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Simple Summary: Testicular germ cell cancer (TGCC) is characterized by an extensive immune cell
infiltration, which generates a pro-inflammatory tumor microenvironment (TME). The aim of this
study is to compare the interaction of tumor cells representative of two major TGCC subtypes with
the immune system in an in vitro coculture model. We found that the non-seminomatous cell line
NTERA-2 lacks immunostimulatory capacity and even inhibits T cell and monocyte activity, thus
sharply contrasting the opposing properties of the seminomatous cell line TCam-2. We hypothesize
that different immunological characteristics of tumor cell subtypes may explain some of the clinical
characteristics of TGCC.

Abstract: Testicular germ cell cancer (TGCC) is subdivided into several subtypes. While seminoma-
tous germ cell tumors (SGCT) are characterized by an intensive infiltration of immune cells which
constitute a pro-inflammatory tumor micromilieu (TME), immune cells in non-seminomatous germ
cell tumors (NSGCT) are differently composed and less abundant. Previously, we have shown that
the seminomatous cell line TCam-2 promotes T cell and monocyte activation in a coculture model,
resulting in mutual interactions between both cell types. Here we set out to compare this feature of
TCam-2 cells with the non-seminomatous cell line NTERA-2. Peripheral blood T cells or monocytes
cocultured with NTERA-2 cells failed to secrete relevant amounts of pro-inflammatory cytokines,
and significantly downregulated the expression of genes encoding activation markers and effector
molecules. In contrast, immune cells cocultured with TCam-2 cells produced IL-2, IL-6 and TNF«,
and strongly upregulated the expression of multiple pro-inflammatory genes. Furthermore, the
expression of genes involved in proliferation, stemness and subtype specification remained unaltered
in NTERA-2 cells during coculture with T cells or monocytes, indicating the absence of mutual
interactions. Collectively, our findings uncover fundamental differences between SGCT and NSGCT
in their capability to generate a pro-inflammatory TME, which possibly impacts the clinical features
and prognosis of both TGCC subtypes.

Keywords: testicular germ cell cancer; non-seminoma; seminoma; tumor microenvironment; T cell;
monocyte; inflammation; cytokines; TCam-2; NTERA-2

1. Introduction

Influences of the immune system on cancer progression, prognosis and therapy have
gained significant attention in recent years. On one hand, chronic inflammation is a major
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risk factor for tumor development and known to facilitate malignancy [1]. On the other
hand, pro- and anti-inflammatory activities of both T and myeloid cells in the tumor
microenvironment (TME) influence tumor growth [2,3]. The TME is a complex structure
that surrounds the tumor, and not only consists of immune cells, but contains fibroblasts,
extracellular matrix, blood vessels, cytokines and hormones [4]. Since mutual interactions
between the different cell types and mediators in the TME significantly influence tumor
progression, scores based on the intensity and quality of tumor-infiltrating immune cells are
increasingly used for risk classification and prognostic evaluation of tumors [5]. Moreover,
surface molecules and secreted mediators of immune cells are widely appreciated as
important targets of anti-tumor therapies based on monoclonal antibodies, small molecular
drugs, checkpoint inhibitors and CAR-T cells [6-8]. These innovative concepts mark the
onset of a new area of cancer immunotherapy; therefore, more detailed insights into the
immunological basis of cancer are urgently needed.

Testicular germ cell cancer (TGCC) is the most frequent tumor of young men, and
can be subdivided into seminomatous germ cell tumors (SGCT) and non-seminomatous
germ cell tumors (NSGCT) based on their histological and clinical features [9,10]. NSGCT
represent a heterogenous group of tumors, including embryonic carcinoma, which is
the most undifferentiated subtype, as well as embryonal and post-pubertal teratoma,
choriocarcinoma and yolk sack tumors [11]. In general, TGCC stand out amongst cancers
due to their excellent prognosis with SGCT, showing an even better overall survival rate and
lower risk of recurrent disease courses than NSGCT [12]. These features are associated with
the intensive infiltration of SGCT via various immune cells, in particular CD8* cytotoxic T
cells, M1 macrophages and a minor fraction of B cells [13,14]. Interestingly, NSGCT are also
infiltrated via immune cells, albeit to a lower extent and with a different composition [15].
The TME of SGCT is pro-inflammatory in nature, which is unusual since tumors normally
promote an accumulation of regulatory T cells and macrophages with an M2 phenotype [16].
Although there is some evidence that this unusual property of SGCT is related to its
good prognosis, the underlying mechanisms remain poorly defined. It is noteworthy that
granulomatous inflammation, which is associated with the presence of macrophages and
T cells, is often found in SGCT and lymphatic metastasis [17]. The inflammatory foci
contain low numbers of vital seminoma cells accompanied by a florid granulomatous
reaction, and it is conceivable that there is a connection to reported cases of burned-out
seminomas [18]. Besides the infiltrating immune cells, cytokines such as IL-6 are also
correlated with tumor progression [6,14,19]. Experiments using an in vitro model revealed
that T cells and monocytes sorted from human peripheral blood became activated upon
being cocultured with the seminomatous cell line TCam-2, and produced large amounts of
IL-6 and TNFe, thus generating a pro-inflammatory TME [20]. Whether this feature is a
specific characteristic of the seminomatous phenotype, or shared with other tumor entities,
is currently unknown.

