokines secreted before surgery by CD4 cells in response to MelanA. In 

addition to patients with anti-MelanA IL-10 production having a better PFS, we also 

observed that patients in the same cohort with IL-17A secreting CD4 cells, without 

detectable IL-10 production, had worse PFS (Supplementary figure 6).  
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Figure 10. Progression free survival of patients with stage III melanoma with Melan-A reactive cells. Patients 

are clustered according to the production of IL-10 by CD4 cells upon stimulation before surgery. 

3.4.3 Anti-MelanA progression free survival correlates with TNF-α production  

Anti-MelanA TNF-α production by CD4 cells after surgery correlates with worse PFS. Patients 

that did not have TNF-α production by CD4 cells had significantly better PFS than patients 

that had detectable production after surgery (figure 11). TNF-α production by CD4 cells in 

response to MelanA before surgery, did not show the same correlation (data not shown).  

 
Figure 11. Progression free survival of patients with stage III melanoma with Melan-A reactive cells. Patients 

are clustered according to the production of TNF-α by CD4 cells upon stimulation after surgery. 
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When compared to all other cytokines secreted by CD4 cells in response to MelanA after 

surgery, patients with CD4 cells secreting both TNF-α and IL-2 had worse PFS than patients 

with exclusive TNF-α production (Supplementary figure 7). Patients with CD4 cells secreting 

TNF-α as well as IL-17A also had a worse PFS than those patients that had exclusive TNF-α 

secretion in response to MelanA after surgery (Supplementary figure 8). This once again 

shows that IL-17 production by CD4 T cells is correlated with worse PFS, especially in 

combination with TNF-α production. Comparison was made for patients that had CD4 T cells 

secreting IL-10 before surgery and/or TNF-α after surgery to see if there was a correlation 

with PFS. As can be seen in figure 12, patients that have exclusive IL-10 production by CD4 

cells before surgery and no TNF-α production after surgery have a better PFS. Patients with 

TNF-α production after surgery show worse PFS.  

 
Figure 12. Progression free survival of patients with stage III melanoma with Melan-A reactive cells. Patients 

are clustered according to the production of IL-10 by CD4 cells upon stimulation pre surgery and production of 

TNF-α by CD4 cells upon stimulation after surgery. 

3.4.4 Reactivity to Cripto-1 before surgery correlates with progression free 

survival 

Lastly, a significant correlation was seen for anti-Cripto-1 response by either CD4 and/or CD8 

cells before surgery, as can be seen in figure 13. Patients that had T cells that responded to 

Cripto-1 before surgery had a significantly better PFS than those patients that were classified 

as non-reactive. Anti-Cripto-1 reactivity after surgery did not show the same correlation 

(data not shown). 
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Figure 13. Progression free survival of patients with stage III melanoma with Cripto-1 reactive cells. Patients are 

clustered according to the reactivity by CD4 and/or CD8 cells upon stimulation before surgery. 

To further investigate this we looked at anti-Cripto-1 reactivity before surgery according to 

stage. As can be seen in figure 14 there is a clear trend, where the frequency of cripto-1 

reactive patients before surgery is inversely correlated with disease stage.  

 

Figure 14. Patients grouped by stage showing anti-Cripto-1 reactivity before surgery.  
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4. Discussion 

4.1 Anti-TAA T cell responses overall 

In this study we have successfully showed that removal of one or more metastases does 

change the immune response in melanoma patients. This was expected since tumor cells can 

have strong immune suppressive effects (Pitt et al., 2016) and removing the tumor includes 

removal of those as well. There is a clear increase in CD8 response to all three antigens 

tested after surgery, with the majority of patients showing a combined CD4 and CD8 

response to MelanA and NY-ESO-1. We not only observe increased T-cell reactivity in 

response to these three antigens, but also a certain cytokine pattern. Pro-inflammatory 

cytokines TNF-α, IFN-γ and IL-2 are dominant and show an increase in production after 

surgery. Previously, ipilimumab has been used as an adjuvant therapy before surgery (Najjar 

et al., 2017). Surgery as an adjuvant therapy before immune checkpoint therapy could be 

beneficial, removing the immunosuppressive tumor, therefore increasing the immune 

response of patients’ T cells. With an increased cytokine production and T cell reactivity, 

immunotherapy could have an increased response rate and a better outcome.  

