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Abstract 

As an immune-privileged organ, the normal testis immune environment consists of 

macrophages, mast cells and few T cells, all having anti-inflammatory effects to protect 

developing germ cells from autoimmune attack. Recruitment of infiltrating immune 

cells is commonly observed in human testicular germ cell tumors (TGCT), i.e. 

seminoma, but the significance for disease progression and prognosis remains 

unknown. T cells represent the major component of tumor infiltrating lymphocytes (TIL) 

in TGCT. Potential roles of rarer subtypes, such as regulatory (Treg) and follicular 

helper T (Tfh) cells, being associated with tumor biology in other cancer entities, have 

not been investigated in TGCT. 

This study provides a detailed analysis of TIL focusing on Treg and Tfh in human 

testicular specimens characterized by hypospermatogenesis and lymphocytic 

infiltrates (ly) (n=12), pre-invasive germ cell neoplasia in situ (GCNIS -/+ly) (n=15, 

each), and seminoma (n=28) compared to normal spermatogenesis (n=10). Using 

immunohistochemistry (IHC), T cells were confirmed as most abundant TIL, with Treg 

and Tfh cells most frequently observed in seminomas. TIL from fresh human testicular 

tissue specimens (seminoma n=12; embryonal carcinoma (≥80%) n=6; mixed TGCT 

n=6) were analyzed by flow cytometry from different areas of tumor-bearing and 

contralateral (control) testes. Consistent with IHC, T cells were most abundant in 

seminomas.  Treg and Tfh cells were most frequently detected in tumors, along with 

helper (CD4+) and cytotoxic (CD8+) T cells.  

For further in-depth analyses of T cell subsets and their signatures in human testis 

samples, data from scRNA-sequencing of normal testis (n=3; pooled data) and TGCT 

(n=4) was examined. Again, T cells were the most prominent TIL in TGCT. Secondary 

clustering showed that, in addition to CD8+ cytotoxic, proliferating (activated), CCR7+ 

(newly recruited), and other CD4+ T cells, Treg and Tfh were present with variable 

frequencies. Downstream analysis suggested several possible modes of TIL 

regulation: Treg cell recruitment in TGCT might be regulated by the interaction of 

NANOG with CXCR4; Treg functionality might be regulated by a cooperation between 

BATF and CCL5. In addition, the interaction between BCL6 and NANOG might control 

Tfh cell recruitment in TGCT, and the cooperation between CXCR3 and ICOS is likely 
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to be important for their functionality. These in silico analytical findings are a fertile 

field for further experimental investigations. 

In summary, despite high inter-individual variation and sample heterogeneity, all study 

approaches showed a similar composition of immune cells in the human testis, with 

an overall increase of immune cells in TGCT compared to other pathological 

conditions and normal controls. In addition, it became clear that the predominance of 

resident macrophages in normal testes is shifted in favor of T cells as the main 

component of TIL in TGCT.  

Furthermore, the number of Treg and Tfh was significantly increased in TGCT 

compared to other pathological conditions and normal testis, possibly providing a 

tumor growth advantage. This study has described the complexity of TIL in TGCT and 

provides first indications that rarer T cell subtypes and their signaling molecules are 

likely to be of functional importance in the TGCT immune environment. 
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1 INTRODUCTION  

1.1 Overview of human testicular germ cell tumors (TGCT) 

Testicular cancer is the most common solid malignant cancer among young men aged 

between 14-44 years, and accounts for nearly 1% of newly diagnosed cancers in men 

worldwide (Cheng et al., 2018, Gurney et al., 2019, Huang et al., 2022, Fietz et al., 

2022). The incidence rate of testicular cancer varies widely around the world. For 

example, the lowest incidence (<1 person per 100,000 males) of testicular cancer has 

been reported in most Asian and African countries, while in the Scandinavian 

countries, particularly Norway and Denmark, the incidence rate of testicular cancer is 

9.4-9.9 persons per 100,000 males (Znaor et al., 2014, Park et al., 2018). Recent 

studies demonstrated that the incidence rate of testicular cancer in Germany is 10.2 

people per 100,000 men and the overall incidence rate of testicular cancer is 

continuously increasing worldwide, but the underlying reasons for this increase are not 

well understood (Michaeli et al., 2021). Nonetheless, advanced research has shown 

that several environmental and genetic factors are involved in the development of 

testicular cancer (De Toni et al., 2019). Among the various environmental risk factors, 

cryptorchidism (a condition/birth defect in which one or both testicles did not descend 

to the scrotum) is the most commonly associated with testicular cancer and increases 

the risk of testicular cancer by 5 to 10 times (Ferguson and Agoulnik, 2013, De Toni 

et al., 2019). Interestingly, a recent study found that cryptorchidism is more common 

on the right side and a small increase in the incidence in right-sided testicular cancer 

is observed (Leslie et al., 2022). Notably, family history increases the risk by 6 to 10 

times in sons or brothers of the man affected with testicular cancer (Hemminki and 

Chen, 2006, Del Risco Kollerud et al., 2019). Other environmental factors, including 

hypospadias (a congenital disorder in which the urethral opening is not located at the 

glans of the penis), impaired spermatogenesis, low sperm count, prior history of 

testicular cancer or extragonadal germ cell tumors increase the risk of testicular cancer 

(Møller and Skakkebaek, 1999, Trabert et al., 2013, Lymperi and Giwercman, 2018, 

Gaddam and Chesnut, 2022). In addition to the above risk factors, genetic factors 

contribute to >40% of testicular cancer, which is the third highest rate among all 

cancers (Mucci et al., 2016, Litchfield et al., 2017). Although no specific genetic 

alteration for the development of testicular cancer has been precisely identified, the 

highest correlation appears to be with single nucleotide polymorphisms in the KIT 
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ligand gene (KITLG), located on chromosome 12, and their amplification is commonly 

identified in human testicular cancer (Ma et al., 2012, Litchfield et al., 2015, Nicu et 

al., 2022). It has been also demonstrated that alterations in the KIT-KITLG system are 

strongly associated with human male infertility and an increased risk of  human 

testicular cancer (Galan et al., 2006, Ferlin et al., 2012). In addition to KIT, CCND2 

(Cyclin D2) and K-RAS are also located on chromosome 12 and are involved in the 

development of testicular tumors (Hacioglu et al., 2017, Ding et al., 2019b). Other 

genetic abnormalities, for example, polymorphisms in Phosphatase and tensin 

homolog (PTEN), alterations in P53 also influence the risk of testicular cancer 

(Andreassen et al., 2013, Romano et al., 2016). Notably, many other genes have been 

characterized as being associated with an increased risk of testicular cancer, but to 

date there is no evidence of a single important high-penetrance gene known to cause 

increased susceptibility to testicular cancer (Baroni et al., 2019, Nicu et al., 2022). 

 

Testicular germ cell tumors (TGCT) account for 90-95% of testicular cancer and are 

histologically categorized into seminoma and non-seminomatous germ cell tumors 

(Figure 1.1) (Ghazarian et al., 2015, Siegmund et al., 2022, Velado-Eguskiza et al., 

2022). The pathogenesis of TGCT is well established and it is accepted that TGCT 

have a common precursor named germ cell neoplasia in situ (GCNIS), which is the 

core regulator of TGCT phenotypes (de Vries et al., 2020, Velado-Eguskiza et al., 

2022). Briefly, TGCT arises from gonocytes that are unable to differentiate into 

spermatogonia, and the pluripotency of gonocytes allows them to develop into very 

diverse histological tumors (Baroni et al., 2019, de Vries et al., 2020). Under normal 

conditions, primordial germ cells develop into gonocytes, which are comparable to 

embryonic stem cells in terms of their gene expression pattern of pluripotency markers 

(OCT4, NANOG, PLAP1, KIT, Ki-67, etc.) and are gradually lost throughout the late 

gestation to neonatal (1 year) development and replaced by the expression of 

differentiation markers (MAGE4A, TSPY etc.) (Spiller and Bowles, 2017). Mature 

spermatogonia then start spermatogenesis after the onset of puberty by undergoing 

meiosis, ultimately giving rise to elongated spermatids (“testicular sperm”). In GCNIS, 

germ cells fail to mature into spermatogonia, preserve their pluripotency, and remain 

quiescent until puberty (Rajpert-De Meyts et al., 2016, Spiller and Bowles, 2017, 

Cheng et al., 2018, Velado-Eguskiza et al., 2022). Later in life, GCNIS cells can 
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resume proliferation and gradually replace normal spermatogonia in the affected 

tubules, developing into seminomas and/or non-seminomas over time. In adults, 

GCNIS cells are located on the basal membrane, whereas in young children, GCNIS 

cells can be seen both basally and centrally in the seminiferous tubules (Jørgensen et 

al., 2015). In addition, GCNIS cell nuclei are hyperchromatic and usually have more 

than a single prominent nucleolus. In advanced stages, GCNIS diminishes the 

seminiferous tubules’ organization by breaking down the basal membrane, 

proliferating and infiltrating the surrounding tissues, resulting in full-blown TGCT 

(Donner et al., 2004, Rajpert-De Meyts et al., 2016, Spiller and Bowles, 2017, Velado-

Eguskiza et al., 2022).  

 

 

 

Figure 1.1 Schematic overview of healthy spermatogenesis and pathogenesis of TGCTs 

and their types. NSP: normal spermatogenesis (NSP); GCNIS: Germ cell neoplasia in situ. 

Modified from Skakkebaek et al. (Skakkebaek et al., 2016) and Moch et al. (Moch et al., 2022). 
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TGCT arises from GCNIS and can be differentiated into seminoma and non-seminoma 

(Figure 1.1). Seminomas account for 60% of the TGCT and are characterized as 

homogeneous tumors of embryonic germ cells and are blocked at the earliest stage 

of differentiation, while heterogeneous non-seminomatous tumors consist of 

embryonal carcinoma, yolk sac tumor, choriocarcinoma and teratoma (Rajpert-De 

Meyts et al., 2016, Batool et al., 2019, Moch et al., 2022, Berney et al., 2022, Velado-

Eguskiza et al., 2022). Each of these TGCT presentations show distinct clinical 

features and can be differentiated histopathologically by the use of specific 

immunohistochemical markers. For example, OCT4 (POU5F1) and NANOG are 

expressed in both seminoma and embryonic carcinoma, while PDPN and KIT are 

solely expressed in seminoma but not in other TGCT. Furthermore, CD30 (TNFRSF8) 

and SOX2 are exclusively expressed in embryonal carcinoma. Other non-seminomas 

such as yolk sac tumors can be identified by GPC3 and alpha fetoprotein (AFP), while 

choriocarcinomas can be identified by β-human chorionic gonadotropin (hCG) 

(Rajpert-De Meyts et al., 2015). Although the pathogenesis of TGCT is known, it is still 

a mystery why and under what circumstances GCNIS develops into a seminoma or 

non-seminoma. Nonetheless, cumulative studies have shown that there are several 

risk factors (briefly mentioned above) that can influence the process of development 

of seminoma and non-seminoma from GCNIS. Importantly, recent studies have shown 

that immune cells present in testicular pathological and cancerous conditions also 

contribute to outcomes associated with GCNIS progression, including the invasive 

development of seminoma and non-seminoma, which is reflected in the disease 

prognosis (Hvarness et al., 2013, Klein et al., 2016, Siska et al., 2017b).  

 

Diagnosis and treatment of human TGCT 

The diagnosis and treatment of TGCT entirely depend on the stages of the disease 

(Stephenson et al., 2019). First, if an abnormal testicular mass is suspected, physical 

examination should be performed and must include abdominal and supraclavicular 

exploration (Laguna et al., 2022). In all patients with suspected neoplasm, ultrasound 

examination of the scrotum is highly recommended to confirm a testicular tumor. In 

addition, serum tumor markers, including AFP, hCG and lactate dehydrogenase (LDH) 

should be drawn and measured before any treatment, and in the meantime, patients 

should be counseled about the risk of hypogonadism, infertility and sperm banking 
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(Stephenson et al., 2019, Gilligan et al., 2019). Together with physical examination 

and scrotal ultrasound, serum tumor marker expression provides maximum sensitivity 

in diagnosing testicular cancer (Kreydin et al., 2013). Inguinal exploration and radical 

orchiectomy, should be performed in patients with an unilateral testicular lesion 

suspected of malignancy and a normal contralateral testis (Stephenson et al., 2019). 

Testicle-sparing surgery is rarely offered as an alternative to radical inguinal 

orchiectomy to preserve gonadal function with mandatory counseling on the possible 

risk of local recurrence, the need for regular monitoring with physical examination and 

scrotal ultrasound, effects of radiation therapy on sperm and testosterone production 

etc. (Stephenson et al., 2019). In addition, bifocal tissue biopsies are obtained from 

contralateral testis. Once the presence of GCNIS is confirmed, testicular radiation has 

to be discussed with the patient as a treatment option due to the about 50% risk of 

developing a solid germ cell tumor in the next 5 years. Serum tumor marker controls 

(AFP, hCG, LDH) are repeated every three months for at least 3 years in the tumor 

follow-up (Stephenson et al., 2019, Siegmund et al., 2022, Gaddam and Chesnut, 

2022). Depending on the confirmed histopathology of the diseased testicle, an 

individual personalized treatment for testicular cancer is decided (Baird et al., 2018). 

For example, surveillance without additional therapy is preferred for stage I seminoma 

without any risk factors. An adjuvant therapy with carboplatin is often recommended 

in the presence of the risk factors tumor invasion of the rete testis or tumor size > 4 

cm, while stage II and III seminomas are treated with cisplatin-based chemotherapy 

(II+III) or radiotherapy (only II) (Giannatempo et al., 2015, Baird et al., 2018). 

Importantly, post-orchiectomy patients must undergo a CT scan of the chest and 

abdomen including nadir serum tumor marker controls (AFP, hCG, LDH) post chemo 

exposure, to determine whether further high-dose chemotherapy or retroperitoneal 

lymph node dissection is required or not (Siegmund et al., 2022). In contrast, stage I 

non-seminoma can be treated with active surveillance or one cycle of cisplatin-based 

chemotherapy in the presence of risk factor lymphovascular invasion (Baird et al., 

2018). Furthermore, cisplatin-based chemotherapy (3 up to 4 cycles) has to be applied 

to the post-orchiectomy treatment of non-seminoma stages II and III based on the 

IGCCCG risk classification (good, intermediate, poor prognosis) (Baird et al., 2018). It 

is important to note that patients must be followed at least for five years after primary 

treatment of testicular cancer for recurrence (Laguna et al., 2022). 
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1.2 Immune privilege of the testis 

 

The term “immune privilege” can be defined as a niche in the body where foreign 

antigens are tolerated without evoking a detrimental immune response. The 

mammalian testis was first characterized as an immune privileged organ over 2.5 

centuries ago when it was observed that rooster testes survived after 

allotransplantation into hens (Setchell, 1990). Numerous studies later confirmed that 

the testis is an immune-privileged organ by transplanting histo-incompatible allografts 

and indeterminate-survival xenografts into the testis (Bobzien et al., 1983, Head et al., 

1983). The testis consists of the seminiferous tubules separated by interstitial tissue. 

Seminiferous epithelium consists of the Sertoli cells and germ cells surrounded by 

peritubular myoid cells, while the interstitium contains Leydig cells, macrophages, 

blood vessels, lymphocytes, and fibroblasts (Figure 1.2). Sertoli cells facilitate the 

development of germ cells through direct contact and by controlling the environmental 

milieu within the seminiferous tubules (Griswold, 1998, Fietz et al., 2022). 

 

 

 

 

Figure 1.2 Immune cells in the normal adult testis. LC, Leydig cells; bv, blood vessels; Mφ, 

macrophages; MC, mast cells; DC, dendritic cell; T, T cells. The BTB (blood-testis barrier) is 

indicated by a dotted line. Adopted from Fietz et al., (Fietz et al., 2022). 
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During puberty, developing spermatocytes and spermatids express new antigens that 

were lacking in the establishment of immune self-tolerance, hence they express 

autoantigens that put them at risk of eliciting a deleterious immune response (Kaur et 

al., 2021, Fietz et al., 2022). However, due to the immune-privileged environment in 

the testis, these germ cells do not evoke this response. Conspicuously, most of the 

testicular cells contribute, at least in part, to the testicular immunsuppressive 

environment (Washburn et al., 2022). For example, Sertoli cells play the leading role 

in testicular immune regulation, which was validated by ablation of Sertoli cells, 

confirming their role in testicular and germ cell development and blood-testis barrier 

(BTB) formation (Washburn et al., 2022, Fietz et al., 2022). The BTB, also known as 

Sertoli cell barrier, is one of the tightest BTBs in the mammalian body and prevents 

molecules, antibodies and immune cells from entering and exiting the seminiferous 

tubules (O'Donnell et al., 2021, Washburn et al., 2022, Fietz et al., 2022). Sertoli cells 

produce many different immunomodulatory factors, including galectin-1 (Gal-1), 

insulin-like growth factor-1 (IGF-1), indoleamine 2,3-dioxygenase (IDO), transforming 

growth factor-β (TGF-β), activin-A, SERPINA3N, SERPINB9, IL-6, IL1-β, TNF-α, β-

defensin, interferons-γ (IFN-γ), protein kinase R (PKR), which inhibit complement-

mediated cell lysis, immune cell proliferation and apoptosis to protect germ cells from 

both infection as well as immune response (Kaur et al., 2021, Washburn et al., 2022, 

Fietz et al., 2022). Furthermore, Sertoli cells play an important role in the survival of 

adult Leydig cells and the functions of peritubular cells (Rebourcet et al., 2014, Smith 

et al., 2015).  

 

Recently, it has been shown that Sertoli cells can survive after being transplanted as 

an allograft or xenograft to an ectopic site without the use of immunosuppressive drugs 

(Washburn et al., 2021). Besides, Sertoli cells also prolong the survival of co-grafted 

allogeneic and xenogeneic tissues (e.g., pancreatic islets), suggesting that these cells 

can mimic the immune-privileged environment outside the testis (Washburn et al., 

2021). In addition to Sertoli cells, Leydig cells and germ cells and their secreted 

molecules also contribute to the regulation of the testicular immune response. For 

example, conditioned media containing Leydig cells and germ cells have been shown 

to inhibit lymphocyte proliferation, cytotoxic T cell (Tc) and NK cell activity and induce 

regulatory T (Treg) cells (Hurtenbach and Shearer, 1982, Kaur et al., 2013, Fijak et 

al., 2015, Fietz et al., 2022). 



24 | P a g e  
 

 

The underlying mechanism of how mammalian testes exhibit immune privileges by 

preventing unnecessary immune responses against auto-immunogenic germ cells and 

promoting a preventive response against pathogens and tumorigenesis is well known 

to date (Kaur et al., 2013, Kaur et al., 2021). Briefly, the successful progression of 

spermatogenesis is the fundamental role of testicular immune privilege. The tight 

junctions between adjacent Sertoli cells along with the Sertoli cell body, called the 

BTB, divides the seminiferous tubules into basal (contains spermatogonia and 

preleptotene spermatocytes) and adluminal compartments (contains the advanced 

germ cells). Initially, testicular immune privilege was ascribed to BTB, as it sequesters 

the majority of autoantigenic germ cells and prevents entry of immune cells and 

antibodies into the adluminal compartment (Kaur et al., 2013, Kaur et al., 2021). 

However, it was later observed that autoantigens can be found on preleptotene 

spermatocytes present outside of the BTB, and development of the BTB after 

completion of meiosis in non-mammalian vertebrates refutes the role of the BTB 

because of the testicular immune privilege (Kaur et al., 2013, Kaur et al., 2014, Kaur 

et al., 2021). Furthermore, it has also been demonstrated despite the continuous 

degradation and regeneration of BTB between each breeding cycle in seasonal 

breeders who repeatedly expose the meiotic spermatocytes, no immune response 

occurs and fertility is fully preserved (Kaur et al., 2021). A recent study discovered that 

not all antigens such as zonadhesin (ZAN) from meiotic and haploid germ cells are 

sequestered behind the BTB and are not involved in maintaining tolerance but are 

protected from an immune response by the BTB, while some other antigens, such as 

lactate dehydrogenase 3 (LDH3), were detected within the interstitial space outside of 

the BTB and were implicated in maintaining tolerance (Tung et al., 2017, O'Donnell et 

al., 2021). Furthermore, it has also been revealed that meiotic germ cell 

(unsequestered) antigens are exported into residual bodies to induce Treg cell-

dependent tolerance, which was confirmed by a negative correlation between Treg 

and LDH3 antibodies in animal experiments (Tung et al., 2017, O'Donnell et al., 2021). 

 

Importantly, the interstitium of mammalian testis contains regulatory immune cells, 

including resident macrophages and immature dendritic cells (DCs), which provide an 

anti-inflammatory environment in the testis, and the testicular interstitial fluid exhibits 

immunosuppressive activity by inhibiting the activation and/or proliferation of 
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stimulated peripheral blood lymphocytes (Pöllänen et al., 1988, Pöllänen et al., 1992, 

Hedger et al., 1998). Testicular interstitial fluid is influenced and regulated by somatic 

cells (Sertoli cells, Leydig cells and peritubular myoid cells) and tolerogenic 

macrophages and play a critical role in establishing and maintaining testicular immune 

privilege (Wang et al., 2017a). For example, treatment of rat monocytes with interstitial 

fluid resulted in a polarization of granulocyte-macrophage-colony-stimulating-factor-

induced M1 macrophages towards regulator M2 macrophages, which secreted a 

higher level of IL-10 and a lower level of TNF-α after stimulation of lipopolysaccharide 

and induced significantly higher number of Treg cells when co-culture with T cells 

(Wang et al., 2017a). Furthermore, the same study also showed that treatment of rat 

T cells with interstitial fluid led to an increase in Treg cells, suggesting that interstitial 

fluid is one of the critical regulators for establishing and maintaining testicular immune 

privilege (Wang et al., 2017a). 

 

Among the different immune cells, macrophages are the leading immune cells in 

normal testis and play different functional roles. For example, macrophages regulate 

vascularization of fetal testis and contribute to building the spermatogonia niche in the 

adult testis (DeFalco et al., 2014, DeFalco et al., 2015). In addition, testicular 

macrophages are also closely associated with Leydig cell development and 

steroidogenesis (Hales, 2002). Mechanistically, under normal conditions, testicular 

macrophages disrupt T cell activation by downregulating genes involved in toll-like 

receptor (TLR) signaling and upregulating negative regulators of TLR signaling, while 

under inflammatory conditions, testicular macrophages are able to inhibit nuclear 

factor-kappa B (NF-kB) activation (Winnall et al., 2011, Bhushan et al., 2015). 

Furthermore, testicular macrophages stimulate the development of Treg cells while 

being co-cultured with T cells (Wang et al., 2017a). Taken together, the response of 

testicular macrophages to inflammatory stimulation is dampened compared to 

conventional macrophages, suggesting the critical role of macrophages in maintaining 

testicular immune privilege. 

 

Along with macrophages, DCs play an important role in testicular immune privilege. A 

very limited number of DCs can be found in normal mammalian testes, while a 

relatively increased number of DCs are found in inflamed tastes (Fijak et al., 2017). 

Relevant studies showed that the expression levels of CD80, CD86, and MHC class 
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II molecules of DCs remains unchanged in rat normal and inflamed testis, while 

upregulated CCR7 was found in rat inflamed testis (Rival et al., 2007). Furthermore, 

DCs express IL-10 and IL-12p35 in testes with experimentally induced autoimmune 

orchitis (EAO) and draining lymph nodes, which significantly stimulates effector T cell 

proliferation, suggesting a tolerogenic phenotype for DCs with normal testicular 

functions, leading to a maintained immune privilege (Rival et al., 2007, Guazzone et 

al., 2011). A recent study found that Gal-1 secreted by murine Sertoli cells is important 

for the development and maintenance of tolerogenic DCs (Gao et al., 2016). When 

DCs were co-cultured with allogeneic Sertoli cells, lower levels of MHC II, CCR7, 

CD11c, CD80, CD83, and CD86, but higher levels of IL-10 and TGF-β were detected 

(Washburn et al., 2022), and the results remained consistent in xenogeneic co-culture 

of mouse DCs with neonatal pig Sertoli cells after exposure to a potent inflammatory 

antigen (lipopolysaccharide), supporting the tolerogenic phenotype of DCs in the 

testicular immune environment (Washburn et al., 2022).  

 

In contrast, T cells account for about 10-20% of the total immune cells in normal 

mammalian testes, and an increase in this percentage is positively associated with 

inflammatory pathologies (Hedger, 2015, Klein et al., 2016, Fijak et al., 2017, 

Washburn et al., 2022). Different types of T cells, including CD4+ T helper (Th) cell, 

CD8+ cytotoxic T (Tc) cells, CD4+CD25+FOXP3+ Treg cells have been identified in 

mammalian testes, however, the interactions and functions of T cells in normal testis 

are limited (De Rose et al., 2013, Pérez et al., 2013). Nonetheless, relevant studies 

suggested that various immunosuppressive factors, such as IL-10, TGF-β, activin A 

produced locally in the testes may promote a decreased testicular T cell response, 

leading to prolonged tolerance (De Rose et al., 2013, Fijak et al., 2017). In addition, 

Sertoli cells appear to regulate different T cells, however, the mechanism how Sertoli 

cells limit T cell expansion is poorly understood to date (Pérez et al., 2013). Sertoli 

cells can express different granzyme inhibitors, such as SERPINA3N and SERPINB9, 

which can limit the action of CD8+ Tc cells (Hirst et al., 2001, Horvath et al., 2005, 

Sipione et al., 2006). Initial study showed that Sertoli cells in the presence of follicle 

stimulating hormone (FSH) can inhibit the production of IL-2, which is required for T 

cell proliferation (Selawry et al., 1991). Interestingly, Sertoli cells can also induce Treg 

from naïve T cells in mammalian testes, which can lead to an alteration in overall T 

cell populations (Brown et al., 2003, Dal Secco et al., 2008), however the exact 
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mechanism of how Sertoli cells induce Treg is largely unknown to date. Taken 

together, testicular immune privilege provides an anti-inflammatory environment 

involving various cells, including regulatory immune cells, which allows to regulate 

normal spermatogenesis (NSP) and protect auto-immunogenic germ cells. It is 

important to note that the immune privilege of the testis can be disrupted by bacterial 

and viral infections, as well as the development of testicular cancer. However, a 

knowledge gap still exists regarding the interactions between testis and pathogens 

and cancer, suggesting that further studies are needed to uncover the underlying 

mechanisms of how pathogens and cancer use testicular immune privilege to their 

advantage in order to develop effective therapeutics against them. 

 

1.3 Immune cells in the testis under physiological and pathological conditions 

1.3.1 Macrophages 

Macrophages are heterogeneous antigen-presenting cells, representing the most 

abundant immune cells in normal testes, and playing crucial rules in the development 

of fetal testes and the maintenance of the immune privilege in adult testes (Niemi et 

al., 1986, Bhushan and Meinhardt, 2017, Wang et al., 2017a, Meinhardt et al., 2022). 

The heterogeneity of macrophages can be identified based on their anatomical 

localization, organ-specific function, surface markers, gene expression profile, 

ontogenesis, and postnatal development (Mossadegh-Keller and Sieweke, 2018). For 

example, two types of macrophages such as interstitial macrophages characterized 

by CD64hiMHClo expression, and peritubular macrophages characterized by 

CD64loMHChi expression, have been identified in the adult mouse testis (DeFalco et 

al., 2015, Fehervari, 2017, Mossadegh-Keller et al., 2017, Mossadegh-Keller and 

Sieweke, 2018), and a recent study also suggested that these two macrophage 

phenotypes may originate from the fetal liver and already exist during fetal life before 

birth (Lokka et al., 2020). In addition, macrophages can be classified into two 

functional subtypes:  (I) pro-inflammatory M1 macrophages identified by surface 

markers (such as CD80, CD86, CD64, CD16, and CD32), polarized by 

lipopolysaccharide (LPS) alone or in association with IFN-γ, GM-CSF, and produce 

pro-inflammatory cytokines such as IL-1β, IL-6, IL-12, IL-23 and TNF-α; (II) anti-

inflammatory and immunoregulatory M2 macrophages identified by CD163 and 

CD206, polarized by IL-4 and IL-13, and produce anti-inflammatory cytokines such as 
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IL-10 and TGF-β (Shapouri-Moghaddam et al., 2018). In normal testis, resident 

macrophages are typically M2 macrophages and exhibit normal phagocytic functions 

(DeFalco et al., 2014). For example, M2 macrophages protect developing germ cells 

from noxious stimuli, including autoimmune attack against meiotic germ cells through 

secreting IL-10, TGF-β (Bhushan and Meinhardt, 2017). As mentioned above, 

macrophages play an essential role in preserving the testicular immune privilege 

through diverse mechanisms (Wang et al., 2017a, Fijak et al., 2018, Meinhardt et al., 

2018). In addition, M2 macrophages interfere with T cell activation, proliferation, and 

stimulate naïve T cell differentiation into Treg cells (Winnall et al., 2011, Bhushan et 

al., 2015, Wang et al., 2017a, Bhushan et al., 2020). Importantly, increased numbers 

of macrophages in the human testis have been observed under pathologic conditions, 

including TGCT along with their pre-invasive GCNIS (Schütte et al., 1988, Hvarness 

et al., 2013, Klein et al., 2016).  

  

1.3.2 Dendritic cells 

Dendritic cells (DCs) are antigen-presenting cells involved in the initiation and 

regulation of both innate and adaptive immune responses (Wculek et al., 2020). Based 

on the expression of different surface markers, DCs can be broadly divided into 

plasmacytoid DCs (pDCs) and myeloid (classical) DCs (mDCs). In general, DCs can 

be found in both lymphoid and non-lymphoid tissues, and involved in the activation of 

T cells (which drive autoimmunity) and the induction of antigen-specific T cell tolerance 

(pathogen-induced immune responses) depending on various factor (Tarbell and 

Rahman, 2020). Functional involvement of DCs in the testis is poorly known. 

Nonetheless, DCs are rarely found in normal testis, exclusively in the interstitial space, 

and are thought to be involved in maintaining testicular immune privilege (Klein et al., 

2016, Bhushan et al., 2020). A significantly increased number of DCs was detected in 

EAO, suggesting their involvement in the testicular immune response (Rival et al., 

2006). Furthermore, Gal-1 secreted by Sertoli cells has been found to be important for 

the development and maintenance of tolerogenic DCs (De Rose et al., 2013). Unlike 

other cancers, the putative role of DCs in human testicular cancer is not well 

characterized. Nevertheless, Klein et al. (Klein et al., 2016) found a higher number of 

CD11c+ DCs in pre-invasive GCNIS and TGCT (mostly in seminoma) compared to 
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normal testis suggesting their association with testicular disease development and 

progression.  

 

1.3.3 Mast cells 

Mast cells are tissue-resident immune cells derived from pluripotent bone marrow 

progenitor cells and are found primarily in mucosal and epithelial tissues throughout 

the body with heterogeneous phenotypes (Krystel-Whittemore et al., 2016). Functional 

studies showed that mast cells promote fibrosis by stimulating fibroblast proliferation 

and collagen synthesis via their proteases, chymase and trypsin (Algermissen et al., 

1999, Mechlin and Kogan, 2012). Although, knowledge on the functional involvement 

of mast cells is limited in the testes, a small number of mast cells are found in the 

interstitium of normal testes (Hussein et al., 2005), while they are more abundant in 

the testes of infertile men and those with testicular atrophy (Banek et al., 1999, 

Yamanaka et al., 2000, Mechlin and Kogan, 2012). Relevant studies have also found 

that mast cells are critically associated with defective spermatogenesis and that this 

effect is more pronounced in testicular biopsies with arrested maturation and Sertoli 

cell only (SCO) phenotypes (Meineke et al., 2000, Hussein et al., 2005, Roaiah et al., 

2007). Interestingly, mast cells were found to have a critical impact on the Treg and 

immune tolerance (Lu et al., 2006, Piconese et al., 2009). In contrast, activated Treg 

cells may also recruit mast cells via the pleiotropic cytokine IL-9 to facilitate regional 

immunosuppression (Eller et al., 2011). 

 

Analysis of mast cells in human testes showed that these cells slightly increase in 

human testicular biopsies showing hypospermatogenesis (HYP) and GCNIS 

compared to testes presenting normal spermatogenesis, but no mast cells were found 

in seminoma (Klein et al., 2016), suggesting that mast cells are likely to be involved in 

maintaining NSP and early stages of disease development and progression, but are 

not or less involved in TGCT development and progression. However, the functional 

mechanism by which mast cells are involved in human normal and diseased testes is 

largely unknown to date. Nonetheless, recent studies have described mast cells as 

pro-tumor immune cells in human testis (Siska et al., 2017b, Kalavska et al., 2021). 
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1.3.4 B cells 

B cells are one of the most abundant tumor-infiltrating lymphocytes and play an 

important role in regulating the immune response to different types of cancer (Yuen et 

al., 2016, Wei et al., 2021). Interestingly, B cells can play a dual role in cancer (Wei et 

al., 2021). For example, B cells can promote the development and progression of 

cancer through producing autoantibodies and tumor growth factors (Yuen et al., 2016). 

In addition, regulatory B cells can suppress the response of CD4+ Th1, NK cells and 

CD8+ Tc cells via the secretion of IL-10, and also stimulate the conversion of naïve 

CD4+ Th cells into FOXP3+ Treg cells via the production of TGF-β, and thus promote 

tumor growth (Olkhanud et al., 2011). In contrast, B cells can also inhibit tumor 

development and progression by producing tumor-reactive antibodies that promote 

tumor killing by NK cells, priming CD4+ Th and CD8+ Tc cells, and phagocytose by 

macrophages (Yuen et al., 2016, Wei et al., 2021). In the testis, no B cells were found 

in testicular biopsies with NSP and HYP, but increased numbers of B cells were 

detected in testicular biopsies presenting pre-invasive GCNIS and TGCT 

accompanied by different regulatory molecules including IL-2, IL-6, IL-1β, TNG-α, 

TGF-β, IFN-γ, CXCL5, CXCL10, CXCL13, and many more (Willis et al., 2009, 

Hvarness et al., 2013, Klein et al., 2016), suggesting that B cells are unlikely to be 

involved in the regulation of NSP but play an important role in the development and 

progression of TGCT. However, the underlying mechanism how B cells regulate TGCT 

development and progression remains to be elucidated. 

 

1.3.5 T cells 

T cells are specialized lymphocytes that originated from bone marrow progenitors and 

mature in the thymus to express uniquely rearranging T cell receptors for antigen. 

Based on the T cell receptor subunits and the expression of core lineage cell surface 

markers, T cells can be broadly classified into CD8+ Tc cells and CD4+ Th cells. Both 

Tc and Th cells can be further differentiated into different subtypes, which are mainly 

characterized by their specific cytokine profiles (Figure 1.3) (Golubovskaya and Wu, 

2016, Paul and Ohashi, 2020). Each subtype of CD4+ Th and CD8+ Tc cell is 

functionally distinct and may have specific roles in normal physiology and in the 

development and progression of various diseases. 
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Figure 1.3 T cell subtypes. T cells are forced into different subtypes by the influence of 

different cytokines (shown on the arrows); In addition, each CD8+ Tc and CD4+ Th subtype 

is characterized by its specific cytokine production. Only the most important cytokines and 

regulatory factors are mentioned here.  

 

 

1.3.5.1 CD4+ Th cells 

CD4+ Th cells, along with CD8+ T cells, play a central role in the adaptive immune 

system and are known for supporting antibody production from B cells, stimulating 

CD8+ Tc cells and macrophage function (Zhu et al., 2009). CD4+ Th cells are 

significantly involved in tumor immunity as well as in autoimmunity, asthma, and 

allergic responses. In the tumor microenvironment (TME), CD4+ Th cells can target 

tumor cells and eliminate them via different cytolytic mechanisms (Kennedy and Celis, 

2008, Melssen and Slingluff Jr, 2017, Borst et al., 2018), while CD4+ Th cells in 

secondary lymphoid organs increase the magnitude and quality of CD8+ Tc cell and 

B cell responses (Castellino and Germain, 2006, Borst et al., 2018). CD4+ Th cells 

can be further differentiated into different subtypes such as Th1, Th2, Th9, Th17, 

Th22, Treg, and T follicular helper (Tfh) cells, which are also largely characterized by 

different cytokine profiles and a distinct functional potential (Raphael et al., 2015).  
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CD4+ Th1 cells 

CD4+ Th1 cells are one of the first-defined Th lineages, characterized by their 

production of IL-2, IL-10, TNF-α, and IFN-γ (Kim and Cantor, 2014). Induction of CD4+ 

Th1 cells is mediated by antigen-presenting cells (APCs) such as macrophages and 

DCs, and their secreted cytokines (IL-12 and IFN-γ) (Luckheeram et al., 2012, 

Annunziato et al., 2014). The differentiation of Th1 cells is regulated by various 

transcription factors, such as T-bet, STAT1, STAT4, Runx1, Runx3, Eomes and Hlx 

(Luckheeram et al., 2012, Annunziato et al., 2014). CD4+Th1 cells are thought to be 

mainly responsible for the immune response against intracellular pathogens and the 

induction of autoimmune diseases, but a large number of these cells are also detected 

in the TME associated with various cancers including breast cancer, colon cancer, 

lung cancer, and others (Tosolini et al., 2011, Mateu-Jimenez et al., 2017, Jia et al., 

2021, Lee et al., 2021, Basu et al., 2021). It is believed that CD4+ Th1 cells can directly 

eliminate tumor cells by releasing cytokines that activate death receptors on the tumor 

cell surface (Knutson and Disis, 2005). Several studies have been conducted to 

uncover the functional involvement of Th1 cells in normal testicular function as well as 

in TGCT. In accordance with others (Disis, 2010, Gong et al., 2020), our research 

group recently described a significant immune cell infiltration in seminoma compared 

to normal testis, HYP and GCNIS (Klein et al., 2016). Briefly, cytokine expression 

profiles revealed increased Th1 cell-driven master cytokines IL-2 and IFN-γ only in 

pre-invasive GCNIS and seminoma samples, but not in NSP and HYP, suggesting a 

tumorigenic impact of CD4+ Th1 cells to TGCT (Klein et al., 2016). However, the 

underlying mechanism of the association of CD4+ Th1 cells with the development and 

progression of human TGCT needs to be further elucidated to better understand 

human testis immune surveillance.  

 

CD4+ Th2 cells   

CD4+ Th2 cells are characterized by their higher production of the anti-inflammatory 

cytokines IL-4, IL-5 and IL-13 in conjunction with a lower secretion of IL-9 and IL-10 

(Vahedi et al., 2013, Walker and McKenzie, 2018). CD4+ Th2 cells are outstanding for 

their support to B cells and their critical involvement in host defenses against 

multicellular parasites, allergies, and atopic diseases (Vahedi et al., 2013, Walker and 
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McKenzie, 2018). CD4+ Th2 cell differentiation is mainly regulated by IL-4 via GATA3 

and STAT6 (Luckheeram et al., 2012, Dobrzanski, 2013). In addition, other 

transcription factors such as STAT5, STAT3, Gfi-1, c-Maf, and IRF4 are also involved 

in the differentiation of CD4+Th2 cells (Luckheeram et al., 2012). CD4+ Th2 cells play 

an ambivalent role in cancer immunity. For example, IL-10 released from CD4+ Th2 

cells inhibits antigen processing, DCs presentation, and/or activation of Treg cells, 

which ultimately suppress the anti-tumor immune response (Ellyard et al., 2007, Chraa 

et al., 2019). On the other hand, IL-4 secreted by CD4+ Th2 is strongly associated 

with anti-tumor effects through the recruitment of macrophages and eosinophils 

(Chraa et al., 2019). Unlike other organs, CD4+ Th2 cells have not been identified in 

human testis (Duan et al., 2011, Gong et al., 2020), hence the functional involvement 

of Th2 cells in normal testis and TGCT is largely unknown. Nevertheless, a 

combination of Th2-secreted cytokines and resident M2 macrophages could be 

positively associated with physiological circumstances to maintain the testicular 

immune privilege (Hedger, 2011, Bhushan et al., 2015, Klein et al., 2016). 

