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Background

We studied Dicer and Drosha, components of the RNA-interference machinery, in 
ovarian cancer.

Methods

We measured messenger RNA (mRNA) levels of Dicer and Drosha in specimens of 
invasive epithelial ovarian cancer from 111 patients, using a quantitative reverse-
transcriptase–polymerase-chain-reaction assay, and compared the results with clini-
cal outcomes. Validation was performed with the use of published microarray data 
from cohorts of patients with ovarian, breast, and lung cancer. Mutational analyses 
of genomic DNA from the Dicer and Drosha genes were performed in a subgroup 
of ovarian-cancer specimens. Dicer-dependent functional assays were performed by 
means of in vitro transfection with small interfering RNA (siRNA) and short hair-
pin RNA (shRNA).

Results

Levels of Dicer and Drosha mRNA correlated with the levels of expression of the 
corresponding protein and were decreased in 60% and 51% of ovarian-cancer spec-
imens, respectively. Low Dicer expression was significantly associated with advanced 
tumor stage (P = 0.007), and low Drosha expression with suboptimal surgical cytore-
duction (P = 0.02). Cancer specimens with both high Dicer expression and high Drosha 
expression were associated with increased median survival (>11 years, vs. 2.66 years 
for other subgroups; P<0.001). We found three independent predictors of reduced 
disease-specific survival in multivariate analyses: low Dicer expression (hazard ra-
tio, 2.10; P = 0.02), high-grade histologic features (hazard ratio, 2.46; P = 0.03), and 
poor response to chemotherapy (hazard ratio, 3.95; P<0.001). Poor clinical outcomes 
among patients with low Dicer expression were validated in additional cohorts of 
patients. Rare missense mutations were found in the Dicer and Drosha genes, but 
their presence or absence did not correlate with the level of expression. Functional 
assays indicated that gene silencing with shRNA, but not siRNA, may be impaired 
in cells with low Dicer expression.

Conclusions

Our findings indicate that levels of Dicer and Drosha mRNA in ovarian-cancer cells 
have associations with outcomes in patients with ovarian cancer.
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The discovery that gene expression 
can be altered through RNA interference1 
has stimulated research on the role of RNA 

interference in the development of cancer. Target-
ing specific genes by RNA-interference molecules 
allows for the identification of regulators of an-
giogenic, proliferative, and survival pathways in 
cancer cells. Furthermore, RNA-interference mol-
ecules that silence specific genes are being tested 
in preclinical studies as a treatment for cancer.2,3

Regulation of gene expression through RNA in-
terference occurs by means of microRNA (miRNA) 
or small interfering RNA (siRNA) (Fig. 1). In the 
nucleus, endogenous double-stranded RNA seg-
ments are cut into short, hairpin-shaped double-
stranded RNA precursor structures (of approxi-
mately 60 to 70 nucleotides each)4,5 by the RNase 
III enzyme Drosha. These precursors move to the 
cytoplasm, where Dicer, also an RNase III enzyme, 
cleaves them into mature double-stranded RNA 
fragments (miRNA), 19 to 21 nucleotides each.6 
Translational repression or degradation of mes-
senger RNA (mRNA) occurs when miRNA binds 
to the RNA-induced silencing complex (RISC).7,8 
The siRNA production occurs in a similar manner, 
although processing by Drosha is not required.9

Alterations of miRNAs in human cancers have 
been reported, but the regulation of these mole-
cules is unclear. In ovarian tumors, decreased ex-
pression of a substantial proportion of miRNAs 
has been found,10-13 but the downstream effects 
of this decrease are not known. Nevertheless, these 
findings support the hypothesis that miRNAs have 
an underlying role in cancer progression.10-12 We 
investigated whether altered levels of Dicer and 
Drosha mRNA, components of the RNA-interfer-
ence machinery, are associated with clinical out-
come in ovarian cancer.

Me thods

Cell Lines

The derivation, sources, and maintenance of the 
ovarian-cancer cell lines used in this study have 
been reported previously.14 The lines were HeyA8, 
SKOV3ip1, A2780-Par, IGROV, EG, 222, OVCAR3, 
and OVCAR420 (for sources, see the Supplemen-
tary Appendix, available with the full text of this 
article at www.nejm.org).

