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Abstract

Recent studies suggest that knowledge of differential expres-
sion of microRNAs (miRNA) in cancer may have substantial
diagnostic and prognostic value. Here, we use a direct
sequencing method to characterize the profiles of miRNAs
and other small RNA segments for six human cervical
carcinoma cell lines and five normal cervical samples. Of
166 miRNAs expressed in normal cervix and cancer cell lines,
we observed significant expression variation of six miRNAs
between the two groups. To further show the biological
relevance of our findings, we examined the expression level
of two significantly varying miRNAs in a panel of 29 matched
pairs of human cervical cancer and normal cervical samples.
Reduced expression of miR-143 and increased expression of
miR-21 were reproducibly displayed in cancer samples,
suggesting the potential value of these miRNAs as tumor
markers. In addition to the known miRNAs, we found a number
of novel miRNAs and an additional set of small RNAs that do
not meet miRNA criteria. [Cancer Res 2007;67(13):6031–43]

Introduction

microRNAs (miRNA) are single-stranded RNAs of f22 nucleo-
tides in length that are generated by the RNase-III type enzyme
Dicer from endogenous hairpin-shaped transcripts (1, 2). miRNAs
exert at least a part of their biological effects as guides for post-
transcriptional gene silencing, producing sequence-specific mRNA
cleavage or translational repression that can have dramatic effects
on cellular phenotype (3, 4).
To date, there are few miRNAs whose physiologic function has

been elucidated in vivo and whose targets are known. Studies in
model organisms have revealed that miRNAs are involved in the
control of developmental timing, cell proliferation, neuronal cell
fate, apoptosis, morphogenesis, fat metabolism, and tumorigenesis,
as well as in a variety of patterning processes in plants (1, 5, 6).
In mammals, miRNAs have been shown to regulate B-cell
differentiation (7), adipocyte differentiation (8), insulin secretion
(9), antiviral defense (10), cardiogenesis (11), and tumorigenesis
(12, 13).
Accumulating evidence shows that changes in miRNA levels

may accompany dysregulated growth and apoptosis in some
cancers. Reductions in expression of miR-15a and miR-16, let-7a , or
miR-143 and miR-145 have been reported in chronic lymphocytic
leukemia (14), lung cancer (15, 16), and colorectal neoplasia (17),

respectively. On the other hand, significantly higher levels of miR-
155 are present in diffuse large B-cell lymphoma with activated
B-cell phenotype (18). Recently, several groups showed that
overexpression of the miR-17-92 cluster in mice predisposed to
tumor formation and can accelerate progression of tumorigenesis
(12, 13, 19).
In addition to indications of potential roles in tumorigenesis, a

number of recent studies have pioneered the use of miRNA
expression profiles in tumor classification. Strikingly, in one of
these studies, a profile comprising 217 previously characterized
miRNAs seemed to be more effective in cancer classification,
particularly in poorly differentiated tumors, than mRNA microarray
profiles containing f16,000 protein-coding genes (20). In addition,
accumulating evidence shows the prognostic potential of miRNA
expression profiles in several cancer types (21–23).
Full application of research and clinical tools that derive from

miRNA expression profiling will depend on a complete picture of
small RNA populations associated with tumors. Given the many
biological differences between tumors and normal tissue, one
might expect to observe differences between the two samples that
would include quantitative variation in known miRNA levels and
the presence of novel small RNAs in tumors. Although hybridiza-
tion-based analyses (e.g., ref. 20) provide perhaps the most rapid
method to detect groups of known miRNAs, alternative means are
needed for detecting novel small RNAs. Two such methods are (a)
cloning of size-fractionated [18–25 nucleotides (nt)] RNAs and (b)
computational prediction based on different structural features of
miRNAs. The cloning approach has been successfully applied for
the identification of >400 miRNAs from human, mouse, zebrafish,
Drosophila , and Caenorhabditis elegans (miRBase).5 A large number
of these miRNAs formed a data set for designing efficient
prediction algorithms for identification of miRNAs in different
organisms. Most predictor algorithms depend on evolutionary
conservation of miRNA sequences between different species. Such
algorithms are limited to detecting conserved miRNAs (24–26).
Very recently, Bentwich et al. applied a different approach that does
not depend on sequence conservation, which led them to identify a
large number of human miRNAs that are not conserved beyond
primates (27). Based on the above studies, it is estimated that the
total number of human miRNAs, including nonconserved miRNAs,
may be as many as 1,000. However, there are only 474 human
miRNAs listed in the recent release (9.1) of miRBase,6 indicating
that the total number of human miRNAs is not saturated.
Furthermore, the nonconserved miRNAs are not well characterized
and could have somewhat different features, potentially contrib-
uting to pattern-recognition challenges in designing algorithms to
identify such nonconserved miRNAs.Note: Supplementary data for this article are available at Cancer Research Online

(http://cancerres.aacrjournals.org/).
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Table 1. Novel candidate microRNAs identified from human cervical cancer cell lines and normal cervical samples

Candidate

miRNA

Sequence (5¶!3¶)* Number of

clones

Size

(nt)