Furthermore, together with the cytokine profiles of CD4+ Th1 cells, our research group 

showed that either the CD4+ Th2-specific cytokine IL-4 was unaffected, or IL-5, IL-13 

and IL-23 were significantly decreased in seminoma compared to testicular biopsies 

showing NSP and HYP, suggesting their possible superiority in maintaining testicular 

immune privilege and regulating NSP (Klein et al., 2016, Loveland et al., 2017).  

 

CD4+ Th9 cells 

CD4+ Th9 cells are one of the newly discovered CD4+ Th cells, which were originally 

thought to be a subtype of CD4+ Th2 cells (Luckheeram et al., 2012), but were later 

established as a distinct subtype of CD4+ Th cells as reflected by their extensive 

production of the pleiotropic cytokine IL-9 (Veldhoen et al., 2008, Jabeen and Kaplan, 

2012). CD4+ Th9 differentiation is largely regulated by the multi-functional cytokine 

TGF-β in combination with IL-4 (Luckheeram et al., 2012, Dobrzanski, 2013). In 

addition, the transcription factors IRF4, STAT6 and PU.1 also contribute to CD4+ Th9 

differentiation (Jabeen and Kaplan, 2012). CD4+ Th9 cells have been described in 

different diseases such as parasitic infection, allergic inflammation, transplant 

tolerance, autoimmune disease, and tumor immunity (Li et al., 2017, Salazar et al., 

2020). Although the direct involvement of CD4+ Th9 cells in human malignancies 
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remains unclear, numerous studies in animal models have shown that IL-9 secreted 

by CD4+ Th9 cells has higher potency in anti-tumor responses (Lu et al., 2012, Purwar 

et al., 2012, Li et al., 2017). To the best of our knowledge, no study has previously 

focused on the identification and characterization of CD4+ Th9 cells in human normal 

testis or TGCT.  

 

CD4+ Th17 cells 

CD4+ Th17 cells are characterized by their higher production of the pro-inflammatory 

cytokine IL-17 (specifically IL-17A and IL-17F) combined with lower levels of IL-22, 

pleiotropic cytokine IL-21 and GM-CSF (Stockinger and Omenetti, 2017, Bystrom et 

al., 2019). The differentiation of CD4+ Th17 cells is regulated by various cytokines and 

transcription factors such as IL-6, IL-21, IL-23, TGF-β, RORt and STAT3 (Luckheeram 

et al., 2012, Chraa et al., 2019). In general, CD4+ Th17 cells play a crucial role in 

fighting extracellular bacteria and fungi as well as in autoimmune diseases 

(Luckheeram et al., 2012, Chraa et al., 2019). Relevant studies showed that IL-17-

producing CD4+ Th17 cells can play a double-edged role in cancer immunity. For 

example, Th17 cells can promote tumor progression by stimulating angiogenesis and 

immunosuppressive activities, while they can stimulate anti-tumor immune response 

by recruiting different immune cells to TME, stimulating CD8+ Tc cells, affecting 

CD4+Th1 cells phenotype, and altering IFN-γ production (Asadzadeh et al., 2017). 

Similar to other T cell subsets, the functional role of CD4+ Th17 cells in the testis is 

still poorly understood. Nevertheless, CD4+Th17 cells have been found in the rat testis 

with EAO and are believed to be associated with the EAO onset and maintenance of 

chronic inflammation (Jacobo et al., 2011). In addition, an increased number of CD4+ 

Th17 cells with high expression of their cytokines (IL-17A, IL-21, IL22), and a reduced 

level of IFN-γ+ and FOXP3+ cells were observed in testis biopsies from azoospermic 

men with chronic testicular inflammation, suggesting that cytokines produced by CD4+ 

Th17 cells can negatively regulate CD4+ Th1 cells (Duan et al., 2011). In contrast, our 

previous study showed conflicting results at the level of IL-17A mRNA expression in 

healthy and diseased testes, which may be due to the heterogeneity of human 

testicular specimens (Klein et al., 2016). Therefore, further investigations should be 

conducted to uncover the functional involvement of CD4+ Th17 cells in human testis. 

 

 



 

35 | P a g e  
 

CD4+ Th22 cells  

CD4+ Th22 cells are known for their higher production of IL-22 with low levels or 

absence of IL-17 and IFN-γ (Qin et al., 2014). CD4+ Th22 differentiation is strongly 

regulated by IL-6, RORγt and T-bet, and IL-22 released from CD4+ Th22 plays a 

crucial role in autoimmune diseases, inflammation as well as various human cancers 

(Qin et al., 2014, Raphael et al., 2015). However, the contribution of CD4+ Th22 to 

tumor progression and anti-tumor immunity is still unappreciated. Nonetheless, IL-22 

has been detected in human testis and this cytokine has been hypothesized to be 

mainly released from CD4+ Th17 (Qin et al., 2014). Since both CD4+ Th17 and CD4+ 

Th22 cells release IL-22, further investigation is needed to clarify whether the 

increased levels of IL-22 in the human testis (Duan et al., 2011) are due only to CD4+ 

Th22 cells or to both CD4+ Th17 and CD4+ Th22 cells. 

 

CD4+ Treg cells 

Refer to section 1.4.  

 

CD4+ Tfh cells 

Refer to section 1.5.  

 

1.3.5.2 CD8+ Tc cells 

CD8+ Tc cells are well-known for their ability to kill infected or malignant cells by 

secreting a high amount of IFN-γ and granzyme B (van der Leun et al., 2020). Initially, 

CD8+ Tc cells were considered as a uniform population of cells with a common 

cytotoxic property, but recent studies have identified and characterized different 

subsets of CD8+ Tc cells such as Tc1, Tc2, Tc9, Tc17, and Tc22 with specific cytokine 

profiles and distinct cytotoxic properties (Mittrücker et al., 2014, Paul and Ohashi, 

2020).  
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CD8+ Tc1 cells 

CD8+ Tc1, also known as typical cytotoxic T cells, are generated in the presence of 

IL-12, which is mainly produced by APCs such as DCs and macrophages. CD8+ Tc1 

cells express high levels of perforin, granzyme B, IFN-α, and TNF-γ along with 

expression of IL-4, IL-9 and IL-17 (Mittrücker et al., 2014, Paul and Ohashi, 2020). 

Notably, the high expression of the IL-18 receptor on CD8+ Tc cells helps distinguish 

them from other CD8+ T cell subtypes (Chan et al., 2001). Several transcription factors 

such as STAT-4, T-bet and EOMES are critically involved in the regulation of CD8+ 

Tc1 cell polarization (Pearce et al., 2003, Yang et al., 2007). CD8+ Tc1 cells exhibit 

exceptional cytotoxicity and can efficiently destroy tumor cells and cells harboring 

intracellular pathogens (Mittrücker et al., 2014, Paul and Ohashi, 2020). Besides, 

relevant studies demonstrated that CD8+ Tc1 cells are the most frequently detected 

CD8+ Tc cells in human tumor infiltrating lymphocytes (TIL) isolated from different 

cancers including colon cancer, breast cancer, ovarian cancer, lung cancer, and 

melanoma (Dobrzanski et al., 2000, Sasaki et al., 2006). The presence of CD8+ Tc1 

cells is positively associated with disease progression by their secretion of IFN-γ 

(Fridman et al., 2012, Ayers et al., 2017). In the TME, IFN-γ interacts with activation 

signals to upregulate MHCI on APCs, thereby enhancing antigen production and 

activation of naïve T cells (Zaidi and Merlino, 2011). In addition, IFN-γ can reprogram 

immunosuppressive cells, including Treg cells, and also act directly on tumor cells to 

upregulate MHCI, thereby increasing susceptibility to CD8+ Tc cell-dependent 

cytotoxicity (Zaidi and Merlino, 2011, Overacre-Delgoffe et al., 2017). Although CD8+ 

Tc1 cells are widespread in various cancers, knowledge of their functional role in 

human testicular cancer is still very limited.  

 

CD8+ Tc2 cells 

CD8+ Tc2 cells are known for their high production of IL-4, IL-5, and IL-13 in 

conjunction with lower production of IFN- γ (Mittrücker et al., 2014, Paul and Ohashi, 

2020). Similar to CD8+ Tc1, CD8+ Tc2 cells also express high levels of granzyme B 

and show a strong cytotoxic property (Kemp and Ronchese, 2001, Mittrücker et al., 

2014). IL-4 regulates CD8+ Tc2 cell polarization by activating STAT6 and GATA3 (Pai 
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et al., 2004). CD8+ Tc2 cells are mostly known for their contribution to allergic 

responses (Schaller et al., 2005, Hilvering et al., 2018).  

 

Importantly, CD8+ Tc2 cells are also correlated with different human cancers, 

including cervical cancer, lung cancer, breast cancer, lymphoma, and chronic 

lymphocytic leukemia (Sheu et al., 2001, Podhorecka et al., 2002, Ito et al., 2005, 

Anichini et al., 2006, Faghih et al., 2013). However, the clinical relevance and 

prognostic value of CD8+ Tc2 cells in TME are not yet clear. For example, some 

evidence suggested that the proportion of CD8+ Tc2 and CD8+ Tc1 cells in the tumor-

draining lymph node of breast cancer patients shows no correlation with tumor size 

(Ehi et al., 2008). In contrast, other studies showed that the CD8+ Tc2:Tc1 ratio in 

tumor-draining lymph nodes correlates with breast cancer stage rather than tumor 

size, and it has been also suggested that CD8+ Tc2 cells may be negatively correlated 

with breast cancer (Faghih et al., 2013). To date, no study has specifically focused on 

CD8+ Tc2 in human testes, hence its biological importance in normal and diseased 

testes remains unexplored. 

 

CD8+ Tc9 cells 

CD8+ Tc9 cells are one of the recently discovered subsets of CD8+ Tc cells that 

produce IL-9 and low levels of IFN-γ (Visekruna et al., 2013, Lu et al., 2014). The 

polarization of CD8+ Tc9 is regulated by STAT6 and IRF4 and mediated IL-4 and TGF-

β (Visekruna et al., 2013). Unlike other Tc cells, CD8+ Tc9 cells show poor cytotoxic 

function due to their limited granzyme B production and longer persistence in vivo 

(Visekruna et al., 2013, Lu et al., 2014, Wan et al., 2020). It has recently been 

described that TNF-α promotes CD8+ Tc9 differentiation by activating STAT5 and NF-

kB signaling via TNFR2 but not TNFR1 (Yang et al., 2020). CD8+ Tc9 cells detected 

in different cancer, including breast cancer (Ding et al., 2019a). In addition, it has been 

revealed that CD8+ Tc9 cells exhibit a stronger anti-tumor effect than other CD8+ Tc 

cell subtypes due to their high production of IL-6 and TNF-α (Yang et al., 2020, Wan 

et al., 2020). So far, no evidence of CD8+ Tc9 cells in human testes have not been 

studied.  
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CD8+ Tc17 cells 

CD8+ Tc17 cells are characterized by high production of IL-17A, IL-17F, and IL-22 

together with low expression of IFN- γ (Hinrichs et al., 2009, Liang et al., 2015). Like 

CD8+ Tc9, CD8+ Tc17 cells express low levels of granzyme B and show weak 

cytotoxic function (Huber et al., 2009). Differentiation of CD8+ Tc17 cells is regulated 

by IL-6 and TGF-β, which could be accelerated by IL-1β, IL-21 and/or IL-23 (Liu et al., 

2007, Yen et al., 2009). CD8+ Tc17 cells are one of the most extensively studied CD8+ 

Tc subtypes in various malignancies including cervical cancer, gastric cancer, 

hepatocellular carcinoma, breast cancer, gallbladder cancer, and bile duct cancer, and 

appear to play a disease-specific role (Kuang et al., 2010, Zhuang et al., 2012, Faghih 

et al., 2013, Zhang et al., 2014, Saito et al., 2015, Patil et al., 2016, Chellappa et al., 

2017, Corgnac et al., 2020, Zhang et al., 2020). For example, in cervical cancer, high 

levels of CD8+ Tc17 cells promote expression of CXCR12 in tumor cells via secretion 

of IL-17, which enhances tumor cell proliferation and migration (Zhang et al., 2020). 

Notably, the presence of excessive production of IL-17 by CD8+ Tc17 cells in gastric 

cancer, hepatocellular carcinoma, lung cancer, head and neck cancer, is associated 

with decreased survival (Zhuang et al., 2012, Wang et al., 2017b, Wang et al., 2017d, 

Lee et al., 2018). However, the underlying mechanisms how CD8+ Tc17 cells are 

associated with poor prognosis and overall survival is not clear. Nevertheless, it is 

believed that IL-17 secreted by CD8+ Tc17 cells can interact with tumor cells and other 

cells in TME thus stimulating the production of inhibitory and angiogenic factors that 

facilitate the recruitment of different pro-tumorgenic cells such as neutrophils and 

CD11b+ myeloid derived suppressor cells (He et al., 2010, Benevides et al., 2015). 

Although CD8+ Tc17 cells have been analyzed in other cancers, they remain 

unexplored in human testicular cancer. 

 

CD8+ Tc22 cells 

In contrast to CD8+ Tc9 and Tc17, CD8+Tc22 cells show high cytotoxic properties 

with exceptional anti-tumor activity. However, CD8+ Tc22 cells are still a poorly 

understood CD8+ Tc subtype due to their high production of the cytokine IL-22 which 

is usually thought to be produced by CD4+ Th1, Th17 and Th22 cells (Res et al., 2010, 

Zhang et al., 2013b, Paul and Ohashi, 2020). Along with IL-22 production, CD8+ Tc22 

cells also produce small amounts of IL-2 and TNFα (Paul and Ohashi, 2020). The 
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polarization of CD8+ Tc22 cells is regulated by the combination of IL-6 with TNF-α and 

the aryl hydrocarbon receptor (AhR) (associated with environmental chemical stimuli 

with adaptive responses, such as detoxification, cellular homoeostasis or immune 

responses) (St Paul et al., 2020, Paul and Ohashi, 2020). CD8+ Tc22 cells have been 

identified in different cancers such as ovarian cancer, gastric cancer, and squamous 

cell carcinoma (Zhuang et al., 2012, Zhang et al., 2013b, St Paul et al., 2020, Paul 

and Ohashi, 2020), and it has been suggested that IL-22 producing CD8+ Tc22 cells 

significantly promote longer relapse-free survival. Yet, the functional role of CD8+ 

Tc22 cells in human testicular cancer remains to be elucidated. 

 

Although no information is available on the functional involvement of CD8+ Tc cell 

subtypes in human TGCT, there are numerous studies focusing on the identification 

and characterization of CD8+ Tc cells (el-Demiry et al., 1987, Bell et al., 1987, 

Nakanoma et al., 1992, Nouri et al., 1993, Jahnukainen et al., 1995, Bols et al., 2000, 

Yakirevich et al., 2002, Hadrup et al., 2006, Hvarness et al., 2013, Shami et al., 2020). 

The biological significance of CD8+ Tc cells in the human testis is still the subject of 

debate due to conflicting research results. For example, Yakirevich et al. detected 

“higher activated” CD8+ T cells in seminoma compared to non-seminomas (Yakirevich 

et al., 2002), whereas Bols et al. suggested that “poorly activated” CD8+ Tc cells are 

found in GCNIS and seminoma (Bols et al., 2000). Furthermore, it has also been 

shown that CD8+ Tc cells, in addition to their cytotoxicity, may interact with regulatory 

effector cells and thereby become a critical regulator of disruption of testicular immune 

privilege (Hvarness et al., 2013, Barnes and Amir, 2018). Furthermore, consistent with 

another study (Hvarness et al., 2013), this study also showed that CD8+ Tc cells are 

one of the most prominent T cells in pre-invasive GCNIS and testicular cancer 

compared to testis biopsies with normal or impaired spermatogenesis obtained from 

infertile men. However, further investigations are needed to elucidate the functional 

importance of CD8+ Tc cell subtypes in testicular biology. 

 

1.4 Regulatory T (Treg) cells 

Treg cells are one of the well-studied lineages of CD4+ Th cells, identified in the middle 

1990s by analysis of surface expression of CD25 (IL2RA) (Sakaguchi et al., 1995). 

Subsequently, the transcription factor FOXP3 was identified by the same research 
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group as a central regulator for the differentiation, stability, and immunosuppressive 

functions of Treg cells (Hori et al., 2003, Fontenot et al., 2003), and since then these 

cells have received continuous attention due to their diverse roles in both physiological 

and pathological conditions (Sakaguchi et al., 2020, Galgani et al., 2021). Treg cells 

can develop in the periphery (known as pTreg cells) and in the thymus (known as tTreg 

cells). pTreg cells develop, especially in the gut, from CD4+ conventional T cells in the 

presence of higher expression of TGF-β, IL-2, and retinoic acid (Coombes et al., 2007, 

Sun et al., 2007, Cinier et al., 2021), while tTreg cells develop in the thymus via 

stimulation by self-antigens provided by thymic epithelial cells. After maturation, Treg 

cells migrate to peripheral tissues to play their role in immunological tolerance with a 

significantly diverse T cell receptor repertoire (Morikawa and Sakaguchi, 2014). 

Although NRP1 can distinguish tTreg and pTreg in the mouse, no marker has been 

identified to distinguish tTreg and pTreg in humans (Yadav et al., 2012, Weiss et al., 

2012, Raffin et al., 2020). Therefore, CD25+FOXP3+ Treg cells isolated from human 

peripheral blood are believed to be a combination of tTreg and pTreg cells. Notably, 

both tTreg and pTreg cells have similar phenotypic properties and immunosuppressive 

functions, but differ in stability, epigenetic modification, and expression of specific 

genes (Cinier et al., 2021).  

 

Treg cells confer immune tolerance via a variety of mechanisms. These cells can 

target T cells directly or indirectly by modulating APCs through high expression of IL-

10, TGF-β, IL-35, CTLA4 (CD152), CD39 (ENTPD1), and CD73 (NT5E) (Onishi et al., 

2008, Raffin et al., 2020). For example, CTLA4 (CD152) from Treg cells can bind to 

CD80/CD86 on APCs, favoring the induction of IDO (Grohmann et al., 2002, Walker 

and Sansom, 2015). Relevant evidence discovered, that Treg cells mostly migrate to 

inflammatory sites and suppress different effector lymphocytes including CD4+ Th 

cells and CD8+ Tc cells (Chaudhry et al., 2009, Koch et al., 2009, Chung et al., 2011, 

Linterman et al., 2011). In the context of cancer, Treg cells are frequently detected in 

inflamed tumors harboring large numbers of CD4+ Th cells and CD8+ Tc cells 

(Spranger et al., 2013, Williams et al., 2017). Importantly, Treg cells can potently 

suppress anti-tumor immune responses and contribute to the development of an 

immunosuppressive TME that promotes immune evasion and cancer progression (Li 

et al., 2020, Cinier et al., 2021). Therefore, it is strongly believed that understanding 
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of Treg cell homeostasis and functions could provide fundamental insights into the 

disease pathogenesis and possible therapeutic avenues.  

 

1.4.1 Suppressive mechanisms of Treg cells 

Treg cells exhibit their immunosuppressive activities through different mechanisms, 

including cell contact and secretion of immunosuppressive cytokines and molecules 

(Togashi et al., 2019, Romano et al., 2019, Cinier et al., 2021). Treg cells highly 

express CD25 (IL2RA) and therefore bind to and deplete IL-2 from their environments, 

reducing the availability of this cytokine to effector T cells (Togashi et al., 2019, 

Romano et al., 2019, Cinier et al., 2021). Treg cells also produce immunosuppressive 

cytokines such as IL-10, IL-35 and TGF- β can downregulate the activation of antigen-

presenting cells and effector T cells (Togashi et al., 2019). In addition, Treg cells also 

secrete cytotoxic molecules such as granzyme and perforin that can directly destroy 

effector T cells (Grossman et al., 2004, Togashi et al., 2019). Importantly, Treg cells 

constitutively express CTLA4 (CD152) that binds to CD80 (B7-1) and CD86 (B7-2) on 

APCs such as DCs and B cells with a higher affinity than that of CD28 (Tp44) (Figure 

1.4), thereby transferring inhibitory signals to APC and reduce their capability to 

activate effector T cells (Walker and Sansom, 2011, Walker, 2013, Zappasodi et al., 

2021). In addition, CTLA4 (CD152) targeting molecules CD80 (B7-1) and CD86 (B7-

2) can be transferred to the surface or the cytoplasm of Treg cells from the APCs 

through trogocytosis, which further inhibit the priming and or activation of effector T 

cells (Walker and Sansom, 2011, Walker, 2013, Zappasodi et al., 2021). Furthermore, 

adenosine triphosphate (ATP) released from Treg cells can be converted to adenosine 

A2A receptor (A2AR) by CD39 (ENTPD1) and CD73 (NT5E), providing further 

immunosuppressive signals to effector T cells and antigen presenting cells (Deaglio 

et al., 2007, Wilson et al., 2009).  
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Figure 1.4 Immunosuppressive mechanisms of Treg cells. Treg cells express various 

functional molecules that bind to APCs and transmit suppressive signals as well as inhibit 

activation of effector T cells. Treg cells produce different cytokines which can downregulate 

the activity of both APCs and effector T cells or even Treg cells can kill APCs and effector T 

cells by secreting granzymes and perforin. Furthermore, excessive amount of ATP can be 

produced by Treg cells and that can be converted to adenosine and provide 

immunosuppressive signals to APCs and effector T cells through binding to A2AR. Adopted 

from Togashi et al. (Togashi et al., 2019). 

 

1.4.2 Treg cells in cancer 

Immunosuppressive activities of Treg cells in cancers are thought to be one of the 

main obstacles to achieve an effective anticancer immune response. Treg cells 

account for 2-5% of CD4+ Th cells in the peripheral blood of persons without cancer, 

whereas Treg cells heavily (accounting for 10–50% of CD4+ Th cells) infiltrate the 
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TME and are critically associated with poor prognosis in patients with various cancers, 

including gastric cancer, ovarian cancer, non-small cell lung cancer, and melanoma 

(Sakaguchi et al., 2010, Wing and Sakaguchi, 2010, Saito et al., 2016, Togashi and 

Nishikawa, 2017, Tada et al., 2018, Ohue and Nishikawa, 2019). As previously 

mentioned, Treg cells are involved in tumor development and progression by inhibiting 

anti-tumor immunity (Ohue and Nishikawa, 2019, Togashi et al., 2019). Compared to 

the Treg cells in peripheral blood or normal tissues, Treg cells express high levels of 

activation markers, such as CTLA4 (CD152), TIGIT (VSIG9), LAG3 (CD223), TIM3 

(HAVCR2), ICOS (CD278), OX40 (TNFRSF4), GITR (TNFRSF18), 4-1BB 

(TNFRSF9), CD39 (ENTPD1), etc. in the TME and this particular phenotype supports 

the notion that Treg cells are activated in the TME and exhibit strong 

immunosuppressive functions (Sugiyama et al., 2013, De Simone et al., 2016, Togashi 

and Nishikawa, 2017, Ahmadzadeh et al., 2019). The underlying mechanisms of how 

Treg cells are highly activated in the TME is poorly understand to date. Nevertheless, 

it is suggested that proliferating and dying tumor cells may release a massive amount 

of self-antigens, which are targeted by Treg cells and hence Treg cells are strongly 

activated in the TME (Nishikawa et al., 2005). In addition, tumor cells can convert 

immature myeloid DCs into regulatory TGF-β secreting cells that promote the 

activation and proliferation of Treg cells in animal models (Nishikawa et al., 2005, 

Ghiringhelli et al., 2005). 

 

1.4.3 Recruitment of Treg in the TME 

Recruitment of Treg into the TME is mainly regulated by various chemokine receptors 

and their cognate ligands, such as CCR4-CCL22/CCL17, CCR10-CCL28, CXCR4-

CXCL12, CCR8-CCL18/CCL1, CCR5-CCL5, CCR2-CCL2, CCR6-CCL20 etc., which 

vary between cancers (Curiel et al., 2004, Gobert et al., 2009, Yan et al., 2011, Zhou 

et al., 2013, Sugiyama et al., 2013, Xia et al., 2014, Ward et al., 2015, Zhang et al., 

2015, Ren et al., 2016, Loyher et al., 2016, Togashi and Nishikawa, 2017, Marshall et 

al., 2020, Cinier et al., 2021). Briefly, CCR4 is a G-protein-coupled receptor, that is 

highly expressed by Treg cells as well as by Th2, Th17, and Th22 cells in the periphery 

(Imai et al., 1999, Iellem et al., 2001, Lim et al., 2008, Duhen et al., 2009, Sugiyama 

et al., 2013). More than 90% of human Treg cells highly express CCR4 (Gobert et al., 
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2009) and migrate toward its major two ligands (CCL17 and CCL22), which are 

secreted by tumor cells, tumor-associated macrophages and/or DCs that stimulate 

Treg cell recruitment toward the TME and show immunosuppressive effects in patients 

with different cancers including breast cancer, ovarian cancer, prostate cancer, 

gliomas, gastric cancer, cervical carcinoma, colorectal carcinoma, head and neck 

squamous cell carcinoma, esophageal cancer, etc. (Curiel et al., 2004, Mizukami et 

al., 2008, Gobert et al., 2009, Ménétrier-Caux et al., 2012, Cao et al., 2014, Zhou et 

al., 2015, Wiedemann et al., 2016, Fujimura et al., 2018, Wang et al., 2019b, Marshall 

et al., 2020). Relevant studies showed that tumor cell-derived IL-1α, cancer associated 

fibroblast-derived IL-1β promotes the production of CCL22 by tumor cells in the TME 

(Tsujikawa et al., 2013, Wiedemann et al., 2016, Huang et al., 2019b). Furthermore, 

in cooperation with IRF4, T cell-derived granulocyte macrophage colony-stimulating 

factor (GM-CSF) induces DC-derived CCL22 as well as macrophage-derived CCL17 

production and stimulates recruitment of Treg cells into the TME (Hsu et al., 2018, 

Piseddu et al., 2020). Treg cells express the chemokine receptor CCR10, which binds 

its ligand CCL28 produced by tumor cells as well as other cells, and positively 

regulates the recruitment of Treg cells into the TME (Eksteen et al., 2006, Simonetti 

et al., 2006, Ren et al., 2016, Martinez-Rodriguez et al., 2017). For example, in chronic 

inflammation, epithelial cells produce CCL28, which favors recruitment of Treg cells to 

limit tissue damage (Eksteen et al., 2006). Furthermore, tumor cells in murine ovarian 

cancer models produce CCL28, which stimulates Treg recruitment into the TME and 

accelerates tumor growth (Facciabene et al., 2011). It has also been revealed in 

ovarian cancer and hepatocellular carcinoma, that hypoxia promotes excess 

production of CCL28 by cancer cells and stimulates the recruitment of Treg cells into 

the TME and is associated with tumor growth and progression (Facciabene et al., 

2011, Ren et al., 2016, Cinier et al., 2021).  

 

CXCR4 is a G-protein coupled receptor expressed by different cells including Treg 

and is known to regulate cell migration through interaction with its ligand CXCL12 

(Mezzapelle et al., 2022). Relevant studies showed that the CXCR4-CXCL12 axis is 

critically involved in Treg recruitment in the TME. For example, tumor cells in various 

cancers such as renal cell carcinoma, breast cancer, cervical cancer, ovarian cancer, 

and malignant pleural mesothelioma secrete excessive amounts of CXCL12, which 
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binds to CXCR4 on the Treg surface and enhances Treg recruitment to the TME, 

thereby promoting cancer progression (Righi et al., 2011, Yan et al., 2011, Polimeno 

et al., 2013, Lecavalier-Barsoum et al., 2018, Mezzapelle et al., 2022).  

 

CCR8 is highly expressed by different cells including Treg cells and plays an important 

role in regulating Treg recruitment in the TME via CCL18 and CCL1 (Mikhak et al., 

2009, Kidani et al., 2022). In the TME, CCL18 is highly expressed by tumor-associated 

macrophages, neutrophils, B cells, plasma cells, T cells as well as cancer cells, and 

binds to CCR8 on Treg cells, thereby enhancing the recruitment of Treg cells in the 

TME and stimulating poor prognosis of various cancers, including breast cancer, colon 

cancer and glioblastoma (Chen et al., 2011, Ma et al., 2019, Sun et al., 2019, Vila-

Caballer et al., 2019). In addition to CCL18, CCL1 is another ligand of CCR8 that has 

been reported to play a critical role in Treg recruitment and enhances stability and 

immunosuppressive functions (Barsheshet et al., 2017, Vila-Caballer et al., 2019, 

Cinier et al., 2021).  

 

CCR5 is a seven-transmembrane G-protein coupled receptor binding with high affinity 

to CCL5 that favors Treg recruitment as well as tumor progression and metastasis 

(Aldinucci et al., 2020, Cinier et al., 2021). CCL5 is mainly produced by cancer cells, 

endothelial cells and cancer-associated fibroblasts that bind with CCR5 on Treg cells 

and migrate them towards the TME of different cancer such as pancreatic cancer and 

colorectal cancer, and stimulate potent immunosuppressive function which was 

confirmed by a loss-of-function study in murine model (Mack et al., 2001, Tan et al., 

2009, Ward et al., 2015, Aldinucci et al., 2020). 

 

CCR2, a chemokine receptor highly expressed by both monocytes and Treg cells, can 

bind to the chemoattractant ligand CCL2 and promotes recruitment of Treg cells into 

the TME (Loyher et al., 2016). In different tumors, CCL2 can be secreted by tumor 

cells, microglial cells, and tumor stromal cells that target CCR2 expressed by Treg and 

enhance Treg recruitment in the TME, thus stimulating tumor progression and 

immunosuppression with poor prognosis (Qian et al., 2011, Ma et al., 2014, Galluzzi 

et al., 2015, Loyher et al., 2016, Wang et al., 2016).  
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CCR6 is predominantly expressed on a variety of immune cells, including Treg cells, 

Th17 cells, Th22 cells, CD8+ Tc cells, and B cells, and plays a critical role in the 

specific migration of these cells to sites of inflammation by binding to its ligand CCL20  

(Kondo et al., 2007, Annunziato et al., 2007, Yamazaki et al., 2008, Duhen et al., 2009, 

Lee and Körner, 2019). CCL20 is mainly secreted by tumor-associated macrophages, 

Th17 cells, B cells, NK cells, DCs, as well as epithelial cells, stromal cells, and cancer 

cells (Scapini et al., 2001, Yamazaki et al., 2008, Nandi et al., 2014, Zhao et al., 2018, 

Wang et al., 2019a). However, it has been observed that cancer cells require a 

supporting environmental factor for CCL20 production (Cremonesi et al., 2018). For 

example, tumor-associated macrophages favor the production of CCL20 by cancer 

cells through secreting IL-1β, IL-6 and TNF-α (Liu et al., 2011). In various cancers 

such as non-small cell lung cancer, colorectal cancer, different cells in TME including 

tumor cells secrete CCL20 that stimulates Treg cells recruitment and associated with 

tumor progression (Zhang et al., 2015, Wang et al., 2019a). 

 

Overall, different chemokine receptors and their cognate ligands are critically involved 

in regulating the recruitment of Treg cells into the TME. Numerous groups have 

performed loss-of-function and/or gain-of-function studies and confirm the underlying 

mechanism of how different chemokine receptors and their associated ligands 

predominantly regulate the recruitment of Treg cells into the microenvironment under 

different pathological conditions. Further studies also indicated that effective targeting 

of different chemokines will be beneficial to control Treg cell recruitment in the TME to 

avoid systemic and/or tissue-specific autoimmune manifestation and promote an 

antitumor response. 

 

1.4.4 Immunotherapeutic potential of targeting Treg cells in cancer 

The presence of high numbers of Treg cells in the TME is associated with poor 

prognosis, therefore it is believed that inhibition of Treg cell functions or Treg cell 

depletion could be effective immunotherapies (Togashi et al., 2019, Raffin et al., 2020, 

Shan et al., 2022, Chen et al., 2022). Several direct or indirect strategies including 

Treg depletion, immune checkpoint inhibitors, Treg cell modulation etc. have been 

tested preclinically and/or clinically to control Treg-mediated immunosuppression 
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(Togashi et al., 2019, Raffin et al., 2020, Shan et al., 2022, Chen et al., 2022). For 

example, targeting Treg cell-specific molecules such as CD25 (IL2RA), CTLA4 

(CD152), CCR4, ICOS (CD278), OX40 (TNFRSF4), GITR (TNFRSF18) and functional 

molecules and signals such as T cell receptor and IL-2R signaling pathways 

responsible for Treg cells survival and function are considered as direct strategies for 

eliciting an anti-tumor immune response (Togashi et al., 2019, Raffin et al., 2020, Shan 

et al., 2022, Chen et al., 2022). Targeting other immunosuppressive cells (e.g., tumor- 

associated macrophages, myeloid-derived suppressor cells that produce cognate 

ligands of chemokine receptors and stimulate Treg recruitment) or functional 

molecules ((e.g., vascular endothelial growth factor (VEGF), TGF-β)) in the TME that 

are closely associated with Treg survival and/or functions considered as indirect 

strategies to inhibit of Treg functions (Voron et al., 2014, Gabrilovich, 2017, Mantovani 

et al., 2017, Metelli et al., 2018, Togashi et al., 2019, Shan et al., 2022, Chen et al., 

2022).  

 

Treg cell depletion 

Treg cells were originally identified as CD4+CD25+ T cells, and several studies put 

tremendous efforts to explore the effects of Treg cell depletion via targeting CD25 by 

antibodies or a recombinant protein composed of IL-2R with the active domain of 

diphtheria toxin (Dannull et al., 2005, Foss, 2006, Litzinger et al., 2007, Mahnke et al., 

2007). First, an anti-CD25 monoclonal antibody (mAb) was administered in mice to 

deplete Treg, resulting in tumor rejection and tumor growth inhibition (Onizuka et al., 

1999, Shimizu et al., 1999). Later, the anti-CD25 mAb daclizumab was tested in breast 

cancer patients; vaccination with multiple tumor-associated peptides resulted in 

prolonged stable disease in 60% of patients with a median progression-free survival 

of 4.8 months (Rech et al., 2012). In contrast, administration of anti-CD25 mAb 

daclizumab in melanoma patients showed depletion of both Treg cells and effector T 

cells, but no anti-tumor immune response nor antibody production was observed, and 

no significant progression-free survival was observed (Jacobs et al., 2010). Indeed, 

CD25 expression is induced upon activation of effector T cells, therefore CD25-

targeted Treg cell depletion might be accompanied by a reduction of effector T cells, 

suggesting the limitation of the use of anti-CD25 mAb for Treg cell depletion to 

increase anti-tumor T cell responses (Abbas et al., 2018, Togashi et al., 2019). In 
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addition, it should be noted that systemic depletion of Treg cells might increase the 

risk of autoimmune disorders (Kim et al., 2007). Therefore, it is highly recommended 

to selectively deplete effector Treg cells, which are abundant in the TME, instead of 

total Treg cells to ensure the safety of Treg-targeted therapies with efficient antitumor 

effects (Sugiyama et al., 2013).  

 

CTLA4 is constitutively expressed by CD4+FOXP3+ Treg cells which can be 

upregulated upon activation of effector T cells. Although, initially, it was assumed that 

anti-tumor activity of anti-CTLA4 mAb mainly depends on the reinvigoration of 

dysfunctional CTLA4-expressing effector T cells (Ribas, 2012), later preclinical studies 

showed that the anti-tumor effect of anti-CTLA4 mAb is dependent on the depletion of 

CTLA4-expressing Treg cells in the TME through antibody-dependent cellular 

cytotoxicity, thereby increasing CD8+ Tc:Treg cell ratio (Bulliard et al., 2013, Simpson 

et al., 2013, Selby et al., 2013, Arce Vargas et al., 2018). Furthermore, only in Treg 

cells, CTLA4 depletion showed increased anti-tumor immunity in mice, suggesting that 

anti-CTLA4 mAb-mediated anti-tumor effects are mainly due to the successful 

suppression of Treg cell function and elimination of Treg cells in the TME (Ohue and 

Nishikawa, 2019, Togashi et al., 2019). However, further investigations are needed to 

elucidate the functional roles of CTLA-4 in effector T cells and Treg cells in different 

human cancer settings. 

 

CCR4 expressed in Treg cells binds to its associated ligands CCL17 and CCL22, 

which are mainly produced by tumor cells and tumor-associated macrophages (Cinier 

et al., 2021). Depletion of CCR4 leads to a reduction in the frequency of tumor 

infiltrating Treg cells and increased anti-tumor activity (Cinier et al., 2021). A recent 

study observed no significant reduction in tumor growth when CT-26 tumor-bearing 

mice were treated with the CCR4 antagonist CCR4-351 alone, while treatment with 

the combination of CCR4-351 and anti-CTLA4 mAbs showed a significant anti-tumor 

effect (Marshall et al., 2020). In addition, a potent small molecule (piperidinyl-

azetidines) antagonist of CCR4 was recently developed to inhibit Treg cell recruitment 

in the TME without affecting Treg cells in healthy tissue (Jackson et al., 2019, Robles 

et al., 2020). To date, several CCR4 antagonists have been analyzed preclinically and 

their effects on Treg recruitment and anti-tumor efficacy have been successfully 

observed. For example, FLX475 is one of the most potent CCR4 antagonists that is in 
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phase I/II and is being studied to determine its efficacy and antitumor activity both as 

monotherapy and in combination with pembrolizumab or ipilimumab (Ho et al., 2019, 

Powderly et al., 2020). Notably, an anti-CCR4 mAb named mogamulizumab was 

approved for the treatment of T cell leukemia and/or lymphoma (ATLL), and a study 

showed that mogamulizumab effectively depletes not only ATLL cells but also Treg 

cells (Sugiyama et al., 2013). In addition, mogamulizumab was tested in patients with 

lung cancer and oesophageal cancer where it was found to be safe and well-tolerated 

with no dose-limiting toxicities (Kurose et al., 2015). Also, mogamulizumab is currently 

tested as an effector Treg cells depletion agent alone and in combination with 

nivolumab with either anti-PDL1 mAbs durvalumab or tremelimumab or with the anti-

4-1BB agonistic mAb utomilumab in patients with advanced-stage solid tumors (Doi et 

al., 2019). A phase I study of the combination of mogamulizumab with nivolumab 

showed no dose-limiting toxicities but clinical responses in hepatocellular carcinoma, 

gastric cancer and pancreatic carcinoma (Doi et al., 2019).  

 

Targeting co-stimulatory and co-inhibitory molecules on Treg cells 

Treg cells constitutively express immune co-stimulatory and co-inhibitory molecules, 

which are also being investigated as targeted for therapies against Treg cells. There 

are different co-stimulatory molecules such as GITR, 4-1BB, OX40, CD27, ICOS and 

co-inhibitory molecules such as CTLA4, PD1, TIGIT, LAG3, TIM-3 that regulate the 

biology of Treg cells (Togashi and Nishikawa, 2017, Togashi et al., 2019, Ohue and 

Nishikawa, 2019). Briefly, OX40 (TNFRSF4) is a co-stimulatory molecule of the tumor 

necrosis factor receptor super family expressed by effector T cells as well as Treg 

cells, which can be considered as a potential candidate for Treg cell depletion (Togashi 

et al., 2019, Cinier et al., 2021). To date, various OX40 agonists have been clinically 

investigated alone or in combination with other immunotherapies or stereotactic body 

radiotherapy in patients with advanced-stage solid tumors, B cell lymphoma, head and 

neck cancer, metastatic breast cancer etc. (Jensen et al., 2010, Ohue and Nishikawa, 

2019). Notably, in a phase-I study, mouse anti-OX40 agonistic mAb showed promising 

anti-tumor activity but no objective clinical responses were observed in advanced-

stage solid tumors such as melanoma or renal cell carcinoma (Curti et al., 2013). 

Furthermore, human anti-OX40 agonistic mAb monotherapy resulted in stable disease 
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for more than six months with an increased number of memory T cells in patients 

previously treated with immunotherapies (Hamid et al., 2016).  

