
Abstract. Background/Aim: Testicular cancers, particularly 
seminomas and non-seminomas, generally have a favorable 
prognosis, although a small subset of patients experience 
mortality. Current knowledge of clinical markers associated with 
relapse and poor prognosis in seminoma is limited. Chemokines, 
key proteins in the tumor microenvironment, are underexplored 
in seminoma prognosis. Additionally, tumor-infiltrating 
lymphocytes (TILs), which play a critical role in cancer 
prognosis, require further investigation in the context of 
seminoma. Patients and Methods: Samples from 25 seminoma 
patients and 24 control patients who underwent orchiectomy were 
immunohistochemically (IHC) stained for chemokines CXCR4, 
CXCR5, and their ligands CXCL12, CXCL13, and the 
proliferation marker Ki-67. The associations between IHC results 
and clinical presentations were examined. Results: Chemokine 
profiles differed between seminoma and normal testis. The 
expression of chemokines in TILs in seminoma samples was 
especially over-expressed. The cytoplasmic expression of 
CXCL13 in TILs multiplied by the percentage of TILs in each 

sample, appeared to approach statistical significance concerning 
the likelihood of relapse. Conclusion: The involvement of TILs in 
seminoma biology warrants further investigation, especially their 
role in the tumor micro-environment and pathogenesis. 
Chemokine and Ki-67 expression in TILs could serve as potential 
markers for assessing seminoma prognosis.  
 
Testicular cancer is the most common malignant tumor in 
men aged 25-35, accounting for 1% of all cancers (1). The 
occurrence of testicular cancer has increased remarkably in 
the past 40 years (2); however, its prognosis is extremely 
good, with a cure rate close to 100% in non-metastatic 
disease (3). Testicular cancer often presents as a painless 
mass in the testicle. Patients may also present with 
symptoms reminiscent of orchitis or epididymitis, such as 
swelling or pain and discomfort in the pelvic area (2).  

The most widely recognized risk factor for testicular cancer 
is cryptorchidism (4). Around 90-95% of testicular cancers 
originate from germ cells, which are referred to as testicular 
germ cell tumors (TGCTs). They can be further categorized 
histologically into seminomas and non-seminomas. Seminomas 
consist of gonocyte-like altered germ cells (4). Seminomas are 
classified as pure and are generally thought to contain no 
elements of other histological subtypes (5).  

Tumor infiltrating lymphocytes (TILs) are histologically an 
integral part of seminoma, creating lymphoid aggregates (6). 
They are vital in restricting and surveilling tumor growth and 
proliferation. Greater numbers of TILs seem to be associated 
with a less aggressive clinical presentation in various 
carcinomas, including seminoma. The presence of TILs is 
thought to correlate with the efficacy of immune checkpoint 
blockade (ICB) medication (7). The idea of immune cells 
playing a vital role in cancer prognosis has been increasingly 
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posited over the last few years (8). T-lymphocytes seem to be 
the most prominent and best identified immune cells within 
the carcinoma microenvironment (9). 

The testis is a distinctive immunological environment due 
to the blood-testis barrier and its intricate mechanisms 
maintaining immune defense (10, 11). Serum beta-human 
chorionic gonadotropin (β-hCG), alpha-fetoprotein (AFP), and 
lactate dehydrogenase (LDH) are used during diagnostic 
procedures and during the follow up of testicular cancer to 
evaluate prognosis and treatment outcomes (2, 3). High levels 
are also thought to be associated with a higher probability of 
relapse. Of these markers, increased AFP production occurs 
only in non-seminomas; therefore, pure seminomas should not 
present with elevated AFP. Another potential biomarker that 
could be used in seminoma prognosis is the cytokine MIF 
(Macrophage migration inhibitory factor), which has been 
shown to be related to higher stage in TCGT (12). A minority 
of cases have refractory disease and the possibility of excess 
mortality, even though seminoma and testicular cancer have 
an excellent prognosis. More predictive biomarkers are needed 
to categorize high-risk patients who need adjuvant therapies 
and those who would benefit more from a surveillance policy. 
The histopathological assessment of the tumor sample, namely 
tumor size and the extent of testis invasion, currently seems 
to be the most reliable way to predict clinical outcome, rather 
than serum tumor markers (13). The preoperative evaluation 
of inflammatory markers could be a useful tool to predict the 
clinical presentation of seminoma (14). 