4.2 Cytokine secretion profile 

As early as 1863, chronic inflammation has been linked to cancer, based on infiltration of 

inflammatory cells into neo-plastic tissues and tumor formation in areas of chronic 

inflammation (Coussens & Werb, 2002). Our results suggest that a certain cytokine secretion 

profile in response to melanoma TAAs can be more or less favorable for progression free 

survival. IL-17A is a pro-inflammatory cytokine involved in tissue damage and chronic 

inflammation. Production of this cytokine in response to in vitro stimulation with any of the 

three antigens correlates significantly with worse PFS in the stage III patients. IL-17 has been 

shown to promote tumor growth and cancer progression in the skin (He et al., 2012) but its 

function in tumor immunity is still under debate. IL-17 has been described as having both 

pro- and anti-tumor role in tumorigenesis. Several studies have shown high levels of IL-17 in 

tumor tissue and that the level of IL-17 correlates with aggressiveness of malignancies 

(reviewed by Qian et al., 2015). IL-17 might affect immune evasion by recruiting myeloid-

derived suppressor cells (MDSCs) (He et al., 2010) and Tregs to the tumor site (Yang et al., 

2010), inhibit apoptosis of cancer cells, assist in angiogenesis and promote tumor metastasis 

and invasion (Qian et al., 2015). IL-17 is reported to promote proliferation of Tumor-
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Associated macrophages (TAMs) (Zhu et al., 2008), that in turn increase TNF-α production. 

This can lead to production of proteases that facilitate tumor metastasis (Tanimura et al., 

2005). IL-17 is also associated with promotion of intracellular cell adhesion molecule-1 

(ICAM-1) expression, with ICAM-1 being another molecule associated with invasiveness and 

metastasis of tumor cells (Roland, Harken, Sarr, & Barnett, 2007). All this evidence supports 

our observation that IL-17 production correlates with worse PFS. We detected this in 

patients after surgery, in response to any of the three antigens and also in both pre and post 

samples with anti-MelanA reactivity. This effect of IL-17 in anti-MelanA responses has been 

previously described, linking IL-17 production to worse survival in patients with stage IV 

melanoma (Zelba et al., 2014).  

In the case of TNF-α, another pro-inflammatory cytokine, we observed a correlation 

between anti-MelanA TNF-α response and worse PFS after surgery. Previously, serum levels 

of TNF-α have been linked with different cancer types, with decreasing levels during 

chemotherapy in stage IIIB breast cancer patients (X. Wang & Lin, 2009). TNF-α plays a role 

in metastasis (Tomita et al., 2004) and can accelerate epithelial-mesenchymal transition, 

through proteases (Hagemann et al., 2004), as has been described for IL-17. When anti-

MelanA TNF-α production is combined with IL-2 or IL-17 production, PFS for these patients is 

even worse than with exclusive TNF-α production. This shows that the pro-tumor effects we 

have already described for IL-17 might amplify the pro-tumor effects of TNF-α production 

and inflammation. We observe the same effect of combined production of TNF-α and IL-17 

after surgery in response to any of the three antigens. As mentioned before, IL-17 promotes 

production of TNF-α by TAM, possibly amplifying its pro-tumor effect (Qian et al., 2015), so a 

worse PFS with combined TNF-α and IL-17 production can be expected.  

Interestingly, IL-10 production before surgery in response to MelanA stimulation shows 

significantly better PFS. The role of IL-10 in tumor immune response has, much like the role 

of IL-17, been debated. In general, IL-10 production is linked to Tregs and immune 

suppression (Murphy et al., 2012), but evidence shows that IL-10 can aid in tumor immunity. 