 

GITR (TNFRSF18) is another co-stimulatory molecule that is highly expressed by Treg 

and weakly expressed by resting CD4+ Th cells and CD8+ Tc cells, represents a 

potential candidate for Treg depletion (Knee et al., 2016, Mahne et al., 2017). A 

relevant study showed that agonistic GITR mAb DTA-1 is effective in reducing FOXP3 

expression in Treg cells, functional activities and Treg cell numbers in the TME but 

can stimulate tumor immunity (Knee et al., 2016, Murakami et al., 2021). Furthermore, 

it has also been discovered that agonistic GITR mAbs can reprogram Treg cells into 

IFN-γ expressing Th1 cells as well as alleviates the inhibition of anti-tumor response 

of Treg cells in murine glioblastomas (Amoozgar et al., 2021). Clinical studies have 

shown that GITR mAb agonists can effectively deplete Treg cells and effector T cells 

can proliferate into Treg cells, however only limited clinical results have been observed 

(Zappasodi et al., 2021). Notably, compared to monotherapy, the combination of GITR 

mAb MK-1248 with the anti-PD-1 mAb pembrolizumab in patients with advanced solid 

tumors showed more acceptable safety profiles and anti-tumor responses (Buzzatti et 

al., 2019, Geva et al., 2020). Therefore, despite the ability to deplete Treg cells, it is 

recommended that GITR mAbs be used in combination with other immunotherapies 

to achieve the maximum benefit for Treg depletion. 

 

ICOS (CD278) is associated with the production, proliferation, survival and 

immunosuppressive capacity of Treg cells (Li and Xiong, 2020a). An agonistic anti-

ICOS mAb JTX-2011 (vopratelimab) plays a dual role in effector T cell activation and 

selective Treg cell depletion (Yap et al., 2018, Hanson et al., 2020). In mice, JTX-2011 

monotherapy demonstrated potent anti-tumor activity, which was further improved 

when JTX-2011 was administered in combination with immune checkpoint inhibitors 

(Hanson et al., 2020). In a phase II study, the disease control rate of agonistic anti-

ICOS mAb JTX-2011 monotherapy was 19%, while it increased to 32% when JTX-

2011 co-administered with nivolumab in gastric cancer (Burris et al., 2017, Yap et al., 

2018). In addition, a new ICOS immunoglobulin G1 antibody (KY1044) was recently 

developed, which can effectively deplete ICOS+ Treg cells and increase the ratio of 

effector T cells to Treg cells (Sainson et al., 2020).  
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Immune checkpoint inhibitors 

Although the effects of PD-1 blockade on Treg cells remain controversial, the anti-PD-

1 mAb has received considerable attention due to its potent ability to inhibit immune 

checkpoints and has become a promising therapeutic approach in the treatment of 

tumors (Wu et al., 2019). PD-1 inhibits excessive activation of effector T cells by 

suppressing T cell receptor and CD28 signaling and rendering them dysfunctional or 

exhausted (Yokosuka et al., 2012, Kamphorst et al., 2017, Hui et al., 2017). As Treg 

cells in the TME show comparable expression of PD-1 to that of effector T cells and 

are dependent on T cell receptor and CD28 signaling, it is presumed that PD-1 

inhibition effectively alters the activation and immunosuppressive function of Treg cells 

(Zhang et al., 2013a, Weissler and Caton, 2014, Levine et al., 2014, Togashi et al., 

2018). A recent study showed, that PD-1-deficient Treg cells possess potent 

immunosuppressive activity and rescue autoimmune phenotypes (Zhang et al., 2016). 

In addition, Treg cells highly expressing PD-1 in glioblastoma showed reduced 

immunosuppressive function (Lowther et al., 2016), while anti-PD-1 mAb nivolumab 

increases proliferation and immunosuppressive function of Treg cells in the TME in 

gastric cancer patients with hyper-progressive disease (Togashi et al., 2018). The 

effect of anti-PD-1 mAb or PD-1 deficiency on Treg cell-mediated immunosuppression 

was further confirmed in in vitro and in vivo studies (Togashi et al., 2018, Togashi et 

al., 2019). In contrast, another study showed that PD-1-inhibited Treg cells have low 

immunosuppressive activity, suggesting that further analysis is important to elucidate 

the functional role of PD-1 in Treg cells as well as effector T cells in different types of 

cancer (Gianchecchi and Fierabracci, 2018). Other checkpoints such as TIGIT, LAG-

3 and TIM-3 inhibitors have also been evaluated and most of them are in clinical trials. 

 

 

1.4.5 Treg cells in the testis 

Treg cells have been identified in mammalian testes, including mice (Wheeler et al., 

2011), rats (Jacobo et al., 2009) and humans (Duan et al., 2011), and are mainly found 

in the testis-draining lymph nodes, where they interact with tissue-specific 

autoantigens and maintain their suppressive function (Garza et al., 2000). Under 

normal conditions, Treg cells are able to effectively control effector T cells through 

various immunosuppressive mechanisms and maintain a balance between effector T 
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cells, by this positively regulating testicular homeostasis. On the other hand, Treg cells 

are present in pathological states (e.g., testicular chronic inflammation, infection) and 

increased Treg cell numbers disrupting the balance between Treg and effector T cells, 

result in impaired spermatogenesis, autoimmune orchitis, and/or azoospermia (Gong 

et al., 2020).  

 

Briefly, in EAO, Treg cells were increased in testis-draining lymph nodes compared to 

lymph nodes from the site of immunization with a memory or activated phenotype 

(Jacobo et al., 2015). It was also shown that Treg cells from testis-draining lymph 

nodes of normal and EAO rats elicit a strong proliferative response to germ cell-

specific antigens and exhibit suppressive effects preventing proliferation of 

conventional T cells (Jacobo et al., 2015). Compared to normal rats, Treg cells from 

EAO animals show a more suppressive phenotype, possibly due to their higher 

expression of TGF-β and testicular inflammatory microenvironment that stimulates 

Treg cell activation (Jacobo et al., 2015). In humans, defects in testicular Treg cells 

are involved in the pathogenesis of autoimmune polyendocrinopathy-candidiasis-

ectodermal dystrophy (APECED) (Kekäläinen et al., 2007). Furthermore, in 

vasectomized mice, Treg cells mediated immune tolerance to meiotic germ cell 

antigens egressing from normal tubules, while depletion led to a meiotic germ cell 

antigen-specific autoimmune response and bilateral orchitis, suggesting the possible 

role of Tregs in preventing organ-specific autoimmunity (Wheeler et al., 2011, Tung et 

al., 2017). Interestingly, functional studies of Treg cells in testes have shown 

conflicting results. For example, in human azoospermia with chronic inflammation, a 

reduced number of Treg cells and an increased level of the pro-inflammatory cytokine 

IL-17 were detected, while in rats, an increased number of Treg cells was detected at 

the onset of EAO and later gradually decreased during chronic phase (Jacobo et al., 

2009, Duan et al., 2011). This discrepancy between humans and rats is most likely 

due to the use of different antibody panels to identify Treg cells (Gong et al., 2020). In 

addition, Siska et al. identified Treg in human TGCT (Siska et al., 2017b).    

 

1.5 T follicular helper (Tfh) cells 

Tfh cells are specialized cell types of CD4+ Th cells that differentiate into germinal 

center (GC, is a specialized microstructure that forms in the follicles of secondary 
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lymphoid tissues where B cells are stimulated by antigens and Th cells to undergo 

maturation, leading to the generation of memory B cells and plasma cells that produce 

long-lived, high-affinity antibodies) and play a crucial role in the production of 

antibodies and memory B cells (Crotty, 2015, Mayberry et al., 2022). These cells have 

the unique ability to migrate in and out of GC as they complete their differentiation and 

hence, they can be found in the GC, at the T: B junction, or become extrafollicular Tfh 

cells (Shulman et al., 2013, Ribeiro et al., 2022). Tfh cells maintain a core 

transcriptional signature and express specific markers based on their location (Haynes 

et al., 2007, Kerfoot et al., 2011, Shi et al., 2018, Ribeiro et al., 2022). For example, 

GC-Tfh cells strongly express CXCR5, ICOS and PD-1 and weakly express PSGL-1 

and produce CXCL13 (in humans but not in mice) and IL-21, while extrafollicular Tfh 

cells in the T cell zone strongly express PSGL-1 and downregulate CXCR5 (Chtanova 

et al., 2004, Haynes et al., 2007, Poholek et al., 2010, Ribeiro et al., 2022). In addition, 

memory Tfh cells derived from GC-Tfh cells upregulate CCR7 but downregulate BCL6, 

ICOS, and PD-1 (Chevalier et al., 2011, Lüthje et al., 2012, Weber et al., 2012, Sage 

et al., 2014, Ribeiro et al., 2022).  

 

1.5.1 Molecular and cellular biology of Tfh 

The interaction of naïve CD4+Th cells with APCs (mostly DCs) is the starting point for 

the differentiation of Tfh cells (Figure 1.5). The fate decision of CD4+ Th cells in vivo 

is determined as early as the second cell division whether they become Tfh cells or 

non-Tfh cells (Crotty, 2019, Choi and Crotty, 2021a, Mayberry et al., 2022). After 

differentiation, non-Tfh cells such as Th1, Th2, Th17, Th9 cells leave the lymphoid 

tissue and migrate to sites of infection or inflammation, while Tfh cells remain in the 

lymph nodes and spleen because of their purpose to support B cells (DiToro et al., 

2018, Crotty, 2019). Both antigen presenting DCs and B cells are required for normal 

Tfh cell differentiation (Crotty, 2014, Crotty, 2019). For example, DCs are required for 

early differentiation of Tfh cells, while B cells are required for later events and full 

maturation of GC-Tfh (Crotty, 2014, Crotty, 2019, Mayberry et al., 2022). Although 

both DCs and B cells provide similar signals, only DCs are capable of priming CD4+ 

Th cells, but not B cells (Hong et al., 2018, Crotty, 2019). Nonetheless, B cells 

excessively produce various cytokines, including IL-6, which may facilitate 

differentiation of Tfh cells (Karnowski et al., 2012). Activated B cells strongly express 
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MHC class II and co-stimulatory molecules such as CD80 and CD86, which make B 

cells more potent APCs for Tfh cells (Crotty, 2019). In addition, activated B cells can 

migrate to the marginal zone of T cell-B cell junction to increase their likelihood of 

interacting with Tfh cells (Crotty, 2019).  

 

As previously mentioned, DCs are capable of priming CD4+ Th cells, and upon priming 

by DCs, CD4+ Th cells received Tfh cell-induction signals that upregulate BCL6, which 

is a master transcription factor for Tfh differentiation, proliferation and function 

(Hollister et al., 2013, Crotty, 2019, Choi and Crotty, 2021a). BCL6 can regulate 

differentiation and function of Tfh cells through several aspects, however, most 

available data indicate that BCL6 is an obligate repressor of gene expression (Hatzi 

et al., 2013, Hatzi et al., 2015, Béguelin et al., 2016). Briefly, BCL6 expression levels 

can be upregulated by activating CD28 and downregulating cytokines that activate 

STAT1 or STAT3 or both (Weber et al., 2015, Vinuesa et al., 2016). BCL6 can repress 

BLIMP1 (PRDM1), which is a negative regulator of Tfh cells differentiation (Johnston 

et al., 2009, Choi et al., 2020, Choi and Crotty, 2021a). In addition, BCL6 

downregulates various genes such as CCR7, CCR6, EB12, S1PR1 and PSGL1 by 

binding to their promoters and enhancers, thereby inhibiting the exit from secondary 

lymphoid organs and stimulates the migration of Tfh cells to the marginal zone of T 

cell-B cell junction or central part the follicle or both (Suan et al., 2015, Hatzi et al., 

2015, Vinuesa et al., 2016, Choi and Crotty, 2021a). Supplementary analysis also 

revealed that BCL6 can repress promoters and enhancers of other genes, cytokines, 

receptors involved in the differentiation of other CD4+Th cells (i.e., IFNGR1, TBX21, 

STAT4, IL-12R, IL-23R for CD4+Th1 cells, IL-4R, GATA3 for CD4+Th2 cells, RORA, 

IL-17A, IL-17F, IL-23R, TGF-βR for CD4+Th17) (Kusam et al., 2003, Nurieva et al., 

2009, Yu et al., 2009, Hatzi et al., 2015, Vinuesa et al., 2016, Choi et al., 2020, Choi 

and Crotty, 2021a). Furthermore, BCL6 can repress T cell receptor signaling via AKT, 

IL-7R and several microRNAs associated with Tfh cell biology (Hatzi et al., 2015, Choi 

et al., 2020, Choi and Crotty, 2021a). Importantly, overexpression of BCL6 upregulates 

various Tfh cell effector molecules such as PD-1, CXCR4, CXCR5 and SAP (Hatzi et 

al., 2015, Crotty, 2019, Choi et al., 2020, Choi and Crotty, 2021a). In addition to BCL6, 

other transcription factors are also involved in the differentiation of Tfh cells. For 

example, c-MAF induced by ICOS signaling induces IL-21, which positively regulates 

the differentiation of Tfh cells as well as Th1 and Th17 cells (Bauquet et al., 2009). 
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BATF, another transcription factor, induces transcription of BCL6 and c-MAF, which 

are required for GC-Tfh cells (Betz et al., 2010). Likewise, SATA1 and SATA3 induce 

IL-21 and IL-6, favoring Tfh cell differentiation by regulating BCL6 expression (Nurieva 

et al., 2009, Vinuesa et al., 2016). There are other transcription factors like IRF4 (Bollig 

et al., 2012), ASCL2 (Liu et al., 2014), TCF-1 (Xu et al., 2015, Choi et al., 2015), EGR2 

(Ogbe et al., 2015) etc. that have been also characterized as a critical regulator of Tfh 

cell differentiation. In contrast, quite a few transcription factors such as FOXO1, 

FOXP1, BLIMP1, and KLF2 repress Tfh cell differentiation. For example, FOXO1 

regulates the differentiation of Tfh cells through negative regulation of BCL6 (Stone et 

al., 2015), while FOXP1 suppresses the expression of ICOS and IL-21 upon activation 

of the T cell receptor and thus negatively regulates the differentiation of Tfh cells 

(Wang et al., 2014).  
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Figure 1.5 See next page for caption. 
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Figure 1.5 Differentiation and maturation of Tfh cells. Tfh cell differentiation begins in the 

T cell zone through interaction between DCs and naïve CD4+ T cells, and final maturation 

occurs within the GC. IL-6 and IL-21 produced by interaction between DCs and naïve CD4+ 

T cells upregulate CXCR5 on the pre-Tfh cells and stimulate CXCL13 production by follicular 

DCs (FDC) and CXCL12 by CXCL12-producing reticular cells (CRC) in the B cell zone. 

CXCR5-CXCL13 binding stimulates recruitment of immature Tfh cells to the B-cell zone, and 

both CXCR5 and ICOS signaling support Tfh cell migration into the GC. Finally, Tfh cells 

interact with B cells in the GC and produce plasma cells for antibodies production. The entire 

process is crucially regulated by the expression of various transcription factors. The GC 

consisted with different zones with special properties. For example, T cell homing and 

interaction between T cells and B cells mostly occurs in the light zone, while B cells 

differentiated into plasma cells and long-lived memory B cells within the dark zone. Adopted 

from Mayberry et al. (Mayberry et al., 2022).  

 

BLIMP1, induced by STAT5 and IL-2 signaling, can antagonize the function of BCL6, 

thereby inhibiting the differentiation of Tfh cells and promoting the formation of other 

effector T cells (Johnston et al., 2009, Johnston et al., 2012). Also, KLF2 promotes the 

expression of various genes such as Blimp1, TBX21, and GATA3 that negatively 

regulate Tfh cell differentiation (Lee et al., 2015, Weber et al., 2015). In addition to 

transcription factors, different co-stimulatory molecules play important roles in the 

differentiation and maintenance of Tfh cells. During Tfh cell differentiation, both 

positive costimulatory molecules like CD28, ICOS, SAP and negative costimulatory 

molecules like CTLA4 (CD152), PD1, BTLA cooperate with T cell receptor signals to 

regulate activation, proliferation, differentiation, migration, survival, and effector 

functions (Ramiscal and Vinuesa, 2013, Jogdand et al., 2016, Vinuesa et al., 2016, 

Qin et al., 2018). Markedly, disruption of the balance between positive and negative 

co-stimulatory signaling leads to increased Tfh cell and consequently Tfh-derived 

autoimmunity (Gong et al., 2016, Qin et al., 2018). CD28 binds to its ligands CD80 or 

CD86 and regulates T cell-dependent B cell responses (Qin et al., 2018). However, 

various studies have shown a controversial finding that loss of CD28 or CD28 

blockade may or may not be associated with a reduction in the number of Tfh cells, 

suggesting that in some situations the requirement for CD28 for maintenance of Tfh 

cells can be replaced by other functional molecules such as ICOS (Linterman et al., 

2014, Weber et al., 2015). Nevertheless, CD28 signaling can regulate the expression 

of PD-1, ICOS, OX40, CXCR5 and BCL6 in the early stage of Tfh cell differentiation 

and maintain Tfh cell survival (Linterman et al., 2014, Weber et al., 2015).  
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ICOS is one of the most functional co-stimulatory molecules critically associated with 

Tfh cell differentiation and GC formation (Jogdand et al., 2016, Wali et al., 2016). 

Generally, ICOS signaling is essential for T cells help to B cells (Vinuesa et al., 2016). 

In contrast to CD28, which is mainly involved in the early stages of Tfh cell 

differentiation, Tfh cell specific ICOS plays an important role in maintaining the 

phenotype of already differentiated Tfh cells (Weber et al., 2015). Relevant studies 

showed that the absence or disruption of ICOS results in fewer Tfh cells and smaller 

GC in both mice and patients (Nurieva et al., 2008, Weber et al., 2015). The co-

stimulatory function of ICOS is exerted through PI3K signaling, and ICOS-PI3K 

signaling via AKT promotes differentiation of Tfh cells (So and Fruman, 2012, Weber 

et al., 2015). Furthermore, activation of the PI3K-AKT pathway phosphorylates 

FOXO1, which remains in the cytoplasm and becomes functionally inactive (Weber et 

al., 2015). Notably, inactive FOXO1 abolishes its repression of BCL6 expression and 

its activation of KLF2 expression, thereby promoting the formation of Tfh cells 

(Kerdiles et al., 2009, Stone et al., 2015, Weber et al., 2015). Moreover, ICOS also 

plays a role in Tfh maintenance. For example, the interaction between ICOS:ICOSL 

promotes calcium flux in Tfh cells and shift the localization of Tfh cells and B cells to 

the outer edge of the GC (Liu et al., 2015), while suppression of ICOS-mediated KLF2 

helps to keep Tfh cells in the GC and prevent them from translocating to the T zones 

(Weber et al., 2015, Lee et al., 2015). GC-Tfh cells express SAP ((SLAM (signaling 

lymphocyte activation molecule)-associated protein)), which plays an important role in 

the formation of GC, long-lived plasma cells, and memory B cells (Crotty et al., 2003, 

Yusuf et al., 2010, Cannons et al., 2011). Notably, SAP is not required for early stages 

of Tfh cell differentiation but is obligatory for sustained T:B cell interactions and full 

polarization to GC-Tfh cells through binding to immunoreceptor tyrosine-based switch 

motif (ITSM) and and competition with the tyrosine phosphate SHP-1 for the Ly108- 

ITSM binding (Latour et al., 2003, Cannons et al., 2010). PD-1 (PDCD1) is a member 

of the CD28 superfamily that is highly expressed by exhausted T cells, Treg, Tfh, as 

well as B cells, NK cells, and myeloid cells and plays a critical role in formation, 

proliferation, and function these cells (Qin et al., 2018). Regarding Tfh cells, PD-1 is 

highly expressed in Tfh cells from old mice compared to Tfh cells from young mice, 

and PD-1 blocked from old mice can restore the function of Tfh cells, suggesting a 

cellular intrinsic role of PD-1 in Tfh cells (Lages et al., 2010, Sage et al., 2015). 

However, it should be noted that PD-1 expressed by DCs can inhibit the differentiation 
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of Tfh cells (Badell et al., 2018). In contrast to other CD4+ Th cells, neither a specific 

cytokine is obligatory for the differentiation of Tfh cells, nor a single cytokine alone 

capable for Tfh cell differentiation, but the cumulative presence of various cytokines 

facilitates the differentiation of Tfh cells. Generally, IL-6, IL12, TGF-β positively 

regulate the differentiation of Tfh cells (Yan et al., 2017, DiToro et al., 2018, Crotty, 

2019), while IL-2 is the most potent inhibitor of Tfh cell differentiation (Ballesteros-Tato 

et al., 2012, DiToro et al., 2018). Although the surface protein marker phenotype, gene 

expression profile, and BCL6 expression of mouse and human GC-Tfh cells are 

similar, the cytokines involved in Tfh cell differentiation appear to differ substantially 

between these two species (Crotty, 2019).  

 

In humans, different cytokines such as IL-12, IL-23, and TGF-β support Tfh cell 

differentiation (Schmitt et al., 2014, Vinuesa et al., 2016). Human naïve CD4+ Th cells 

can be activated in the presence of IL-12 and IL-23 and strongly express Tfh cell-

specific markers including CXCR5, ICOS, and BCL6 (Schmitt et al., 2009, Ma et al., 

2009). Furthermore, the multifunctional cytokine TGF-β in conjunction with IL-12 and 

IL-23 activates STAT3 and STAT4 and induces Tfh cells (Schmitt et al., 2014). 

Moreover, human plasmablast-derived IL-6 also appears to increase circulating Tfh 

cells (Chavele et al., 2015). In contrast to humans, IL-6 and IL-21 play central role in 

the differentiation of Tfh cells in mice (Vinuesa et al., 2016). A previous study showed 

that IFN can stimulate IL-6 production by DCs, thereby increasing Tfh cell 

differentiation (Cucak et al., 2009). In addition, IL-6 can initiate BCL6 expression, 

which is the core regulator of Tfh cell differentiation and maintenance with the help of 

other factors (Eto et al., 2011, Vinuesa et al., 2016, Crotty, 2019). Loss-of-function 

studies of IL-6 or its receptor in mice showed reduced or delayed formation of Tfh cells 

due to impaired signaling by STAT1 and STAT3 (Nurieva et al., 2008, Karnowski et 

al., 2012, Choi et al., 2013). In contrast, the functional role of IL-21 in the formation of 

Tfh cells was examined in vivo and showed that IL-21-deficient mice had a lower 

number of Tfh cells and IL-21R-deficient T cells that were intrinsically impaired in Tfh 

cell formation, suggesting that there is an autocrine regulation of Tfh cells (Vogelzang 

et al., 2008, Nurieva et al., 2008). Furthermore, collective blocking of IL-6, IL-7 and IL-

21 following viral infection showed complete inhibition of Tfh cell differentiation 

(Nurieva et al., 2008). In addition to cytokines positively associated with Tfh cell 

differentiation, elevated levels of the pleiotropic cytokine IL-2 inhibit Tfh cell 
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differentiation (Ballesteros-Tato et al., 2012, León et al., 2014, DiToro et al., 2018). 

Mechanistically, IL-2-dependent activation of STAT5 enhances BLIMP1 expression 

and displaces STAT3 from binding to the BCL6 locus, thereby inhibiting Tfh cell 

differentiation (Johnston et al., 2009, Johnston et al., 2012, Nurieva et al., 2012, 

Oestreich et al., 2012). Furthermore, inhibition of signaling by IL-10R was also shown 

to increase Tfh cell number, suggesting that IL-10 negatively regulates Tfh cell 

formation (Cai et al., 2012).  

 

1.5.2 How do Tfh cells interact with B cells? 

GC B cells, plasma cells, and Tfh cells are interdependent, which is considered to be 

one central aspect to the regulation of humoral immunity (Crotty, 2019). Tfh cells can 

migrate to the T:B junction during their early differentiation and interact with antigen-

specific B cells (Crotty, 2019). Relevant evidence showed that most B cells die within 

24 hours of antigen recognition and their response cannot further progress without the 

support of helper T cells, including Tfh cells (Akkaya et al., 2018, Crotty, 2019). Tfh 

cells provide IL-21 and CD154 (CD40L) signaling required for B cell proliferation and 

differentiation toward both GC as well as extrafollicular fates (Lee et al., 2011). At the 

GC T cell-B cells junction, B cells compete for support from Tfh cells, and their 

competitive success depends on their abundance and antigen affinity (Schwickert et 

al., 2011, Abbott et al., 2018, Yeh et al., 2018). B cell maturation and antibody affinity 

maturation occur in GC consisting of light zones containing GC-Tfh cells, follicular DCs 

and GC-B cells (Figure 1.5) (Crotty, 2019, Mayberry et al., 2022). In addition to 

follicular DCs that provide antigens to the GC-B cells (Heesters et al., 2013, Heesters 

et al., 2016). GC-Tfh cells also help GC-B cells with higher expression of peptide–

MHCII (major histocompatibility complex class II (MHCII)) (Gitlin et al., 2014, Ersching 

et al., 2017). Notably, the portion of GC-B cells that do not receive support from the 

GC-Tfh cells die, while the GC-B cells supported by the GC-Tfh cells migrate to the 

dark zone and undergo rounds of division and division-linked somatic hypermutation 

(Gitlin et al., 2014, Ersching et al., 2017). Furthermore, in addition to CD154 (CD40L), 

B cells cooperatively express IL-21 and IL-4 to obtain maximum support from GC-Tfh 

cells (Weinstein et al., 2016). In contrast, it has also been shown that GC-Tfh can often 

kill GC-B cells directly via FasL-Fas, however, only a small amount of FasL expressed 
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by GC-Tfh cells and its role in GC selection yet to be proven (Bentebibel et al., 2011, 

Butt et al., 2015).  

 

As mentioned more generally above, there are some differences between mouse and 

human Tfh cells. For example, human GC-Tfh cells, but not mice Tfh cells, secrete 

dopamine that enhances rapid ICOSL surface expression by human GC-B cells and 

creates a feedforward help loop between interacting Tfh cells and B cells in the GC 

(Papa et al., 2017). In addition, some human GC-Tfh cells express IL-10, which is a 

known factor for B cell differentiation, but mouse IL10-expressing Tfh cells are 

believed to support B cells, but their biology is not clear yet (Bryant et al., 2007, Xin et 

al., 2018). In addition to the selection of high-affinity GC-B cells, GC-Tfh cells 

decisively regulate the differentiation of GC-B cells into memory B cells, and plasma 

cells thus develop long-term humoral immunity (Crotty, 2019). For example, 

differentiating plasma cells with ki67 expression, also known as plasma blast, induced 

by IL-21 from GC-Tfh cells (Zhang et al., 2018). Further studies also showed that GC-

Tfh-secreted IL-21 that required to induce BLIMP1 expression in early plasma cells 

expressing high IRF4 and low BCL6 to complete their cell fate (Kräutler et al., 2017, 

Ise et al., 2018). 

 

1.5.3 Tfh cells in cancer 

Compared to other diseases, Tfh cells show the most surprising association with 

cancer. Accumulating evidence revealed that Tfh cells are positively correlated with 

long-term survival of various human cancers such as breast cancer, colon cancer, 

pancreatic ductal adenocarcinoma, etc. (Bindea et al., 2013, Gu-Trantien et al., 2013, 

Gu-Trantien et al., 2017, Lin et al., 2021). Tfh cells have been identified in breast 

cancer as residents of peri-tumoral tertiary lymphoid structures and are associated 

with CXCL13 expression (Gu-Trantien et al., 2013). CXCL13 is a B cell 

chemoattractant that primarily regulates the immune protective functions of Tfh cells 

(Vinuesa et al., 2016). Interestingly, in colorectal cancer, CXCL13 has been found in 

both T cells and tumor cells, and loss of CXCL13 leads to reduced numbers of B cells 

and Tfh cells (Bindea et al., 2013). It is known that GC-Tfh cells in human lymphoid 

organs are a potent CXCL13 producer and also co-express PD-1, CXCR5, ICOS, 

BCL6, and CD200 (Kim et al., 2004, Rasheed et al., 2006, Yu and Vinuesa, 2010, 
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Wang et al., 2011, Kroenke et al., 2012, Havenar-Daughton et al., 2016, Gu-Trantien 

et al., 2017). However, in human breast cancer, CXCL13+CD4+ T cells with several 

characteristics of GC-Tfh cells were CXCR5 negative (Gu-Trantien et al., 2013, 

Buisseret et al., 2017). Furthermore, CXCR5-CXCL13+CD4+ T cells were also 

observed in melanoma tumors and rheumatoid synovitis but were not considered as 

Tfh cells due to the absence of CXCR5 (Manzo et al., 2008, Kobayashi et al., 2013, Li 

et al., 2019).  

 

The existing evidence shows that Tfh cells can develop or support tertiary lymphoid 

structures to recruit CD8+ Tc cells, NK cells, and macrophages involved in the anti-

tumor immune response (Vinuesa et al., 2016). In addition, it is also hypothesized that 

Tfh cells support anti-tumor antibody responses from B cells, although little data is 

available for this hypothesis, hence further studies are needed to uncover the antigen 

specificity of the B cell co-localized with Tfh cells in tumors (Vinuesa et al., 2016, 

Garaud et al., 2018). It is important to mention, that Tfh cells are not only positively 

associated with the long-term survival of patients with various types of cancer, but they 

can also be negatively associated with the survival of cancer (Shalapour et al., 2017). 

For example, in contrast to breast cancer and colon cancer, where Tfh cells were 

positively associated with survival, Tfh cells are negatively associated in hepatocellular 

carcinoma, with a prominent role of IgA+ plasmablasts, suggesting the complexity of 

Tfh cell biology in cancer (Shalapour et al., 2017). Although Tfh cells have been 

characterized under various physiological and pathological conditions, no study on Tfh 

cells in human testis has been performed to our knowledge. Therefore, this study 

attempted for the first time to uncover the functional involvement of Tfh cells in normal 

testes and in the development and progression of human testicular cancer. 
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1.6 Project rationale and objectives 

To answer a long-awaited unsolved question of whether the infiltrating immune cells 

reflect an anti-tumor response (immune surveillance) or whether they are positively 

associated with an inflammatory and/or autoimmune response in human TGCT, a 

broad-spectrum analysis of the infiltration density and distribution of different immune 

cells such as T cells, B cells, macrophages, and DCs was performed by 

immunohistochemical analysis (IHC) in retrospective human testicular specimens 

from diseased testis including HYP with lymphocytic infiltrates (HYP+ly), GCNIS with 

and without lymphocytic infiltrates (GCNIS ± ly) and seminoma compared to the 

healthy NSP without lymphocytic infiltration. In addition, this study intensely focused 

on the analysis of T cells, including their main subtypes CD4+Th cells and CD8+Tc 

cells, in human TGCT. As described in the Introduction, both Th and Tc cells can be 

further differentiated into distinct subtypes with specific roles in disease development 

and progression. Among the different subtypes of CD4+Th cells, Treg and Tfh cells 

have drawn our attention because these two cell types have been extensively studied 

and characterized as critical regulators of the development and progression of various 

types of cancer (Togashi et al., 2019, Baumjohann and Brossart, 2021), yet their 

involvement in the development and progression of human TGCT remains to be 

elucidated. Therefore, we aimed to identify and characterize Treg and Tfh cells in 

human TGCT compared to non-cancerous (“normal”) testis by IHC. Although the semi-

quantitative analysis of infiltrating immune cells by IHC can primarily provide an 

indication of the relationship between the composition of infiltrating immune cells and 

disease states, it is not yet sufficient to achieve a clinical impact (Paijens et al., 2021). 

Therefore, high-throughput flow cytometry (employing two panels of antibodies) was 

used to analyze and quantify different infiltrating immune cells using prospective fresh 

human testicular samples (containing heterogeneous cells) from the different areas of 

the tumor-bearing (tumor central: Tumor; Tumor-Adjacent: Tumor-Adj; Tumor-Distant: 

Tumor-Dis) and contralateral “normal” testis (Contralateral 1; Contralateral 2) to 

support our detailed phenotypic analysis of different infiltrating immune cells in human 

normal testis and TGCT samples by IHC as well as to understand the complexity of 

infiltrating immune cells. By this, we aimed to translate the immune cell composition 

into a prognostic tool in human TGCT as well as to improve personalized immune 

therapy. 
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In addition, scRNA-seq of normal testes (n=3; pooled data) and TGCT (n=4) were 

performed for further in-depth analysis of the immune cells, including T cell subsets 

and their signatures in human testicular samples. Finally, an ex vivo approach - 

hanging drop culture of human testicular tissue was preliminary used to analyze tumor 

infiltrating immune cells, and we do believe that this approach would help to elucidate 

the underlying mechanism of the involvement of infiltrating immune cells in the onset 

and progression of TGCT, which is limited by the lack of experimental animal models, 

with the ultimate goal of understanding the functional details of "immune editing" 

during TGCT initiation and progression. 
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2 MATERIAL AND METHODS 

2.1 Patients  

To perform comprehensive phenotypic characterization of the infiltrating immune cells 

by IHC analysis, a retrospective patient cohort was utilized. Testicular specimens were 

collected from men who underwent testicular biopsies during andrological evaluation 

for infertility (Bergmann and Kliesch, 2010, Teixeira et al., 2019, Fietz and Kliesch, 

2022), during a vasectomy reversal, or during testicular cancer surgery at the 

Department of Urology, Pediatric Urology and Andrology at Giessen University 

Hospital and at the Department of Clinical Andrology, Center for Reproductive 

Medicine and Andrology at the University of Münster, Germany. 

 

For flow cytometric analysis, patient samples were used from the prospective Giessen 

TGCT cohort. From this cohort, fresh testicular tissue samples were obtained from 

patients undergoing testicular cancer surgery (n=25, 23-56 years, median age 34 

years) for analysis of immune cell infiltrates by flow cytometry (Table 2.1). A 

histopathological assessment of excised tissue (rapid sectioning) was performed at 

the Institute of Pathology, at Giessen University Hospital to confirm the existence of a 

testicular tumor during surgery. In case tumor diagnosis was confirmed, fresh tissues 

were collected from different areas of the tumor-bearing (Tumor, Tumor-Adj, Tumor-

Dis) and contralateral (Contralateral 1 and Contralateral 2) testes (Figure 2.1 and 

Table 2.1). Tissue fractions were collected directly into RPMI medium and into hanging 

drop culture medium DMEM F12 (Cat. No.: 21331020, Gibco) + 10% fetal bovine 

serum (FBS, Cat. No.10500064, Gibco) + 1% penicillin-streptomycin (P/S, Cat. 

No.15140122, Gibco) + 1X -Insulin Transferrin Selenium (ITS -G, Cat. No: 41400045, 

Gibco) on ice for flow cytometric analysis and hanging drop culture, respectively 

(resp.). At the same time, tissues from the same localization were also collected 

separately and one piece of tissue was snap frozen for RNA extraction and other 

pieces of tissue were immediately fixed by immersion in Bouin’s solution overnight and 

embedded in paraffin for histological evaluation and IHC analysis. Due to the strict 

ethical restrictions, it was not possible to obtain fresh testis tissue to use for flow 

cytometry from healthy donors or infertile, azoospermic patients. As an “internal” 

control, we alternatively collected tissue from the contralateral (not-affected) testis of 

TGCT patients along with the tumor-bearing testis.  
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Figure 2.1 Schematic representation of the sampling sites during the surgery of TGCT. 

(Tumor: center of the tumor; Tumor-Adj: adjacent to the tumor; Tumor-Dis: distant from the 

tumor; Contralateral 1: upper pole of the contralateral testis, Contralateral 2: lower pole of the 

contralateral testis), and workflow of the flowcytometric analysis and hanging drop culture.  

 

Typically, it is very rare to develop TGCT in both testes at the same time, and the 

contralateral testis mostly contains NSP and/or HYP (Table 2.1), which was further 

considered as a relative control for comparison with tumor-bearing testis. All patients 

gave their written consent to the use of their tissue samples for research purposes 

(approved by the ethics committee of the Medical Faculty of the Justus Liebig 

University Giessen; Ref. No. 26/11; 156/16). For scRNA-seq, human testicular tumor 

biopsy samples were obtained through the University of Utah Andrology laboratory 

consented for research (IRB approved protocol #00075836).  
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Table 2.1 List of patients with their age and different sampling sites as well as their 

histological assessment. SE: seminoma; Ly: lymphocytic infiltrates; HYP: 

hypospermatogenesis; GCNIS: germ cell neoplasia in situ; FSC: focal Sertoli cell only 

syndrome; TS: tubular shadows; BG: interstitial fibrosis; SZA: arrest of spermatogenesis at 

the level of primary spermatocytes; NSP: normal spermatogenesis; SCO: Sertoli cell only 

syndrome; FLS: follicular-like structures; EC: embryonal carcinoma; DV: tubular diverticle; Tu: 

tumor; MSG: multinuclear spermatogonia. 

 

 

 

Internal 
patient 
number 

Age 
(years) 

Tumor 
and 
Contrala
teral 
side 
(1= left; 
2= right) 

Tissue sample 
location 

Tissue 
weight 

Histological 
assessment (in-
house) of each 
section 

Overall clinical 
histopathologic
al assessment 
(Primary tumor 
histology %), 
notes 

HoCa-51 43 1 Tumor - SE 100% SE 

HoCa-55 35 2 Tumor - SE, Ly, HYP, 
GCNIS 

100% SE 

Tumor-Dis - HYP, GCNIS, FSC, 
TS 

HoCa-56 34 2 Tumor - SE, BG, Ly, ts, FSC 100% SE 

Tumor-Adj - HYP, GCNIS, FSC 

Tumor-Dis - SZA, GCNIS, FSC, 
Ly 

HoCa-59 27 1 Tumor 129.9 mg SE+LY 100% SE 

Tumor-Adj 101.4 mg GCNIS, Ly 

Tumor-Dis 32.9 mg GCNIS, Ly, SZA 

HocA-68 37 2 Tumor 114.79 mg SE, ly 100% SE 

Tumor-Adj 35.79 mg GCNIS+ Ly 

Tumor-Dis 
(sorting) 

122.9 mg HYP+LY 

1 Contralateral 1 
(sorting) 

3.3 mg NSP/HYP 

Contralateral 2 
(sorting) 

5.59 mg NSP/HYP 

HocA-69 45 1 Tumor 40.1 mg GCNIS, FSC, TS, Ly 100% SE 

Tumor-Adj 9.3 mg HYP, TS 

Tumor-Dis 76.7 mg HYP 

2 Contralateral 1 20.8 mg NSP/HYP 

Contralateral 2 40.12 mg NSP/HYP 

HoCa-73 54 2 Tumor 1190 mg SE, Ly 100% SE 

Tumor-Adj 55 mg SE, TS 

Tumor-Dis 6.3 mg FSC, TS, SE 

1 Contralateral 1 4.9 mg HYP 

Contralateral 2 26 mg HYP 

HoCa-76 36 2 Tumor 29 mg SCO, TS, Ly 100% SE 

Tumor-Adj 24 mg  

Tumor-Dis 25 mg  

1 Contralateral 1 6.5 mg SCO, TS, Ly 

Contralateral 2 6.5 mg  

HoCa-78 43 2 Tumor 1827 mg SE+FLS, Ly 100% SE 

1 Contralateral 1 11.5 mg HYP 

Contralateral 2 11.6 mg HYP 

Table 2.1 continue  
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Internal 
patient 
number 
 

Age 
(years) 

Tumor 
and 
Contrala
teral 
side 
(1= left; 
2= right) 

Tissue sample 
location 

Tissue 
weight 

Histological 
assessment (in-
house) of each 
section 

Overall clinical 
histopathologic
al assessment 
(Primary tumor 
histology %), 
notes 

HoCa-82 56 2 Tumor 516 mg SE 100% SE 

Tumor-Adj 22.5 mg TS 

Tumor-Dis 21.2 mg TS, FSC 

1 Contralateral 2 26 mg HYP 

HoCa-83 39 2 Tumor-Dis 9.8 mg FSC, TS 100% SE right 
testis, however, 
only 
inflammatory 
infiltrates but no 
more tumor in 
the orchiectomy 
specimen 

Tumor-Dis 9.3 mg SCO, TS 

HoCa-84 52 1 Tumor 102 mg SE/EC, Ly, HYP 100% SE 

Tumor-Adj 36.7 mg HYP+Ly 

Tumor-Dis 8 mg HYP 

2 Contralateral 1 10.7 mg HYP 

Contralateral 2 6.5 mg DV, HYP 

HoCa-90 32 1 Tumor 3.4 mg GCNIS, FSC, TS, 
FLS, Ly 

100% SE 

Tumor-Adj 6.3 mg TS, BG  

HoCa-61 45 2 Tumor 238.6 mg EC, Ly, SE 80% EC + 20% 
Post-pubertal 
Teratoma 

Tumor-Adj 60.4 mg HYP, SZA 

Tumor-Dis 71.1 mg HYP 

HoCa-60 34 2 Tumor 125.7 mg EC, Ly 95% EC+ 5% 
Post-pubertal 
Teratoma 

HocA-70 26 2 Tumor 543.2 mg TS, Tu, EC 99% EC+ 1% SE 

Tumor-Adj 156 g HYP, GCNIS 

Tumor-Dis 40.9 mg HYP 

1 Contralateral 1 13 mg HYP, TS 

Contralateral 2 4 mg HYP 

HocA-71 25 2 Tumor 147.9 mg EC, Ly 85% EC+15% 
Yolk sac Tumor-Adj 61 mg GCNIS 

Tumor-Dis 35 mg HYP, SZA 

1 Contralateral 1 3.9 mg HYP 

Contralateral 2 2.9 mg HYP 

HoCa-79 28 1 Tumor 76 mg EC, Ly 95% EC+ 5% 
yolk sac Tumor-Adj 64 mg GCNIS, Ly 

Tumor-Dis 34 mg GCNIS, Ly, TS 

2 Contralateral 1 11 mg HYP 

Contralateral 2 14 mg HYP 

HoCa-80 29 2 Tumor 835 mg EC, Ly 100% EC 

Tumor-Adj 42.6 mg GCNIS, SCO, SZA 

1 Contralateral 1 3 mg HYP 

Contralateral 2 15 mg HYP 

HoCa-64 30 1 Tumor 82.6 mg EC, LY, TS, FSC 30% EC+70% 
Post-pubertal 
Teratoma 

Tumor-Adj 15.6 mg GCNIS, Ly, TS 

Tumor-Dis 32.1 g GCNIS, Ly, TS 

HocA-66 33 2 Tumor 26.4 mg FSC, Ly 50% SE+ 
50%EC 
(Hematoma + 
scarring) 

Tumor-Adj 37.5 mg GCNIS, TS 

Tumor-Dis 18 mg GCNIS, Ly 

Table 2.1 continue 
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Internal 
patient 
number 
 

Age 
(years) 

Tumor 
and 
Contrala
teral 
side 
(1= left; 
2= right) 

Tissue sample 
location 

Tissue 
weight 

Histological 
assessment (in-
house) of each 
section 

Overall clinical 
histopathologic
al assessment 
(Primary tumor 
histology %), 
notes 

HocA-67 49 2 Tumor (sorting) 577 mg SE 70% SE + 
30%EC 

HocA-72 23 1 Tumor 84.8 mg FSC, Ly 70% 
EC+30%SE Tumor-Adj 16.2 mg GCNIS, FSC, TS 

Tumor-Dis 16.5 mg GCNIS, TS 

2 Contralateral 1 12 mg HYP, BG, SZA, 
MSG 

Contralateral 2 1.5 mg HYP, BG, SZA, 
MSG 

HoCa-74 26 2 Tumor 118.8 mg SCO, TU (EC?) 30% post 
peritubular 
teratoma+ 20% 
EC+ Yolk sac 
tumor. 15%+ 
small amount of 
choriocarcinoma 
(plus GCNIS) 

Tumor-Adj 80.5 mg HYP, GCNIS, SCO 

Tumor-Dis 46.9 mg GCNIS 

1 Contralateral 1 12.3 mg NSP/HYP 

Contralateral 2 49.2 mg NSP/HYP 

HoCa-86 26 2 Tumor 91.5 mg GCNIS+Lly 70% SE+ 30% 
EC Tumor-Adj 59.2 mg GCNIS, HYP 

Tumor-Dis 23.7 mg HYP 

1 Contralateral 1 3.6 mg HYP 

Contralateral 2 16.5 mg HYP 

HoCa-91 24 1 Tumor 39.2 mg EC, Ly EC in rapid cut, 
but in the further 
processing by 
Patho primarily 
GCNIS, 
percentage 
breakdown 
unfortunately not 
possible. 

