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Abstract
Purpose Dysregulation of microRNA (miRNA) metabo-
lism has been observed in a variety of human cancers, but
the expression patterns of the enzymes responsible for gen-
erating miRNAs remain largely unexplored. In this study,
we investigated the expression proWles of the two most
important enzymes of the miRNA machinery, Drosha and
Dicer, which were closely correlated with nasopharyngeal
carcinoma (NPC) and patient survival.
Methods Dicer and Drosha mRNA levels were detected by
quantitative real-time reverse transcriptase polymerase chain
reaction (qRT-PCR) using 24 NPC tissues, 7 normal naso-
pharyngeal epithelium samples (NPE) and NPC cell lines. In

addition, protein levels were detected by immunohistochem-
istry (IHC) using an NPC tissue microarray (TMA), which
include 251 NPC and 105 NPE cases. For some NPC
patients can not be contacted, the survival data were avail-
able only for 146 patients. Kaplan–Meier analysis was per-
formed, and the chi-square and log-rank tests were used to
detect signiWcance levels using SPSS 15.0 software.
Results The mean level of Dicer and Drosha mRNA were
signiWcantly down-regulated in NPC tissue specimens and
cell lines when compared with controls. The low levels of
Dicer and Drosha protein were frequently seen in NPC, and
the low expression of Dicer and Drosha protein was signiW-
cantly correlated with shorter progression-free survival
(PFS) and overall survival (OS) of NPC patients.
Conclusions We observed that Drosha and Dicer expres-
sion was dysregulation in NPC compared with healthy con-
trol samples and was signiWcantly correlated with shorter
PFS and OS of NPC patients. Therefore, we hypothesise
that the expression levels of Dicer and Drosha could be
used as potential prognostic biomarkers for NPC.
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Introduction

MicroRNAs (miRNAs) are a class of small, evolutionarily
conserved, endogenous non-coding RNAs which act as nega-
tive regulators of gene expression by inhibiting translation or
promoting RNA degradation. miRNAs have been implicated
in several key developmental and biological phenomena,
including cell diVerentiation, proliferation and apoptosis
(Bushati and Cohen 2007). According to the miRNA data-
base (miRBase), 721 diVerent human miRNAs have been
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described to date (miRNA database miRBase http://www.
microrna.sanger.ac.uk/sequences/) and are thought to play
important roles in the post-transcriptional regulation of up to
30% of all human genes. There is increasing coherent evi-
dence indicating that miRNAs play an important role in can-
cer development (Esquela-Kerscher and Slack 2006).

miRNAs are transcribed by RNA polymerase II to gen-
erate primary miRNA transcripts, which are processed into
»70-nt hairpin structured pre-miRNAs by Drosha, a RNase
III endonuclease located in the nucleus (Lee et al. 2003).
After being transported to the cytoplasm by Exportin 5,
pre-miRNA is further processed by another RNase III
endonuclease, Dicer, to generate the »22-nt mature
miRNA (Macrae et al. 2006). Given the roles played by
Drosha and Dicer, it has been hypothesised that the global
down-regulation of miRNA expression in tumours may be
driven by alterations in the expression levels or activity of
these two enzymes. In fact, down-regulation of Dicer (Gre-
lier et al. 2009; Chiosea et al. 2008) and both Drosha and
Dicer expression levels has been associated with aggressive
clinical behaviour in lung, breast (Dedes et al. 2011) and
ovarian cancers (Merritt et al. 2008), and some studies have
suggested a potential association between lower levels of
Drosha and Dicer and reduced survival in neuroblastoma
(Lin et al. 2010).

Nasopharyngeal carcinoma (NPC) is endemic in south-
ern China, Southeast Asia and North Africa. Recently,
Sengupta et al. (2008) identiWed eight diVerentially
expressed miRNAs in NPC, and another study (Chen et al.
2009) identiWed 35 miRNAs whose expression levels were
signiWcantly altered in NPC tissues. However, the dysregu-
lation of microRNA-processing enzymes Drosha and Dicer
in NPC has not been investigated to date.