Stem-loop structures

of putative miRNA precursors
c

miR-374b AUAUAAUACAACCUGCUAAGUGU 5 22–23

miR-933 UGUGCGCAGGGAGACCUCUCCC 1 22

miR-769-3p CUGGGAUCUCCGGGGUCUUGGU 1 22

miR-671 AGGAAGCCCUGGAGGGGCUGGAGG 2 24

miR-934 UGUCUACUACUGGAGACACUGG 1 22

miR-935 CCAGUUACCGCUUCCGCUACCGC 2 22–23

miR-936 ACAGUAGAGGGAGGAAUCGCAG 1 22

miR-937 AUCCGCGCUCUGACUCUCUGCC 1 22

miR-938 UGCCCUUAAAGGUGAACCCAGU 1 22

miR-939 UGGGGAGCUGAGGCUCUGGGGGUG 1 24

miR-940 AAGGCAGGGCCCCCGCUCCCC 2 20–21

miR-941 CACCCGGCUGUGUGCACAUGUGC 1 23

miR-942 UCUUCUCUGUUUUGGCCAUGUG 1 22

miR-943 CUGACUGUUGCCGUCCUCCAG 1 21

miR-944 AAAUUAUUGUACAUCGGAUGAG 1 22

miR-708 AAGGAGCUUACAAUCUAGCUGG 2 22

(Continued on the following page)
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Table 1. Novel candidate microRNAs identified from human cervical cancer cell lines and normal cervical samples (Cont’d)

dG location Conservation of

fold-back structure
b

ptr mmu rno cfa dre gga fru dme cel

�43.5 Xq13.2 Yes Yes Yes Yes

�33.2 2q31.1

�50.5 19q13.32

�57.5 7q36.1 Yes Yes Yes Yes

�55 Xq26.3 Yes

�61.8 19q13.42 Yes

�35.1 10q25.1 Yes

�37 8q24.3 Yes

�36.4 10p11.23 Yes

�62.7 8q24.3 Yes

�55.2 16p13.3 Yes Yes

�52.6 20q13.33 Yes

�57.4 1p13.1 Yes

�43.3 4p16.3 Yes

�45.9 3q28 Yes

�47.7 11q14.1 Yes Yes Yes Yes

(Continued on the following page)
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In this study, we use direct sequencing to document miRNAs
profiles and to identify novel miRNAs in six human cervical
cancer cell lines and five normal cervical samples. In addition to
a large family of known miRNAs, we show that this approach
results in the identification of a number of novel small RNA
effectors. Although there are clear similarities between the six
cancer cell lines and normal cervix for known miRNAs, there are
also clear differences. Our findings suggest a number of specific
and consistent alterations in the small RNA profile in cervical
cancer.

Materials and Methods

Cell culture. Six human cervical carcinoma cell lines (SW756, C4I, C33A,
CaSki, SiHa, and ME-180) were cultured in DMEM supplemented with 10%

fetal bovine serum and 1% penicillin/streptomycin (Invitrogen) at 37jC and
5% CO2 in a humidified incubator.

Clinical samples. Five histopathologically verified normal cervical

samples were obtained from patients who underwent total hysterectomy

because of benign gynecologic pathology. The tissues were snap frozen in
liquid nitrogen immediately after surgical removal and stored at �70jC
until required. In addition, 29 pairs of snap-frozen cervical tumor and

matched normal tissue were obtained from the Gynecologic Oncology
Group Tissue Bank. Of these 29 cases with paired specimens, 19 patients

had a diagnosis of squamous cell carcinoma, 7 had adenocarcinoma, 2

had adenosquamous cell carcinoma, and 1 had small cell carcinoma. The

matched normal cervical tissues were obtained from the same patients. The
use of all specimens in the study was approved by the Institutional Review

Board of Stanford University.

Small RNA isolation and cloning. Small RNA was extracted using

mirVana miRNA isolation kit (Ambion). The cloning was done as described
by Lau et al. (28), with slight modifications. Purified small RNAs were

incubated with 10 Amol/L pre-adenylylated 3¶-adaptor oligonucleotide

(Modban, IDT Inc.), 1� adenylate ligation buffer (ATP-free), 10% DMSO,

and 1 units T4 RNA ligase (New England Biolabs) at 37jC for 1 h. The
ligated product was purified on a 12% denaturing polyacrylamide gel,

followed by a second ligase reaction with a 5¶-adaptor oligonucleotide,
5¶-ACGGAATTCCTCACTaaa-3¶ (uppercase, DNA; lowercase, RNA; Chem-
Genes Corporation) and gel purification. The gel-purified doubly ligated

RNA was reverse transcribed using 150 units Superscript II (Invitrogen) and

RT primer, 5¶-ATTGATGGTGCCTACAG-3¶. The cDNA was amplified by PCR,

using the RT primer and a forward primer 5¶-CAGCCAACGGAATTCCT-
CACTAAA-3. A second PCR was done using the RT primer and a second

forward primer, 5¶-GAGCCAACAGGCACCGAATTCCTCACTAAA-3¶. The
PCR product was phenol extracted, ethanol precipitated, and then digested

with Ban I (NEB). After further phenol extraction and ethanol precipitation,
the digested products were concatemerized with T4 DNA ligase (NEB).

Concatamers ranging from 600 to 1,000 bp were isolated from a low-

melting-point agarose gel, processed with Taq polymerase, and cloned into

the pCR4-TOPO vector using the TOPO TA cloning kit (Invitrogen). Colony
PCR was done using the M13 forward and reverse primers, and the PCR

products were purified using shrimp alkaline phosphatase and exonuclease

I (U.S. Biochemical Corporation).
Sequence analysis. Small RNAs obtained by cloning were compared

with functionally annotated sequences using BLAST (blastn),7 BLAT from

the University of California at Santa Cruz,8 miRBase,9 as well as standard

text-matching routines. For each small RNA, the best alignments to a
functionally annotated sequence (not more than one error) were used to

assign a functional category to the small RNA. The fold-back precursor

structure of candidate miRNAs was predicted by mfold (29).

Statistical analysis. To determine if any significant variation in miRNA
expression profiles was found between the cancer cell lines and normal

cervix, we applied m2 statistics to compare the two groups. P < 0.0001 was

considered as significant.