Tumor Samples

After the study was approved by the Institutional 
Review Board and written informed consent was 

obtained from the patients for the use of clini-
cal specimens for research, we obtained 111 
specimens of invasive epithelial ovarian cancer 
from the M.D. Anderson Cancer Center Tumor 
Bank and the Brigham and Women’s Gynecologic 
Oncology Tumor Bank. Before collection of these 
samples, 11 benign ovarian epithelial samples 
were obtained as controls from microdissected 
paraffin-embedded specimens or epithelial scrap-
ings taken after surgical removal.

Data on clinical outcome were obtained from 
patients’ records. Responses to initial chemother-
apy were recorded as either sensitive (if there was 
normalization of the CA-125 level, a negative find-
ing on second-look laparotomy, or both within 
6 months after completion of initial chemotherapy) 
or refractory or resistant (if there was progres-
sion or recurrence within 6 months after comple-
tion of initial chemotherapy).

Dicer and Drosha mRNA

A quantitative reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assay was used to mea-
sure Dicer and Drosha mRNA in RNA extracted 
from ovarian cell lines and ovarian tumors. Pro-
tein expression was examined in all cell lines by 
means of Western blots (see the Supplementary Ap-
pendix) and in ovarian tumors by means of im-
munohistochemical methods. Quantitative RT-PCR 
was performed with the use of the TaqMan gene-
expression assay kit (Applied Biosystems), with ei-
ther Dicer, Drosha, or 18s RNA primers (Applied 
Biosystems), as previously described.15,16 The final 
mRNA levels were converted to ratios of decreased 
expression (≤1) or increased expression (>1) rela-
tive to levels of Dicer and Drosha mRNA in nor-
mal ovarian epithelium.

Immunohistochemical Analysis

Slides were deparaffinized and rehydrated with 
sequential washes in xylene and ethanol. Antigen 
retrieval was performed in a pressure cooker at 
90°C with the use of Borg Decloaker solution (Bio-
care Medical). Slides were then incubated with 
primary antibodies against Dicer (1:100 dilution, 
Sigma) or Drosha (1:200, Abcam) overnight, fol-
lowed by incubation with a mouse–rabbit–horse-
radish peroxidase polymer (MR-HRP, Biocare Med-
ical) and 3,3′-diaminobenzidine substrate (Phoenix 
Biotechnologies). The stained slides were scored 
by two investigators who were unaware of the 
RT-PCR results, on the basis of the histochemical 
score (with a score of >100 defined as high expres-
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sion and ≤100, low expression), according to the 
method described by McCarty et al.,17,18 which con-
siders both the intensity of staining and the per-
centage of cells stained.

Validation

The relation between levels of Dicer and Drosha 
mRNA and survival among patients with ovarian 
cancer (GEO accession number, GSE314919), breast 
cancer (ArrayExpress accession number, E-TABM-
15820; and GEO accession numbers, GSE145621 
and GSE492222), and lung cancer (GEO accession 
number, GSE314119) was examined in existing mi-
croarray data sets of samples that had been pro-
filed with an Affymetrix GeneChip assay (either 
HG-U133A or HG U133 Plus 2.0). Probe sets 
212888_at and 218629_at were used to measure 
Dicer and Drosha expression, respectively.

Mutational Analysis

Genomic DNA extracted from four ovarian cell 
lines and 37 previously examined ovarian tu-
mors was sequenced for the Dicer gene DICER1 
(NM_177438) and the Drosha gene RNASEN 
(NM_013235) coding exons and their flanking 
splice sites to assess for potential mutations, as 
previously described.23 All sequence variants were 
verified through manual inspection of the chro-
matograms.

Transfection with Small Interfering  
and Short Hairpin RNA

The anti–galectin-3 oligonucleotide (target se-
quence, GTACAATCATCGGGTTAAATT; Dharma-
con) and control nontargeting oligonucleotides 
(target sequence, UUCUCCGAACGUGUCACGU; 
Qiagen) were used for transfection of siRNA and 
short hairpin RNA (shRNA). The shRNA was pre-
pared using a lentivirus gene-transfer vector (con-
taining green f luorescent protein), as previously 
described24; shRNA induces stable genetic si-
lencing.