Tumor-Adj 49.8 mg GCNIS, HYP, SZA 

Tumor-Dis 68.8 mg HYP 

2 Contralateral 1 13.5 mg HYP 

Contralateral 2 5.9 mg HYP 

HoCa-93 38 2 Tumor 32.3 mg tumor? TS, Ly Not defined yet 

Tumor-Dis 22.2 mg HYP, SZA 

1 Contralateral 2 1.1 mg HYP 

 

 

2.2 Human testicular biopsies: Histological evaluation 

To perform histological and IHC of human testicular tissues, specimens were 

immediately fixed by overnight immersion in Bouin’s solution and embedded in 

paraffin. Then, 5 µm thick sections were prepared and stained with hematoxylin and 

eosin (H&E) for histological evaluation. The overall histopathological assessment was 

combined with a score count analysis of spermatogenesis. To describe the frequency 

of tubules containing elongated spermatids, a score count range of 0 to 10 was set, 

with “0” representing the complete absence of elongated spermatids and “10” 

representing the presence of elongated spermatids in each tubular cross-section 

(Bergmann and Kliesch, 2010, Teixeira et al., 2019, Fietz and Kliesch, 2022). At the 
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same time, a pathological assessment was performed to identify various conditions 

such as GCNIS and seminoma specimens. For the phenotypic characterization of 

infiltrating immune cells by IHC analysis, a total of five sample groups were used. The 

number of samples in each group varied between different antibodies used; these are 

listed in Table 2.2.  

 

 

Table 2.2 Number of samples in each group to analyze different immune cells with 

different antibodies. 

 

 
Antibody 

Number of samples (n) in each group 

NSP HYP+ly GCNIS GCNIS+ly Seminoma 

CD3 10 15 15 16 28 

CD20cy 10 14 14 16 28 

CD68 10 14 15 15 27 

CD11c 10 12 15 15 28 

CD4 10 12 14 15 26 

CD8 10 11 14 15 26 

CD25 10 11 14 12 24 

FOXP3 10 12 14 15 26 

CXCR5 10 11 14 16 24 

BCL6 10 12 14 16 27 

 

 

For the samples used for flow cytometric analysis, the histopathological composition 

of the primary tumors was assessed at the Department of Pathology at Giessen 

University Hospital and the patients were broadly categorized into three groups: (I) 

classical seminoma (100% pure seminoma), (II) embryonal carcinoma (≥80%) and (III) 

mixed tumors (Figure 2.2). In addition, a histological analysis of the individual tissue 

sections from the different localizations was performed in order to obtain an overview 

of the clinical heterogeneity of the samples (Table 2.3 and Supplementary Table 1). 

 



 

71 | P a g e  
 

 

Figure 2.2 Total number of samples from the different locations of different TGCT. 

 

 

Table 2.3 Histopathological heterogeneity of the samples (most frequent in bold). 

Homogeneous 
Pathology 

Heterogeneous pathology 

SE (n=6) 

SE+ 
GCNIS+
HYP+ly 
(n=1) 

SE+FSC+
BG+TS+ly 

(n=1) 
SE+TS (n=1) 

SE+FSC+T
S (n=1) 

SE+FLS+ly 
(n=1) 

SE+EC+HYP+l
y (n=1) 

EC (n=5) 
EC+SE+l
y (n=1) 

EC+FSC+
TS+ly 
(n=1) 

EC+TS (n=1) 
SCO+EC 

(n=1) 
SCO+TS+ly 

(n=2) 
 

GCNIS (n=2) 
GCNIS+l
y (n=5) 

GCNIS+TS 
(n=2) 

GCNIS+HYP 
(n=2) 

GCNIS+TS+
ly (n=3) 

GCNIS+HY
P+SZA 
(n=1) 

GCNIS+FSC+T
S+ly+FLS (n=1) 

 
GCNIS+
FSC+TS
+ly (n=2) 

GCNIS+H
YP+FSC 

(n=1) 

GCNIS+FSC+
SZA+SGA+ly 

(n=1) 

GCNIS+SZ
A+ly (n=1) 

GCNIS+SC
O+SZA 
(n=1) 

GCNIS+HYP+F
SC+TS (n=1) 

NSP/HYP 
(n=30) 

HYP+SZ
A (n=3) 

HYP+ly 
(n=2) 

HYP+TS (n=2) 
HYP+BG+S

ZA+MSG 
(n=2) 

HYP+GCNI
S+SCO 
(n=1) 

HYP+DV (n=1) 

TS (n=1) 
TS+FSC 

(n=2) 
SCO+TS 

(n=1) 
TS+LY (n=1) 

ESC+ly 
(n=2) 

TS+BG 
(n=1) 

 

 

 

2.3 Immunohistochemical (IHC) analysis 

Bouin’s-fixed paraffin embedded tissues were cut into 5 µm thick sections and two 

sections per slide were mounted on 3-aminopropyltriethoxysilane (APTES)-coated 

slides (HistoBond®+ adhesive microscope slides, Cat. 0810401, Paul Marienfeld 

GmbH & Co. KG). The slides were allowed to dry at 37°C for two days and IHC was 

performed according to standard laboratory protocols. Briefly, slides with 5µm thick 

tissue sections were placed in a glass staining tray, deparaffined in xylol for 2 x 10 

minutes (min), and rehydrated in reduced concentrated ethanol (100%, 96%, 80%, 
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70%) for 5 min at each concentration and then washed in double distilled water 

(ddH2O) for 2x5 min. Next, heat-mediated antigen retrieval was performed in Tris-

EDTA buffer (pH 9) for 20 min (first 5 min at 770 W and then 15 min at 460 W) in a 

microwave oven and then returned to room temperature (RT) for 15 min to cool the 

slides. The slides were washed once with wash buffer ((Tris-buffer solution (TBS, pH 

7.4) + 0.1% Triton-X-100)) for 3 min and then incubated in 3% hydrogen peroxide 

(H2O2, Roth, Karlsruhe, Germany, Cat. 9681.1) in wash buffer for 15 min at RT on the 

shaker plate to inhibit endogenous peroxidase activity. Thereafter, the sections were 

washed in wash buffer for 3 x 3 min and then incubated with 1.5% bovine serum 

albumin (BSA, Roth, Karlsruhe, Germany, Cat. 8076.2) in wash buffer at RT for 30 

min in order to block unspecific binding sites. Primary antibodies (Table 2.4) were 

diluted in 1.5% BSA and applied to the tissue sections (1.5% BSA solution was used 

instead of primary antibodies in negative controls) and incubated overnight at 4° C in 

a humidified chamber.  

 

Table 2.4 List of antibodies used for IHC and their working conditions. 

 

Primary antibody Specificty Supplier and 
Catalogue no 

Dilution Staining 

Polyclonal rabbit anti-
human CD3 

Pan T cells DAKO, A0452 1:100 AEC 

Monoclonal mouse 
anti-human CD20cy 

B cells DAKO, M0755 1:100 AEC 

Monoclonal mouse 
anti-human CD68 

Macrophages DAKO, M0876 1:100 NovaRED 

Monoclonal mouse 
anti-human CD11c 

DCs Novocastra, 
NCL-L-CD11c-563 

1:100 NovaRED 

Monoclonal rabbit anti-
human CD4 

Th cells Abcam, ab133616 1:100 AEC 

Monoclonal mouse 
anti-human CD8a 

Tc cells eBioscience, 
Product: 14-0008-82 

1:250 AEC 

Polyclonal rabbit anti-
human IL2RA (CD25) 

Treg Sigma, HPA054622 1:500 AEC 

Monoclonal mouse 
anti-human FOXP3 

Treg eBioscience, 
Product: 14-4777-80 

1:100 AEC 

Polyclonal rabbit anti-
human CXCR5 

Tfh Sigma, HPA042432 1:2000 AEC 

Monoclonal mouse 
anti-human BCL6 

Tfh DAKO, M7211 1:50 AEC 

Secondary antibody 

Biotinylated goat anti-
rabbit 

 DAKO, E0432 1:100  

Biotinylated goat anti-
mouse 

 DAKO, E0433 1:100  
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The next day, the sections were washed in wash buffer for 3 x 3 min and incubated 

with appropriate biotinylated secondary antibodies (Table 2.4) at RT for 1 hour. Next, 

the sections were washed for 3 x 3 min and incubated with VECTASTAIN Elite ABC 

kit, Peroxidase (standard) (Cat. PK-6100, Vector Laboratories, USA) according to the 

manufacturer’s instructions for 45 min at RT, followed by ABC solutions were removed 

by washing three times for 3 min in wash buffer. Finally, immunostaining was 

visualized using ImmPACT AEC Substrate Kit, Peroxidase (Cat. SK-4205, Vector 

Laboratories, USA) for maximally 25 min or Vector NovaRED Peroxidase Substrate 

(Cat. SK-4800, Vector Laboratories, USA) for a maximum of 10 min. After achieving 

sufficient staining, AEC or NovaRED solutions were removed by washing three times 

in ddH2O for 3 min and counterstained (only for the antibodies expected in the 

cytoplasm) with Mayer’s hematoxylin (Cat. 1092492500, Sigma-Aldrich, Germany) for 

a very short time (5-10 sec) and immediately washed with ddH2O for 5 min. Sections 

stained with NovaRED were then dehydrated in increased concentration of ethanol 

(70%, 80%, 96%, 100% for 3 min at each concentration) and in xylol (2 x 5 min). 

Finally, the sections were mounted with Kaiser’s glycerol gelatine (phenol-free, Cat. 

2848.2, Roth, Karlsruhe, Germany) or Eukitt® quick-hardening mounting medium 

(Cat. 04-0004, R. Langenbrinck GmbH, Germany). All antibodies were optimized on 

human tonsil tissue as a positive control. For IHC image analysis, slides were 

transferred to Monash University, Australia and scanned with the Aperio ScanScope 

AT Turbo at Monash Histology Platform. Finally, Images were analyzed using the 

Aperio ImageScope (V12.4.3.5008) software. 

 

2.4 Semi-quantitative IHC scoring of testicular immune cell infiltration 

To describe the degree of immune cell infiltration, a semi-quantitative scoring system 

consisting of five different scores (absent = 0, single cell = 1, scattered = 2, sparse = 

3, dense = 4) was developed by Klein et al. (Klein et al., 2016) and optimized for the 

present study. Evaluation was performed by four independent investigators. Along with 

the infiltration density, spatial distribution (including focal, multifocal, disseminated) of 

the immune cell infiltration (Figure 2.3) were also performed for all samples by two 

independent examiners. However, when necessary, slides with unclear classification 

were further examined by a 3rd and 4th examiner. Finally, an average score was used 
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to generate the plots and perform statistical analysis (Ordinary One-way ANOVA 

including a post-hoc test named Tukey’s Honest Significant Difference Test) by 

GraphPad Prism 9.3.1. 

 

 

 

Figure 2.3 Schematic presentation of the semi-quantitative scoring system used to 

describe the degree and distribution of immune cell infiltration. 

 

2.5 Flow cytometric analysis of infiltrating immune cells in human testis 

samples 

 

Fresh human testicular tissue sections were collected directly from the operation 

theater in RPMI medium on ice and immediately proceeded with sample preparation 

and perform flow cytometric analysis. If it was not possible to perform the experiments 

on the same day, the specimens were stored in MACS® Tissue Storage Solution 

(Miltenyi Biotec, Cat. 130-100-008) for a maximum of 48 hours (h) at 4°C. The tissue 

storage solution allows for an optimized storage of fresh tissue samples for at least 48 

h without any background effects such as cell activation or apoptosis induction and 
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ensure that a maximum number of viable cells are retained for flow cytometric 

analysis. 

 

First of all, the samples were weighed (Table 2.1), and then mechanical and enzymatic 

dissociations were performed according to the internal laboratory protocol. Briefly, 

tissues were transferred to 300 µl PBS in a 2 ml Eppendorf vial, minced with scissors 

for 4-5 min (until fully chopped into smaller pieces), and then 700 µl collagenase D (2 

mg / ml) (Sigma-Aldrich, Cat. 11088858001) was added to get final working 

concentration of collagenase D of 1.5 mg/ml. The tissue suspensions were then 

incubated at 37° C for 45 min in a shaking heater at 800 rpm. The suspensions were 

then mixed well with a syringe needle and filtered into a new 50 ml tube using a 100 

μM cell strainer (Greiner Bio-One GmbH, Cat. 542000). Next, the supernatant was 

transferred to 15ml centrifuge tubes and PBS added to make a final volume of 15 ml. 

The tubes were then centrifuged at 1300 rpm for 10 min at 4°C and the supernatant, 

left-over tissue fragments, sediments etc. were transferred to a new 15 ml tube and 

stored at -150° C for later analysis (controlling for the fate of TGCT cells, germ cells, 

and non-immune testicular somatic cells). Cell pellets were resuspended in 1 ml RBC 

lysis buffer (QIAGEN, Cat.158902) and incubated for 3 min at RT, and 14 ml PBS 

were added to make a final volume of 15 ml. The tubes were then centrifuged at 1300 

rpm for 10 min at 4°C. The supernatant was discarded, and the cell pellets were 

resuspended in 200 µl PBS and finally the cell suspensions were transferred to a 1.5 

ml Eppendorf vial. For the detection and discrimination of dead cells, 1µl 

(recommended for up to 10⁷ cells/100 µ) Viobility™ 405/520 Fixable Dye (Miltenyi 

Biotec, Cat. 130-109-814) was added to the cell suspension and incubated for 15 min 

at RT in the dark. Then, 1 ml MACs Quant buffer (2mM EDTA+0.05% BSA in PBS) 

was added and the cell suspension was divided into two 1.5 ml Eppendorf vials for the 

two panels and additional MACs Quant buffer was added to make a final volume of 

1ml and centrifuged at 1300 rpm for 10 min at 4C. Next, the supernatant was 

discarded, and the cell pellets were resuspended in 70 µl PBS. Thereafter, the 

antibodies directed to the cell surface (Table 2.5) were added accordingly, and then 

additional PBS was added to make a final volume of 100 µl. At the same time, the 

isotype control of each antibody was included in the experiments. Generally, it is 

recommended to keep the isotype control in each experiment, which was not possible 
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in our study due to the small size of tissue samples. Nevertheless, if the tissue size 

was large and the number of viable cells high enough, isotype control was included in 

the experiment. This ensures that the observed staining is due to specific antibody 

binding to the target rather than an artifact.  

 

 

Table 2.5 List of the antibodies with their conjugated dye used for Flow cytometric 

analysis and their working conditions. All the antibodies were purchased from the Miltenyi 

Biotec (except FOXP3, from Biolegend). Intercellular targeted antibodies are marked with 

purple color. 

 

Channel PANEL 1 Channel PANEL 2 

V1 CD3-VioBlue,  

Cat. 130-114-710 

1:50 (2µl) V1 CD3-VioBlue, 

Cat. 130-114-519 

1:50 (2 

µl) 

V2 Viobility™ 405/520 

Fixable Dye, 

Cat. 130-109-814 

1µl V2 Viobility™ 405/520 

Fixable Dye, 

Cat. 130-109-814 

1µl 

B1 CD45-VioBright 515, 

Cat. 130-110-640 

1:50 (2 

µl) 

B1 CD25-VioBright 515, 

Cat. 130-113-287 

1:50(2 µl) 

B2 CD20cy-PE, 

Cat. 130-108-313 

1:11(10 

µl) 

B2 BCL6-PE, 

Cat. 130-118-346 

1:50(2 µl) 

B3 CD4-PerCP-Vio700, 

Cat. 130-113-790 

1:50 (2 

µl) 

B3 CD4-PerCP-Vio700, 

Cat. 130-113-228 

1:50(2 µl) 

B4 CD8-PE-Vio770, 

Cat. 130-110-818 

1:50 (2 

µl) 

B4 CD185 (CXCR5)-PE-

Vio770, 

Cat. 130-117-508 

1:50(2 µl) 

R1 Alexa Fluor® 647 

anti-human FOXP3 

Antibody, Cat: 

320114, Biolegend 

1:50(2 µl) R1 Alexa Fluor® 647 anti-

human FOXP3 Antibody, 

Cat: 320114, Biolegend 

1:50(2 µl) 

R2 CD68-APC-Vio770, 

Cat. 130-114-463 

1:50 (2 

µl) 

R2 CD45-APC-Vio770, 

Cat. 130-110-635 

1:50(2µl) 

 

 

The cell suspension was then mixed by pipetting or brief vortexing and incubated at 

4° C for 15 min in the dark. To wash the cells, 1 ml of MACs Quant buffer was added 

and centrifuged at 1300 rpm for 10 min at 4°C. Supernatants were then discarded and 

cell pellets were resuspended accordingly with FOXP3 staining buffers (Miltenyi 

Biotec, Cat. 130-093-142) and incubated for 30 min at 4C in the dark. The cell 

suspension was then centrifuged at 1300 rpm for 10 min at 4C and the supernatant 

discarded. Next, the cell pellets were resuspended with 1 ml 1X permeabilization 

buffer and centrifuged at 1300 rpm for 10 min at 4C and the supernatant discarded. 

Again, the cell pellets were resuspended with 50 µl of 1X permeabilization buffer and 
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to increase the specificity of the Foxp3 antibody, the cell pellets were incubated with 

20 µl (recommended for up to 10⁷ cells) of FcR blocking reagent (Miltenyi Biotec, Cat. 

130-059-901) for 10 min at 4C in the dark. Subsequently, the intracellular targeted 

antibodies (Table 2.5) were added accordingly and additional 1X permeabilization 

buffer was added to make a final volume of 100 µl. Then, it was incubated for 30 min 

at 4°C in the dark and 1ml 1X permeabilization buffer was added for washing. Finally, 

the cell suspensions were centrifuged at 1300 rpm for 10 min at 4C. The supernatant 

was discarded, and cell pellets were resuspended with 100-200 µl MACs Quant buffer 

and run the sample in MACSQuant® Analyzer 10 Flow Cytometer.  

 

 

2.6 Composition of the flow cytometry panels 

A flow cytometry panel consisted of multiple fluorochrome-conjugated antibodies, and 

each of the fluorochromes had broad emission spectra that may overlap with the 

spectra of other fluorochromes. Therefore, it is obligatory to detect overlaps and 

correct fluorescence spillover for proper analysis. In this study, the MACS comp Bead 

Kit, anti-REA (Miltenyi Biotec, Cat. 130-104-693) was used to compensate the 

fluorescence spillover from fluorochrome-conjugated REAfamily antibodies, while 

Ultracomp eBeads™ Compensations-Beads (Catalog number: 01-2222-42, 

Invitrogen) was only used for FOXP3 (Alexa Fluor® 647 anti-mouse FOXP3 Antibody) 

according to the manufacturer’s protocol. Each bead drop contained two populations 

- a positive population that captures the antibody, and a negative population that does 

not react with the antibody. Briefly, 100 µl of the MACSQuant running buffer was added 

to each sample tube (label a tube for each fluorochrome used in the experiment), and 

the appropriate amount of antibodies were added to the appropriate sample tube. 

Then, one drop (equivalent to 50 µl) of the MACS Comp Beads – anti-REA and one 

full drop of the MACS Comp Beads – blank to each tube of REAfinity antibody, while 

one drop of UltraComp eBeads was added for FOXP3 and mixed well and incubated 

for 5-10 min (15-30 min for UltraComp eBeads) in the dark room at RT. Next, 1ml of 

the MACSQuant running buffer was added to dilute each sample and then proceed to 

calibrate the MACSQuant instrument. 

 

 



78 | P a g e  
 

2.7 PBMC isolation from buffy coat 

After compensation, the flow cytometry panels composed of different antibodies were 

tested on peripheral blood mononuclear cells (PBMC) isolated from the buffy coat 

collected from the Center for Transfusion Medicine and Hemotherapy, University 

Hospital Giessen and Marburg, Giessen, Germany. Briefly, 15 ml of buffy coat was 

filled into a 50 ml tube. PBS was then added to make a final volume of 50 ml and 

mixed well by pipetting or shaking. Then, 35 ml of diluted buffy coat was transferred 

to a new 50 ml tube and 15 ml of Ficoll® Paque Plus (Cytiva, Cat. 17-1440-03) was 

added and centrifuged for 30 min at RT at 15000 rpm (without break) and the plasma 

was discarded. After that, the PBMC containing layer was collected into a new 50 ml 

tube and PBS was added to make up to 50 ml and centrifuged again at 1700 rpm 

(without break) at 4°C for 10 min. Next, the supernatant was discarded and the white 

layer, which is the PBMC, was transferred into a new 50 ml tube and the tube filled 

with PBS. The suspension was then centrifuged at 1700 rpm (without break) at 4°C 

for 10 min and the supernatant was discarded. The procedure was repeated twice. 

Finally, the PBMC were collected, resuspended in 15-20 ml PBS, and counted. Flow 

cytometric analysis was performed according to the protocol above. 

 

2.8 Flow cytometric data analysis 

A specific strategy was followed to identify different immune cells from the total 

analyzed events in panel 1 (general immune cells) (Figure 2.4). From the total 

analyzed events, single cells were selected by SSC-H vs SSC-A gating to remove 

doubles and other aggregated particles. Live and dead cells were separated by 

viability dye which binds to the dead cells. Next, further gating was performed to detect 

CD3+ T cells, CD4+ Th cells, CD68+ macrophages, and CD20cy+ B cells in total live 

cells. For panel 2 (T cells), doubles and other aggregated particles were also removed 

from the total analyzed events and then dead and live cells were separated by viability 

dye. Next, further gating was performed to identify CD25+FOXP3+ Treg and 

CXCR5+BCL6+ Tfh cells (Figure 2.5). Data was analyzed with FlowJo™ v10.8.1 and 

graphs were generated with GraphPad Prism 9.3.1 software. 
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Figure 2.4 Flowcytometric analysis and corresponding gating strategies to analyze 

different infiltrating testicular immune cells using antibody panel-1 (CD45, CD20cy, 

CD68, CD3, CD4, CD8).  

 

 

 

 

 
 

Figure 2.5 Flowcytometric analysis and respective gating strategy to analyze 

CD25+FOXP3+ Treg and CXCR5+BCL6+ Tfh cells using antibody Panel-2 (CD45, CD3, 

CD4, CD25, FOXP3, CXCR5, BCL6). 
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2.9 Sample preparation for scRNA-seq   

Human testicular tissues were stored in cold PBS and transported from operating room 

to the laboratory on ice. Tissues were digested following the standard two step 

enzymatic isolation protocol as described in (Guo et al., 2018). Briefly, testicular 

tissues were digested with collagenase type IV (Sigma Aldrich, Cat. C5138–500MG) 

for 5 min at 37 °C with gentle agitation (250 rpm), then shaken vigorously and 

incubated for another 3 min. The tubules were sedimented by centrifugation at 200× g 

for 5 min and washed with HBSS before digestion with 4.5 mL 0.25% 

trypsin/ethylenediaminetetraacetic acid (EDTA; Invitrogen, Cat. 25300054) and 4 kU 

DNase I (Sigma Aldrich, Cat. D4527–500ku). The suspension was triturated vigorously 

three to five times and incubated at 37 °C for 5 min. The process was repeated in 5 min 

increments for up to 15 min total. The digestion was stopped by adding 10% FBS 

(Gibco, Cat. 10082147). Single testicular cells were obtained by filtering through 

strainers with mesh size 70 µm (Fisher Scientific, Cat. 08–771–2) and 40 µm (Fisher 

Scientific, Cat, 08–771–1). The cells were pelleted by centrifugation at 600× g for 

15 min and washed twice with 1× PBS. Cell viability was measured using acridine 

orange/propidium iodide (AO/PI) and approximately 80% viable cells were found in all 

samples. Cell number was measured using a hemocytometer. Cells were re-

suspended in 1× PBS + 0.4% BSA (Thermo Fisher Scientific, Cat, AM2616) and the 

single cell suspension was then loaded into 10x Chromium Controller using the 

Chromium Single Cell 3′ v3.1 reagents. 

 

2.10 scRNA-seq library construction and sequencing 

Chromium Next GEM Single Cell 3ʹ v3.1: Dual Index Libraries Kit was used for the 

library preparation. The sequencing libraries were prepared following the 

manufacturer’s instructions, using 13 cycles of cDNA amplification, followed by an 

imput of ∼100 ng of cDNA for library amplification using 12 cycles. The resulting 

libraries were then sequenced on a 2 X 100 cycle paired end run on an Illumina HiSeq 

2500 or Novaseq 6000 instruments. 
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2.11 Publicly available normal control data 

scRNA-seq of human normal testicular tissue samples dataset were acquired from the 

Gene Expression Omnibus (GEO) database under accession code GEO: GSE120508 

(Guo et al., 2018) and analyzed together with our own dataset. Both publicly available 

datasets from normal testis and newly generated scRNA-seq data sets from TGCT 

sample were prepared in the same way. In addition, data integration was performed 

during the analysis to remove batch effects across different samples. 

 

2.12 scRNA-seq data analysis 

10X data matrix of normal testes (n=3; pooled data) and TGCT (n=4) were imported 

into the Seurat V4.0 R package (https://satijalab.org/seurat/) to perform analytical 

quality control, data normalization, dimensional reduction, data visualization etc. First, 

Seurat object was created for each dataset and then merged them into a single object. 

Then the following criteria were applied on merged datasets containing 4 TGCT and 

3 normal testes: nCount_RNA (total number of molecules detected within a cell) 

>1000, nFeature_RNA (number of genes detected in each cell) between 200 and 

8000, percent.mt (mitochondrial gene percentage) < 5 to remove low-quality cells and 

possible cell multiplets (Supplementary Figure 1). After filtration and normalization, a 

total number of 10,153 cells were left for the following analysis (Supplementary Table 

2). Then, data integration was performed to remove batch effects across different 

samples. The filtered matrix was normalized in the Seurat v.4 with default parameters 

and top 2000 variable gene were then identified using the “vst” method in Seurat 

FindVariableFeatures function. Variable “nCount_RNA “and “percent.mt” were 

regressed out in the scaling step and Principal-Component-Analysis (PCA) was 

performed using the top 2000 variable genes. Then t-distributed stochastic neighbor 

embedding (t-SNE) was performed on the top 30 principal components for visualizing 

the cells. In the meantime, clustering was performed on the PCA-reduced data with 

resolution 3 to obtain a better result. A total of 46 clusters were generated in the 

primary analysis (Supplementary Figure 2A) and then the contribution of each sample 

to each cluster was calculated (Supplementary Figure 2B and C). Subsequently, the 

clusters were identified/annotated based on the expression of well-established cell-

specific marker genes throughout the 46 primary clusters (Supplementary Figure 3 



82 | P a g e  
 

and Supplementary Figure 4) and the same cells found in different clusters were 

merged for better visualization with their origin. 

 

As of our core interest, secondary clustering of T cells was performed with resolution 

2 to obtain finest outcome and then each cluster was identified based on the 

expression of well-established T cell subtypes-specific marker genes throughout the 

17 secondary clusters (Supplementary Figure 5A and Supplementary Figure 6). 

Correspondingly, the same cell type in the secondary clusters of T cells were merged 

for better visualization with their origin (Supplementary Figure 5B). 

 

2.13 Differential gene expression analysis  

Differential gene expressions (DGEs) analysis was performed using the FindMarkers 

function based on the non-parametric Wilcoxon rank sum test and at same time the 

adjusted p-values were calculated based on the Bonferroni correction. Using these 

parameters, multiple comparisons of DGEs were performed, including T cells vs rest 

of the cells, individual TGCT sample vs. donors (Supplementary Figure 7), only T cells 

of individual TGCT sample vs. donors (Supplementary Figure 8) and only Treg cells 

of individual TGCT sample vs. donors (Supplementary Figure 9). 

 

2.14 Gene Set Enrichment Analysis (GSEA) 

A computational approach named Gene Set Enrichment Analysis (GSEA) in various 

contexts was performed by multiple web tools such as WebGestalt (WEB-based Gene 

SeT AnaLysis Toolkit) (Liao et al., 2019) and Enrichr (Xie et al., 2021). to determine 

whether an a priori defined set of genes shows statistically significant, concordant 

differences between two biological states (e.g., phenotypes). GSEA-Gene Ontology 

(GO) analysis was performed using functional databases such as biological process 

(to represent a specific objective that the organism is genetically programmed to 

achieve), molecular function (to analyze the possible function that can be carried out 

by the action of a single macromolecular machine, usually via direct physical 

interactions with other molecular entities), cellular component (to determine the 

location that relative to cellular compartments and structures, and occupied by a 
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macromolecular machine when it carries out a molecular function) in the WebGestalt 

and Enrichr. To translate the list of genes that are differentially expressed across the 

given phenotypes into meaningful biological phenomena, GSEA-pathway analysis 

was performed using different functional databases such as BioPlanet (Huang et al., 

2019a), WikiPathways (Slenter et al., 2017), KEGG (Kanehisa et al., 2017), Panther 

(Mi and Thomas, 2009) in the WebGestalt and Enrichr.  

 

2.15 Additional bioinformatics analysis and data visualization   

Volcano plots of DGEs were created by EnhancedVolcano function in the Seurat V4.0 

R package (Blighe et al., 2019), FunRich (Functional Enrichment analysis tool) was 

used to create Venn diagrams to illustrate the logical relationship between multiple 

sets of differentially expressed genes (Pathan et al., 2015, Fonseka et al., 2021). A 

web-based versatile matrix visualization and analysis software, named Morpheus 

software (https://software.broadinstitute.org/morpheus/) was used to create 

heatmaps. Besides, protein-protein interaction (PPI) network functional enrichment 

analysis of selected proteins was generated by STRING (https://string-db.org/) online 

platform (Szklarczyk et al., 2021). In addition to that, an interactive web resource 

UALCAN (The University of ALabama at Birmingham CANcer) for analyzing cancer 

OMICS data (Chandrashekar et al., 2022) was used to cross validate the selected 

genes expression in publicly available TCGA (The Cancer Genome Atlas)-testis germ 

cell tumors (seminoma n=63 and non-seminoma n=70) data. Finally, co-expression 

analysis of selected gene performed by cBioPortal using TCGA-Testicular Germ Cell 

Cancer (Source data from GDAC Firehose) dataset (n=156 samples) (Gao et al., 

2013).  

 

2.16 Hanging drop culture 

Hanging drop culture medium consisted of DMEM F12 + 10% FBS + 1% P/S+ 1X ITS 

-G was used to culture human testicular tissue. The sample was immediately collected 

in cell culture media and transported to the laboratory (within 2 hours after surgical 

removal). First, 1ml DPBS (Cat. No: 14190-094, Gibco) was added to the each well of 

the 12-well plate to prevent dehydration and 30 μl medium was taken on the lid of a 

12-well plates. Meanwhile, the specimens were cut into ∼1 mm3 pieces and then a 
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single piece of tissue was placed into each droplet of hanging drop culture medium in 

the lid and then the lid was carefully inverted to keep the drops intact with the tissue 

suspended. Tissues were cultured at 34°C in 5% CO2 for 3-7 days with medium 

changes every 48 hours. Finally, sample were collected for Flow cytometry, H&E, IHC, 

and RNA extraction. 
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3 RESULTS 

3.1 Investigation of immune cells infiltrates in human testicular cancer and 

controls by IHC 

3.1.1 Analysis of immune cells in human normal testis 

Deep IHC analysis of a panel of human testicular tissue samples showed that CD68+ 

macrophages were most abundant resident immune cells in human testicular tissues 

with NSP compared to other analyzed immune cells in this study (Figure 3.1D, 

Supplementary Figure 10C). Along with that, CD3+ pan T cells (Figure 3.1B, 

Supplementary Figure 10A), CD4+Th cells  (Figure 3.1F, Supplementary Figure 10E), 

and CD8+ Tc  cells (Figure 3.1G, Supplementary Figure 10F) were also detected with 

low infiltration density compared to the other analyzed sample, while CD11c+ DCs  

(Figure 3.1E, Supplementary Figure 10D), CD25+ Treg cells (Figure 3.1H, 

Supplementary Figure 10G), FOXP3+ Treg (Figure 3.1I, Supplementary Figure 10H) 

were found rarely, but no CD20cy+ B cells (Figure 3.1C, Supplementary Figure 10B), 

CXCR5+ Tfh (Figure 3.1J, Supplementary Figure 10I) and BCL6+ Tfh cells (Figure 

3.1K, Supplementary Figure 10J) were detected in human normal testis presenting 

NSP. However, germ cells are often stained as an unspecific staining. 

 

Briefly, macrophages were detected in all NSP samples with a median infiltration 

density score of 2.5 and were fully distributed throughout the interstitium as resident 

immune cells (Figure 3.2C, Supplementary Table 3). In the further course of writing, 

the median infiltration density score is referred to as “median score”. Similarly, T cells 

were also found disseminated at relatively low densities throughout the interstitium in 

80% of cases with a median score of 1.5. In very rare cases (10% of cases) T cells 

were focally found (score 2.5) or absent in NSP (Figure 3.2A, Supplementary Table 

3).  
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Figure 3.1 See next page for caption   
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Figure 3.1 Cont. 

   

   

 

Figure 3.1 Analysis of infiltrating immune cells in human testis with NSP. H&E staining 

(A), CD3+ Pan T cells (B), CD20cy+ B cells (C), CD68+ macrophages (D), CD11c+ DC (E), 

CD4+ Th cells (F), CD8+ Tc cells (G), CD25+ Treg cells (H), FOXP3+ Treg (I), CXCR5+ Tfh 

(J) and BCL6+ Tfh (K). Macrophages represent the relatively major components of infiltrating 

immune cells in healthy testis. White bar indicates 100µm. 
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Figure 3.2 See next page for caption   
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Figure 3.2 Cont. 

 

 

Figure 3.2 Semi-quantitative scores of different infiltration density and distribution of 

immune cells observed in IHC on various testicular morphologies. Each point represents 

the individual samples in each category and the top of the bar represents the median infiltration 

density in each distribution category. Infiltration density 0=absent, 1=single cells, 2=scatter, 

3=sparse, 4=dense. The distribution of the infiltrating immune cells describes with individual 

colors, e.g., red= disseminated, blue = multifocal, purple= focal and green= none/absent. 

Significance tested by ordinary one-way ANOVA including Tukey’s Honest Significant 

Difference Test [(Not significant (ns)= p-value ≥ 0.05), (Significant, *= p-value 0.01 to 0.05, **= 

p-value = 0.001 to 0.01, ***= p-value 0.0001 to 0.001, ****= p-value <0.0001)]. 

 

In addition, the main subtypes of T cells, CD4+ Th cells and CD8+ Tc cells were also 

found disseminated throughout the interstitium in 90% and 70% of the NSP samples, 

with a median score of 2 and 1, resp. (Figure 3.2E-F, Supplementary Table 3). It was 

also observed that CD8+ Tc cells were rarely found focally in 30% of NSP samples 
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(median socre of 0.5) and CD4+ Th cells were often not found in NSP (Figure 2. 7E-

F, Supplementary Table 3). CD11c+ DCs were not found in 60% of the NSP samples, 

but in 30% of the cases DCs were focally found with a median score of 1 and in the 

remaining 10% of cases DCs were extremely low in number (score 0.5) were 

distributed over the interstitium (Figure 3.2D, Supplementary Table 3). Interestingly, 

no CD20cy+ B cells were found at all in human testicular NSP (Figure 3.2B, 

Supplementary Table 3). 

 

Importantly, Treg specific marker CD25+ cells were focally found in 60% of the NSP 

samples with a median score of 0.5 and in 10% of cases they were found disseminated 

across the interstitium (Figure 3.2G, Supplementary Table 3). In 30% of NSP samples, 

no CD25+ cells were found (Supplementary Table 3). Treg-specific FOXP3+ cells 

were not observed in 70% of the NSP samples, while they were focally detected in 

30% of the NSP samples with a median score of 0.5 (Figure 3.2H, Supplementary 

Table 3). Tfh-specific marker CXCR5+ cells were not observed in 90% of the NSP 

samples but were found disseminated only in 10% of NSP samples with extremely low 

numbers (score 0.5) (Figure 3.2I, Supplementary Table 3). Furthermore, other Tfh-

specific marker BCL6+ cells were completely absent in NSP samples (Figure 3.2J, 

Supplementary Table 3). 

