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1 Introduction

1.1 Ovarian cancer
1.1.1 Epidemiology

Ovarian cancer (OC) is the most common cause of mortality and one of the most common
gynecologic cancers in the world (Momenimovahed et al., 2019). It holds the 8" place among
the most common cancers in women. Globally, it occurs in around 250,000 females each year
and causes around 140,000 annual deaths (Bray et al., 2018). According to the International
Agency for Research on Cancer 294,414 cases of OC were diagnosed in 2018 and 184,799
patients died. Around 3.4% of all cancer cases in women occur due to OC (official page of the

International Agency for Research on Cancer, https://gco.iarc.r/).

OC is a typical “silent killer”. In most cases, there are no symptoms even at later stages and
also no specific subjective signs for this type of cancer. This explains its high mortality, which
exceeds the rates for any other type of cancer of the female reproductive system (Gajjar et al.,
2012). The rates of mortality for this type of cancer have been stagnant since 1980. According
to the American Cancer Society 75-80% of the women afflicted with tumor stage Il or IV have

5-year survival rates of 17-39% only (cancer.org; Karen et al., 2017).
1.1.2 Classification
1.1.2.1 Histopathological classification

OC is not a single entity, but in fact a heterogeneous group of diseases. Based on the most
probable tissue of origin, the World Health Organization (WHO) created a histological
classification for ovarian tumors by separating ovarian neoplasms into the following groups:

epithelial, germ cell, sex cord-stromal, metastases, miscellaneous (Figure 1; Ehdaivand, 2020).

Ovarian Cancer (WHO)

4

surface epithelial germ cell sex cord-stromal metastases miscellaneous

Figure 1. WHO classification of OC

Epithelial OC (EOC) accounts for 90% of the malignant ovarian tumors (Sundar et al., 2015).

Epithelial ovarian tumors are grouped into histological types as follows: serous, mucinous,

1



endometrioid, clear cell tumors, transitional cell tumors (Brenner tumors), carcinosarcomas,

mixed epithelial tumors, undifferentiated carcinomas, and others (Figure 2; Kaku et al., 2003).

The major subtype is serous ovarian cancer, which includes approximately 70-80% of all EOC.

Other groups are not as numerous, e.g., endometriod or mucinous tumors, which account for

just ~5% or ~3%, respectively, of all EOC (Sundar et al., 2015).

Epithelial ovarian cancer

‘ serous ‘

‘ endometrioid ‘

mucinous

clear cell

transitional cell tumors
(Brenner tumors)

‘ mixed epithelial tumor l others

Figure 2. WHO classification of epithelial OC

1.2.2.2 Tumor staging

carcinosarcoma

undifferentiated
carcinoma

An important characteristic of all subtypes of OC is their respective stage describing the amount

and extent of the spread of a tumor in the body. According to International Federation of

Gynecology and Obstetrics (FIGO) there are four stages (Figure 3).

Ovarian cancer staging
FIGO, 2014

STAGE I

tumor confined to ovaries

STAGE II

tumor involves one or both
ovaries with pelvic
extension (below the pelvic
brim) or primary peritoneal
cancer

Figure 3. OC staging according to the FIGO

STAGE III
tumor involves one or both
ovaries with cytologically
or histologically confirmed
spread to the peritoneum
outside the pelvis and/or
metastasis to the
retroperitoneal lymph
nodes

STAGE IV
distant metastasis
excluding peritoneal
metastasis




1.1.2.3 Clinical classification

Epithelial tumors can be subclassified by histologic grading. The grade of a tumor describes

the morphological abnormality of the tumor cells when compared to healthy epithelial cells

under a microscope (Table 1; Jonathan et al., 2018).

Table 1. Grading system for epithelial ovarian carcinoma according to the FIGO

GX | Grade cannot be assessed

Gl Well differentiated

G2 | Moderately differentiated

G3 | Poorly differentiated

G - histologic grade

Especially for serous carcinomas, a 2-tiered grading system has been established, in which

tumors are divided into being low-grade and high-grade (Figure 4). This system is mainly based

on the estimation of nuclear atypia including mitotic rates as a secondary feature (Malpica et

al., 2004).

Low-grade serous carcinoma

High-grade serous carcinoma

Precursor lesion

Adenofibroma/cystadenoma —

atypical proliferative serous tumor —

non- invasive micropapillary serous carcinoma —
invasive micropapillary serous carcinoma

Tubal intraepithelial carcinoma

Level of chromosomal

development

instability kow et
. KRAS
Genes :yin(clally BRAF TP53
IIELS ERBB2
Tempo of tumor Slow, step-wise Rapid

Modified from Vang et al., 2009

Figure 4. Pathogenesis of low-grade vs. high-grade ovarian serous carcinoma

Low-grade serous carcinomas (LGSOC) exhibit low-grade nuclei with a low mitotic index (up

to 12 mitoses per 10 high power fields) and have frequent mutations of the human homolog of

the Kirsten rat sarcoma-2 virus oncogene (KRAS), the murine sarcoma viral oncogene homolog



B1 (BRAF), or the epidermal growth factor receptor 2 (ERBB2 or HER-2) genes, and lack tumor
protein p53 (7P53) mutations. Mutations of KRAS, BRAF, and ERBB? result in the constitutive
activation of the mitogen-activated protein kinase (MAPK) signal transduction pathway, which
in turn leads to uncontrolled proliferation (Lee et al., 2020; Vang et al., 2009; Forgd and
Longacre, 2021). The TP53 gene product performs a tumor-suppressor function (Aubrey et al.,
2016). Histologically, LGSOC is characterized by malignant glandular cells in clusters and
singly, a moderate amount of finely vacuolated cytoplasm, enlarged hyperchromatic nuclei, the
absence of significant nuclear pleomorphism (<3-fold change in size), and pronounced nucleoli
(Forgo and Longacre, 2021). LGSOC, in rare cases, can develop into an invasive micropapillary
serous borderline tumor and also progress to high-grade serous OC (HGSOC), sarcomatoid OC

or carcinosarcoma (Forgo and Longacre, 2021; Gadducci and Cosio, 2020).

HGSOC generally displays high-grade nuclei and a high mitotic index (more than 12 mitotic
figures per 10 high power fields). Recently, studies have shown that the majority of HGSOC
originate from the fallopian tube, and not from the ovaries. This type is characterized by a rapid
development. Typical for this subtype are 7P53 mutations and the lack of mutations of KRAS,
BRAF or ERBB2 (Vang et al., 2009; Forgo and Longacre, 2021). Histologically, HGSOC are
characterized by three-dimensional clusters or single cells with scant cytoplasm, significant
nuclear pleomorphism (more than 3x variation in size), and prominent nucleoli (Forgo and

Longacre, 2021).
1.1.3 Diagnosis

Indefinite symptoms for OC include: bloating, pelvic or abdominal pain, decreased appetite, or
urinary symptoms. The main problem is that symptoms are often overlooked. When the
symptoms are covert, the identification of risk factors and screening plays a very important
role. Increased risk includes older age, nullipara, early menarche or late menopause,
menopausal hormone replacement therapy, endometriosis, BRCA1/2 mutation, and Lynch
syndrome. On the other hand, multiparity, lactation, hysterectomy, tubal ligation and using oral
contraceptives is linked to a decreased risk of OC development (Table 2; Salehi et al., 2008;

cancer.org).



Table 2. Risk factors for the development of OC

RISK FACTORS

[ |

INCREASED DECREASED
RISK RISK

Older L
— —{ Mult

age ultiparity
—1 Nulliparity —{ Lactation
—| Early menarche or late menopause —| Hysterectomy

|  Menopausal hormone replacement therapy Tubal ligation

[

Oral contraceptive use

—  Endometriosis

| BRCA1/2 mutation

Lynch syndrome

Diagnostic tools for OC detection are bimanual pelvic examination, transvaginal ultrasound,
the determination of serum levels of carbohydrate antigen 125 (CA-125) as well as human
epididymis protein 4 (HE4), and the calculation of the Ovarian Malignancy Risk Algorithm
(ROMA) (Wei et al., 2016). Bimanual pelvic examination, however, lacks adequate sensitivity
and specificity as a screening test and detects only one in 10,000 ovarian carcinomas in
asymptomatic women. Transvaginal ultrasound can identify size and morphology changes of
the ovary that may indicate a developing malignancy, but still has limited specificity and
sensitivity. The serum level of the cancer antigen 125 (CA-125) is limited by its specificity. It
is elevated in 80% of all ovarian carcinomas, but only in 50% of women with cancer limited to
the ovary. It may also be found in women with a benign ovarian disease and in healthy women
(Kamal et al., 2018; Jelovac et al., 2011). HE4, in contrast to CA-125, is more sensitive and
specific, 72.9 and 95%, respectively. The ROMA index based on CA125 and HE4 serum levels
as well as the menopausal status is also helpful for finding an ovarian malignancy (Wei et al.,
2016). Due to the high prevalence, the high mortality rate and the limited possibilities of
detection methods, there is an urgent need for additional diagnostic tools, especially at an early

stage.



1.1.4 Treatment

The treatment not only depends on the type of OC and its stage, but also on the general health
condition of the patient. Surgery and chemotherapy (ChT) are the standard treatments. For the
stages I to IVA, the initial treatment is surgery. Few patients with stage IA or IB (grade 1),
especially, serous, mucinous, endometrioid, and Brenner tumors, can be treated with surgery
alone. Stages IC, II, III, and IV are usually treated with a combination of surgery and ChT
(Jelovac et al., 2011; Grabosch et al., 2019; cancer.org). ChT can be applied before or after
surgery and has different aims. Neoadjuvant ChT, or ChT before surgery, is given to reduce or
stop the spread of cancer and makes surgery less invasive and more effective. Adjuvant or post-
operative ChT is used to destroy any remaining cancer cells to reduce the chance of recurrence.
OC can be highly sensitive to ChT, especially, to platinum-derived agents (carboplatin or
cisplatin) and taxanes (paclitaxel or docetaxel), but despite this, recurrent metastatic lesions are

common (Strandmann et al., 2016).

Radiotherapy is not widely used. Nevertheless, it remains an effective therapy for women with
metastatic lesions, as well as for palliatives in advanced disease (Fields et al., 2017). The
hormone therapy is used to treat ovarian sex-cord stromal tumors, but is seldom applied for

EOC. (Knipprath-Mészaros et. Al., 2018).

Targeted therapy uses the molecular profile of cancer to develop a more effective therapy plan
for the disease. Tumor angiogenesis is a complex and highly regulated process of blood vessel
proliferation that promotes the survival, growth, invasion, and metastasis of tumor cells.
Overexpression of pro-angiogenic factors, such as vascular endothelial growth factor (VEGF),
fibroblast growth factors (FGFs), platelet growth factor (PDGF), and angiopoietins, have been
reported in OC and are correlated with tumor progression and poor prognosis (Lopez et al.,
2013). An example of targeted therapy is bevacizumab, which is a monoclonal antibody

directed to VEGF and slows or stops cancer growth.

PARP inhibitors (PARPi) (olaparib, talazoparib) block PARP enzymes, which are normally
involved in one pathway to help repair damaged DNA inside cells, including cancer cells.
Blocking PARP may help to keep cancer cells away from repairing their damaged DNA.
Currently, PARPi are used for metastatic BRCA1/2-mutant-associated cancers (cancer.org;

Lopez et al., 2013; Sapiezynski et al., 2016; Pilié et al., 2019).
1.1.5 Immunology and ovarian cancer

It has been shown that OC can be an immunogenic tumor. First of all, it is characterized by the

presence of tumor-infiltrating lymphocytes (TILs) (Clarke et al., 2009, Liu et al., 2020). The
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presence of CD8+ TILs have been demonstrated to correlate with increased survival, while

CD3+ T cells only seem to show prognostic significance in serous ovarian carcinomas (Clarke

et al., 2009).

Besides this, according to immune infiltration and its prognostic value, three molecular OC
subtypes have been identified. Cluster I (34.5%) is characterized by high levels of activated
dendritic cells, macrophages M0, and activated mast cells. Cluster II (23.8%) displays high
levels of resting CD4 memory T cells. Cluster III (41.7%) is more immunogenic than the other
two clusters and shows high levels of resting dendritic cells, macrophages M1, activated NK
cells, plasma cells, activated CD4 memory T cells, CD8 T cells, and regulatory T cells (Tregs).
The clusters activate specific signaling pathways and have a different prognosis. Cluster I has
a worse prognosis than Cluster III, Cluster II has the worst prognosis. The difference in the
molecular characteristics of the three subtypes affects the immune infiltration pattern, and
generates different responses to immunotherapy or anti-cancer drugs (Liu et al., 2020).

Tumor antigens, which help the immune system to identify tumor cells are potential candidates
for their use in ovarian cancer therapy. In response to the secretion of tumor antigens by ovarian
cancer cells the immune system mediates spontaneous antitumor responses specific to these
antigens (Kandalaft et al., 2010; Mantia-Smaldone et al., 2012). The antigens are classified as
tumor-associated antigens (744s) and universal tumor antigens. TAAs can be isolated not only
from ascites or tumors, but also from normal cells. Currently, several TAAs associated with
OC have been described and include HER2/neu, p53, CA125, STn, FR-a, mesothelin, NY-ESO-
1, and cdr-2. Universal tumor antigens, including #TERT, and survivin, are those expressed in
a variety of tumors and are not found in most normal human cells (Mantia-Smaldone et al.,

2012).
1.2 Breast cancer
1.2.1 Epidemiology

Breast cancer (BC) is a heterogeneous disease developing solid tumors within the mammary
gland (Badowska-Kozakiewicz et al., 2017). Apart from cancer of the lungs, it is the most
common cancer in the world. In 2018, 2,088,849 new cases were diagnosed and 626,679 people
died of BC (who.int, WHO 2018). Male BC accounts for less than 1% of all BC diagnoses
worldwide (Yalaza et al., 2016). The median age for women diagnosed with BC is 62 years,
men tend to be diagnosed at an older age than women. Their median age is about 67 years

(Madeira et al., 2011).



According to the American Cancer Society (ACS), 90% of the people who receive a diagnosis
of BC will live for at least another five years. This includes all types of BC at any stage of
diagnosis (cancer.org, ACS 2018). Thanks to early detection by self-examination and,
especially, by mammography, most BC cases in the developed world are diagnosed at an early

stage.
1.2.2 Screening and diagnosis

Screening is a comprehensive program aimed at detecting malignant tumors as early as possible
when there are no obvious clinical manifestations. Breast self-examination is an important tool
that one can be performed regularly and at any age. According to the WHO, the only additional
BC screening method that has proven to be effective is mammography screening for women
without BC symptoms, who are not at a high risk of BC (WHO position paper on
mammography screening). Screening should start at the age of 50 and thereafter every 2 years

(mammographie-bayern.de).

In case of pathological screening mammography or symptoms, the patient is referred for further
diagnosis.  This includes physical examination, imaging techniques (mammography,
ultrasound, magnetic resonance imaging), and biopsy. A biopsy is the only reliable way to
confirm BC diagnoses. All algorithms for the clinical management of patients and their therapy
include an immunohistochemical profile of the corresponding BC subtype (Figure 6;

Badowska-Kozakiewicz et al., 2016; Goldhirsch et al., 2011).

In recent years, more and more molecular biological test procedures have been developed.
These procedures include multigenic expression tests such as MammaPrint, Oncotype DX, and
EndoPredict, which are intended for patients with hormone-dependent BC at the early stages
of the disease. The expression of a number of genes in tumor tissue is measured and the risk of
recurrence is indicated applying a risk score. MammaPrint analyses the activity of 70 genes,
Oncotype DX 21 genes, and EndoPredict 12 genes (Table 3). These tests provide prognostic
information about the risk of a possible relapse and can help to decide whether the patient will

benefit from ChT or not (agendia.com, myriad.com, oncotypeiqg.com).



Table 3. Indication of multigenic expression tests

MammaPrint Oncotype DX EndoPredict

» Stagelorll » Stagel, II, or IIla e Stagelorll

e ER+ or ER- e ER+ * ER+

* Invasive carcinoma * HER2- * HER2-

* Tumor size <5.0 cm * Lymph node status: negative * Lymph node status: negative
* Lymph node status: negative or positive (up to 3 nodes) or positive (up to 3 nodes)

or positive (up to 3 nodes)

Estrogen-receptor status: positive (ER+) and negative (ER-)
Human epidermal growth factor status receptor 2: positive (HER2+) and negative (HER2-)

1.2.3 Risk factors

Many risk factors for BC have been identified. Reproductive factors (early menarche, late
menopause, late age at first pregnancy and low parity) also favor this risk. Age over 40, alcohol
consumption, obesity and too much dietary fat intake can also increase the risk of BC (Sun et
al., 2017; Brewer et al., 2017; Lee et al., 2019). A significant role is also attributed to genetic
factors such as the status of the BC type 1 susceptibility protein (BRCAI), the BC type 2
susceptibility protein (BRCA2), the tumor protein p53 (7P53), the phosphatase and tensin
homolog (PTEN), and checkpoint kinase 2 (CHEK?) genes. The lifetime risk of developing BC
in women with a mutation in the BRCA1 or BRCA2 gene is 60-80% (Badowska-Kozakiewicz
et al., 2016; Young et al., 2009). Both mutations are predominantly responsible for different
subtypes of BC. BC with a BRCA1 mutation is often characterized by a triple-negative
phenotype, while for BRCA2 mutation it is more likely to be limited to estrogen receptor (ER)
and/or to progesterone receptor (PR) positive tumors (De Talhouet et al., 2020). In case of an
abnormal CHEK? gene, the lifetime risk of developing BC in women is up to 50%, whereas in
case of a mutation 7P53 and PTEN, it is greater than 50%. Up to 10% all BCs are hereditary
and are caused by abnormal genes. Currently, there are genetic tests to identify mutated BRCA/
or BRCA?2 genes as well as mutations in the CHEK?2, PTEN, TP53 and many other genes (47M,
BARDI, BRIPI, CDHI, NBN, NF1, PALB2, RAD51C, RAD51D, STK11, MSH2, MSH6, PMS2,
EPCAM) (breastcancer.org).