Northern analysis. One microgram of small RNA was fractionated on
denaturing 15% polyacrylamide gels, followed by staining with ethidium

bromide to determine RNA integrity. Overall RNA levels also served as

internal loading controls. Gels were then destained, transferred to Hybond-
N+ membranes (Amersham Biosciences) using semi-dry transfer

(Hoefer Scientific Instruments) and fixed by UV cross-linking at 1,200 AJ
and baking at 80jC for 1 h. Membranes were hybridized overnight at

55jC in PerfectHyb Plus hybridization buffer (Sigma), together with a
LNA-modified oligonucleotide probe complementary to the mature miR-

143 (5¶-TGAGCTACAGTGCTTCATCTCA; bold, LNA; IDT) or miR-21

(5¶-TCAACATCAGTCTGATAAGCTA; bold, LNA, IDT) that was labeled

with terminal transferase (NEB) and biotin-16-dUTP (Roche Diagnostics).
Subsequently, the blots were washed at 55jC for 15 min each in 2� SSC/

0.1% SDS and 0.2� SSC/0.1% SDS, followed by an incubation in blocking

Table 1. Novel candidate microRNAs identified from human cervical cancer cell lines and normal cervical samples (Cont’d)

Candidate

miRNA

Sequence (5¶!3¶)* Number of

clones

Size

(nt)

Stem-loop structures

of putative miRNA precursors
c

miR-874-5p CGGCCCCACGCACCAGGGUAAG 1 22

miR-874-3p CUGCCCUGGCCCGAGGGACCG 1 21

*Sequences listed represent the observed full-length sequence of each miRNA cloned. The extra bases at the termini of some miRNAs are denoted in

bold.
cRNA secondary structure prediction was done using mfold version 3.2. The miRNA sequence is underlined. The actual size of the stem-loop has not

been experimentally determined.
bptr, Pan troglodytes (chimpanzee); mmu, Mus musculus (mouse); rno, Rattus norvegicus (rat); cfa, Canis familiaris (dog); dre, Danio rerio (zebrafish);
gga, Gallus gallus (chicken); fru, Fugu rubripes (pufferfish); dme, Drosophila melanogaster ( fruitfly); cel, Caenorhabditis elegans (nematode).

7 http://www.ncbi.nlm.nih.gov/blast/
8 http://genome.ucsc.edu
9 http://microrna.sanger.ac.uk/sequences/search.shtml
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solution [1� PBS (pH 7.4)/0.05% Tween 20/0.1% SDS/0.5% blocking

reagent; Roche] for 1 h and then in streptavidin-alkaline phosphatase

conjugate (U.S. Biochemical Corp) for 1 h. After incubation, the blots

were washed thrice in each buffer A [1� PBS (pH 7.4)/0.05% Tween 20/0.1%
SDS] and buffer B [0.1 mol/L Tris-HCl (pH 9.5), 0.1 mol/L NaCl]. The

blots were then incubated with chemiluminescent substrate CDP-Star

(GE Healthcare) and exposed to Kodak BioMax XAR film.

Results

Small RNA composition of cDNA libraries. To search for
novel candidate miRNAs or other small RNAs and to characterize
miRNAs in human cervical cancer and normal cervix, we cloned
and sequenced small RNA libraries prepared from RNA in the
size range of 18 to 25 nt isolated from six human cervical cancer
cell lines and five normal cervices. A total of 7,303 small RNA
clones (5,100 from cervical cancer cell lines and 2,203 from
normal cervix) were sequenced (Supplementary Fig. S1 and
Tables S1 and S2).
For cervical cancer cell lines, a total of 3,231 (63%) could be

annotated as known miRNAs (Supplementary Table S3). This
corresponds to 93 previously verified miRNAs, 17 miRNAs that had
been computationally predicted but never verified experimentally,
and 25 sequences paired with known mature miRNAs that have not
been annotated in miRBase. The majority of the remaining small
RNAs correspond to fragments of rRNA (12%), tRNA (8%), scRNA/
snRNA (3%), repeat sequences (2%), mitochondrial (1%), and
mRNA (1%; Supplementary Fig. S1A and Table S1). One cell line
in particular (C33A) had a higher fraction of rRNAs. This may
result from a high fraction of dying cells in this line (site-specific
degradation of rRNAs is a feature of dying cells; ref. 30). A total of
46 clones (1%) could be aligned to the human genome sequences
but did not correspond to any annotated RNA species. Twenty-one
of these small RNA clones were designated as novel candidate
miRNAs based on a predicted hairpin precursor with the following
properties (Table 1): (a) complete containment of the cDNA
sequence within one arm of a hairpin, (b) at least 16 nt of the cDNA
sequence involved in base pairing, and (c) identification as the
lowest free energy structure by mfold. Another seven clones (0.1%)
fulfilled criteria (a) and (c) but had somewhat fewer duplex base
pairs in the hairpin region (Table 2). The remaining aligned but
nonannotated clones showed poor secondary fold-back hairpin
structure predicted by mfold or could not fulfill the criteria listed
above (Table 3). The final class of sequences from the libraries was
a fraction that could not be aligned at any point in the reference

human genome sequence (7%; 355 of 5,101). These could reflect
patient-specific, tumor-specific, or cell line–specific sequence
polymorphisms, nonannotated regions in the human genome,
PCR/cloning/sequencing errors, or nonhuman biological material
present in the culture. Interestingly, none of the small RNA
sequences that were identified seemed to correspond to human
papillomavirus (HPV) RNA, despite the fact that five of the cell
lines are HPV positive.
For normal cervical samples, a total of 706 (32%) clones were