For siRNA and shRNA transfections, 2×105 

cells per well were plated and 5 μg of galectin-3 
or nontargeting siRNA was added according to 
the manufacturer’s protocol. Transfection was con-
sidered successful if a transfection rate of more 
than 90% was achieved. Gene silencing was as-
sessed by means of Western blot analysis.

Statistical Analysis

To determine the distribution of Dicer and Drosha 
levels around cutoff points, histograms were cre-

ated on a log2 scale of the expression ratio and 
tested for normality with the Kolmogorov–Smirnov 
test. The Wilcoxon test was used to compare rank 
distributions of continuous variables not conform-
ing to the assumptions of normality. Contingency 
tables and Fisher’s exact test were used to evalu-
ate the relationship between death and categori-
cal variables. Kaplan–Meier plots were constructed 
and a log-rank test was used to determine differ-
ences among survival curves according to Dicer 
and Drosha expression level. Multivariate analy-
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Figure 1. The RNA-Interference Cascade in Humans.

Long precursor microRNA (miRNA) segments, called pri-miRNA, are first 
cleaved in the nucleus by Drosha, an RNase III endonuclease, into seg-
ments of approximately 70 nucleotides each (called pre-miRNA). Transpor-
tation into the cytoplasm by means of exportin 5 leads to cleavage by Dicer, 
another RNase III endonuclease, which produces mature miRNA segments. 
Host degradation of messenger RNA (mRNA) and translational repression 
occurs after miRNA binds to the RNA-induced silencing complex (RISC). 
Cytoplasmic long double-stranded RNA (dsRNA) is cleaved by Dicer into 
small interfering RNA (siRNA), which is incorporated into RISC, resulting  
in the cleavage and degradation of specific target mRNA.
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ses were performed with the use of a Cox propor-
tional-hazards model to examine the effects of 
Dicer and Drosha expression on death from dis-
ease while adjusting for other covariates. Bonfer-
roni corrections were used in analyses involving 
multiple comparisons.

The relation between the expression of the 
Dicer and Drosha genes and survival was explored 
in microarray data sets by separating the cases 
from each cohort into a group with a high median 
level of expression and a group with a low median 
level of expression. The statistical significance of 
the Cox hazard ratio was assessed by means of 
Wald’s test (using the “survival” package [version 
2.34] in the R language for statistical computing 
[version 2.6.1]).25 A kappa statistic was calculated 
to assess the agreement between RT-PCR results 
and histochemical scores. All P values were two-
sided, and a P value of less than 0.05 was consid-
ered to indicate statistical significance.

R esult s

Dicer and Drosha Expression

We examined 111 ovarian-cancer specimens and 
11 benign epithelial-ovarian specimens by using 
quantitative RT-PCR for mRNA and calculated the 
ratios of the expression in the tumors and the ex-
pression in the benign specimens. The distribu-
tion of Dicer mRNA levels in the ovarian-cancer 
specimens was bimodal (P = 0.002 by the Kolmo
gorov–Smirnov test for normality) with two peaks 
in the ratio (0.43 and 4.25). The division between 
these two subpopulations corresponded to a Dicer 
mRNA ratio of 1.20. Levels of Drosha mRNA in 
cancer specimens followed a normal distribution 
(P = 0.15 by the Kolmogorov–Smirnov test for nor-
mality), with a peak corresponding to a median 
ratio of 1.00. These findings support our decision 
to use 1 as the cutoff value for high and low Dicer 
and Drosha mRNA levels in subsequent analyses.

Levels of mRNA varied among cancer speci-
mens; 60% had decreased Dicer mRNA and 51% 
had decreased Drosha mRNA (Table 1 in the Sup-
plementary Appendix). In 39% of specimens, 
there were decreased levels of both Dicer and 
Drosha mRNA. The median ratio of Dicer ex-
pression in cancer specimens with decreased 
Dicer mRNA levels was 0.27 (range, 0.01 to 1.00; 
three specimens with undetectable levels) and in 
those with decreased Drosha mRNA levels was 

0.52 (range, 0.02 to 1.00; one specimen with un-
detectable levels). Specimens with increased mRNA 
levels had a median ratio for Dicer of 3.38 (range, 
1.13 to 10.41) and a median ratio for Drosha of 
1.98 (range, 1.02 to 18.85).

