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Nowadays the positive immune involvement in the eradication of tumor cells is assigned to the adaptive
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immune response. By awakening of in vivo responding T cells that are suppressed by the tumor and prevents
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immunological cure of the cancer. Normally activated T cells are well-ordered by several late occurring
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this inhibitory response to escape from immune elimination. Immunotherapy is to unleash the full capacity

Ovarian cancer metastasis

of the adaptive immune system by blocking this inhibitor response by monoclonal antibodies but with the

chemokines

potential drawback of autoimmune phenomena. Cytokines and chemokines became in oblivion after their

cytoreductive surgery

suspected necrosis of the tumor (TNF) did not fulfil their initial hope. Ovarian cancer is in most cases

cytotoxic T cells

already metastasized to the peritoneum and omentum. Here, we show that on the one hand chemokines

BDCA3 Dendritic cells

produced by Th2, CD8 and NK cells inhibit cancer spreading and thus leads to a better operability and better

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

survival. Chemokine receptors are expressed by the tumor that are a decoy by binding chemokines that
normally should attract antigen cross-presenting dendritic cells that start an enforced T cell response to
replace the exhausted T cells.
© 2019 Ruurd Torensma. Hosting by Science Repository.

Introduction
Several papers describe that the presence of cytotoxic T cells (CTL) in
ovarian cancer tissue will prolong their survival [1, 2]. Apparently, the
tumor is an incentive for CD8 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 [2, 3]. 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. Therefore, there should be another
mechanism at work in concert with the CTLs that explains the clinical
findings. 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; CCL26; lymphotactins: XCL1
and XCL2; CCL2, CCL4, CCL5 that are found in the ascites and since
the volume of ascites is several liters there should be large cell pool that
produces them [4-7]. The tumor expresses several chemokine receptors
among them CX3CR1 [8-10]. Here, we hypothesize that the tumor
expresses chemokine receptors that by binding to chemokine CCL26 are
unable to bind to membrane-bound fractalkine reducing their metastasis
based on several reports [5, 11-13]. Less binding to the membrane-bound
fractalkine abundantly expressed on peritoneum and omentum will result
in less tumor spots and thus a better operability. Better operability causes
a longer survival [14]. Tumor cells express also the lymphotactin
receptor XCR1 [15, 16]. The chemokines XCL1 and XCL2 will bind to
this decoy receptor. This will lower the quantity of the chemokines and
result in less capacity to attract Ag cross-presenting dendritic cells
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(BDCA3) and will diminish new recruitment of T cells that should
replace the inhibited T cells in the tumor [17].

A

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. CCL26 was measured in
ascites fluid using the CCL26 ELISA (R&D Systems, Inc. Minneapolis,
USA). Immunohistochemistry was performed by a deparaffinized tissue
section and after washing stained with monoclonal antibodies. Putative
staining was observed with a Leica DMI6000 epi-fluorescence
microscope and a metal halide EL6000 lamp. The pictures were taken
using a DFC365FX CCD camera. Monoclonal antibody to CD8
(345774) was from BD Pharmingen, Vianen, The Netherlands.

B

Figure 1: (A) Overview by stitching several images to cover the whole
tissue slide. Expression of cytokeratin 7 (green) by tumor cells and
cytotoxic T cells (red) (white arrows: cytotoxic T cells in tumor). The
nuclei are stained with DAPI (blue). (B) Close ups of a small part of the
tumor showing the membranous staining of CD8 and the nuclei are
stained by DAPI. The white arrow depicts an intratumoral CD8.

Materials and Methods
Ascites was obtained from stage III and IV high-grade serous ovarian
cancer patients, one mucinous and one clear cell, before start of the
treatment. The study was carried out in accordance with the guidelines
and regulation of the Radboudumc and the WMO (Dutch law on Medical
Research in Humans). Strictly according to their criteria, setting up and
use of human tissue from a biobank does not fall under the WMO. In
their point of view is stated that at the time of collecting human material,
there is no specific question. This means that the research does not meet
the definition of "medical research" according to the WMO. However,
at the time of the release of the body material or data there is a specific
research question. After all, the body material has already been collected
with an earlier intervention. Some samples were obtained before written
consent was needed. Ascites was considered as waste material and only

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% [18]. Although in ovarian cancer tumorinfiltrating CD8+ T cells are found and linked with prolonged overall
survival [1, 19]. 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 [20]. This leads to a limited number of targets for a cytotoxic
immune response, which is reflected by the low response of
immunotherapy [21]. In those cases where the immunotherapy was
functional a durable response was measured [22].
Immune
histochemistry of ovarian cancer show in a large overview of the tumor
a few CD8 cells in the tumor and more in the stroma (Figure 1: A & B).
In ascitic fluid from malignant ovarian cancer several chemo/cytokines
were described soluble fractalkine; CCL26; lymphotactins: XCL1 and
XCL2; CCL2, CCL4, CCL5 [4-7, 10, 12, 23]. Th2 cells generate IL-4/IL-13 that stimulate vascular endothelial cells and these cells
abundantly produce CCL26 [5, 24].