annotated as previously identified miRNAs (Supplementary
Table S4): 67 previously verified miRNAs, 15 computationally pre-
dicted miRNAs but never verified experimentally, and 6 sequences
paired with known mature miRNAs that have not been annotated
in miRBase. The remaining small RNAs correspond to fragments of
rRNA (22%), tRNA (36%), scRNA/snRNA (2%), repeat sequences
(2%), mitochondrial (2%), mRNA (1%), and not mapped/unknown
(3%; Supplementary Fig. S1B and Table S2). The higher fractions of
fragments from degradation of rRNA and tRNA-derived fragments
in the clinical samples seem likely to represent general damage or
dying cells in the clinical samples; rRNA- and tRNA-derived
fragments were not incorporated in the miRNA profile analysis. A
total of 30 clones (1%) could be suggested as novel small RNAs,
based on the criteria described above. Of these, five could be
annotated as novel miRNAs (Table 1), five are miRNA-like
molecules with noncanonical hairpin (Table 2), and 20 are without
significant hairpin (Table 3).

Identification of novel miRNAs. Seventeen new miRNAs were
identified from 26 relevant clones, in which 14 were found in
cervical cancer cell lines, and three were found in normal cervical
samples (Table 1). Five of these candidates were observed more
than once, and two were found in more than one cell line (Table 1
and Supplementary Tables S3 and S4). As expected, the size of
these novel miRNAs is in the range of 20 to 24 nt, with a mode of
22 nt. Of the 17 novel miRNAs, 15 are found in other mammalian
genomes (but not in invertebrates), whereas two candidates (miR-
933 and miR-769-3p) seemed not to be conserved.
Although the 17 novel candidate miRNAs are all unique in

sequence, some sequences are similar to previously identified
human miRNAs: miR-374b is very similar to miR-374 , and miR-708
is similar to miR-28 . In addition, the two strands of a novel
candidate miRNA, miR-874 , were independently identified in
different normal cervical samples.

Identification of small RNAs with noncanonical hairpin.
Other than the novel candidate miRNAs, we identified nine small

Table 1. Novel candidate microRNAs identified from human cervical cancer cell lines and normal cervical samples (Cont’d)

dG location Conservation of

fold-back structure
b

ptr mmu rno cfa dre gga fru dme cel

�44.5 5q31.2 Yes Yes Yes Yes
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RNAs ( from 12 clones) that are perfectly matched to the human
genome but do not fully meet the miRNA criteria as described
above. We designate these small RNAs ( four from cervical
cancer cell lines and five from normal cervices) as sRNA-cer (i.e.,
small RNAs in cervix). Two of these sRNAs were observed more
than once (Table 2). Six sRNAs (sRNA-cer2, sRNA-cer3, sRNA-cer5,
sRNA-cer6, sRNA-cer7 , and sRNA-cer9) are located in the inter-
genic regions, whereas three sRNAs are found in the intron or
exon of known genes. sRNA-cer1 is located in the exon 9
(NM_003879) or intron 7 (AF009619) of CFLAR (CASP8 and
FADD-like apoptosis regulator). sRNA-cer4 overlaps with intron 1
of WDR20 (WD repeat domain 20) and transcribed from the
opposite DNA strand. Similarly, sRNA-cer8 is the antisense strand
that overlaps with intron 1 of SCARA3 (Scavenger receptor class

A, member 3). Notably, most of these sRNAs are not conserved
beyond primates.

Identification of small RNAs without significant hairpin. We
also identified 33 small RNAs from a total of 37 clones that are
perfectly matched to the human genome but do not have a signi-
ficant hairpin structure (Table 3). These sRNAs are 18 to 25 nt in
size, with a predominant class in 21 nt. Fourteen of them were
found in cervical cancer cell lines, whereas 19 were identified in
normal cervical samples. Only four of these sRNAs were observed
more than once.
These sRNAs map to different loci in 20 different human

chromosomes; only two (sRNA-6 and sRNA-7) are located at the
same chromosome region 5q31.2 (56 bp apart). Notably, sRNA-6
and sRNA-7 match the sense strand of a predicted Ensembl

Table 2. Novel small RNAs with noncanonical hairpin identified from human cervical cancer cell lines and normal cervical
samples

Candidate
sRNA*

Sequence (5¶!3¶)c Sample
(number

of clones)

Size
(nt)

Stem-loop structures
of putative miRNA

precursors
b

sRNA-cer1 CGAGGAGGCUCCCAGAGUGUGU SW756 (2) 22

sRNA-cer2 AGCGAUGUGGGAAGGCUUGUG SW756 (1) 21

sRNA-cer3 ACUCUUAGCGGUGGAUCACUC C33A (1) 21

sRNA-cer4 CAGAUGAGGAAGCCAUGGCUAGUU SiHa (3) 24

sRNA-cer5 ACCCGUCCCGUUCGUCCCCGGA NC1 (1) 22

sRNA-cer6 CUCAGGGUGACGGUGAGCAG NC1 (1) 20

sRNA-cer7 CCCAGAUGGUUCCAGUUUGU NC1 (1) 20

sRNA-cer8 CAUAAAUGAAUGGCUGGGGCAA NC3 (1) 22

sRNA-cer9 CCACUAGUAUGAUCAGAGCCUC NC3 (1) 22

*sRNA-cer refers to small RNAs in cervical cells.
cSequences listed represent the observed full-length sequence of each sRNA cloned.
bRNA secondary structure prediction was done using mfold version 3.2. The sRNA sequence is underlined. The actual size of the stem-loop has not been
experimentally determined.
xptr, Pan troglodytes (chimpanzee); mmu,Mus musculus (mouse); rno, Rattus norvegicus (rat); cfa, Canis familiaris (dog); dre, Danio rerio (zebrafish); gga,