1.2.4 Classification

Classifications of breast tumors are based on different aspects, such as the histopathological
type (Figure 5), the expression of proteins and genes (Figure 6), the stage of the tumor (Table
4), and the grade of the tumor (Table 5).

1.2.4.1 Histopathological classification

BC subtypes can be classified into carcinomas in situ and invasive (infiltrating) carcinomas
(Figure 5). For a long time, the term carcinoma in sifu was used to describe a lesion that consists
of cells that look like invasive carcinoma cells, featuring the accumulation of histologically
altered cells without dissemination into the underlying tissue. It was assumed that, if left
untreated, they would eventually progress into an invasive cancer (Ward et al., 2015). More
recent data indicate that BC in situ does not always lead to the development of invasive

carcinomas and can remain a non-invasive BC (van Seijen et al., 2019).

Carcinomas in situ, according to growth patterns and cytological features, can be subclassified
into being ductal or lobular. Ductal carcinomas in situ (DCIS) are a heterogeneous group of
diseases that account for approximately 25% of all diagnosed "breast cancers" and 85% of all
breast carcinomas in situ (Cowell et al., 2013; Mullooly et al., 2017). Although it is a pre- or
non-invasive disease, it is often considered an early form (stage 0) of BC. Up to 40% of DCIS

develop into invasive carcinomas, if untreated (Cowell et al., 2013).

Traditionally, on the basis of the architectural features of the tumor, five generally recognized
subtypes are distinguished: comedonic, ethmoid, micropapillary, papillary, and solid ones
(Malhotra et al., 2010; van Seijen et al., 2019). Lobular carcinomas in situ (LCIS) account for
11.4% of all cases in situ and the lifetime risk of developing an invasive BC is 30-40% for

women with LCIS (Mullooly et al., 2017; breastcancer.org).

Similar to in situ carcinomas, invasive carcinomas are as well classified into histological
subtypes. The major invasive tumor types include no specific type, lobular, medullary, colloid
(mucinous), papillary, tubular, adenoid cystic, inflammatory and carcinoma with metaplasia

(Malhotra et al., 2010; Sinn et al., 2013; Rashmi et al., 2022).
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Figure 5. Histopathological classification of BC subtypes: carcinoma in sifu include ductal
(comedonic, ethmoid, micropapillary, papillary and solid) and lobular (low histological variation) sub-
types. Invasive carcinoma includes no specific type, lobular, medullary, colloid (mucinous), papillary,
tubular, adenoid cystic, inflammatory and carcinoma with metaplasia (Malhotra et al., 2010; Sinn et
al., 2013; Rashmi et al., 2022).

This classification is based only on histology without the use of molecular markers that have

shown predictive value (Malhotra et al., 2010).
1.2.4.2 Molecular classification

BC is further classified into subtypes based on the immunohistochemical detection of ER and
PR, the detection of overexpression and/or the amplification of the human epidermal growth
factor receptor 2 (HER2) oncogene, and a nuclear protein associated with cell proliferation (Ki-

67) (Figure 6; Goldhirsch et al., 2011).

Around 75% of all BCs express ER and/or PR and are called ER-positive (or ER+) and PR-
positive (or PR+), respectively (Schettini et al., 2016; Igbal et al., 2014; cancer.org).
Assessment of the presence of these two receptors is important for prognosis and management

(Igbal et al., 2014).

Up to 20% of BC show an overexpression/amplification of the HER2 (Schettini et al., 2016).
Several methods are currently used for HER2 testing: IHC, fluorescence in sifu hybridization
(FISH), chromogenic in situ hybridization (CISH), and silver-enhanced in situ hybridization
(SISH) (Gutierrez et al., 2011). Most commonly, IHC is applied, sometimes the HER2 status
needs to be additionally tested after IHC with FISH to clarify the result. The IHC provides a
score of 0 to +3. If the score is 0 to 1+ it is considered HER2-negative (HER2-). A score 3+ is
considered as HER2-positive (HER2+). If the score is 2+, it is regarded borderline and needs

to be further analyzed by FISH, which is a test for amplification of the HER2 gene (cancer.org).

Tumor proliferation is also a very important prognostic factor. Ki-67 is a nuclear protein that is

an indicator of proliferation (Liang et al., 2020). The staining procedure measures the
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percentage of tumor cells with positive nuclear staining from all tumor cells in a given
histological field resulting in a Ki-67 index (Chung et al., 2016). Less than 10% is considered
as low, 10-20% as borderline, and, if more than 20%, it is seen as high cell proliferation

(breastcancer.org).

Breast cancer

Y Y A 4 v

Luminal A Luminal B HER2+ Basal-like
e ER+ HER2- HER2+ e ER- Triple negative
* PR+ * ER+ « ER+ + PR- * ER-
* HER2- « PR- « PR-/+ + HER2+ + PR-
s Ki-67 low * HER2- » HER2+ + Ki-67 high * HER2-
+ Ki-67 high +  Ki-67 low/high * Ki-67 high

Figure 6. Molecular classification of BC subtypes: ER=estrogen receptor; HER2=human epidermal
grown factor receptor; PR=progesterone receptor; Ki-67=nuclear protein associated with cell
proliferation (Goldhirsch et al., 2011; Nascimento and Otoni, 2020).

Triple-negative BC (TNBC) lacks expression of the estrogen and progesterone receptors as well
as overexpression of HER2 (William et al., 2010). Generally, TNBC accounts for about 12-
17% of all BCs. This tumor-type is more aggressive than other breast carcinoma subtypes and
is associated with a higher histopathological grade. It more often occurs in younger women
(<50 years), and more likely shows distant recurrence and metastasis (Foulkes et al., 2010;
Millikan et al., 2008; Nofech-Mozes et al., 2009). Also, very characteristic for TNBC is the
absence of an association between the size of the primary tumor and the presence of metastases

in the regional lymph nodes (Badowska-Kozakiewicz et al., 2016).
1.2.4.3 Tumor staging and grading

Any disease goes through various stages of its development. Stage classification helps to group
specific symptoms that are related to one of the stages of the disease. Thanks to an individual
stratification, it is easier to offer a special treatment (depending on the stage, various necessary
treatment methods are used), and also allows to determine a prognosis of the disease. According
to the Cancer Research UK, the TNM staging system is the most common way by which
doctors stage BC. TNM stands for tumor, node, and metastasis (Cancer Research UK, 2020).

The BC TNM classification includes the size of the tumors, involvement of lymph nodes and
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the presence or absence of metastases. The TNM stage detection system, thus, provides

information on tumor development (Table 4).
1.2.4.4 Treatment

BC treatment is always complex, depending on tumor subtypes and stage, and includes local
(surgical and radiotherapy) and systemic (chemotherapy, endocrine therapy, molecular therapy)
treatment (Dhankhar et al., 2010). The primary local therapy of choice is breast-conserving
surgery (BSC), however, if this is impossible, mastectomy is necessary. Surgery of axillary
lymph nodes is also usually carried out. Sentinel lymph node biopsy or axillary dissection is
performed to control the spread of cancer and further decision about therapy. Postoperative
radiotherapy is strongly recommended after BSC, as well as after mastectomy for high-risk
patients. The systemic therapy includes either an adjuvant or a neoadjuvant approach. Adjuvant
treatment is prescribed after the initial treatment to reduce the risk of cancer recurrence.
Neoadjuvant treatment is indicated before surgery and can be applied for checking the
sensitivity of the malignant tumor to ChT and/or for reduction its size. Usually, a combination
of two or three drugs is used in ChT (anthracyclines, taxanes, cyclophosphamide, carboplatin,
etc.). Multigenic expression tests such as Mammaprint, Oncotype DX and EndoPredict can help

to determine which women will most likely benefit from ChT (Denkert et al., 2017).

To attack specific proteins that are involved in the growth and survival of cancer cells, targeted
therapy is used, commonly in combination with traditional ChT (cancer.org; Cardoso et al.,
2019). The targeted therapy shows a maximum impact on altered (tumor) cells with minimal
impact on normal cells. This type of treatment is often associated with a good outcome because
it is significantly less likely to result in untargeted side effects (Maddison et al., 2020). For
example, there is the targeted therapy for HER2+ BC such as anti-HER2 monoclonal antibodies

(trastuzumab, pertuzumab), and antibody-drug conjugates (trastuzumab, emtansin or TDM-1).

For hormone receptor-positive cancer an anti-hormonal (endocrine) therapy can be applied. It
is a targeted treatment, which blocks hormones from attaching to receptors on cancer cells or
by reducing the production of hormones. Tamoxifen, fulvestrant or aromatase inhibitors can be

used (cancer.org; Cardoso et al., 2019).

PARP inhibitors (PARPi) (rucaparib, olaparib, niraparib, and talazoparib) are a type of targeted
therapy that works by blocking the activity of the enzyme poly (ADP-ribose) polymerase,
which is involved in the repair of DNA damage. In case of BRCA1/2 mutations, PARPi proved
to be effective. The inhibition of cyclin-dependent kinases (CDKs) (alvocidib, dinaciclib,

seliciclib) in malignant cells provides another new strategy in the fight against cancer. CDKs
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play a central role in the regulation of the cell cycle. Aberrant expression or altered activity of
individual CDKs complexes lead to cells out of control of the cell cycle and malignant

transformation (Law et al., 2015; Wesierska-Gadek J et al., 2004).

TNBC is lacking expression of estrogen and progesterone receptors and displays low
expression of the HER2. Therefore, treatment options for TNBC are rather limited. Surgery and
ChT, alone or in combination, are currently the only widely-used methods in therapy (Wahba
et al., 2015). Still, TNBC has an immunologically active tumor microenvironment (which is
characterized by a high proliferative activity), an increased immune cell infiltrate, and
expression of androgen receptors, which could open up new avenues for the treatment for this

aggressive subtype.

As research advances, new classes of drugs potentially effective in treating breast cancer are
emerging. In addition, there exist several promising clinical approaches. They comprise anti-
androgens and immune checkpoint inhibitors (Denkert et al., 2017). AR are expressed in around
70-90% cases of BC and play an important role in the pathogenesis of BC. Possibly AR may
be a potential target for endocrine therapy for AR-positive BC patients (Anestis et al., 2020;
Beniey et al., 2019). Immune checkpoints (PD-1/PD-L1 and CTLA-4/B7-1/B7-2) exert a
natural brake on the immune system. Immune checkpoint inhibitors (pembrolizumab,
atezolizumab) block it, which allows T-cells to recognize and attack tumors (cancer.gov).
Presently, immune checkpoint inhibitors promise to supply new strategies for the treatment of

BC (Beniey et al., 2019; Gaynor et al., 2020).
1.2.5 Immunology and breast cancer

BC displays low immunogenicity, especially when compared to tumors such as OC (Bates et
al., 2018). However, in all BC subtypes tumor-infiltrated lymphocytes (TILs), which include B
cells, T cells, dendritic cells (DCs), macrophages, neutrophils, monocyte and mast cells play an
important role (Song et al., 2019). They do not only play a role in eliminating tumor cells, but
also in the control of tumor growth, mediating response to ChT and generally improving clinical
outcomes (Stanton and Disis, 2016; Denker et al., 2010). Most of the triple-negative and of
HER2+ breast cancers refer to lymphocyte-predominant BC (LPBC), defined as tumors having
high TIL levels (= 50%) and having the greatest survival benefit of each 10% increase in TILs.
Hormone receptor-positive, HER2- tumors most likely show the lowest immune infiltrate

(Stanton and Disis, 2016).

The phenotype of this infiltrate also determines the clinical outcome. The following TILs are

associated with a favorable prognosis: CD8+ cytotoxic T lymphocytes (CTLs) with cytolytic
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activity against cancer cells, CD4+ T-helper 1 (Thl) with facilitated antigen presentation
through cytokine secretion and activation of antigen presenting cells. Unlike them GATA3+ T
helper 2 (Th2) cells and FOXP3+ regulatory T lymphocytes (Tregs) can promote tumor growth
and immune tolerance by impairing antigen presentation, activity, and cytotoxicity of other
immune cells (Glajcar et al., 2019; Stanton and Disis, 2016). Depending on the number of
deviations in the cell structure, different grading types are distinguished (Table 5;

cancerresearchuk.or).

Table 4. TNM staging of BC

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tl Tumor <20 mm

T2 Tumor > 20 mm but < 50 mm

T3 Tumor > 50 mm

T4 Tumor of any size with direct extension into the chest wall and/or to the skin

T — primary tumor

pNX Regional lymph nodes cannot be assessed

pNO No regional lymph node metastasis

pN1 Metastases in 1-3 axillary lymph nodes and/or in internal mammary nodes
pN2 Metastases in 4-9 axillary lymph nodes

pN3 Metastases in > 10 axillary lymph nodes

N — lymph node status

MO No distant metastasis
M1 Distant metastasis

M - metastasis

Table 5. Grading of BC

GX Grade cannot be assessed

Gl Low histological grade (favorable)

G2 Intermediate histological grade (moderately favorable)
G3 High histological grade (unfavorable)

G — histologic grade

1.3 Chemokines
1.3.1 General information about chemokines

Chemokines are a family of small chemoattractive cytokines characterized by a similar

structure. The first chemokine was identified in 1977 by Walz and co-workers. It was the
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procoagulant and angiostatic factor called platelet factor 4, now renamed CXCL4 (Walz et al.,
1977). Chemokine genes are present in vertebrates from teleost fish up to humans (Yung et al.,

2013). 48 chemokines in the human body have been identified (Blanchet et al., 2012).

These small, highly-conserved proteins (8 to 12 kDa) are involved in many biological processes
(Figure 7). They play a vital role in cell migration through veins from the blood into tissue and
vice versa. Chemokines are also significantly involved in the induction of cell movement in
response to chemical (chemokine) gradients (Fernandez and Lolis, 2002; Miller and Mayo,

2017; Hughes and Nibbs, 2018).

The nomenclature of chemokines was initially created spontaneously, which caused major
problems due to the presence of many synonyms. In 1999, one of the first systematic
nomenclatures was introduced at the Keystone Symposium on Chemokines and Chemokines
Receptors (Zlotnik et al., 2000). After some additions, a new classification was released (Figure
8). All chemokines have conserved amino acids that are important for creating their three-
dimensional or tertiary structure, for example (in most cases) four cysteines (C), which upon
forming distinct disulfide bonds create a “Greek key” shape. Intramolecular disulfide bonds are
generally formed between the first and third as well as the second and fourth cysteine residues
(numbers are given by the order in which they occur along the polypeptide chain from the N-
end to the C-end) (chemeurope.com). Currently, chemokines are named according to the
position of a cysteine residue in their primary structure and are grouped into four subfamilies
(Figure 8). The names already include the subfamily name which the chemokine belongs to.
The letter “L” means ligand, and the number stands according to the gene which encodes each

chemokine (Nomiyama et al., 2008).

The chemokines signal through cell surface seven-transmembrane G protein-coupled receptors.
In humans, 18 receptors have been identified. They are activated by different subfamilies: C
(XCR1), CC (CCRI1, CCR2, CCR3, CCR4, CCRS, CCR6, CCR7, CCRS, CCR9, CCR10),
CXC (CXCRI, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6), or CX3C (CX3CR1) (Arimont
et al., 2017; Zlotnik and Yoshie, 2012). Their names depend on the class they bind. The
receptors CXCRI1, 2, 3, 4, 5, 6, 7 and 8 bind CXC, CCR1 through CCR10 bind CC, XCRI1
binds the C, and CX3CRI1 binds the CX3CL1 subfamily of chemokines (Table 6; Rossi and
Zlotnik, 2000; Sanchez-Martin et al., 2013; Maravillas-Montero et al., 2015). In addition, four
atypical receptors have been identified in humans (ACKRs: ACKRI1, ACKR2,
ACKR3/CXCR7, and ACKR4). They do not signal through G proteins and lack chemotactic
activity (Arimont et al., 2017, Bachelerie et al., 2014).
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Chemokines can activate more than one receptor, and many receptors can be activated by
several different chemokines usually within a single class (Table 6; Yung et al., 2013), but also
from other classes. For example, CCR3 can be activated by CXCL9, CXCL10, CXCL11, CCR5
by CXCL11, CXCR3 by CXCI1 and CX3CR1 by CCL25 (Zlotnik and Yoshie, 2012).
Activation of receptors can lead to a variety of additional cellular and tissue responses,
including proliferation, differentiation, angiogenesis, extracellular matrix remodeling and

tumor metastases (Ruffini et al., 2007).

