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Is Relative Quantification Dispensable for the Measurement
of MicroRNAs as Serum Biomarkers in Germ Cell Tumors?
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Abstract. Background: Classical biomarkers a-fetoprotein,
B-human chorionic gonadotropin and lactate dehydrogenase
(AFP, bHCG and LDH) are elevated in only 60% of all
testicular germ cell tumor (TGCT) patients. microRNAs
(miRNAs) are a novel class of useful biomarkers in cancer and
miRNAs of the miR-371-3 cluster were proven to be valuable
markers for TGCT patients. Materials and Methods: We
compared the Ct and ACt values of miR-371-3 by real time
PCR (qPCR) with and without 18S rRNA for normalization.
Expression of miR-371a-3p, miR-372 and miR-373-3p was
measured in 25 TGCTs, 4 non-TGCTs and 17 age-matched
male controls. Results: A highly positive correlation between
Ct and ACt values was found in all samples. The highest
correlation was found for miR-371a-3p (R2: 0.956).
Conclusion: Results show that gPCR can be used without
endogenous control for analyzing miR-371-3 in the serum of
patients with testicular cancer and male controls if the
technical procedure is performed under controlled conditions.

microRNAs (miRNAs) are short nucleic acid molecules
synthesized in the cellular nucleus. Their main function is to
modify post-transcriptional gene activity by targeting mRNA
molecules. Once released from the cellular nucleus, miRNAs
can enter almost all biological fluids e.g. serum, saliva, urine
and milk where they are thought to mediate intercellular
communication (1-5). After departure from the cell of origin,
miRNAs show a remarkable stability because of their inclusion
into membrane vesicles called exosomes (6) or their attachment
to particular proteins as e.g. Argonaute (AGO) proteins.
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The presence in various body fluids in conjunction with
the high chemical stability in these fluids renders miRNAs
potential biomarkers in a variety of diseases notably in the
clinical management of cancer. Clinical management of the
disease is widely based on monitoring of serum biomarkers
e.g. a-fetoprotein (AFP), B-human chorionic gonadotropin
(bHCG) and lactate dehydrogenase (LDH) (7).
Unfortunately, these classical markers are elevated in only
60% of all testicular germ cell tumor (TGCT) patients (8).
miRNAs encoded by the small miR-371-3 cluster mapping
to the terminal region of the long arm of chromosome 19 are
among the most promising candidates in that field. miRNAs
of that cluster are predominantly expressed in embryonic
stem cells and, to a lesser extent, in the placenta (9-13).
Notably, a strong expression has been detected in TGCTs
probably because the genetic and biochemical features of
these tumors are very much related to embryonic stem cells
and other embryonal structures. In the tissue of TGCTs, the
expression of miR-372 and miR-373-3p, but not miR-371a-
3p, represents a sensitive marker (14-16). In contrast, miR-
371a-3p seems to hold the greatest promise as a biomarker in
the serum of TGCT patients with high sensitivity and
specificity (17-19). However, before adoption into wide-
spread clinical practice, details of the miRNA miR-371a-3p
serum test have to be elaborated. One unresolved question,
with respect to the performance of the test, is whether or not
quantification of serum levels can be accomplished with the
marker alone by measuring cycle threshold values (Ct
values) or if the analysis is also feasible by quantification
relative to the amount of another cell-free RNA used as a
reference (ACt method) (20). Ideally, the endogenous control
RNA should be unrelated to type and stage of disease and
should show very little variation among individuals.
Performing real time-polymerase chain reaction (PCR)
without an endogenous control would imply less laboratory
technical effort and shorter analytical time, likewise. Clearly,
for large scale use of measuring miR-371-3 serum levels, the
least-expensive and least-time-consuming method would be
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preferable. Thus, we compared the C, and AC, values,
respectively, of miR-371-3 serum levels in TGCT patients
measured by real time PCR with and without using 18S
ribosomal RNA (rRNA) as endogenous control.

Materials and Methods

Ethics statement. The study was approved by the local ethical
committee (Arztekammer Bremen, reference number 301). The
guidelines of the declaration of Helsinki are followed.