TGCC arise from germ cell neoplasia in situ (GCNIS) and further develop to invasive
tumors after puberty [21]. Although mechanisms determining tumor development remain
vaguely defined, multiple genes have been identified that play a role in this process [22].
Stem cell markers, such as NANOG, OCT3/4 and GDF3, contribute to the maintenance
of tumor cell pluripotency, and genes involved in proliferation and cell cycle control,
including K167 and CDK4, promote tumor growth [23]. Animal experiments based on
the transplantation of seminomatous cells into mice revealed important influences of the
TME on the subtype identity of TGCC cells, depending on whether they were grafted
into the testes, flank or brain [24]. These findings confirm that engraftment tumor models
are only valid for orthotopic transplantation, and prove that tumor cell differentiation
depends on the surrounding TME. Based on these experiments, genes were identified
that distinguish between seminomatous and non-seminomatous cells. Most prominently,
the pluripotency factor SOX2 is associated with NSGCT, while SOX17 is characteristic of
SGCT [25]. The specific features of the different TGCC subtypes are recapitulated using
prototypic cell lines entailing mechanistic studies in vitro. NTERA-2 cells are derived from
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an embryonal carcinoma and show strong similarities with NSGCT, such as high expression
of the pluripotency factors SOX2 and OCT3/4 [26,27]. In contrast, TCam-2 cells resemble
seminomas, mainly express SOX17 and show solid analogies, for instance, in terms of
stem cell marker expression [28,29]. Thus, TCam-2 cells are considered the most reliable
seminomatous cell line [28,30]. Using a proteomic approach, several hundred proteins
were identified that quantitatively differed between both cell lines [31]. In addition, distinct
characteristics were found in their transcriptome and metabolome [32]. These findings
indicate that these cell lines are well suited to exploring processes occurring in the TME
of each TGCC subtype. Insights into the influences of immune cells on features of TGCC
cells have already been obtained via an in vitro coculture model. Here, it was found that
the activation of T cells and monocytes resulting from an interaction with TCam-2 cells
conversely altered features of the tumor cells [20]. Whether this result is the consequence
of immune cell activation and cytokine release, or if T cells and monocytes would induce
the same effects without prior activation, has not yet been explored.

Considering the previously observed mutual interactions between TCam-2 cells and
sorted immune cells, and the specific clinical features of SGCT and NSGCT, we wondered
whether non-seminomatous cells induced immunological changes other than seminoma-
tous cells. Thus, we employed an in vitro model based on coculturing NTERA-2 and
TCam-2 cells with either T cells or monocytes sorted from human peripheral blood. It
turned out that NTERA-2 cells were able to neither activate T cells and monocytes, nor
induce the release of pro-inflammatory cytokines, thus sharply contrasting the properties
of TCam-2 cells. Conversely, features of NTERA-2 cells, such as growth and stemness,
remained unaltered in coculture. Hence, TGCC subtypes differ in their immunomodulatory
capacity, which can also be expected to impact their clinical features.

2. Materials and Methods
2.1. Culturing of Tumor Cell Lines

The cell lines employed in this work were maintained in DMEM/Ham’s F-12 medium
with L-Glutamine (Capricorn Scientific, Ebsdorfergrund, Germany), 10% FCS and 1%
penicillin/streptomycin at 37 °C and 5% CO;, and split twice a week at a ratio of 1:3. The
human non-seminomatous cell line NTERA-2 was originally obtained from ATCC and
is reminiscent of an embryonal carcinoma [33]. The human seminoma-derived cell line
TCam-2 was provided by Daniel Nettersheim (University of Diisseldorf, Germany) and
previously used in our laboratory [20]. The initial passage number of both cell lines was 4,
and another 5-10 passages were performed in the course of the experiments.

