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Expression of the RNase Ill enzyme DROSHA
is reduced during progression of human

cutaneous melanoma
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Aberrant expression of microRNAs (miRNAs) and their biogenesis factors has been frequently observed in
different types of cancer. We recently reported that expression of DICER1 is reduced in metastatic melanoma.
Nevertheless, so far very little is known about the expression pattern of other miRNA biogenesis factors in this
type of malignancy. Here, we investigated the expression pattern of DROSHA in a large set of melanocytic
lesions (n=409) by tissue microarray and immunohistochemistry. We found that nuclear expression of
DROSHA is markedly reduced in the early stages of melanoma progression (P=0.0001) and is inversely
correlated with melanoma thickness (P=0.0001), AJCC stages (P=0.0001), and ulceration status (P=0.002).
We also confirmed the reduced expression of nuclear DROSHA by a second specific antibody raised against a
different region of the DROSHA protein. In addition, we observed that the reduced nuclear expression of
DROSHA during melanoma progression is accompanied by an increased cytoplasmic expression of this protein
(P=0.0001). Finally, we found that expression pattern of DROSHA varies from that of DICER1 and concomitant
loss of expression of both DICER1 and DROSHA confers the worse outcome for melanoma patients. Our results
demonstrate a reduced nuclear expression of DROSHA, which further highlights a perturbed miRNA biogenesis
pathway in melanoma. In addition, the aberrant subcellular localization of DROSHA indicates possible

deregulation in the mechanisms responsible for its proper localization in the nucleus.
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MicroRNAs (miRNAs) are a large family of single-
stranded noncoding RNAs of ~22-nucleotides in-
volved in posttranscriptional regulation of gene
expression. Human genome produces more than a
thousand miRNAs, each of which act via the RNA
silencing pathway to regulate stability, degradation
or rate of translation of the target mRNAs.?
With some exceptions, miRNAs are transcribed by
RNA polymerase II from independent genes or as
parts of introns of protein-coding genes in the form
of pri-miRNAs.?2 The pri-miRNAs are processed
within the nucleus by microprocessor complex,
core components of which are the RNase III
enzyme DROSHA and the DiGeorge syndrome
critical region gene 8 (DGCR8) proteins. The
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product of the microprocessor complex are
~ 70-nucleotide pre-miRNAs, which are
subsequently transported to the cytoplasm by Ran
GTPase-Exportin-5 complex.! Upon arrival in
cytoplasm, DICER1 further processes the pre-
miRNAs to ~22-nt duplexes. One strand of each
duplex, representing a mature miRNA, is then
incorporated into the RNA-induced silencing
complex (RISC), which then causes translational
repression or deadenylation and degradation of the
target mRNAs identified by base-pairing to the core
sequences of the corresponding miRNAs.!

The known miRNAs’ targets in human transcrip-
tom are involved in a wide range of cellular
functions such as development,® proliferation and
apoptosis? and angiogenesis.® Therefore, dysre-
gulation of miRNA biogenesis, hence alteration in
miRNA expression levels, can lead to a variety of
diseases, including cancer. Widespread aberrant
expression of miRNAs has been frequently
observed in cancers.®=® These widespread changes
in expression pattern of miRNAs could be due to
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chromosomal abnormalities® or epigenetic effects
and aberrant transcription.’®'?  However, the
aberrant expression or function of miRNA bio-
genesis factors could also potentially alter the
miRNAome of the cells; therefore, contribute to the
tumorigenesis process. Accordingly, expression of
several miRNA biogenesis factors such as DICER1
and Argonauts have been observed to be deregulated
in cancers.!?714

Widespread deregulated expression of miRNAs in
melanoma has been observed in different stu-
dies'16 accompanied by revelation of involvement
of several individual miRNAs in regulation of
different features of melanoma such as invasion,
proliferation and evasion of apoptosis.'6~18 We
recently revealed that expression of DICER1 is
reduced in metastatic melanoma, which was
inversely correlated with survival of melanoma
patients.'® Nevertheless, so far very little is known
about the expression pattern of other miRNA
biogenesis factors in melanoma. Several lines
of evidence indicate that expression of DROSHA
is deregulated in malignancies and may
influence clinical outcomes.’2%-22 In this study, to
identify the expression pattern of DROSHA in
melanoma, we investigated the expression of
its protein in a large set of melanocytic lesions by
immunohistochemistry.