Chemokines may also be classified by their function, including inflammatory or homeostatic
ones (Yung et al., 2013). Inflammatory chemokines are activated when inflammatory
cytokines, such as the tumor necrosis factor alpha (TNF-a), are released by the inflamed tissue,
and they help to recruit leukocytes from the blood stream into the tissue. Homeostatic
chemokines are constitutively expressed and mediate a proper immune cell composition, all of
which express the corresponding receptor in various tissues in order to prepare for upcoming
immune-relevant events (Oldham, University of Birmingham, UK; Zlotnik and Yoshie, 2000).
Some members show characteristics of both groups such as CCL11, CCL17, CCL20, CCL22,
XCLI1, XCL2, CX3CLI1 (Zlotnik and Yoshie, 2013).

Lately, cytokines are of great interest and the most studied function is the control of leukocyte
migration. It is already known that some tumor cells produce different chemokines and express

their receptors, which in many cases helps to enhance tumor growth (Hughes and Nibbs, 2018).
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Figure 7. Function of chemokines and their receptors
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1.3.2 C-X-C chemokines

The pleiotropic subfamily of the CXC chemokines comprisesl7 members. Most of the
members of the CXC subfamily genes have been mapped to the human chromosome 4q. The
main functions include the regulation of angiogenesis and the stimulation of migration of
various immune cells such as cytotoxic lymphocytes (CTLs), natural killer (NK) cells, natural

killer T (NKT) cells, and macrophages (Balestrieri et al., 2008; Tokunaga et al., 2017).

Depending on the presence or absence of the three-amino-acid sequence glutamic acid, leucine
and arginine (Glu-Leu-Arg; the “ELR” motif), the C-X-C ligands can be dichotomized into
angiogenic or angiostatic factors. The presence of the ERL sequence determines the ability to
stimulate angiogenesis by acting on endothelial cells. The CXC chemokines encompassing the
ELR amino acid motif (CXCL1-3, 5-8, 14 and 15) are angiogenic and bind to CXCR2, whereas
non-ELR CXC chemokines (CXCL9-14) are mainly angiostatic and bind to CXCR3, CXCRS,
CCR3, CXCR7 (Zlotnik and Yoshie, 2012; Kiefer and Siekmann AF, 2011; Vandercappellen
et al., 2008). An exception is the angiogenic non-ELR CXCL12, which binds to CXCR4 and
CXCR7 (Vandercappellen et al., 2008). Many of the ELR-containing CXC members have been
shown to be chemotactic for neutrophils, while non-ELR CXC chemokines are chemotactic for
lymphocytes.

Table 6. Human receptors and ligand-binding patterns of the seven-transmembrane domain G-protein-

coupled human chemokine receptors within a single class

Receptor | Chemokine

XCR1 XCL1, XCL2

CX3CR1 | CX3CLI

CCR1 CCL3, CCL5, CCL7, CCL8, CCL14, CCL15, CCL16, CCL23, CCL25

CCR2 CCL2, CCL7, CCL8, CCL11, CCL13, CCL16, CCL25

CCR3 CCLs5, CCL7, CCLI11, CCL13, CCL14, CCL15, CCL18, CCL24, CCL25,
CCL28, CXCL9, CXCL10, CXCl11

CCR4 CCL17, CCL22

CCR5 CCL3, CCL4, CCLS5, CCL7, CCL8, CCLI11, CCLI14, CCLI16, CCL26,
CXCLI11

CCR6 CCL20

CCR7 CCL19, CCL21

CCR8 CCLS8, CCL16
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CCRY CCRY

CCR10 CCL27, CCL28

CXCR1 CXCL6, CXCL7, CXCLS8

CXCR2 CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7, CXCLS8
CXCR3 CXCLA4, CXCL9, CXCL10, CXCL11, CXCL13, CCL11
CXCR4 CXCL12

CXCRS5 CXCL13

CXCR6 CXCL16

Receptors CXCR1-CXCR3, CCR1-CCRS5, CCR7, CCR8, CCR10 and XCRI1 all bind several
chemokines. By contrast, CCR6, CCR9, CX3CR1 and CXCR4-CXCRS6 bind only one ligand each.

1.3.3 Angiostatic CXC (CXCL9, CXCL10, CXCL11) chemokines and their receptors

Angiogenesis plays a very important role in the development, growth, and metastatic potential
of cancer. Regulation of angiogenesis by CXC chemokines plays a significant role in the
development of malignant formations such as melanoma, pancreatic cancer, OC,
gastrointestinal cancer, bronchogenic cancer, prostate cancer, glioblastoma, head and neck
cancer, and renal cell cancer (Keeley et al., 2010). Interestingly, CXCL9, CXCL10 and
CXCLI11 are anti-angiogenic, which, on the one hand, may result in undersupplied, stagnating
tumors, but, on the other one, in more aggressive tumor cells with a metastasizing potential

(Bronger et al., 2019).

CXCR3 is highly expressed on Thl-type CD4+ T-cells, on innate lymphocytes such as NK
cells and NKT cells, on plasmacytoid dendritic cells (DCs), and subsets of B-cells (Groom et
al., 2011). For the first time, the human chemokine receptor CXCR3 was described in 1996
(Loetscher et al., 1998). Later, the CXCR3 receptor was named CXCR3-A, because two more
variants were discovered: CXCR3-B and CXCR3-alt (Ehlert et al., 2004; Lasagni et al., 2003;
Berchiche et al., 2016). CXCR3-A seems to promote proliferation, cell survival, chemotaxis,
and mobilization of intracellular calcification, while CXCR3-B appears to mediate growth
suppression, apoptosis, and inhibit angiogenesis. CXCR3-A is the receptor for CXCLO9,
CXCL10, CXCL11, while CXCR3-B acts as a functional receptor for CXCL4. The chemokine
CXCL4 shares several activities with CXCL9, CXCL10, and CXCL11, including an angiostatic
effect (Berchiche et al., 2016; Lasagni et al., 2003). In contrast to CXCR3-A and CXCR3-B,
CXCR3-alt has been shown to bind exclusively to CXCL11 (Kuo et al., 2018).
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The interferon-inducible non-ERL CXC members can be expressed by monocytes, endothelial
cells, fibroblasts, and cancer cells. These chemokines belong to the inflammatory group and
take their part in all types of inflammation, including autoinflammation, and cancer. The
CXCL9, CXCL10 and CXCL11 chemokines primarily regulate cell migration of Thl cells,
natural killer cells, macrophages, dendritic cells, as well as hematopoiesis (Tokunaga et al.,
2017). One of the decisive values for the induction of tumor regression is the ability of CXCR3
to stimulate Th-1 dependent immunity and inhibit angiogenesis (Balestrieri et al., 2008;

Metzemacekers et al., 2018).

Chemokines interact differently with their receptors because they have different binding sites
and display different affinities. Typically, CXCLI11 has the highest affinity for CXCR3-A,
while CXCL9 has the lowest. CXCL11 is also the most potent of the IFNy-dependent ligands
for CXCR3, based on its effects on intracellular calcium release and on the

chemotactic response of cells expressing CXCR3-A (Cole et al., 1998).
1.3.4 CXCL11 expression and cancer

CXCLI11 is a non-ELR CXC chemokine which is also called interferon-inducible T-cell alpha
chemoattractant (I-TAC) and interferon-gamma-inducible protein 9 (IP-9). It is weakly
expressed in healthy tissues such as thymus, spleen, and pancreas (Cole et al., 1998). It is
dramatically upregulated by IFN-y and IFN-f, and to a smaller extent by IFN-a (Rani et al.,
1996). The gene encoding CXCL11 maps to chromosome 4 together with other members of the
CXC chemokine family. CXCLI11 is more effective than CXCL9 or CXCL10 in its ability to
intracellularly mobilize calcium and as a chemotactic factor. It is also the main chemokine
responsible for the internalization of CXCR3 (Sauty et al., 2001). Moreover, CXCL11 has much
higher affinity to CXCR3 than either CXCL9 or CXCL10 (Cole et al., 1998).

The chemokine CXCL11 plays a very important role in cancer pathogenesis, as it supports the
intensive infiltration of tumor antigen-reactive T-cells as a vital part in tumor eradication (Gao,
Q. et al., 2019). The transfer of T-cells into the tumor depends on the pairing between the
chemokine receptors on the effector cells and chemokines secreted by the tumor. CXCL11 is
highly expressed in different solid tumors, including colorectal carcinomas (Gao et al., 2018)
as well as lung cancer (Cole et al., 1998) and controls tumor growth, metastasis, and lymphocyte

infiltration (Puchert et al., 2020).
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2 Aim of the study

This study aimed at investigating the expression levels and clinical relevance of CXCLI11
mRNA and protein expression in two different types of cancer, breast (BC) and ovarian (OC)
cancer, respectively. We focused on rather homogenous patient cohorts, on the one hand the
largest subgroup of OC, namely high-grade serous OC (HGSOC), and, on the other hand, the
most aggressive subgroup of BC, triple-negative BC (TNBC).

The following steps were conducted to achieve our goal:

1. Determination of CXCL11 mRNA expression levels in advanced HGSOC and TNBC
tissue samples by qPCR and analysis of their relation to clinical parameters and survival.

2. Immunohistochemical staining of tissue micro arrays followed by digital quantification
of the CXCLI11 protein expression levels in tissue of patients afflicted with advanced
HGSOC and TNBC, respectively, and their relationship with clinical parameters and
survival.

3. Monitoring of in vitro CXCL11 protein expression and secretion by ELISA in different
ovarian cancer cell lines and comparison to the expression and secretion of CXCL9 and

CXCL10, respectively.
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3 Patients, materials and methods

3.1 Ovarian cancer patients

The study is based on the defined histology of the tumor and available follow-up information
of OC patients. All patients declared written consent and tissue samples were derived from the
Tumor Bank of the Medical Faculty/ Department of Pathology and Pathological Anatomy of

the Technical University of Munich, Germany.

139 samples of advanced (FIGO stage III/IV) high-grade serous OC (HGSOC) were enrolled
in the present study. All patients were operated in the period from 1991 to 2015 at the
Department of Obstetrics and Gynecology in Klinikum Rechts der Isar, Technical University
of Munich, Germany, in accordance with the standard stage-related guidelines. After surgery,
adjuvant treatment based on platinum was performed on agreed recommendations at that time.
Tumor tissues were collected during surgery and inspected for malignancy by pathologists.
Validated HGSOC tumor tissues were stored in liquid nitrogen until RNA extraction. In total,
RNA was isolated from 139 frozen tumor specimens of advanced HGSOC patients (cohort 1,
n=139) and stored at -80 °C until analysis.

The Department of Pathology and Pathological Anatomy routinely works with formalin-fixed,
paraffin-embedded (FFPE) tumors tissues. FFPE blocks were used for the preparation of the
tissue microarrays (TMAs), encompassing 242 cases of tumor tissue of advanced HGSOC
patients (cohort 2, n=242) and 108 cases of other types of OC, including low-grade serous OC
(LGSOC), borderline OC, and mucinous OC (cohort 3, n=108). 75 patients of cohort 1
overlapped with cohort 2. The clinical data of the OC patients of cohort 1, 2 and 3 are depicted
in Tables 7, 8, and 9, respectively. Clinical data for the non-serous and LGSOC patients were

not available.
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Table 7. Clinical data of advanced HGSOC patients (cohort 1)

Clinical parameters Number Percentage
All patients 139
Excluded patients 16
All patients after curation* 123
Median observation time 41.4
range 2-279 months
Age
<60 years 53 43.1
> 60 years 70 56.9

Residual tumor mass
0 63 52.1
>0 58 47.9

Ascitic fluid volume

<500 ml 70 60.3

> 500 ml 46 39.7
Involved lymph node

Yes 87 72.5

No 33 27.5
Metastasis

Yes 32 24.1

No 101 75.9
Grading

2 15 10.8

3 124 89.2

Progression-free survival events
Yes 66 70.2
No 28 29.8

Overall survival events
Yes 68 61.8
No 42 38.2

Due to missing data sets the cases do not always add up to 123. * Reasons for deletion: in the qPCR
analyses one sample had the Ct value for HPRT 40; one sample had the 2**“ error progression%
37%, and 36% after repetition; for 14 samples the % STDEV of the 2724 for two valid runs was
higher than 47.1%.
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Table 8. Clinical data of advanced HGSOC patients (cohort 2)

Clinical parameters Number Percentage

All patients 242
Median age 62.5
range 26-88 years
Median observation time 44.6
range 0-269 months
Age

< 60 years 92 38.0

> 60 years 150 62.0

Residual tumor mass

0 102 44.2

>0 129 55.8
Ascitic fluid volume

Yes 74 52.5

No 67 47.5
Involved lymph node

Yes 139 67.2

No 68 32.8
Metastasis

Yes 46 29.7

No 109 70.3
Grading

2 27 11.2

3 214 88.8
Progression-free survival events

Yes 164 79.2

No 43 20.8

Overall survival events

Yes 162 68.4
No 75 31.6

Due to missing data sets the cases do not always add up to 242. The IHC scores were provided by
two independent observers. The difference of most scores was less than 10%, the remaining samples
were reanalyzed and the average value of the three closest ones was taken. In case of repeated non-
conformance, the measurement was carried out again, but this time jointly.
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Table 9. Histological subtype composition of the non-HGSOC (cohort 3)

Ovarian cancer subtype Number
Endometrioid carcinoma 29
Adenocarcinoma 15
Clear cell carcinoma 16
Mucinous carcinoma 23
Borderline tumor 17
Low-grade serous carcinoma 8

All patients 108

3.2 Breast cancer patients

104 samples of TNBC were enrolled in the present study with the prior written consent of the
patients. All patients were operated on between 1991 to 2012 at the Department of Obstetrics
and Gynecology in Klinikum Rechts der Isar, Technical University of Munich, Germany. After
surgery, treatment was performed based on agreed recommendations at that time. Tumor tissues
were collected during surgery, inspected for malignancy by pathologists, and validated tumor
tissues of TNBC patients were stored in liquid nitrogen until RNA extraction. RNA was isolated
from 104 frozen tumor specimens of TNBC (cohort 4, n=104) and stored at -80 °C until

analysis.

For the preparation of TMAs, FFPE blocks were used, encompassing 146 cases of tumor tissue
of TNBC patients (cohort 5, n=146) and 219 cases of other tumor BC subtypes (cohort 6,
n=219). 48 patients of cohort 4 overlapped with cohort 5.

The clinical data of the BC patients of cohort 4, 5, and 6 are depicted in Tables 10, 11, and 12,

respectively.
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Table 10. Clinical data of TNBC patients (cohort 4)

Clinical parameters Number Percentage
All patients 104
Excluded patients 3
All patients after curation* 101
Median observation time 93.8
range 4-286 months
Age
< 60 years 54 53.5
> 60 years 47 46.5
Involved lymph node
Yes 11 10.9
No 90 89.1

Tumor size

<20mm 27 27.0

> 20mm 73 73.0
Grading

2 10 9.9

3 91 90.1

Disease-free survival events
Yes 42 429
No 56 57.1
Overall survival events
Yes 36 36.0
No 64 64.0

Due to missing data sets the cases do not always add up to 101.

* Reasons for deletion: in the gPCR analyses one sample had the error progression% 32%, and
33% after repetition; for two samples the % STDEV of the 24" for two valid runs war 53% and
55%.