Gallus gallus (chicken); fru, Fugu rubripes (pufferfish); dme, Drosophila melanogaster ( fruitfly); cel, Caenorhabditis elegans (nematode).
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transcript, ENST00000365160.10 Interestingly, this sequence is
predicted to have a consensus secondary structure for vault RNA
family (Supplementary Fig. S2). Vault RNAs are found as part of the
vault ribonucleoprotein complex that has been suggested to play a
role in drug resistance (31). The two sRNA sequences identified are
paired in the stem-loop structure (Supplementary Fig. S2).
In this class of sRNAs, 19 are located in putative intergenic

regions, whereas 14 are in known protein-coding segments. Among
the sRNAs that correspond to protein-coding sequences, eight are
sense to the intron, and six are antisense to the coding strand of
mRNAs [four in the intron, one in the exon, and one in the 3¶
untranslated region (3¶UTR)]. Notably, one of the intronic sRNA,
sRNA-5 , is located upstream of miR-33 and in the same intron of
SREBF2 . The two exonic antisense sRNAs include (a) sRNA-11 ,
which is antisense to exon 16 of BAT2D1 (BAT2 domain containing 1)
and (b) sRNA-12 , which is antisense to the 3¶UTR of MPL (myelo-
proliferative leukemia virus oncogene).

miRNA expression profiles in human cervical cancer cell
lines and normal cervix. To assess the relative abundance level
of each miRNA between samples, we compared the relative
cloning incidence with respect to the total number of small RNA
clones. As shown in Fig. 1, miRNA expression patterns were
generally similar among the cell lines and among normal
cervices, although some variations were observed within each
group.
We determined the significance of expression variation between

normal cervix and cancer cell lines using m2 test (Supplementary
Table S5). Of 166 miRNAs expressed in normal cervix and cancer
cell lines, six were found to have substantial expression variation
between the two groups (Supplementary Table S6). Although
let-7b, let-7c, miR-23b, miR-196b , and miR-143 showed significantly
reduced abundance in cervical cancer cell lines, miR-21 displayed
higher abundance in the cancer group (Fig. 2).
For let-7c , a frequency of 15% to 18% (16.0 F 1.3) in individual

normal cervical samples compares with no detection in three of
the cancer cell lines, 0.2% to 0.4% in two lines and 7.2% in one line.
For miR-21 , 13% to 45% (29.8 F 10.5) were found in the cancer
group, whereas 3% to 12% (7.4 F 3.6) were identified in the normal

Table 2. Novel small RNAs with noncanonical hairpin identified from human cervical cancer cell lines and normal cervical
samples (Cont’d)

dG location Conservation of
fold-back structurex

ptr mmu rno cfa dre gga fru dme cel

�35.2 2q33.1 Yes

�44.8 8q22.3 Yes

�32.4 19p12 Yes

�22 14q32.32 Yes

�44.7 14q32.31 Yes Yes

�33.3 3p12.3

�20.3 Xp22.2 Yes

�26.5 8p21.1

�31.1 16q24.2

10 http://www.ensembl.org/
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cervix. The cloning frequency for miR-196b ranges from 1% to 2%
(1.3 F 0.8) in normal cervical samples, whereas only 0.1% (3 clones
out of 3,231) was detected in cancer cell lines. For miR-143 , none
was found in the cancer group (0/3,231), whereas a total of 7 (out
of 706) were detected in the normal group.

Verification of miRNA expression variations by Northern
blot analysis. To further investigate the miRNA expression
variations suggested by cloning, we evaluated the expression level
of miR-21 and miR-143 in all normal cervix and cancer cell lines
used in the cloning experiments. The Northern blot results

revealed that the expression of both miR-21 and miR-143 was
significantly different between the normal cervix and cervical
cancer cell lines (Fig. 3). In agreement with the cloning data,
accumulation of miR-21 was substantially greater in cervical
cancer cell lines, whereas miR-143 was substantially more
abundant in normal cervix.
mir-21 and mir-143 expression in cervical tumors and

matched controls. We extended the Northern blot analysis of
miR-21 and miR-143 on a series of 29 cervical cancer samples and
matched normal cervices (control samples from the same

Table 3. Candidate novel small RNAs without significant hairpin identified in human cervical cancer cell lines and normal
cervix

Candidate
sRNA*

Sequence
c

Size range Chromosome Genomic location Gene/intergenic
exon/intron/UTR

(S/AS)

Start End

sRNA-1 AACUGAGGAUGGGAAAGC 18 15q25.2 80126233 80126250 Intergenic

sRNA-2 AUAAGCCCAGGAAAUGUGUAGAG 23 10q25.1 108250081 108250103 Intergenic
sRNA-3 CCAAGCGAGGGAACAGUG 18 17q12 30439716 30439733 RFFL, intron (S)

sRNA-4 UGGAGUAAGCCGGAUCGCG 19 20q13.2 49612775 49612755 Intergenic

sRNA-5 CCUCCUGGCGGGCAGCUGUG 20 22q13.2 40621433 40621452 SREBF2, intron (S)

sRNA-6 CGCGGGUGCUUACUGACCCU 20 5q31.2 135444088 135444107 Intergenic
10p11.22 31880040 31880059 Intergenic

sRNA-7 CGGGUCGGAGUUAGCUCAAGCGG 23 5q31.2 135444164 135444186 Intergenic

8q22.3 101674303 101674325 Intergenic

sRNA-8 CUCUCUGCCCCUGGGAGAGAUCC 23 9p13.3 33156003 33156025 Intergenic
sRNA-9 GAGGUGGGAAAGGGAAGGGU 20 20q11.23 34098787 34098804 Intergenic