2.2. Isolation of T Cells and Monocytes from Human Buffy Coats

Buffy coats were collected from healthy volunteers by the Department of Transfu-
sion Medicine of the University Medical Center Gottingen, Germany in the course of
routine blood donations. PBMC were purified via density gradient centrifugation using
Lymphoprep™ (Stemcell Technologies, Cologne, Germany), as described previously [20].
T cells or monocytes were then sorted with the help of the EasySep™ human T cell Isolation
Kit or EasySep™ Monocyte Enrichment/ Isolation Kit (Stemcell Technologies), according
to the instructions of the manufacturer. The purity of the cell preparations was tested via
flow cytometry, employing anti-hCD3 (T cells) or anti-hHLA-DR (monocytes) antibodies,
and found to be always >95%.

2.3. Coculture Experiments

NTERA-2 and TCam-2 cells were cultured in a volume of 2 mL of medium for 24 h
in 6-well plates starting with 1.5 x 10 cells, as previously described [20]. The next day,
T cells (3 x 10° cells/well) or monocytes (2 x 10° cells/well) were added to the tumor cells
and cocultured in a total volume of 4 mL for another 24 h at 37 °C and 5% CO,. Immune
and tumor cells were also cultured individually as controls. T cells and monocytes were
collected through carefully aspirating them together with the medium from the monolayers
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of NTERA-2 or TCam-2 cells. Subsequently, the harvested immune cells were centrifuged
for 7 min at 350 g, and the cell pellets and the supernatants were stored separately.
Routine analysis via flow cytometry revealed a purity of 95-99% for T cells and 86-94% for
monocytes. Adherent NTERA-2 or TCam-2 cells were dispersed via incubation with 0.1%
trypsin-EDTA (ThermoFisher, Waltham, MA, USA) for 5 min. The tumor cells were then
washed and stored for analysis.

2.4. Flow Cytometry

T cells and monocytes were stained with fluorochrome-conjugated monoclonal anti-
bodies obtained from BioLegend (Uithoorn, The Netherlands) and analyzed with a FACS
Canto II device (BD Bioscience, Heidelberg, Germany). Antibodies recognizing the fol-
lowing antigens were used in this study (clone names in brackets): hCD3 (HIT3a), hCD4
(OKT4), hCD8« (HIT8a), hHLA-DR (1.243), hCD14 (HCD14), hCD25 (BC96) and hCD163
(GHI/61). Flow]o® software (Tree Star, Ashland, OR, USA; version 10.7) was employed for
data processing.

2.5. ELISA

Cytokine levels in cell culture supernatants were measured with the help of commer-
cially available ELISA kits detecting IL-2, IL-6 or TNFe, following the instructions of the
manufacturer (Biolegend). Samples were pre-diluted, depending on the experimental setup,
to account for the different cytokine concentrations in cocultures of T cells and monocytes
with the two tumor cell lines. Absorbances at 450 nm and 570 nm were recorded using a
BioTek Power wave 340 Plate Reader (BioTek Instruments, Germany, Wetzlar).

2.6. Quantitative RI-PCR

Total RNA was isolated with the Quick-RNA MiniPrep kit (Zymo Research, Irvine,
CA, USA) and used to synthesize cDNA with the iScript kit (Bio-Rad, Munich, Germany).
Quantitative RT-PCR (RT-qPCR) analysis was performed on an ABI 7500 Instrument with
the SYBR Green Master Mix (both from ThermoFisher). Gene expression was calculated us-
ing the AACt method and normalized to the housekeeping gene 18SRNA. All primers were
synthesized via Metabion (Planegg, Germany); their sequences can be found in Table S1.

2.7. Statistical Analysis

All data were depicted as scatter dot plots with bars representing the mean, and
were analyzed either via unpaired t-test (two groups) or one-way ANOVA, followed by
Newman-Keuls Multiple Comparisons test (three groups). GraphPad Prism® software
(San Diego, CA, USA; version 9.4) was used for data analysis. Levels of significance are as
follows: *: p < 0.05; **: p < 0.01; ***: p < 0.001; n.s.: p > 0.05.

