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1. Abstract  

Nowadays the positive immune involvement in the eradication of tumor cells is assigned to the 

adaptive immune response. By awakening of in vivo responding T cells that are suppressed by the 

tumor and prevents immunological cure of the cancer. The adaptive immune response is a complex of 

different cells and protein molecules. Normally activated T cells are well-ordered by several late 

occurring inhibitors to contain the response to the unknown invaders and spare the normal cells. The 

tumor strengthens this inhibitory response to escape from immune elimination. Immunotherapy is to 

unleash the full capacity of the adaptive immune system by blocking this inhibitor response by 

monoclonal antibodies but with the potential drawback of autoimmune phenomena. Seen the success 

of the immunotherapy another feature of the immune system is overlooked. Cytokines and 

chemokines became in oblivion after their suspected necrosis of the tumor (TNF) did not fulfil their 

initial hope. When patients seek help for their complaints the ovarian cancer is in most cases already 

metastasized to the peritoneum and omentum. Here, we show that on the one hand chemokines 
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produced by Th2, CD8 and NK cells inhibit cancer spreading and thus leads to a better operability and 

thus better survival. On the other hand, chemokine receptors are expressed by the tumor that are a 

decoy by binding chemokines that normally should attract antigen cross-presenting dendritic cells, 

which start an adaptive T cell response. 

Keywords: ovarian cancer metastasis, chemokines, cytoreductive surgery, Cytotoxic T cells, BDCA3 

Dendritic cells. 

1. Introduction 

Several papers describe that the presence of cytotoxic T cells (CTL) in ovarian cancer tissue will 

prolong their survival [1-3].  Apparently, the tumor is an incentive for CTL’s to enter the 

microenvironment but only the Ag specific will enter the tumor. They need an integrin (CD103) 

expressed on the surface to enter the tumor bed [4,5]. In ovarian cancer a few mutations are found. 

According to the tumor portal 94% of the ovarian tumors 

(http://www.tumorportal.org/tumor_types?ttype=OV) show TP53 mutations/deletions. A deletion 

of TP53 will not lead to an abundant immune recognition. So, there are only a low number of 

specific CD8 T-cells that have a tremendous effect on survival. The question arises how these few 

CTLs are able to impede the overwhelming number of tumor cells. The majority of the CTL are in 

the stromal compartment of the tumor. If those CTL that were alerted by the tumor but cannot 

penetrate the tumor tissue attribute to the production of chemokines remains elusive. But the 

overshoot of chemokines that are found in the ascites and since the volume of ascites is several 

liters there should be large cell pool that produces them. The tumor expresses several chemokine 

receptors like CX3CR1 [6]. Here, we show that the tumor expresses chemokine receptors that by 

binding to chemokine CCL26 are unable to bind to membrane bound fractalkine reducing their 

metastasis. [7-13]. Less binding to the fractalkine bearing peritoneum and omentum will result in 

less tumor spots and thus a better operability. Better operability causes a longer survival [14-18]. 

Tumor cells express also the lymphotactin receptor XCR1 [19-21]. The chemokines XCL1 and XCL2 

will bind to this decoy receptor. This results in less capacity to attract Ag cross-presenting dendritic 

cells (BDCA3) [22-24] and will diminish adaptive immunity. 

2. Results and Discussion 

Most patients with ovarian cancer that present themselves are diagnosed with advanced stage high-

grade serous cancer and have a poor 5-year overall survival rate of just 30% [25,26]. Although in 

ovarian cancer, tumor-infiltrating CD8+ T cells are found and linked with improved overall survival 

[2,27,28]. But this influx of immune cells does not prevent a cure of the disease. High grade serous 

ovarian cancer remains the deadliest cancer in gynecological cancers. In most cases TP 53 is mutated in 

± 96% of the cases while 9 other genes are mutated at a very low abundancy [29]. This leads to a limited 

number of targets for a cytotoxic immune response, which is reflected by the low response of 

immunotherapy [30]. In those cases where the immunotherapy was functional a durable response was 

measured [31].  Immune histochemistry of ovarian cancer show a few CD8 cells in the tumor and even 

more in the stroma (Fig.1).  
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 Fig 1. Expression of cytokeratin 7 (green) by tumor cells and cytotoxic T cells (red) (white arrows: 

 cytotoxic T cells in  tumor). The cells are colored with DAPI (blue). 

Our previous results that Il-6 is found in ascitic fluid from malignant ovarian cancer [32] this was also 

reported by others [33]. Several other chemo/cytokines were described [34,35], BMP2 [36] soluble 

fractalkine [6,10,37]; CCL26 [12]; Lymphotactins: XCL1 and XCL2 [38,39] ; CCL2, CCL4, CCL5 [40]; G-

CSF [41]; SDF-1 [42]. Th2 cells generate IL-4-/IL-13 that stimulate vascular endothelial cells and these 

cells abundantly produce CCL26 [12,43,44]. 