Materials and methods
Construction of TMA

All specimens were obtained from the 1990 to 1998
archives of the Department of Pathology, Vancouver
General Hospital. The use of human skin tissues in
this study was approved by the Clinical Research
Ethics Board of The University of British Columbia.
The most representative tumor area from each
sample was carefully selected by a certified derma-
topathologist and marked on the H&E-stained slide.
The TMAs were assembled using a tissue-array
instrument (Beecher Instruments, Silver Spring,
MD, USA). Duplicate 0.6-mm thick formalin-
fixed paraffin-embedded tissue cores were taken
from each biopsy specimen and spotted on five
high-density TMA blocks. Four-um sections were
cut with a Leica microtome and transferred to
adhesive coated slides. Tissues from 29 normal
nevi, 43 dysplastic nevi, 226 primary melanomas,
and 111 metastatic melanomas were used in con-
struction of the tissue microarray. In this study we
also used a smaller TMA construct (two slides) with
48 dysplastic nevi, 86 primary melanomas, and 49
metastatic melanomas.

Immunohistochemistry

TMA slides or single tumor slides were dewaxed at
55 °C for 30 min and three consequent washes with
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xylene. Tissues were rehydrated by a series of
washes in 100, 95, and 80% ethanol, followed by
two washes in distilled water. Antigen retrieval was
done by heating the samples at 95 °C for 30 min in
10 mmol/l sodium citrate (pH 6.0). After inactivating
the endogenous peroxidase by incubating in 3%
H,0, for 30 min and blocking with universal block-
ing serum for 30min, slides were incubated
with polyclonal rabbit anti-DROSHA antibodies
(1:50 dilution, ab12286 Abcam, Cambridge, MA,
USA; or 1:50; sc-33778 Santa Cruz Biotechnology,
Santa Cruz, CA, USA) at 4 °C overnight. The slides
were then incubated with biotin-labeled secondary
antibody and streptavidin-peroxidase for 30min
each, followed by developing with diaminobenzi-
dine substrate kit (Vector Laboratories, Burlington,
ON, Canada) and counterstained with hematoxylin.

Evaluation of Immunostaining

The evaluation of DROSHA expression was made
blindly by two independent observers (including
one dermatopathologist) simultaneously. The nucle-
ar or cytoplasmic DROSHA staining was scored into
four grades according to the following staining
intensities: 0, 1+, 2+, and 34. Percentages
of DROSHA-positive cells were also scored into
five categories: 0 (0%), 1 (1-25%), 2 (26-50%), 3
(51-75%), and 4 (76—=100%). The immunoreactive
score, which is calculated by multiplying the scores
of staining intensity and the percentage of positive
cells, was used as the final staining score.

Statistical Analyses

The Kruskal-Wallis test was applied to compare the
DROSHA staining between normal nevi, dysplastic
nevi, primary melanomas and metastatic melanomas
using the GraphPad prism5 software. Other statis-
tical analyses were performed with the SPSS 11.5
software. The correlations between DROSHA
expression and clinicopathologic variables, includ-
ing AJCC stages, age, gender, tumor thickness,
location, and ulceration were analyzed by 72 test.
Spearman test was used to analyze the correlation
between nuclear DROSHA and cytoplasmic DICER1
expression and correlation between nuclear and
cytoplasmic DROSHA expression. In all cases, a
P value of <0.05 was considered significant.

Results

Reduced Nuclear DROSHA Staining Correlates with
Melanoma Progression

We used a polyclonal rabbit antibody raised against
the N-terminal (residues 1-100) of human DROSHA
protein to investigate its expression pattern in 409
melanocytic lesions (29 normal nevi, 43 dysplastic
nevi, 226 primary melanomas, and 111 metastatic
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melanomas). We observed a predominant nuclear
DROSHA staining in different samples (Figure 1a).
We also detected some cytoplasmic signal with this
antibody in melanocytic lesions in all stages.
A significant difference in nuclear DROSHA stain-
ing was observed between different stages of
melanoma. Kruskal-Wallis test revealed a clear
reduction in the expression of nuclear DROSHA
during  melanoma  progression  (P=0.0001;
Figure 1b). We found significant reduction in
expression of nuclear DROSHA from normal nevi
to dysplastic nevi (P=0.002) and from dysplastic
nevi to primary melanomas (P=0.0001) but not
between primary melanomas and metastatic mela-
nomas (P=0.052). Similarly, when we divided the
samples from each stage into two groups based on
expression of nuclear DROSHA, we observed an
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increase in percentage of samples with no nuclear
DROSHA staining during melanoma progression
(P=0.0001; Figure 1c). Accordingly, while 82.7%
of normal nevi and 62.7% of dysplastic nevi had
positive nuclear staining for DROSHA, only 26.1%
of primary melanomas and 17.1% of metastatic
melanomas stained positive for nuclear DROSHA.