Serum samples. Serum levels of miR-371-3 were determined in
samples obtained from 25 TGCT patients (13 seminoma, 12 non-
seminoma) of clinical stage I, II and III (Lugano classification)
and median age 37 (18-60) years. Cubital vein blood samples were
obtained during routine blood examinations usually three days
before orchiectomy. To study miRNAs serum levels in non-germ
cell tumors (GCTs), four patients with Leydig cell tumors were
examined. The median age was 38 (23-50) years. Seventeen male
patients, aged 23-51 years (median=37), with non-malignant
scrotal diseases (hydrocele, spermatocele, epididymitis) served as
controls.

Blood samples were collected in serum-separation tubes that
were kept at room temperature for approximately 60 min to allow
for complete coagulation after blood aspiration. The samples were
then centrifuged at 4000 U/min for 10 min to separate serum. The
serum aliquots were transferred into cryotubes and immediately
stored at 34°C for 5 to 30 days. Subsequently, the serum samples
were frozen at —80°C for long term storage.

RNA extraction. For RNA isolation, 200 ul frozen serum was
thawed on ice and total RNA extracted using the miRNeasy Mini
Kit (Qiagen, Hilden, Germany) according to the protocol supplied
by the manufactures. As the only modifications relative to the
manufacturer’s instructions, 400 pl of the upper aqueous phase were
employed instead of 600 pl and 600 pl 100% ethanol were used
instead of 900 ul. RNA was quantified by spectrophotometry prior
to further use.

Reverse transcription. For cDNA synthesis, the TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems, Darmstadt,
Germany) was employed for reverse transcription (RT) of miRNA.
Fifty-five ng total RNA from each sample were used. RT primers
represented an equal mixture of three miRNA specific stem-loop
primers (miR-371a-3p, miR-372 and miR-373-3p) from the relevant
TagMan miRNA assays (Applied Biosystems, Darmstadt,
Germany). The reactions with the final volume of 15 ul were
incubated in the GeneAmp PCR System 2700 (Applied Biosystems,
Darmstadt, Germany) for 30 min at 16°C, 30 min at 42°C, and 5
min at 85°C, respectively.

For the 18S rRNA, 55 ng total RNA of each sample was reverse
transcribed in the presence of 200 U/ul of M-MLV reverse
transcriptase (Invitrogen, Karlsruhe, Germany), RNase Out, 150 ng
random hexamers, 0.1 M DTT, 5x first strand buffer and 100 mM
dNTPs according to the manufacturer’s instructions. RNA was
initially denatured at 65°C for 5 min and subsequently kept on ice
for 1 min. Reverse transcription was performed at 37°C for 50 min
followed by inactivation of the reverse transcriptase at 70°C for 15
min in the GeneAmp PCR System 2700 (Applied Biosystems,
Darmstadt, Germany).
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Pre-amplification. A pre-amplification step was used prior to real
time PCR. For pre-amplification, miRNA assays represented an
equal mixture of three miRNAs (miR-371a-3p, miR-372 and miR-
373-3p) from the relevant TagMan miRNA assays (Applied
Biosystems, Darmstadt, Germany). 3 ul miRNA assays was diluted
in 12 pl nuclease-free water. Twelve and one-half ul of this solution
was combined with 12.5 ul of RT product, plus 25 ul TagMan
Universal PCR Master Mix (Applied Biosystems, Darmstadt,
Germany), to make a final volume of 50 pl.

For 18S rRNA preamplification, 1.2 pl forward primer, 1.2 pl
reverse primer and 0.2 pl probe were diluted in 10.4 pl nuclease-
free water. Twelve and one-half pl of this solution was combined
with 12.5 pl of RT product, plus 25 ul TagMan Universal PCR
Master Mix (Applied Biosystems, Darmstadt, Germany), to make a
final volume of 50 pl.

The PCR was performed for miRNAs and 18S rRNA at 95°C for
10 min, followed by 14 cycles of 95°C for 15 sec and 60°C for 4
min using the GeneAmp PCR System 2700 (Applied Biosystems,
Darmstadt, Germany). The preamplification product was diluted
1:5 in nuclease-free water. This product was used directly for real
time PCR.

