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Abstract Since the discovery of microRNAs (miRNAs)
there have been performed several studies showing per-
turbations in the expression of miRNAs and the miRNA
expression machinery in cutaneous melanoma. Dicer, a
pivotal cytosolic enzyme of miRNA maturation has
shown to be affected by both somatic and germline mu-
tations in a variety of cancers. Recent studies have
shown that recurrent somatic mutations of Dicer fre-
quently affect the metal-ion-binding sites D1709 and
D1705 of its RNase IIIb domain, therefore called hot
spot mutations. The present study investigates metal-
ion-binding sites D1709 and D1705 of the Dicer RNase
IIIb domain in cutaneous melanomas and melanoma me-
tastasis by Sanger sequencing. All investigated samples
showed wildtype sequence and no single mutation was
detected. The miRNA processing enzyme Dicer of mel-
anoma and melanoma metastasis does not appear to be
affected by mutation in the metal-ion-binding sites
D1709 and D1705 of its RNase IIIb domain.
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Introduction

Dicer is a pivotal cytosolic enzyme in the maturation of
microRNAs and therefore mRNA expression. Although sev-
eral authors have investigated Dicer expression levels in pri-
mary cutaneous malignant melanoma (PCMM) there has been
no screening of the mutational status of Dicer in PCMM or
cutaneous malignant melanoma metastasis (CMMM). The
RNase III enzyme Dicer together with its cofactors protein
activator of PKR (PACT) and double-stranded RNA-binding
domain (dsRBD) protein Tar RNA binding protein (TRBP)
cleaves the precursor-miRNA (pre-miRNA) into a ~ 22 nt
miRNA-3p/miRNA-5p duplex with a 2 nt overhang at each
of its 3′ end by removing a pre-miRNA hairpin loop [1]. Both,
germline and somatic mutation in Dicer have been identified
and linked with a variety of different types of cancer [2].
Recurrent somatic mutations of Dicer and inactivation of its
RNase IIIb domain by mutation of metal-ion-binding sites
D1709 and D1705, which results in complete loss of 5p-
derived mature miRNAs and partial reduction in 3p-derived
mature miRNAs, have recently been reported in non-epithelial
ovarian cancer and for D1709 in thyroid carcinoma [3]. There
is no available data on D1705 and D1709 mutation status of
Dicer in PCMM or CMMM. Therefore the present pilot study
was performed to examine a heterogeneous group of PCMM
and CMMM specimens regarding their mutational status of
D1709 and D1705 in the RNAse IIIb domain of Dicer.

Report

The present study was approved by the Ethical Review Board
of the Ruhr-University Bochum, Germany (registration num-
ber: 3265-08) and was performed at an academic university
hospital within the declaration of Helsinki.
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Tumor Samples

A total of 40 specimen consisted of 30 PCMM and 10
CMMM paraffin embedded tissue samples. The PCMM
group consisted of 12 nodular melanomas, 10 superficial
spreading melanomas, 5 acral lentiginous melanomas, and 3
amelanotic melanomas. CMMM specimens were included in
the analyses as it has been shown that they have an increased
mutation rate compared to PCMM [4].

DNA Isolation and Amplification

DNAwas extracted from paraffin embedded specimens using
QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden/Germany)
according to the manufacturer’s protocol. DNA quality was
quantified photometrically using a spectrophotometer at
260 nm and 280 nm. DNA amplification was performed by
means of polymerase chain reaction (PCR) in 50 μl reactions
using the HotStarTaq® Plus DNA Polymerase (Qiagen,
Hilden/Germany) and TRIO-Thermoblock (Biometra,
Göttingen/Germany). The following primer pairs were used
for Dicer1 Exon 26 as 1st forward and reverse primer: 5′-
ACGGTTCCACTTCGGATCCCCT- 3 ′ a n d 5 ′ -
AGCCAGCGATGCAAAGATGGTGT-3′. The cycle condi-
tions were 95° for 5″ (initial denaturation), 94° for 30 s then
45 cycles of 94° for 30 s (denaturation), 60° for 30 s (anneal-
ing), 72° for 1″ (extension), followed by 10″ at 72°(end-
extension).