3. Results
3.1. NTERA-2 and TCam-2 Cells Differ in Their Capability to Activate T Cells and Monocytes
in Coculture

We previously showed that TCam-2 cells induce an activated phenotype in cocultured
immune cells [20]. Here, we asked whether this feature was shared with a cell line rep-
resentative of another TGCC subtype. To address this question, the non-seminomatous
cell line NTERA-2 and the seminomatous cell line TCam-2 cells were cultured for 24 h.
The next day, T cells were sorted from the peripheral blood of healthy donors, and either
cultured alone for 24 h or cocultured separately with each tumor cell line. Flow cytometric
analysis of CD3* CD4* T cells expressing high CD25 surface levels indicative of T cell
activation revealed no changes in cocultures with NTERA-2 cells, while their percentage
was significantly increased in cocultures with TCam-2 cells (Figure 1A-D).
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Figure 1. Flow cytometric analysis of T cells following coculture with NTERA-2 or TCam-2 cells.
T cells were isolated from buffy coats of healthy volunteers and either cultured alone or cocul-
tured with NTERA-2 or TCam-2 cell for 24 h. Thereafter, T cells were collected and stained with
fluorochrome-conjugated antibodies. (A) Exemplary analysis of T cells from an NTERA-2 coculture
based on CD3, CD4 and CD8 expression. (B,C) Identification of CD25high cells amongst T cells
cultured alone and T cells cocultured with NTERA-2 or TCam-2 cells. Exemplary dot plots are shown
for one sample of each experimental group. (D) Quantification of CD25M8 cells in cocultures of T cell
with either NTERA-2 or TCam-2 cells compared with monocultures of T cells. N = 7 (NTERA-2),
N = 8 (TCam-2). PBMC used in this experiment were collected from a total of five blood donors. Data
are depicted as bars representing mean and dots for each individual sample. An unpaired t-test was
used for statistical analysis (***: p < 0.001, n.s., non-significant with p > 0.05).

Next, we sorted monocytes from buffy coats of healthy donors and cocultured them
with each cell line. Analysis of HLA-DR* CD14" monocytes via flow cytometry revealed
a significant downregulation of the activation markers CD25 and CD163 on monocytes
collected from cocultures with NTERA-2 cells (Figure 2A,C). In contrast, the levels of both
proteins were increased on the surface of monocytes that were cocultured with TCam-2
cells (Figure 2B,C). Collectively, these observations reveal opposite responses of immune
cells to NTERA-2 compared to TCam-2 cells. While the seminomatous cell line TCam-2
induces immune cell activation, the non-seminomatous cell line NTERA-2 has no effect on
T cells, and even represses monocyte activation.

3.2. T Cells and Monocytes Fail to Secrete Pro-Inflammatory Cytokines in Cocultures with
NTERA-2 Cells

One of the most prominent consequences of immune cell activation is enhanced
cytokine secretion [34]. Hence, we tested whether the different activation states of T cells
and monocytes in cocultures with NTERA-2 and TCam-2 cells were also reflected by their
cytokine production. T cells and monocytes isolated from the peripheral blood of healthy
volunteers were individually cocultured with NTERA-2 or TCam-2 cells, as in the previous
experiment. Tumor and immune cells cultured alone served as controls. After 24 h, the cell
culture supernatants were harvested, and the levels of pro-inflammatory cytokines were
quantified via ELISA. IL-2 and IL-6 were essentially undetectable in cocultures of T cells
with NTERA-2 cells, which resembled the monocultures of each cell type (Figure 3A). In
contrast, secretion of both cytokines was significantly increased using T cells cocultured
with TCam-2 cells compared to both cell types cultured alone (Figure 3A).
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Figure 2. Flow cytometric analysis of monocytes cocultured either with NTERA-2 or TCam-2 cells.
Monocytes were sorted from blood donations of healthy volunteers, and then either cultured alone or
added to monolayers of NTERA-2 or TCam-2 cells and cocultured for 24 h. Afterwards, monocytes
were harvested and stained with fluorochrome-conjugated antibodies. (A,B) Representative his-
tograms of CD25 and CD163 stainings of CD14* HLA-DR* monocytes cultured alone and cocultured
with NTERA-2 or TCam-2 cells. (C) Comparison of percentage of CD25* cells and mean fluorescence
intensity (MFI, K = 1000-fold) of CD163 between monocytes cultured alone and monocytes cocultured
with NTERA-2 or TCam-2 cells. N =7 (NTERA-2), N =7 (TCam-2). PBMC were obtained from five
blood donors in total. Data are depicted as bars representing mean and dots for each individual
sample. Statistical analysis was performed using an unpaired t-test (**: p < 0.01; ***: p < 0.001).