Inverse Correlation between Nuclear DROSHA
Staining and Tumor Thickness, AJCC Staging and
Ulceration Status

To assess whether reduced nuclear DROSHA stain-
ing correlates with clinicopathologic variables of
the patients, we examined the expression pattern of
nuclear DROSHA in 226 primary melanoma samples
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Figure 1 Reduced expression of nuclear Drosha correlates with melanoma progression. (a) Representative images of normal nevi (NN)
and dysplastic nevi (DN) with strong nuclear Drosha staining, primary melanoma (PM) with weak staining, and metastatic melanoma
(MM) with negative nuclear Drosha staining. Scale bar =50 ym. (b) Kruskal-Wallis test for differences in nuclear Drosha staining among
NN, DN, PM, and MM. Median is depicted as a horizontal line in each group (P=0.0001). (c) % test for differences in nuclear Drosha
staining in NN, DN, PM, and MM. Significant difference was found between DN and PM (P=0.0001) but not NN and DN (P=0.068)

or PM and MM (P=0.066).
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(Table 1). Although DROSHA staining did not have
a significant correlation with patients’ age or sex,
location of tumor and lymphocytic response, it
showed a significant inverse correlation with tumor
thickness (Breslow’s depth of invasion). Accord-
ingly, percentage of samples with positive staining
for nuclear DROSHA reduced from 41.0% in tumors
<1mm thick to 18.2% in tumors thicker than 1 mm
(P=0.0001, y? test; Figure 2a). We also observed an
inverse correlation between expression of nuclear
DROSHA and ulceration status of the melanoma
patients. While 30.6% of the samples without
ulceration stained positive for nuclear DROSHA,
only 6.9% of those with ulceration had positive
nuclear DROSHA staining (P=0.002, 1% test;
Table 1). In addition, when compared with the
nuclear DROSHA staining between different sub-
types of melanoma, we found that lentigo maligna
and superficial spreading subtypes express less
DROSHA than other subtypes (P=0.016; Table 1).

Importantly, our data also demonstrated that
nuclear DROSHA expression is inversely correlated
with American Joint Committee on Cancer (AJCC)
stages of melanoma (P=0.0001, y? test; Figure 2b).
We found that the main and only significant
difference in nuclear DROSHA staining exist
between stage I and II (P=0.0001, 72 test) but not
the other stages (P> 0.05, 2 test).
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Subcellular Compartment Shift of DROSHA
Expression to the Cytoplasm during Melanoma
Progression

As mentioned earlier, in addition to the nuclear
staining for DROSHA we also observed cytoplasmic
staining for this protein in all stages of melanocytic
lesion. To investigate if the cytoplasmic nuclear
staining has any significance in melanoma progres-
sion, we evaluated DROSHA staining in cytoplasm.
Kruskal-Wallis test revealed a marked increase in
cytoplasmic expression of DROSHA during mela-
noma progression (P=0.026; Figure 3a). Significant
difference for the cytoplasmic DROSHA staining
was observed between dysplastic nevi and primary
melanomas (P = 0.016), but not between normal nevi
and dysplastic nevi or between primary melanomas
and metastatic melanomas (P> 0.05). Furthermore,
to examine whether the reduced nuclear DROSHA
staining is due to a subcellular shift, we divided the
samples in each stage of melanoma progression into
four categories based on their nuclear and cytoplas-
mic DROSHA expression profile: (1) negative nuclei
and cytoplasm; (2) negative nuclei but positive
cytoplasm; (3) positive nuclei but negative cyto-
plasm; (4) positive nuclei and cytoplasm. Interest-
ingly, we observed a considerable shift in DROSHA
expression from nuclei to cytoplasm during mela-
noma progression (P=0.0001, y? test; Figure 3b).