To determine whether mRNA levels reflected 
protein expression, a subgroup of 32 ovarian tu-
mors was also examined through immunohis-
tochemical methods (Fig. 1 in the Supplementary 
Appendix). The histochemical score was in agree-
ment with the quantitative RT-PCR results for both 
Dicer (kappa = 1.00; 95% confidence interval [CI], 
1.00 to 1.00) and Drosha (kappa = 0.86; 95% CI, 
0.68 to 1.00).

We also examined Dicer and Drosha mRNA 
levels in a panel of ovarian-cancer cell lines. As 
compared with nontransformed ovarian surface-
epithelial cells, 50% of ovarian-cancer cell lines 
had reduced levels of both Dicer mRNA (to be-
tween 50 to 8% of the control level) and Drosha 
mRNA (to between 91 and 7% of the control level). 
Similar to ovarian tumors, the ovarian-cancer 
cell lines had mRNA levels that were concordant 
with protein levels (Fig. 2 in the Supplementary 
Appendix).

Clinical Associations

Table 1 lists the baseline characteristics of all 111 
patients (mean age, 62.5 years) with invasive epi-
thelial ovarian carcinoma. Most of these patients 
had advanced-stage, poorly differentiated tumors, 
and 77.5% had undergone optimal surgical reduc-
tion of the primary tumor (residual tumor, ≤1 cm 
in diameter). Most patients (53.2%) had tumors 
that were sensitive to initial chemotherapy, whereas 
33.3% had refractory or resistant disease (with data 
missing for 13.5% of patients). In univariate anal-
yses, neither Dicer nor Drosha mRNA levels were 
significantly associated with age, tumor grade, 
or response to chemotherapy (Table 2). Low Dicer 
mRNA levels were, however, significantly associ-
ated with advanced tumor stage (P = 0.007), as were 
low Drosha mRNA levels with suboptimal cytore-
ductive surgery (P = 0.02).

The median overall survival was substantially 
reduced among women whose tumor had low lev-
els of Dicer mRNA (2.33 years, vs. 9.25 years for 
high levels; P<0.001) and Drosha mRNA (2.74 
years, vs. 7.92 years for high levels; P = 0.008) 
(Fig. 2). As compared with other subgroups (tu-
mors with low Dicer and low Drosha expression, 

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 



Dicer and Drosha Expression in Ovarian Carcinoma

n engl j med 359;25  www.nejm.org  december 18, 2008 2645

high Dicer and low Drosha expression, and low 
Dicer and high Drosha expression), tumors with 
high levels of both Dicer and Drosha mRNA were 
associated with an increased median survival (>11 
years [median survival not reached], vs. 2.66 years; 
P<0.001) (Fig. 3 in the Supplementary Appendix). 
In univariate analyses, death from ovarian cancer 
was associated with low levels of both Dicer and 
Drosha mRNA (P = 0.01 and P = 0.007, respectively).

In multivariate analyses (including age, tumor 
stage and grade, Dicer and Drosha mRNA levels, 
optimal or suboptimal cytoreduction, and response 
to initial chemotherapy), poorly differentiated tu-
mors (P = 0.03) and a resistant or refractory chemo-
response (P<0.001) were associated with poor sur-
vival (Table 3). A decreased Dicer mRNA level was 
an indicator of a poor prognosis (hazard ratio, 
2.10; 95% CI, 1.15 to 3.85; P = 0.02). A low Drosha 
mRNA level, however, was not an independent 
predictor of survival (hazard ratio, 1.22; 95% CI, 
0.69 to 2.16; P = 0.50). When paired in an interac-
tion model, low Dicer and low Drosha mRNA 
levels had a greater association with decreased 
survival (hazard ratio, 4.00; 95% CI, 1.82 to 9.09; 
P<0.001) than either one alone.