A 5 B 1000
_ _ 800
E 20 E E E
B E) 2 B 600
o o g £ 400
=10 = ? Z
200
0 0
30 *kk *kk
1
L]
E E £ E® >
2 2 2 2
© @ © @
= 2 2 =10

@ RS 6\51/

N
3 >
S, D
D e
< °o° <L

Figure 3. Quantification of cytokine secretion by T cells and monocytes cocultured either with
NTERA-2 or TCam-2 cells using ELISA. T cells or monocytes were sorted from blood donations
of healthy volunteers, added to monolayers of NTERA-2 or TCam-2 cells and cocultured for 24 h.
Individual cell types cultured alone served as controls. Concentration of each cytokine in cell culture
supernatant was determined via ELISA. (A) IL-2 and IL-6 levels in supernatants of T cell cocultures
with NTERA-2 or TCam-2 cells, or in cultures of each cell type cultured alone. N = 16-28 (NTERA-2),
N = 19-24 (TCam-2). PBMC were obtained from 6-14 blood donors. (B) TNFx and IL-6 levels in
supernatants of monocytes cocultured with NTERA-2 or TCam-2 cells, or in cultures of each cell type
cultured alone. N = 21-26 (NTERA-2), N = 30-32 (TCam-2). PBMC were obtained from 7-13 blood
donors. Data are depicted as bars representing mean and dots for each individual sample. One-way
ANOVA, followed by a Newman-Keuls Multiple Comparisons test was used for statistical analysis
(***: p <0.001; n.s.: p > 0.05).
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Subsequently, we performed a similar analysis for monocytes cocultured with both
tumor cell lines. NTERA-2 cells also failed to stimulate cytokine secretion by cocultured
monocytes, while TCam-2 cells induced the release of large quantities of TNFo and IL-6
(Figure 3B). It is noteworthy that the amount of IL-6 secreted by monocytes cocultured
with TCam-2 cells was around 70-fold higher than by T cells cocultured with TCam-2 cells.
Collectively, our data provide evidence that non-seminomatous cells lack the capability to
promote a pro-inflammatory microenvironment when exposed to immune cells

3.3. The Individual Response of T Cells and Monocytes to TGCC Subtypes Is Linked to Their
Differential Gene Expression

The differences between NTERA-2 and TCam-2 cells concerning surface levels of
activation markers and cytokine concentrations in cell culture supernatants could be caused
through differences in gene expression, or linked to post-transcriptional mechanisms. To
address this issue, we initially analyzed mRNA levels in T cells either cultured alone
or together with the tumor cell lines. Expression of the four cytokine genes IL2, IL6,
TNFA and IFNG in T cells cocultured with NTERA-2 cells was significantly lower than in
monocultured T cells (Figure 4A). A similar observation was made for PERF1 encoding
the cytotoxic T cell effector molecule perforin 1. The only exception was the activation
marker CD69, which was slightly upregulated in cocultured T cells (Figure 4A). In sharp
contrast, T cells cocultured with TCam-2 cells expressed significantly increased mRNA
levels of IL2, IL6, TNFA, IFNG and CD69 compared to T cells cultured alone; only PERF1
expression was unaltered (Figure 4B). These findings indicate that NTERA-2 cells oppose a
pro-inflammatory gene expression profile in T cells.

A B

IL2 MRNA
CD69 mRNA
IL2 MRNA
CD69 mRNA

0 0 0 0
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Figure 4. Gene expression analysis of T cells in cocultures with NTERA-2 or TCam-2 cells. T cells
were sorted from blood donations of healthy volunteers, added to monolayers of (A) NTERA-2 or
(B) TCam-2 cells and cocultured for 24 h. T cells cultured alone served as controls. Subsequently, total
RNA was prepared from T cells harvested from both cultures, reverse transcribed into cDNA and
analyzed via RT-qPCR. Relative mRNA levels of IL2, CD69, IL6, TNFA, IFNG and PERF1 are depicted
as bars representing mean and dots for each individual sample. Housekeeping gene 18SRNA was
used for normalization, and mRNA levels in monocultured T cells were arbitrarily set to 1. N = 10-14
(NTERA-2), N = 8-14 (TCam-2). PBMC employed in this study were obtained from seven blood
donors. Data were analyzed via unpaired ¢-test (*: p < 0.05; **: p < 0.01; n.s., non-significant with
p > 0.05).
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Subsequently, we investigated whether the influence of NTERA-2 cells and TCam-2
cells on monocytes differed. To this end, monocytes were either cocultured with the two
tumor cell lines for 24 h or cultured alone, followed by RT-qPCR analysis. Expression levels
of the activation marker genes CD25 and CD163, the pro-inflammatory cytokine genes IL1B,
IL6 and TNFA, and the gene encoding the scavenger receptor CD206, were significantly
downregulated in monocytes cocultured with NTERA-2 cells compared to monocytes
cultured alone (Figure 5A). In contrast, all genes except for CD206 became strongly induced
when monocytes were cocultured with TCam-2 cells (Figure 5B). Consequently, NTERA-2
cells prevent monocytes from acquiring a pro-inflammatory gene expression profile. Taken
together, our data suggest that TCam-2, but not NTERA-2, cells induce T cell and monocyte
activation in coculture through controlling their gene expression profile, resulting in a pro-
inflammatory TME in the case of the seminomatous, but not non-seminomatous, cell line.
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Figure 5. Analysis of gene expression in monocytes cocultured with NTERA-2 or TCam-2 cells. Mono-
cytes were sorted from blood donations of healthy volunteers, added to monolayers of (A) NTERA-2
or (B) TCam-2 cells and cocultured for 24 h. Monocytes cultured alone served as controls. Subse-
quently, total RNA was prepared from monocytes collected from both cultures, reverse transcribed
into cDNA and analyzed via RT-qPCR. Gene expression of CD25, CD163, IL1B, IL6, TNFA and CD206
is represented as bars corresponding to mean and dots for each individual sample. Housekeeping
gene 18SRNA was used to normalize mRNA levels, which were arbitrarily set to 1 in monocytes
cultured alone. N = 8-12 (NTERA-2), N = 11-12 (TCam-2). The PBMC were purified from buffy
coats of seven donors. Data analysis was performed via unpaired ¢-test (*: p < 0.05; **: p < 0.01;
***: p <0.001; n.s., non-significant with p > 0.05).