Chemokines are a class of proteins characterized by low 
molecular weight and the ability to function as 
chemoattractants, hence being able to influence the migration 
of adjacent cells (15). They play a pivotal role in, e.g., the 
regulation of inflammation, and their function is abnormal in 
many chronic conditions, such as autoimmune disorders. 
Certain chemokines can assist a cancer’s proliferation and 
growth within its microenvironment (15). The  ligands 
CXCL12 and CXCL13 and their receptors CXCR4 and 
CXCR5 have been detected in seminoma (16-18), but their 
clinical significance needs further exploration. 

Ki-67 expression is highly associated with cancer cells’ 
proliferation and growth (19). Ki-67 has commonly been 
used as an indicator of seminoma’s proliferative activity 
(20), but its role in seminoma’s clinical implications seems 
unclear (21). In addition it is commonly used as a prognostic 
and predictive marker in many cancers, and its expression 
seems to correlate with both metastasizing and poor cancer 
cell differentiation (19).  

This study’s purpose was to assess the chemokine profile 
in seminoma and the differences between seminoma and 
normal testes. The study design was based on our previous 
studies (22, 23). Another point of interest was how the 
expression of chemokines and Ki-67 in tumor cells and TILs 
affected the clinical presentation of seminoma. 

Patients and Methods 
 
Patients. The study population comprised 25 male patients with de 
novo seminoma, diagnosed and treated in the Northern Ostrobothnia 
Hospital district. The control samples included 24 normal/non-
neoplastic testes; the purposes of their orchiectomy included 
palliative surgical castration due to prostate adenocarcinoma (n=16), 
exploration surgery for undefined tumor (n=3), unidentified cause 
of testicular pain (n=3), and not known (n=2). All patients and 
control patients underwent orchiectomy as the initial treatment, and 
all seminoma patients had a TNM stage I-II disease. Additional 
treatment options in the seminoma group included radiation therapy 
(n=11), chemotherapy (n=12), and regional lymphadenectomy 
(n=1). The chemotherapy comprised carboplatin (n=7) and cisplatin, 
etoposide, and bleomycin (PEB) (n=5). Two patients were not given 
any additional treatment regimens. Table I presents the patient 
demographics. The patients’ median age was 36 years (range=22-
77 years). The patients’ median age in the control group was 74.5 
years at the time of orchiectomy (47-85 years). The clinical 
information collected from hospital records included age, date of 
diagnosis, follow-up status, date of relapse, given treatment, 
presence of general symptoms, TNM stage, serum tumor markers 
(LDH, AFP, β-HCG), s-classification, cryptorchidism, microlithiasis 
and the IGCCCG-classification. 

This study was approved by the Ethical Committee of North 
Ostrobothnia’s Hospital District (251/2019). This study followed the 
principles of the Declaration of Helsinki. 
 
Immunohistochemistry. The diagnostic biopsy samples were used 
for immunohistochemical (IHC) analysis. The same IHC procedure 
and antibodies were used as previously reported (22, 23), and the 
IHC staining was performed on CXCL12, CXCL13, CXCR4, 
CXCR5, and Ki67. 
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Table I. Clinical information of the seminoma group, n=25.  
 
                                                                               n (%) 
 
Age                                                                              
  <40 years                                                          19 (76.0) 
  ≥40 years                                                           6 (24.0) 
Stage                                                                            
  I                                                                        22 (88.0) 
  II                                                                        3 (12.0) 
B-symptoms                                                                
  None                                                                25 (100.0) 
  Yes                                                                          0 
LDH                                                                             
  Elevated                                                           17 (68.0) 
  Normal                                                              6 (24.0) 
  NA                                                                      2 (8.0) 
AFP                                                                             
  Elevated                                                             1 (4.0) 
  Normal                                                             24 (96.0) 
hCG                                                                             
  Elevated                                                            4 (16.0) 
  Normal                                                             21 (84.0) 
 
LDH: Lactate dehydrogenase; AFP: alpha fetoprotein; hCG: human 
chorionic gonadotropin; NA: not available. 