 

3.1.2 Analysis of infiltrating immune cells in human testis with HYP+ly 

An abundance of different infiltrating immune cells has been identified in human 

testicular tissue presenting with HYP+ly. Pan T cells and their major subtypes CD4+ 

Th and CD8+ Tc cells represent the main components of the infiltrating immune cells 

in HYP+ly (Figure 3.3 B, F, G and Supplementary Figure 10A, E-F). Followed by 

macrophages representing the second most common immune cell type in HYP+ly 

samples (Figure 3.3D, Supplementary Figure 10C). In contrast, B cells (Figure 3.4C, 

Supplementary Figure 9B), DCs (Figure 3.3E, Supplementary Figure 10D), CD25+ 

Treg cells (Figure 3.3H, Supplementary Figure 10G), and FOXP3+ Treg (Figure 3.3I, 

Supplementary Figure 10H) were rarely observed in HYP+ly. Although CXCR5+ Tfh 

cells (Figure 3.3J, Supplementary Figure 10I) were detected in single samples, no 

BCL6+ cells (Figure 3.3K, Supplementary Figure 10J) were found in human testis with 

HYP+ly.   
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Figure 3.3 See next page for caption   
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Figure 3.3 Cont. 

   

   

 

Figure 3.3 Analysis of infiltrating immune cells in HYP+ly. H&E staining (A), CD3+ Pan T 

cells (B), CD20cy+ B cells (C), CD68+ macrophages (D), CD11c+ DC (E), CD4+ Th cells (F), 

CD8+ Tc cells (G), CD25+ Treg cells (H), FOXP3+ treg (I), CXCR5+ Tfh (J) and BCL6+ Tfh 

(K). T cells represent the major components of the infiltrating immune cells in HYP+ly. White 

bar indicates 100µm. 

 

Briefly, compared to the NSP, pan T cell prevalence was significantly higher (p-value 

<0.0001) in HYP+ly with a diverse infiltration density and distribution pattern across 

the samples (Figure 3.2A, Supplementary Table 4). For example, T cells were found 

in multifocal areas over the interstitium in 53.33% of cases with a median score of 3.75 

(Figure 3.2A, Supplementary Table 4). Besides, T cells were disseminated in 33.33 % 

of HYP+ly samples with relatively low infiltration density (median score of 1.5), and 

also focally found in 13.33 % of cases with relatively higher infiltration density (median 

score of 3.5) (Figure 3.2A, Supplementary Table 4). Like pan T cells, Th and Tc cells 

were also highly abundant (p-value <0.0001) in human testicular tissue with HYP+ly 

compared to NSP. In most cases (41.67% and 63.64%, resp.), both Th and Tc cells 

were found in multifocal areas across the interstitium with a median score of 4 and 3, 
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resp. (Figure 3.2E-F, Supplementary Table 4). Th cells were disseminated in 33.33% 

of cases with a median score of 3, while Tc cells were dispersed in only 9.09% of the 

samples (score 2) (Figure 3.2E-F, Supplementary Table 4). In addition, Th cells were 

focally found in 25% of cases with a median score of 3, while Tc cells were found 

focally in 27.27% of cases with a median score of 2 (Figure 3.2E-F, Supplementary 

Table 4). In terms of infiltration density, there is no difference between the abundance 

of Th and Tc cells in human testicular tissue presenting HYP+ly (Supplementary 

Figure 10 E-F). 

 

Macrophages, the second most frequent immune cells in HYP+ly, were not statistically 

significant different in number and distribution compared to NSP. However, in 64.29% 

of the HYP+ly samples, macrophages were mainly found disseminated throughout the 

interstitium with a median score of 2.5 (Figure 3.2C, Supplementary Table 4). In 

addition, macrophages were also found focally and multifocally with a median score 

of 2.5 in 21.43% and 14.29% of testis with HYP+ly, resp. (Figure 3.2C, Supplementary 

Table 4). Overall, the increase in macrophages density is relatively small in HYP+ly 

compared to NSP. 

 

Compared to the normal testis (no B cells detectable), B cells were found focally over 

the interstitium in 50% of the HYP+ly samples with a median score of 2 (Figure 3.2B, 

Supplementary Table 4). In addition, B cells were found in multifocal areas with a score 

of 3 in 7.14% of the cases (Figure 3.2B, Supplementary Table 4). It was also observed 

that B cells were absent in almost half (42.86%) of the HYP+ly samples. Similar to the 

normal testis presenting NSP, DCs were not found in 50% of the testicular samples 

with HYP+ly (Figure 3.2D, Supplementary Table 4). Nevertheless, DCs were 

multifocally present in 33.33% of samples with a median score of 2.5 and were also 

detected focally in 16.67% of samples with a median score of 2 (Figure 3.2D and 

Supplementary Table 4). Their overall presence in HYP+ly was not significantly 

different from NSP. 

 

Importantly, Treg specific marker CD25+ cells were significantly more frequent in 

HYP+ly compared to the NSP. Briefly, CD25+ cells found focally and multifocally in 

36.36% of the samples with a median score of 2.25 (Figure 3.2G, Supplementary 

Table 4). In addition, CD25+ cells were found disseminated over the interstitium in 
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27.27% of cases with a median score of 1 (Figure 3.2G, Supplementary Table 4). 

While other Treg specific marker FOXP3+ cells frequency in HYP+ly not different from 

NSP, but they were found focally (median score of 1.75) in 33.33% of human testicular 

tissue with HYP+ly (Figure 3.2H, Supplementary Table 4). In addition, FOXP3+ cells 

were also found multifocally and distributed across the interstitium with a median score 

of 2 in 16.16% and 8.33% of cases, resp. (Figure 3.2H, Supplementary Table 4). It 

was also observed that FOXP3+ cells were absent in 41.67% of the HYP+ly samples.  

 

Tfh-specific marker CXCR5+ cells were significantly more frequent in HYP+ly samples 

compared to the NSP. However, CXCR5+ cells were not found in more than half 

(54.56%) of the HYP+ly samples. Nevertheless, CXCR5+ were detected in focal area 

with a median score of 3.5 and in multifocal areas with a median score of 2.5 in 36.36% 

and 9.09% of the HYP+ly samples, resp. (Figure 3.2I, Supplementary Table 4). 

Beware, CXCR5 is not only expressed by Tfh but also by mature circulating B cells 

(Naka et al., 2002). Other Tfh-specific marker BCL6+ cells were not found at all in the 

HYP+LY samples (Figure 3.2J and Supplementary Table 4). 

 

3.1.3 Analysis of infiltrating immune cells in human testis presenting GCNIS with 

and without lymphocytic infiltrates (GCNIS±ly) 

The infiltration density of different immune cells varies greatly between the pre-

invasive precursor form of seminoma called GCNIS with and without immune cell 

infiltrates. T cells represent the leading immune cell type in both (Figure 3.4B, Figure 

3.5B, Supplementary Figure 10A). In addition, it was also observed that CD4+ Th and 

CD8+ Tc cells were found in both sample groups with the highest density in GNCIS+ly 

samples (Figure 3.4F-G, Figure 3.5F-G, Supplementary Figure 10E-F). Macrophages 

represent the second most abundant immune cells in both samples and were detected 

more frequently in GCNIS+ly than in GCNIS (without infiltrates) samples (Figure 3.4D, 

Figure 3.5D, Supplementary Figure 10C). B cells were often found in GCNIS+ly while 

they were hardly detected in the GCNIS (Figure 3.4C, Figure 3.5C, Supplementary 

Figure 10B). DCs were often found in GCNIS (without infiltrates) but highly detectable 

in GCNIS+ly (Figure 3.5E, Supplementary Figure 10D).  
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Figure 3.4 See next page for caption   
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Figure 3.4 Cont.   

 

Figure 3.4 Analysis of infiltrating immune cells in GCNIS. H&E staining (A), CD3+ Pan T 

cells (B), CD20cy+ B cells (C), CD68+ macrophages (D), CD11c+ DC (E), CD4+ Th cells (F), 

CD8+ Tc cells (G), CD25+ Treg cells (H), FOXP3+ treg (I), CXCR5+ Tfh (J) and BCL6+ Tfh 

(K). T cells represent the major components of the infiltrating immune cells in GCNIS. White 

bar indicates 100µm. 

 

Treg specific marker CD25+ cells were observed in both GCNIS (without infiltrates) 

and GCNIS+ly (Figure 3.4H, Figure 3.5H, E Supplementary Figure 10G), but FOXP3+ 

Tregs were mainly found in GCNIS+ly samples (Figure 3.4I, Figure 3.5I, 

Supplementary Figure 10H). Tfh cell marker CXCR5+ cells were rarely found in 

GCNIS and GNCIS+ly samples (Figure 3.4J, Figure 3.5J, Supplementary Figure 10I), 

whereas the other Tfh marker BCL6+ was not detected in any samples of these two 

groups (Figure 3.4K, Figure 3.5K, Supplementary Figure 10J).  
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Figure 3.5 See next page for caption   
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Figure 3.5 Cont.   

 

Figure 3.5 Analysis of infiltrating immune cells in GCNIS+ly. H&E staining (A), CD3+ Pan 

T cells (B), CD20cy+ B cells (C), CD68+ macrophages (D), CD11c+ DC (E), CD4+ Th cells 

(F), CD8+ Tc cells (G), CD25+ Treg cells (H), FOXP3+ treg (I), CXCR5+ Tfh (J) and BCL6+ 

Tfh (K). T cells represent the major components of infiltrating immune cells in GCNIS+ly. 

Magnifications x20. White bar indicates 100µm. 

 

Briefly, T cells were significantly more frequent in both GCNIS (without infiltrates) and 

GCNIS+ly compared to the NSP. In the majority (66.67%) of GCNIS samples, pan T 

cells were found disseminated throughout the interstitium with a median score of 2 

(Figure 3.2A, Supplementary Table 5). In addition, T cells were also found multifocally 

(median score of 2.75) in 26.67% and focally with relatively high scores in 6.67% of 

GCNIS samples (Figure 3.2A, Supplementary Table 5). While in GCNIS+ly samples, 

T cells were mostly found (in 75% of cases) in a multifocal fashion with a median score 

of 3.5 and in 18.75% of cases T cells were distributed over the interstitium with a 

median score of 2 (Figure 3.2A, Supplementary Table 6). In 6.25% of GCNIS+ly 

samples, T cells were detected focally, with high infiltration density (score 4) (Figure 

3.2A, Supplementary Table 6). The main subtypes of T cells, Th and Tc cells were 
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significantly more frequent in both GCNIS (without infiltrates) and GCNIS+ly compared 

to normal testicular tissue. Both Th and Tc cells were observed in GCNIS (without 

infiltrates) and GCNIS+ly with different infiltration densities and distribution patterns. 

For example, Th cells were sparsely disseminated throughout the interstitium in 

78.57% of cases (with a median score of 3) and were multifocally found in 21.43% of 

GCNIS samples (with a median score of 3) (Figure 3.2E, Supplementary Table 5). On 

the other hand, Th cells were multifocally present in 60% of GCNIS+ly samples and 

disseminated in 40% of GCNIS+ly samples with a median score of 4 and 3, resp. 

(Figure 3.2E, Supplementary Table.6). Tc were relatively low abundant compared to 

Th cells in both GCNIS and GCNIS+ly samples. Briefly, in 71.43% of GCNIS samples 

and in 13.33% of GCNIS+ly samples, Tc cells were found disseminated across the 

interstitium, with a median score of 2 in both sample groups (Figure 3.2F, 

Supplementary Table 5 and 6). In 80% of the GCNIS+ly and 28.57% of the GCNIS 

samples, Tc cells were found multifocally with a median score of 3 and 3.25, resp. 

(Figure 3.2F, Supplementary Table 5 and.6. In addition, Tc were only found focally (in 

6.67% of cases) with a score of 3 in GCNIS+ly (Figure 3.2F, Supplementary Table 6). 

Overall, Th cells were relatively more abundant than Tc cells in both GCNIS (without 

infiltrates) and GCNIS+ly samples (Supplementary Figure 10E-F).  

 

B cells were not detectable in 78.57% of the GCNIS and in 50% of the GCNIS+ly 

samples (Figure 3.2B, Supplementary Table 5 and 6). In GCNIS+ly samples with 

positive staining, B cells were often found focally (in 31.25% of cases) and multifocally 

(in 18.75% of cases) with relatively low infiltration density (median score of 1.5 and 2, 

resp.) (Figure 3.2B, Supplementary Table 6), While in GCNIS, B cells were only found 

focally (14.29% of cases) or in  disseminated over the interstitium (7.14% of cases) 

with a median score of 1.5 and 1, resp. (Figure 3.2B, Supplementary Table 5). In both 

GCNIS (93.33% of cases) and GCNIS+ly (86.67% of cases) samples, macrophages 

were mainly distributed throughout the interstitium with median score of 2.25 and 2.5 

resp. (Figure 3.2C, Supplementary Table 5 and 6). In addition, macrophages were 

also found multifocally in 13.33% of the GCNIS+ly samples with a median score of 

2.25 (Figure 3.2C, Supplementary Table 6). 

 

Antigen presenting DCs were significantly (p-value = 0.0044) more abundantly present 

in GCNIS+ly samples compared to NSP. DCs were differentially distributed in GCNIS 
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and GCNIS+ly samples. For example, DCs with low infiltration density (median score 

of 1) were found disseminated in 53.33% of the GCNIS samples (Figure 3.2D, 

Supplementary Table 5), while DCs were disseminated in only 13.33% of the 

GCNIS+ly samples with a median score of 1.75 (Figure 3.2D, Supplementary Table 

6). In addition, DCs were found in multifocally in 33.33% of GCNIS+ly and in 6.67% of 

GCNIS with a median score of 3 (Figure 3.2D, Supplementary Table 5 and 6) and 

focally in 26.67% of GCNIS+ly samples and 13.33% of GCNIS samples with a median 

score 2.5 (Figure 3.2D, Supplementary Table 5 and 6). It should also be noted that no 

DCs were observed at all in 26.67% of these two samples groups (Figure 3.2D, 

Supplementary Table 5 and 6). 

 

Treg cells were significantly more frequent in GCNIS+ly samples but not in GCNIS 

compared to NSP. Briefly, Treg-specific marker CD25+ cells were found disseminated 

throughout the interstitium in 64.29% of GCNIS (without infiltrates) and 41.67% of 

GCNIS+ly samples with a median score of 1 and 2, resp. (Figure 3.2G, Supplementary 

Table 5 and 6). In addition, CD25+ cells were also found multifocally in 21.43% of 

GCNIS (without infiltrates) and in 41.67% of GCNIS+ly samples with a median score 

of 2 and 2.5, resp. (Figure 3.2G, Supplementary Table 5 and.6). Furthermore, CD25+ 

cells were also focally found in 16.67% of the GCNIS+ly samples with relatively high 

infiltration density (median score of 3) (Figure 3.2G, Supplementary Table 6). It was 

also observed that no CD25+ cells were found in 14.29% of the GCNIS (without 

infiltrates) samples (Figure 3.2G, Supplementary Table 5). Another Treg marker 

FOXP3+ cells were found disseminated in 35.71% of GCNIS (without infiltrates) and 

33.33% of GCNIS+ly samples with a median score of 0.5 and 1, resp. (Figure 3.2H, 

Supplementary Table 5 and 6). FOXP3+ cells were also found multifocally in 33.33 of 

the GCNIS+ly samples with a median score of 2 (Figure 3.2H, Supplementary Table 

6). FOXP3+ cells were found focally in 7.14% of GCNIS and in 13.33% of GCNIS+ly 

samples with a median score of 0.5 and 1.25, resp. (Figure 3.2H, Supplementary 

Table 5 and 6). Moreover, no FOXP3+ cells were found in more than half (57.14%) of 

GCNIS (without infiltrates) and in 20% of GCNIS+ly samples (Figure 3.2H, 

Supplementary Table 5 and 6). Nevertheless, a putative abundance of Treg cells were 

mostly found in GCNIS+ly samples. 
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Tfh cells were not found in either GCNIS (without infiltrates) or GCNIS+ly samples. 

Briefly, Tfh-specific marker CXCR5+ cells were not found in 71.43% of GCNIS and 

56.25% of GCNIS+ly samples (Figure 3.2I, Supplementary Table 5 and 6). In 25% of 

the GCNIS+ly and 7.14% of the GCNIS (without infiltrates) samples, CXCR5+ cells 

were only found focally with a median score of 1 and 0.5, resp. (Figure 3.2I, 

Supplementary Table 5 and F6). Whereas in 18.75% of the GCNIS+ly and in 7.14% 

of the GCNIS (without infiltrates) samples, CXCR5+ cells were also solely found 

multifocally with a median score of 2 (Figure 3.2I, Supplementary Table 5 and 6). 

Moreover, CXCR5+ cells were scarcely distributed over the interstitium in 14.29% of 

the GCNIS (without infiltrates) samples with a median score of 1.25 (Figure 3.2I, 

Supplementary Table 5). Other Tfh marker BCL6+ cells were absent in 100% of 

GCNIS (without infiltrates) and 93.75% of GCNIS+ly samples (Figure 3.2J, 

Supplementary Table 5 and 6). However, BCL6+ cells were very rarely found in 6.25% 

of the GCNIS+ly samples with an infiltration density score of 2 (Figure 3.2I, 

Supplementary Table 6). Overall, it was observed that Tfh cells were not found in 

GCNIS (without infiltrates) and extremely rarely in GCNIS+ly conditions. 

 

3.1.4 Analysis of infiltrating immune cells in human testis with seminoma 

T cells were most prominent in seminomas with the highest infiltration density. All other 

investigated immune cells were also abundant in seminomas compared to the other 

sample groups (Figure 3.6A-K, Supplementary figure 10A-J). Most importantly, BCL6+ 

Tfh cells were found in seminomas while absent in other sample groups (Figure 3.6K, 

Supplementary figure 10J). Remarkably, all infiltrating immune cells (except Tfh) were 

significantly more frequent in seminoma compared to the NSP samples. In addition, a 

statistical analysis of the presence of infiltrating immune cells was performed not only 

against NSP but also against HYP+ly, GCNIS±ly samples (Supplementary table 7).  

 

T cells were significantly more frequent in seminomas compared to the testicular 

tissues with NSP. In 89.29% of the cases, T cells were found disseminated throughout 

the interstitium with the maximum intensity (median score of 4) (Figure 3.2A, 

Supplementary table 7). In rare cases (10.71% of samples), T cells were detected 

multifocally with a median score of 4 (Figure 3.2A, Supplementary table 7).  
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Figure 3.6 See next page for caption   
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Figure 3.6 Analysis of infiltrating immune cells in Seminoma. H&E staining (A), CD3+ 

Pan T cells (B), CD20cy+ B cells (C), CD68+ macrophages (D), CD11c+ DC (E), CD4+ Th 

cells (F), CD8+ Tc cells (G), CD25+ Treg cells (H), FOXP3+ treg (I), CXCR5+ Tfh (J) and 

BCL6+ Tfh (K). T cells represent the major components of infiltrating immune cells in 

GCNIS+ly. White bar indicates 100µm. 

 

Further analysis showed that Th cells are relatively more prevalent in seminomas than 

Tc cells. However, both cells were significantly more frequent in seminomas compared 

to the healthy testis (Supplementary figure 10E-F). The infiltration density and 

distribution of both cells varied across the seminoma samples. For example, Th cells 

showed a disseminated distribution in 88.46% of the cases, whereas Tc cells were 

disseminated in 100% of the samples with a median score of 4 and 3.25, resp. (Figure 

3.2E-F, Supplementary table 7). In addition, Th cells were also found focally and 

multifocally in 7.69% and 3.84% of the samples, with a score of 4 and 3.5, resp. (Figure 

3.2E, Supplementary table 7). 

 

The highest number of B cells was found in seminoma compared to all other sample 

groups. Compared to NSP, B cells were significantly more frequent in seminomas with 
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distinct infiltration density and distribution (Figure 3.2B, Supplementary figure 10B). 

For example, B cells were relatively abundant (57.14% of cases) in multifocal areas 

with a median score of 2.75 (Figure 3.2B, Supplementary table 7), whereas in 35.71% 

of cases B cells showed a disseminated distribution with a median score of 2 (Fig. 

2.7B, Supplementary table 7). In addition, some seminoma samples showed only focal 

B cell infiltration (score 2.5) or no B cells at all in 3.57% of samples (Fig. 2.7B, 

Supplementary table 7).  

 

As with other infiltrating immune cells, the highest density of DCs was significantly 

more frequent in seminomas compared to normal testis with NSP (Figure 3.2D, 

Supplementary table 7). For example, in 75% of the seminoma samples, DCs were 

found distributed throughout the interstitium with a median score of 3.5 and in the 

remaining 25% of the samples, DCs were also found in multifocal areas with a median 

score of 3.5 (Figure 3.2D, Supplementary table 7).  

 

Importantly, a high density of Treg cells was found in seminomas, which significantly 

differed from NSP (Figure 3.2G-H, Supplementary table 7). The infiltration density and 

distribution of Treg cells varied across the human testicular tissue samples with 

seminoma. For example, CD25+ Treg cells were predominantly (in 91.67% of cases) 

found disseminated throughout the interstitium with a median score of 2 (Figure 3.2G, 

Supplementary table 7). In addition, CD25+ cells were also found multifocally in 8.33% 

of seminomas with a median score 2.25 (Figure 3.2G, Supplementary table 7). 

FOXP3+ cells were mainly found disseminated throughout the interstitium with a 

median score of 2.5 in 92.30% of cases (Figure 3.2H, Supplementary table 7). In 

addition, it was also observed that FOXP3+ cells were absent in 7.69% of seminomas 

(Figure 3.2H, Supplementary table 7). 

 

Most importantly, Tfh cells were not detectable in the other human testicular samples 

within this study, but only in seminomas. For example, in 58.33% of seminomas, Tfh-

specific marker CXCR5+ cells were mostly found in multifocal areas with a high 

infiltration density (median score of 4) (Figure 3.2I, Supplementary table 7). In addition, 

CXCR5+ cells were also distributed across the interstitium in 41% of cases with a 

relatively low median score of 2 (Figure 3.2I, Supplementary table 7). Other Tfh cell 

marker BCL6+ cells were found in multifocal areas in 14.81% of cases, or focally and 



 

105 | P a g e  
 

disseminated in the interstitium in 11.11% of cases with median scores of 3.5, 2, and 

1, resp. (Figure 3.2J, Supplementary table 7). In almost half (45.90% of cases) of the 

seminomas BCL6+ cells were not found (Figure 3.2J, Supplementary table 7). It 

should be noted that BCL6+ cells were only found in seminomas tissue containing 

follicle-like structures (FLS). 

 

3.2 Analysis of immune cell infiltrates in fresh human testicular specimens from 

tumor-bearing and contralateral testes using flow cytometry 

3.2.1 Analysis of the immune cell composition in TGCT and unaffected human 

testicular tissue 

Despite the extensive phenotypic heterogeneity of the tissue samples (Table 2.3 and 

Supplementary Table 1), consistent with the IHC findings described in section 3.1, 

comprehensive flow cytometric analysis of infiltrating immune cells using antibody 

panel-1 (Table 2.5) in fresh human testicular tissues specimens from the both tumor-

bearing and contralateral testis of TGCT patients showed that the highest frequency 

of T cells (18.96-88.52% of total live cells with a median of 71.49%) was present in 

Tumor sites of seminoma compared to other localizations in seminoma, embryonal 

carcinoma (≥80%), mixed TGCT, or specimens from contralateral, tumor-free testes 

(Figure 3.7A and Table 3.1). In addition, the highest percentages of CD4+ Th cells and 

CD8+ Tc cells (17.03-60.69% and 0.56-43.98% of total live cells with a median of 

42.6055 and 25.425%, resp.), were also detected in Tumor sites of seminoma, 

compared to Tumor-Adjacent or Tumor-Distant localizations in seminoma, embryonal 

carcinoma (≥80%), mixed TGCT, or the contralateral sides (Figure 3.7B-C and Table 

3.1). Interestingly, CD68+ macrophages represent the second most abundant 

infiltrating immune cells in human TGCT and were more frequently found in Tumor 

sites of embryonal carcinoma (≥80%) compared to other TGCT (Figure 3.7D). In 

addition, it was also observed that CD68+ macrophages represent the most abundant 

type of immune cells in contralateral testes. Compared to the T cells and 

macrophages, a relatively small number of CD20cy+ B cells was found in all 

localizations of all samples (Figure 3.7E); however, the highest number of B cells were 

found in Tumor sites of seminoma.  
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Table 3.1 Percentage of infiltrating immune cells in human testicular tissue using 

Panel 1 antibodies.  
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Hoca-51 

 
 
 
 
 
 

100% 
seminoma 

Tumor 388688 85.02 6.04 1.37 0.64 86.26 49.01 30.12 

Hoca-55 

Tumor 40238 61.79 3.5 1.16 0.96 84.35 37.17 40.76 

Tumor-
Dis 

11024 53.26 1.36 6.55 0.62 10.26 5.63 4.67 

Hoca-56 

Tumor 197834 86.66 1.6 3.06 2.57 82.44 53.61 27.58 

Tumor-
Adj 

31843 53.56 0.99 3.93 3.31 25.07 16.40 13.31 

Tumor-
Dis 

11024 53.26 18.1 3.55 0.62 10.26 5.63 4.67 

Hoca-59 

Tumor 149037 94.84 6.11 1.01 0.05 88.52 60.69 20.44 

Tumor-
Adj 

25007 65.43 3.63 5.9 2.90 78.54 67.21 12.46 

Tumor-
Dis 

1988 73.25 1.02 3.65 0.20 38.48 26.51 5.18 

HoCa-68 

Tumor 25481 6.16 7.52 
12.6

0 
4.86 52.88 35.91 26.64 

Tumor-
Adj 

110997 84.59 2.45 7.74 0.87 10.55 6.74 4.58 

HoCa-69 

Tumor 5918 86.88 0.69 1.65 0.32 30.48 26.75 7.65 

Tumor-
Adj 

7006 82.54 0.87 3.81 0.37 9.39 1.36 0.10 

Tumor-
Dis 

21096 68.64 0.41 
28.1

0 
0.05 0.72 0.45 0.03 

Contral
ateral 1 

19074 84.05 1.15 5.31 2.54 3.28 5.48 0.03 

Contral
ateral 2 

15092 80.77 0.74 2.33 5.69 2.01 12.08 0.06 

HoCa-73 

Tumor 923897 74.77 1.39 2.65 2.16 85.65 49.85 28.51 

Tumor-
Adj 

17723 76.24 3.96 2.95 1.27 71.62 41.24 41.69 

Tumor-
Dis 

2442 73.40 0.70 3.48 0.20 12.49 5.45 3.60 

Contral
ateral 1 

3008 78.87 0.93 
12.1

0 
1.96 11.60 9.74 4.82 

Contral
ateral 2 

46410 94.88 0.14 5.5 1.75 1.80 3.24 0.59 

HoCa-76 

Tumor 538 41.04 2.35 5.28 4.46 18.96 23.23 0.56 

Tumor-
Adj 

1517 8.23 1.43 0.31 0.20 12.13 3.89 0.26 

Tumor-
Dis 

1495 39.26 1.54 2.21 0.80 8.16 6.22 0.94 

Contral
ateral 1 

3303 77.70 2.94 3.30 6.63 30.28 13.84 1.24 

Contral
ateral 2 

2364 72.49 1.48 2.71 2.07 23.22 8.67 1.67 

HoCa-78 

Tumor 242720 58.63 1.1 15 7.91 72.09 53.85 25.13 

Contral
ateral 1 

9961 90.90 0.57 8.65 4.34 1.97 9.21 0.10 

Contral
ateral 2 

11100 91.51 0.38 4.42 6.23 1.00 13.06 0.22 
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HoCa-82 

100% 
seminoma 

Tumor 53196 26.78 9.64 3.2 2.09 70.89 48.04 25.72 

Tumor-
Adj 

294 34.51 2.60 0.97 0.00 6.12 4.42 1.02 

Tumor-
Dis 

1592 57.33 2.26 3.71 0.13 28.96 0.69 0.63 

Contral
ateral 2 

25265 89.05 0.075 8.82 0.60 0.71 1.35 0.31 

HoCa-83 

Tumor-
Adj 

1423 65.88 0.53 5.65 0.77 8.22 4.71 5.06 

Tumor-
Dis 

2187 69.78 1.1 4.48 0.27 6.26 1.92 3.66 

HoCa-84 

Tumor 25205 79.94 11.90 6.3 1.98 21.18 17.03 4.66 

Tumor-
Adj 

25521 92.12 0.19 4.59 0.05 0.49 1.48 0.22 

Tumor-
Dis 

2920 78.54 0.31 23.3 0.07 2.36 0.79 0.14 

Contral
ateral 1 

7286 82.39 0.37 4.75 1.51 3.03 2.42 0.15 

Contral
ateral 2 

3489 78.19 1.2 3.55 5.16 5.79 5.19 0.09 

HoCa-90 

Tumor 1291 51.11 2.30 3.61 3.49 30.36 32.67 6.97 

Tumor-
Adj 

1737 58.84 6.01 5.72 1.73 28.27 22.34 9.44 

Hoca-61 

80% EC + 
20% Post-
pubertal 

Teratoma 

Tumor 252399 67.60 0.91 7.17 0.48 77.32 35.90 43.98 

Tumor-
Adj 

95159 92.63 1.76 6.66 0.19 11.64 5.61 0.00 

Tumor-
Dis 

117875 86.93 1.31 3.91 0.02 15.96 8.77 6.67 

Hoca-60 

95% EC, 
5% Post-
pubertal 

Teratoma 

Tumor 6493 81.66 2.34 17.7 10.55 50.05 36.25 18.20 

Hoca-70 
99%EC+ 

1%SE 

Tumor 147292 34.79 3.63 24.8 6.21 37.49 45.13 14.63 

Tumor-
Adj 

30791 70.91 0.24 5.96 4.90 3.83 11.28 18.16 

Tumor-
Dis 

69599 92.73 0.042 3.57 0.02 0.23 0.74 27.89 

Contral
ateral 1 

4626 77.41 0.26 1.69 2.96 1.28 3.29 1.80 

Contral
ateral 2 

1780 65.71 1.4 1.54 6.18 4.21 18.60 56.29 

Hoca-71 
85% 

EC+15% 
Yolk sac 

Tumor 16607 1.02 1.32 34.4 7.23 11.47 28.31 3.71 

Tumor-
Adj 

273187 56.01 0.38 0.14 0.02 0.40 4.08 0.13 

Tumor-
Dis 

49462 89.02 0.17 7.30 0.22 0.57 1.49 0.24 

Contral
ateral 1 

4673 85.68 1.52 21.6 0.90 3.85 4.22 0.11 

Contral
ateral 2 

6149 83.76 0.72 7.61 2.52 1.22 4.90 0.28 

Hoca-79 
95% 

EC+5% 
yolk sac 

Tumor 52175 64.05 1.21 11.7 5.45 52.87 34.53 23.68 

Tumor-
Adj 

7886 59.30 1.01 
12.8

0 
1.38 14.96 5.82 4.77 

Tumor-
Dis 

3761 58.20 0.80 9.15 1.65 7.50 5.50 2.47 
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Hoca-79 
95% 

EC+5% 
yolk sac 

Contral
ateral 1 

5241 73.41 0.61 
11.8

0 
3.53 3.24 6.09 0.04 

Contral
ateral 2 

6253 83.01 1.63 
17.1

0 
6.22 5.95 10.27 0.06 

Hoca-80 100% EC 

Tumor 116945 69.07 3.2 12.2 14.98 61.51 38.68 33.68 

Tumor-
Adj 

2210 48.41 0.35 5.89 3.57 5.29 13.80 1.18 

Contral
ateral 1 

2362 67.10 0.72 
22.3

0 
1.35 1.14 2.46 0.21 

Contral
ateral 2 

13006 81.39 0.81 5.22 3.44 0.98 3.90 0.07 

Hoca-64 
 
 

Mixed 
TGCT 
(30% 

EC+70% 
Post-

pubertal 
Teratoma) 

Tumor 8327 89.39 37.3 1.31 0.90 42.22 28.09 12.09 

Tumor-
Adj 

1297 77.43 2.94 1.33 0.23 11.64 2.78 0.93 

Tumor-
Dis 

2796 86.94 1.47 2.04 0.54 12.09 6.62 4.61 

Hoca-66 

Mixed 
TGCT 

(50% SE+ 
50%EC) 

Hematoma 
+ scarring 

Tumor 3431 39.02 0.74 22.9 2.39 6.35 29.32 0.00 

Tumor-
Adj 

9478 49.15 2.94 9.02 5.44 36.58 37.90 7.82 

Tumor-
Dis 

5679 81.64 0.88 2.71 2.47 9.40 13.14 2.39 

Hoca-72 

Mixed 
TGCT 
(70% 

EC+30% 
SE) 

Tumor 3114 55.37 0.78 
42.1

0 
15.51 30.60 31.95 12.27 

Tumor-
Adj 

1093 68.01 0.88 2.83 2.38 9.88 14.27 2.65 

Tumor-
Dis 

1349 71.22 0.89 
10.3

0 
0.67 3.63 8.60 1.48 

Contral
ateral 1 

23000 93.49 0.45 21.8 2.70 0.62 4.06 0.11 

Contral
ateral 2 

1157 64.96 0.86 6.66 1.38 4.15 3.37 0.00 

Hoca-74 

Mixed 
TGCT 

(30% post 
pub. 

teratoma, 
20% EC, 
Yolk sac 

tu. 15%, + 
small 

amount of 
choriocarci
noma (plus 

GCNIS) 

Tumor 48751 70.66 1.39 8.25 1.34 55.25 41.42 19.74 

Tumor-
Adj 

5213 25.83 1.72 5.17 2.63 31.33 19.91 13.24 

Tumor-
Dis 

3818 48.74 2.54 7.02 3.77 25.77 22.24 11.29 

Contral
ateral 1 

12313 84.05 0.41 6.62 1.37 1.84 2.67 0.12 

Contral
ateral 2 

81665 98.15 3.15 4.97 2.14 3.08 14.53 0.20 

Hoca-86 
70% SE + 
30% EC 

Tumor 3510 72.99 0.77 27.9 10.11 39.15 42.93 16.13 

Tumor-
Adj 

94652 76.35 0.45 6.85 5.19 2.58 7.47 1.07 

Tumor-
Dis 

28063 91.60 1.61 
14.2

0 
0.64 0.52 0.81 0.13 

Contral
ateral 1 

2527 80.43 0.79 8.90 3.72 1.82 5.70 0.04 

Contral
ateral 2 

10326 82.31 2.29 40.5 7.70 0.33 2.88 0.08 
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Hoca-91 

Mixed 
TGCT (% 

Breakdown 
unfortunat

ely not 
possible) 

Tumor 1031 55.67 9.03 5.92 2.91 30.46 21.14 11.83 

Tumor-
Adj 

1859 59.70 0.11 7.02 0.59 1.72 14.42 0.11 

Tumor-
Dis 

6052 84.96 1.21 8.76 0.68 0.25 2.33 0.00 

Contral
ateral 1 

5803 84.25 1.52 5.08 7.24 1.90 11.10 0.16 

Contral
ateral 2 

6615 93.62 0.91 3.98 9.42 2.90 21.44 0.05 

 

 

Briefly, immune cells composition and infiltration were distinct across the different 

tissue sites of TGCT. For example, the highest percentage of CD3+ T cells (18.96- 

88.52 % of total live cells, with a median of 71.49%) was found in the Tumor sites of 

seminoma compared to the other localizations of seminoma and other tumor samples 

(Figure 3.7A and Table 3.1). The highest number of T cells in the Tumor sites 

compared to Tumor-Adj (0.49-78.54%, median 11.34%), Tumor-Dis (0.72-38.48%, 

median 10.26%) and the contralateral sides (1.97-11.60%, median 3.24%) and 0.71-

23.22%, median 1.905% in contralateral 1 and contralateral 2, resp.) of the seminoma 

was highly significant (Supplementary Table 9). The number of CD3+ T cells (11.47- 

77.32%, median 51.36%) in Tumor sites of embryonal carcinoma (>80%) was also 

significantly higher than the other localizations including the contralateral sites (Tumor-

Adj 0.40-14.96%, median 5.29%, Tumor-Dis 1.72-36.58%, median 10.76%, 

contralateral 1 1.38-3.85%, median 2.31%, and contralateral 2 0.98-5.95%, median 

2.71%) (Figure 3.7A, Table 3.1 and Supplementary Table 9). A relatively low number 

of CD3+T cells (6.35- 55.25 %, median of 34.88%) were detected in mixed tumors but 

they were no significant differences in localizations (Tumor-Adj 0.23-15.96%, median 

4.035 %, Tumor-Dis 0.25-25.77%, median 6.515 %, contralateral 1 0.62-1.90%, 

median 1.83, contralateral 2 0.33-4.15%), possibly be due to extensive histological 

heterogeneity of the tissues (Figure 3.7A, Table 3.1 and Supplementary Table 9). 

Taken together, it is clearly shown that the abundance of T cells is greatly reduced 

from the Tumor site to the Tumor-Adj and Tumor-Dis sites of all TGCT.  
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Figure 3.7 Flow cytometric analysis of human testicular immune cells. A-E: Overview of 

the measured individual values of different immune cells (CD3+ T cells, CD4+Th cells, CD8+ 

Tc cells, CD68+ macrophages, CD20cy+ B cells) in tumor-bearing and contralateral testes 

from n=24 patients [seminoma: Tumor n=12; Tumor-Adj n=10; Tumor-Dis n=9; Contralateral 

1 n= 5; Contralateral 2 n= 6; embryonal carcinoma: Tumor n=6; Tumor-Adj n=5; Tumor-Dis 

n=4; Contralateral 1 n=4; Contralateral 2 n=4; mixed TGCT: Tumor n=6; Tumor-Adj n=6; 

Tumor-Dis n= 6; Contralateral 1 n=4; Contralateral 2 n= 4].  

 

 

In addition to CD3+T cells, further analysis showed that CD4+ Th cells were also 

abundantly found in Tumor sites of seminoma compared to the other localizations of 

classical seminoma and other TGCT. The highest percentage of CD4+Th cells (17.03-

60.69% of total live cells with a median of 42.605%) was significantly more frequent in 
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Tumor sites of seminoma compared to the other localizations (Tumor-Adj 1.36-

67.21%, median 5.725%, Tumor-Dis 0.45-26.51%, median 5.45%, contralateral 1 

2.42-13.84%, median 9.21, contralateral 2 1.35-13.06%, median 6.93%) of seminoma 

and other TGCT (Figure 3.7B, Table 3.1 and Supplementary Table 10). In embryonal 

carcinoma (≥80%), higher numbers of CD4+Th cells (28.31-45.13%, median 

36.075%) were found in Tumor sites compared to other localizations (Tumor-Adj 4.08-

13.80%, median 5.82%, Tumor-Dis 0.74-8.77%, median 3.495%, contralateral 1 2.46-

6.09%, median 3.755%, contralateral 2 3.90-18.60%, median 7.585%) (Figure 3.7B, 

Table 3.1 and Supplementary Table 10). In addition, a relatively low number of 

CD4+Th cells (21.14-42.93%, median 30.635%) was found in Tumor sites of mixed 

TGCT compared to their other localizations (Tumor-Adj 2.78-37.90%, median 

14.345%, Tumor-Dis 0.81-22.24%, median 7.61%, contralateral 1 2.67-11.10%, 

median 4.88% and contralateral 2 3.37-21.44%, median 8.95%) (Figure 3.7B, Table 

3.1 and Supplementary Table 10). 

 

Compared to the CD3+ T cells and CD4+Th cells, relatively low numbers of CD8+Tc 

cells were detected in the different localization of sample. Similar to total CD3+ T cells 

and CD4+ Th, CD8+ Tc cells were also abundantly found in Tumor sites of seminoma 

compared to the other localizations of seminoma and other TGCT. The highest 

percentage of CD8+Tc cells (0.56-40.76% of total live cells with a median of 25.425%) 

was found (statistically not significant) in the Tumor sites of seminoma compared to 

the other localizations (Tumor-Adj 0.10-41.69%, median 4.82%, Tumor-Dis 0.03-

21.73%, median 3.60%, contralateral 1 0.03-4.82%, median 0.15%), contralateral 2 

0.06-1.65%, median 0.265%) of seminoma and other TGCT samples (Figure 3.7C, 

Table 3.1 and Supplementary Table 11). The number of CD8+ Tc cells (3.71-

43.98%%, median 20.64%) in Tumor sites of embryonal carcinoma (>80%) was higher 

than the other localizations (Tumor-Adj 0.00-18.16%, median 1.18%, Tumor-Dis 0.24-

27.89%, median 4.57%, contralateral 1 0.04-1.80%, median 0.16%, contralateral 2 

0.06-56.19%, median 0.175% of total live cells), but not statistically significant (Figure 

3.7C, Table 3.1 and Supplementary Table 11). In contrast to seminoma and embryonal 

carcinoma (>80%), relatively low numbers of CD8+Tc cells (0.00-19.74% of total live 

cells with a median of 12.18%) were detected in mixed tumors, but there was no 

significant difference compared to other localizations (Tumor-Adj 0.11-13.24%, 

median 1.86%, Tumor-Dis 0.00-11.29%, median 1.935%, contralateral 1 0.04-0.16%, 
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median 0.115%, contralateral 2 0.00-0.20%, median 0.065%) (Figure 3.7C, Table 3.1 

and Supplementary Table 11). 