2-AACt
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Table 11. Clinical data of TNBC patients (cohort 5)

Clinical parameters Number Percentage
All patients 146
Median age 57
range 29-90 years
Median observation time 92
range 1-324 months
Age
<60 years 88 60.3
> 60 years 58 39.7
Involved lymph node
Yes 66 46.2
No 77 53.8
Tumor size
<20mm 45 32.8
> 20mm 92 67.2
Grading
2 18 12.6
3 125 87.4
Disease-free survival events
Yes 28 19.2
No 118 80.8
Overall survival events
Yes 64 43.8
No 82 56.1

The IHC scores were provided by two independent observers. The difference of most scores was less
than 10%, the remaining samples were reanalyzed and the average value of the three closest ones was

taken. In case of repeated non-conformance, the measurement was carried out again, but this time
jointly. Due to missing data sets the cases do not always add up to 146.
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Table 12. Clinical data of BC patients (cohort 6)

Clinical parameters Number Percentage
All patients 219
Median age 61.4
range 28-97 years
Median observation time 68.9
range 1-164 months
Age
< 60 years 99 452
> 60 years 120 54.8
Involved lymph node
Yes 82 37.4
No 137 62.5
Tumor size
<20mm 109 49.8
> 20mm 110 50.2
Grading
2 135 61.6
3 84 38.4
ER status
positive 219 9.4
negative 0 0
PR status
positive 26 11.9
negative 193 88.1
HER?2 status
positive 136 62.7
negative 81 37.3
Disease-free survival events
Yes 34 15.5
No 185 84.5
Overall survival events
Yes 32 14.6
No 187 85.4

The THC scores were provided by two independent observers. The difference of most scores was less

than 10%, the remaining samples were reanalyzed and the average value of the three closest ones was
g p y g

taken. In case of repeated non-conformance, the measurement was carried out again, but this time

jointly. ER-estrogen-receptor; PR-progesteron; HER-human epidermal growth factor receptor 2. Due

to missing data sets the cases do not always add up to 219
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3.3 Reagents

3.3.1 Cell culture

HEPES (4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid)

#15630-056, Thermofisher, Paisley, UK

0.5% Trypsin-EDTA (10x)

#15400-054, Thermofisher, Paisley, UK

PBS (phosphate-buffered saline)

#141290-094, Gibso, Thermofisher, Paisley, UK

FBS (fetal bovine serum)

#10270-106, Invitrogen, Carlsbad, USA

DMSO (dimethyl sulfoxide)

#317275, Merck Chemicals, Darmstadt, Germany

RPMI Medium+ GlutaMax

#61870-010, Thermofisher, Paisley, UK

Insulin 10 mg/mL, pH 8.2

#SL.BX8459, Sigma, Louis, MN, USA

Dulbecco’s Modified Eagle Medium
(DMEM) + GlutaMax4.5 g/l D-Glucose

#61965-026, Thermofisher, Paisley, UK

McCoy’s Medium+ L glutamine

#16600-082, Thermofisher, Paisley, UK

L-arginine

A8094, Sigma, St. Louis, MN, USA

L-asparagine

A4159, Sigma, St. Louis, MN, USA

3.3.2 Complete medium for cell culture

OV-MZ-6 DMEM,10% FBS,10 mM HEPES

SKOV-3 McCoy's Medium,10% FBS, 5 ml
0.550 mM L-Arginine 0.272 mM L-Asparagine

Caov-3 DMEM with 10% FBS and 10 mM HEPES

OVCAR-3 RPMI Medium, 20% FBS, 5 ml HEPES,
0.550 mM L-Arginine 0.272 mM L-Asparagine, Insulin
10 mg/ml - 61,6 pl.

3.3.31IHC

Tris-buffered saline, pH7.6

60.5 g Trizma Base, 700 ml H,0, 90 g NaCl

Anti-CXCL11 antibody, 100 pg

ab9955, #GR35298-46, Abcam, Cambrige, United
Kingdom

Tween-20

#P1379, Sigma-Aldrich GmbH, Taufkirchen, Germany

Citric acid

#C1909, Sigma-Aldrich GmbH, Taufkirchen, Germany

NaOH (sodium hydroxide)

#S-0899, Sigma-Aldrich GmbH, Taufkirchen, Germany

H>07 30%

#9681.4, Carl Roth, Karlsruhe, Germa

HRP One-Step polymer anti-rabbit

#ZUC053-100, Zytomed Systems, Berlin, Germany
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DAB (diaminobenzidine)

#DAB 5000 plus, Zytomed Systems GmbH, Berlin,
Germany

Antibody diluent

#ZUC025-500, Lot R236, Zytomed Systems GmbH,
Berlin, Germany

Hemalum Mayer

# T865-2, Carl Roth, Karlsruhe, Germany

Pertex (mounting medium)

#41-4012-00, Medite Pertex, Burgdorf, Germany

Xylene and isopropanol

Provided by Department of Pathology and Pathological
Anatomy of the Technical University of Munich,
Germany

3.3.4 qPCR

Brilliant III Ultra-Fast RT-PCR Master Mix

#600890, Agilent Technologies, USA

with Low ROX
CXCLI11 primers Hs00171138 ml, Thermo Fisher Scientific, Germany
HPRT primers Metabion, Martinsried, Germany

Universal ProbeLibray probes

Roche, Penzberg, Germany

AMYV First Strand cDNA Synthesis Kit

#40885, Invitrogen, Darmstadt, Germany

RNeasy Plus Mini Kit Qiagen, Hilden, Germany

3.3.5. ELISA
hTNF Alpha #41525, PeproTech, London, UK
hIFN Gamma #121527, PeproTech, London, UK

Reagent Diluent Concentrate

P227671, P&D Systems, Minneapolis, USA

RPMI Medium+ GlutaMax

#61870-010, Thermofisher, Paisley, UK

DMEM + GlutaMax 4.5 g/L. D-glucose

#61965-026, Thermofisher, Paisley, UK

McCoy’s Medium+ L glutamine

#16600-082, Thermofisher, Paisley, UK

PBS (phosphate-buffered saline)

#141290-094, Gibso, Thermofisher, Paisley, UK

Streptavidin HPR conjugant

P202818, Minneapolos, USA

TMB substrate kit

UK292741, ThermoScientific, Rockford, USA

hCXCL9 capture

DY392 #P160437, R&D Systems, MN, USA

hCXCL9 standard DY392 #P160437, R&D Systems, MN, USA
hCXCL9 detection antibodies DY392 #P160437, R&D Systems, MN, USA
hCXCL10 capture DY266 #P225623 #P193981, R&D Systems, MN, USA
hCXCL10 standard DY266 #P225623 #P193981, R&D Systems, MN, USA

hCXCL10 detection antibodies

DY266 #P225623 #P193981, R&D Systems, MN, USA

hCXCLI11 capture

DY 672 #237974 #220559, R&D Systems, MN, USA
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hCXCL11 standard

DY 672 #237974 #220559, R&D Systems, MN, USA

hCXCL11 detection antibodies

DY 672 #237974 #220559, R&D Systems, MN, USA

Tween 20

Sigma, St. Louis, MN, USA

3.4 Machines and materials

Cell culture microscope

CK30, Olympus, Tokyo, Japan

Centrifuge

Rotina 420R, Andreas Hettich, Tuttlin, Germany

CO2 incubator Heracell 1501

Thermo Fisher Scientific, Waltham, MA, USA

Hamamatsu NanoZoomer Digital Pathology

virtual microscope

U10074-01#40885, Hamamatsu, Japan

Nanodrop

Thermo Scientific, Peqlab, Erlangen, Germany

Multiscan™ FC Photometer

30617387, Thermo Fisher Scientific, Waltham, MA,
USA

MS2 Minishaker

IKA, Germany

Cell culture flask (25 cm, 75 cm, 125 cm)

Greiner Bio-one GmbH, Frickenhausen, Germany

Cryogenic tubes 1.5 ml

NALGENE Labware, Thermo Fisher Scientific,
Roskilde, Denmark

Pipette Research plus

Eppendorf AG, Hamburg, Germany

Hemocytometer

mm, Neubauer, Blau Brand, Germany

bFilter-Tips, 1000 pl

#943540178, Qiagen, Hilden, Germany

Mx3000p 96-well plate

#401334, Agilent Technologies, Great Britain

Stratagene Mx3005P

Agilent Technologies, Boeblingen, Germany

Reaction tubes 1.5 ml

#9085012 SARSTE, Niimbrecht, Germany

Serological pipette

Greiner Bio-one GmbH, Frickenhausen, Germany

Pipette

Eppendorf Research plus, Hamburg, Germany

Tissue culture plates, 12 well

#353043, Falcon, Durham, USA

SafeSeal SurPhob tips

SurPhob, Biozym Scientific GmbH,
Hessisch Oldendorf, Germany

Multipette plus

Eppendorf Research plus, Hamburg, Germany

Cover slips

rL 24x32 mm; Glass thickness 0.13-0.16

Cuvettes

Langenbrinck, Baden-Wiirttemberg, Germany

Pressure cooker

WMF Perfect, Germany

Humid chamber

TissueGnostics, medical and biotech solution

pH meter

SCHOTT Instruments Analytics, Mainz, Germany
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3.5 Quantitative PCR analysis
The qPCR assay for CXCL11 was established applying OC OV-MZ-6 cells.
3.5.1 RNA isolation from cell lines and tumor tissues

Total RNA was isolated from the cells of the cell line and tumor tissue, respectively, by using

the RNeasy Mini Kit, following the manufacturer’s instructions.

The concentration and purity of the isolated total RNA samples were spectrometrically assessed
at 260/230 and 260/280 nm, respectively, applying the Nano Drop 2000c spectrophotometer
and the Nano Drop 2000/2000c software (Thermo Fisher Scientific, Wilmington, DE, USA).

Samples were stored at -80 °C until further use.
3.5.2 Reverse transcription and cDNA synthesis

For the generation of first-strand cDNA, 1 pg RNA was reverse transcribed with the Cloned
AMYV First Strand cDNA Synthesis Kit (Invitrogen, Darmstadt, Germany) following the

manufacturer’s instructions.
3.5.3 qPCR analysis applying Universal ProbeLibray probes

The method is based on introducing a target gene complementary DNA probe (8-9 nucleotides)
during the amplification process. The probe is labeled with fluorescein (FAM) at the 5' end and
with a dark quencher dye at the 3' end. The complementary of the probe, in addition to the gene-

specific primer pair, significantly increases the specificity of the assay (Table 13).

Table 13. Primers and probes used for qPCR analysis

HPRT1

(NM 00194)

Forward primer 5S>-TGACCTTGATTTATTTTGCATACC-3’
Reverse primer 5’-CGAGCAAGACGTTCAGTCCT-3’
Probe 5’-FAM-GCTGAGGA-3’-dark quencher
Amplicon 102 bp

CXCL11

(NM 001302123.1)

Primer/probe Hs00171138 ml

Amplicon 64 bp

Assays detect the full-length sequence of the encoded proteins.
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3.5.4 Standard dilution series for assay establishment

A series of dilutions were performed to evaluate the amplification efficiency of CXCL11 and
HPRT assays. A two-fold dilution series for each gene was analyzed by qPCR in three
independent experiments and was performed with the cDNA from OV-MZ-6 cells as template.
cDNA was analyzed in five concentrations and after the measurement, a dilution curve was
calculated depicting cDNA concentration (x-variable) and threshold cycle value (y-variable)
according to linear regression analysis. The slope of the linear regression curve was used for

the calculation of efficiency (Figure 9). E-value of two corresponds to 100%.

E=-1+ 10(-1/slope)

Figure 9. Calculation of efficiency: E-efficiency.

The R? coefficient was analyzed to depict the quality of the regression curves (Gonzalez-

Bermudez et al., 2019; Geng 2019; Liu 2019).
3.5.5 qPCR calculation methods

For qPCR 96-well plates were used and all reactions were executed in triplicates (input: 5 ng
cDNA / well for clinical samples and cell lines). Negative controls were performed in triplicates
as well, applying a no-template control (water only), genomic DNA (OV-MZ-6 cells) and a no-
reverse transcriptase control (RNA only). The cycling program was performed following Table

14.

Table 14. qPCR cycling program

Step Cycle Temperature Duration
Polymerase activation 95 °C 3 min
Denaturation 1 95 °C 15 sec
Annealing/Elongation 40 60 °C 1 min

In most cases, the qPCR was performed once. Cycle threshold values (Ct) were determined
automatically for each marker by the MXPro software (version 4.10; standard evaluation

settings).
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Then, the following calculation were carried out:
1. the relative fold gene expression (Figure 10);
2. the relative error propagation (Figure 11);

3. the absolute error calculation (Figure 12).

ACt =Ct sample — Ct nerr

AACt = ACt sample ~ ACt calibrator

Figure 10. The relative fold gene expression calculation: 224 method; Ct-Cycle threshold
values; sample-CXCL11; calibrator-OV-MZ-6.

2
STDEV gupie) +(STDEVypgr)?
EP(ACT)= j ( ne) 2( horr)

2 2
EP(AACT)= J (EP st +(52TDEVACTcanbm)

Figure 11. The relative error propagation calculation: EP-relative error propagation; Ct-
Cycle threshold values; STREV-standard deviation; sample-CXCL11; calibrator-OV-MZ-6.

Absolut error=In 2xEP(AACT)x24A¢

Figure 12. The absolute error calculation: EP-relative error propagation; Ct-cycle
threshold values; In-for natural logarithm.

Some results were excluded because of eventual detection limitation, the discrepancy of sample
qualities and qPCR efficiencies. Samples were excluded in the following cases (Liu, 2018;
Ahmed et al., 2016):

1. the Ct value for HPRT was >35;
2. the 222 error progression was >30% even after repetition;

3. the % STDEV of the 224 for two valid runs was higher than 47.1%.
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3.6 IHC analysis of CXCL11 expression

IHC was performed on four um thick paraffin sections obtained from patients treated at the
Department of Pathology and Pathological Anatomy of the Technical University of Munich,
Germany. Samples of cancer tissue were arranged on tissue micro arrays (TMA) in triplicate,
samples of normal tissues, such as kidneys and lungs, were placed between tumor samples for

comparison and orientation of histological samples.
3.6.1 IHC staining for CXCL11

Paraffin-embedded TMA slides were incubated overnight at 65 °C and then immersed twice in
xylene for 10 min for deparaffinization. For rehydration, slides were immersed in a descending
alcohol row (2 x 100% isopropanol, 1 x 96% ethanol, 1 x 70% ethanol) for five min each. The
TMAs were washed with Tris-buffer/0.005% Tween 20 (TBST). For antigen retrieval, pressure
cooking was used for four min in citrate buffer (citric acid 2.1 g, distilled H,O 1 1, pH 6.0).
After five min of washing with tap water and, then, in TBST five min each, the endogenous
peroxidase activity was blocked for 20 min at room temperature (RT) with H2O2 3%. After
rinsing for three min under tap water and five min with TBST, blocking of the antigens in the
tissues was performed with goat serum 1:20 (5%) in antibody diluent for 10 min. Then, 120 pl
0.25 pg/ ul anti-CXCL11 antibody (ab9955) were applied and incubated in a wet chamber for
1 h at RT. Then, the slides were washed for five min with TBST and incubated for 30 min with
120 pul HRP One Step Polymer at RT. After the slides had been washed with TBST, DAB was
added to the slides for eight min at RT. As a next step, the slides were washed with TBST and,
then, counterstained with hematoxylin for two min and again washed for 10 min under running
tap water. Then, they were transferred to distilled water for five min. For dehydration, the slides
were subjected to an ascending alcohol series: one min 70% ethanol, three min 96% ethanol,
twice three min 100 % isopropanol and twice three min xylene. As a last step, the slides were

covered with Pertex.
3.6.2 Quantification of immunostaining

Stained TMA slides were scanned applying a NanoZoomer Digital Pathology virtual
microscope (Hamamatsu) with a 100 % objective. For the analysis of the IHC staining intensity,
the program ImageJ (Version 1.52), downloaded from the NIH website
(https://imagej.nih.gov/ij), was used, including the IHC Profiler plugin, from the Sourceforge
website (https://sourceforge.net). The digital slide viewer NDP.view2 U12388-01 was
downloaded from the Hamamatsu website (hamamatsu.com). The image of each tumor core

was saved and loaded into the software Imagel. Applying the IHC Profiler plugin, color
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deconvolution was performed to separate the antibody DAB signal from the hematoxylin
counterstain. Guidelines for Imagel and its plugin has previously been reported by Varghese

and co-workers (Figure 13; Varghese et al., 2014; Liu, 2018).

Figure 13. Color deconvolution
A: Ovarian cancer tissue with positive CXCL11 staining (DAB) Hematoxylin counterstain;
B: Hematoxylin staining only;
C: DAB staining only.

Tumor regions of interest on each TMA were manually selected by the agreement of two
independent observers and the approval of a pathologist. Then, score assignments of the DAB

images were performed (Figure 14).

Score=255- z InD; / z A;
i=1 i=1

Figure 14. Score assignment of the DAB images: InD — integrated the gray density; A —

computed regions in pixels.
The pixel intensity values for the DAB staining ranged from 0 to 255, wherein 0 represented
the darkest shade of the color and 255 represented the lightest shade of the color as a standard.
For convenience, a subtraction of 255 minus the resulting mean value was added to the formula,

thereby, the score positively associates with the DAB staining density (Liu, 2018).
The following criteria were applied for the analysis of the densiometric data:

1. values of both observers < 10% > average was taken
2. values of both observers > 10% —> analysis was repeated

3. values of both observers > 10% after the second measurement = consent was formed
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3.6.3 Cell culture

Table 15. Ovarian serous cancer cell lines

Cell Line Name ATCC number Disease
OV-MZ-6 none Ovarian serous cystadenocarcinoma
(Mobus et al., 1992) | Derived from metastatic site: ascites

SKOV-3 HTB-77 Ovarian serous cystadenocarcinoma
Derived from metastatic site: ascites

Caov-3 HTB-75 High-grade ovarian serous adenocarcinoma

OVCAR-3 HTB-161 High-grade ovarian serous adenocarcinoma.
Derived from metastatic site: ascites

ATCC - American Type Culture Collection

Cryogenic flasks with cells (Table 15) from liquid nitrogen were swiftly thawed and transferred
to a 15 ml Falcon tube containing five ml of complete medium (see chapter 3.3.2). After
centrifugation for three min at 300 rpm and RT the supernatant was removed and four ml of
fresh complete medium were added to the cells. Then, the cell suspension was transferred into
a new cell culture flask for cultivation. Cells were adherently grown in different cell culture
flasks, depending on their growth rate, with the complete medium in an incubator at the
condition of 5% COz (v/v), 95% humidity and 37 °C. Based on the growth rate the culture
complete medium was replaced every 2-3 days and a cell passage was performed every 5-6
days. Briefly, the passage was performed by removing the medium, washing with PBS and
detaching the cells with EDTA/PBS (1% w/v). Then, the cell suspension was centrifuged for
three min at 300 rpm and RT, and subsequently the supernatant was removed. Finally, the cells
were resuspended in fresh complete medium and the cell suspension was transferred to a new

flask. The cells were cultured until a maximum confluence of 70% was reached.