DNA Sequencing and Sequence Data Analysis

Sequence analysis was performed by Seqlab (Göttingen, Ger-
many) according to the method of Sanger et al. [5]. The final
reaction volume of 20 μl consisted of 2 μl of BigDye Termi-
nator v. 3.1 mix (Applied Biosystems), 3 μl of dilution buffer
(Applied Biosystems), 30 pmol of primer, and 0.2 μg of tem-
plate DNA. The primer pairs were the same as described
above. The cycle conditions were 96° for 2″ (initial denatur-
ation), then 35 cycles of 96° for 10 s (denaturation), 60° for
15 s (annealing), 60° for 3″ (extension), followed by 1″ at
72°(end-extension). After removal of excess dye terminators
with CleanSeq magnetic bead sequencing reaction clean up
kit, samples were resuspended off the beads in 50 μl double
distilled water (ddH2O). A 96 well PCR plate with 10 μl of
each sample with an additional 10 μl of ddH2O in each well
was used. The PCR plate was loaded onto an Applied
Biosystems 3730xl automated DNA sequencing instrument
according to the manufacturer’s instructions. After samples
were electrophoresed using 50 cm capillary arrays and POP-
7 polymer, data were analyzed by using PE-Biosystems (ver-
sion 3.7) of Sequencing Analysis. All PCMM and CMMM
specimen showed wildtype status for D1705 and D1709. No
mutation was detected.

Discussion

Expression levels of the microRNA machinery on mRNA
level have been investigated showing both up- and down-
regulation for Dicer in a variety of malignancies including
PCMM. Reduced expression of Dicer has shown to be an
independent predictor of poor survival and to be present in
advanced metastatic melanoma [6]. Dicer expression in mel-
anoma has shown to be inversely correlated with melanoma
progression and to be up-regulated on protein level [7]. Be-
sides Sox4, adenosine deaminase acting on RNA enzyme 1
(ADAR1) has shown to regulate Dicer via the tumor suppres-
sor let-7 [8]. Interestingly Dicer expression on mRNA level
showed no differences in melanoma compared to benign
melanocytic naevi or melanoma metastases. An upregulation
of Dicer at protein level together with no change of mRNA
expression could be counted as a first hint for a possible so-
matic mutation of the Dicer gene. Mione and Bosserhoff an-
alyzed the COSMIC (Catalogue Of Somatic Mutations In
Cancer at www.cancer.sanger.ac.uk) database regarding
mutations in miRNA processing enzymes and rarely found
mutations with no obvious recurrence or hot spots [9]. When
searching for Dicer mutation in the latter database we were
able to find 26 Dicer mutations in 694 analyzed melanoma
samples (3.8 %). Zhang et al. were the first who identified
high frequency copy number abnormalities of Dicer in
melanoma [10]. Previously described somatic mutations in
Dicer are heavily concentrated in the gene segment coding
for metal-ion-binding sites D1705 and D1709 with the ab-
sence of tissue specificity, which leads to relatively lower 5p
miRNA abundance compared to wild-type [2, 3]. We did not
observe a single mutation in our heterogeneous group of
PCMM and CMMM.We assume that oncogenic miRNA pro-
files observed in PCMM cannot be attributed to hotspot mu-
tations as previously described for D1705 and D1709 in other
malignant tumors such as Sertoli-Leydig cell or Yolk sac tu-
mor. Nevertheless, further studies are needed to investigate the
mutational status of other members of the miRNA machinery
in general and in other functional domains of Dicer specifical-
ly since previous studies strongly indicate that alterations of
miRNA maturation and expression can be critical in
melanoma.

Compliance with Ethical Standards

Financial Disclosure All authors hereby disclose any commercial as-
sociations that may pose or create a conflict of interest with the informa-
tion presented in this manuscript. The authors report no conflicts of inter-
est. The authors alone are responsible for the content and writing of the
paper. Daniel Sand is supported by the Heed Ophthalmic Foundation.

Ethics This study conforms to the applicable local requirements regard-
ing ethical and investigational committee review, informed consent, and
other statutes or regulations regarding the protection of the rights and
welfare of human subjects participating in medical research (Ethical

640 Sand M. et al.

http://www.cancer.sanger.ac.uk/


Review Board of the Ruhr-University Bochum, Germany, registration
number: 3265-08).