To validate our findings, we used previously 
reported microarray data to compare expression 
of Dicer and Drosha genes with survival in 132 
patients with ovarian cancer.19 Similar to our ini-
tial findings, increased survival was associated 
with high expression of Drosha mRNA (hazard 
ratio, 0.55; 95% CI, 0.34 to 0.89; P = 0.02) and Dicer 
mRNA (hazard ratio, 0.53; 95% CI, 0.33 to 0.85; 
P = 0.008) (Fig. 2B).

To examine whether this association also holds 
for other tumors, we measured the relative ex-
pression ratios for Dicer and Drosha in microar-
rays with cohorts of 91 patients with lung cancer19 
and 129 patients with breast cancer.20 Increased 
survival in the lung-cancer cohort was associated 
with high levels of Dicer mRNA (hazard ratio, 
0.43; 95% CI, 0.23 to 0.80; P = 0.008) but not 
Drosha mRNA (hazard ratio, 1.34; 95% CI, 0.74 to 
2.40; P = 0.33) (Fig. 2C). Similarly, increased dis-
ease-free survival in the breast-cancer cohort was 
associated with high levels of Dicer mRNA (haz-
ard ratio, 0.32; 95% CI, 0.14 to 0.72; P = 0.006) but 
not of Drosha mRNA (hazard ratio, 0.93; 95% CI, 
0.45 to 1.92; P = 0.84), as was overall survival (data 
not shown). A relationship between high Dicer 
mRNA levels and increased disease-free survival 

was also found from microarray analysis of speci-
mens obtained from two other cohorts of patients 
with breast cancer: one with 159 patients21 (hazard 
ratio, 0.33; 95% CI, 0.17 to 0.66; P = 0.002) (Fig. 2D) 
and one with 249 patients22 (hazard ratio, 0.64; 
95% CI, 0.42 to 0.97; P = 0.04) (Fig. 2E).

Mutations of Dicer and Drosha

We next investigated whether the variable levels of 
Dicer and Drosha mRNA could be explained by the 
presence of mutations. Initial studies, performed 
in cell lines with high or low gene expression, re-
vealed several missense mutations for both genes 
and one splice-site mutation for the Drosha gene 
(see the Supplementary Appendix). Next, genomic 
DNA from 37 ovarian tumors previously analyzed 
for Dicer and Drosha mRNA was examined for the 
Dicer and Drosha gene mutations. For the Dicer 
gene, two missense mutations were discovered in 

Table 1. Baseline Characteristics of the 111 Patients 
with Invasive Epithelial Ovarian Carcinoma.

Characteristic Value

Age — yr

Mean 63

Range 25–96

Tumor stage — no. (%)

I or II 8 (7.2)

III or IV 103 (92.8)

Cytoreduction — no. (%)*

Optimal 86 (77.5)

Suboptimal 25 (22.5)

Tumor grade — no. (%)

Low (1 or 2) 16 (14.4)

High (3) 95 (85.6)

Response to initial chemotherapy —  
no. (%)

Sensitive 59 (53.2)

Resistant or refractory 37 (33.3)

Missing data 15 (13.5)

Disease status — no. (%)

Alive with disease 14 (12.6)

Alive without disease 33 (29.7)

Dead from disease 64 (57.7)

*	Optimal cytoreduction was defined as cytoreduction re-
sulting in residual tumor of 1 cm or less in diameter.
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two tumors. Similarly, two missense mutations 
were revealed for the Drosha gene. These mutations 
were not, however, associated with alterations in 
levels of mRNA of Dicer or Drosha.

Functional Analysis of Decreased Dicer 
Expression

To elucidate the functional consequences of low 
Dicer mRNA levels, we compared the silencing of 
a constitutively expressed gene, the galectin-3 gene, 
between ovarian-cancer cell lines with high Dicer 
expression and those with low Dicer expression. 
Specifically, we compared shRNA constructs (ex-
hibiting stable gene silencing) with the shorter 
siRNA fragments (which have transient gene si-
lencing) (Fig. 3). As compared with control (non-
targeting) constructs, transfection of siRNA re-
duced galectin-3 levels in the cell lines with low 
Dicer expression: HeyA8, which showed a reduc-
tion by 78% from the control level, and SKOV3ip1, 
reduced by 95% from the control level. In con-
trast, poor silencing was noted in these cells with 
shRNA (8% and 4%, respectively). In the OVCAR3 
and 222 cells, which have high Dicer expression, 
silencing of galectin-3 by 62% to 73% as compared 
with control levels was observed with both siRNA 
and shRNA constructs.