In this study, we therefore investigated the expression
levels of the miRNA-processing enzymes Dicer and Drosha
in NPC cell lines and clinical specimens of NPE and NPC.
Both Dicer and Drosha were found to be down-regulated in
NPC cell lines and the vast majority of NPC samples com-
pared with normal tissues, and the low expression of Dicer
and Drosha were signiWcantly correlated with shorter pro-
gression-free survival (PFS) and overall survival (OS) of
NPC patients.

Materials and methods

Cell lines and tumour samples

The normal NP cell line NP69 was kindly provided by The
Chinese University of Hong Kong; the NPC cell lines
HNE1, HNE2, CNE1, CNE2, 5-8F and 6-10B were kindly
provided by the Cancer Center of Sun Yet-Sen University
(Guangzhou, China).

For quantitative real-time PCR (qRT-PCR), 7 NPE sam-
ples and 24 NPC biopsies were collected from Xiangya
Hospital (Changsha, PR China) in 2010. All tissue samples
were snap frozen in liquid nitrogen and stored at ¡80°C
until laser-capture micro-dissection (LCM).

For preparation of the NPC tissue microarray (TMA),
nasopharyngeal biopsy specimens were collected in the
Ear, Nose and Throat (ENT) department at Xiangya Hospi-
tal (Changsha, PR China) from January 2002 to October
2004. All biopsies were immediately Wxed in 4% buVered
paraformaldehyde, routinely processed and embedded in
paraYn.

The samples were fully encoded and examined under a
protocol approved by the Institutional Review Board of
Human Subjects Research Ethics Committee. All of the
individuals participating in this project signed the informed
consent form.

LCM and RNA isolation

Eight-micrometre-thick frozen sections of fresh NPC and
NPE were prepared using a Leica CM 1900 cryostat
(Lecia, Germany) at ¡25°C. The sections were placed on
membrane-coated glass slides (2.0 �m, 50 pieces, PEF
Membrane; Lecia, German), Wxed in 75% alcohol for 30 s
and stained with 0.5% violet-free methyl green (Sigma,
USA). After staining, the sections were air-dried and
micro-dissected using a Leica AS LMD system (Lecia,
German). LCM caps were stored at ¡80°C until further
use.

Total RNA was isolated using TRIZOL reagent (Invitro-
gen, USA) according to the manufacturer’s instructions.
RNA was extracted using the RNeasy kit (Qiagen, Valen-
cia, CA) and treated with DNase I according to the manu-
facturer’s instructions (Qiagen, Valencia, CA). The
integrity and quality of RNA were conWrmed by agarose
gel electrophoresis and absorbance at 260 nm. Then, total
RNA was reverse transcribed to cDNA using Super-
Script™ First-Strand Synthesis System with random hexa-
mer primers (Promega, USA).

Real-time quantitative PCR

Real-time quantitative PCR was performed using cDNA;
the following primers were used. Dicer: (forward) 5�-GTA
CGACTACCACAAGTACTTC-3� and (reverse) 5�-ATAG
TCACCTGCCAGACTGT-3�; Drosha: (forward) 5�-CATG
TCACAGAATGTCGTTCCA-3� and (reverse) 5�-GGGTG
AAGCAGCCTCAGATTT-3�; �-actin: (forward) 5�-AGC
GAGCATCCCCCAAAGTT-3� and (reverse) 5�-GGGCA
CGAAGGCTCATCATT-3�. All reactions were run in
triplicate, and expression levels were normalised against
�-actin.
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TMA construction and immunohistochemistry