CD68+ macrophages represent the second most frequently detected infiltrating 

immune cells in the different localizations of tumor-bearing and contralateral testis of 

TGCT. The highest percentage of CD68+ macrophages was found in the different 

localization of embryonal carcinoma (≥80%) and mixed TGCT compared to seminoma 

(Figure 3.7D and Table 3.1). However, CD68+ macrophages across the different 

localizations of TGCT samples was not statistically significant (Supplementary Table 

12). Nevertheless, 7.17-34.4% (median 14.95%) and 1.31-42.10% (median 15.58%) 

of total live cells were CD68+ macrophages detected in Tumor sites of embryonal 

carcinoma (≥80%) and mixed tumors, resp. (Figure 3.7D and Table 3.1), while only 

1.01-12.60% (median 3.13%) of total live cells were CD68+ macrophages in Tumor 

sites of seminoma (Figure 3.7D and Table 3.1). Besides, CD68+ macrophages 

accounted for 0.14-12.80% (median 5.96%) of total live cells in Tumor-Adj sites of 

embryonal carcinoma (≥80%), 1.33-9.02% (median 6.01%) of total live cells in Tumor-

Adj sites of mixed tumors, and 0.31-7.74% (median 4.26) of total live cells in Tumor-

Adj sites of seminoma (Figure 3.7D and Table 3.1). Whereas in Tumor-Dis sites of 

embryonal carcinoma (≥80%), mixed tumors and seminoma, CD68+ macrophages 

accounted for 3.57-9.15% (median 3.91%), 2.04-14.2% (median 7.89%) and 2.21-

28.1% (median 3.71%) of total live cells, resp. (Figure 3.7D and Table 3.1).  In addition 

to tumor-bearing testis, CD68+ macrophages represent the highest infiltrating immune 

cell type found in contralateral sites (representing mostly NSP and/or HYP) of all TGCT 

(Figure 3.7D and Table 3.1). For example, the median percentage of CD68+ 

macrophages were 16.7% (1.69-22.3%) and 6.415% (1.54-17.10%) of total live cells, 

resp., found in contralateral 1 and contralateral 2 site of embryonal carcinoma (≥80%) 

(Figure 3.7D and Table 3.1). While in contralateral 1 and contralateral 2 site of mixed 

tumors, CD68+ macrophages accounted for a median percentage of 7.76% (5.08-

21.8%) and 5.815% (3.98-40.5%) of total live cells, resp. (Figure 3.7D and Table 3.1). 

In addition, a relatively low amount of CD68+ macrophages with a median percentage 

of 5.31% (3.30-12.1%) and 3.985% (2.33-8.82%) of the total live cells were found in 

the contralateral 1 and contralateral 2 site of seminoma, resp. (Figure 3.7D and Table 

3.1). Taking together, among the various infiltrating immune cells, macrophages 

represent the leading immune cells in the contralateral sites of all TGCT. On the other 
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hand, macrophages were identified as a second highest infiltrating immune cell type 

in the different localizations of tumor-bearing testis of TGCT patients, also indicating 

their functional involvement in different TGCT development and progression. 

 

Compared to T cells and macrophages, only a small percentage of CD20cy+ B cells 

were found in the different locations of TGCT, though CD20cy+ B cell numbers were 

not significantly different across the sample localizations (Figure 3.7E, Table 3.1 and 

Supplementary Table 13). For example, the median percentage of CD20cy+ B cells 

was 4.51% (0.69-11.9%), 2.27% (0.019-6.01%), 2.98% (0.31-18.1%), 1.192% (0.37-

2.94%), and 0.67% (0.07-1.48%) of total live cells found in Tumor, Tumor-Adj, Tumor-

Dis, contralateral 1 and contralateral 2 sites of seminoma, resp. (Figure 3.7E, Table 

3.1). While CD20cy+ B cells accounted for a median percentage of 2.10% (0.91-

3.63%), 0.748% (0.24-1.76%), 0.58% (0.042-1.32%), 0.77% (0.26-1.52%), and 

1.14(0.72-1.63) of total live cells found in Tumor, Tumor-Adj, Tumor-Dis, contralateral 

1 and contralateral 2 sites of embryonal carcinoma (≥80%), resp. (Figure 3.7E, Table 

3.1). In addition, the median percentage of CD20cy+ B cells was 8.335% (0.74-

37.3%), 1.50% (0.11-2.95%), 1.43% (0.88-2.54%), 0.79% (0.45-1.52%), and 1.80% 

(0.86-3.15%) of total live cells found in Tumor, Tumor-Adj, Tumor-Dis, contralateral 1 

and contralateral 2 sites of mixed tumors, resp. (Figure 3.7E, Table 3.1). Taken 

together, CD20cy+ B cells were mostly found in the tumor-bearing testis rather than 

in contralateral testis. 

 

3.2.2 Analysis of CD25+FOXP3+ Treg and CXCR5+BCL6+ Tfh cells in human 

testicular tissues 

Comprehensive flow cytometric analysis showed that both CD25+FOXP3+ Treg and 

CXCR5+BCL6+ Tfh cells are present in the different localizations of both the tumor-

bearing and contralateral testis of TGCT patients.  
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Table 3.2 Percentage of CD25+FOXP3+ Treg and CXCR5+BCL6+ Tfh cells in human 

testicular tissue using Panel 2 antibodies.  
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Hoca-68 

 
 
 
 
 
 
 
 
 
 
 
 
 

100% 
Seminoma 

Tumor 66680 6.44 1.10 0.05 

Tumor-Adj 109761 85.86 0.11 0.04 

Hoca-69 

Tumor 16893 95.30 1.52 0.30 

Tumor-Adj 13829 92.32 0.42 0.06 

Tumor-Dis 15601 69.33 2.01 0.10 

Contralateral 1 21902 88.48 0.16 0.12 

Contralateral 2 23697 83.58 0.31 0.08 

Hoca-73 

Tumor 1120864 84.96 1.05 0.44 

Tumor-Adj 15459 77.45 0.68 0.12 

Tumor-Dis 2612 83.34 0.11 0.23 

Contralateral 1 3324 80.14 0.69 0.75 

Contralateral 2 20783 86.74 0.02 0.11 

Hoca-76 

Tumor 2013 73.09 0.10 0.30 

Tumor-Adj 7552 30.30 0.37 0.09 

Tumor-Dis 3991 67.87 0.58 0.63 

Contralateral 1 3138 81.63 0.83 0.10 

Contralateral 2 3307 79.78 0.39 0.18 

Hoca-78 

Tu 254958 61.24 0.33 2.40 

Contra.1 7718 90.39 0.13 0.27 

Contra.2 9530 85.20 0.02 0.12 

Hoca-82 

Tumor 51506 23.75 2.89 0.74 

Tumor-Adj 1069 57.60 0.30 0.20 

Tumor-Dis 1863 63.98 0.32 0.16 

Contralateral 2 25542 86.69 0.16 0.00 

Hoca-84 

Tumor 289193 86.63 1.53 0.21 

Tumor-Adj 66522 89.26 0.20 0.30 

Tumor-Dis 5421 78.24 0.26 0.52 

Contralateral 1 6390 84.66 0.00 0.00 

Contralateral 2 2521 75.46 0.12 0.24 

Hoca-90 
Tumor 4579 66.35 2.51 0.23 

Tumor-Adj 2820 71.37 1.10 0.04 

Hoca-70 99%EC+ 1%SE 

Tumor 382857 44.03 1.45 0.25 

Tumor-Adj 61599 66.71 0.03 0.01 

Tumor-Dis 37156 85.62 0.28 0.01 

Contralateral 1 4944 79.07 0.14 0.22 

Contralateral 2 3071 83.68 0.26 0.13 

Hoca-71 
85% EC+15% 

Yolk sac 

Tumor 468516 31.79 0.02 0.08 

Tumor-Adj 376549 58.59 0.02 0.12 

Tumor-Dis 398298 61.26 0.32 0.18 

Contralateral 1 3889 82.73 0.69 0.05 

Contralateral 2 3489 79.08 0.23 0.06 

Hoca-79 
95% EC+5% 

yolk sac 

Tumor 74296 65.04 0.83 0.37 

Tumor-Adj 11788 52.15 0.13 0.12 

Tumor-Dis 7642 68.11 0.05 0.30 

Contralateral 1 7121 77.35 0.08 0.56 

Contralateral 2 4908 68.83 0.12 0.69 
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Table 3.2 continue 
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Hoca-80 100% EC 

Tumor 122161 63.16 0.39 0.12 

Tumor-Adj 4882 58.43 0.53 0.31 

Contralateral 1 4051 81.81 0.17 0.05 

Contralateral 2 19327 81.62 0.55 0.02 

Hoca-64 
 
 

Mixed TGCT 
(30% EC+70% 
Post-pubertal 

Teratoma) 

Tumor-Adj 4672 89.50 0.88 0.06 

Tumor-Dis 4862 83.00 1.15 0.02 

Hoca-66 

Mixed TGCT 
(50% SE+ 
50%EC) 

Hematoma + 
scarring 

Tumor 13541 87.12 0.12 0.16 

Tumor-Adj 20093 50.58 0.06 0.17 

Tumor-Dis 13216 92.28 0.42 0.14 

Hoca-72 
Mixed TGCT 

(70% EC+30% 
SE) 

Tumor 9293 56.96 0.14 0.14 

Tumor-Adj 1392 72.31 1.15 0.29 

Tumor-Dis 1040 59.56 0.77 0.19 

Contralateral 1 23156 89.02 0.28 0.02 

Contralateral 2 1379 76.65 0.07 0.29 

Hoca-74 

Mixed TGCT 
(30% post pub. 
teratoma, 20% 

EC, Yolk sac tu. 
15%, + small 

amount of 
choriocarcinoma 

(+ GCNIS) 

Tumor 71851 73.41 0.66 0.63 

Tumor-Adj 8595 40.18 0.52 0.08 

Tumor-Dis 3445 55.72 0.52 0.49 

Contralateral 1 10778 85.01 0.47 0.07 

Contralateral 2 36073 75.68 0.22 0.00 

Hoca-86 
70% SE + 30% 

EC 

Tumor 2275 67.77 0.38 0.26 

Tumor-Adj 79009 74..96 0.37 0.06 

Tumor-Dis 15648 86.59 0.10 0.16 

Contralateral 1 2770 77.81 0.04 0.04 

Contralateral 2 2335 72.38 0.00 0.00 

Hoca-91 

Mixed TGCT (% 
Breakdown 

unfortunately 
not possible) 

Tumor 3803 46.33 1.03 0.37 

Tumor-Adj 4551 63.83 0.44 0.04 

Tumor-Dis 4771 67.98 0.38 0.13 

Contralateral 1 4741 68.42 0.93 0.02 

Contralateral 2 5056 65.42 0.04 0.00 

 

 

Among the different tissue sites of different patient specimens, the highest percentage 

of Treg and Tfh cells were found in the Tumor sites of seminoma compared to the 

other localizations of seminoma, embryonal carcinoma (≥80%), and mixed tumors 

(Figure 3.8A-B and Table 3.2). For example, Treg and Tfh cells accounted for 0.10-

2.89% (median 1.31%) and 0.05-2.40% (median 0.30%) of the total live cells found in 

Tumor sites of patients with pure seminoma, resp. (Figure 3.8A-B and Table 3.2). 
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Statistical analysis showed that the number of Treg cells found in the Tumor sites of 

seminoma was significantly higher compared to the other localization in tumor-bearing 

(Tumor-Adj and Tumor-Dis) and contralateral testis (contralateral 1 and contralateral 

2) of seminoma (Supplementary Table 14 and Supplementary Table 15). However, 

the significant Tfh cells in Tumor sites of seminoma was not significant compared to 

the other localizations of seminoma (Supplementary Table 14 and Supplementary 

Table 15). In addition, Treg and Tfh cells accounted for 0.02-1.45% (median 0.61%) 

and 0.08-0.37% (median 0.185%) of the total live cells respectively found in Tumor 

sites of embryonal carcinoma (≥80%), and 0.12-1.03% (median 0.38%) and 0.14-

0.63% (median 0.26%) of the total live cells found in Tumor sites of mixed tumors, 

resp. (Figure 3.8 and Table 3.2). 

 

 

 

 

Figure 3.8 Flow cytometric analysis of CD25+FOXP3+ Treg and CXCR5+BCL6+Tfh cells 

in human testicular tissues. A-B: Respective percentages of CD25+FOXP3+Treg and 

CXCR5+BCL6+ Tfh cells in total live cells [seminoma: Tumor n=8; Tumor-Adj n=7; Tumor-Dis 

n=5; Contralateral 1 n= 5; Contralateral 2 n= 6; embryonal carcinoma: Tumor n=4; Tumor-Adj 

n=4; Tumor-Dis n=3; Contralateral 1 n=4; Contralateral  2 n=4; mixed TGCT: Tumor n=5; 

Tumor-Adj n=6; Tumor-Dis n= 6; Contralateral 1 n=4; Contralateral 2 n= 4]. 

 

Additionally, Treg and Tfh were also detected in other locations of tumor-bearing testis. 

For example, the median percentage of Treg were 0.37% (0.11-1.10%), 0.08% (0.02-

0.53%) and 0.48% (0.06-1.15%) of the total live cells in Tumor-Adj sites of seminoma, 

embryonal carcinoma (≥80%) and mixed tumors, resp. (Figure 3.8A-B and Table 3.2). 

While Tfh accounted for 0.04-0.30% (median 0.09%), 0.01-0.31% (median 0.12%), 

and 0.04-0.29% (median 0.07%) of the total live cells in Tumor-Adj sites of seminoma, 

embryonal carcinoma (≥80%) and mixed tumors, resp. (Figure 3.8A-B and Table 3.2). 
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Similarly, in Tumor-Dis sites of seminoma, embryonal carcinoma (≥80%) and mixed 

Tumors, Treg accounted for 0.11-2.01% (median 0.32%), 0.05-0.32% (median 

0.28%), and 0.10-1.15% (median 0.47%) of the total live cells, resp., and Tfh 

accounted for 0.10-0.63% (median 0.23%), 0.01-0.30% (median 0.18%) and 0.02-

0.49% (median 0.15%) of the total live cells, resp. (Figure 3.8A-B and Table 3.2). In 

addition to the tumor-bearing testis, a very small percentage of Treg and Tfh cells were 

detectable in contralateral testes of TGCT patients. For example, Treg accounted for 

0.00-0.83% (median 0.16%) and 0.02-0.39% (median 0.14%) of the total live cells, 

and Tfh cells accounted for 0.00-0.75% (median 0.12%) and 0.00-0.24% (median 

0.115%) of the total live cells in contralateral 1 and contralateral 2 sites of seminoma, 

resp. (Figure 3.8A-B and Table 3.2). Whereas Treg accounted for 0.08-0.69% (median 

0.155%) and 0.12-0.55% (median 0.245%) of the total live cells, and Tfh cells 

accounted for 0.05-0.56% (median 0.135%) and 0.02-0.69% (median 0.095%) of the 

total live cells in contralateral 1 and contralateral 2 sites of embryonal carcinoma 

(≥80%), resp. (Fig. 3.6 A-B and Table 3.4). In addition, 0.04-0.93% (median 0.375%) 

and 0.00-0.22% (median 0.055%) of the total live cells were Treg, and 0.02-0.07% 

(median 0.03%) and 0.00-0.29% (median 0%) of total live cells were Tfh cells found in 

contralateral 1 and contralateral 2 sites of mixed tumor, resp. (Figure 3.8A-B and Table 

3.2). Taken together, Treg and Tfh cells were abundantly found in tumor-bearing 

testes, mostly in Tumor sites of TGCT. 

 

3.3 Single cell landscape of immune cells in normal human and TGCT 

3.3.1 Identification of different cells in human normal and TGCT samples by 

scRNA-seq 

 

Datasets available from scRNAseq analysis of normal (n=3) and TGCT (n=4) were 

analysed to investigate the cellular composition of human testis. Following multiple 

analytical quality control filtering, a total of 10,153 cells were used for subsequent in-

depth analysis to reveal the cellular composition of human testis and TGCT. Clustering 

analysis and visualization by t-distributed stochastic neighbor embedding (tSNE) 

showed that different samples intermixed in many clusters as well as sample specific 

clusters represent the underlying biological differences between the analyzed samples 
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(Figure 3.9). The primary cluster analysis generated a total of 46 individual clusters 

with cell cluster sizes ranging from 590 cells to the smallest cluster of only 19 cells 

(Supplementary Figure 2A-B) and calculated the reactive contribution of each cluster 

by each analyzed sample (Supplementary Figure 2B-C). Individual clusters were 

identified by expression analysis of cell-specific signature markers (Supplementary 

Figure 3), allowing to categorize these clusters into T cells (CD3D, CD3E, CD3G), B 

cells (MS4A1, CD22, PAX5), macrophages (CD68, CD14, LYZ), plasmacells (CD79A, 

TNFRSF17, IGHG4), tumor cells (NANOG, POU5F1, TFAP2C), endothelial cells 

(CLDN5, RAMP2, VWF), fibroblasts (DCN, COL1A1, COL5A1), germ cells (PRM2, 

TNP1, SPATA18), and undefined cells (Supplementary Figure 3, Supplementary 

Figure 4). There were multiple clusters representing the same cell type that were 

merged for better visualization (Supplementary Figure 4), followed by the 

determination of cellular composition of each sample (Figure 3.9 and Figure 3.10).  
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Figure 3.9 scRNA-seq analysis of normal human testis and TGCT identifies distinct cell 

populations, including immune cell subtypes. tSNE presentation of major cell types and 

associated clusters in normal donor (n=3; pooled data) and TGCT samples (Tumor12MIX: 

mixed TGCT, Tumor13SE: seminoma, Tumor4SE: seminoma, Tumor2EC: embryonal 

carcinoma). 
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Figure 3.10 Dot Plot shows putative marker genes expressed by immune cells (A) and 

rest of the cells (B) in individual samples. Dot size encodes the percentage of cells within 

a cluster expressing the transcript, whereas the color intensity represents the average signal 

measured in expressing cells. 
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In addition to that, a DGEs analysis was performed, and top 5 differentially expressed 

genes of each cell type were identified (Figure 3.11) to understand which genes 

possibly involved in the regulation of each cell function in the TGCT microenvironment. 

Finally, proportion of different cells in each analyzed sample were calculated and it 

showed that normal testes contain mostly germ cells (77.56% of total analyzed cells) 

and a small proportion of fibroblasts (2.90% of total analyzed cells), and endothelial 

cells (2.56% of total analyzed cells). In addition, a very low proportion of immune cells, 

including macrophages (1.82% of total analyzed cells), T cells (0.08% of total analyzed 

cells) but no B cells were detected in normal human testis (Figure 3.12). Among the 

various immune cells, macrophages represent the leading immune cell found in these 

tissue specimens (Figure 3.12). 

 

 

Figure 3.11 Heatmap of the top 5 significantly differentially expressed genes in each 

cell type analyzed. Each column represents a cell, while each row denotes a gene. 
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Figure 3.12 The proportion of different cells among pooled healthy donor and individual 

tumor samples. 

 

In contrast, TGCT samples mainly contained various infiltrating immune cells including 

T cells, B cells, macrophages, and plasma cells (Figure 3.12). Among them, T cells 

represented the major component of infiltrating immune cells (9.94-41.73% of total 

analyzed cells) in TGCT (Figure 3.12), whereas macrophages, B cells and plasma 

cells accounted for 1.85-11.93%, 0.32-6.75%, and 0.16-31.60% of total analyzed cells 

in TGCT, resp. However, the proportion of leading immune cells significantly varied 

from tumor to tumor. For example, macrophages were the leading immune cells 

(11.37% of total analyzed cells) in embryonal carcinoma (Figure 3.12), while T cells 

were the leading infiltrating immune cells, accounted for 15.85-22.21% of the total 

analyzed cells in seminoma and 41.73% of the total analyzed cells in mixed TGCT 

(Figure 3.12), indicating that T cells are predominantly associated with most of the 

TGCTs. In addition to the immune cells, a considerable amount of fibroblasts (0.0-

20.72% of total analyzed cells), endothelial cells (0.5-6.33% of total analyzed cells), 

and tumor cells (0.08-4.83% of total analyzed cells) were found in TGCT samples 

(Figure 3.12), describing the complex testicular microenvironment containing a variety 

of cells and complicating the functional characterization of a specific cell of interest in 

the human testis under normal and diseased conditions. 
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3.3.2 Analysis of T cells and their subtypes in human normal testis and TGCT 

 

Secondary clustering of the T cell population was performed to dissect their 

heterogeneity. A total of 17 subclusters consisted of cytotoxic T cells (CD8A, CCL5, 

GZMA), proliferating (activated) T cells (MKI67, TYMS, CDK1), CCR7+ (newly 

recruited) T cells (CCR7, LEP1, IL7R), Treg cells (FOXP3, CTLA4, TNFRSF18), and 

other CD4+ T cells (Figure 3.13, Supplementary Figure 5 and Supplementary Figure 

6) identified by the expression of the canonical markers in each cluster (Figure 3.14 

and Supplementary Figure 6) as well as the enrichment of the differentially expressed 

gene in each cluster (Figure 3.15). A heatmap was generated depicting the top 5 

differentially expressed genes in each T cell subtype (Figure 3.15), giving an indication 

of which gene regulates T cell subtypes functions in the TGCT microenvironment. 

There were multiple clusters representing the same cell type that were merged for 

better visualization (Supplementary Figure 5), followed by the determination of T cell 

composition of each sample (Figure 3.13 and Figure 3.14).  
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Figure 3.13 Analysis of T cells in normal human testis and TGCT. tSNE plot shows the 

clustering of T cells in donor (n=3; pooled data) and TGCT samples (Tumor12MIX: mixed 

TGCT, Tumor13SE: seminoma, Tumor4SE: seminoma, Tumor2EC: embryonal carcinoma). 
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Figure 3.14 Dot plot shows expression levels of immune typing markers in different T 

cells clusters in a pooled analysis all studied samples. The size of the dot encodes the 

percentage of cells within a cluster expressing the gene, whereas the colour intensity encodes 

the average expression level of expressing cells. 

 

Figure 3.15 Heatmap shows the top 5 differentially expressed genes by various T cell 

clusters in the studied samples. Each row denotes a gene, while each column represents 

a cell. 
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Figure 3.16 T cell subtypes in normal human testis and TGCT. A. Bar plot shows the 

proportion of different T cell subtypes among donors and TGCT. B: Co-expression of Tfh cell 

markers (CD4 and BCL6) in total T cell population. C: Proportion of Tfh cells in individual 

samples. 
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Analysis of T cell subpopulations in human testicular specimens showed that in 

addition to cytotoxic T cells, proliferating (activated) T cells, CCR7+ (newly recruited) 

T cells, and other CD4+ T cells accounted for 6.17-33.67%, 6.17-20%, 0.00-17.49% 

and 0.00-7.44% of CD3+ T cells, resp. (Figure 3.16A). Importantly, individual clusters 

representing Treg cells were also detected in the secondary clustering analysis, 

accounted for 0.00- 16.80% of CD3+ T cells (Figure 3.16A), but no individual cluster 

was found representing Tfh cells. Therefore, a newly developed analytical option in 

Seurat was employed to visualize and quantify the co-expression of CD4 and BCL6 

simultaneously to confirm the presence of Tfh in human testicular samples (Figure 

3.16B). Using the extended analysis, it was shown that Tfh cells were found in the 

analyzed TGCT samples and accounted for 0.00–2.95% of the CD3+ T cells (Figure 

3.16C). 

 

3.3.3 Cross-validation of the Treg-associated gene expression and putative 

mechanisms of Treg cell function in human TGCT 

A set of well-studied signature molecules of Treg cells were selected by extensive 

literature review and their expression profiles were cross validated from different 

perspectives. Here, a total of 11 most functional molecules of Treg such as BATF, 

CCL5, CTLA4 (CD152), CXCR4 (CD184), FOXP3, GITR (TNFRSF18), ICOS 

(CD278), CD25 (IL2RA), TIGIT, TNFRSF4 (OX40), and TNF-α (TNF) were selected 

based on their intimate involvement in the functions of Treg cells. The expression 

levels of selected Treg-signature molecules were evaluated in different settings, such 

as in all identified cells the tissue microenvironment (Figure 3.17), in only T cells from 

different TGCT compared to normal testis (Figure 3.18), and in only Treg cells from 

different TGCT compared to normal testis (Figure 3.19). 

 

Firstly, differential expression analysis of selected Treg-specific markers in the tissue 

microenvironment composed of different cells, illustrated that they were highly 

expressed mainly in T cells compared to the other cells (Figure 3.17), preliminary 

confirming the presence of Treg cells in the total T cell population. However, it should 

be noted that the selected markers were also expressed by other cells, indicating the 

complexity of targeting individual cells of interest in the tissue microenvironment. Next, 
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differential expression analysis of selected genes was performed in only T cells from 

different TGCT compared to normal testis, and it showed that all selected markers of 

Treg cells are highly expressed in TGCT compared to normal testis, further confirming 

the presence of Treg and indicating their possible involvement in TGCT (Figure 3.18). 

Finally, we performed differential expression analysis of Treg specific selected genes 

in Treg cell populations and revealed that Treg-specific markers are mainly expressed 

in seminoma and mixed TGCT but not prominently in embryonal carcinoma (Figure 

3.19), which is matched with identification and quantification of T cells subtypes in 

above analysis (Figure 3.16A). 

 

 

 

Figure 3.17 Differential expression of Treg-associated genes in different cells found in 

human testicular tissue microenvironment. A relative color scheme uses the minimum and 

maximum values in each row to convert values to colors. Gray color represents the absence 

of gene expression. 
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Figure 3.18 Differential expression analysis of Treg-associated genes in T cells of 

different TCGT vs Donors. Color schemes (blue to red) represent the log2fold change. Gray 

color represents the absence of gene expression. 

 

 

 

Figure 3.19 Differential expression analysis of Treg-associated signature genes in Treg 

cells of different TCGT vs Donors. Color schemes (blue to red) represent the log2fold 

change. Gray color represents the absence of gene expression. 
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Subsequently, the expression of the selected genes was further validated with publicly 

available TCGA (The Cancer Genome Atlas)-TGCT data (seminoma n=63 and non-

seminoma n=70) to re-validate the dominance of Treg cells in seminoma compared to 

non-seminoma, including embryonal carcinoma. The TCGA gene expression analysis 

showed that the selected markers of Treg cell expressions were significantly 

upregulated in seminoma compared to non-seminoma that fully matched with our 

study results (Figure 3.20). In addition, a co-expression analysis of selected Treg 

genes was performed using TCGA-TGCT dataset (n=156 samples) in cBioPortal to 

identify groups of genes with similar expression patterns and involvement in the same 

biological process, ranked by Pearson's correlation coefficient and Spearman's 

Correlation Coefficient (Supplementary Figure 6 and Table 3.3). The value of the 

correlation coefficient ranges from +1 to -1, with positive values representing higher 

levels of one variable associated with higher levels of the other, and negative values 

representing higher levels of one variable associated with lower levels of the other. In 

particular, the sign of the correlation coefficient indicates the direction of the 

association, while the magnitude of the correlation coefficient indicates the strength of 

the association. Among the selected genes, a high-level correlation between BATF vs. 

CCL5 was found. In addition, there are 18 other interactions between the selected 

genes whose correlation coefficient was >0.8, indicating a strong correlation between 

genes potentially involved in Treg cell recruitment and functions (Supplementary 

Figure 6 and Table 3.3). Furthermore, a PPIs network of Treg cell-specific selected 

proteins was generated by STRING (https://string-db.org/) to understand the function 

and behavior of proteins and their biological processes and pathways. The PPI 

network shows that the selected proteins are highly interconnected to exhibit the 

functions of the Treg cells (Figure 3.21). Nevertheless, CD25 (IL2RA), CTLA4, and 

FOXP3 seem to be leading proteins to regulate Treg cells in human testis.  
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Table 3.3 Co-expression analysis of Treg-associated signature genes in TGCT samples 

(150 patients / 156 samples) with Spearman and Pearson coefficient value. The 

correlation coefficient ranges between +1 to -1 represent the positive and negative correlation 

between the selected genes. Correlation coefficient values >0.8 are in bold.  

 

Genes Spearman coefficient Pearson coefficient 

CXCR4 vs TNFRSF18 0.30 0.25 

CXCR4 vs CTLA4 0.40 0.37 

CXCR4 vs CCL5 0.38 0.33 

CXCR4 vs BATF 0.40 0.41 

CXCR4 vs TNFRSF4 0.49 0.51 

CXCR4 vs IL2RA 0.26 0.25 

CXCR4 vs TIGIT 0.37 0.31 

CXCR4 vs ICOS 0.31 0.29 

CXCR4 vs TNF 0.36 0.37 

CXCR4 vs FOXP3 0.27 0.25 

TNFRSF18 vs CTLA4 0.79 0.75 

TNFRSF18 vs TIGIT 0.68 0.71 

TNFRSF18 vs FOXP3 0.70 0.66 

TNFRSF18 vs BATF 0.86 0.85 

TNFRSF18 vs ICOS 0.71 0.70 

TNFRSF18 vs CLL6 0.78 0.77 

TNFRSF18 vs TNFRSF4 0.74 0.77 

TNFRSF18 vs IL2RA 0.65 0.65 

TNFRSF18 vs TNF 0.73 0.71 

CTLA4 vs BATF 0.87 0.86 

CTLA4 vs TNFRSF4 0.62 0.58 

CTLA4 vs ICOS 0.88 0.90 

CTLA4 vs CCL5 0.88 0.89 

CTLA4 vs TIGIT 0.88 0.90 

CTLA4 vs IL2RA 0.80 0.79 

CTLA4 vs FOXP3 0.85 0.81 

CTLA4 vs TNF 0.82 0.79 

BATF vs TNFRSF4 0.75 0.74 

BATF vs TIGIT 0.83 0.82 

BATF vs IL2RA 0.76 0.79 

BATF vs FOXP3 0.77 0.74 

BATF vs TNF 0.82  0.79 

BATF vs ICOS 0.82 0.84 

BATF vs CCL5 0.92 0.92 

TNFRSF4 vs TIGIT 0.50 0.49 

TNFRSF4 vs FOXP3 0.57 0.50 

TNFRSF4 vs TNF 0.64 0.64 

TNFRSF4 vs ICOS 0.57 0.54 

TNFRSF4 vs CCL5 0.66 0.64 

TNFRSF4 vs IL2RA 0.59 0.59 

TNFRSF4 vs CCL5 0.87 0.89 

TIGIT vs IL2RA 0.77 0.78 

TIGIT vs FOXP3 0.81 0.81 

TIGIT vs TNF 0.73 0.71 

ICOS vs CCL5 0.84 0.87 

ICOS vs TNF 0.76 0.76 

ICOS vs FOXP3 0.86 0.83 
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Table 3.3 

Genes Spearman coefficient Pearson coefficient 

ICOS vs IL2RA 0.81 0.84 

FOXP3 vs CCL5 0.76 0.74 

FOXP3 vs IL2RA 0.76 0.78 

FOXP3 vs TNF 0.75 0.73 

CCL5 vs IL2RA  0.78 0.79 

IL2RA vs TNF 0.82 0.79 

CCL5 vs TNF 0.81 0.78 

 

 

Figure 3.20 Cross-validation of Treg-associated selected gene using UALCAN for 

analyzing TGCT OMICS data. The expressions of the selected genes were extracted from 

TCGA-TGCT dataset. Number of seminomas (n=63) and non-seminomas (n=70). The orange 

color represents seminoma, and the green color represents no seminoma. All comparisons 

are statistically significant (p<0.05) 
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Besides the PPIs among the Treg-specific selected genes, the interactions between 

other cell markers used to identify different cell populations in testicular tissues and 

Treg-specific selected genes were also generated by STRING (Supplementary Figure 

7). Various PPIs of different cell-specific proteins were detected, including an 

experimentally identified known interaction between NANOG and CXCR4 that might 

regulate Treg in TGCT, which requires further experimental evidence. In addition, 

several tight interactions between Treg cells and other cell-specific proteins have also 

been observed, indicating the cellular and functional complexity of testes. 

 

Figure 3.21 The protein-protein interaction (PPI) network of Treg-selected protein was 

generated by STRING. Colored nodes indicate query proteins and first shell of interaction, 

filled nodes represent known or predicted 3D structure. Pastel color edges represent the 

known interactions from curated databases, pink color edges represent known interactions 

determined experimentally, green color edges represent predicted interactions between 

neighboring genes, red color edges represent the predicted gene fusion interaction, blue color 

edges represent the predicted co-occurrence of gene interaction. Other color edges, for 

example olive color represents textmining, black color represents co-expression and purple 

color represents protein homology. 
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3.3.4 Cross-validation of the Tfh-associated gene and putative mechanism of 

Tfh cells in human TGCT 

 

Similar to Treg cells, a set of Tfh cell-associated genes were selected and their 

expression profiles cross-validated from different perspectives. A total of 8 most 

functional Tfh molecules of Tfh cells including BCL6, CXCR3, ICOS, CXCL13, IRF4, 

SATA3, and CD40LG were selected based on their involvement in Tfh cell functions. 

The expression levels of selected Tfh-signature molecules were evaluated in the 

tissue microenvironment (Figure 3.22) and in only T cells from different TGCT 

compared to normal testis (Figure 3.23). In the tissue microenvironment, selected Tfh-

specific markers are highest expressed in T cells compared to the other cells (Figure 

3.22), preliminarily confirming the presence of Tfh cells in the total T cell population. 

However, it should be noted that selected markers might also be expressed by cells 

other than T cells, indicating the complexity of targeting individual cells of interest in 

the testicular tissue microenvironment. Then, differential gene expression analysis of 

selected Tfh-specific markers in T cells from different TGCT compared to normal testis 

was performed and it was shown that all selected markers are highly expressed by T 

cells in TGCT compared to normal testis, further indicating the presence of Tfh and 

points to their possible involvement in TGCT (Figure 3.23). Furthermore, selected Tfh-

specific markers are highly expressed in seminoma and mixed tumor compared to 

embryonal carcinoma which is matched with identification and quantification of T cells 

subtypes in above analysis (Figure 3.16C). Since no cluster representing exclusively 

Tfh cells was identified, it was not possible to analyze selected gene expression only 

in Tfh cells from testicular tumors compared to donors. Furthermore, the expression 

of selected Tfh genes was cross-validated with publicly available TCGA-TGCT data 

(seminoma n=63 and non-seminoma n=70). TCGA gene expression analysis showed 

that selected most Tfh-specific genes are upregulated in seminoma compared to non-

seminoma, with the exception of BCL6, STAT3 and CXCL13, which could be due to 

the heterogeneity of the samples (Figure 3.24).  
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Figure 3.22 Differential expression of Tfh-associated genes in different cells found in 

human testicular tissue microenvironment. A relative color scheme uses the minimum and 

maximum values in each row to convert values to colors. Gray color represents the absence 

of gene expression. 

 

In addition, similar to the Treg analysis, a co-expression analysis of selected Tfh-

specifc genes was performed using TCGA-TGCT dataset (n=156 samples) in 

cBioPortal to identify groups of genes with similar expression patterns and involvement 

in the same biological process, ranked by Pearson's correlation coefficient and 

Spearman's Correlation Coefficient (Supplementary Figure 13 and Table 3.4). The 

height level of correlation between CXCR3 and ICOS was observed, suggesting that 
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Tfh cells may play an important role in human TGCT via the interaction between 

CXCR3 and ICOS which need to be experimentally proven. Besides, there are 6 other 

interactions between the selected genes whose correlation coefficient was >0.8, 

indicating a strong correlation between genes potentially involved in Tfh cell in the 

recruitment and functions of human TGCT (Supplementary Figure 13 and Table 3.4). 

In addition to co-expression analysis, PPIs of Tfh cell-specific molecules were 

generated by STRING (https://string-db.org/) to understand the function and behavior 

of proteins and their biological processes and pathways. PPIs networkers showed that 

the selected proteins are linked together to reveal the functions of the Tfh cells in 

human TGCT (Figure 3.25). Furthermore, the interactions between other cell markers 

used to identify different cell populations in testicular tissues and Tfh-specific selected 

genes were also generated by STRING (Supplementary Figure 14), and a close 

interaction between BCL6 and NANOG was confirmed along with the interactions 

between BCL6 and other cell-specific proteins, indicating the importance of BCL6 in 

Tfh cell biology in testicular biology. 

 

 

 

Figure 3.23 Differential expression analysis of Tfh-associated genes in T cells of 

different TCGT vs Donors. Color schemes (blue to red) represent the log2fold change. Gray 

color represents the absence of gene expression. 
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Table 3.4 Co-expression analysis of Tfh-associated signature genes in TGCT samples 

(150 patients / 156 samples) with Spearman and Pearson coefficient value. The 

correlation coefficient ranges between +1 to -1 represent the positive and negative correlation 

between the selected genes. Correlation coefficient values >0.8 are in bold.  

Genes Spearman coefficient Pearson coefficient 

BCL6 vs CXCR3 0.20 0.14 

BCL6 vs PDCD1 0.16 0.08 

BCL6 vs ICOS 0.09 0.03 

BCL6 vs CXCL13 0.20 0.15 

BCL6 vs IRF4 0.05 0.02 

BCL6 vs STAT3 0.43 0.43 

BCL6 vs CD40LG 0.26 0.23CXCR3 

CXCR3 vs ICOS 0.87 0.90 

CXCR3 vs CXCL13 0.59 0.70 

CXCR3 vs IRF4 0.84 0.87 

CXCR3 vs STAT3 -0.03 0.06 

CXCR3 vs CD40LG 0.89 0.88 

PDCD1 vs ICOS 0.85 0.73 

PDCD1 vs CXCL13 0.65 0.73 

PDCD1 vs IRF4 0.83 0.86 

PDCD1 vs STAT3 -0.12 -0.04 

PDCD1 vs CD40LG 0.85 0.80 

ICOS vs CXCL13 0.60 0.71 

ICOS vs IRF4 0.74 0.79 

ICOS vs STAT3 0.05 0.09 

ICOS vs CD40LG 0.80 0.81 

CXCL13 vs IRF4 0.51 0.63 

CXCL13 vs STAT3 0.05 0.11 

CXCL13 vs CD40LG 0.41 0.54 

IRF4 vs STAT3 -0.09 -0.01 

IRF4 vs CD40LG 0.78 0.77 

CD40LG vs STAT3 0.02 0.11 
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Figure 3.24 Cross-validation of Tfh-associated selected gene using UALCAN for 

analyzing TGCT OMICS data. The expressions of the selected genes were extracted from 

TCGA-TGCT dataset. Number of seminoma (n=63) and non-seminoma (n=70). The orange 

color represents seminoma, and the green color represents no seminoma. All comparisons 

are statistically significant (p<0.05) 
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Figure 3.25 The protein-protein interaction (PPI) network of Tfh-selected protein was 

generated by STRING. Colored nodes indicate query proteins and first shell of interaction, 

filled nodes represent known or predicted 3D structure. Pastel color edges represent the 

known interactions from curated databases, pink color edges represent known interactions 

determined experimentally, green color edges represent predicted interactions between 

neighboring genes, red color edges represent the predicted gene fusion interaction, blue color 

edges represent the predicted co-occurrence of gene interaction. Other color edges, for 

example olive color represents textmining, black color represents co-expression and purple 

color represents protein homology. 