For cell cryopreservation, a freezing medium (FBS containing 10% dimethylsulfoxide
[DMSO]) was prepared. The cells were detached and collected in a Falcon tube. The freezing
medium was applied to resuspend the cells (1x10° cells/ml) and, then, the cell suspension was
transferred to cryogenic tubes. The cryogenic micro tubes were frozen at -80 °C, with a cool-

down rate of 1 °C/min.

3.6.4 Cell stimulation
After cell cultivation, cells were counted with the hemocytometer and 2x10° cells seeded in
each well. After 24 h in an incubator, the complete medium was changed to a minimal medium

(DMEM for OV-MZ-6 and Caov-3, McCoy' for SKOV-3 and RPMI for OVCAR-3). Following
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a 24 h incubation, the minimal medium was removed, the cells washed with PBS, and directly
proceeded to stimulation of the cells with interferon (IFN-y) and tumor necrosis factor (TNF-
a) as well as combinations thereof (Figure 15). 24 h later, the supernatant was collected and

stored at -80 °C. Confluence was regularly documented.

A. SKOV-3, Caov-3, OVCAR-3

o~ T~ O~ N
30 ul 2.5 30 ul 10 30 ul 50 30 ul2.5
IFN-y IFN-y IFN-y TNF-a
/30 pl /30 pl /30 pl /30 pul
0.1%BSA 0.1%BSA 0.1%BSA 0.1%BSA
440 pl M 440 yI M 440 yI M 440 pl M
Y Y Y
N~ P~ T~ A~ A
30 ul 10 30 ul 50 30 pl10 30 pl

TNF-a TNF-o IFN-y 0.1%BSA
/30 pl /30 pul /30 pl /30 pl
0.1%BSA 0.1%BSA 10 TNF-a 0.1%BSA
440 yIM 440 pl M 440 plM 440 pl M
B. OV-MZ-6

0.1%BSA
/30 pl

0.1%BSA

440 pIM

/30ul 10
TNF-a
440 pl M

0.1%BSA
440 pl M

0.1%BSA
440 pl M

Figure 15. Assay layout for cell culture stimulation of OVCAR-3, Caov-3, SKOV-3, and OV-
MZ-6 cells with the corresponding inflammatory cytokines: 2.5, 10 and 50 IFN-y-
concentration 2.5 ng/ml, 10 ng/ml and 50 ng/ml, respectively; 2.5, 10 and 50 TNF-a-
concentration 10 ng/ml, 10 ng/ml and 50 ng/ml, respectively; M-minimal medium (DMEM for
OV-MZ-6 and Caov-3, McCoy' for SKOV-3 and RPMI for OVCAR-3).

3.7 Protein quantification (enzyme-linked immunosorbent assay; ELISA)

A precise and sensitive way of measuring protein concentrations in solutions or tissue lysates
is ELISA. Secretion of human CXCL9, CXCL10 and CXCL11 was measured in 100 pl of cell
culture supernatant (sample) by commercially available kits according to manufacturer protocol
(R&D Systems, see chapter 3.3.5). All measurements were taken in three separate analyses,

each of which was performed in triplicate.
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3.7.1 Sandwich ELISA

The sandwich ELISA quantifies antigens by applying two different target protein-specific
antibodies. The first (capture antibody) immobilizes the protein of interest and the second
antibody (detection antibody) is the target for the reporter molecule. Initially, 96 well plates
were coated with the capture antibody (1:120 diluted in PBS), covered and incubated overnight
at RT. Blocking was performed with 200 ul 1% BSA/PBS for two h at RT.

As a next step, 100 pl of supernatant sample or standard solution (8-fold dilution series) were
added. The standard was determined in duplicates, samples in triplicate. After two h of
incubation at RT, 100 pl of detection antibody (1:60 diluted in 1% BSA/PBS) were added.
After another two h at RT, 100 pl of HRP-conjugated antibody directed to the detection
antibody (appropriately diluted in 1% BSA/PBS) was added to each well. The covered plate
was incubated for 20 min in darkness at RT. Then, 100 pl of TMB substrate solution were added
to each well and again incubated for 20 min at RT in the dark. The last step was addition of 50
ul of “stop solution” (1M H2SO4). A thorough washing step with PBS-T 0.05% was performed
between each incubation step. The result was evaluated spectrophotometrically. The signal

accumulation was detected at 450 nm.
3.8. Statistics

All calculations were performed with the SPSS statistical analysis software (version 25.0; SPSS
Inc., Chicago, IL, USA). For determination of the best cut-point, the X-tile software (version
3.6.1, Yale University, New Haven, CT) was used. In case a best cut-point could not be defined
(resulting in significant results), CXCLI11 expression was dichotomized into low and high

expression by the median. P-values < 0.05 were considered as statistically significant.

The relation of biological marker expression levels with clinicopathological parameters were
evaluated applying the Chi-square test. The association of tumor biological factors and clinical
parameters with patients’ survivals were analyzed by Cox univariate and multivariate
proportional hazards regression models and expressed as hazard ratio (HR) and its 95%
confidence interval (95% CI). The multivariate Cox regression model was adjusted to
established OC factors such as age, residual tumor mass, ascitic fluid volume and for

established TNBC factors such as age, tumor size, lymph node status, and tumor grade.

Survival curves were plotted according to Kaplan-Meier, applying log-rank tests to test for
differences. In order to determine the strength of association between two variables and the
direction of the relationship were performed Pearson and Spearman correlation. In addition to

the above methods descriptive statistics also were applied.
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4 Results

4.1 CXCL11 in ovarian cancer

4.1.1 CXCL11 mRNA expression in advanced HGSOC

Amplification efficiency was determined by three independent experiments applying two-fold
dilution series of the cDNA to quantify the gene of interest (CXCL11) and the reference gene
(HPRT). Five serial dilution steps of cDNA derived from inflammatory cytokine-stimulated
OV-MZ-6 cells (positive control) were analyzed:

1. Input: cDNAO 30 ng, cDNA1 15 ng, cDNA2 7.5 ng, cDNA3 3.75 ng, cDNA4 1.87 ng
(Figure 10. A)

2. Input: cDNAO 100 ng, cDNA1 50 ng, cDNA2 25 ng, cDNA3 12.5 ng, cDNA4 6.25 ng
(Figure 10. B)

3. Input: cDNAO 120 ng, cDNA1 60 ng, cDNA2 30 ng, cDNA3 15 ng, cDNA4 7.5 ng
(Figure 10. C)

The cycles of threshold (Ct) values were plotted against the corresponding logarithm of the
cDNA input. The amplification efficiency for each primer pair (Ct) and the logarithm of the
initial cDNA concentrations were plotted to calculate the slope of the linear regression. In the
three independent repetitions, the slope of the fitted lines for CXCL11 dilution series (slope: 1%
-2.99; 2nd 3 .26; 374 -2.95) was parallel with the ones of HPRT (slope: 1%-3.50; 2" -2.80; 3¢ -
3.27). The efficiencies of CXCL11 amplification (E: 1%-2.16; 2"4-2.03; 34-2.18) were similar
to the ones of HPRT (E: 1%-1.93; 2"4-2.27; 379-2.02). As these correspond to an optimal gPCR
efficiency of E=2, an efficiency correction was not necessary and the 224t method was applied
for the calculation of relative CXCL11 mRNA expression (Gonzalez-Bermudez et al., 2019;
Geng 2019; Liu 2019).

41



1$t

run
40-
Z 354 .\-\-\'\. = CXCL11
a R?= 0.994
. \ y =-2.990x + 39.42
© 30+
3
g - HPRT
5 257 R?= 0.999
y =-3.502x + 34.40
20 T T T 1
0.0 0.5 1.0 1.5 2.0
cDNA input log/ng
2" run
40
< 4 .\.\'\-\_ = CXCL11
Q R?= 0.983
5 y =-3.255x + 48.09
© 304
3
5 ‘\‘\'\.\. - HPRT
5 257 R*= 0.984
y =-2.808x + 37.20
20 T T I 1
2.5 3.0 3.5 4.0 45
cDNA input log/ng
3" run
40
]
< 4 .\'\-\_ = CXCL11
Q RP=0.914
55 y =-2.949x + 41.04
© 30+
2 \ e HPRT
> 2
& 257 R?= 0.999
y =-3.271x + 32.03
20 T T T 1
0.5 1.0 1.5 2.0 2.5

cDNA input log/ng

Figure 16. Amplification efficiency of the CXCL11 and HPRT qPCR assays: two-fold dilution
series of cDNA were applied for CXCL11 and HPRT. Three different starting concentrations have
been used (1* run: 30ng, 2" run:100ng, 3" run:120ng). Resulting CT values are plotted against the
logarithm of the cDNA input. Each experiment was performed in triplicates.



For the analysis of CXCL11 mRNA expression levels, determined by qPCR, patient cohort 1
was evaluated (n=139; Table 7). According to our criteria (see Materials & Methods), 16 cases
were excluded. 14 cases were excluded because the % STDEV of the 244t for two valid runs
was higher than 47.1%, one case had the 222 error progression% which was >30% even after
repetition, and one case the Ct value for HPRT was 40. The relative CXCL11 mRNA levels,
normalized to the expression levels of the housekeeping gene HPRT, ranged from 0.06 to
235.57 (median 24.33). For further analysis, the remaining 123 cases were dichotomized
concerning CXCL11 mRNA expression into low expression and high expression by the median

(Figure 17).
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Figure 17. CXCL11 mRNA expression levels in tumor tissue of patients with advanced HGSOC:
CXCL11 mRNA expression dichotomized into low expression and high expression by the 50™
percentile.

Based on this categorization the association between CXCL11 mRNA expression levels and
the established clinical parameters (age < 60 vs. > 60 years; residual tumor mass yes vs. no;
ascitic fluid volume <500 ml vs. > 500 ml) was investigated applying the Chi-square test. There
was no significant association between clinical characteristics of advanced HGSOC patients

and CXCL11 mRNA expression (Table 16).
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Table 16. Association between clinical characteristics of advanced HGSOC patients (FIGO III/IV) and
the tumor biological factor CXCL11

Clinical No. of CXCL11

parameters patients low/high

Age P=0.957
< 60 years 53 27/26
>60 years 70 36/34

Residual tumor mass P=0.770
0 mm 63 32/31
>0 mm 58 31/27

Ascitic fluid volume P =0.543
<500 ml 70 34/36
> 500 ml 46 25/21

n=123; cut-off: 50™ percentile; statistics: Chi-square test, p<0.05 is considered as statistically
significant. Due to missing data sets, the cases do not always add up to 123.

4.1.1.1 Univariate Cox regression analysis of the clinical outcome in advanced HGSOC

patients (FIGO III/IV) for clinical parameters and the tumor biological factor CXCL11

Table 17 demonstrates the association between clinical parameters and CXCL11 mRNA
expression levels with patients’ 5-year overall survival (OS) and progression-free survival
(PES). In univariate Cox regression analysis, the residual tumor mass represented a significant
predictor for shorter OS (HR: 3.59, p<0.001) and PFS (HR: 2.43, p<0.001). The ascitic fluid
volume represented a univariate predictor for PFS (HR: 1.68, p=0.049). Elevated CXCL11
mRNA expression was notably linked to longer OS (HR: 0.58, p=0.046), which was confirmed
by Kaplan-Meier analysis (Figure 18). The result showed a significant association of elevated

CXCL11 mRNA expression with OS (p=0.042), but not with PFS (p=0.600).
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Table 17. Univariate Cox regression analysis of the clinical outcome in advanced HGSOC patients
(FIGO III/IV) for clinical parameters and the tumor biological factor CXCL11

Overall survival

Progression-free survival

Clinical parameters 60 months 60 months
No. HR (95% CI) P No. HR (95% CI) P
Age 0.459 0.678
<60 years 45 1 39 1
> 60 years 65 1.22 (0.72 - 2.09) 55 1.11(0.68 - 1.83)
Residual tumor mass <0.001 <0.001
0 mm 57 1 52 1
>0 mm 51 3.59 (1.98 - 6.48) 42 2.43(1.48 -3.99)
Ascitic fluid volume 0.051 0.049
<500 ml 64 1 55 1
> 500 ml 39 1.73 (1.00 - 3.00) 33 1.68 (1.00 - 2.82)
CXCL11 0.046 0.607
low 55 1 44 1
high 55 0.58 (0.33-0.99) 49 0.88 (0.54 - 1.43)

HR-hazard ratio, CI-confidence interval; cut-off: 50™ percentile; Cox regression analysis, p<0.05 is
considered as statistically significant. Due to missing data sets, the cases do not always add up to

123.
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Figure 18. Elevated levels of CXCL11 mRNA are associated with longer overall survival in the
cohort of advanced HGSOC patients (FIGO III/IV): Kaplan—-Meier survival analysis, p<0.05 is
considered as statistically significant. Red curve: CXCL11 mRNA high expression levels, blue
curve: CXCL11 mRNA low expression levels.
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4.1.1.2 Association of CXCL11 mRNA expression with OS and DFS in multivariable Cox

regression analysis

As a next step, the independent relationship of CXCL11 mRNA with OS and PFS was

examined (Table 18). In the base model, only the residual tumor mass is representing a

predictive marker for OS and PFS (HR: 3.52, p<0.001; HR: 2.30, p=0.004). Moreover,

CXCL11 mRNA expression levels turned out remain as an independent factor for OS after

addition to the base model (HR: 0.38, p=0.002).

Table 18. Multivariable Cox regression analysis of the clinical outcome in advanced HGSOC patients
(FIGO II/1V) for clinical parameters and CXCL11

Overall survival

Progression-free survival

60 months 60 months
Clinical parameters
No HR (95% CI) P No HR (95% CI) P

Age 0.513 0.899

< 60 years 42 1 37 1

> 60 years 59 1.21 (0.68 - 2.15) 50 0.97 (0.57 - 1.64)
Residual tumor mass <0.001 0.004

0 mm 56 1 51 1

>0 mm 45 3.52 (1.78 - 6.96) 36 2.30(1.31-4.02)
Ascitic fluid volume 0.870 0.431

<500 ml 63 1 55 1

> 500 ml 38 0.95 (0.50 - 1.78) 32 1.25(0.71 - 2.20)
CXCL11 0.002 0.459

low 51 1 41 1

high 50 0.38 (0.20 - 0.69) 46  0.82(0.49 - 1.38)

CXCL11 mRNA was added to the base model (age, residual tumor mass, ascitic fluid volume); HR-

hazard ratio, CI-confidence interval; cut-off: 50™ percentile; multivariable Cox regression analysis,
p=<0.05 is considered as statistically significant.



4.1.2 CXCL11 protein expression in advanced HGSOC patients
The relative CXCL11 protein expression was analyzed based on specific IHC staining and

digital scoring. The scores were provided by two independent observers.

For the analysis of CXCL11 protein expression levels, patient cohort 2 was evaluated (n=242;
Table 8). For this, CXCL11 protein expression levels were dichotomized into low and high by
the 50" percentile (Figure 19).
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Figure 19. CXCLI11 protein expression levels in tumor tissue of patients with advanced HGSOC:
CXCL11 protein expression dichotomized into low expression and high expression by 50™ percentile.

The association between CXCLI1 protein expression levels and the established clinical
parameters (age < 60 vs. > 60 years, residual tumor mass yes vs. no, ascitic fluid volume < 500
ml vs. > 500 ml) was investigated applying the Chi-square test. There was no significant
association between clinical characteristics of advanced HGSOC patients and CXCL11 protein

expression (Table 19).
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Table 19. Association between clinical characteristics of advanced HGSOC patients (FIGO III/IV) and
CXCL11 protein expression

Clinical No. of CXCL11
parameters patients low/high
Age P=0.692
< 60 years 93 45/48
>60 years 149 76/73
Residual tumor mass P=0.376
0 mm 102 55/47
>0 mm 129 62/67
Ascitic fluid volume P=0.990
<500 ml 74 31/43
> 500 ml 67 28/39

n=242; cut-off: 50™ percentile; Chi-square test, p<0.05 is considered as statistically significant. Due
to missing data sets the cases do not always add up to 242.