Representative areas of 251 NPC and 105 various non-can-
cerous NPE specimens were marked on each haematoxylin-
eosin (H&E) slide and tissue paraYn block, and the marked
areas of the tissue paraYn blocks were sampled for the
TMA. The TMAs were assembled with a tissue-arraying
instrument (Zhang et al. 2009). BrieXy, the instrument was
used to create holes in a recipient paraYn block with deW-
ned array coordinates. A solid stylet was used to transfer
the tissue cores into the recipient block. One to three 0.6-
mm-diameter tissue cores were taken from each NPC and
non-cancerous NPE. A series of 5-�m-thick sections were
cut with a Leica microtome (RM 2135, Germany) and
transferred to adhesive-coated slides using a paraYn tape-
transfer system (Instrumedics Inc., USA). One slide from
each recipient block was stained with H and E. The remain-
ing slides were covered with thin paraYn and stored at 4°C
before immunohistochemistry (IHC).

IHC studies were performed using the standard strepta-
vidin/peroxidase staining method, as described previously
(Zhang et al. 2009). The antibodies were rabbit anti-Dicer,
1:50 (Cell Signaling, USA) and rabbit anti-Drosha, 1:100
(Cell Signaling, USA). All known positive sections were
taken as positive controls. Negative mouse serum and PBS
were used instead of the Wrst antibody as a negative control
and blank control, respectively. A semi-quantitative scoring
criterion for IHC was used in which both staining intensity
and positive areas were recorded. The tissue core numbers
on each section were slightly diVerent because of additional
losses suVered from block trimming and staining proce-
dures.

Survival analysis

For some NPC patients can not be contacted, the survival
data were available only for 146 patients (20 were NPC
relapses after radiation) and the median follow-up time was
51 months (3–96 months). Of the 146 NPC patients, 125
were men and 21 were women (mean age, 48 years). Using
the tumour-node-metastasis (TNM) classiWcation of malig-
nant tumours, the clinical stages of the NPC samples were
classiWed as follows: 11 cases of stage I, 26 cases of stage
II, 48 cases of stage III, and 61 cases of stage IV. Of the
patients included in the study, 104 had lymph node metas-
tasis, and 42 patients were lymph node negative. No case
showed distant metastasis. Overall survival (OS) was deW-
ned as the time from diagnosis to date of death. Progres-
sion-free survival (PFS) was deWned as the time from
diagnosis to date of Wrst failure. The OS and PFS estimates
over time were calculated using the Kaplan–Meier method,
and diVerences were compared using the log-rank test.

Results of the analysis were considered signiWcant in a
log-rank test if P < 0.05.

Data analysis

Statistical procedures were analysed using SPSS version
15.0. The best cut-oV values for separating the two groups
in terms of gene expression levels (Dicer, Drosha) were
determined by the chi-square test. PFS and OS were
estimated using the Kaplan–Meier method and compared
by log-rank test. P < 0.05 was considered statistically
signiWcant.

Results

Down-regulation of Dicer and Drosha 
in NPC samples and cell lines

To explore the mRNA expression of Dicer and Drosha in a
clinical setting, 24 NPC specimens and 7 normal NPE sam-
ples were obtained to analyse Dicer and Drosha mRNA
expression in these tissues by qRT-PCR. All tissue speci-
mens were puriWed by LCM before the RNA extraction.
Figure 1a shows that samples were micro-dissected by the
LCM system to remove lymphocytes and interstitial cells.
Figure 1b and c show that the average mRNA expression
levels of Dicer (P = 0.02) and Drosha (P = 0.01) were
lower in NPC specimens than in NPE tissues.

We also examined Dicer and Drosha mRNA levels in a
panel of NPC cell lines (Fig. 1d). Compared with NP69,
both Dicer and Drosha mRNA levels were reduced in all
NPC cell lines.

