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Abstract

Background: MicroRNA-371a-3p (miR-371), the novel serum
biomarker of testicular germ cell tumours (GCTs), is pro-
duced by undifferentiated subtypes of GCTs but not by tera-
toma. Cystic teratoma developing from retroperitoneal me-
tastases of GCT subsequent to chemotherapy had been
shown to contain high levels of classical serum tumour mark-
ers of GCT in the presence of normal marker levels in serum.
To date, no information is available regarding the presence
of miR-371 in the cystic fluid of residual teratoma after che-
motherapy. Methods: Four patients (age 18-26 years) un-
dergoing retroperitoneal lymph node dissection (RPLND) for
cystic residual masses resulting from chemotherapy of bulky
retroperitoneal GCT had measurements of miR-371 in both
serum and cystic fluid aspirated from surgical specimens.
Measurement of the miR was performed with quantitative
real-time PCR using miR-30b-5p as reference. Results were
tabulated and analysed in a descriptive manner. Results: His-
tologically, all of the surgical specimens involved teratoma

only with no evidence of vital undifferentiated GCT tissue. All
patients were cured. Prior to RPLND, miR-371 serum levels
were not measurable or close to zero in all of the patients.
Cystic fluid revealed elevated levels of miR-371 in 3 patients
and traces of miR in one. Conclusions: The detection of miR-
371 in the cystic fluid of teratoma is somewhat enigmatic
since this GCT subtype usually does not express the miR. Two
hypotheses may explain the finding: First, miR-371 mole-
cules were released into the cystic fluid by active GCT tissue
prior to chemotherapy. High levels were kept after regres-
sion of vital GCT tissue because the cystic lumen is without
a specific drainage system. Second, teratoma cells lining the
interior cyst wall may shed small amounts of miR-371 into
the lumen. Because of the lacking drainage system, even
small levels may accumulate. The present finding adds to the
understanding of the biology of the novel biomarker of GCT.

© 2020 S. Karger AG, Basel

Introduction

An ideal serum tumour marker is thought to comprise
anumber of distinctive features: firstly, the production of
the marker substance solely by tumour cells; secondly, the
excretion of the substance into body fluids where it is eas-
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Table 1. Patient characteristics

No.  Age, Primary tumour histology Clinical IGCCCG Chemo- Size of cyst  Residual tumour histology
years stage therapy  in residual
(Lugano) tumour, mm
1 18 80% teratoma, 15% embryonal ca, 5% yolk sac tumour 3 Intermediate 4XBEP 75 Teratoma, no vital cancer
2 26 Burnt-out tumour, GCNis 3 Poor 4xPEI 62 Teratoma, no vital cancer
3 25 100% embryonal ca 2b Good 3xBEP 30 Teratoma, no vital cancer
4 22 Teratoma, GCNis 2¢ Good 3xBEP 98 Teratoma, no vital cancer

Fig. 1. Computed tomography of abdomen, axial scan, showing a
cystic structure reaching from the abdominal aorta to the anterior
abdominal wall. Note the double-] stent in the left ureter (patient
#4). Fluid was aspirated from this cyst for analysis of miR-371.

ily measurable; and thirdly and importantly, a close cor-
relation of the serum marker levels with tumour burden
and, thus, with response to treatment [1]. The classical
serum biomarkers of testicular germ cell tumours (GCTs),
alpha fetoprotein (AFP), the beta subunit of human cho-
rionic gonadotropin (bHCG), and lactate dehydrogenase,
have been demonstrated to fulfil several but not all of
these criteria. The clinical utility of the classical markers
is mainly hampered not only by their low sensitivity of
around 40-50% but also by their lack of specificity, as
these substances may also be produced by non-GCT-re-
lated diseases [2-4].

Cystic teratoma is a typical finding in GCT patients
undergoing post-chemotherapy retroperitoneal lymph
node dissection (pcRPLND) of residual tumours after
chemotherapy for bulky retroperitoneal tumour masses.
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The fluid aspirated from these cystic residual masses was
shown to contain high amounts of the classical tumour
markers AFP and bHCG, while concurrently low or nor-
mal levels of these markers were found in serum [5-8]. A
clear biological mechanism to explain the discordant
findings in the 2 compartments is yet to be found.

Recently, serum levels of microRNA-371a-3p (miR-
371) have evolved as a promising new serum biomarker
of GCT with very high sensitivities and specificities of
>90% [9, 10]. This miR is specifically produced by human
embryonic stem cells, and because of the close biological
relationship of embryonic stem cells with human germ
cells, miR-371 is also found in high amounts in undiffer-
entiated germ cell tumours and in still low amounts in
normal testicular germ cells [11, 12]. Notably, it is not
detected or only detected in very little amounts in well-
differentiated teratoma [13-16]. Serum levels of miR-371
correlate well with disease burden and with treatment
[17]. Apart from serum, it has been detected in various
body fluids [18], but to date, there is no information about
the presence of the new GCT marker in the cystic fluid of
residual teratomas subsequent to chemotherapy. We hy-
pothesized that — in analogy to GCTs - miR-371 would
be detectable in cystic fluid even when no expression of
the miR is found in serum. Here, we report the first expe-
rience with measurement of miR-371 in teratomatous
cystic fluid.

