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Abstract: Testicular germ cell tumors (TGCTs) are the most commonly diagnosed malignancies in
younger men. The monitoring of disease course and recurrence is supported by traditional tumor
markers, including α-fetoprotein (AFP). AFP is physiologically synthesized in the liver and can be
detected at increased levels in testicular cancer patients as well as under other benign liver diseases,
which have been reported as a misleading cause of interpretation of TGCTs clinical course. A cluster of
stem cell-associated microRNAs has been reported to outperform traditional tumor markers in newly
diagnosed TGCTs, but the value of these microRNAs to differentiate between specific and unspecific
AFP elevations, has never been reported. We report here a patient with chronic hepatitis B and
normal liver related blood values presenting with a surgically removed primary TGCT and elevated
AFP levels. Clinical staging revealed a suspect retroperitoneal metastatic lymph node together with
other risk factors and first line treatment with PEB chemotherapy was administered. During curative
treatment significantly rising AFP levels led to the assumption of chemo-resistant disease, mandating
the initiation of salvage chemotherapy and surgical removal of the putative lymph node metastases.
The AFP levels continuously decreased with the interruption of chemotherapeutic agents, indicating
a chemotherapy-induced liver toxicity on the basis of pre-existing liver disease. MiR-371a-3p serum
levels were not detectable in serum samples with elevated AFP levels. In conclusion, miR-371a-3p
may be a reliable biomarker to differentiate between non-specific AFP elevations in TGCTs patients.
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1. Introduction
Testicular germ cell tumors (TGCTs) are the most commonly diagnosed malignancies in men
aged 15 to 40 years in developed countries, accounting for approximately 1% of all male cancers [1].
Though the incidence rate increases over time, the mortality rate declines due to improved multimodal
treatment options within the last few decades [2]. In terms of treatment and prognosis, TGCTs
are subdivided into two major groups: Seminoma and non-seminomatous germ cell tumors [3].
In metastatic TGCT, prognosis and therapy depend on the location of metastases and tumor
marker levels [4]. Patients are generally stratified and managed according to the International Germ
Cell Cancer Consensus Group (IGCCCG) recommendations. For treatment response evaluation a
follow-up monitoring of the blood-based tumor markers alpha-fetoprotein (AFP), the β-subunit of
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human chorionic gonadotropin (β-HCG), and lactate dehydrogenase (LDH) are commonly used.
However, these tumor markers are increased in only about 60% of TGCT patients. Moreover, in pure
seminoma patients, only β-HCG is increased in about 20% of patients [3,4]. Besides a lack of
sensitivity, false positive (“non-specific”) elevations of AFP in patients with non-seminomatous germ
cell cancer is possible and can be caused by infectious liver disease, liver cirrhosis, or hepatocellular
carcinoma [5,6]. Basically, AFP is synthesized by the liver, the yolk sac and gastrointestinal epithelial
cells [7]. Under physiological conditions, AFP synthesis is restricted to the fetal development, whereas
in adults, elevated levels are indicative for either a malignant process (TGCTs, hepatic tumors) or
chronic liver disease [8,9].
MicroRNAs are small endogenous non-coding RNAs with important intracellular and extracellular
functions in cancer and normal cells [10]. MicroRNAs harbor some features, making them ideal
biomarkers in body fluids including tissue-specificity, chemical stability, robustness, and established
detection methods [11]. In recent years, different clusters of microRNAs (miR-371-373 and miR-302)
have been shown to be expressed in TGCTs regardless of patient age, tumor site and subtype [12].
Measurable levels in body fluids are therefore proposed as a potential new diagnostic marker in TGCTs
patients [13]. Very recently, a prospective multi-center study conducted in more than 600 TGCTs
patients demonstrated a sensitivity of 90.1% and a specificity of 94.0% for microRNA-371a-3p to
detect TGCTs in patients [14]. Moreover, this microRNA seems to be useful in detecting recurrence of
TGCTs after curative treatment [15]. Based on these promising results, we got interested whether this
serum-based microRNA might also be helpful in certain cases of non-specific elevation of AFP levels
in the setting of a TGCT history as illustrated in the following case report.
2. Case Report
In this case report, we are discussing the case of a ~45-year-old patient who presented with a
swelling of his right testicle. Ultrasound of the right testicle revealed a dense mass and blood tests
showed an AFP elevation (365.5 ng/mL, normal range 0–15 ng/mL). β-HCG levels in serum were initially
slightly elevated (26.1 U/mL), but remained always in the normal range after surgery (<1.2 mU/mL).