Protein expression of Dicer and Drosha using NPC-speciWc 
TMA

For the purpose of clinical correlative analyses, we used
Student’s t-test to select a cut-oV value that could best dis-
criminate high- and low-protein expression groups for
Dicer and Drosha. As shown in Table 1, low Dicer (159 of
231, 78.8%) and Drosha (153 of 231, 76.2%) protein
expression levels were frequently seen in NPC; however,
in NPE, low-Dicer protein expression was found at a fre-
quency of 17.3% (18/104) and low-Drosha protein
expression was found in 15.4% (16/104) of the samples.
In addition, Dicer and Drosha protein expression levels
were not correlated with age, gender or lymph node
metastasis, but the protein expressions of Dicer
(P = 0.001) and Drosha (P = 0.002) were signiWcantly
lower in stage III + IV than in stage I + II. Representative
images can be seen in Fig. 2.
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�

Lower expression of Dicer or Drosha protein is associated 
with shorter survival

Next, we examined the prognostic value of Dicer and Dro-
sha protein expression. The Kaplan–Meier survival analyses
showed that NPC patients with low expression levels of
Dicer protein had a signiWcantly shorter PFS (42.5% vs.
67.1%; P = 0.004) and OS (42.5 vs. 67.1%; P = 0.001) than
those with high levels of Dicer (Fig. 3a). Similarly, low
expression of Drosha protein was signiWcantly associated
with shorter PFS (40.5% vs. 69.4%, P = 0.02) and OS
(40.5% vs. 69.4%; P = 0.01) compared with high expression
of Drosha protein (Fig. 3b). These Wndings suggest that the
protein expression levels of Dicer and Drosha can serve as
important and independent predictors in NPC patients.

For the cox multivariate analysis, there were no diVer-
ence regarding sex and age, and there was a trend to a
higher chance of PFS or OS in the stage (I + II) versus stage
(III + IV), but all the diVerence was non-signiWcant. On the
other hand, there were highly signiWcant diVerences
between low Dicer and Drosha expression and decreased
PFS with hazard ratios (HR) of 0.453 (P = 0.027) and 0.462
(P = 0.032), respectively. A similar highly signiWcant
diVerences of association was noted between low Dicer and
Drosha expression and decreased OS with hazard ratios

(HR) of 0.417 (P = 0.019) and 0.429 (P = 0.024), respec-
tively, (Table 2).

Discussion

In this study, we determined the expression proWles of
Dicer and Drosha, two key enzymes in microRNA biogene-
sis, at the mRNA and protein levels. We found a strong cor-
relation between Dicer and Drosha protein expression and
PFS as well as OS, which showed a highly signiWcant, lin-
ear distribution in the Kaplan–Meier analysis (P < 0.01). If
corroborated in future prospective studies, this indicates
that a combination of Dicer and Drosha protein expression
levels at diagnosis may serve as an NPC-speciWc biomarker
for risk group assignment and selection of optimal therapy
as well as a powerful predictor of clinical outcome.

Cumulative evidence suggests that miRNAs have major
functions in the pathogenesis of tumours. Large-scale pro-
Wling has revealed a global alteration of miRNA expression
patterns in human cancers (Murakami et al. 2006; Kida and
Han 2008), especially in NPC (Chen et al. 2009). Biologi-
cal characterisation has also identiWed several miRNAs that
function as tumour suppressors or oncogenes. Our previous
study showed that miRNA-141 is involved in a NPC-
related gene network (Zhang et al. 2010). Recently, large
studies showed globally lower miRNA levels were seen in
tumour tissues compared with corresponding normal tis-
sues, especially in poorly diVerentiated compared with
well-diVerentiated tumour tissues (Lu et al. 2005). The
same Wnding was observed in several cell lines (Gaur et al.
2007), indicating that distinct miRNA expression signa-
tures might serve as diagnostic and prognostic markers for
various types of human cancers (Schetter et al. 2008; Yu
et al. 2008).