Materials and Methods

Patients

The clinical characteristics of the 4 patients included in this
study are summarized in Table 1. Briefly, all of the patients pre-
sented with metastasized non-seminomatous testicular GCT's and
elevated levels of classical tumour markers. Cisplatin-based che-
motherapy caused regression of metastatic deposits and normal-
ization of tumour markers. Radiologically, all residual masses in-
volved cystic compartments along with solid masses (Fig. 1). All of
the patients underwent open pcRPLND with complete resection of
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Table 2. Tumour markers in serum and cysts

Patient No. Serum at diagnosis Serum prior to RPLND Cystic fluid
AFP, bHCG, LDH, miR-371 AFP,  bHCG, LDH, miR-371 AFP, bHCG, LDH, miR-371
ng/mL  U/L U/L (RQ) ng/mL U/L U/L  (RQ) ng/mL U/L U/L (RQ)
1 4.178 70.6 267 352.45 3.86 0.78 235 0 2.63 16.16 48 1.74
2 1.1 192.670 520 n.a 1.6 16.8 170 0 n.a n.a n.a 5,601.79
3 2.5 32.0 n.a n.a 2.5 1.2 166 0 n.a n.a n.a 37.19
4 320.2 723.0 336 n.a 2.1 1.2 143 0.08 na n.a na  60.04

n.a, not available; RQ, relative quantity.

the residual masses and subsequent histologic workup of speci-
mens. Serum levels of the classical tumour markers and of miR-371
were recorded at first diagnosis and at the time of pcRPLND. Cys-
tic fluid was aspirated from the surgical specimens and kept deep-
frozen until laboratory processing with measurement of miR-371.
All patients had given informed consent. Ethical approval was pro-
vided by Arztekammer Bremen (reference no. 301, 2011). All study
activities had been conducted according to the Declaration of Hel-
sinki of the World Medical Association (as amended by the 64th
General Assembly, 2013).

Laboratory Technique

Measurement of serum levels of the classical tumour markers
was performed in hospital laboratories according to institutional
technical guidelines, with employment of commercially available
laboratory kits. Measurement of miR-371 levels in serum and in
cystic fluid was performed as reported earlier [13]. Briefly, total
RNA was isolated from 200 pL of both serum and cystic fluid using
the miRNeasy Mini Kit according to the manufacturer’s instruc-
tions. After reverse transcription with the TagMan MicroRNA Re-
verse Transcription Kit, the cDNA was preamplified, and levels of
miR-371a-3p (assay ID: 000564) and the reference miR-30b-5p
(assay ID: 000602) were measured by quantitative PCR using the
Applied Biosystems 7500 Real-Time PCR System. The relative
quantity of miR-371a-3p was calculated according to the AACT
method [19].

Results

At diagnosis, all patients had elevated levels of at least
one of the classical markers. Measurement of serum levels
of miR-371 at the time of first diagnosis was only available
in 1 patient (#1) because the other patients had received
their primary treatment at other institutions. At the time
of RPLND, marker levels had normalized (Table 2) except
for patient #2. This patient had a serum bHCG level still
slightly above the upper limit of normal, but it had been
continuously decreasing during the course of treatment.
In view of the excessively increased level of bHCG at the
outset, this level was considered to correspond to the half-

miR-371 in Cystic Fluid of Teratoma

Fig. 2. Histological section of surgical specimen of patient #4: mu-
cin-filled cystically configured retroperitoneal lesion with a lining
of predominantly intestinal epithelium matching further terato-
ma parts. Adjacent stroma with fibrosis, and chronic lymphocyt-
ic and focal foamy histiocytic inflammation. Typical cystic tera-
toma; no vital germ cell cancer. Haematoxylin-eosin stain, origi-
nal x100.

life of bBHCG. Serum levels of miR-371 were virtually not
measurable prior to RPLND in 3 patients, while the fourth
patient had a serum level close to zero (relative quantity
0.08). Histologically, all 4 surgical specimens consisted of
mature teratoma along with necrotic tissue but without
any vital cancer (Fig. 2). Three of the samples of the aspi-
rated cystic fluid revealed unequivocally elevated levels of
miR-371 (cases #2—4, Table 2), while in case #1 there were
only traces of miR-371 detectable in the cystic fluid. In
case #1, the cystic fluid also showed a slight elevation of
bHCG in the presence of a normal serum level. In the
other cases, cystic fluid was not available for measure-
ment of classical markers.
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Discussion