Table 1 Nuclear Drosha staining and clinicopathologic characteristics of 226 primary melanomas

Nuclear DROSHA staining

Variables Negative Positive Total P value®
Age (years)
<63 81 (71.1%) 33 (28.9%) 114 0.327
>63 86 (76.8%) 26 (23.2%) 112
Sex
Male 91 (71.6%) 36 (28.4%) 127 0.385
Female 76 (76.8%) 23 (23.2%) 99
Ulceration
Present 40 (93.0%) 3 (7.0%) 43 0.002
Absent 127 (69.4%) 56 (30.6%) 183
Lymphocytic response
Present 56 (75.7%) 18 (24.3%) 74 0.670
Absent 111 (73.0%) 41 (27.0%) 152
Tumor subtype
Lentigo maligna 36 (65.5%) 19 (34.5%) 55 0.016
Superficial spreading 56 (68.3%) 26 (31.7%) 82
Other® 75 (84.3%) 14 (15.7%) 89
Site®
Sun-exposed 44 (74.6%) 15 (25.4%) 59 0.890

Sun-protected 123 (73.7%)

44 (26.3%) 127

4,2 test.

bOther: unspecified subtype.

“Sun-protected sites: trunk, arm, leg and feet; sun-exposed sites: head and neck.
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Figure 2 Nuclear Drosha expression is negatively correlated with
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Figure 3 Cytoplasmic expression of Drosha is increased during melanoma progression. (a) Kruskal-Wallis test for differences in
cytoplasmic expression of Drosha among NN, DN, PM, and MM (P=0.026). Significant difference was found between dysplastic nevi
and primary melanomas (P=0.016), but not between normal nevi and dysplastic nevi or between primary melanomas and metastatic
melanomas (P> 0.05). (b) Combined analysis of nuclear and cytoplasmic Drosha staining in NN, DN, PM, and MM. Each sample was
categorized based on nuclear and cytoplasmic Drosha expression as following: (1) negative nuclei and negative cytoplasm; (2) negative
nuclei but positive cytoplasm; (3) positive nuclei but negative cytoplasm; and (4) positive nuclei and positive cytoplasm.

Accordingly, category 2 that represents samples
with negative nuclear but positive cytoplasmic
staining for DROSHA increased from 10.3% in
normal nevi to 30.2% in dysplastic nevi, 54.2%
in primary melanomas and 56.8% in metastatic
melanomas, whereas category 3 that represents
samples with positive nuclear but negative
cytoplasmic staining for DROSHA decreased from
34.5% in normal nevi to 20.9% in dysplastic nevi,
and further to 1.3% in primary melanomas and
0.9% in metastatic melanomas.

Validation of DROSHA Staining with a Second
Antibody

To further validate our observation that expression
of nuclear DROSHA is reduced in melanoma, we
used a second rabbit polyclonal antibody against
the C-terminal (amino acids 1071-1370) to probe for
expression of DROSHA in a smaller TMA construct,
containing 48 dysplastic nevi, 86 primary melano-
mas, and 49 metastatic melanomas (Figure 4). We
observed an expression pattern of nuclear DROSHA
very similar to the first antibody by using this
antibody (Figure 4a). Indeed, Kruskal-Wallis test
revealed a reduced expression of nuclear DROSHA
during  melanoma  progression  (P=0.0001;
Figure 4b). Furthermore, when we divided the
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samples from each stage into two groups (positive
and negative) based on expression of nuclear
DROSHA, we observed an increase in percentage
of samples with no nuclear DROSHA staining
during melanoma progression (P=0.001, z? test;
Figure 4c). Accordingly, while 56.2% of dysplastic
nevi had positive nuclear staining for DROSHA,
only 20.9% of primary melanomas and 12.2%
of metastatic melanomas stained positive for nuclear
DROSHA.

Concomitant Loss of DROSHA and DICER1 Expression
Renders Worse Prognosis for Melanoma Progression

To evaluate whether the reduced nuclear DROSHA
staining in human melanomas correlates with
patient survival, we constructed Kaplan—-Meier
survival curves using overall or disease-specific
5-year survival to compare biopsies with positive
nuclear DROSHA staining to those with negative
nuclear DROSHA staining. Our results revealed
that despite a trend toward higher survival rate in
samples with positive nuclear DROSHA signals,
this correlation is not significant for either overall
(P=0.073) or disease-specific (P=0.097) 5-year
survival of the patients (data not shown). Our
analysis with the second anti-DROSHA antibody
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Figure 4 Tissue microarray using a second specific antibody raised against the C-terminal region of the human Drosha protein confirms
the reduced nuclear Drosha expression during melanoma progression. (a) Representative images of dysplastic nevi (DN) with strong
nuclear Drosha staining, primary melanoma (PM) with weak and metastatic melanoma (MM) with negative nuclear Drosha staining.
(b) Kruskal-Wallis test for differences in nuclear Drosha staining among DN, PM, and MM. The median is depicted as a horizontal line in
each group (P=0.0001). Significant difference was found between DN and PM (P=0.001, Mann—Whitney test) but not PM and MM
(P=0.36, Mann—Whitney test). (c) x? test for differences in nuclear Drosha staining in DN, PM, and MM. Significant difference was found

between DN and PM (P=0.001) but not PM and MM (P =0.204).

also produced similar results
(data not shown).