Discussion

We found that Dicer and Drosha mRNA expres-
sion is variable among invasive epithelial ovarian 
cancer specimens and in ovarian-cancer cell lines 
and that they are significantly associated with sur-
vival, indicating that levels of mRNA of Dicer and 
Drosha in ovarian-cancer cells are clinically rel-
evant. The association was validated in indepen-
dent clinical data sets for ovarian cancer. We also 
sought mutations in the genomic sequences of the 
Dicer and Drosha genes in a cohort of patients 
with variable gene expression and did not find a 
consistent trend. Furthermore, the results of our 

Table 2. Correlation of Clinical and Pathological Features with Drosha and Dicer Messenger RNA (mRNA) Levels in the 111 Patients  
with Invasive Epithelial Ovarian Carcinoma.*

Variable Drosha mRNA Level Dicer mRNA Level

Low (N = 57) High (N = 54) P Value Low (N = 66) High (N = 45) P Value

Age — yr 61.2±13.0 63.8±11.7 0.27 63.1±11.7 61.6±13.3 0.54

Tumor stage — no. (%)

I or II 2 (3.5) 6 (11.1) 0.15 1 (1.5) 7 (15.6) 0.007

III or IV 55 (96.5) 48 (88.9) 65 (98.5) 38 (84.4)

Tumor grade — no. (%)

Low 7 (12.3) 9 (16.7) 0.59 9 (13.6) 7 (15.6) 0.79

High 50 (87.7) 45 (83.3) 57 (86.4) 38 (84.4)

Cytoreduction — no. (%)

Optimal 39 (68.4) 47 (87.0) 0.02 47 (71.2) 39 (86.7) 0.07

Suboptimal 18 (31.6) 7 (13.0) 19 (28.8) 6 (13.3)

Response to initial chemotherapy  
— no. (%)†

Sensitive 27 (47.4) 32 (59.3) 0.53 31 (47.0) 28 (62.2) 0.40

Resistant or refractory 20 (35.1) 17 (31.5) 23 (34.8) 14 (31.1)

Missing data 10 (17.5) 5 (9.3) 12 (18.2) 3 (6.7)

*	Plus–minus values are means ±SD.
†	P values were calculated after missing values were excluded.

Figure 2 (facing page). Kaplan–Meier Survival Curves 
for Patients According to Tumor Expression of Dicer 
and Drosha.

For patients with invasive epithelial ovarian cancer, 
curves are shown for Dicer and Drosha expression 
(Panel A), with curves for Dicer and Drosha combined 
shown for comparison in Fig. 3 in the Supplementary 
Appendix. Curves from validation analyses are also 
shown for the expression of Dicer and Drosha in inde-
pendent cohorts of patients with ovarian cancer (Panel 
B) and lung cancer (Panel C), as well as Dicer expres-
sion in two cohorts of patients with breast cancer 
(Panels D and E).
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functional assays indicate that cells with low Dicer 
expression could not effectively silence genes when 
synthetic shRNA constructs were transfected.

The production of mature endogenous interfer-
ing RNA involves a cascade of events that are in-
extricably linked to the functions of Dicer and 
Drosha. For example, Lee et al.5 demonstrated that 
in cells with silenced Dicer or Drosha expression, 
precursor and mature miRNA sequences were re-
duced. Loss of Dicer in mice disrupts embryonic 
stem-cell differentiation and is lethal during early 
development.26 Low levels of Dicer mRNA also 
affect normal cellular development and immune 
responses in preclinical models.27-29 Furthermore, 
abnormalities in the copy number of DNA of the 
Dicer gene and the argonaute 2 gene (a component 
of the RNA-induced silencing complex) have been 
described in human melanoma, breast, and ovar-
ian cancers.13 It is therefore possible that deregu-
lated miRNA expression, observed in several types 
of tumor,13 is secondary to defective RNA silenc-
ing machinery. Decreased Dicer mRNA has also 
been associated with decreased survival in patients 
with non–small-cell lung cancer.30 In addition, 
Dicer expression appears to be up-regulated in 
noninvasive precursors of invasive lung adenocar-
cinoma.31