References

1. Sand M (2014) The pathway of miRNA maturation. Methods Mol
Biol 1095:3–10. doi:10.1007/978-1-62703-703-7_1

2. Foulkes WD, Priest JR, Duchaine TF (2014) DICER1: mutations,
microRNAs and mechanisms. Nat Rev Cancer 14(10):662–672.
doi:10.1038/nrc3802

3. Aksoy BA, Jacobsen A, Fieldhouse RJ, Lee W, Demir E, Ciriello
G, Schultz N,Marks DS, Sander C (2014) Cancer-associated recur-
rent mutations in RNase III domains of DICER1. doi:10.1101/
005686

4. Harbst K, Lauss M, Cirenajwis H, Winter C, Howlin J, Torngren T,
Kvist A, Nodin B, Olsson E, Hakkinen J, Jirstrom K, Staaf J,
Lundgren L, Olsson H, Ingvar C, Gruvberger-Saal SK, Saal LH,
Jonsson G (2014) Molecular and genetic diversity in the metastatic
process of melanoma. J Pathol 233(1):39–50. doi:10.1002/path.
4318

5. Sanger F, Coulson AR, Hong GF, Hill DF, Petersen GB (1982)
Nucleotide sequence of bacteriophage lambda DNA. J Mol Biol
162(4):729–773

6. Pellegrino L, Jacob J, Roca-Alonso L, Krell J, Castellano L,
Frampton AE (2013) Altered expression of the miRNA processing
endoribonuclease dicer has prognostic significance in human can-
cers. Expert Rev Anticancer Ther 13(1):21–27. doi:10.1586/era.12.
150

7. Sand M, Gambichler T, Sand D, Altmeyer P, Stuecker M,
Bechara FG (2011) Immunohistochemical expression patterns
of the microRNA-processing enzyme dicer in cutaneous ma-
lignant melanomas, benign melanocytic nevi and dysplastic
melanocytic nevi. Eur J Dermatol EJD 21(1):18–21. doi:10.
1684/ejd.2011.1210

8. Nemlich Y, Greenberg E, Ortenberg R, Besser MJ, Barshack I,
Jacob-Hirsch J, Jacoby E, Eyal E, Rivkin L, Prieto VG,
Chakravarti N, Duncan LM, Kallenberg DM, Galun E, Bennett
DC, Amariglio N, Bar-Eli M, Schachter J, Rechavi G, Markel G
(2013) MicroRNA-mediated loss of ADAR1 in metastatic melano-
ma promotes tumor growth. J Clin Invest 123(6):2703–2718. doi:
10.1172/JCI62980

9. Mione M, Bosserhoff A (2014) MicroRNAs in melanocyte and
melanoma biology. Pigment Cell Melanoma Res. doi:10.1111/
pcmr.12346

10. Zhang L, Huang J, Yang N, Greshock J, MegrawMS, Giannakakis
A, Liang S, Naylor TL, Barchetti A, Ward MR, Yao G, Medina A,
O’Brien-Jenkins A, Katsaros D, Hatzigeorgiou A, Gimotty PA,
Weber BL, Coukos G (2006) microRNAs exhibit high frequency
genomic alterations in human cancer. Proc Natl Acad Sci U S A
103(24):9136–9141. doi:10.1073/pnas.0508889103

Mutation scanning of Dicer in melanoma 641

http://dx.doi.org/10.1007/978-1-62703-703-7_1
http://dx.doi.org/10.1038/nrc3802
http://dx.doi.org/10.1101/005686
http://dx.doi.org/10.1101/005686
http://dx.doi.org/10.1002/path.4318
http://dx.doi.org/10.1002/path.4318
http://dx.doi.org/10.1586/era.12.150
http://dx.doi.org/10.1586/era.12.150
http://dx.doi.org/10.1684/ejd.2011.1210
http://dx.doi.org/10.1684/ejd.2011.1210
http://dx.doi.org/10.1172/JCI62980
http://dx.doi.org/10.1111/pcmr.12346
http://dx.doi.org/10.1111/pcmr.12346
http://dx.doi.org/10.1073/pnas.0508889103

	Mutation Scanning of D1705 and D1709 in the RNAse IIIb Domain of MicroRNA Processing Enzyme Dicer in Cutaneous Melanoma
	Abstract
	Introduction
	Report
	Tumor Samples
	DNA Isolation and Amplification
	DNA Sequencing and Sequence Data Analysis

	Discussion
	References