The central result of the present study is the finding of
elevated miR-371 levels in the cystic fluid of teratoma-
containing residual masses evolving from chemotherapy
of bulky metastases of GCTs in the presence of normal
levels of miR in serum. This finding is consistent with the
discrepant results found in pair-wise measurements of
classical markers in cystic fluid and serum, respectively,
as reported previously [5-8]. As shown by Ockhuizen et
al. [5], teratomatous cystic fluid is widely similar to serum
in regard to the protein composition [5]. The documenta-
tion of an increased expression of miR-371 in the cystic
fluid of teratomas is somewhat enigmatic because tera-
toma usually lacks the expression of this miR [10, 14]. It
is therefore rational to hypothesize that the high miR lev-
els in the cystic fluid stem from the secretion of an miR-
substance by vital undifferentiated GCTs originally
neighbouring the cyst lumen. The same mechanism is
thought to cause the increased miR-371 levels in the tu-
mour-surrounding hydrocele fluid [20].The contents of
the cyst represent a sealed compartment with no struc-
tured communication to other body compartments ex-
cept for the physical process of diffusion. However, diffu-
sion processes are probably kept at a minimum because
of the thick fibrotic wall of most of the cysts. Therefore,
most of the substance once secreted into the cyst lumen
will remain unchanged in the cyst even after regression of
the miRNA-producing neoplastic tissue secondary to
chemotherapy. In line with this hypothesis is the observa-
tion of minimally increased serum levels of the classical
markers despite complete regression of neoplastic tissue
as observed in case #2 of this series and which is thought
to represent a leakage from non-vital compartments with
persisting elevated tumour marker concentrations [8,
21].

However, excretion of the miR-substance into the cyst
lumen by teratomatous elements cannot entirely be ruled
out. Teratoma usually does not express miR-371 because
this histologic subtype of GCT is morphologically well-
differentiated and, thus, clearly devoid of miR-producing
stem-cell-like properties. However, a weak expression of
the miR has been demonstrated in isolated cases [13], and
accordingly, van Agthoven and Looijenga [14] docu-
mented slightly but significantly higher miR-371 serum
levels in patients with testicular teratoma than in healthy
blood donors. Also, Vilela-Salgueiro et al. [22] found
trace amounts of the miR in the tissue of adult testicular
teratomas. It is thus still conceivable that teratomatous
elements lining the interior cyst wall express the miR and
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continuously shed small amounts into the cyst lumen. As
there is no structured drainage system to the cyst, even
small amounts of the miR may accumulate and then reach
measurable levels.

Our observation of discrepant expressions of miR-371
in serum and in cystic fluid of residual masses after che-
motherapy probably does not have a bearing on clinical
decision-making since all of the patients reported herein
remained disease-free after RPLND. This conclusion is at
odds with the hypothesis of Holzel et al. [7] who postu-
lated inferior survival in those patients with elevated AFP
in teratomatous cystic fluid at RPLND. Yet, our finding is
interesting biologically because the phenomenon of dis-
crepant levels in serum and cystic fluid, respectively, was
likewise found with AFP and bHCG. Thus, discordant
expression in various body fluids appears to be a typical
feature of biomarkers of GCT, and miR-371 does clearly
exhibit this feature.

It remains unresolved if the miR-371 level detected
in the cystic fluid is associated with particular clinical
features. Noteworthy, case #2 had extremely high se-
rum levels of bHCG at diagnosis corresponding to the
IGCCCG poor prognosis group, and he was found to
have the highest level of the miR in the cystic fluid. Our
finding is somehow at variance with the classical mark-
ers because miR-371 was unequivocally detected in
only 3 of the cysts, while in the fourth only traces were
identified. By contrast, bBHCG or AFP had been found
in all of the teratomatous cystic fluids reported so far
[5-8]. Whether or not the extremely short half-life of
miR-371 may have contributed to this finding remains
conjectural [23].

After the discovery of circulating miR-371 in the se-
rum of GCT patients, the miR has been detected in a va-
riety of other body fluids, such as plasma, testicular vein
blood, tumour-surrounding hydrocele fluid, cerebrospi-
nal fluid of patients with intracranial GCT, pleural effu-
sion, seminal plasma, and ejaculate fluid, but not in urine
[18, 20, 24-27]. The documentation of miR-371 in the
fluid of teratomatous cysts adds, therefore, one further
body fluid to the list of compartments where expression
of the miR is found, thus enhancing our understanding of
the biology of both miR-371 and GCT.

Our study results are certainly limited by the small
number of patients involved, by lacking miR-371 mea-
surements at the time of diagnosis in 3 patients, and by
the fact that only in 1 case classical markers were mea-
sured in cystic fluid. However, cystic residual masses after
chemotherapy of GCT are far from common. Therefore,
even well-selected small patient samples may involve
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valuable information. Accordingly, the results reported
herein are both clear-cut and novel, and thus warrant
documentation.
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