3.4. T Cells and Monocytes Do Not Exert Any Influence on NTERA-2 Cells in Coculture

We had previously found that the activated phenotype of T cells and monocytes,
as well as enhanced cytokine secretion, resulted in an altered gene expression profile of
cocultured TCam-2 cells. Therefore, we asked whether immune cells influence NTERA-2
cells, even though they do not become activated by them. To this end, NTERA-2 cells were
cocultured for 24 h with either T cells or monocytes purified from buffy coats of healthy
donors, or cultured alone. Subsequently, a gene expression analysis via RT-qPCR was
performed for the non-seminoma marker SOX2; the cytokine IL6, which is moderately
produced also through tumor cells; and the proliferation and cell cycle genes KI67 and
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CDK4. Furthermore, we tested the stem cell markers NANOG, OCT3/4, and GDF3, as well
as SALL4, which is a novel diagnostic TGCC marker. Importantly, the expression of all eight
genes remained unaltered in NTERA-2 cells, regardless of whether they were cultured alone
or cocultured with T cells (Figure 6) or monocytes (Figure 7). This observation confirms that
immune cell activation is a prerequisite for their capability to conversely impact features of
TGCC cells.

SOX2 mRNA
KI67 mRNA
NANOG mRNA
GDF3 mRNA

NTERA-2 T cel/INTERA-2 NTERA-2 T cel/NTERA-2 NTERA-2 T cel/INTERA-2 NTERA-2 T cel/INTERA-2
alone coculture alone coculture alone coculture alone coculture

IL6 MRNA
CDK4 mRNA
OCT34 mRNA
SALL4 mRNA

0NTERA-2 T cell/NTERA-2 0NTERA-2 T cell/NTERA-2 0NTERA-Z T cell/NTERA-2 ONTERA-Z T cell/NTERA-2

alone coculture alone coculture alone coculture alone coculture
Figure 6. Gene expression analysis of NTERA-2 cells in T cell cocultures. T cells were purified
from buffy coats of healthy blood donors and subsequently cocultured for 24 h with NTERA-2 cells.
Monocultures of NTERA-2 cells were performed as controls. Total RNA was prepared from NTERA-2
cells collected from either cocultures or monocultures, reverse transcribed into cDNA and analyzed
via RT-qPCR. Relative mRNA levels of SOX2, IL6, KI67, CDK4, NANOG, OCT34, GDF3 and SALL4
are depicted as bars representing mean and dots for each individual sample. Gene expression was
calculated via normalization to housekeeping gene 18SRNA, and mRNA levels in NTERA-2 cell
monocultures were arbitrarily set to 1. N = 12. PBMC from 6 buffy coats were included in this
experiment. Data analysis was achieved through employing an unpaired f-test (n.s., non-significant
with p > 0.05).