12p11.22 29436946 29436963 Intergenic

sRNA-10 UAGAGGAGAUGGCGCAGGGGACAC 21–24 6p21.33 30660089 30660112 ABCF1, intron (S)

sRNA-11 GUGGUGGUGGGGGAGGAGGAA 21 1q24.3 168241442 168241462 BAT2D1, exon (AS)
sRNA-12 UCAAGGAGCUCACAAUCUAGU 21 1p34.2 43489109 43489129 MPL, 3¶UTR (AS)
sRNA-13 UCUGCCUCAACUCCGCCCCU 20 19q13.33 55220744 55220763 Intergenic

18q21.33 59337720 59337739 Intergenic
sRNA-14 UGGAGGCAGGAUGACACUGGGA 22 17q21.1 35888468 35888489 TNS4, intron (S)

sRNA-15 UGUGAGAUUGGUGGAAAGGAA 21 3p24.3 20069019 20069039 PCAF, intron (S)

sRNA-16 CUUGGUUUCCCUUUUCCUAUC 21 3q22.1 134240115 134240135 TMEM108, intron (S)

sRNA-17 GCUGGUGAGUGACUGAAUUGA 21 4q25 108840979 108840999 PAPSS1, intron (S)
sRNA-18 CCAGAAACAGAUGGUGGGUAA 21 15q26.3 100055065 100055085 TARSL2, intron (AS)

sRNA-19 CUUCAGUUUCCUUGUGUGCA 20 11q24.2 125368777 125368796 CDON, intron (S)

sRNA-20 CUAUUGGUGGCGCUUGAAUAC 21 12q21.33 87654069 87654089 Intergenic

sRNA-21 CAGGUGCUUCCAAGGAGCCAGG 22 17p13.3 3446719 3446740 TRPV1, intron (AS)
sRNA-22 CCACAUCACAACACAUGCAUAG 22 17q25.1 69225687 69225708 Intergenic

sRNA-23 CCUCUGAAAUGGAUGGGACCU 21 1p36.11 25226518 25226538 Intergenic

sRNA-24 CCUAAAAUUGUGAGUGCAUAUCUC 24 5q21.2 104049131 104049154 Intergenic
sRNA-25 CCUGAGUGAUGGGCAUGCCUUUGUC 25 Xq13.1 70875593 70875617 Intergenic

70879068 70879092 Intergenic

sRNA-26 CUAAUCUCUUCUGAUGGGCUCUU 23 15q22.31 63436601 63436623 PUNC, intron (AS)

sRNA-27 CAGUGAAAUUGAUGUGCCUUUGUUU 25 1q43 237300018 237300042 Intergenic
sRNA-28 GUAAUAUCAGAAGUUUGGGAGG 22 10q21.2 62119258 62119279 ANK3, intron (AS)

sRNA-29 CGUGGCUAUUUGAUGAGUGUGCAC 24 10q26.3 133083670 133083693 Intergenic

sRNA-30 CCCUAGUUGAUGUGGAUGAUUGUC 24 2p21 42054979 42055002 Intergenic

sRNA-31 CCCUGUAUUUGGAUGGUUUUC 21 2q31.1 174239923 174239943 Intergenic
sRNA-32 CCUCAUGAGGGAGAGUACCCCC 22 5q31.1 134512076 134512097 Intergenic

sRNA-33 CCUCAAUAUAGGUGGCUGUAU 21 21q21.2 23626072 23626092 Intergenic

Total clones

Abbreviations: UTR, untranslated region; S, sense; AS, antisense.

* sRNA refers to small RNAs.
cSequences listed represent the observed full-length sequence of each sRNA cloned. The extra bases at the termini of some sRNAs are indicated in bold.
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patients) provided by the Columbus (Ohio) Children’s Hospital
Gynecologic Oncology Group Tissue Bank. The results are
summarized in Supplementary Table S7. For miR-21 , expression
levels were clearly higher in 21 of the 29 tumor samples compared
with their normal counterparts (Fig. 3A). In two cases (G613 and
G871), mir-21 expression seemed comparable between the cancer
and normal tissues. The remaining six cases were undetermined
due to poor detection or uneven RNA yields for the matched
samples. For miR-143 , the expression patterns can be divided
into several categories (Fig. 3B): (a) absent or barely detectable
expression in the tumor samples with substantial expression
detected in the matched normal samples (16 of 27 samples
tested), (b) lower (but detectable) expression level in the tumor
with strong expression in normal counterpart tissue (5 of
27 samples tested), and (c) more abundant expression level in

the tumor than that in its normal matched sample (2 of 27
samples tested). The remaining four cases were undetermined
(see above).

Discussion

Cervical cancer, the second most common cancer among
women worldwide, is frequently caused by specific HPV infections
(32). Although participation of HPV proteins (e.g., E6 and E7) in cell
transformation is well documented (32), the detailed network of
events leading from HPV infection to tumor development has yet
to be elucidated. Given that numerous viruses (both DNA and
RNA) have been shown to encode small modulatory RNAs (33), and
given the changes in endogenous miRNA pattern and tumor-
related roles for miRNAs that have been shown (14, 20, 34), we

Table 3. Candidate novel small RNAs without significant hairpin identified in human cervical cancer cell lines and normal
cervix (Cont’d)