We previously reported that expression of cyto-
plasmic DICER1 is reduced during melanoma
progression towards metastasis.’® Since DROSHA
and DICER1 are two main players in the miRNA
biogenesis pathway, we investigated the potential
correlation in the expression of these two proteins in
melanocytic lesions and the correlation between
concomitant expression of these two factors
and melanoma patients’ survival. We found that
despite reduced expression of cytoplasmic DICER1
and nuclear DROSHA during melanoma progres-
sion, there is no significant correlation between
their expression patterns in the single sample level

non-significant

(data not shown). However, when we divided
the samples into three groups; positive DROSHA-
positive DICER1 (category 1; n=49), positive
DICER1-negative DROSHA or negative DICER1-
positive DROSHA (category 2; n=192) and
negative DICER1-negative DROSHA (category 3;
n=233), we found a significant correlation between
their concomitant expression and patient survival
(P=0.019 for overall and 0.001 for disease-specific
survival; Figure 5a and b). We observed that samples
in category 3 represented the worst survival out-
come (36.7% for both overall and disease-specific
survival; Figure 5a and b), whereas category
1 represented the best outcome (65.3% for overall
and 75.5% for disease-specific survival; Figure 5a
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Figure 5 Concomitant loss of nuclear Drosha and cytoplasmic DICER1 inversely correlates with (a) overall and (b) disease-specific 5-year

survival of all primary and metastatic melanoma patients.

and b). Interestingly, survival rate for samples in
category 2 was between the other two categories
(54.7% for overall and 59.4% for disease-specific
survival; Figure 5a and b).

Discussion

Expression pattern of DROSHA has been investi-
gated in regard to tumor progression and survival
prediction in a number of malignancies. However, to
our knowledge, this is the first study to investigate
the DROSHA protein expressions in human cuta-
neous melanoma. Using two different antibodies
raised against different regions of the DROSHA
protein, we observed a marked downregulation of
nuclear DROSHA expression during melanoma
progression (Figures 1 and 4). We also observed an
inverse correlation between nuclear expression
of DROSHA and tumor thickness, AJCC stage, and
ulceration status (Figure 2; Table 1). These data
indicate a possible tumor suppressor function for
DROSHA in melanoma.

Interestingly, we also observed an increased
cytoplasmic staining for DROSHA along with the
reduced nuclear DROSHA expression during mela-
noma progression (Figure 3). This observation
suggests that the nuclear-to-cytoplasm translocation
of DROSHA protein may be a relevant event in
melanomagenesis. In esophageal cancer samples,
DROSHA was shown by immunohistochemistry
to be strongly expressed in both nuclei and
cytoplasm.??® Cytoplasmic localization of DROSHA
was also recently reported in colorectal carcinoma
cells by immunofluorescence analyses.?* Similarly,
cytoplasmic DROSHA expression was detected in
MCF-7 breast cancer cell line.?®

It should be noted that alternatively spliced
transcripts, encoding C-terminally truncated
DROSHA proteins lacking part of the RIIIDb and
the entire dsRBD have been detected in human
melanoma cell lines. Proteins generated from these
alternative splice variants fail to bind to DGCR8 and
form the microprocessor complex.?6 These splice
variants are deficient in pri-miRNA processing.
However, these aberrant transcripts in melanoma
cells do not hamper miRNA biogenesis process.?6 In
our study, it is possible that these splice isoforms

MODERN PATHOLOGY (2013) 26, 902-910

contribute to the signals detected by the antibody
that targets the N-terminal of DROSHA protein;
nevertheless, we believe that this possibility is
remote since the second antibody that targets the
C-terminal of the DROSHA protein (therefore,
unable to detect these isoforms) shows a pattern
of DROSHA expression in melanocytic lesions very
similar to the other antibody.