Statistical analysis. The IBM SPSS Statistics for Windows tool 
(IBM, Armonk, NY, USA) was used for statistical analysis. Survival 
analysis was performed using the Kaplan–Meier analysis. Overall 
survival (OS) was defined from the date of diagnosis to the last 
follow-up date or death, whichever came first. Progression-free 
survival (PFS) was calculated from the date of diagnosis to the last 
follow-up or the date of the histopathological confirmation of 
relapse or progression, whichever came first. Interval variables were 
turned into binary index variables using the ROC curve method. 
Crosstabulation chi-square test and Fisher’s exact test were used to 
detect statistically significant associations between index variables.  

Histoscore variables were created to turn marker expression 
levels into more representative values as previously reported (23). 
Correlation was calculated using bivariate correlations via the 
Pearson test. Correlations above 0.4 and under –0.4 with a p-value 
less than 0.05 were considered significant. Hazard ratios (HR) and 
confidence intervals (CI) were calculated using the Cox regression 
model. The criterion for statistical significance was p-value <0.05. 

 
Results  

Expression of immunohistochemical markers. All tested IHC 
markers were expressed in seminoma samples (Table II, Figure 
1). In normal testicular samples, lymphocytes showed very 
little CXCL12 expression, with only two samples showing 
weak expression. In contrast, none of the seminoma samples 
were positive for CXCL12 in TILs. Weak cytoplasmic 
CXCL12 expression was observed in 23/23 seminiferous cells 
in normal samples, whereas in seminoma samples, four 
presented weak expression and one showed strong expression.  

CXCL13 showed weak nuclear expression in TILs in 8/24 
samples and strong expression in 3/24 normal samples. In 
seminoma samples, weak and strong nuclear expression was 
observed in 20 out of 25 and 19 out of 25 samples, 
respectively. Normal samples did not express cytoplasmic 
CXCL13 in lymphocytes and neither nuclear nor cytoplasmic 
CXCL13 in seminiferous cells. Seminoma cells showed 
weak cytoplasmic expression in TILs in 18/25 samples. 
CXCL13 showed weak nuclear expression in 8/25 seminoma 
cell samples and weak cytoplasmic expression in 5/25 
seminoma cell samples.  

Regarding CXCR4 immunoreactivity in TILs, one sample 
showed weak nuclear expression in the normal group, 
whereas two samples showed weak nuclear expression in the 
seminoma group. Regarding membranous expression, 22/24 
of normal samples and 25/25 of seminoma samples showed 
weak expression. None of the normal samples presented 
strong expression, whereas strong expression was found in 
7/25 seminoma samples. Normal samples were associated 
with higher Histoscore (p<0.001). 

Regarding CXCR5, 8/19 of normal samples showed weak 
membranous expression in TILs and 5/19 showed strong 
expression. In seminoma samples, the figures were 19 out of 
25 for weak expression and 6 out of 25 for strong 
expression. Weak membranous expression of CXCR5 in 

seminiferous cells was observed in 9 out of 23 non-
seminoma samples, while none of the seminoma samples 
showed membranous CXCR5 expression in seminoma cells. 

The quantity of TILs in the non-neoplastic samples ranged 
from 0-8% (median 1%); while in seminoma samples, TILs 
ranged from 1 to 25% (median 5%) of the total cellularity. The 
seminoma samples were associated with a higher number of 
TILs (p=0.005). 

The present study found several statistically significant 
correlations between different cytokines. CXCR5 membranous 
Histoscore was correlated with CXCR4 nuclear Histoscore in 
TILs (r=0.418, p=0.005). The CXCR4 membranous multiplied 
Histoscore was correlated with the Histoscore value of 
membranous CXCR5 in TILs (r=0.519, p<0.001). It also 
correlated with the Histoscore of nuclear CXCL13 Histoscore 
in TILs (r=0.424, p=0.002).  