4.1.2.1 Univariate Cox regression analysis of the clinical outcome in advanced HGSOC

patients (FIGO III/IV) for clinical parameters and CXCL11 protein expression

In univariate Cox regression analysis for 5-year OS and DFS, residual tumor mass and ascitic
fluid volume represented significant predictors for OS (HR: 3.66 and 2.45, p<0.001) and PFS
(HR: 2.28 and 2.80, p<0.001) (Table 20). Elevated CXCL11 protein expression was not
significantly linked to OS (HR: 1.10, p=0.586) and PFS (HR: 1.10, p=0.566), which was
confirmed by Kaplan-Meier analysis (Figure 20).
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Table 20. Univariate Cox regression analysis of the clinical outcome in advanced HGSOC patients
(FIGO III/IV) for clinical parameters and CXCL11 protein expression

Overall survival

Progression-free survival

Clinical parameters 60 months 60 months
No. HR (95% CI) P No. HR (95% CI) P
Age 0.738 0.149
< 60 years 88 1 79 1
> 60 years 147 1.06 (0.75 -1.51) 124 1.27(0.92 - 1.76)
Residual tumor mass <0.001 <0.001
0 mm 99 1 52 1
>0 mm 127 3.66 (2.46 - 5.44) 41  2.28 (1.65-3.16)
Ascitic fluid volume <0.001 <0.001
<500 ml 72 1 55 1
> 500 ml 63 2.45(1.61-3.74) 32 2.80(1.83-4.29)
CXCL11 0.586 0.566
low 118 1 103 1
high 118 1.10(0.78 - 1.54) 101 1.10(0.80 - 1.49)

HR-hazard ratio, CI-confidence interval; cut-off: 50" percentile; Cox regression analysis, p<0.05. is

considered as statistically significant. Due to missing data sets the cases do not always add up to 242.
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Figure 20. Elevated levels of CXCL11 protein are not associated with longer overall and progression-
free survival in the cohort of advanced HGSOC patients (FIGO III/IV): Kaplan—Meier survival
analysis, p<0.05 is considered as statistically significant. Red curve: CXCL11 high level protein

expression, blue curve: CXCL11 low level protein expression.
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4.1.3 CXCL11 protein expression in other OC subtypes

Protein expression was determined by IHC in another cohort (cohort 3; n=108, Table 9),
encompassing endometrioid carcinoma (n=29), adenocarcinoma (n=15), clear cell carcinoma
(n=16), mucinous carcinoma (n=23), borderline OC (n=17) and LGSOC (n=8) cases (Table
21). There were no obvious distinct differences in CXCL11 protein expression in non-serous

and LGSOC subtypes. The results are illustrated by applying a box plot (Figure 21).

Table 21. Characteristics of CXCL11 protein expression levels in the various OC subtypes

Ovarian cancer subtype No. Minimum Maximum Mean Standard deviation
Endometrioid carcinoma 29 94.75 150.36 124.60 12.64
Adenocarcinoma 15 112.78 165.18 146.88 14.62
Clear cell carcinoma 16 96.02 153.10 127.22 16.37
Mucinous carcinoma 23 92.28 169.15 131.79 19.86
Serous borderline tumor 17 108.39 197.40 163.40 25.82
Low-grade serous OC 8 82.82 137.55 112.03 18.19

OC-ovarian cancer; No.-number of samples; descriptive statistics.
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Figure 21. Box plot analysis of CXCL11 protein expression levels in different OC subtypes.
1-endometrioid carcinoma; 2-adenocarcinoma; 3-clear cell carcinoma; 4-mucinous carcinoma;
5-serous borderline tumor; 6-low-grade serous OC.

4.2 CXCL11 in breast cancer
4.2.1 CXCL11 mRNA in TNBC

For the analysis of CXCL11 mRNA expression levels in TNBC, which was determined by

qPCR, patient cohort 4 was evaluated (n=104; Table 10). According to our criteria, three cases
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were excluded. Two cases were excluded because the % STDEV of the 2-24¢ for two valid runs
was 55% and 53%, respectively. One case had a 2-44Ct error progression% corresponding to
32% even after repetition. The relative CXCL11 mRNA levels, normalized to the expression
levels of the housekeeping gene HPRT, ranged from 1.87-1077.40 (median 120.20). Most
samples display high expression. Therefore, the remaining 101 samples were dichotomized into

low and high expression by the tertials, T1 vs. T2+3 (Figure 22).
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Figure 22. CXCL11 mRNA expression levels in tumor tissue of patients with TNBC: CXCL11 mRNA
expression dichotomized into low expression and high expression by the 33" percentile.

Based on this categorization, the association between CXCL11 mRNA expression levels and
the established clinical parameters (age < 60 vs. > 60 years, tumor size < 20 mm vs. > 20 mm,
lymph node status negative vs. positive, tumor grade 2 vs. 3/4) was investigated applying the

Chi-square test. There is no significant association between clinical characteristics of TNBC

and CXCL11 mRNA expression (Table 22).
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Table 22. Association between clinical characteristics of TNBC patients and CXCL11 mRNA
expression

Clinical No. of CXCL11
parameters patients low/high
Age P =0.485
< 60 years 54 16/38
>60 years 47 17/30
Tumor size P =0.966
<20 mm 27 9/18
>20 mm 73 24/49
Lymph node status P =0.686
negative 89 30/60
positive 11 3/8
Tumor grade P =0.603
grade 2 10 4/6
grade 3 91 29/62

n=101; cut-off: 33" percentile; Chi-square test, p<0.05. is considered as statistically significant. Due
to missing data sets, the cases do not always add up to 101.

4.2.1.1 Univariate Cox regression analysis of the clinical outcome in TNBC with respect

to clinical parameters and CXCL11 mRNA expression

The association between clinical parameters and CXCL11 mRNA expression levels with
patients’ OS and DFS (observation time: 15-years) is shown in Table 23. In univariate Cox
regression analysis, the clinical factor age represented a significant predictor for OS (HR: 3.53,
p<0.001) and DFS (HR: 2.75, p=0.003). The lymph node status represented a predictor for OS
(HR: 4.47, p<0.001) and DFS (HR: 3.43, p=0.003). Moreover, elevated CXCL11 mRNA
expression was notably linked to longer OS (HR: 0.50, p=0.046) and longer DFS (HR: 0.45,
p=0.016).
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Table 23. Univariate Cox regression analysis of the clinical outcome in TNBC patients with respect to
clinical parameters and CXCL11 mRNA expression

Overall survival Disease-free survival
Clinical parameters 180 months 180 months
No. HR (95% CI) P No. HR (95% CI) P
Age <0.001 0.003
< 60 years 53 1 53 1
> 60 years 47 3.53(1.68 —7.44) 45 2.75(1.41 -5.34)
Tumor size 27 0.292 0.410
<20 mm 72 1 27 1
> 20 mm 1.61 (0.66 - 3.91) 70  1.39 (0.64 —3.04)
Lymph node status <0.001 0.003
negative 89 1 88 1
positive 11 4.47(2.01-9.96) 10 3.43 (1.50-7.84)
Tumor grade 0.652 0.552
grade 2 10 1 10 1
grade 3 90 1.31(0.40-4.32) 88 1.43(0.44 -4.67)
CXCL11 0.046 0.016
low 32 1 32 1
high 68 0.50(0.25-0.99) 66 0.45(0.24-0.86)

HR-hazard ratio, Cl-confidence interval; cut-off: 33™ percentile; Cox regression analysis, p<0.05 is
considered as statistically significant. Due to missing data sets, the cases do not always add up to 101.

The association between mRNA levels and survival parameters is visualized by the respective
survival curves (Figure 23). The median OS and DFS for the patient group displaying low
CXCL11 mRNA expression was reached after 105 months and 60 months, respectively,

whereas the median OS and DFS for patients with high tumor-associated CXCL11 mRNA

expression was not reached even after 180 months.
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Figure 23. Elevated levels of CXCL11 mRNA are associated with longer overall survival and disease-
free survival in the cohort of TNBC patients: Kaplan—Meier survival analysis, p<0.05 is considered as
statistically significant. Red curve: CXCL11 high level mRNA expression, blue curve: CXCL11 low
level mRNA expression.

4.2.1.2 Association of CXCL11 mRNA expression with OS and DFS in multivariable

analysis

An independent relationship of CXCL11 mRNA level and OS and DFS was studied by
multivariable Cox hazard regression analysis (Table 24). In the base model age, tumor size,
lymph node status and tumor grade were included. Here, age and lymph node status represented
significant predictors for OS (HR: 4.28, p<0.001; HR: 4.75, p<0.001) and for DFS (HR: 3.11,
p=0.001; HR: 3.41, p<0.005). After adding CXCL11 mRNA expression levels as additional
factor to the base model, it turned out to represent an independent factor for OS (HR: 0.47,

p=0.036) and DFS (HR: 0.42, p=0.010), as well.
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Table 24. Multivariable Cox regression analysis of the clinical outcomes in TNBC patients with

respect to clinical parameters and CXCL11

Clinical parameters

Overall survival

Disease-free survival

180 months 180 months
HR (95% CI) P HR (95% CI) P
Age <0.001 0.001
< 60 years 52 1 52 1
> 60 years 47 4.28(1.94-9.43) 45 3.11(1.56 - 6.23)
Tumor size 0.430 0.541
<20 mm 27 1 27 1
>20 mm 72 1.44(0.58 -3.54) 70 1.28 (0.58 - 2.84)
Lymph node status <0.001 0.005
negative 88 1 87 1
positive 11 4.75(2.06 - 10.96) 10 3.41(1.45-7.80)
Tumor grade 0.828 0.636
grade 2 10 1 10 1
grade 3 89 1.15(0.34-3.92) 87 1.34(0.40 - 4.48)
CXCL11 0.036 0.010
low 32 1 32 1
high 67 0.47(0.23-0.95) 65 0.42(0.21-0.81)

CXCL11 mRNA was added to the base model (age, tumor size, lymph node status and tumor grade);

HR-hazard ratio; Cl-confidence interval; cut-off: 33™ percentile; multivariable Cox regression

analysis; p<0.05 is considered as statistically significant.
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4.2.2 CXCL11 protein expression in TNBC

CXCL11 protein expression was analyzed by IHC applying tissue micro arrays of TNBC cohort
encompassing 146 patients (cohort 5; n=146; Table 11) CXCL11 expression was dichotomized

concerning low expression and high expression by the 40" percentile (Figure 24).
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Figure 24. CXCL11 protein expression levels in tumor tissue of patients with TNBC: CXCL11 protein

expression dichotomized into low expression and high expression by the 40™ percentile.

The association between CXCLI11 expression levels and the established clinical parameters
(age < 60 vs. > 60 years, residual tumor mass yes vs. no, ascitic fluid volume < 500 ml vs. >
500 ml) was studied applying the Chi-square test. There was no significant association between

clinical characteristics of TNBC patients and CXCL11 protein expression levels (Table 25).
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Table 25. Association between clinical characteristics of TNBC patients and CXCL11 protein

expression
No. CXCL11
Clinical parameters of patients Low/high
Age P=0.847
<60 years 88 35/53
>60 years 58 24/34
Tumor size P=0.067
<20 mm 45 23/22
>20 mm 92 32/60
Lymph node status P=0.206
negative 77 27/50
positive 66 30/36
Tumor grade P=0.769
grade 2 18 8/10
grade 3 125 51/74

n=146; cut-off: 40™ percentile; Chi-square test, p<0.05 is considered as statistically significant. Due
to missing data sets, the cases do not always add up to 146.

4.2.2.1 Univariate Cox regression analysis of the clinical outcome in TNBC patients with

respect to clinical parameters and CXCL11 protein expression

In univariate Cox regression analysis with patients’ OS and DFS (observation time: 15-years)

age represented a significant predictor for OS (HR:1.71, p=0.036), lymph node status for OS
and DFS (HR: 3.21, p<0.001 and HR: 3.22, p=0.004) (Table 26). Elevated CXCL11 protein

expression was significantly associated with longer OS (HR: 0.51, p=0.009), which was

confirmed by Kaplan-Meier analysis (Figure 25).
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Table 26. Univariate Cox regression analysis of the clinical outcome in TNBC patients with respect to

clinical parameters and CXCL11 protein expression

Clinical parameters

Overall survival

Disease-free survival

180 months 180 months
No. HR (95% CI) P No. HR (95% CI) P

Age 0.036 0.699

< 60 years 87 1 86 1

> 60 years 58 1.71(1.04 -2.82) 57 1.16 (0.54 -2.51)
Tumor size 0.418 0.955

<20 mm 45 1 44 1

> 20 mm 92 1.28(0.70 - 2.35) 92 1.02(0.45-2.36)
Lymph node status <0.001 0.004

negative 77 1 77 1

positive 65 3.21(1.84-5.59) 63 3.22(1.44-7.18)
Tumor grade 0.973 0.892

grade 2 18 1 18 1

grade 3 124 0.99 (0.45-2.17) 122 0.92 (0.28 - 3.07)
CXCL11 0.009 0.592

low 59 1 59 1

high 86 0.51(0.31-0.84) 84 1.25(0.56-2.77)

HR-hazard ratio, CI-confidence interval; cut-off: 40™ percentile; Cox regression analysis, p<0.05 is

considered as statistically significant. Due to missing data sets, the cases do not always add up to

146.
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Figure 25. Elevated levels of CXCL11 protein are associated with longer overall survival in the cohort
of TNBC patients: Kaplan—-Meier survival analysis, p<0.05 is considered as statistically significant.
Red curve: CXCLI11 high level protein expression, blue curve: CXCL11 low level protein expression.

4.2.2.2 Association of CXCL11 protein expression with OS and DFS in multivariable

analysis

The independent relationship of CXCL11 protein levels with OS and DFS was examined by
multivariable analysis (Table 27). In the base model, the lymph node status is representing a
predictive marker for OS and DFS (HR: 3.38, p<0.001; HR: 3.16, p=0.008). After addition of
CXCLI11 protein expression levels to the base model, this biological factor showed a trend

towards significance (p=0.054) concerning OS.
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Table 27. Multivariable Cox regression analysis of the clinical outcome in TNBC patients with
respect to clinical parameters and CXCL11 protein expression

Overall survival Disease-free survival
Clinical parameters 180 months 180 months
No. HR (95% CI) P No HR (95% CI) P
Age 0.165 0.674
< 60 years 81 1 80 1
> 60 years 51 1.47(0.85-2.51) 51 1.19(0.54-2.61)
Tumor size 0.561 0.526
<20 mm 44 1 43 1
>20 mm 88 0.82(0.41-1.61) 88 0.74 (0.29 - 1.89)
Lymph node status <0.001 0.008
negative 73 1 73 1
positive 59  3.38(1.85-6.16) 58 3.16(1.35-7.42)
Tumor grade 0.861 0.863
grade 2 17 1 17 1
grade 3 115 1.08 (0.46 —2.54) 11 1.12(0.30-4.15)
CXCL11 0.054 0.440
low 53 1 55 1
high 79  0.58(0.37-1.0) 78 1.39(0.61-3.17)

CXCLI11 protein was added to the base model (age, tumor size, lymph node status and tumor grade);
HR-hazard ratio, Cl-confidence interval; cut-off: 40" percentile; multivariable Cox regression
analysis, p<0.05, is considered as statistically significant.
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4.2.3 CXCL11 protein expression in other BC subtypes

Supporting the idea that CXCL11 is expressed in breast cancer, an IHC analysis was carried
out for other BC subtypes, i.e., HER2+ and/or ER/PR+ tumor types. Cohort 6 (n=219; Table
12) was dichotomized concerning low and high CXCLI11 protein expression levels by the

median (Figure 26).
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Figure 26. CXCL11 protein expression levels in tumor tissue of BC patients: CXCLI11 expression
dichotomized into low and high by median percentile.

The association between CXCLI1 protein expression levels and the established clinical
parameters (age < 60 vs. > 60 years, residual tumor mass yes vs. no, ascitic fluid volume < 500
ml vs. > 500 ml) was investigated applying the Chi-square test. There was no significant relation

between clinical characteristics of BC patients and CXCL11 protein expression (Table 28).
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Table 28. Association between clinical characteristics of BC patients and CXCL11 protein expression

No. of CXCL11
Clinical parameters

patients Low/high

Age P=0.199
< 60 years 99 45/54
>60 years 120 65/55

Tumor size P=0.636
<20 mm 109 53/56
>20 mm 110 57/53

Lymph node status P=0.432
negative 137 66/71
positive 182 44/38

Tumor grade P=0.615
grade 2 135 66/69
grade 3 184 44/40

n=219; cut-off: 50™ percentile; Chi-square test, p<0.05 is considered as statistically significant. Due
to missing data sets, the cases do not always add up to 219.