Tregs could therefore be considered as immune modulating cells, instead of immune-

suppressive. This is addressed in a review article published in 2014 (Oft, 2014) where the 

complex role of IL-10 in tumor-promotion and anti-tumor immunity is discussed. It describes 

how IL-10 enhances CD8 cells specific to TAAs, leading to stimulation of the CD8 cells 
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cytotoxicity and proliferation. Clinical trials are ongoing for pegylated IL-10 as 

immunotherapy of for patients with solid renal carcinoma tumors (Naing et al., 2016). There 

is also a link between IL-10 production and suppression of T-cells producing IL-17 (Diller et 

al., 2016). This we see clearly in overall anti-TAA response after surgery, where patients with 

exclusive IL-17 production show worse PFS than those with combined IL-17 and IL-10 

production. The same outcome can be seen with exclusive TNF-α production compared to 

combined TNF-α and IL-10 production, that shows again better PFS. 

4.3 Role of Cripto-1 in progression free survival 

The presence of circulating T-cells, reactive to MelanA and NY-ESO-1 has previously been 

correlated with better survival in advanced melanoma patients (Weide et al., 2012). Our 

data shows that patients with Cripto-1 reactive T cells before surgery have better PFS. To our 

knowledge, this is the first study to link Cripto-1 reactivity with PFS of melanoma patients. 

There have been multiple mouse studies linking Cripto-1 expression to cancer cells with 

stem cell like characteristics (Bianco et al., 2010), with an improvement of clinical outcome 

by targeting these cells (Rangel et al., 2012). During embryogenesis, Cripto-1 regulates both 

epithelial-to-mesenchymal transition and cell movement (Rangel et al., 2012). This has been 

linked to Cripto-1 playing a role in metastasis of cancer, increasing cell motility, favoring a 

more invasive phenotype in cancer cells (Bianco et al., 2010). In a study performed in our 

lab, DNA vaccination of C57BL/6 mice with Cripto-1 elicited a CD8 response that reduced B16 

melanoma metastases and metastatic tumor growth (Ligtenberg et al., 2016). Our results 

show a similar effect in stage III melanoma patients, where presence of T-cells reactive to 

Cripto-1 could be limiting distant metastasis. The effect may not be sufficient to stop local 

metastasis, leading to stage III recurrence that was observed in some patients, but 

circulating Cripto-1 reactive T-cells may potentially eliminate circulating Cripto-1 positive 

cancer cells. This way, distant metastasis would be inhibited, resulting in better PFS.  

4.4 Future experiments 

As has been stated before, this work is a part of a longitudinal study, where the immune 

system of the melanoma patients undergoing therapy at Karolinska University Hospital is 

being analyzed. Currently, analysis is being carried out on immune cells and subtypes 

present at each time point in treatment for all of these patients. It would be interesting to 

see if there is any correlation between these results and cell types present in peripheral 
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blood. Comparing the effect and presence of MDSCs with cytokine production would be very 

interesting, given that IL-17 has been shown to recruit MDSCs to the tumor micro-

environment (Chang et al., 2014).  

Now that we have a standardized protocol for measuring TAA reactivity, we will be able to 

apply this to patients undergoing different melanoma therapies. We have samples from 

patients that have undergone immune-checkpoint therapy, where the immune response 

itself is altered, making these patients an interesting group to analyze. We also have serum 

samples from all the surgery patients of this study and are planning on looking at Cripto-1 

levels in serum. There could be a possible correlation between Cripto-1 serum levels and 

PFS, making an even stronger argument for Cripto-1 being a potential biomarker for 

prognosis and therapy outcome. 

4.5 Conclusion 

With melanoma being the most immunogenic cancer type, analyzing the immune response 

of patients undergoing therapy is of great interest. This increases our chance of discovering 

predictive and prognostic immune-related biomarkers. The results shown in this study 

suggest that surgical removal of melanoma metastases has a noteworthy effect on the 

immune system of patients: Not only does T cell reactivity increase after surgery, but also 

overall cytokine production.  