Quantitative real time PCR (qgRT-PCR). For miRNA quantification
using real time PCR, 9 pl of the preamplification product was
added to 10 pl TagMan Universal PCR Master Mix and 1 pl of 20x
TagMan miRNA assay. For 18S rRNA quantification using real
time PCR, 7.4 pl of the preamplification product was added to 10
pl TagMan Universal PCR Master Mix and 2.4 pl primer and 0.2 ul
probe. Serum levels of miRNAs and 18S rRNA were measured by
the 7300 real time PCR System (Applied Biosystems, Darmstadt,
Germany).

For each sample the reactions were performed in triplicate. A
negative control of amplification was performed for each sample
without reverse transcriptase. Non-template negative controls of
cDNA synthesis and real time PCR for each miRNA were included
in every plate. PCR conditions were 10 min at 95°C, followed by
40 cycles at 95°C for 15 sec and 60°C for 1 min. Data were
analyzed using the 7300 System software (Applied Biosystems,
Darmstadt, Germany). Cycle threshold values were normalized to
the internal control, 18S rRNA (21-23).

Results

For the study we compared C; values and AC, values (C, gene
of interest minus C, internal control) of the three miRNAs of
the miR-371-3 cluster in 25 GCTs (13 seminoma and 12 non-
seminoma) with clinical stage I, I and III, in four non-GCTs
(Leydig cell tumors) and in 17 controls. Expression of all three
miRNAs was measured in all 25 GCTs serum samples. In one
serum sample of Leydig cell tumors and in six control serum
samples miR-371a-3p expression was not detectable, while
miR-372 and miR-373-3p expression could be measured in all
non-GCTs and controls. The miR-371-3 C; values of the
Leydig cell tumors were in the range of the C; values of
controls (Figure 1A, B, C).

When comparing the C; (without endogenous control)
values with the AC, (C,; sample minus C; endogenous
control) values of miR-371a-3p from all serum samples,
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Figure 1. Ct values vs. AC, values of miR-371-3 in serum. C,values vs. AC, values of miR-371a-3p (A) in 25 GCTs (@) with clinical stage I, II and
I, three Leydig cell tumors (B) and 11 controls (A). C, values vs. AC, values of miR-372 (B) and miR-373-3p (C) in 25 GCTs with clinical stage

I, Il and 111, four Leydig cell tumors and 17 controls. R? (Pearson product-moment correlation coefficient) was calculated for all miRNAs: 0.956 (miR-
371a-3p), 0.831 (miR-372) and 0.755 (miR-373-3p).
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there is a high correlation (Pearson product-moment
correlation coefficient (R2): 0.956). The R2 of miR-372
(R2=0.831) and miR-373-3p (R%=0.755) were lower than
miR-371a-3p (Figure 1A, B, C). Overall, a highly positive
correlation between C; and AC, values was found in all
samples. In matching the miRNA C; values with the
corresponding ACt values of the three miRNAs, the highest
correlation was found for miR-371a-3p (Figure 1A).

Discussion

The central result of the present investigation is the highly
positive correlation between C,; and AC, values measured for
all three miRNAs. The highest R was found for miR-371a-
3p. The technical procedure of serum preparation, as well as
RNA extraction, reverse transcription, pre-amplification and
real time-PCR was always performed under controlled
conditions and consistent methods. Because of this identical
processing of all samples the results are reliable.

With respect to the four Leydig cell tumors investigated,
the miR-371a-3p C; and AC; values of three patients were in
the range of the mean C; and AC, value of the 17 controls,
while the miR-371a-3p expression was too low for detection
in the fourth patient. In general, expression of miRNAs of the
miR-371-3 cluster appear to be a specific feature of GCTs
rather than a common one of testicular neoplasms (24).

miRNAs of the miR-371-3 cluster, and in particular miR-
371a-3p, have been suggested as novel biomarkers for the
clinical management of TGCT patients (17-19, 24).
Analyzing miRNAs in serum by using real time-PCR is a
non-invasive, standardized and reproducible method (1, 5,
25) that is technically robust enough to be implemented in a
routine clinical laboratory.

Real time PCR 1is the most common method for
quantification of miRNAs in body fluids. As a rule, for
relative quantification of miRNAs an endogenous control is
used for normalization. The expression of the endogenous
control should show only a low variation in serum samples.
The major advantages of real time PCR without endogenous
control are time saving and cost saving alike, because of less
technical efforts.