4 n.s. 41 ns 6 4 ns.
I — < n.s.
<3 . Se < 31 s pd | < 34 . .
P = ° X 4 =z
QE: ° 14 . € ® DE: o &
24 ° E 2 . ) . 21 o
N . ™
x ¥ s S °°2 * g 2 w H
Eam ) Em B G ea oam ) EE B
04 0- 0 ._—_-_ 0
NTERA-2 Mono/NTERA-2 NTERA-2 Mono/NTERA-2 NTERA-2 Mono/NTERA-2 NTERA-2 Mono/NTERA-2
alone coculture alone coculture alone coculture alone coculture
41 n.s. 6 '_ln.s. &1 n.s. &l
| — | < | —| < n.s.
< 37 . < 4 . Z 3 Z 6 1
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NTERA-2 Mono/NTERA-2 NTERA-2 Mono/NTERA-2 NTERA-2 Mono/NTERA-2 NTERA-2 Mono/NTERA-2
alone coculture alone coculture alone coculture alone coculture

Figure 7. Quantification of gene expression in NTERA-2 cells cocultured with monocytes. Monocytes
were sorted from buffy coats of healthy volunteers and cocultured with NTERA-2 cells for 24 h. As
a control, NTERA-2 cells were cultured alone. Total RNA was prepared from NTERA-2 cells either
collected from cocultures or monocultures, reverse transcribed into cDNA, and analyzed via RT-qPCR.
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Relative mRNA levels of SOX2, IL6, KI67, CDK4, NANOG, OCT34, GDF3 and SALL4 are depicted as
bars representing the mean and dots for each individual sample. Housekeeping gene 18SRNA was
used for normalization of mRNA levels, and gene expression in NTERA-2 cell monocultures was
arbitrarily set to 1. N = 13-14. PBMC employed in this experiment were collected from seven blood
donors. Statistical analysis was performed via unpaired ¢-test (n.s., non-significant with p > 0.05).

4. Discussion

TGCC can be subdivided into SGCT and NSGCT, with the latter being a heterogenous
group that includes embryonic carcinoma [10]. An unusual feature of SGCT is their
extensive pro-inflammatory TME [13-15]. Interestingly, most tumors found in other organs
tend to promote the infiltration of regulatory T cells and myeloid-derived suppressor cells,
and, additionally, induce the polarization of macrophages towards an anti-inflammatory
M2 phenotype [3]. In sharp contrast, SGCT are densely infiltrated with cytotoxic CD8*
T cells, M1 macrophages and B lymphocytes [14,15]. Moreover, they express effector
molecules, which are destined to kill tumor cells, including perforin 1, granzyme B and
TNFa, as well as multiple pro-inflammatory cytokines that are characteristic for activated
macrophages and Th1 cells, including IL-1f3, IL-6, IL-2 and IFNy [14]. Th2 cytokines,
however, are largely unaltered in SGCT compared to normal testes. It is noteworthy that
the multifarious cytokine IL-6, which has been attributed tumor-promoting as well as anti-
tumorigenic properties [35], was found to be strongly upregulated in TGCC tissue samples
and cell culture models [14,36]. Although TGCC are always infiltrated to a certain degree by
immune cells, the TME is differently composed depending on the tumor subtype [15]. The
percentage of CD3" T cells in NSGCT is lower than in SGCT, and the relative abundance
of regulatory T cells is increased, thus creating a TME in NSGCT that has even partial
anti-inflammatory properties [15]. Importantly, this feature is also reflected in the gene
expression profiles of both tumor subtypes [15]. NSGCT express lower levels of the
T cell-specific gene CD3 and the T cell chemoattractant CCL19. Furthermore, the effector
molecules granzyme A, perforin 1 and IFNYy, as well as the transcription factor EOMES,
which is predominantly found in CD8" cytotoxic T cells, are all expressed at lower levels
in NSGCT compared to SGCT. Finally, the chemokine CXCL9, which is produced by
inflammatory macrophages to recruit T cells, and cytokine IL-12, which polarizes T cells
towards the Th1 phenotype, are downregulated in NSGCT compared to SGCT. These data
suggest that a pro-inflammatory TME is a specific feature of SGCT and, thereby, markedly
differs from the immunological features of NSGCT.

It is currently unknown why the immunological properties of SGCT and NSGCT are
so different. We now speculated that tumor cells of each subtype differently interact with
immune cells. To challenge this hypothesis, we cocultured NTERA-2 and TCam-2 cells
with sorted immune cells from the peripheral blood of healthy volunteers. This approach
allowed us to evaluate whether both cell lines differed in their capacity to activate T cells
and monocytes and generate a pro-inflammatory TME. The results of our flow cytometric
analysis showed that NTERA-2 cells failed to induce T cell activation in coculture, and
even dampened monocyte activity. Accordingly, the levels of pro-inflammatory cytokines,
such as IL-2, TNFx and IL-6, were unaltered in T cell and monocyte cocultures with
NTERA-2 cells. In contrast, they were increased in cocultures with TCam-2 cells, which
is in line with a previous report from our group [20]. We conclude that seminomatous
cells generate a pro-inflammatory TME whereas non-seminomatous cells propagate an
anti-inflammatory state. It is noteworthy that IL-6 levels were extremely high in cocultures
of TCam-2 cells with monocytes, indicating that this cytokine may play a prominent role in
shaping the TME of SGCT, as suggested previously [14,35]. Our gene expression analysis
uncovered further differences between SGCT and NSGCT concerning their capability to
influence immune cells. Regardless of whether T cells or monocytes were cocultured with
NTERA-2 cells, activation markers, pro-inflammatory cytokines and effector molecules
were downregulated, presumably leading to an inhibition of the immune cells. In contrast,
TCam-2 cells caused an upregulation of the respective genes, supporting our previous
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conclusion that seminomatous cells promote a pro-inflammatory TME [20]. Furthermore,
genes linked to the tumorigenic potential of NTERA-2 cells remained unaltered in both
immune cell cocultures. Thus, the two cell lines fundamentally differ in their mutual
interactions with T cells and monocytes, which represent crucial components of the TME of
every tumor entity.