Associations with clinical presentation. Regarding associations 
with clinical markers, the cytoplasmic expression of CXCL13 
in TILs, multiplied by the percentage of TILs in each sample, 
reached statistical significance in relation to the likelihood of 
relapse (p=0.093). Higher nuclear expression of CXCL13 in 
TILs was nearly significantly associated with elevated LDH 
levels (p=0.059). Neither of the serum markers, including 
elevated hCG, LDH, nor age greater than 40 were statistically 
significantly associated with a higher probability of relapse. 
These markers were also not significantly associated with any 
chemokine or Ki-67 expression. 
 
Survival correlations. The mean follow-up time was 109.6 
months (range=20-160 months), and the median time from 
diagnosis to relapse was 10.5 months (range=8-13 months). 
The number of relapses was two in the present cohort. The  
5-year PFS rate in seminoma patients was 91.7 % and the 5-
year OS was 100%. Figure 2 presents the PFS rate with regard 
to cytoplasmic CXCL13 in TILs. The 5-year PFS rate in the 
high cytoplasmic CXCL13 group was 75%. The HR was not 
statistically significant (p=0.442, 95%CI=0.000-4200).  
 
Discussion 
 
This study revealed new information about TILs in the 
biology of seminoma and may offer valuable insights for 
further studies on this topic. A limited number of studies on 
this subject have been conducted, especially on seminomas, 
as opposed to testicular germ cell tumors in general. The 
cytoplasmic expression of CXCL13 in TILs, multiplied by 
the percentage of TILs, approached statistical significance 
regarding the likelihood of relapse. 

Research on seminomas related to chemokines and Ki-67 is 
limited. CXCR4 is frequently over-expressed among chemokine 
receptors in lung, prostate, and breast cancers and it is believed 
to direct metastasis to locations with high concentrations of 
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Figure 1. The representation of markers stained in this study at 40× magnification. 



CXCL12, such as the bone marrow (18). This characteristic has 
also been hypothesized to be present in seminoma. The 
CXCL12-CXCR4 ligand-receptor axis seems to play a crucial 
role in the homing of certain stem cells and can influence the 
metastatic destination of tumor cells during embryo development 
(24). Additionally, CXCL12 and its receptors can act as targets 
for the transcription factor ETV5 (18). This pathway leads to an 
increase in the proliferation of spermatogonial stem cells while 
suppressing their differentiation. Lower expression of CXCL12 
has previously been associated with organ-restricted tumors and 
a reduction in relapse likelihood in TGCTs (16). Seminoma 
patients with high levels of CXCR4 expression had a worse 
prognosis in another published study (25). However, CXCL12 
expression was not associated with relapse in all testicular 
carcinoma patients, although CXCL12 seemed to be associated 
with an improved, relapse-free-survival in non-seminomas (13). 
CXCL12 is predominantly found in non-seminomas, which may 
partly explain these results. CXCR4 and CXCL12 also seemed 
to be commonly co-expressed, as indicated by the current study, 
which found a correlation between cytoplasmic CXCL12 and 
membranous CXCR4 in TILs. However, the expression of these 
markers did not seem to be associated with tumor stage.  

According to the prevailing evidence, the CXCL13−CXCR5-
axis seems to control the infiltration of lymphocytes in the 
tumor microenvironment, which in part plays a role in the 
efficacy of certain cytotoxic cancer medications (15). Common 
serum markers (AFP, hCG, LDH) incorporated in the 
surveillance protocol did not seem useful in the early detection 
of relapse in stage I seminoma patients (26). These serum tumor 
markers might be more useful in non-seminoma patients. A 
previous study (17) found a significant increase in CXCL13 
expression in testicular germ cell neoplasia, as well as a slight 
increase in testes without neoplastic cells but with lymphocytic 
infiltration.  