Previous reports demonstrated various degrees of
correlation between DROSHA expression and
survival13:20.22-24,27.28 Ngvertheless, despite a clear
trend, our Kaplan—Meier analysis did not reveal a
significant correlation between nuclear DROSHA
expression and patients’ overall or disease-specific
survival. This lack of significant correlation may be
explained by the notion that reduction of nuclear
DROSHA expression mainly happens at earlier
stages of melanomagenesis (from normal nevi
to dysplastic nevi and further from dysplastic nevi
to primary melanomas; Figures 1 and 4).

A previous report on breast cancers showed that
DROSHA and DICER1 were concurrently down-
regulated in 15% of cases.??® Downregulation
of DROSHA in endometrial cancer was also shown
to be significantly correlated with decreased
expression of DICER1.2° Nonetheless, we did not
observe any correlation between nuclear DROSHA
and cytoplasmic DICER1 expression in melanocytic
lesions. In addition, when we compared
the expression pattern of nuclear DROSHA with
that of cytoplasmic DICER1 during melanoma
progression,'® we observed that while the
expression of DICER1 reduces mainly in the latest
stage of melanoma progression (metastatic
melanoma), nuclear DROSHA expression is
progressively reduced in almost all stages of
melanoma progression. These data indicate that
expression pattern of these two factors differ in
different stages of melanoma progression, suggesting
the existence of distinct mechanisms responsible
for differential regulation of their expression.
However, despite this lack of correlation at the
expression level, our survival analysis revealed that
concomitant expression of these two factors confers
the best survival outcome for the patients (Figure 4).
In line with our observation in melanoma, studies in
ovarian cancer showed that cases with both high
DICER1 expression and high DROSHA expression



were associated with increased survival.l?

Altogether, our data suggest that integrity of the
miRNA biogenesis pathway is perturbed in a consi-
derable subset of melanomas and that those cases
whose expression pattern of miRNA biogenesis
factors (and probably expression pattern of
miRNAs) resembles that of normal tissues
represent a better rate of survival.

Loss of expression of DROSHA and DICER1 has
been shown before to cause different phenotypes.
For instance, it was reported that DICER1
knockdown significantly decreases migration of
endothelial cells, whereas DROSHA knockdown
has no effect.?® Similarly, silencing of DICER1
but not DROSHA reduces angiogenesis in vivo.30
Also, Chong et al’! revealed that in early stage
thymocytes, deficiency in DROSHA or DICER1 does
not always result in identical phenotypes and using
the mouse embryonic fibroblasts they showed that
loss of DROSHA expression results in a pattern of
gene expression different than loss of DICERI.
Interestingly, they showed that DROSHA also
recognizes and directly cleaves many mRNAs with
secondary stem—loop structures. In addition, a
subset of miRNAs was found to be generated by a
DICER1-dependent but DROSHA-independent
mechanism, explaining the distinct and non-over-
lapping phenotypes caused by loss of DROSHA and
DICER1.° Reduced DROSHA, but not DICERI1,
expression in human mesenchymal stem cells was
demonstrated to significantly reduce proliferation
rate.32 In addition, unlike DICER1 knockdown,
DROSHA knockdown human mesenchymal stem
cells contained an increased number of G1 phase
cells, with a reduced level of cells in S phase,
accompanied by decreased pRB, 28S and 18S rRNA
expression and increased p16 and p15 (two key
regulators of the G1/S phase transition) expression,
indicating that DROSHA modifies human mesen-
chymal stem cells proliferation through a miRNA-
independent mechanism.3? Our data demonstrating
further reduction in survival rate of the melanoma
cases with negative DICER1-negative and DROSHA
expression compared with that of the cases with loss
of either DICER1 or DROSHA (Figure 5) also
indicate the possible existence of at least some
non-overlapping functions of these two factors.
However, beside its direct role in biogenesis of
miRNAs, so far very little is known of putative
functions of DROSHA in melanocytic cells. Future
studies will delineate these functions of DROSHA
and its possible contribution to suppression of
melanomagenesis.

In conclusion, our data revealed a decreased
nuclear expression of DROSHA during melanoma
progression along with subcellular compartment
shift of its expression toward the cytoplasm. We
observed that expression of DROSHA inversely
correlates with tumor thickness, AJCC stage and
ulceration status. In addition, we revealed that
concurrent loss of expression of DROSHA and
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DICER1 confers an adverse affect on melanoma
patient survival, worse than singular loss of each
of these factors. Our data suggest a possible tumor
suppressor function for DROSHA in melanoma and
highlights the requirement for future studies on its
role in this type of malignancy and it possible
miRNA-independent functions.
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