We have chosen TCam-2 and NTERA-2 cells to elaborate immunological differences
between SGCT and NSGCT, rather than other TGCC cell lines, because, in our view, they
best reflect the molecular and clinical features of the respective tumor subtypes. SEM-1
cells, for instance, represent an intermediate between both tumor entities, and are derived
from an extragonadal tumor, while the cell line JKT-1 lacks the typical over-representation
of chromosome 12p found in most SGCT [37,38]. Similarly, the NCCIT cell line does not
ideally reflect the characteristics of NSGCT, as it carries a p53 mutation and originates
from the mediastinum [33]. We are aware that using only one exemplary cell line for each
TGCC subtype represents a certain limitation of our work, and that the conclusions are
formally restricted to the comparison between NTERA-2 and TCam-2 cells. It will, thus,
be necessary to confirm our in vitro data in the future by studying TGCC patients. In fact,
preliminary results of a gene expression analysis of fresh tumor tissue provided evidence
that the mRNA levels of IL2, IFNG, IL6 and TNFA are increased in SGCT but not in NSGCT,
which is in line with our cell culture data (unpublished results). We are, therefore, confident
that the conclusions drawn from the analysis of NTERA-2 and TCam-2 cells will also hold
true in the clinical setting.

In rare cases of TGCC, the primary tumor spontaneously regresses and becomes
replaced by fibrotic tissue [39]. These lesions, which are commonly found in metastatic
patients, are referred to as burned out testicular tumors (BOTT). Individual studies indi-
cate that BOTT are more often associated with SGCT than NSGCT metastasis [39]. The
mechanism underlying this phenomenon, however, is poorly understood. It is conceivable
that the pro-inflammatory TME contributes to the eradication of the primary tumor in
BOTT patients, and concomitantly promotes the metastatic potential of the tumor cells, thus
resulting in an extragonadal manifestation of TGCC. The observation that BOTT are more
frequently found in SGCT than NSGCT would be in accordance with the predominant
pro-inflammatory TME in this tumor subtype, as characterized by a strong infiltration of
CD8" cytotoxic T cells and high levels of pro-inflammatory cytokines, possibly contributing
to the regression of the primary testicular tumor.

Overall, our results revealed highly relevant differences concerning the interaction
between TGCC subtypes and immune cells, leading to divergent immunological responses
and changes in the tumor cell phenotype. With this knowledge in mind, the characteristics
of the TME and immunological signature of TGCC should be considered as diagnostic
criteria in the future, and potentially used as risk stratification factors, for instance, in terms
of relapse rates and the metastatic potential of the tumor. Regarding potential immunomod-
ulatory treatment options, our results entail efforts to promote immune cell infiltration
and supply recombinant cytokines, such as IL-6 or TNFo in NSGCT, thereby potentially
improving the prognosis of the respective patients. It appears to us that generating a
pro-inflammatory TME is instrumental for therapeutic success.

5. Conclusions

Subgroups of TGCC differ in their clinical properties and prognosis. The results of our
in vitro coculture model suggest that these features could be linked to the immunological
characteristics of the TME in each subtype. While the non-seminomatous cell line NTERA-2
suppressed markers of T cell and monocyte activation, and failed to induce the secretion of
pro-inflammatory cytokines, the seminomatous cell line TCam-2 strongly activated immune
cells and caused the release of large quantities of several pro-inflammatory cytokines.
These data suggest that NSGCT in patients may also lack the ability to activate infiltrating
immune cells, thereby resulting in the failure to produce pro-inflammatory cytokines and
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alter crucial properties of the tumor cells. This difference may eventually explain the poorer
prognosis of NSGCT and their higher metastatic potential.
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