Our results provide convincing evidence that real time- PCR
can be used without endogenous control for analyzing miRNAs
miR-371-3 in serum of TGCT patients and male controls in the
same age, if the technical procedure is performed under
controlled conditions. A quantification of miR-371-3 without
an endogenous control leads to adequate results.

Therefore, technically, the method of measuring of
miRNA miR-371a-3p serum levels by real time PCR could
soon be implemented in the clinical laboratory routine.
Testicular cancer patients will probably benefit from this
novel method. As shown previously, the test appears to be so
specific and sensitive that reducing diagnostic radiation

120

exposure to the young patients might be envisioned by
abandoning computed tomographic examinations in a
significant number of patients.

Based on detection of miRNAs of the miR-371-3 cluster
by quantitative real time-PCR, a method is described to
follow the clinical course of patients with testicular germ cell
tumors (TGCTS). Under controlled conditions the
simultaneous quantification of an endogenous control is
dispensable. Overall, the test offers a suitable tool for “liquid
biopsies” for the follow-up of TGCT patients after surgery.

Acknowledgements

The Athors gratefully acknowledge the technical assistance of Dirk
Mumm and Laboratory staff of Albertinen-Krankenhaus
Zentrallabor in processing serum samples of patients.

References

1 Hunter MP, Ismail N, Zhang X, Aguda BD, Lee EJ, Yu L, Xiao
T, Schafer J, Lee ML, Schmittgen TD, Nana-Sinkam SP, Jarjoura
D and Marsh CB: Detection of microRNA expression in human
peripheral blood microvesicles. PLoS One 3(11): €3694, 2008.

2 Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, Sood
AK and Calin GA: MicroRNAs in body fluids — the mix of
hormones and biomarkers. Nat Rev Clin Oncol 8(8): 467-477,
2011.

3 Lisser C, Alikhani VS, Ekstrom K, Eldh M, Paredes PT, Bossios
A, Sjostrand M, Gabrielsson S, Lotvall J and Valadi H: Human
saliva, plasma and breast milk exosomes contain RNA: uptake
by macrophages. J Transl Med 9: 9, 2011.

4 Jansson MD and Lund AH: MicroRNA and cancer. Mol Oncol
6(6): 590-610, 2012.

5 Lawrie CH: MicroRNAs in hematological malignancies. Blood
Rev 27(3): 143-154, 2013.

6 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK,
Pogosova-Agadjanyan EL, Peterson A, Noteboom J, O’Briant
KC, Allen A, Lin DW, Urban N, Drescher CW, Knudsen BS,
Stirewalt DL, Gentleman R, Vessella RL, Nelson PS, Martin DB
and Tewari M: Circulating microRNAs as stable blood-based
markers for cancer detection. Proc Natl Acad Sci USA 105(30):
10513-10518, 2008.

7 Albers P, Albrecht W, Algaba F, Bokemeyer C, Cohn-Cedermark
G, Fizazi K, Horwich A and Laguna MP: EAU guidelines on
testicular cancer: 2011 update. Eur Urol 60(3): 304-319, 2011.

8 Barlow LJ, Badalato GM and McKiernan JM: Serum tumor
markers in the evaluation of male germ cell tumors. Nat Rev
Urol 7(11): 610-617,2010.

9 Bentwich I, Avniel A, Karov Y, Aharonov R, Gilad S, Barad O,
Barzilai A, Einat P, Einav U, Meiri E, Sharon E, Spector Y and
Bentwich Z: Identification of hundreds of conserved and
nonconserved human microRNAs. Nat Genet 37(7): 766-770,
2005.

10 Bar M, Wyman SK, Fritz BR, Qi J, Garg KS, Parkin RK, Kroh
EM, Bendoraite A, Mitchell PS, Nelson AM, Ruzzo WL, Ware
C, Radich JP, Gentleman R, Ruohola-Baker H and Tewari M:
MicroRNA discovery and profiling in human embryonic stem
cells by deep sequencing of small RNA libraries. Stem Cell
26(10): 2496-2505, 2008.



Spiekermann et al: Quantification of miR-371-3 in TGCTs

11 Laurent LC, Chen J, Ulitsky I, Mueller FJ, Lu C, Shamir R, Fan
JB and Loring JF: Comprehensive microRNA profiling reveals
a unique human embryonic stem cell signature dominated by a
single seed sequence. Stem Cells 26(6): 1506-1516, 2008.