LDH levels kept normal during the course of disease. The patient underwent orchiectomy with
histological diagnosis of pure embryonal carcinoma (3.5 cm in largest diameter; invasion of blood
vessels, AFP-positive). A consecutively performed computed tomography staging described a solitary
enlarged retroperitoneal lymph node (1.5 × 0.9 cm) resulting in a clinical stage IIA, good risk according
to IGCCCG classification. The patient presented with embryonal carcinoma histology >50%—a
generally histological subtype with high risk of relapse in stage I cancer (EAU guidelines 2019)—and
vascular invasion in the primary tumor, both criteria warranting the administration of one cycle of PEB
chemotherapy even in stage I non-seminoma germ cell tumors. In our stage IIA case, we decided to
start with a curative approach with chemotherapy (PEB, cisplatin, etoposide, and bleomycine according
to current treatment guidelines (Figure 1)) [4].
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Figure 1. Overview of the treatment timeline including biopsies, clinical re-evaluation and follow up.
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(PCT = polychemotherapy; PEB = cisplatin, etoposide, and bleomycin; TIP = paclitaxel, ifosfamide
(PCT = polychemotherapy; PEB = cisplatin, etoposide, and bleomycin; TIP = paclitaxel, ifosfamide and
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studies. In summary, non-specific increased AFP levels are a rare but highly important clinical issue in
TGCT patients undergoing curative chemotherapy. Though the evidence that miR-371a-3p can serve
as a reliable discriminator between specific and non-specific AFP levels is limited to this case report so
far, more and prospective studies are warranted to demonstrate a diagnostic superiority for this novel
tumor marker in this clinical scenario.
4. Materials and Methods
miRNA Isolation, cDNA Synthesis, and Quantitative RT PCR (qRT-PCR)
For miRNA isolation from serum samples, a miRNeasy Kit (Qiagen, Hilden, Germany) was used
to extract total RNA from 200 µL of serum. A three-step procedure was performed to measure miRNA
expression in human serum samples. For cDNA synthesis, 50 ng of total RNA were subjected to reverse
transcription (RT) using TaqMan microRNA Reverse Transcription Kit (Thermo Fisher, Waltham,
MA, USA) and a pool containing four specific 5× RT primers (TaqMan miRNA Assay specific for
miR-371a-3p, miR-367-3p, miR-93-5p, and miR30b-5p, Thermo Fisher) following the manufacturer’s
protocol, allowing simultaneous reverse transcription of four miRNAs of interest RT was performed on a
MyCycler thermocycler (Biorad, Hercules, CA, USA) according to the manufacturer’s recommendations
and as previously reported (15). Afterwards, a pre-amplification step was performed using a pre-amp
primer pool of four specific 20× TaqMan miRNA assays (TaqMan miRNA assay specific for miR-371a-3p,
miR-367-3p, miR-93-5p, and miR30b-5p, Thermo Fisher) and the TaqMan PreAmp Mastermix (Thermo
Fisher) following the manufacturer’s instructions. In detail, for each reaction 3.12 µL of RT product
were mixed with 6.25 µL of TaqMan PreAmp Mastermix and 3.12 µL of 100-fold diluted pre-amp
primer pool. Pre-amp reactions were performed on a MyCycler thermocycler (Biorad). For quantitative
RT-PCR pre-amplified PCR products were five-fold diluted using RNAse free water and relative
quantification of miRNAs was performed using TaqMan Universal Mastermix II No UNG (Thermo
Fisher) and specific 20X TaqMan miRNA Assays on a Light Cycler 480 real-time PCR device (Roche
Applied Science, Mannheim, Germany). Expression values were calculated using normalization to
miR-93-5p and miR30b-5p [after the formula 2ˆ-(target miRNA-miRNA reference)] and further used for
statistical analysis. As an external positive control for the assay, we used a paralleled measured serum
pool of samples with radiologically confirmed disease and previous positively tested miR-371a-3p
and miR-367-3p samples [15]. Only samples where this serum sample pool gave a positive signal for
miR-371a-3p and miR-367-3p (positive means a CT-value below 32), as well as positive signals for the
housekeeping miRNAs, were considered as valid.
As hemolysis can influence serum miRNA levels, we tried to avoid the influence of hemolysis on
serum microRNA levels by routinely exploring this hemolysis through the measurement of serum
indices (Cobas 6000 system, Roche, Vienna Austria). These serum indices are semi-quantitatively
measurements using bichromatic wavelength pairs. Samples with hints to hemolysis (defined by + to
+++ positive serum index) were not used for further microRNA analysis.
The subject gave its informed consent for inclusion before participation in the study. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the
Ethics Committee of the Medical University of Graz (28-383 ex 15/16).
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Abbreviations
TGCT
IGCCCG
AFP
TGCT
LDH
PEB
PCT
TIP
HBs
CASH

Testicular germ cell tumors
International Germ Cell Cancer Consensus Group
Alpha-fetoprotein
Testicular germ cell tumors
Lactate dehydrogenase
Cisplatin, etoposide, and bleomycine
Polychemotherapy
Paclitaxel, ifosfamide, and cisplatin
Hepatitis B surface
Chemotherapy-associated steatohepatitis
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