Table 1: Expression of CCL26/eotaxin3 in ascites
Patient
CCL26 (pg/ml)
tumor type
stage
Treatment*
Result surgery
1
3,8
serous
3C
NACT
complete
2
26,4
serous
3C
primary
complete
3
88,3
serous
4
NACT
incomplete
4
4,2
serous
3B
primary
optimal
5
53,7
serous
3C
primary
complete
6
84,8
serous
3C
NACT
complete
7
218,1
serous
3C
primary
complete
8
9,7
serous
3C
NACT
complete
9
152,0
serous
3C
NACT
complete
10
0,0
serous
3C
NACT
optimal
11
0,0
serous
4
NACT
incomplete
12
10,0
serous
3C
NACT
complete
13
0,0
serous
3C
primary
optimal
14
10,0
mucinous
4
primary
optimal
15
4,9
serous
4
NACT
optimal
16
61,5
clear cell
3C
NACT
complete
17
29,3
serous
3C
primary
optimal
*: treatment either primary cytoreduction followed by 6 cycles of advent chemotherapy (carboplatinum + paclitaxel), or neoadjuvant chemotherapy (NACT),
followed by interval debulking (cytoreductive surgery), followed by 3 cycles of djuvant chemotherapy
** result surgery: complete: no residual disease; optimal: residual tumor < 1cm; incomplete: residual tumor > 1cm
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However, if CCL26 was present in ascites is unknown. Upon analysis,
in several cases CCL26 is found in ascites (Table 1). Three patients did
not express CCL26 and did not have a complete removal of the tumor.
Patients with stage 4 did not have a complete removal. The other patients
CCL26 blocked the fractalkine receptor and should lead to less seeding
of the tumor cell on the peritoneum because the receptor is occupied by
CCL26 (Figure 2). CCL26 appears an important chemokine in spreading
of the tumor in the abdomen. If CCL26 is found in 1 to 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. The fractalkine receptor CX3CR1 is expressed on
tumor cells allowing the circulating tumor cells to bind to cell-bound
fractalkine that is present on mesothelial cells of the peritoneum and
omentum. Indeed, spreading of tumor nests is different for individual
patients as reported during surgical removal of the tumor. Patients with
a better operability survive longer [14, 25]. CCL26 produced by NK and
CD8 cells can bind to the CX3CR1 receptor [5].

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. The
ensemble of the 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
and prolonged survival. We propose to treat patients directly after their
diagnosis with an antagonist to CX3CR1 to prevent any further
adherence of circulating tumor cells. BDCA3 DCs should be collected
by apheresis and loaded with cancer stem cell antigens and infused in the
patient [27]. In this way, the tumor battled T cells are refreshed by fully
functional T cells.

Conclusion

Figure 2: A diagram of the expression of chemokines and their receptors
and the mechanism of less seeding of tumor cells to the peritoneum or
omentum. Binding of XCL1 and XCL2 to the tumor expressed XCR1
lowering their quantity.
Moreover, activated T cells produce IL-4 and IL-13 that stimulate
vascular endothelial cells to produce CCL26 [24]. So, the presence of
CCL26 should diminish nesting of circulating 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 present in the tumor. Thus, CCL26 reduces the docking places for
tumor cells on the peritoneum and omentum. Support for such a
mechanism comes from a synthetic inhibitor for CX3CR1 (JMS-17-2)
that destroys metastatic formation of spots of breast cancer cells [26].
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 positive cells from ascites, 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 explains the differences
of BDCA3 dendritic cells found in the cell fraction of ascites fluid.
Immunology comprises several cells and protein molecules to eliminate
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In patients where Cancer that is infiltrated with CD8 cytotoxic T cells
have a prolonged survival. It is surprising that a few CD8 cells compared
to the overwhelming number of cancer cells managed this prolonged
survival. After a rigorous search in the literature a few papers that
showed that ovarian cancer expressed CX3CR1 that bound CCL26
(eotaxin-3) to hamper the adhesion to the peritoneum. CCL26 is
produced by activated CD8, NK cells and activated Th2 cells. Normally
CX3CR1 will bind to membrane bound fractalkine expressed on
peritoneum and omentum, the favorite metastasis site. Due to CCL26
that blocks binding to fractalkine less cancer spots and a more optimal
cytoreductive surgery leads to a better overall survival. Tumor cells
express XCR1 that binds to the lymphotactins XCL1 and XCL2 and
serves as a decoy receptor lowering their concentration. Those
chemokines normally attract BDCA3 dendritic cells. Less BDCA3 DC
will enter the tumor area and less T cells will be activated that should
replace the tumor inhibited T cells.
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