12 Ren J, Jin P, Wang E, Marincola FM and Stroncek DF:
MicroRNA and gene expression patterns in the differentiation of
human embryonic stem cells. J Transl Med 7: 20, 2009.

13 Bullerdiek J and Flor I: Exosome-delivered microRNAs of
"chromosome 19 microRNA cluster" as immunomodulators in
pregnancy and tumorigenesis. Mol Cytogenet 5(7): 27, 2012.

14 Voorhoeve PM, le Sage C, Schrier M, Gillis AJ, Stoop H, Nagel R,
Liu YP, van Duijse J, Drost J, Griekspoor A, Zlotorynski E, Yabuta
N, De Vita G, Nojima H, Looijenga LH and Agami R: A genetic
screen implicates miRNA-372 and miRNA-373 as oncogenes in
testicular germ cell tumors. Cell 724(6): 1169-1681, 2006.

15 Looijenga LH, Gillis AJ, Stoop H, Hersmus R and Oosterhuis
JW: Relevance of microRNAs in normal and malignant
development, including human testicular germ cell tumours. Int
J Androl 30: 304-314, 2007.

16 Murray MJ, Saini HK, van Dongen S, Palmer RD, Muralidhar
B, Pett MR, Piipari M, Thornton CM, Nicholson JC, Enright AJ
and Coleman N: The two most common histological subtypes of
malignant germ cell tumour are distinguished by global
microRNA profiles, associated with differential transcription
factor expression. Mol Cancer 9: 290, 2010.

17 Murray MJ, Halsall DJ, Hook CE, Williams DM, Nicholson JC
and Coleman N: Identification of microRNAs from the miR-
371~373 and miR-302 clusters as potential serum biomarkers of
malignant germ cell tumors. Am J Clin Pathol 7/35(7): 119-125,
2011.

18 Belge G, Dieckmann KP, Spiekermann M, Balks T and
Bullerdiek J: Serum levels of microRNAs miR-371-3: A novel
class of serum biomarkers for testicular germ cell tumors? Eur
Urol 61(5): 1068-1069, 2012.

19 Dieckmann KP, Spiekermann M, Balks T, Flor I, Loning T,
Bullerdiek J and Belge G: MicroRNAs miR-371-3 in serum as
diagnostic tools in the management of testicular germ cell
tumours. Br J Cancer 107(10): 1754-1760, 2012.

20 Livak KJ and Schmittgen TD: Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) method. Methods 25(4): 402-408, 2001.
Antonov J, Goldstein DR, Oberli A, Baltzer A, Pirotta M,
Fleischmann A, Altermatt HJ and Jaggi R: Reliable gene
expression measurements from degraded RNA by quantitative
real-time PCR depend on short amplicons and a proper
normalization. Lab Invest 85(8): 1040-1050, 2005.

22 Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, Nguyen JT,
Barbisin M, Xu NL, Mahuvakar VR, Andersen MR, Lao KQ,
Livak KJ and Guegler KJ: Real-time quantification of
microRNAs by stem-loop RT-PCR. Nucleic Acids Res 33(20):
el79, 2005.

23 Gan CS, Wang CW and Tan KS: Circulatory microRNA-145
expression is increased in cerebral ischemia. Genet Mol Res
11(1): 147-152,2012.

24 Gillis AJ, Rijlaarsdam MA, Eini R, Dorssers LC, Biermann K,
Murray MJ, Nicholson JC, Coleman N, Dieckmann KP, Belge
G, Bullerdiek J, Xu T, Bernard N and Looijenga LH: Targeted
serum miRNA (TSmiR) test for diagnosis and follow-up of
(testicular) germ cell cancer patients: A proof of principle. Mol
Oncol 7(6): 1083-1092, 2013.

25 Chen X, Ba 'Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y,
Chen J, Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J, Jiang X,
Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, Shang X,
Gong T, Ning G, Wang J, Zen K, Zhang J and Zhang CY:
Characterization of microRNAs in serum: a novel class of
biomarkers for diagnosis of cancer and other diseases. Cell Res
18(10): 997e1006, 2008.

2

—_

Received August 14, 2014
Revised September 19, 2014
Accepted September 26, 2014

121