 

3.3.5 Differential gene expression analysis of different cells found in the 

microenvironment of testicular tissue 

As shown above, the analyzed human testicular tissue microenvironment consists of 

various cells, including T cells, B cells, macrophages, plasma cells, tumor cells, 

endothelial cells, fibroblasts, germ cells, and undefined cells, forming a dynamic, multi-

faceted regulatory network that is responsible for maintenance of human testicular 

homeostasis and the development and progression of human TGCT. However, the 

underlying mechanism of how different cells incorporate each other into the tissue 

microenvironment to facilitate the normal functions of the human testis as well as the 

development and progression of human testicular diseases, specially TGCT, remains 

unknown to date. Therefore, DGEs of a single cell compared to the rest of the cells in 

the analyzed tissue microenvironment was performed to get an overview of identical 

and non-identical genes in the different cells found in the testicular tissue 

microenvironment (Supplementary Figure 15) to open a new window for functional 

studies of specific cells in human testicular tissue as well as to improve the targeted 

therapy of human TGCT. The broad spectrum DGEs analysis (Supplementary Figure 
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15) revealed the number and percentage of identical (40.8-71.6%) and non-identical 

genes in all cells, reflecting the complexity and challenges of functional study of a 

particular cell in the tissue microenvironment either in normal physiological and/or 

pathological condition.  

 

In line with our study objective, only T cells are described in comparison to the rest of 

the identified cells in human testicular tissue. A total of 4629 differentially expressed 

genes were detected in the DGEs analysis between T cells and rest of the cells in the 

human testis (Supplementary Figure 7), gene list was filtered by log2 fold change of 

>0.58, P-value (<0.05) and pct >0.5 (the percentage of cells where the feature is 

detected). Followed by top 20 upregulated and downregulated genes have been 

separately analyzed for GSEA-GO and GSEA-pathway analysis using a functional 

enrichment analysis datasets named “Enrichr” (Figure 3.26 and Figure 3.27).  

 

The Enrichr GO biological process function of top 20 up-expressed genes showed 

significantly altered genes in T cells compared to the other cells enriched for different 

biological functions, and the top 10 GO biological process terms were ranked by P 

value (Figure 3.26A). Among them, there are some significant GO terms for biological 

processes such as T cell activation (where mature or immature T cells undergo 

morphological and behavioral changes resulting from exposure to a mitogen, cytokine, 

chemokine, or cellular ligand for which they are specific), T cell receptor signaling 

pathway (the series of molecular signals initiated by the cross-linking of an antigen 

receptor on a T cell), positive regulation of T cell proliferation (any process that 

activates or increases the rate or extent of T cell proliferation) were observed. 

Whereas the top 10 GO biological process of top 20 down-expressed genes showed 

different significant GO terms for biological processes, including spermatid 

development (the process whose specific outcome is the progression of a spermatid 

over time, from its formation to the mature structure) (Figure 3.26A). 

 

Enrichr GO molecular function of to 20 up-expressed genes revealed significantly 

altered genes in T cells enriched for various molecular functions such as different 

chemokine receptor binging and activity, while top 20-downexpressd genes showed 

significantly altered genes in T cells enriched for DNA binding, bending etc. (Figure 

3.26B).  
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In addition to the GO biological and molecular functions, the GO interpretation of the 

cellular component of top 20 up-expressed genes revealed that most of the 

differentially expressed genes are associated with the alpha-beta T cell receptor 

complex, T cell receptor complex, while the GO interpretation of the cellular 

component of top 20 down-expressed genes revealed that most of the differentially 

expressed genes are associated with the rough endoplasmic reticulum (Figure 3.26C). 

 

Furthermore, a GSEA pathway analysis was performed using the same 20 up-

expressed and 20 down-expressed differentially expressed genes (separately) to 

determine their association with different signaling pathways by Enrichr using multiple 

functional databases such as BioPlanet, WikiPathways, KEGG and different gene sets 

associated with different signaling pathways have been identified (Figure 3.27 A-

C).For example, among the top 20 up-expressed gene, different gene set associated 

with PD-1 signaling, IL-2 signaling pathways etc. were identified using the BioPlanet 

Pathway Functional Database (Figure 3.27A). Similarly, using the WikiPathway 

database and KEGG pathway database, different sets of genes associated with 

different pathways were found including a gene set associated with T cell receptor 

pathway (Figure 3.27B, C). On the contrary, GSEA pathway analysis with top 20 down-

expressed differentially expressed genes showed a gene set associated with male 

infertility using the WikiPathway Functional Database (Figure 3.27B). 
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Figure 3.26 See next page for caption. 
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Figure 3.26 Gene set enrichment analysis- Geneontology (GO) analysis of top genes 20 

(20 up expressed and 20 down expressed) genes in T cells compared to the other cells 

in the human testicular tissue microenvironment by Enrichr. Bar chart showed the top 10 

GO terms for biological process (A), molecular function (B) and cellular component (C) 

respectively between T cells vs rest of the cells in primary clusters. Bar charts length and color 

represent the significance of respective term.  

 

3.3.6 Differential gene expression analysis of T cells from different TGCT 

compared to normal testis 

DGEs analysis of T cells derived from different TGCTs compared to normal testes was 

performed to identify the functional genes involved in T cell biology in testicular cancer. 

A range of 5,882-6,462 genes were detected in different TGCTs compared to normal 

testes (Supplementary Figure 8A-D), and a variety of genes that were identical and 

non-identical between the TGCTs patients were observed (Supplementary Figure 16). 

Although the highest number of differentially expressed genes was detected in 

embryonic carcinoma compared to normal testes, a relatively low number of genes 

were statistically significant with a log2-fold change of >0.58 (Supplementary Figure 

8D). Notably, the identical and non-identical genes in T cells across the different TGCT 

compared to donors can serve as new diagnostic markers as well as help to develop 

personalized immunotherapies. Nevertheless, top 300 (150 up-expressed and 150 

down-expressed) differentially expressed genes from different TGCTs compared to 

donors were used to perform a GSEA-GO analysis to classify the genes according to 

their respective GO terms by WebGestalt (Supplementary Figure 17A-D).  
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Figure 3.27 See next page for caption. 



 

145 | P a g e  
 

Figure 3.27 Gene set enrichment analysis- Pathway analysis of top 300 (150 up 

expressed and 150 down expressed) gene in T cells compared to the other cells in the 

human testicular tissue microenvironment by Enrichr. Bar chart showed the top 10 

pathways analysis by Bioplanet pathway (A), WikiPathway (B) and KEGG pathway (C). Bar 

charts length and color represent the significance of respective term. 

 

There were several identical positive and negative GO biological processes, molecular 

processes and cellular compartments observed in the different tumors A-D). 

Nonetheless, there are some interesting sets of genes that are positively associated 

with various biological processes, including T-cell activation, adaptive immune 

response, lymphocyte-mediated immunity, regulation of cytokine stimulus 

Supplementary Figure 17A-D). Interestingly, a couple of gene sets were also detected 

responsible for sperm motility, fertilization in GSEA-GO analysis (Supplementary 

Figure 17A-D). Apart from the biological processes, a set of genes responsible for cell 

adhesion molecule binding was identical across all tumor datasets (Supplementary 

Figure 17A-D). In addition to the biological processes and molecular functions, the 

cellular component of the selected genes was also assessed in order to develop a 

cellular targeting strategy. 

 

In addition, the same top 300 (150 unexpressed and 150 down-expressed) 

differentially expressed genes from different TGCTs were used to perform a GSEA 

pathway analysis to determine their association with different signaling pathways 

through WebGestalt using multiple functional databases including WikiPathways, 

Panther Pathways, and KEGG, and to determine different associated gene sets with 

different signaling pathways were identified (Supplementary Figure 18A-D). 

Remarkably, several interesting gene sets related to T cell receptor signaling pathway, 

TGF signaling pathway, cancer immunotherapy by PD-1 blockade, differentiation of 

Th17, Th1 and Th2, etc. were found that might be interesting for the functional study 

of T cells, including Treg cells in human TGCTs (Supplementary Figure 18A-D). 
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3.4 Hanging drop cultures of human testicular tissue samples to study immune 

cells in a preserved niche 

As previously mentioned, the functional study of immune cells in testicular cancer 

development and progression is limited due to the lack of suitable animal models, 

hence an alternative model for testicular immune cell functions is urgently needed. 

Therefore, we employed an established ex vivo model that was successfully tested in 

human testicular tissue where germ cells and somatic cell phenotypes were 

unaffected. However, it is still limited to study immune cells in hanging drop cultures 

of testicular tissue yet. Therefore, this study first attempted to optimize the condition 

suitable for immune cell survival with unaltered germ cells and other testicular somatic 

cells. Human testicular tissues from the different localizations were cultured for 3 days 

(n=4) and 7 days (n=2), and cultured tissue fragments were used to perform flow 

cytometric analysis of overall immune cell survival with a particular focus on T cells 

(Table 3.5). Two samples, one presenting 95% embryonal carcinoma with 5% post-

pubertal teratoma, the other 30% seminoma with 70% post-pubertal teratoma were 

cultured for 7 days. Flow cytometric analysis was then performed and at the Tumor 

sites of these two patient samples, 16.3% and 26.9% of the total events analyzed 

(median 21.6%) were live cells and 3.34-6.46% (median 4.9 %) and 1.67–2.05% 

(median 1.86 %) of the total living cells were CD45+ total immune cells and CD3+ T 

cells, resp. (Table 3.5). 

 

Other four samples, three representing pure seminomas and one sample representing 

mixed tumors (50% seminomas and 50% embryonic carcinomas), were cultured for 3 

days. At Tumor sites of seminoma, 2.93-26% (median 14.466%) of the total events 

analyzed were live cells, and 3.15-9.15% (median 6.15) and 1.45-5.75% (median 

3.6%) of the total live cells were CD45+ immune cells and CD3+ T cells, respectively 

(Table 3.5). Whereas, in Tumor-Adj and Tumor-Dis sites of seminoma, live cells 

accounted for 1.99-57.3% (median 29.645%) and 28.2-82.5% (median 55.35%) of 

total analyzed events, CD45+ immune cells accounted for 3.88-7.06% (median 5.47%) 

and 7.94-13.7% (median 10.82) of total live cells, and CD3+T cells accounted for 0.88-

1.18 (median 1.03) and 0.95-4.08% (median 2.515) of total live cells. Notably, highest 

percentage of live cells (58.5% and 69.2%) were found in the contralateral sites of 

seminoma patient (Table 3.5). A relatively high percentage of single viable cells (1.99-
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82.5% of total analyzed events, median) was observed in tissue cultured for 3 days 

compared to tissue cultured for 7 days (16.3-58% of total analyzed events, median 

42.45%). However, no major difference in viable immune cells was observed between 

3-day cultured tissue versus 7-day cultured tissue (Table 3.5). Since only a low 

percentage of the immune cells was alive after 3 and 7 days of culture, further 

medication in medium composition is needed that favor immune cells survival. 

 

Table 3.5 Analysis of immune cells in hanging drop-cultured human testis cancer 

samples by flow cytometry. 
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HYP 

- 1147 12.93 9.15 5.75 

Tumor-Adj HYP+Ly - 85 1.99 7.06 1.18 

Tumor-Dis HYP - 1200 28.2 13.7 4.08 

2 Contralateral 
1 

hyp - 1512 58.5 5.89 3.57 

Contralateral 
2 

Dv, hyp - 1928 69.2 1.97 1.35 
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4 DISCUSSIONS  

Despite TGCT is the most curable cancer with a survival rate of >95% (Hanna and 

Einhorn, 2014, Gaddam and Chesnut, 2022), it still presents numerous challenges, 

including an increasing incidence rate, an increased risk of developing secondary 

malignancies and long-lasting adverse effects such as infertility, hypogonadism, 

osteoporosis, metabolic or cardiovascular diseases which represent the most relevant 

life-threatening consequences of available TGCT therapy (De Toni et al., 2019, 

Gaddam and Chesnut, 2022). To minimize these adverse upshots, this study has 

focused on investigating the immune contexture of TGCT, which could help to improve 

the current understanding of TGCT pathogenesis and immune surveillance, with the 

main goal of developing an effective immunotherapy for TGCT. 

 

As mentioned above, testes are an immune-privileged organ that protects germ cells 

from autoimmune attacks and reacts to invading pathogens by eliciting a finely 

balanced immune response (Kaur et al., 2013, Fijak et al., 2018, Kaur et al., 2021). 

Although the successful progression of spermatogenesis is the fundamental role of 

testicular immune privilege, the correlation between testicular immune privilege and 

the development of TGCT is still poorly understood (Kalavska et al., 2020). 

Nevertheless, several studies examined the response of immune cells to the presence 

of pre-invasive GCNIS and TGCT by characterizing immune cells as well as cytokine 

profiles. Hvarness et al. (Hvarness et al., 2013) and Klein et al. (Klein et al., 2016) 

described a significantly different pattern of immune cells infiltration and distribution in 

human testicular tissues presenting TGCT, pre-invasive GCNIS, HYP+ly compared to 

normal testis. In both studies, T cells were found in all analyzed samples and the 

highest number of T cells was found in human TGCT as the major component of tumor 

infiltrating lymphocytes, while macrophages represent the leading resident immune 

cells in normal testes. In addition, Klein et al. (Klein et al., 2016) uniquely characterized 

the TGCT microenvironment by the presence of B cells. These results suggest an 

association between different immune cells and TGCT development and progression. 

However, the functional characterization of infiltrating immune cell landscape in human 

normal testis and TGCT is not yet well defined due to several limitations, including 

precious clinical specimens, lack of TGCT animal models and strict ethical rules and 

regulations. Notwithstanding these limitations, further studies are needed to improve 
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our understanding of immune surveillance and/or inflammatory immune response 

and/or autoimmune response of infiltrating immune cells particularly in human TGCT. 

 

This study performed an in-depth analysis of immune cells in independent human 

testis samples by different techniques to get a broader view of the immune 

environment of human TGCT as well as normal testis. Interestingly, in spite of high 

inter-individual variation and sample heterogeneity, all applied techniques using 

different sample types (archive and fresh material) and cohorts (retrospective and 

prospective) yielded a similar composition of immune cells in human testis with an 

overall increase of immune cells in testicular pathologies, especially in seminoma 

compared to other conditions.  

 

Briefly, phenotypic characterization of immune cell infiltrates in retrospective archive 

testis samples by IHC revealed that T cells represent the major component of 

infiltrating immune cells in human testicular pathological conditions and the highest 

number of T cells was found in seminoma, whereas a small number of T cells were 

found in normal testis, suggesting the involvement of T cells in the regulation of normal 

testicular function as well as in the development and progression of TGCT, mostly 

seminoma. In addition, the major subtypes of T cells, CD4+ Th and CD8+ Tc cells, 

were also found in all studied samples with different infiltration density and distribution, 

but the highest number of both T cells was found in seminomas compared to other 

samples, suggesting that these cells are closely associated with seminoma, but could 

also play an important role in normal testicular function. Although the overall T cell 

presence in human TGCT is basically known, very few studies have focused on 

examining the significance of rare T cells in human testes. Therefore, this study paid 

particular attention to the two most common rare T cell subtypes, Treg and Tfh, which 

are involved in the prognosis estimation in other cancers (Togashi et al., 2019, Crotty, 

2019), but only to a limited extent in human testes. Here, a significantly increased 

number of Treg and Tfh cells was observed in testicular pathologies, mostly in 

seminoma compared to other pathological conditions and normal testis, suggesting 

that Treg and Tfh might have an impact on TGCT biology, mainly in seminoma. Treg 

cells were also found in infertile testes and pre-invasive GCNIS+ly and rarely in normal 

testes with different infiltration densities, providing preliminary evidence that Treg cells 

may be involved in the regulation of spermatogenesis but mostly in the development 
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and progression of human TGCT. Whereas Tfh cells were uniquely detected in 

seminoma with FLS but not in other samples, suggesting a very specific correlation 

between Tfh and seminoma. FLS are defined as structures containing B cells, plasma 

cells, follicular DCs, Th and Tc, in which each cell interacts with each other and 

influences the humoral response and cell-mediated immunity in the pathogenesis of 

various diseases. To our knowledge, this is the first time that Tfh cells have been 

studied in human TGCT. This new finding suggests that recruitment of Tfh cells 

depends on the presence of a very specific environment FLS, and Tfh cells are closely 

associated with human TGCT, mostly seminoma in special circumstance.  

 

In addition to T cells, consistent with previous studies (Hvarness et al., 2013, Klein et 

al., 2016), macrophages represent the leading resident immune cells in normal testis 

and the second highest infiltrating immune cells in seminoma, suggesting that 

macrophages may play dual role in the regulation of testicular function as well as in 

the pathological condition. Interestingly, B cells were absent in normal testis but 

uniquely found in seminoma, suggesting that B cells are exclusively associated with 

advantage stages of TGCT, but probably have no involvement in the regulation of 

normal testicular function. Furthermore, DCs were rarely observed in NSP but 

abundantly found in infertile testis, GCNIS±ly and seminoma. The highest number of 

DCs was found in seminomas compared to other specimens, suggesting that DCs 

recruitment might be directly correlated with human TGCT development and 

progression. 

 

Yet, tumor heterogeneity and intra-tumoral heterogeneity are the main challenges for 

the development of personalized oncological medicine in different cancers, including 

TGCT. Recently, Nestler et al. performed transcriptome analysis using different 

regions of TGCT and showed clear heterogeneity of differentially expressed genes in 

Tumor and Tumor-Adj regions (Nestler et al., 2022). Particularly, a list of significantly 

expressed genes in Tumor-Adj compared to Tumor were detected which are 

associated with TGCT progression and metastatic spread, while genes highly 

expressed in Tumor are mainly associated with cancer-related signaling pathways 

(Nestler et al., 2022). The regional differences in gene expression correspond to inter-

tumoral and intra-tumoral heterogeneity. With a similar perception, this study 
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investigated regional immune cell composition in fresh prospective human testicular 

tissue by flow cytometry and observed a marked difference in immune cell composition 

in different areas of tumor-bearing and unaffected contralateral testis.  

 

Consistent with IHC phenotypic analysis, flow cytometric analysis of prospective fresh 

human testicular specimens showed that T cells are the leading infiltrating immune 

cells in TGCT, with the highest number of T cells at Tumor sites of seminoma 

compared to other sites of seminoma and other TGCT, reflecting the important 

association between T cells and TGCT. In addition, subtyping T cells, CD4+ Th cells 

and CD8+ Tc cells are also abundantly found in Tumor sites of seminoma compared 

to other TGCT. Further analysis of immune cell composition in different localizations 

of testes showed that rare T cell subtypes, Treg and Tfh cells, are found in all the 

locations of human testes and the highest number of Treg and Tfh cells are in Tumor 

site of seminoma compared to other samples, suggesting the importance of rare T 

cells in TGCT biology, particularly in seminoma. In addition to T cells, other immune 

cells such as macrophages and B cells are also abundantly found in the Tumor sites 

of TGCT compared to other sites of different TGCT and contralateral testis, further 

suggesting that the recruitment of immune cells probably regulated by the advanced 

stage of TGCT. Interestingly, highest number of T cells and B cells was found in 

seminoma whereas highest numbers of macrophages were found in Tumor sites of 

embryonic carcinomas, while the highest numbers of other immune cells were found 

in Tumor sites of seminoma and mixed tumors, suggesting that macrophages have a 

distinct association with embryonal carcinoma compared to other TGCT. In addition, 

macrophages were the leading immune cells in the contralateral testes, representing 

normal or infertile testes. 

 

Finally, to gain insight into the cell populations that may contribute to human TGCT, 

this study assessed the composition of cells with a special focus on the immune cell 

landscape in human normal and TGCT by scRNA-seq. Even with the sample 

heterogeneity, human testis scRNA-seq showed identical results as IHC and flow 

cytometric analysis of immune cells using retrospective archive and fresh testicular 

tissue samples. Consistent with the retrospective and prospective sample cohorts, T 

cells were the most abundant infiltrating immune cells in human TGCT, while 

macrophages were the leading resident immune cells in normal testes. Further 
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analysis of T cells was performed to investigate their subtypes. In addition to CD8+Tc 

cells, secondary clustering identified increased number of proliferating (activated) T 

cells, CCR7+ (newly recruited) T cells, and other CD4+ T cells, Treg and Tfh with 

variable frequencies in TCGT compared to normal testis, further suggesting their 

important association with TGCT. Cellular quantification analysis showed that both 

Treg and Tfh cells were abundant in seminoma and mixed tumor compared to 

embryonic carcinoma and normal testis. This further indicates the functional 

involvement of Treg and Tfh cells with a specific TGCT. In addition to T cells, B cells, 

plasma cells and macrophages were also abundantly observed in TGCT compared to 

normal testes, further indicating their association with TGCT.  

 

Even though the sample heterogeneity, all approaches used in this study showed an 

increased number of Treg and Tfh cells in TGCT, which is in completely contrast to 

Siska et al. (Siska et al., 2017a) where they showed that human TGCT, particularly 

seminoma, is associated with reduced infiltration of Treg cells. This could be due to 

the different sample groups and comparison methods. Still, there were several 

challenges observed in this study. The selection of a specific marker for investigating 

immune cells is a universal challenge that this study also had to face. For example, 

CD4 is a core marker for Th cells but can also be expressed by macrophages (Guo et 

al., 2021), which somehow confounds the quantification of CD4+ Th cells in the study 

groups. Similarly, CD11c is a well-known marker for DCs, but is also used to 

distinguish different origins of macrophages (Lu et al., 2022). Furthermore, CD4+ T 

cells and CD8+ T cells are considered helper and cytotoxic T cells, resp., but these 

two cells may also exhibit contrasting properties (Oh and Fong, 2021), making it 

difficult to provide a constructive summary of the study. 

 

Nevertheless, taken together, even with analyzing different groups of samples by 

different techniques, a similar composition of immune cells was observed in human 

testes presenting different phenotypes. Compared to the normal testis or other 

pathologies, immune cells were overall abundantly found in TGCT, mostly in 

seminoma, where T cells were the leading infiltrating immune cells. However, the 

underlying mechanism of immune cell recruitment in TGCT remains to be elucidated. 

Primarily, this study hypothesized that human testes provide a special environment 

under pathological conditions by secreting various cytokines and chemokines that 
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predominantly attract T cells, including their rare Treg and Tfh cells, towards the 

testicular microenvironment, however, additional analysis needs to be performed to 

support this hypothesis.  

 

Last but not least, this study has analytically elucidated the possible mechanism how 

Treg and Tfh cells recruit and are functionally involved in TGCT by extended 

bioinformatical analysis of scRNA-seq datasets and publicly available databases. A 

set of known signature molecules that regulate Treg and Tfh cell function were 

selected, and their expression profiles were cross validated from different 

perspectives. Selected molecules are known with their special function in Treg cells. 

For example, BATF belongs to the AP-1 family of transcription factor and plays a 

critical role in regulating the differentiation and maintenance of non-lymphoid tissue 

resident Treg cells through direct regulation of ST2 (Vasanthakumar et al., 2015, 

Delacher et al., 2020). CCL5 is a chemokine that can be transactivated by cancer-

FOXP3 and promotes the recruitment of Tregs from peripheral blood to the tumor site 

(Wang et al., 2017c). CTLA4-dependent and /or high-affinity IL2R-dependent 

suppression of T cell activity seems to be key to the immunosuppressive function of 

Treg as -Treg-specific CTLA4 lacking impairs Treg-mediated immune suppression 

and systematic hyperproliferation of naive conventional CD4+ T cells (Wing et al., 

2008), mutations in CTLA4 are associated with impairment in the immunosuppressive 

activity of Treg cells (Schubert et al., 2014, Kuehn et al., 2014), FOXP3 mediated 

upregulation of CTLA4 and CD25 (IL2RA) transcription stimulates 

immunosuppression activities of Treg cells (Hori et al., 2003, Birzele et al., 2011, 

Morikawa and Sakaguchi, 2014). CXCR4 is activated by CXCL12, that regulates T cell 

access and recruits immunosuppressive population into TME including IL-10 

producing Treg cells  (Santagata et al., 2021). CXCR4 antagonism has also been 

shown to reverse Treg suppression function (Santagata et al., 2021). FOXP3 is a 

lineage-specifying transcription factor and master regulator of Treg cell phenotypes 

and immunosuppressive functions (Colamatteo et al., 2019, Togashi et al., 2019). 

FOXP3 has been shown to directly suppress transcription of the IL2 and to upregulate 

CTLA4 and IL2RA transcription (Togashi et al., 2019). GITR (TNFRSF18) is 

upregulated in tumor infiltrating Treg cells and mainly responsible for Treg activation 

in the tumor microenvironment and stimulates immunosuppressive capacity of Treg 

cells (De Simone et al., 2016). ICOS (CD278) promotes the generation, proliferation, 
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survival, and suppressive ability of Treg through complex signaling pathways. For 

example, ICOS promotes FOXP3 transcription, favoring nuclear factor of activated T 

cells binding to FOXP3 over AP1 and upregulating IL-10, TGF-β (Chen et al., 2018, Li 

and Xiong, 2020b). ICOS stimulates PI3K recruitment to the YMFM motif at the 

cytoplasmic tail and phosphorylation of AKT, which induces BCL-2 expression and 

inhibits proapoptotic BCL-2 protein production, thereby enhancing Treg cell survival 

(Li and Xiong, 2020b). In addition, ICOS expression increases CXCR3 expression, 

which stimulates the migration of Tregs to inflammatory tissues (Li and Xiong, 2020b). 

CD25 (IL2RA) is another master regulators for the differentiation and proliferation of 

Treg cells (Plitas and Rudensky, 2016), and highly expressed CD25 (IL2RA) by Treg 

deprive the milieu in IL-2, reducing the expansion of conventional CD4+ T cells and 

memory CD8+ T cells and their differentiation into effectors (Cinier et al., 2021). TIGIT 

can act primarily in Tregs to impede anti-tumor CD8+ T cell responses and promote 

tumor growth. TIGIT+ Tregs upregulates the expression of HAVCR2 in tumor, and 

HAVCR2 and TIGIT synergize to suppress anti-tumor immune responses (Kurtulus et 

al., 2015, Chauvin and Zarour, 2020). TNFRSF4 (OX40) is highly expressed in Treg 

and mainly responsible for Treg activation in the TME and boosts Treg proliferation 

and immunosuppressive activity (Aspeslagh et al., 2016). TNFα plays dual roles in 

Treg cells. For example, some studies discovered that the highly expressed TNFα 

enhances proliferation, and suppressive capabilities of Treg cells (Chen et al., 2007, 

Zaragoza et al., 2016, Yang et al., 2019). In contrast, other studies demonstrated that 

TNFα negatively regulates the suppressive function of Treg cells (Nie et al., 2013, Nie 

et al., 2016, Yang et al., 2019).  

 

All of these Treg signature molecules were highly expressed in scRNA-seq datasets 

from human TGCT samples (mostly in seminoma) compared to normal testes, which 

was also consistent in the publicly available TCGA-TGCT data in UALCAN, strongly 

advocating possible involvement of Treg cells in TGCT. Followed by a co-expression 

analysis of selected Treg functional molecules was performed using public omics 

datasets and a high-level correlation was found between BATF and CCL5, suggesting 

that the increase of Treg cells in human TGCT may be regulated by the cooperation 

between BATF and CCL5. In addition, there are 18 other interactions between the 

selected genes whose correlation coefficient was >0.8, indicating a strong association 

of genes potentially involved in Treg cell recruitment and function. In addition to co-



 

155 | P a g e  
 

expression analysis, a PPIs network was created showing that CD25 (IL2RA), CTLA4, 

and FOXP3 appear to be leading proteins to regulate Treg cells in human TGCT. In 

addition, PPIs were also constructed between Treg-specific genes and other cellular 

markers used to identify different cell populations in the testicular microenvironment, 

and an interaction between NANOG and CXCR4 was demonstrated. Since it is known 

that NANOG is one of the common markers for GCNIS and TGCT and CXCR4 is an 

enhancer of Treg recruitment to the TME, it can be assumed that these NANOG-

CXCR4 interactions might be interesting for understanding the underlying 

mechanisms of Treg in TGCT. Interestingly, recent evidence shows that NANOG 

regulates glioblastoma cell migration via the SDF1/CXCR4 pathway (Sánchez-

Sánchez et al., 2021). In view of this evidence, it can be strongly state that the 

interaction between NANOG and CXCR4 can regulate Treg recruitment and functions 

in TGCT in our case. 

 

Similar to Treg cells, a set of Tfh cell-associated genes were selected, and each of 

these molecules plays a crucial functional role in Tfh cells. For example, BCL6 is the 

central regulator of Tfh cell differentiation and function (Choi and Crotty, 2021b). As 

previously mentioned, BCL6 acts on several aspects of Tfh cell differentiation, 

maintenance and function. CXCR3 is a signature molecule of Th1 cells but can also 

be expressed by Tfh cells and turns out to be a poor helper of B cells. CXCR3 may 

help change the localization of Tfh cells from the GC to the T:B border (Crotty, 2019). 

ICOS is one of the main factors for the differentiation of Tfh cells and also acts as a 

co-stimulatory molecule and a migratory receptor for Tfh cells (Xu et al., 2013, Pedros 

et al., 2016). CXCL13 is exclusively expressed by human Tfh cells, but not by mice. 

The strongest correlation with the immunoprotected function of Tfh is mainly regulated 

by CXCL13 (Crotty, 2019). IRF4 involved in the differentiation of Tfh cells through 

incorporating with other transcriptions factors including BCL6 (Vinuesa et al., 2016). 

IL-21-mediated Tfh differentiation is primarily regulated by STAT3. Additionally, 

SATA3 stimulates IL-6-mediated BCL6 expression and TGF-mediated differentiation 

of Tfh cells (Schmitt et al., 2014, Vinuesa et al., 2016). CD40LG contributes to the 

migration of Tfh cells and stimulates Tfh cells interaction with B cells (Mayberry et al., 

2022). 
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The expression profiles were also cross validated from different perspectives to unveil 

the possible mechanism how Tfh cells are involved in human TGCT. All of these Tfh 

signature molecules were highly expressed in human TGCT samples (mainly in 

seminoma) compared to normal testis in scRNA-seq datasets, and a similar 

expression pattern of these genes was also observed in the publicly available omics 

data, suggesting a possible involvement of Tfh cells in TGCT. In addition, co-

expression analysis of selected Tfh-specific genes was performed using TCGA-TGCT 

datasets and a high level of correlation between CXCR3 and ICOS was observed, 

suggesting that Tfh cells may play an important role in human TGCT via the interaction 

between CXCR3 and ICOS. Besides, there are 6 other interactions between the 

selected genes whose correlation coefficient was >0.8, indicating a strong correlation 

between genes potentially involved in Tfh cell in the recruitment and functions of 

human TGCT. Likewise, a PPI network was created that shows a close interaction 

between the Tfh-selected proteins. Furthermore, the interactions between other cell 

markers used to identify different cell populations in the testicular microenvironment 

and Tfh-specific selected protein were also generated, and a tight interaction between 

BCL6 and NANOG was observed, strongly suggesting the possible mechanism how 

Tfh cells are involved in TGCT.  

 

Besides, a downstream analysis of scRNA-seq datasets was performed in multiple 

perspectives. The top 20 up-expressed and 20 down-expressed genes in T cells 

compared to the rest of the cells in the testis microenvironment were used to perform 

GSEA-GO and GSEA pathway analysis to identify possible mechanisms how T cells 

involved in TGCT. Interestingly, different set of genes involved in the PD-1 signaling, 

IL-2 signaling pathway which are already a well-established signaling mechanism in 

tumor progression, has been identified (Jiang et al., 2016, Han et al., 2020), therefore 

it can be hypothesized that different genes from T cells play an important role in TGCT 

progression via PD-1 signaling and IL-2 signaling pathway. Furthermore, analysis of 

GSEA signaling pathways revealed different signaling pathways including T cell 

receptor signaling pathway, which is an important mechanism of T cells function in 

general and might be in human TGCT. 
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Later, a DGEs analysis of T cells from different TGCTs compared to normal testes 

was performed and the top 300 genes from each tumor compared to normal testes 

were used to perform GSEA in different contexts. GSEA-GO analysis showed that 

different sets of genes regulate T cell activation, adaptive immune response, leukocyte 

differentiation, etc., while GSEA signaling analysis showed different sets of genes may 

regulate different signaling pathways including T cell antigen receptor signaling 

pathways, TGF-β, cancer immunotherapy by PD-1 blockades etc. suggesting the 

possible signaling pathways how T cells exhibit their role in TGCT. In addition, it was 

also found that certain gene sets are involved in the regulation of various CD4+Th cell 

differentiations such as Th1, Th2 and Th17 cells. This study strongly believes that the 

functional characterization of these genes would have a positive impact on the 

understanding of T cell biology in general as well as in human TGCT. However, all 

these analytical findings have to be proven experimentally. 

 

As the functional analysis of infiltrating immune cells in human TGCT remains a 

challenge due to the limitation of precious samples and the lack of a suitable animal 

model, there is an urgent need to establish alternative models (ex vivo and/or animal 

model) for the functional analysis of the infiltration Immune cells in normal and 

diseased testicles. Therefore, this study also focused on the establishment of a 

suitable ex vivo culture for immune cells study, known as hanging drop, using human 

testicular tissue, which requires further work to establish. Nonetheless, our previous 

study used a human TGCT cell line (TCam-2) to analyze the possible mechanisms of 

various immune cells recruitment into human TGCT and showed that TCam-2 cells 

could release a pro-inflammatory cytokine IL-6 that can attract B cells toward them 

(Klein et al., 2017). Furthermore, a recent study also showed that IL-6 is highly 

expressed in TGCT (Nestler et al., 2022). Previous studies showed that multifunctional 

IL-6 regulates the differentiation, proliferation and activation of various immune cells 

including B cells, DCs and T cells with their subtypes (Tanaka et al., 2014), hence IL-

6 can be considered as a potential immunotherapeutic target for TGCT. 

 

In conclusion, this study showed for the first time a consistent pattern of immune cell 

infiltration in TGCT compared to normal testicular tissue assessed by different 

techniques and in independent sample sets. Even though high inter-individual 
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variation and sample heterogeneity, all approaches show a similar composition of 

immune cells in the human testis with an overall increase of immune cells in testicular 

pathologies, especially in TGCT compared to other conditions. In addition, it clearly 

showed that the predominance of resident macrophages in normal testis is shifted to 

T cells as major component of TIL in TGCT. Furthermore, a significantly increased 

number of rare T cell subtypes, particularly Treg and Tfh, was observed in TGCT 

compared to other pathological conditions and normal testis, providing first evidence 

that Treg and Tfh may be involved in TGCT biology (Figure 4.1). With these first 

indications of the potential importance of T cells and their rarer subtypes in the immune 

environment of TGCT, further experiments, including downstream analysis of 

transcriptome data from different immune cells, are underway to interrogate their 

functions to identify novel prognostic factors and/or immunotherapeutic concepts. 
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Figure 4.1 Schematic summary of key outcomes. Rare T cell subtypes Treg and Tfh are 

highly infiltrated in TCGT compared to the other group of samples through interacting with 

NANOG of TGCT cells. The upper part of this figure was modified from Loveland et al. (2017) 

Front Endocrinol 8:307. 
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5 OUTLOOK OF THE STUDY  

This study will be continuing to experimentally demonstrate the possible mechanisms 

of Treg and Tfh cells involvement in TGCT. First, customized microarray or RT-qPCR 

will be used to perform expression analysis of Treg and Tfh cell-associated molecules, 

including cytokines, chemokines and other functional genes in human seminoma and 

embryonal carcinoma tissue compared to normal testicular tissue to support the 

obtained scRNA-seq data. 

 

Due to the unavailability of proper in vivo model for seminoma study, an in vitro co-

culture of seminoma cell line Tcam2 and Treg or Tfh (isolated from PBMC) will be 

being used to study these rare T cells functional mechanisms. Treg or Tfh will be being 

co-cultured with Tcam2 cells for different time periods and supernatant will be 

collected for ELISA analysis and cell pellets will be collected for RNA extraction and 

RT-qPCR. Additionally, a hanging drop culture of human testis tissue bearing tumor 

and normal phenotype will be perform to study Treg and Tfh functions. Different drugs 

such as Daclizumab, Ipilimumab, Mogamulizumab, Parsaclisib, Dasatinib, 

Galunisertib, Bevacizumab etc will be used in the co-culture to target Treg receptors, 

intracellular signaling and the tumor microenvironment. Followed by ELISA, RTqPCR 

will be performed.  
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Supplementary Figures 

 
Supplementary Figure 1: Analytical filtration of scRNA-seq data. Violin plots show the 

quality control metrics before (A) and after analytical filtration (B) of nCount_RNA (the total 

number of molecules detected within a cell) > 1000, nFeature_RNA (the number of genes 

detected in each cell) > 200-< 8000 and percent.mt (mitochondrial genes) < 5. 
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Supplementary Figure 2 The clustering information of cells in the scRNA-seq data sets. 

A. tSNE presentation of primary clusters (before identification) of different cell landscape in 

donors (n=3; pooled data) and TGCT samples (Tumor12MIX: mixed TGCT, Tumor13SE: 

seminoma, Tumor4SE: seminoma, Tumor2EC: embryonal carcinoma). B. Bar plot shows the 

number of cells per cluster from donors and TGCT samples. C. Bar plot shows the relative 

contribution of each cluster by studied samples. 
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Supplementary Figure 3 Cont. 
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Supplementary Figure 3 Cont. 
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Supplementary Figure 3 Cont. 
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Supplementary Figure 3 Cont. 

 

 

Supplementary Figure 3 Identification of primary clusters. tSNE plots and Violin plots 

show the expression of selected markers for each cell type throughout 46 clusters. 
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Supplementary Figure 4 Visualization of identified cell types in two dimensions with 

tSNE. A. Putative cell cluster labels are based on the differential gene expression of known 

markers for each cell type in 46 clusters. B.  Simplified representation of different cell types 

found in the analyzed subjects.  
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Supplementary Figure 5: Visualization of identified cell types in two dimensions with tSNE. 

A. Putative cell cluster labels are based on the differential gene expression of known markers 

for each T cell subtypes in 17 clusters. B.  Simplified representation of different T cell subtypes 

found in the analyzed subjects.  
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Supplementary Figure 6 Cont. 
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Supplementary Figure 6 Cont. 
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Supplementary Figure 6 Identification of secondary clusters of T cells. tSNE plots and 

Violin plots show the expression of selected markers for each T cell subtypes throughout 17 

clusters. 
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Supplementary Figure 7 Differential gene expression analysis of T cells vs rest of the 

cells in human testis. 
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Supplementary Figure 8 Differential gene expression analysis of T cells from different 

TGCT vs Donors. Volcano plot shows the differential gene expressions of T cells from Tumor 

13SE vs Donors (A), Tumor 4SE vs Donors (B), Tumor 12MIX vs Donors (C) and Tumor 2EC 

vs Donors (D).   
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Supplementary Figure 9: Differential gene expression analysis of Treg cells from 

different TGCT vs Donors. Volcano plot shows the differential gene expressions of T cells 

from Tumor 13SE vs Donors (A), Tumor 4SE vs Donors (B), Tumor 12MIX vs Donors (C) and 

Tumor 2EC vs Donors (D).  
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Supplementary Figure 10 See next page for caption   
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Supplementary Figure 10 Cumulative representation of the infiltration density of 

different immune cells in different samples. Infiltration density 0=absent, 1=single cells, 

2=scatter, 3=sparse, 4=dense. Significance tested by ordinary one-way ANOVA including 

Tukey’s Honest Significant Difference Test [(Not significant (ns)= p-value ≥ 0.05), (Significant, 

*= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 0.0001 to 0.001, ****= p-

value <0.0001)]. 
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Supplementary Figure 11 Cont.  
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Supplementary Figure 11 Co-expression analysis of Treg-associated signature genes 

in TGCT samples (150 patients / 156 samples) from an open-access resource, named 

cBioPortal for interactive exploration of TGCT genomics data sets. 
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Supplementary Figure 12 The protein-protein interaction network (PPI) of selected Treg 

proteins with other markers used to detect different cells in the testicular 

microenvironment was generated by STRING. Colored nodes indicate query proteins and 

first shell of interaction, filled nodes represent known or predicted 3D structure. Pastel color 

edges represent the known interactions from curated databases, pink color edges represent 

known interactions determined experimentally, green color edges represent predicted 

interactions between neighboring genes, red color edges represent the predicted gene fusion 

interaction, blue color edges represent the predicted co-occurrence of gene interaction. Other 

color edges, for example olive color represents text-mining, black color represents co-

expression and purple color represents protein homology. 
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Supplementary Figure 13 Cont.  
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Supplementary Figure 13 Co-expression analysis of Tfh-associated signature genes in 

TGCT samples (150 patients / 156 samples) from an open-access resource, named cBioPortal 

for interactive exploration of TGCT genomics data sets. 
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Supplementary Figure 14 The protein-protein interaction network (PPI) of selected Tfh 

proteins with other markers used to detect different cells in the testicular 

microenvironment was generated by STRING. Colored nodes indicate query proteins and 

first shell of interaction, filled nodes represent known or predicted 3D structure. Pastel color 

edges represent the known interactions from curated databases, pink color edges represent 

known interactions determined experimentally, green color edges represent predicted 

interactions between neighboring genes, red color edges represent the predicted gene fusion 

interaction, blue color edges represent the predicted co-occurrence of gene interaction. Other 

color edges, for example olive color represents textmining, black color represents co-

expression and purple color represents protein homology. 
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Supplementary Figure 15 Overview of differentially expressed genes in the different cells 

present in the human testicular tissue microenvironment. 