Another interesting pathway in the pathophysiology of cancer 
is the PD-1−CXCL13-axis. Programmed death 1 (PD-1) is a vital 

regulator of peripheral self-tolerance, leading to the apoptosis of 
unwanted T-cells (27). Anti-PD-1 medication increased OS and 
PFS in patients with melanoma and lung cancer (27). 
Additionally, higher expression of PD-1 in TILs seems to lead to 
a worse clinical manifestation in a handful of tumor types. CD8+ 
lymphocytes that express high amounts of PD-1 have high levels 
of CXCL13 secretion, at least in non-small cell lung cancer (15). 
This pathway seems to increase the number of immune cells 
directed to the tumor microenvironment, thereby enhancing the 
efficacy of anti-PD-1-therapies and being associated with an 
extended OS. Seminomas are characterized by a significant 
presence of CD8+ T-cells expressing PD-1. Moreover, greater 
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Figure 2. Progression-free survival grouped by cytoplasmic CXCL13 in 
tumor infiltrating lymphocytes (TILs) multiplied by the percentage of 
TILs (p=0.033).

Table II. The expression of immunohistochemical markers in different cell structures of seminoma.  
 
                                               Cytoplasm                                                         Nuclei                                                               Membranes 
 
Marker                Negative         Weak             Strong           Negative             Weak               Strong             Negative               Weak               Strong 
 
CXCR4                      -                    -                      -                       -                       -                       -                     25/25                  0/25                  0/25  
CXCR4*                    -                    -                      -                   23/25                2/25                 0/25                  0/25                  25/25                 7/25 
CXCR5                      -                    -                      -                       -                       -                       -                     25/25                   0/25                 0/25  
CXCR5*                    -                    -                      -                       -                       -                       -                      6/25                   19/25                 6/25 
CXCL12                20/25            5/25               1/25               25/25                0/25                 0/25                 25/25                  0/25                 0/25  
CXCL12*                  -                    -                      -                       -                       -                       -                     25/25                   0/25                 0/25  
CXCL13                21/25            4/25               0/25               17/25                8/25                 0/25                 25/25                  0/25                 0/25  
CXCL13*               7/25             18/25              0/25                2/25                20/25               19/25                    -                          -                        - 
Ki-67                         -                    -                      -                   13/23               10/23                   -                         -                          -                        - 
  
*Tumor infiltrating lymphocytes.



TIL densities are associated with a lower stage and an absence 
of lymphovascular invasion at diagnosis (28). Additionally, a 
higher neutrophil-to-lymphocyte ratio was associated with a 
higher likelihood of relapse and metastasis in seminoma and 
NSGCT (29). 

Ki-67 and seminoma metastasis at the point of diagnosis 
do not correlate (21). Furthermore, a recent study (30) found 
that efficacy of Ki-67 as a useful biomarker for clinical 
practice in TCGTs. The MKI67 hub gene seemed to be up-
regulated in seminoma in another study (31). More research 
on Ki-67 is needed on this topic.  

Study limitations. The study population of seminoma 
patients was small, representing a pilot study, and these 
results cannot be extrapolated to a larger population. There 
were only two cases of relapse within the seminoma group 
with no mortality, partly due to the comparatively favorable 
clinical presentation of seminoma. Additionally, the study 
was retrospective in nature. The extent of available clinical 
information was limited to the amount gathered during the 
initial diagnosis, e.g., other serum markers, such as 
testosterone and thyrotropin, were unavailable at the time of 
diagnosis. Furthermore, the expression of the studied 
chemokines was detected in limited quantities in the 
samples.  

Future research on TILs is needed to determine their 
potential in the biology of seminoma. The properties of the 
tumor microenvironment significantly impact the prognosis 
and clinical features in cancer patients, although the extent 
of this of this influence in seminoma is uncertain. 
Additionally, more accurate indicators for identifying 
relapse-prone seminoma are needed.  

This study has identified several potential targets for future 
exploration. The role of Ki-67 in seminoma and its relation to 
TILs could be further tested, especially in clinical practice. 
Serum tumor markers could be more expedient in terms of 
clinical efficacy, because measuring tumor markers in 
pathological samples could be more costly and time-consuming.  
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