CCL26 appears an important chemokine in spreading of the tumor in the abdomen. If CCL26 is found 

in 1-10 liter ascites it indicates that CCL26 is produced in large quantities. Moreover, the production is 

enough to saturate the receptor and the remainder will appear in the ascites. Indeed, in several cases 

CCL26 is found in ascites (Table 1).  
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Table 1. Expression of CCL26/eotaxin3 in ascites 

Patient 

CCL26 

(pg/ml) tumor type 

56 0,0 serous 3c 

57 0,0 serous 4 

66 0,0 serous 3c 

20 3,8 serous 3c 

24 4,2 serous 3b 

72 4,9 serous 4 

47 9,7 serous 3c 

71 10,0 adeno IV 

58 10,0 serous 3c 

21 26,4 serous 3c 

75 29,3 serous 3c 

30 53,7 serous 3c 

73 61,5 clear cell 3c 

37 84,8 serous 3c 

23 88,3 serous 4 

52 152,0 serous 3c 

44,1 218,1 serous 3c 
 

Three patients did not express CCL26. The other patients CCL26 blocked the fractalkine receptor and 

should lead to less seeding of the tumor cell on the peritoneum (Fig.2).  

 

Fig.2. The expression of chemokines and their receptors 

The fractalkine receptor CX3CR1 is expressed on tumor cells allowing the tumor cells to bind to cell 

bound fractalkine that is present on mesothelial cells of the peritoneum and omentum.   Indeed, 
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spreading of tumor nests is different for individual patients as reported during surgical removal of the 

tumor. Patients with a better operability survive longer [17 ,18,45-47]. 

CCL26 produced by NK and CD8 cells can bind to the CX3CR1 receptor [12]. Moreover, activated T cells 

produce IL-4 and IL-13 that stimulate vascular endothelial cells to produce CCL26.  The presence of 

these compounds should shed light on the spreading of the tumor on the peritoneum and omentum. So, 

the presence of CCL26 should diminish nesting of floating tumor cells and those patients should have a 

better operability. Since CCL26 is produced by NK and CD8 cells it could explain the better survival 

when CD8 cells are in the tumor. Thus, CCL26 reduces the docking places for tumor cells on the 

peritoneum and omentum. 

When tumors show XCR1 expression and secreted XCL1 or XCL2 by NK cells, will be bound by the 

tumor causing lowering the level of the chemokines in the fluid phase and leading to less influx of 

BDCA3 dendritic cells in the tumor microenvironment.  Initially we found a very low BDCA3 in cells 

from ascites [18], which made us search for the cause of this low influx . BDCA3 DCs express the 

chemokine receptor XCR1, which binds the XCL1/2 chemokines and penetrate the tumor and start an 

immune response. The putative XCR1 expression on tumors could lower the level of XCL1/2 in ascites. 

This could explain the differences of BDCA3 dendritic cells found in the cell fraction of ascites fluid [18]. 

 

3. Materials and Methods  

Ascites was obtained from stage III and IV high-grade serous ovarian cancer patients before start of 

the treatment. The study was carried out in accordance with the guidelines and regulation of the 

Radboudumc. The protocol was approved by the “Commissie Mensgebonden Onderzoek” (CMO 

Arnhem- Nijmegen). All subjects gave informed consent in accordance with the Declaration of 

Helsinki. Some samples were obtained before written consent was needed. Ascites was considered 

as waste material and only oral informed consent was necessary. All patients gave this oral 

informed consent to help future patients and were aware that it was not for their own benefit but 

for research purposes.  

The CCL26 ELISA was from R&D Systems, Inc. Minneapolis, USA. Monoclonal antibody to CD8 

(345774) was from BD Pharmingen, Vianen, Netherlands.  

4. Conclusions 

Immunology comprises several cells and protein molecules to eliminate invading pathogens and inhibit 

the response after invading pathogen is eradicated.  Nowadays much effort in cancer treatment is the 

use of inhibition by monoclonal antibodies to membrane proteins that normally keep the immune system 

in check. Although much success is gathered it uses only one entity of the immune system. To expand 

the armament to Cancer also the other entities of the immune system should be exploited. Here, we 

highlighted the chemokines as influencers of cancer growth. By multivariate analysis of clinical data, 

cyto/chemokine levels, B- and T-cells, and the myeloid branch of the immune system, the important 

targets for each patient should be revealed leading to a better individualized treatment. 

Author Contributions: P.Z. collected the specimen and assigned the diagnosis; RT designed the 

study and wrote the paper, both were involved in obtaining the data. 
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