Total clones Number of clones

SW756 C4I C33A CaSki SiHa ME-180 NC1 NC2 NC3 NC4 NC5

1 1

2 2
2 2

1 1

2 2
1 1

1 1

1 1

1 1

2 2
1 1

1 1

1 1

1 1

1 1

1 1
1 1

1 1

1 1

1 1
1 1

1 1

1 1

1 1
1 1

1 1
1 1

1 1

1 1

1 1
1 1

1 1

1 1

37 7 1 4 1 0 5 11 0 2 5 1

MicroRNA Expression in Human Cervical Cancer

www.aacrjournals.org 6039 Cancer Res 2007; 67: (13). July 1, 2007

Research. 
on November 9, 2017. © 2007 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


thought it appropriate to investigate small RNA profiles in a set
of well-characterized cervical cancer cell lines and compared the
profiles with normal cervical specimens.
To obtain a definitive and inclusive profile, we used a cloning-

based method for profiling RNAs that makes no initial
assumptions about the identity of the small RNAs present.
Applying this protocol, we found that known miRNAs accounted
for a large proportion of small RNAs expressed in each of the
cervical cancer cell lines and normal cervix. In addition to these
known miRNAs, we identified a number of novel small RNAs
with miRNA characteristics, which had not been previously
observed in any tissue or cell type. Finally, we identified a
significant number of novel small RNAs that do not meet standard
miRNA criteria and which may thus be synthesized by distinct
mechanisms.
Our analysis of profiles for known miRNAs indicated significant

similarities and differences of expression level between the cell
lines and normal cervical samples. At least six miRNAs showed
substantial expression variations between the two groups, in
which the differential expression pattern of two miRNAs were also
corroborated by Northern blot analysis. These findings led us to
examine the biological relevance of these miRNAs in cervical
cancer using a panel of clinical samples. Remarkably, the
differential expression pattern of these two miRNAs is consistent
in tumors, thus raising the possibility that these miRNAs (or
their targets) may provide useful diagnostic tools and may also
provide clues to understand the processes that lead to cancer
development.

Increased expression of miR-21 in cervical cancer. miR-21
was the most abundantly recovered miRNA species in all of the
cervical cancer cell lines we examined, showing significantly lower
abundance in the normal cervical samples analyzed. Concordantly,
the increased expression of miR-21 was also found in a
preponderance of tumors. Abundant miR-21 may be a general,
albeit not universal, feature of tumor cells. In addition to our
analysis, strong miR-21 signals have been reported in several
hybridization-based profiles of different tumor types (e.g., glioblas-
tomas, breast cancer) and cancer cell lines (e.g., HCT-116, colorectal
carcinoma; HeLa, cervical adenocarcinoma, and glioblastoma cell
lines; refs. 34–36). Interestingly, Chan et al. (35) recently reported
that suppression of miR-21 in glioblastoma cells can trigger
activation of caspases and lead to increased apoptotic cell death.
Conversely, Cheng et al. (37) showed that knockdown of miR-21
increased cell growth in HeLa cells. Taken together, these findings
suggest that miR-21 may affect different biological processes in
different cellular contexts. Interestingly, miR-21 is located in the
fragile site FRA17B region, which is one of the HPV16 integration
loci at 17q23.2 (38, 39). It is known that HPV integration into the
host cell genome can cause genetic alterations (such as deletions,
amplifications, or complex rearrangements) and epigenetic alter-
ation, thus intriguing to speculate that the expression of cellular
miRNA genes at or near HPV integration sites may contribute to
the tumor phenotype.

Reduced expression of miR-143 in cervical cancer. The
abundance level of miR-143 is strikingly different between normal
cervical samples and cervical cancer cell lines, which led us to
investigate its association with cervical cancer development. In
agreement with the cloning data, the expression of miR-143 is
significantly lower in most of the tumors as compared with their
normal counterparts. Similarly, mature miR-143 is significantly
reduced in different tumor types, e.g., colorectal tumors (17),

Figure 1. Illustration of miRNA cloning incidence in six cervical cancer
cell lines and five normal cervical samples. For the display to reflect relative
expression levels, we carried out a normalization using the formula
(X � X̄)/X̄ , where X is the incidence frequency of miRNA in a given sample,
and X̄ is the mean incidence frequency among all samples. Yellow, high
expression; blue, low expression. Note that only miRNAs with more than 1%
in any samples analyzed are shown. NC, normal cervix.
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sarcomas,11 breast, prostate, and lymphoid cancer cell lines
(17, 34), suggesting that miR-143 might have suppressor roles in
a wide range of tumor cells. It is worthy to note that the only
experimentally verified target for miR-143 , ERK5 (also known as
MAPK7), is known to promote cell growth and proliferation in
response to tyrosine kinase signaling (40). Furthermore, abnormal
levels of ERK5 expression have been observed in some cancer
types (40–42), suggesting its significant role in tumor develop-
ment. The questions of ERK5 role in cervical cancer cells and
its regulation by miR-143 are certainly worthy of further
investigation.

No detection of HPV-derived miRNAs. One conceivable result
from our analysis would have been the identification of HPV-
encoded miRNAs. The cell lines included in this study consisted of
five HPV-positive cervical cancer cell lines (SW756, C4I, CaSki,

SiHa, and ME-180) and one apparently HPV-negative cell line
(C33A). The detection of the HPV genome for these cell lines had
been reported (43–45), and was reconfirmed by DNA sequencing
(data not shown). We did not identify any viral-encoded miRNAs
from the HPV-infected cells by our molecular cloning approach,
even after screening f4,000 clones. Consistent with this
observation, no viral-encoded miRNA was predicted from the
HPV18 genome by a computational method (46), and no viral-
derived small RNAs were detected during latent or productive
replication cycle of HPV31 by a cloning approach (47).