4.2.3.1 Univariate Cox regression analysis of the clinical outcome in BC patients with

respect to clinical parameters and tumor biological factors

In univariate Cox regression analysis with respect to 15-year OS and DFS tumor size
represented a significant predictor for OS (HR:3.85, p=0.002) and DFS (HR:3.60, p=0.024)
(Table 29). Lymph node status showed a significance for DFS (HR: 2.67, p=0.005) and tumor
grade for OS (HR: 2.04, 0.046). Elevated CXCL11 expression, however, was not significantly
linked to OS and DFS, which was confirmed by Kaplan-Meier analysis (Figure 27).
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Table 29. Univariate Cox regression analysis of the clinical outcome in BC patients with respect to
clinical parameters and CXCL11

Overall survival Disease-free survival
Clinical parameters 180 months 180 months
No. HR (95% CI) P No. HR(95% CI) P
Age 0.054 0.895
< 60 years 9 1 120 1
> 60 years 120  2.14 (0.99 —4.62) 148  0.96 (0.49 — 1.88)
Tumor size 0.002 0.024
<20 mm 109 1 131 1
> 20 mm 110 3.85(1.66 - 8.90) 137 3.60 (1.63 —7.96)
Lymph node status 0.141 0.005
negative 137 1 137 1
positive 82 1.68(0.84 - 3.37) 82 2.67(1.34-5.34)
Tumor grade 0.046 0.180
grade 2 135 1 135 1
grade 3 84 2.04(1.01-4.13) 84 1.56 (0.81 -3.11)
CXCL11 0.835 0.403
Low 110 1 110 1
high 109 0.93 (0.46 - 1.87) 109 0.74 (0.37 - 1.49)

HR-hazard ratio, CI-confidence interval; cut-off: 50™ percentile; Cox regression analysis, p<0.05 is
considered as statistically significant. Due to missing data sets, the cases do not always add up to
219.
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Figure 27. Elevated levels of CXCL11 protein are not associated with longer overall and disease-free
survival in the cohort of patients encompassing different subtypes of BC: Kaplan—Meier survival
analysis, p<0.05 is considered as statistically significant. Red curve: CXCL11 high level protein
expression, blue curve: CXCL11 low level protein expression.
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4.3 Characterization of CXCL9-11 expression and secretion in ovarian cancer cell lines

The analysis of expression and secretion of CXCL9-11 into cell culture supernatants was
performed via ELISA with and without prior stimulation of the cells with proinflammatory
cytokines (IFN-y, TNF-a). The following human ovarian cancer cell lines were used: OVCAR-
3 (ATCC: HTB-161), Caov-3 (ATCC: HTB-75), SKOV-3 (ATCC: HTB-77), OV-MZ-6
(Mobus et. al 1992). The assays were performed in order to define whether ovarian cancer cell
lines are capable of secreting chemokines and whether CXCL11 (Figure 28) is equivalently
regulated in comparison to the other CXCR3 ligands, CXCL9 (Figure 29) and CXCL10
(Figure 30). Initially, tests with IFN-y and TNF-a were performed individually using three
different concentrations (2.5, 10, and 50 ng/ml). In general, a concentration-dependent

induction of CXCL9, 10, and 11 was observed in most cell lines (Table 30).

Table 30. Secretion of CXCL9, 10, and 11 into cell culture supernatants in human ovarian serous cancer
cell lines after stimulation with different concentration of proinflammatory cytokines

CXCL11 CXCL10 CXCL9

OVCAR-3 Caov-3 SKOV-3 OVCAR-3 Caov-3 SKOV-3 OVCAR-3 Caov-3 SKOV-3
2.5 IFN-y 24 2.5 32 168.2 24.7 9.3 56.9 25.1 0
10 IFN-y 6.4 2.8 6.2 228.9 20.6 22.6 78.5 23.1 0.6
50 IFN-y 8.2 10.4 8.4 259.8 71.8 32.6 87.7 524 0
2.5 TNF-a 0 2.2 0 17.9 7.4 0.36 0 1.9 0
10 TNF-a 3.0 2.1 1.7 42.6 8.8 0.34 0 1.3 0
50 TNF-a 0 4.6 1.3 71.9 11.0 0 0 1.3 0

Concentration of the cytokines in the medium: 2.5, 10, 50 ng/ml IFN-y, 2.5, 10, 50 ng/ml TNF-a.
Experiments with OV-MZ-6 cells were not performed at all of these concentrations.

For the main experiments, a concentration of 10 ng/ml was used for both proinflammatory

cytokines (Table 31).
The following results were obtained in the course of the in vitro experiments:

1. All four cell lines showed no or only very low chemokine baseline secretion into the
cell supernatants.

2. CXCL11 is expressed upon stimulation by HGSOC cell lines (OVCAR-3, Caov-3, OV-
MZ-6) but not by the clear cell ovarian cancer cell line (SKOV-3). The same result was
found for CXCL9. SKOV-3 only expresses CXCL10.

3. The expression of CXCL11 is synergistically induced by the stimulation with [FN-y and
TNF-a, however the single stimulation with one of them alone is not sufficient to

distinctly increase the CXCL11 secretion.
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4. CXCLI10 expression is sufficiently increased by stimulation with IFN y and TNF-q,

either one of them or together.

5. CXCL9 expression is induced by IFN-y stimulation and is synergistically increased by

IFN-y and TNF-a stimulation.

6. Caov-3 shows the highest expression of CXCL11 compared to the other HGSOC cell

lines although the expression of CXCL9 and CXCL10 in comparison is similar.
7. CXCL10 expression is highest in the OVCAR-3 cells, but all cell lines show CXCL10

secretion upon stimulation. Here both IFN-y and TNF-a show an effect.

Table 31. Secretion of CXCL9, 10, and 11 into cell culture supernatants in human ovarian serous cancer
cell lines after stimulation with proinflammatory cytokines

CXCL11 (pg/ml)

OV-MZ-6 OVCAR-3 Caov-3 SKOV-3
IFN-y 2.5 6.4 2.8 6.2
TNF-a 3.7 3 2.1 1.7
IFN-y + TNF-a 117.1 46.5 169.5 3.6
BSA 43 0.3 0 0
CXCL10 (pg/ml)
OV-MZ-6 OVCAR-3 Caov-3 SKOV-3
IFN-y 96.1 228.9 20.6 22.6
TNF-a 343 42.6 8.8 0.3
IFN-y + TNF-a 152.6 336.7 304.3 93.3
BSA 0 0.5 0 0
CXCL9 (pg/ml)
OV-MZ-6 OVCAR-3 Caov-3 SKOV-3
IFN-y 23.5 78.5 23.1 0.6
TNF-a 0.3 0 1.3 0
IFN-y + TNF-a 65.5 90.5 116.4 1.7
BSA 0 0 1.2 0

Concentration of the cytokines in the medium: 10 ng/ml IFN-y, 10 ng/ml TNF-q, 10 ng/ml IFN-y/
10 ng/ml TNF-a; control: 1% BSA.

For visibility, the results of the assays presented in the Table 31. are also shown in Figures

28, 29, and 30.
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Figure 28. Induction of human CXCL11 expression in the human ovarian serous cancer cell lines after
proinflammatory cytokines stimulation: (A) OV-MZ-6; (B) OVCAR-3 (HTB-161); (C) Caov-3 (HTB-
75); (D) SKOV-3 (HTB-77). The following concentrations of cytokines containing medium were
chosen to illustrate the data (from left to right): 10 ng/ml IFN-y, 10 ng/ml TNF-0, 10 ng/ml IFN-y/ 10
ng/ml TNF-a, 1% BSA.
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Figure 29. Induction of human CXCL9 expression in the human ovarian serous cancer cell lines after
proinflammatory cytokines stimulation. (A) OV-MZ-6; (B) OVCAR-3 (HTB-161); (C) Caov-3 (HTB-
75); (D) SKOV-3(HTB-77). The following concentrations of cytokines containing medium were
chosen to illustrate the data (from left to right): 10 ng/ml IFN-y, 10 ng/ml TNF-0, 10 ng/ml IFN-y/ 10
ng/ml TNF-a, 1% BSA.
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Figure 30. Induction of human CXCL10 expression in the human ovarian serous cancer cell lines
after proinflammatory cytokines stimulation: (A) OV-MZ-6; (B) OVCAR-3 (HTB-161); (C) Caov-
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3(HTB-75); (D) SKOV-3 (HTB-77). The following concentrations of cytokines containing medium

were chosen to illustrate the data (from left to right): 10 ng/ml IFN-y, 10 ng/ml TNF-a, 10 ng/ml

IFN-y/ 10 ng/ml TNF-a, 1% BSA.
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5 Discussion

Intense infiltration of T cells plays a key role in the host-specific anti-tumor response.
Moreover, many targeted- and immunotherapies, also rely on a sufficient immune-cell
infiltration in the tumor. Unfortunately, these cells are often unable to suppress the tumor due
to a reduction in the number of infiltrating effector cells in the tumor-microenvironment (TME)
(Rosenblum et al., 2010). Finding a way to increase the infiltration of anti-tumor immune cells

is an urgent task to improve therapy response and the overall outcome of cancer patients.

CXCLL11, together with CXCL9 and CXCL10, mainly regulates immune cell migration,
differentiation, and activation of immune-effector cells such as T-cells, natural killer (NK) cells,
and monocytic cells (Tokunaga et al., 2017). All three chemokines are ligands for the C-X-C
chemokine receptor type 3 (CXCR3), which is expressed on many tumor-suppressive
lymphocytes and, thereby, mediates their recruitment out of the bloodstream into the TME
(Bronger et al., 2019; Cole et al., 1998). In lung cancer, it has been shown that the deficiency
of early growth response protein 1 (Egr-1), interleukin-7 (IL-7), CCL21, and depletion of
myeloid suppressor cells decreased the tumor load through enhanced expression of CXCL9 and
CXCL10 (Ding et al., 2016; Caso et al., 2009; Wasuth et al., 2009; Sahin et al., 2012). This is
presumably due to the anti-angiogenic role and involvement of tumor macrophages, CD4 and
CD8+ T-lymphocytes as well as NK cells (Ding et al., 2016). Kondo and colleagues (2004)
reported that intratumor expression of CXCL9 and CXCL10 in renal cell carcinoma correlated
with an increased infiltration of anti-tumor CD8+ T cells, a reduced tumor size, and a rare
recurrence after tumor resection. In patients with melanoma, overexpression of CXCL9 and
CXCLI10 was associated with the recruitment and migration of CD8+ T cells, which predicted
a good patient prognosis (Harlin et al., 2009). In general, overexpression of the cytokines
CXCL9 and CXCLI10 has been shown to be associated with a higher number of tumor-
infiltrating lymphocytes (TILs) and improved patient survival, e.g., in ovarian, breast,
pancreatic, colorectal, lung, renal and several other cancers (Bronger et al., 2019; Qian et al.,
2019; Mlecnik et al., 2010; Ding et al., 2016; Bronger et al., 2016; Kondo et al., 2004). CXCL11
is of special interest since it has a higher affinity towards its receptor CXCR3 as compared to
CXCL9 and CXCL10, and in contrast to the latter, studies on the clinical relevance of CXCL11
tumor tissue levels are almost lacking (Cole et al., 1998). All in all, it is tempting to speculate
that the chemokine CXCL11 is similar to CXCL9 and CXCL10 and has the same mode of
regulation, mechanisms of action on tumor cells, targets, and improves survival of patients with

malignant tumors.
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At present, the data on the correlation between CXCL11 expression levels and survival
parameters of tumor patients are quite contradictory. On the one hand, CXCL11 expression
positively correlates with OS of patients with lung cancer (Gao et al., 2019), on the other hand,
CXCL11 repression suppressed the metastatic ability in colorectal (Gao et al., 2018) and colon
cancer (Liu et al., 2021). In the study conducted by Liu and colleagues (2021), real-time PCR
and THC analysis showed that high CXCL11 mRNA and protein expression correlated with
differentiation status, depth of invasion, lymph node metastases, distant metastases, and
advanced TNM stage in colorectal cancer. The same study showed that patients with a higher
expression of CXCL11 had a lower survival rate (Liu et al., 2021). The inconsistency of the
results can be explained by the regulation of angiogenesis by CXC chemokines, which leads to
malnutrition, stagnant tumors, and also more aggressive tumor cells with metastatic potential
(Bronger et al., 2019). CXCL11 overexpression in the TME enhances the recruitment of tumor-
suppressive CD8+ T cells and correlates positively with antitumor cells such as memory B cells
and negatively with M2 macrophages, activated CD4 memory T cells, and M1 macrophages.
In addition to cancer-supporting cells, there is an increase in monocytes and a decrease in naive
CD4 T cells and activated mast cells (Gao et al., 2019; Yang et al., 2021). A recent study
examining the relevance of CXCLI11 in colorectal cancer showed that high expression of
CXCL11 mRNA was associated with a higher proportion of anti-tumor immune cells (such as:
CD8+ T cells, activated NK) and a lower proportion of protumor immune cells (such as: M0
macrophages, resting NK and monocytes) (Cao et al., 2021). From this, we can conclude that
CXCLI11 is associated with antitumor immunity, which partially explains the association of
CXCLI11 with a better prognosis. In addition, IHC analysis showed that patients with high
levels of intratumoral CXCL11 had high infiltration by CD8+ T cells and CD56+ NK cells and
a higher overall survival rate (Cao et al., 2021). In the present study, we demonstrate an
association of increased CXCL11 expression in tumor tissue with a favorable patient prognosis

which is in line with the proposed tumor-suppressive function of CXCL11.
5.1 Clinical relevance of CXCL11 in advanced HGSOC

Ovarian cancer (OC) is prone to recurrence, metastasis, and resistance. The mortality rate from
OC is the highest among all gynecological malignancies and continues to grow (Guo et al.,
2021). Patients with advanced OC have achieved long-term progression-free survival in recent
years. This is primarily due to the targeted therapy with poly (ADP-ribose) polymerase
inhibitors (PARP1) and bevacizumab (Guo et al., 2021). Using in vivo and in vitro experiments,
it was confirmed that olaparib, which refers to PARP1, can increase the expression of CXCL11

in ovarian cancer cell lines (Shi et al., 2021). Despite advances in the treatment of epithelial
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ovarian cancer (EOC), patient survival rates show modest improvements. The explanation for
this can be the lack of effective prognostic markers leaving the patients with foremost late-stage
disease and sub-optimal therapeutic windows. To date, new directions affecting carcinogenesis
and disease progression need to be identified, and the discovery and development of new
prognostic biomarkers and intensification of individualized therapy will be of great clinical
importance. A large number of studies have found that CXC chemokines play an important role
in tumorigenesis (Bronger et al., 2019; Qian et al., 2019; Mlecnik et al., 2010; Ding et al., 2016).
Li with colleagues (2021), using the ONCOMINE database, showed that CXCLI1
transcriptional levels in OC tissues were significantly elevated. According to the cancer genome
atlas (TCGA) data in the gene expression profiling interactive analysis (GEPIA) database, high
expression of CXCL11 may improve survival in patients with OC. This is confirmed also by
the results of this study, which showed that increased levels of CXCL11 mRNA were associated

with longer overall survival, an effect that was found to be significant and independent.

Ovarian cancer is considered an immunogenic tumor and is characterized by the presence of
TILs, which are involved in the antitumor immune response and prognosis. This presents an
opportunity for systemic immunotherapy, which uses the patient's immune system directly to
destroy and target tumor cells (Clarke et al., 2009; Liu et al., 2020). Monoclonal antibodies,
immune checkpoint inhibition, interleukin-2 (IL-2), and cancer vaccinations are strategies for
immunologic therapy (cancerresearchuk.org). Monoclonal antibodies are based on the idea of
selectively targeting tumor cells that express tumor-associated antigens. That holds great
promise for treating ovarian cancer (cancerresearchuk.org). The 3 major mechanisms of tumor
cell antibody-mediated cytotoxicity include antibody-dependent cellular cytotoxicity (ADCC),
complement-dependent cytotoxicity (CDC), and antibody-dependent cellular phagocytosis
(ADCP) (Li et al., 2021). ADCC initiates an immune response to antibody-coated cells for
further recognition, mainly by NK cells, which leads to lysis of the target cells (Lo Nigro et al.,
2019; Yonezawa et al., 2016). The ADCP response is closely related to tumor-associated
macrophages (Li et al., 2021). CDC activates components of the complement cascade, which
leads to the formation of a membrane attack complex on the cell surface and subsequent cell
lysis (Meyer et al., 2014). The chemokine CXCL11 is known to be able to attract immune cells,
including NK cells and macrophages, to the tumor, and is also overexpressed upon blocking
the complement system in mouse models (Tokunaga et al., 2017; Downs-Canner et al., 2016).
The results of immunotherapy highly depend on the condition (functionality and activity) of
the immune system. Available data indicate the importance of CXC chemokines in tumor

immunotherapy (Shi et al., 2021). In solid tumors, CXCL9, CXCL10, and CXCL11 are thought
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to be responsible for tumor-suppressing lymphocytic infiltration (Dangaj et al., 2019). It is
already known that CXCL9 and CXCLI11 are associated with improved OS in patients with
OC, by recruiting T- and B-lymphocytes and NK cells to suppress tumor growth, and CXCL11
expression is closely related to antigen-related genes, immune checkpoint-related genes, and
PARPi therapy (Millstein et al., 2020; Yan et al., 2020; Shi et al., 2021; Guo et al., 2021). In
advanced HGSOC overexpression of the chemokines, CXCL9 and CXCL10 is associated with
increased infiltration of CD3+ T cells and significantly improved survival (Bronger et al, 2016).
Kryczek and colleagues (2009) determined mRNA levels of the chemokines CXCL9 and
CXCLI10 using real-time reverse transcriptase polymerase chain reaction and protein levels
using intracellular staining or ELISA kits in 201 patients with untreated ovarian carcinomas. It
was found that CXCL9 and CXCL10 were positively associated with tumor-infiltrating CD8+
T cells and were also found to correlate with IL-17 levels, which also predicts improved patient
survival (Kryczek et al., 2009). Moreover, CXCL9 levels together with CD8+ effector
memory T cells can be important biomarkers for assessing the effectiveness of immune therapy
and potentially represent therapeutic targets (Lieber et al., 2018). It is also known, that CXCL9,
and CXCLI11 recruit dendritic cells, which have the potential to play a major role in facilitating
the infiltration of immune cells into the TME and the formation of an antitumor immune
phenotype (Liu et al., 2021). Gene signatures should be used as biomarkers to improve the
clinical outcome of patients with advanced OC, thereby optimizing personalized therapy
(Zheng et al., 2021). However, the role of immune-related genes in the development of EOC
has not been fully elucidated (Su et al., 2021). Currently, there is a need to develop a reliable
risk model that could be used for prognostic prediction in EOC (Liu et al., 2021). CXCL11
already have shown promising results in a few immune-based prognostic risk models (Zheng
etal., 2021; Su et al., 2021; Liu et al., 2021). Zheng and colleagues (2021) proposed a 11-gene
TME-related risk model for HGSOC, which can improve the prognostic accuracy of clinical
response to targeted therapies. Su and colleagues (2021) developed an immune-based

prognostic risk model using nine immune-related genes, and also included CXCL11.