Since cytokines are pleiotropic molecules with complex interactions affecting multiple cell 

types, associating single cytokines to clinical outcome can be problematic. We were able to 

identify cytokine patterns associated with progression of melanoma: Production of IL-10 had 

an immunomodulating effect, improving PFS, by possibly counteracting disadvantageous 

cytokine secretion. This confirms that extensive cytokine profiling of patients is needed in 

order to identify possible biomarkers.  

We have also showed that Cripto-1 should be considered as a possible prognostic biomarker 

for melanoma, with anti-Cripto-1 response of T cells linked to better PFS. With this being an 

exploratory study, further validation studies are needed to verify out results, with larger 

patient cohort and longer follow up time.   
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6. Supplementary figures 

5.1 McNemar‘s test values with significant results 

Supplementary figure 1. Gating strategy for isolation of CD4+ and CD8+ T cells for further cytokine production 

analysis. Dump Pacific Blue channel includes both dead cells and CD14+ and CD19+ cells, gating out monocytes 

and B-cells respectively. 

 

 

Supplementary figure 2. Example of gating strategy for detection of cytokine (TNF-α). For a sample to be 

classified as positive a clear cytokine producing population could be identified and percentage of stimulated 

cells was twofold that of the TAA control. Here all samples are regarded as positive for reactivity. 
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Supplementary figure 3. PFS of patients with stage III melanoma with anti-TAA response. Patients are clustered 

according to the production of IL-10 and/or IL-17 by CD4 cells after surgery. 

 

Supplementary figure 4. PFS of patients with stage III melanoma with anti-TAA response. Patients are clustered 

according to the production of TNF-α and IL-17 by CD4 cells after surgery. 

 

Supplementary figure 5. PFS of patients with stage III melanoma with anti-TAA response. Patients are clustered 

according to the production of TNF-α, IL-10 and IL-17 by CD4 cells after surgery. 
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Supplementary figure 6. PFS of patients with stage III melanoma with Melan-A reactive cells. Patients are 

clustered according to the production of IL-10 and IL-17 by CD4 cells before surgery. 

 

Supplementary figure 7. PFS of patients with stage III melanoma with Melan-A reactive cells. Patients are 

clustered according to the production of TNF-α and IL-2 by CD4 cells after surgery. 

 

Supplementary figure 8. PFS of patients with stage III melanoma with Melan-A reactive cells. Patients are 

clustered according to the production of TNF-α and IL-17 by CD4 cells after surgery. 
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7. Appendix 
 

Table A1. McNemar‘s values for significant changes in cell type and cytokine response, before and after surgery 

to remove melanoma metastasis. 

Overall CD4 IFN-γ Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 3 9 

   

Reactive 1 28 

 

Overall CD4 IL-17 Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 14 12 

   

Reactive 3 10 

 

Overall CD8 IFN-γ Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 10 11 

   

Reactive 2 18 

 

Overall CD8 I+T Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 9 11 

   

Reactive 3 18 

 

MelanA CD4 IFN-γ Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 5 12 

   

Reactive 3 21 

 

MelanA CD8 IFN-γ Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 18 13 

   

Reactive 3 7 

 

NY-ESO-1 CD8 Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 5 10 

   

Reactive 2 24 

 

 

Cripto CD4/CD8 Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 6 11 

   

Reactive 1 23 

 

Cripto CD4 Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 10 11 

   

Reactive 3 17 

 

Cripto CD8 Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 12 15 

   

Reactive 3 11 

 

Cripto CD4 IFN-γ Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 20 15 

   

Reactive 4 2 

 

Cripto CD4 TNFα Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 20 13 

   

Reactive 2 6 

 

Cripto CD8 IFN-γ Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 23 13 

   

Reactive 3 2 

 

Cripto CD8 I+T Post 

  Non-reactive  Reactive 

P
re

 Non-reactive 27 11 

   

Reactive 2 1 
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