Some findings in other tumor types are incon-
sistent with our findings. High Dicer expression 
and high Drosha expression were correlated with 
poor prognostic factors in prostate cancer and 
esophageal carcinoma.32,33 Furthermore, reduction 

of Drosha expression by means of siRNA reduced 
cellular proliferation has been reported in esoph-
ageal-cancer cell lines.33 There are several plausible 
explanations for the divergent expression patterns 
of Dicer and Drosha among different solid tumors 
and how they relate to clinical and pathologic 
variables. Direct interactions with other compo-
nents of the RNA-interference cascade could result 
in compensatory alterations of Dicer or Drosha 
expression in the presence of mutated cofactors 
such as genes for the DiGeorge syndrome critical 
region gene 8 (DGCR8), exportin 5 (XPO5), and ar-
gonaute 2 (AGO2).31,34-36 In addition, miRNA could 
have varying regulatory effects independent of al-
terations in the RNA-interference processing ma-
chinery.37 In support of this contention is the as-
sociation of altered Dicer protein expression (both 
overexpression and underexpression relative to 
controls) in mucoepidermoid carcinomas of the 
upper aerodigestive tract with overall survival.38

Despite growing evidence that Dicer and Drosha 
mRNA levels vary among tumor types, the regu-
lation of these genes is unclear. Dicer gene muta-
tions have been found in Caenorhabditis elegans39 and 
in humans, and deletions of the Dicer gene locus 
were detected in some precancerous and invasive 
lung adenocarcinomas.31 Our mutational analyses 
showed that alterations of genomic DNA probably 
do not account for the variability in Dicer and 
Drosha levels. We did find that single-nucleotide 
mutations can occur in both genes; however, the 
functional role of such mutations remains unclear. 
In breast-cancer cell lines, there are two forms of 
Dicer, due to alternative splicing mechanisms, 
which appear to affect the stability of the Dicer 
protein.40 DNA methylation of the Dicer gene was 
not found in a small subgroup of lung-cancer 
specimens.30 As the function of miRNAs in the 
genesis of tumors becomes clearer, further stud-
ies will be needed to elucidate the regulation and 
stability of the RNA-interference machinery.

Our findings have implications for the devel-
opment of treatments for ovarian cancer that are 
based on RNA interference. Highlighting this 
point is the differential targeting efficiency of a 
constitutively expressed gene that we found through 
a functional assay of gene silencing. The shRNA 
that is complementary to the target gene has been 
tested in animal models and found to induce ro-
bust gene silencing. However, one study showed 
increased mortality among mice after delivery of 

Table 3. Results of Multivariate Analyses of Independent Prognostic Factors 
in Patients with Invasive Epithelial Ovarian Carcinoma.

Factor
Hazard Ratio for Death 

(95% CI) P Value

Low Dicer expression 2.10 (1.15–3.85) 0.02

Low Drosha expression 1.22 (0.69–2.16) 0.50

Increased age 1.01 (0.99–1.03) 0.43

Tumor stage III or IV 4.40 (0.59–33.15) 0.15

High-grade tumor 2.46 (1.10–5.52) 0.03

Suboptimal cytoreduction 1.27 (0.68–2.38) 0.46

Resistant or refractory response  
to chemotherapy

3.95 (2.01–7.52) <0.001

Low Dicer and low Drosha expression* 4.00 (1.82–9.09) <0.001

*	A separate analysis was performed that included the original factors in addi-
tion to a combined Dicer and Drosha variable.
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multiple shRNA sequences.41 These results and 
our data suggest that miRNA processing may be 
hindered in tumors with low Dicer and low Drosha 
expression, which could lead to a poor clinical 
outcome.
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Figure 3. Transfection of Small Interfering RNA (siRNA) and Short Hairpin RNA (shRNA) Targeting Galectin-3  
in Ovarian-Cancer Cell Lines with Low Dicer Expression and Those with High Dicer Expression.

Western blot densitometry analysis was performed for the cell lines transfected with siRNA or shRNA or control 
(nontargeting) sequences. Actin was used for purposes of normalization.
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