Currently, there are many studies aiming at confirming the clinical efficacy of immune
checkpoint blockade (ICB) therapy in OC (Wang et al., 2021). At the same time, it is worth
noting that remission after treatment with immune checkpoint inhibitors is observed only in
15% of patients with advanced and recurrent OC (Hamanishi et al., 2015; Varga et al., 2015).
Given this, new approaches are needed to study possible agents that could interact with immune
checkpoint inhibitors to improve clinical response. CXCL11 expression was found to be

positively correlated with PD-L1 in colorectal cancer and colorectal adenocarcinoma (Cao et
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al., 2021). It has also been reported that expression of CXCL11 is positively associated with
TME and infiltrating immune cells and could be used as a potential biomarker for ICB therapy
(Shi et al., 2021). CXCL11 expression significantly correlated with expression of the most
significant immune checkpoint blockade-related genes, which have a profound effect on
therapy (LAG3, ICOS, CTLA4, CD48, HAVCR2, PDCD1 (PD-1), PDCDILG2 (PD-L2),
TIGIT, CD274 (PD-L1, and CD86) (Shi et al., 2021). Also, it was found that in response to
exposure to compound 968, there was an increase in CXCL10 and CXCL11 by cancer cells,
and an increase in T cell function and infiltration into tumors. Compound 968 is an allosteric
glutaminase C inhibitor that inhibits the migration and proliferation of cancer cells without
affecting their normal cell counterparts. An improvement in overall survival of mice was also
observed after co-treatment with compound 968 and anti-PD-L1 antibody (Wang et al., 2021).
The increase in T cell infiltration, probably through induction of CXCL10 and CXCLI11
secretion by tumor cells, into tumors in response to compound 968, as well as the inhibition of
glutaminase by compound 968, improved the treatment effect of ICB in ovarian cancer (Wang
et al., 2021). CXCL9 expression has also been shown to be a very powerful marker to predict
ICB therapy response in HGSOC and enable a successful therapy in a non-responding
syngeneic mouse model for HGSOC (Seitz et al., 2022). This confirms that the role of
CXCLY9/CXCL10/CXCL11/CXCR3-mediated T-cell infiltration in the success of ICB therapy

is very important.

All in all, overexpression of CXCL11 has shown promising results with regards to the prognosis
of HGSOC. The results suggest that CXCL11 is a suitable prognostic biomarker with the

potential to become a therapeutic target for cancer treatment.

5.2 Characterization of in vitro CXCL11 expression by ELISA in different human ovarian

serous cancer cell lines and comparison to the expression CXCL9, CXCL10

CXCLI11 is expressed at low levels under homeostatic conditions. This process is enhanced in
response to stimulation by interferon-gamma (IFN-y) and -beta (IFN-), and weakly by -alpha
(IFN-a). Moreover, it is synergistically enhanced by combination with tumor necrosis factor-
alpha (TNF-a), which alone has no effect (Rani et al., 1996; Antonelli et al., 2013; Tensen et
al., 1999; Tokunaga et al., 2017). From all CXCR3 ligands, TNF-a only affected CXCL10
secretion, which has already been reported (Bronger et al., 2016). A strong association has been
observed between inflammatory processes and cancer development (Piotrowski et al., 2020).
IFN-y and TNF-a are proinflammatory cytokines, which are produced by inflammatory cells

and play an important role in the immune system and the supervision of tumor growth (Shen et
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al., 2018). In ovarian cancer, inflammation has a significant role in tumor development (Jia et
al., 2018). Induction and secretion of chemokines of the CXCR3 system, in particular CXCL9
and 10, has been shown before for ovarian cancer cell lines, especially after the stimulation
with proinflammatory cytokines (Bronger et al., 2016). Due to the strong redundancy of three
similar ligands for the same receptor, the inductive potential of CXCLI11 has not been
systematically addressed in ovarian cancer cell lines. In the present work, it was demonstrated
that in various ovarian cancer cell lines, CXCL11 is expressed after IFN-y stimulation, and can
be synergistically enhanced by TNF-a stimulation in the same way as CXCL9 and CXCLI10.
According to the Human Protein Atlas, CXCL9, 10 and 11 are prognostic and their high
expression is favorable in ovarian cancer (proteinatlas.org). However, the average value in
ovarian cancer tissues is variable. CXCL10 (63.1fragments per kilobase million (FPKM)) has
the highest expression, followed by CXCL9 (13.6 FPKM) and then CXCLI11 (8.7 FPKM)
(proteinatlas.org). These data are consistent with the findings of the present study, where

CXCL11 shows the lowest total concentration in comparison to CXCL9 and CXCL10.

The experiments carried out in this work demonstrate secretion of CXCL11 by various ovarian
cancer cell lines in response to stimulation. Since CXCLI11 secretion in TME in vivo can
originate from several sources, such as fibroblasts or NK cells, it was important to show that
tumor cells themselves can secrete chemokines. By in vitro assays, further studies need to show
whether the identified tumor cells will provide sufficient amount of CXCL11 to alter
immunological interactions in the TME and stimulate enhanced immune responses.
Interestingly, laboratory mouse strains, e.g., C57BL/6 mice, generally carry a mutated, inactive
CXCLI11 gene, which is due to a single frameshift mutation. Therefore, in vivo data on the role
of CXCLI11 is almost completely lacking. Only very recently the mutations were corrected by
the CRISPR/Cas9 technology, which may help to perform in vivo experiments helping to
understand the tumorbiological role of CXCL11 (Dalit et al., 2022).

5.3 Clinical relevance of CXCL11 in TNBC

TNBC is an aggressive cancer that grows and spreads rapidly. There are very few treatment
options because the cancer cells do not respond well to most known treatments (Yang et al.,
2006). Surgery, cytotoxic chemotherapy, and PARPi are currently the therapy of choice, alone
or together (Tarantino et al., 2022). Despite the availability of effective treatments, TNBC
patients still have a mortality rate of about 40% of all breast cancer deaths. Together with the
overall aggressive phenotype of this entity other factors contribute to the worse prognosis such

as the lack of targeted therapy and potential resistance to chemotherapy (Wu et al., 2021).
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Currently, none of the clinical targeted drugs are very effective in fighting against TNBC on
their own (Singh et al., 2021). Despite the efficacy of chemotherapy treatment, unfortunately,
30-50% of patients will develop therapy resistance (Kim et al., 2018). Combining
chemotherapy with PARPI significantly improves survival in patients with TNBC (Chen at al.,
2021). PARPi therapy is effective in patients carrying mutations in BRCA1/2 (Singh et al.,
2021). Unfortunately, only about 15% of all people diagnosed with TNBC have these germline
mutations (Hahnen et al., 2017). Therefore, there is an urgent need to identify effective
prognostic markers, therapeutic targets, and develop a more effective method of treating TNBC.
Increased knowledge of the tumor microenvironment allows us to discover new prognostic
biomarkers, new therapeutic approaches, and new treatment concepts. In the present study. we
demonstrate for the first time an association of increased CXCL11 expression in tumor tissue

of TNBC with a favorable patient prognosis.

The outcome of therapy is highly dependent on immune cell infiltration (Bracci et al., 2013).
ChT and PARPi strongly benefit from an increase in immune cells (Cole et al., 1998). In breast
cancer tissue, immune cells are mainly represented by a population of T-lymphocytes (70%-
80%), followed by B-lymphocytes, macrophages, NK cells, and antigen-presenting cells (Yu
et. al., 2017; Ruffell et al., 2012; Coventry et al., 2015). TNBC represents a subtype of BC,
which has increased levels of tumor-infiltrating lymphocytes (Beniey et al., 2019; Gaynor et
al., 2020; Gao et al., 2020). Denkert and colleagues (2018) analyzed TIL concentrations and its
relation to pathological complete response to neoadjuvant chemotherapy in 906 patients with
TNBC. Pathological complete response was achieved in 80 (31%) of 260 patients with low
levels of TILs (0-10% immune cells in stromal tissue within the tumor), 117 (31%) of 373 with
intermediate levels of TILs (11-59%), and 136 (50%) of 273 with high levels of TILs (>60%)
(Denkert et al., 2018). The results demonstrate the key role of TILs for response to neoadjuvant
chemotherapy in triple-negative breast cancer. TILs can also act as a biomarker for predicting
the benefit of immunotherapy (Savas et al., 2016). As high levels of lymphocytic infiltration
are not only associated with a better prognosis in patients with TNBC, but also play a role in
response to therapy, the pathways responsible for this response need to be studied (Savas et al.,
2016; Denkert et al., 2018). CXCR3 is mainly responsible for infiltration of TILs (Bronger et
al., 2019; Cole et al., 1998). For BC, it was already shown that a high expression of the CXCR3
ligand CXCL9 correlated with a better response to chemotherapy (Specht et al., 2009).
CXCLI11, which has a higher affinity then the other chemokines towards to CXCR3, appears

to play a critical role in this process, as it is closely related to survival and the presence of TILs
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(Cole et al., 1998). From this, we suggest that CXCL11 can increase immune activation,

thereby improving the outcome of therapy.

Due to the relatively high immunogenic potential of TNBC, immunotherapy becomes a
promising treatment area (Beniey et al., 2019; Gaynor et al., 2020; Gao et al., 2020). Immune
checkpoint inhibitors, an adoptive cellular immunotherapy, or a chimeric antigen
immunotherapy offer new hope for patients suffering from TNBC (Emens 2021). Considering
the KEYNOTE-086 (phase II) data, it was found that stromal TIL expression can predict
response to immune checkpoint inhibitors (Adams et al., 2019; Qureshi et al., 2022). This study
evaluated the response to the single agent pembrolizumab in two groups. In the group with
previously treated metastatic TNBC and any PD-LI1 status, the mean stromal TIL level in
responders was 10% compared to 5% in non-responders (Adams et al., 2019). And in the group
with previously untreated PD-L1 positive metastatic TNBC, the level of stromal TIL in
responders was 50% compared with 15% in non-responders (Adams et al., 2019). In adopting
CD8+ T cell therapy, large numbers of tumor-specific T cells are obtained from patients,
expanded in vitro, and injected back into patients. CD8+ T cells play an important role in anti-
tumor immunity, and their infiltration is associated with good prognosis of various types of
cancer, including TNBC (Jin et al., 2020). Chimeric antigen receptor immunotherapy (CAR)
alters T cells so that they can find and destroy cancer cells (cancer.gov). It was shown that
lentivirus-infected epidermal growth factor receptor-CAR (EGFR-CAR) T cells reduce TNBC
cell growth and tumorigenesis in vitro and in vivo (Qiu et al., 2022). Given the side effects of
immunotherapy, it is necessary to identify prognostic biomarkers of response and resistance in
order to improve patient selection. In summary, the results of this work, together with the
proposed role of CXCL11, suggest that CXCL11 may be a suitable prognostic biomarker with
the potential to become a therapeutic target for the treatment of TNBC.

The mechanism underlying the relationship between CXCL11 and the immune context requires
further investigation. The study of CXCL11 and its role in cancer development could lead to
new methods of diagnosis or individualization of patient treatment, opportunities for more
effective immune therapies and improved efficacy of existing chemotherapy drugs. Future
studies would be interesting to confirm the expression of CXCLI11 in liquid biopsy samples
from TNBC and ascites from HGSOC, as well as in patients' blood, and to identify a suitable
pharmacological target to increase the intratumoral concentration of the chemokine (for

example, via inhibition of cyclooxygenase, use of PARPI, etc.).
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6 Summary

CXCL11 (C-X-C motif chemokine 11) is a small cytokine belonging to the C-X-C chemokine
family. Together with CXCL9 and CXCL10, CXCLI11 represents a ligand for the C-X-C
chemokine receptor type 3 (CXCR3), which is mainly responsible for infiltration of tumor-
suppressive lymphocytes. Overexpression of the cytokines CXCL9 and CXCL10 is associated
with a higher number of tumor-infiltrating lymphocytes and improved patient survival, e.g., in
breast, ovarian, colon, lung, and several other cancers. In contrast to CXCL9 and CXCLI10,
studies on the clinical relevance of CXCL11 tumor tissue levels are lacking. Therefore, the
present project aimed at analyzing CXCL11 expression in homogeneous cohorts of advanced
high-grade serous ovarian cancer (HGSOC) and triple-negative breast cancer (TNBC) and
assessing their clinical relevance in these well-defined subgroups. CXCL11 mRNA expression
levels were identified by quantitative PCR (qPCR) and protein expression levels by
immunohistochemistry (IHC) in a cohort of patients suffering from HGSOC and TNBC,
respectively. In addition, analysis of expression and secretion of CXCL9-11 into cell culture

supernatants was performed in vitro via ELISA in selected ovarian cancer cell lines.

In HGSOC, CXCL11 mRNA expression was found to be rather low in approximately 50%
samples. It was shown that an increased level of CXCL11 mRNA is associated with longer
overall survival, and this impact turned out to be significant and independent (in univariate Cox
regression analysis p=0.046; in multivariable Cox regression analysis p=0.002). For analysis of
CXCLI11 protein expression in tumor tissue, an Imagel plus-based scoring system and [HC
Profiler plugin were applied to assess the intensity of immunohistochemical staining. Here,
there was no significant association of CXCL11 protein expression with disease outcome. The
mRNA level indicates the amount of protein in the steady state (Liu et al., 2016), however, the
correlation between mRNA and protein levels is only about 40% (Vogel and Marcotte, 2012).
Many factors, including deficiencies in protein expression measurement (e.g. depending on the
antibody used for staining) and/or IHC analysis, can affect the results of the assay. It is also
important to note that unlike quantitative qPCR, IHC generates semi-quantitative data and can

be considered a relatively subjective assay.

The analysis of expression and secretion of CXCL9 -11 into cell culture supernatants was
performed via ELISA with or without stimulation of inflammatory cytokines (IFN- y, TNF- o).
The assay was deployed in order to define, whether the cell lines OVCAR-3 (ATCC: HTB-
161), Caov-3 (ATCC: HTB-75), SKOV-3 (ATCC: HTB-77), and OV-MZ-6 (Moébus et. al.,
1992), respectively, are capable of secreting chemokines upon stimulation and whether

CXCLI11 is equivalently regulated in comparison to the other CXCR3 ligands, CXCL9 and
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CXCLI10. Our experiment confirmed that in ovarian cancer cell lines, except in clear cell
carcinoma cells (SKOV-3), CXCL11 is expressed in response to [FN-y stimulation and can be
synergistically amplified by TNF-a stimulation in the same manner as CXCL9 and CXCL10.

In TNBC, CXCL11 displayed a rather high mRNA expression in most of the samples (about
67%). Regarding its clinical relevance, CXCL11 mRNA expression levels turned out to
represent a favorable prognostic factor in univariate Cox regression analysis for OS (p=0.046),
but also for DFS (p=0.016). Moreover, this prognostic value of CXCL1l mRNA was
independent of established clinical parameters according to multivariable Cox regression
analysis of TNBC for both survival parameters (OS p=0.036, DFS p=0.010). The IHC assay
showed a high level of protein expression in 60 % of the cases. Here, the elevated CXCL11
protein expression was linked to longer OS (p=0.009) and showed a trend towards to be

significant an independent factor (p= 0.054).

Altogether, the present study shows promising results and demonstrates an association of
elevated CXCL11 expression in tumor tissue with a favorable patient prognosis. Based on the
results of this study and our assumption that the function of CXCL11 is similar to that of
CXCL9 and CXCLI10, respectively, CXCL11 should be included in the analysis along with the
more studied CXCL9 and CXCL10 in the future.

In conclusion, for the first time, the clinical relevance of CXCL11 in two common, very
aggressive subtypes of gynecological cancers - advanced HGSOC and TNBC - was
investigated. CXCL11 may represent an attractive target for tumor therapies, demonstrating the
potential to aid decision-making about systemic therapy for patients with poor prognosis in
these tumors. Further research aimed at identifying potential cancer-related pathways in which
CXCLI11 is involved and will improve cancer treatment strategies and help patients suffering

from these malignancies.
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