 

 

 

Supplementary Figure 16 Identical and non-identical numbers of differentially expressed 

genes (unfiltered) across the different tumor T cells compared to donor T cells. 
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Supplementary Figure 17 Cont. 
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Supplementary Figure 17 Cont. 
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Supplementary Figure 17 Gene set enrichment analysis-GO analysis of top 300 (150 up 

expressed and 150 down expressed) gene in T cells from different TGCTs vs Donors by 

WebGestalt. Bar chart showed the top GO terms for biological process, molecular function 

and cellular component of Tumor13SE vs Donors (A), Tumor4SE vs Donors (B), Tumor12MIX 

vs Donors (C) and Tumor2EC vs Donors (D) respectively. Bar charts length and color 

represent the significance of respective term. 
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Supplementary Figure 18 Cont. 
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Supplementary Figure 18 Gene set enrichment analysis- Pathway analysis analysis of 

top 300 (150 up expressed and 150 down expressed) gene in T cells from different 

TGCTs vs Donors by WebGestalt. Bar chart showed the top GO terms for biological process, 

molecular function and cellular component of Tumor13SE vs Donors (A), Tumor4SE vs 

Donors (B), Tumor12MIX vs Donors and Tumor2EC vs Donors (D) respectively. Bar charts 

length and color represent the significance of respective term. 
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Supplementary Tables 

 

 

Supplementary Table 1 Sample heterogeneity in terms of weight and cells number 

(analyzed events) in flow cytometry 

Sample 
localization 

Sample weight range Total live cells range 

Seminoma 
Embryonal 
carcinoma 

(≥80%) 

Mixed 
Tumors 

Seminoma 
Embryonal 
carcinoma 

(≥80%) 

Mixed 
Tumors 

Tumor 3.4 -1827 mg 76 - 835 mg 26.4 -577 mg 538-923897 6493-252399 1031-48751 

Tumor-Adj 6.3-101.4 mg 42.6 -156 mg 15.6-80.5 mg 294-110997 2210-273187 1093-94652 

Tumor-Dis 6.3-122.9 mg 34-71.1 mg 16.5-46.9 mg 1592-21096 3761-117875 1349-28063 

Contralateral 1 3.3- 20.8 mg 3-13 mg 3.6- 12.3 mg 3008-19074 2362-5241 2527-23000 

Contralateral 2 5.59-40.12 mg 2.9-6.5 mg 1.5-49.2 mg 2364-46410 1780-13006 1157-81665 

 

 

 

Supplementary Table 2 Number of cells in the scRNA-seq data sets analyzed in the 

current study.  

  Cell number 

  Estimated 
cell number 
(cell ranger 
10x) 

Primary 
aggregation 
(only 
Donors) 

Secondary 
aggregation 
(all 
samples) 

Cell after filtration and 
normalization 

Donor1 Technical 
replicate 1 

4276 7628  
 
 
 
 
 
 
44012 

1592  
 
 
 
 
 
4440 

 
 
 
 
10153 

Technical 
replicate 2 

3352 

Donor2 Technical 
replicate 1 

3744 7627 2748 

Technical 
replicate 2 

3883 

Donor3 Technical 
replicate 1 

4402 10033 2773 

Technical 
replicate 2 

5631 

Tumor12MIX - 5878 - 2327  
5713 Tumor13SE - 6397 - 2440 

Tumor2EC - 347 - 208 

Tumor4SE - 6102 - 738 
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Supplementary Table 3 Infiltration density and distribution of Individual NSP samples. 

CD3 (n=10) 

 Density Distribution Percentages 
of 
distribution 

Median 
infiltration 
density 
score 

1.5 Disseminated  
 
 
 

80% 

 
 
 
 

1.5 

1 Disseminated 

1.5 Disseminated 

1.5 Disseminated 

1.5 Disseminated 

1 Disseminated 

1.5 Disseminated 

1.5 Disseminated 

2.5 Focal 10% 2.5 

0 Absent 10% 0 

CD20cy (n=10) 

0 Absent  
 
 
 
 

100% 

 
 
 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

CD68 (n=10) 

2.5 Disseminated  
 

 
 
 

100% 

 
 

 
 
 

2.75 

3 Disseminated 

2 Disseminated 

3 Disseminated 

1.5 Disseminated 

2 Disseminated 

3 Disseminated 

2 Disseminated 

3 Disseminated 

3 Disseminated 

CD11c (n=10) 

0.5 Disseminated 10% 0.5 

2 Focal  
30% 

 
1 1 Focal 

0.5 Focal 

0 Absent  
 

60% 

 
 

0 
0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

CD4 (n=10) 

2 Disseminated 90% 2 

1 Disseminated 

2 Disseminated 

0.5 Disseminated 

2.5 Disseminated 

3 Disseminated 

2.5 Disseminated 

2 Disseminated 

3 Disseminated 

0 Absent 10% 0 
 

CD8a (n=10) 

Density Distribution Percentages 
of 
distribution 

Median 
infiltration 
density 
score 

0.5 Disseminated  
 
 

70% 

 
 
 

1 

0.5 Disseminated 

1 Disseminated 

2 Disseminated 

1 Disseminated 

0.5 Disseminated 

1 Disseminated 

2 Focal  
30% 

 
0.5 0.5 Focal 

0.5 Focal 

CD25 (n=10) 

1 Disseminated 10% 1 

0.5 Focal  
 

60% 

 
 

0.5 
0.5 Focal 

0.5 Focal 

0.5 Focal 

0.5 Focal 

1 Focal 

0 Absent  
30% 

 
0 0 Absent 

0 Absent 

FOXP3 (n=10) 

0.5 Focal  
30% 

 
0.5 0.5 Focal 

0.5 Focal 

0 Absent  
 
 

70% 

 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

CXCR5 (n=10) 

0.5 Disseminated 10% 0.5 

0 Absent  
 
 
 

90% 

 
 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

BCL6 (n=10) 

0 Absent  
 
 
 
 

100% 

 
 
 
 
 

  0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 
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Supplementary Table 4 Infiltration density and distribution of Individual HYP+ly 

samples. 

CD3 (n=15) 

Density Distribution Percentage
s of 
distribution 

Median 
infiltratio
n density 
score 

1.5 Disseminated  
 

33.33% 

 
 

1.5 
1 Disseminated 

3.5 Disseminated 

1.5 Disseminated 

3.5 Disseminated 

3.5 Multifocal  
 
 
 

53.33% 

 
 
 
 

3.75 

2 Multifocal 

4 Multifocal 

4 Multifocal 

3 Multifocal 

4 Multifocal 

4 Multifocal 

3 Multifocal 

4 Focal 13.33% 3.5 

3 Focal 

CD20cy (n=14) 

3 Multifocal 7.14% 3 

2 Focal  
 
 

50% 

 
 
 

2 

0.5 Focal 

2.5 Focal 

2 Focal 

3 Focal 

2 Focal 

1.5 Focal 

0 Absent  
 

42.86% 

 
 

0 
0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

CD68 (n=14) 

2.5 Disseminated  
 
 
 

64.29% 

 
 
 
 

2.5  

3 Disseminated 

2 Disseminated 

2.5 Disseminated 

1.5 Disseminated 

3 Disseminated 

3 Disseminated 

2 Disseminated 

2 Disseminated 

3 Multifocal 14.29% 2.5 

2 Multifocal 

3 Focal  
21.43% 

 
2.5 2 Focal 

2.5 Focal 

CD11c (n=12) 

3 Multifocal  
33.33% 

 
2.75 2.5 Multifocal 

3 Multifocal 

1.5 Multifocal 

1 Focal 16.67% 2 

3 Focal 

0 Absent  
 
 

50% 

 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent  
 

CD4 (n=12) 

Density Distribution Percentage
s of 
distribution 

Median 
infiltration 
density 
score 

3 Disseminate
d 

 
33.33% 

 
3 

3 Disseminate
d 

2.5 Disseminate
d 

3 Disseminate
d 

4 Multifocal  
 

41.67% 

 
 
4 

4 Multifocal 

3 Multifocal 

4 Multifocal 

4 Multifocal 

3 Focal 25% 3 

4 Focal 

3 Focal 

CD8a (n=11) 

2 Disseminate
d 

9.09% 2 

3 Multifocal  
 
 

63.64% 

 
 
 
3 

2 Multifocal 

3 Multifocal 

3.5 Multifocal 

2 Multifocal 

3 Multifocal 

3 Multifocal 

4 Focal 27.27% 2 

0.5 Focal 

2 Focal 

CD25 (n=11) 

1 Disseminate
d 

 
27.27% 

 
1 

1 Disseminate
d 

1 Disseminate
d 

2.5 Multifocal  
36.36% 

 
2.25 2 Multifocal 

2 Multifocal 

3 Multifocal 

2.5 Focal  
36.36% 

 
2.25 1.5 Focal 

3 Focal 

2 Focal 

FOXP3 (n=12) 

2 Disseminate
d 

8.33% 2 

2 Multifocal 16.67% 2 

2 Multifocal 

1 Focal  
33.33% 

 
1.5 3 Focal 

1 Focal 

2 Focal 

0 Absent   
 

41.67% 

 
 
0 

0 Absent 

0 Absent  

0 Absent 

0 Absent 

 
Supplementary Table 4: cont. 
 
 



238 | P a g e  
 

Supplementary Table 4: cont. 
 
 

CXCR5 (n=11) 

Density Distribution Percentages 
of 
distribution 

Median 
infiltration 
density 
score 

2.5 Multifocal 9.09% 2.5 

4 Focal  
36.36% 

 
3.75 2 Focal 

4 Focal 

3.5 Focal 

0 Absent   
 

54.56% 

 
 

0 
0 Absent 

0 Absent  

0 Absent 

0 Absent  

0 Absent 
 

BCL6 (n=12) 

Density Distributio
n 

Percentage
s of 
distribution 

Median 
infiltration 
density 
score 

0 Absent   
 
 

 
 
 

100% 

 
 

 
 
 
 

0 

0 Absent 

0 Absent  

0 Absent 

0 Absent  

0 Absent 

0 Absent  

0 Absent 

0 Absent  

0 Absent 

0 Absent  

0 Absent 
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Supplementary Table 5 Infiltration density and distribution of Individual GCNIS 

samples.  

CD3 (n=15) 

Density Distribution Percentage
s of 
distribution 

Median 
infiltratio
n density 
score 

2 Disseminated  
 
 
 
 

66.67% 

 
 
 
 
 
2 

1.5 Disseminated 

1.5 Disseminated 

1.5 Disseminated 

1.5 Disseminated 

2 Disseminated 

3 Disseminated 

2 Disseminated 

2 Disseminated 

3 Disseminated 

3.5 Multifocal  
 

26.67% 

 
 

2.75 
2.5 Multifocal 

2 Multifocal 

3 Multifocal 

3 Focal 6.67% 3 

CD20cy (n=14) 

1 Disseminated 7.14% 1 

0.5 Focal 14.29% 1.5 

2.5 Focal 

0 Absent  
 
 
 
 

78.57% 

 
 
 
 
 
0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

CD68 (n=15) 

2.5 Disseminated  
 
 
 
 

93.33% 

 
 
 
 
 

2.25 

2 Disseminated 

2.5 Disseminated 

3.5 Disseminated 

1.5 Disseminated 

2 Disseminated 

1.5 Disseminated 

2 Disseminated 

2 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

2 Disseminated 

2.5 Disseminated 

3 Disseminated 

0 Absent 6.67 0 
 

CD11c (n=15) 

Density Distribution Percentages of 
distribution 

Median 
infiltration 
density 
score 

3 Disseminated  
 
 

53.33% 

 
 

 
1 

0.5 Disseminated 

2 Disseminated 

2 Disseminated 

1 Disseminated 

1 Disseminated 

1 Disseminated 

1 Disseminated 

0.5 Multifocal 6.67% 3 

3 Focal 13.33% 2.5 

2 Focal 

0 Absent  
26.67% 

 
0 0 Absent 

0 Absent 

0 Absent 

CD4 (n=14) 

2.5 Disseminated  
 
 
 
 
 

78.57% 

 
 
 
 
 
 
3 

3 Disseminated 

3 Disseminated 

3 Disseminated 

2.5 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

2.5 Disseminated 

4 Multifocal  
21.43% 

 
3 3 Multifocal 

3 Multifocal  

CD8a (n=14) 

2 Disseminated  
 
 
 
 
 

71.43% 

 
 
 
 
 
 
2 

2 Disseminated 

2 Disseminated 

1.5 Disseminated 

1.5 Disseminated 

2 Disseminated 

2.5 Disseminated 

3 Disseminated 

1.5 Disseminated 

2 Disseminated 

3.5 Multifocal  
 

28.57% 

 
 

3.25 
2 Multifocal 

4 Multifocal 

3 Multifocal 
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Supplementary Table 5 cont. 

 

CD25 (n=14) 

Density Distribution Percentage
s of 
distribution 

Median 
infiltratio
n density 
score 

1.5 Disseminated  
 

 
 

64.29% 

 
 
 
 
1 

1 Disseminated 

0.5 Disseminated 

1 Disseminated 

1 Disseminated 

1 Disseminated 

1.5 Disseminated 

2 Disseminated 

1.5 Disseminated 

2 Multifocal  
21.43% 

 
2 2 Multifocal 

2 Multifocal 

0 Absent 14.29% 0 

0 Absent 

FOXP3 (n=14) 

0.5 Disseminated  
 

35.71% 

 
 

0.5 
1.5 Disseminated 

2 Disseminated 

0.5 Disseminated 

0.5 Disseminated 

0.5 Focal 7.14% 0.5 

0 Absent  
 
 
 

57.14% 

 
 
 
 
0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 
 

CXCR5 (n=14) 

Density Distribution Percentage
s of 
distribution 

Median 
infiltratio
n density 
score 

1.5 Disseminated 14.29% 1.25 

1 Disseminated 

2 Multifocal  7.14% 2 

0.5 Focal 7.14% 0.5 

0 Absent  
 
 
 
 

71.43% 

 
 
 
 
 
0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

BCL6 (n=14) 

0 Absent  
 
 
 
 
 

100% 

 
 
 
 
 
 
0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 
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Supplementary Table 6 Infiltration density and distribution of Individual GCNIS+ly 

samples 

CD3 (n=16) 

Densit
y 

Distribution Percentages 
of 
distribution 

Median 
infiltratio
n density 
score 

2 Disseminated  
18.75% 

 
2 2 Disseminated 

2 Disseminated 

3.5 Multifocal  
 
 
 
 
 

75% 

 
 
 
 
 
 

3.5 

3.5 Multifocal 

3.5 Multifocal 

3.5 Multifocal 

4 Multifocal 

3.5 Multifocal 

2.5 Multifocal 

4 Multifocal 

3 Multifocal 

4 Multifocal 

3.5 Multifocal 

2.5 Multifocal 

4 Focal 6.25% 4 

CD20cy (n=16) 

2 Multifocal  
18.75% 

 
2 2 Multifocal 

4 Multifocal 

1.5 Focal  
 

31.25% 

 
 

1.5 
4 Focal 

1.5 Focal 

1 Focal 

0.5 Focal 

0 Absent  
 
 
 

50% 

 
 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

CD68 (n=15) 

3 Disseminated  
 

 
 
 
 

86.67% 

 
 
 
 
 
 

2.5 

2 Disseminated 

3 Disseminated 

3 Disseminated 

2.5 Disseminated 

2 Disseminated 

3 Disseminated 

2.5 Disseminated 

2 Disseminated 

2.5 Disseminated 

1.5 Disseminated 

2 Disseminated 

2 Disseminated 

2 Multifocal 13.33% 2.25 

2.5 Multifocal 
 

CD11c (n=15) 

Density Distribution Percentage
s of 
distribution 

Median 
infiltratio
n density 
score 

1.5 Disseminated 13.33% 1.75 

2 Disseminated 

3 Multifocal  
 

33.33% 

 
 

3 
3 Multifocal 

2.5 Multifocal 

3 Multifocal 

2.5 Multifocal 

2.5 Focal  
26.67% 

 
2.5 1.5 Focal 

2.5 Focal 

3 Focal 

0 Absent  
26.67% 

 
0 0 Absent 

0 Absent 

0 Absent 

CD4 (n=15) 

2 Disseminated  
 

40% 

 
 

3 
3 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

4 Multifocal  
 
 
 

60% 

 
 
 
 

4 

4 Multifocal 

4 Multifocal 

3.5 Multifocal 

4 Multifocal 

4 Multifocal 

4 Multifocal 

4 Multifocal 

4 Multifocal 

CD8a (n=15) 

2 Disseminated 13.33% 2 

2 Disseminated 

3 Multifocal  
 
 
 
 
 

80% 

 
 
 
 
 
 

3  

3 Multifocal 

3 Multifocal 

4 Multifocal 

3 Multifocal 

2.5 Multifocal 

4 Multifocal 

3.5 Multifocal 

3 Multifocal 

3 Multifocal 

2 Multifocal 

4 Multifocal 

3 Focal 6.67% 3 
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Supplementary Table 6 cont. 

CD25 (n=12) 

Densit
y 

Distribution Percentage
s of 
distribution 

Median 
infiltration 
density 
score 

2.5 Disseminated  
 

41.67% 

 
 

2 
2 Disseminated 

1.5 Disseminated 

2 Disseminated 

0.5 Disseminated 

2.5 Multifocal  
 

41.67% 

 
 

2.5 
2.5 Multifocal 

2.5 Multifocal 

2.5 Multifocal 

3 Multifocal 

3 Focal 16.67% 3 

3 Focal 

FOXP3 (n=15) 

1.5 Disseminated  
 

33.33% 

 
 
1 

0.5 Disseminated 

1 Disseminated 

3 Disseminated 

1 Disseminated 

2 Multifocal  
 

33.33% 

 
 
2 

2 Multifocal 

2 Multifocal 

2 Multifocal 

2 Multifocal 

0.5 Focal 13.33% 1.25 

2 Focal 

0 Absent 20% 0 

0 Absent 

0 Absent 
 

CXCR5 (n=16) 

Density Distributio
n 

Percentage
s 

Median 
infiltration 
density 
score 

1.5 Multifocal  
18.75% 

2 

3 Multifocal 

2 Multifocal 

0.5 Focal  
25% 

 
1 3 Focal 

1.5 Focal 

0.5 Focal 

0 Absent  
 
 
 

56.25% 

 
 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

BCL6 (n=16) 

2 Multifocal 6.25% 2 

0 Absent  
 
 
 
 
 
 
 

93.75% 

 
 
 
 
 
 
 
 

0 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 
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Supplementary Table 7 Infiltration density and distribution of Individual seminoma 

samples 

 

CD3 (n=28) 

Densit
y 

Distribution Percentage
s of 
distribution 

Median 
infiltration 
density score 

4 Disseminated  
 
 
 
 
 
 
 
 
 
 
 

89.29% 

 
 
 
 
 
 
 
 
 
 
 
 

4 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3 Disseminated 

4 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

2 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3 Disseminated 

2.5 Disseminated 

4 Disseminated 

2.5 Disseminated 

4 Disseminated 

4 Disseminated 

4 Multifocal  
10.71% 

 
4 3.5 Multifocal 

4 Multifocal 

CD20cy (n=28) 

2 Disseminated  
 
 
 

35.71% 

 
 
 
 

2 

3 Disseminated 

2 Disseminated 

1.5 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

2 Disseminated 

1 Disseminated 

2 Disseminated 

1 Disseminated 

2.5 Multifocal  
 
 
 
 
 
 
 
 

57.14% 

 
 
 
 
 
 
 
 
 

2.75  

3.5 Multifocal 

4 Multifocal 

3 Multifocal 

4 Multifocal 

4 Multifocal 

4 Multifocal 

4 Multifocal 

2 Multifocal 

2.5 Multifocal 

2 Multifocal 

4 Multifocal 

2.5 Multifocal 

2.5 Multifocal 

2.5 Multifocal 

2.5 Multifocal 

2.5 Focal 3.57% 2.5 

0 Absent 3.57% 0 
 

CD68 (n=27) 

Densit
y 

Distribution Percentage
s 

Median 
infiltratio
n density 
score 

4 Disseminated  
 
 
 
 
 
 
 
 
 
 
 
 

92.59% 

 
 
 
 
 
 
 
 
 
 
 
 
 

3.5 
 
  

3.5 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3.5 Disseminated 

4 Disseminated 

4 Disseminated 

3 Disseminated 

3.5 Disseminated 

3.5 Disseminated 

2 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

3.5 Disseminated 

2.5 Disseminated 

3 Disseminated 

3 Disseminated 

2.5 Disseminated 

3.5 Disseminated 

3.5 Disseminated 

4 Disseminated 

2.5 Disseminated 

4 Disseminated 

3 Disseminated 

3.5 Multifocal 7.40% 3.75 

4 Multifocal 

CD11c (n=28) 

4 Disseminated  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

75% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.5 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3.5 Disseminated 

4 Disseminated 

4 Disseminated 

3.5 Disseminated 

3.5 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

3.5 Disseminated 

4 Disseminated 

3.5 Disseminated 

3.5 Disseminated 

4 Disseminated 

2.5 Disseminated 

3 Disseminated 

4 Disseminated 

3 Disseminated 

3.5 Multifocal  
 
 
 
 

25% 

 
 
 
 

3.5 
  

4 Multifocal 

3.5 Multifocal 

3.5 Multifocal 

4 Multifocal 

3.5 Multifocal 

3.5 Multifocal 
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Supplementary Table 7 cont. 

 

CD4 (n=26) 

Densit
y 

Distribution Percentage
s 

Median 
infiltration 
density 
score 

4 Disseminated  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

88.46% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3.5 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

4 Disseminated 

3 Disseminated 

3.5 Disseminated 

4 Disseminated 

4 Disseminated 

3 Disseminated 

4 Disseminated 

4 Disseminated 

4 Multifocal 7.69% 3.5 

3 Multifocal 

4 Focal 3.84% 4 
 

CD8 (n=26) 

Densit
y 

Distribution Percentage
s 

Median 
infiltration 
density score 

4 Disseminated  
 
 
 
 
 
 
 
 
 
 
 
 
 

100% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.25 

4 Disseminated 

3 Disseminated 

4 Disseminated 

3 Disseminated 

3 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 

3 Disseminated 

4 Disseminated 

3.5 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

2 Disseminated 

3 Disseminated 

3.5 Disseminated 

4 Disseminated 

3 Disseminated 

3 Disseminated 

3 Disseminated 

2 Disseminated 

4 Disseminated 

4 Disseminated 

4 Disseminated 
 

  

 

 

 

CD25 (n=24) 

Density Distribution Percentages Median 
infiltration 
density 
score 

2.5 Disseminated  
 
 

 
 
 
 
 
 
 
 
 

91.67% 

 
 

 
 
 
 

 
 
 
 
 
 

2 

3 Disseminated 

2 Disseminated 

2 Disseminated 

2 Disseminated 

2 Disseminated 

2 Disseminated 

3 Disseminated 

2 Disseminated 

1.5 Disseminated 

1 Disseminated 

2 Disseminated 

2.5 Disseminated 

2 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

2 Disseminated 

2 Disseminated 

3 Disseminated 

1 Disseminated 

2 Disseminated 

2 Disseminated 

3 Multifocal 8.33% 2.25 

1.5 Multifocal 

FOXP3 (n=26)  
Density Distribution Percentages Median 

infiltration 
density 
score 

2.5 Disseminated  
 
 
 
 
 
 
 
 
 
 
 

92.30% 

 
 
 
 
 
 
 
 
 
 
 
 

2.5 
 
 
 
 
 
 
  

3 Disseminated 

2.5 Disseminated 

2 Disseminated 

2 Disseminated 

3 Disseminated 

2 Disseminated 

3 Disseminated 

2.5 Disseminated 

3.5 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

2.5 Disseminated 

2 Disseminated 

2 Disseminated 

2 Disseminated 

1.5 Disseminated 

3 Disseminated 

3 Disseminated 

2 Disseminated 

2.5 Disseminated 

1 Disseminated 

3 Disseminated 

3 Disseminated 

0 Absent 7.69% 0 

0 Absent 
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Supplementary Table 7 cont. 

 

CXCR5 (n=24)  
 
Density 

Distribution Percentages Median 
infiltration 
density 
score 

2.5 Disseminated  
 
 
 
 
 

41.67% 

 
 
 
 
 
 

2 

2 Disseminated 

2 Disseminated 

4 Disseminated 

2 Disseminated 

2 Disseminated 

2.5 Disseminated 

1 Disseminated 

1 Disseminated 

2.5 Disseminated 

4 Multifocal  
 
 
 
 
 
 
 
 
 

58.33% 

 
 
 
 
 
 
 
 

4 
  

4 Multifocal 

4 Multifocal 

4 Multifocal 

4 Multifocal 

2 Multifocal 

4 Multifocal 

4 Multifocal 

2.5 Multifocal 

4 Multifocal 

 3 Multifocal 

3.5 Multifocal 

3 Multifocal 

4 Multifocal 

 

 

 

BCL6 (n=27) 

Density Distribution Percentages Average 
infiltration 
density 
score 

1 Disseminated  
 

11.11% 

 
1 1 Disseminated 

2 Disseminated 

3 Multifocal  
 

14.81% 

 
 

3.5 
4 Multifocal 

4 Multifocal 

2.5 Multifocal 

4 Focal  
11.11% 

 
2 2 Focal 

0.5 Focal 

0 Absent  
 
 
 
 
 
 

45.90% 

 
 

 
 
 

 
 

0 
 
 
 
 
 
 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 

0 Absent 
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Supplementary Table 8 Statistical analysis of the multiple comparisons across the 

samples. The mean of each column was compared with the mean of every other column. 

Significance tested by ordinary one-way ANOVA including Tukey’s Honest Significant 

Difference Test [(Not significant (ns)= p-value ≥ 0.05), (Significant, *= p-value 0.01 to 0.05, **= 

p-value = 0.001 to 0.01, ***= p-value 0.0001 to 0.001, ****= p-value <0.0001)]. 

 
Ordinary one-way ANOVA of CD3+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly <0.0001 **** 

NSP vs. GCNIS 0.0268 * 

NSP vs. GCNIS+ly <0.0001 **** 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS 0.0452 * 

HYP+ly vs. GCNIS+ly 0.9779 ns 

HYP+ly vs. Seminoma 0.1024 ns 

GCNIS vs. GCNIS+ly 0.0077 ** 

GCNIS vs. Seminoma <0.0001 **** 

GCNIS+ly vs. Seminoma 0.3352 ns 

 

Ordinary one-way ANOVA of CD20cy+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly 0.0559 ns 

NSP vs. GCNIS 0.9630 ns 

NSP vs. GCNIS+ly 0.1082 ns 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS 0.1622 ns 

HYP+ly vs. GCNIS+ly 0.9951 ns 

HYP+ly vs. Seminoma 0.0011 ** 

GCNIS vs. GCNIS+ly 0.2917 ns 

GCNIS vs. Seminoma <0.0001 **** 

GCNIS+ly vs. Seminoma 0.0001 *** 

 

Ordinary one-way ANOVA of CD68+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly 0.9986 ns 

NSP vs. GCNIS 0.5838 ns 

NSP vs. GCNIS+ly 0.9834 ns 

NSP vs. Seminoma 0.0029 ** 

HYP+ly vs. GCNIS 0.6908 ns 

HYP+ly vs. GCNIS+ly 0.9988 ns 

HYP+ly vs. Seminoma 0.0002 *** 

GCNIS vs. GCNIS+ly 0.8325 ns 

GCNIS vs. Seminoma <0.0001 **** 

GCNIS+ly vs. Seminoma <0.0001 **** 

 

Ordinary one-way ANOVA of CD11c+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly 0.3260 ns 

NSP vs. GCNIS 0.3228 ns 

NSP vs. GCNIS+ly 0.0044 ** 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS >0.9999 ns 
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Supplementary Table 8 continue 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

HYP+ly vs. GCNIS+ly 0.4187 ns 

HYP+ly vs. Seminoma <0.0001 **** 

GCNIS vs. GCNIS+ly 0.3066 ns 

GCNIS vs. Seminoma <0.0001 **** 

GCNIS+ly vs. Seminoma <0.0001 **** 

 

Ordinary one-way ANOVA of CD4+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly <0.0001 **** 

NSP vs. GCNIS 0.0002 *** 

NSP vs. GCNIS+ly <0.0001 **** 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS 0.4052 ns 

HYP+ly vs. GCNIS+ly 0.9824 ns 

HYP+ly vs. Seminoma 0.5454 ns 

GCNIS vs. GCNIS+ly 0.1193 ns 

GCNIS vs. Seminoma 0.0037 ** 

GCNIS+ly vs. Seminoma 0.8548 ns 

 

Ordinary one-way ANOVA of CD8+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly <0.0001 **** 

NSP vs. GCNIS 0.0002 *** 

NSP vs. GCNIS+ly <0.0001 **** 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS 0.9366 ns 

HYP+ly vs. GCNIS+ly 0.5030 ns 

HYP+ly vs. Seminoma 0.0144 * 

GCNIS vs. GCNIS+ly 0.0912 ns 

GCNIS vs. Seminoma 0.0003 *** 

GCNIS+ly vs. Seminoma 0.4671 ns 

 

Ordinary one-way ANOVA of CD25+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly <0.0001 **** 

NSP vs. GCNIS 0.0361 * 

NSP vs. GCNIS+ly <0.0001 **** 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS 0.0374 * 

HYP+ly vs. GCNIS+ly 0.7026 ns 

HYP+ly vs. Seminoma 0.9454 ns 

GCNIS vs. GCNIS+ly 0.0005 *** 

GCNIS vs. Seminoma 0.0005 *** 

GCNIS+ly vs. Seminoma 0.9440 ns 

 

Ordinary one-way ANOVA of FOXP3+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly 0.0759 ns 

NSP vs. GCNIS 0.9543 ns 

NSP vs. GCNIS+ly 0.0096 ** 

NSP vs. Seminoma <0.0001 **** 
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Supplementary Table 8 continue 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

HYP+ly vs. GCNIS 0.2248 ns 

HYP+ly vs. GCNIS+ly 0.9613 ns 

HYP+ly vs. Seminoma 0.0013 ** 

GCNIS vs. GCNIS+ly 0.0344 * 

GCNIS vs. Seminoma <0.0001 **** 

GCNIS+ly vs. Seminoma 0.0063 ** 

 

Ordinary one-way ANOVA of CXCR5+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly 0.0283 * 

NSP vs. GCNIS 0.9566 ns 

NSP vs. GCNIS+ly 0.4834 ns 

NSP vs. Seminoma <0.0001 **** 

HYP+ly vs. GCNIS 0.0898 ns 

HYP+ly vs. GCNIS+ly 0.4474 ns 

HYP+ly vs. Seminoma 0.0018 ** 

GCNIS vs. GCNIS+ly 0.8509 ns 

GCNIS vs. Seminoma <0.0001 **** 

GCNIS+ly vs. Seminoma <0.0001 **** 

 

Ordinary one-way ANOVA of BCL6+ cells 

Tukey's multiple 
comparisons test 

Adjusted P Value Summary 

NSP vs. HYP+ly >0.9999 ns 

NSP vs. GCNIS >0.9999 ns 

NSP vs. GCNIS+ly 0.9965 ns 

NSP vs. Seminoma 0.0544 ns 

HYP+ly vs. GCNIS >0.9999 ns 

HYP+ly vs. GCNIS+ly 0.9956 ns 

HYP+ly vs. Seminoma 0.0338 * 

GCNIS vs. GCNIS+ly 0.9949 ns 

GCNIS vs. Seminoma 0.0220 * 

GCNIS+ly vs. Seminoma 0.0514 ns 
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Supplementary Table 9 CD3+T cells-  statistical analysis of the multiple comparisons 

across the different localisation of TGCT samples. The mean of each column was 

compared with the mean of every other column. Significance tested by ordinary one-way 

ANOVA including Tukey’s Honest Significant Difference Test [(Not significant (ns)= p-value ≥ 

0.05), (Significant, *= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 0.0001 to 

0.001, ****= p-value <0.0001)]. Most important comparison are in bold. 

 

Ordinary one-way ANOVA of CD3+ T cells 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj 0.0012 ** 

Seminoma-Tumor vs. Seminoma-Tumor-Dis <0.0001 **** 

Seminoma-Tumor vs. Seminoma-Contralateral 1 <0.0001 **** 

Seminoma-Tumor vs. Seminoma-Contralateral 2 <0.0001 **** 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis 0.9985 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 0.9645 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 0.7251 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 0.9986 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

0.0180 * 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

0.0281 * 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.0104 * 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.0126 * 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj 0.8917 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis 0.4644 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 0.2494 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.2989 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 0.9955 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 0.9980 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 >0.9999 ns 
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Supplementary Table 10 CD4+Th cells: statistical analysis of the multiple comparisons 

across the different localisation of TGCT samples. The mean of each column was 

compared with the mean of every other column. Significance tested by ordinary one-way 

ANOVA including Tukey’s Honest Significant Difference Test [(Not significant (ns)= p-value ≥ 

0.05), (Significant, *= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 0.0001 to 

0.001, ****= p-value <0.0001)]. Most important comparison are in bold. 

Ordinary one-way ANOVA of CD4+ Th cells 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj 0.0003 *** 

Seminoma-Tumor vs. Seminoma-Tumor-Dis <0.0001 **** 

Seminoma-Tumor vs. Seminoma-Contralateral 1 <0.0001 **** 

Seminoma-Tumor vs. Seminoma-Contralateral 2 <0.0001 **** 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis 0.8453 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 0.9780 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 0.9256 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 >0.9999 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

0.0052 ** 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

0.0018 ** 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.0017 ** 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.0216 * 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj 0.4101 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis 0.0296 * 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 0.0262 * 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.1501 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis 0.9982 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 0.9810 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 >0.9999 ns 
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Supplementary Table 11 CD8+Tc cells: statistical analysis of the multiple comparisons 

across the different localisation of TGCT samples. The mean of each column was 

compared with the mean of every other column. Significance tested by ordinary one-way 

ANOVA including Tukey’s Honest Significant Difference Test [(Not significant (ns)= p-value ≥ 

0.05), (Significant, *= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 0.0001 to 

0.001, ****= p-value <0.0001)]. Most important comparison are in bold. 

 

Ordinary one-way ANOVA of CD8+ Tc cells 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj 0.3704 ns 

Seminoma-Tumor vs. Seminoma-Tumor-Dis 0.0512 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 1 0.0525 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 2 0.0173 * 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis 0.9998 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 0.9901 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 0.9609 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 >0.9999 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

0.2172 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

0.7592 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.0713 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.9910 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.9892 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.9964 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.8593 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj 0.9927 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis 0.9780 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 0.8948 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.8933 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 >0.9999 ns 
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Supplementary Table 12 CD68+Macrophages cells: statistical analysis of the multiple 

comparisons across the different localisation of TGCT samples. The mean of each 

column was compared with the mean of every other column. Significance teted by Ordinary 

One-way ANOVA including Tukey’s Honest Significant Difference test [{Not significant (ns): p 

value ≥ 0.05}, {Significant (*): p value = 0.01 to 0.05}, {Very significant (**): p value = 0.001 to 

0.01}, {Extremely significant (***): p value = 0.0001 to 0.001}, {Extremely significant (****): p 

value <0.0001}]. Most important comparison are in bold. 

 

Ordinary one-way ANOVA of CD68+ Macrophages cells 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj >0.9999 ns 

Seminoma-Tumor vs. Seminoma-Tumor-Dis 0.9972 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 2 >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis 0.9929 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 0.9993 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

0.4670 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

0.5318 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.7846 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.9657 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.9697 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.9972 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj 0.9927 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis 0.9780 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 0.8948 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.8933 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 >0.9999 ns 
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Supplementary Table 13 CD20cy+ B cells: statistical analysis of the multiple 

comparisons across the different localisation of TGCT samples. The mean of each 

column was compared with the mean of every other column. Significance tested by ordinary 

one-way ANOVA including Tukey’s Honest Significant Difference Test [(Not significant (ns)= 

p-value ≥ 0.05), (Significant, *= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 

0.0001 to 0.001, ****= p-value <0.0001)]. Most important comparison are in bold. 

Ordinary one-way ANOVA of CD20cy B cells 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj 0.9974 ns 

Seminoma-Tumor vs. Seminoma-Tumor-Dis >0.9999 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 1 0.9859 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 2 0.9227 ns 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 0.9996 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj 0.3646 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis 0.3468 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 0.3842 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.6255 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 >0.9999 ns 
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Supplementary Table 14 CD25+FOXP3+ Treg cells: statistical analysis of the multiple 

comparisons across the different localisation of TGCT samples. The mean of each 

column was compared with the mean of every other column. Significance tested by ordinary 

one-way ANOVA including Tukey’s Honest Significant Difference Test [(Not significant (ns)= 

p-value ≥ 0.05), (Significant, *= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 

0.0001 to 0.001, ****= p-value <0.0001)]. Most important comparison are in bold. 

 

Ordinary one-way ANOVA of CD25+FOXP3+ Treg 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj 0.0374 * 

Seminoma-Tumor vs. Seminoma-Tumor-Dis 0.4000 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 1 0.0380 * 

Seminoma-Tumor vs. Seminoma-Contralateral 2 0.0022 ** 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 0.9992 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 0.9997 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 0.9431 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

0.9813 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

0.9958 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

0.9974 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

0.9985 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj >0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.9973 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 0.9646 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 0.9718 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 0.9995 ns 
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Supplementary Table 15 CXCR5+BCL6+ Tfh cells: statistical analysis of the multiple 

comparisons across the different localisation of TGCT samples. The mean of each 

column was compared with the mean of every other column. Significance tested by ordinary 

one-way ANOVA including Tukey’s Honest Significant Difference Test [(Not significant (ns)= 

p-value ≥ 0.05), (Significant, *= p-value 0.01 to 0.05, **= p-value = 0.001 to 0.01, ***= p-value 

0.0001 to 0.001, ****= p-value <0.0001)]. Most important comparison are in bold. 

Ordinary one-way ANOVA of CXCR5+BCL6+ Tfh 

Tukey's multiple comparisons test Adjusted 
P Value 

Summary 

Seminoma-Tumor vs. Seminoma-Tumor-Adj 0.2294 ns 

Seminoma-Tumor vs. Seminoma-Tumor-Dis 0.9782 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 1 0.8401 ns 

Seminoma-Tumor vs. Seminoma-Contralateral 2 0.2904 ns 

Seminoma-Tumor-Adj vs. Seminoma-Tumor-Dis 0.9978 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Adj vs. Seminoma-Contralateral 2 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 1 >0.9999 ns 

Seminoma-Tumor-Dis vs. Seminoma-Contralateral 2 0.9985 ns 

Seminoma-Contralateral 1 vs. Seminoma-Contralateral 2 >0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Adj 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma (≥80%)-
Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%) -Tumor vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Tumor-Dis 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Adj vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 1 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Tumor-Dis vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Embryonal carcinoma (≥80%)-Contralateral 1 vs. Embryonal carcinoma 
(≥80%)-Contralateral 2 

>0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Adj 0.9991 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 1 0.9904 ns 

Mixed Tumors-Tumor vs. Mixed Tumors-Contralateral 2 0.9975 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Tumor-Dis >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Adj vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 1 >0.9999 ns 

Mixed Tumors-Tumor-Dis vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

Mixed Tumors-Contralateral 1 vs. Mixed Tumors-Contralateral 2 >0.9999 ns 

 

 

 