Table 1 Expression levels of 
Dicer and Drosha and clinico-
pathologic characteristics

Characteristicss Cases Dicer Drosha

High Low P value High Low P value

Age 231 72 159 78 153

·48 121 39 82 41 80

>48 110 33 77 0.715 37 73 0.968

Gender

Men 193 61 132 66 127

Women 38 11 27 0.746 12 26 0.755

Stages

I + II 78 35 43 37 41

III + IV 153 37 116 0.001* 41 112 0.002*

Lymph node

Metastasis 164 53 111 56 108

No metastasis 67 19 48 0.556 22 45 0.848
* Comparing stage I + II with 
stage III + IV

Fig. 1 Expression levels of Dicer and Drosha in NPC samples and cell
lines. a Top panel representative photographs (X100) of a micro-
dissected normal nasopharyngeal epithelium sample; bottom panel
NPC epithelium stained by methyl green. b and c qRT-PCR analysis of
the relative expression levels of Dicer and Drosha in 24 NPC
specimens and 7 NPE specimens; data were normalised according to
�-actin. DiVerences between groups were analysed using the chi-
square test (Drosha: P = 0.01; Dicer: P = 0.02). d qRT-PCR analysis
of the relative expression levels of Dicer and Drosha in the cell lines;
data were normalised according to �-actin
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Both the intranuclear miRNA-processing enzyme Drosha
and the extranuclear microRNA-processing enzyme Dicer
play pivotal roles in the maturation of miRNAs. For exam-
ple, Lee et al. (2003) demonstrated that in cells with
silenced Dicer or Drosha expression, precursor and mature
miRNA sequences were reduced. Loss of Dicer in mice dis-
rupts embryonic stem-cell diVerentiation and is lethal dur-
ing early development (Bernstein et al. 2003). Low levels
of Dicer mRNA also aVect normal cellular development
and immune responses in pre-clinical models (Cobb et al.
2006; Iida et al. 2011). Subsequent functional experiments
revealed that cells with Dicer and Drosha targeted by short
hairpin RNAs could be driven towards transformation
(Kumar et al. 2007; Kobayashi et al. 2008).

Lately, emerging evidence has linked the miRNA-
processing machinery to cancer. Large studies have shown
that the low expression of Dicer and Drosha was seen in
various tumours, including breast, lung and ovarian cancer
as well as neuroblastoma (Merritt et al. 2008; Dedes et al.
2011). At the same time, the low expression of Dicer and
Drosha can predict prognosis and delineate risk groups (Lin
et al. 2010). In contrast, the up-regulation of Dicer has also
been reported in prostate adenocarcinoma (Chiosea et al.

2006) and colorectal cancer (Faber et al. 2011). As
described above, aggressive tumours are thought to have
decreased total miRNA levels, contributing to their poor
diVerentiation. This would suggest a decreased rather than
an increased expression of Dicer or Drosha in aggressive
cancers. This is consistent with our Wnding in NPC. In our
study, we found that low expression of either Dicer or
Drosha in NPC was correlated well with global miRNA
down-regulation (Chen et al. 2009). We also found that low
expression of either Dicer or Drosha seemed to have a
prognostic impact. These studies revealed that the dysregu-
lation of Dicer and Drosha exist in many types of human
cancers, which may aVect tumour progression and progno-
sis by altering miRNA expression.

Although several studies have been conducted in diVer-
ent cancer types to elucidate the roles of Dicer and Drosha
in carcinogenesis and their impact on prognosis, the contri-
bution of Dicer and Drosha has not been addressed in NPC.
We demonstrated that lower expression of Dicer and Dro-
sha was responsible for global down-regulation of miRNAs
in NPC. Importantly, low expression of Dicer and Drosha
protein was signiWcantly correlated with shorter PFS and
OS of NPC patients. Thus, expression of Dicer and Drosha

Fig. 2 Representative images of Dicer and Drosha, as detected by IHC. Brown denotes a positive signal. Expression of Dicer in columnar epithelia
(a) and NPC (b). Expression of Drosha in columnar epithelia (c) and NPC (d)
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appeared to be another signiWcant prognostic factor for
NPC, and we can probably predict the prognosis of NPC by
measuring both Dicer and Drosha in future.
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