Novel miRNAs and other small RNAs. Among the small RNAs
cloned from the cervical cancer cell lines and normal cervical
samples, we observed a moderate number of previously uncon-
firmed or unidentified transcripts, which seem by all criteria to be
novel miRNAs. The identification of novel miRNAs and other novel
sRNAs in these specific tumor cell lines and cell type might indicate
that some of these small RNAs are unique to this cell type.
Alternatively, these miRNAs might be expressed in cells (or at
levels), which escaped detection in previous attempts to catalogue

Figure 2. Representative miRNAs with
significant expression variations between
normal cervix and cervical cancer cell lines
identified by cloning experiments. The
expression was calculated by the fraction
of clone number from each pool of library
and represented in percentage. Inset,
mean fraction of clone number from the
miRNA pool for each sample group
(N, normal cervix; C, cervical cancer cell
lines). P values < 0.0001 were considered
as significant, determined by m2 test.
Notably, the expression of miR-143, let-7c ,
and miR-196b in normal cervix is
significantly lower than that in cervical
cancer cell lines, whereas the expression
of miR-21 is significantly higher in cervical
cancer cells.

11 W.O. Lui and A. Fire, unpublished data.
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miRNAs. Whatever the normal pattern of expression for these
miRNAs, it is clear that the characterization of miRNA profiles for
any tissue or tumor type cannot be complete without an unbiased
approach such as miRNA cloning.
Although one might expect some novel miRNAs to be expressed

specifically in one tumor type, it is conceivable that others would
be expressed in a range of tumor types. Interestingly, we have
found several of the novel miRNAs in diverse tumor types. In
particular, miR-935, miR-708 , and miR-874-3p were also found in
human sarcomas; and miR-940 was also found in a renal cell
carcinoma cell line.11

Novel small RNAs that do not meet current miRNA criteria
could represent various situations: miRNAs formed by a standard
mechanism but failing the arbitrary miRNA criteria due to
incompleteness of these criteria, miRNA-like molecules formed
by slightly divergent synthetic mechanisms, and other small RNAs
such as natural small interfering RNAs (siRNA) that might be
formed by completely different mechanisms. Finally, these could
represent spurious ssRNA transcripts or common degradation
products of longer cellular RNAs. Of these, sRNA-cer3 was also
found in a colon cancer cell line, and sRNA-14 was also observed
in a renal cell carcinoma cell line,11 indicating that some of these
small RNAs are not specific to cervical cancer. Given that tumor
genomes use every conceivable mechanism to modulate their

own gene expression for the promotion of tumor growth, it
would be surprising not to have the siRNA pathway used during
tumorigenesis. Further analysis will certainly be required to assess
the biological effect of these small molecules. Although the
individual small non-miRNAs are rare in cervical cancer cells,
their low concentration alone does not rule out their possible
biological roles. In particular, an analysis of RNAi effects in
C. elegans by Pak and Fire (48) show that substantial interference
effects can be initiated by a population of siRNAs that are only
marginally detectable in cloning experiments.

Prospects for miRNA discovery and profiling. Because the
immense potential of miRNAs as regulators of gene networks is
just beginning to unfold, a detailed molecular analysis of miRNA
expression in the process of cancer development is of great
interest. As accumulating evidence showing the clinical impacts of
miRNA expression profiles (based on a limited number of known
miRNAs), a more comprehensive list of miRNAs needs to be
identified for cataloging of expression patterns in specific tissue
types in physiologic and pathologic conditions. Therefore, the
small RNA cloning approach (e.g., Amplified Tag Sequencing;
ref. 49) should enable the enumeration and characterization of a
more complete set of human miRNAs for subsequent analysis. A
high-throughput (e.g., hybridization-based) characterization of
known miRNA profiles is thus enabled to identify distinct

Figure 3. Northern blot analysis of miR-21 expression and miR-143. A, mature miR-21 , detected in all cervical cancer cell lines, was barely detected in many of the
normal cervical samples. Substantially higher relative expression of miR-21 in tumor was evident in 72% of the cases. B, mature miR-143 was detected in most
of the normal cervical samples, but absent or barely detected in all cervical cancer cell lines and in 16/27 (59%) of the cancer samples. In five cases, the expression
of miR-143 was relatively lower in cancer than in their matched normal cervical samples, whereas two cases showed relatively more abundance in the tumor
samples. Ethidium bromide–stained rRNA bands are shown as loading controls.
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signatures in each tumor type. We have certainly seen evidence for
such a signature for cervical cancer, and further investigations are
certainly warranted to evaluate the application of miRNA profiles
as contributory diagnostic/prognostic markers for this tumor type.

Acknowledgments

Received 2/13/2006; revised 4/12/2007; accepted 4/27/2007.

Grant support: Department of Pathology, Stanford University School of Medicine
(A. Fire and W.O. Lui) and NIH PO1-HG000205 (N. Pourmand).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

We thank members of the Fire Lab and Dr. Hannes Vogel for their help and
suggestions, the GOG Tissue Bank for frozen tissue specimens, Dr. Keng-Ling Wallin
(Karolinska University Hospital, Sweden) for cervical cancer cell lines, Julianna P.
Erickson (Stanford Genome Technology Center) for sequencing, and Shahnewaz
Siddique for sequence alignment software.

References
1. Bartel DP. MicroRNAs: genomics, biogenesis, mecha-
nism, and function. Cell 2004;116:281–97.

2. Kim VN. MicroRNA biogenesis: coordinated cropping
and dicing. Nat Rev Mol Cell Biol 2005;6:376–85.

3. Ambros V. MicroRNAs: tiny regulators with great
potential. Cell 2001;107:823–6.

4. Filipowicz W, Jaskiewicz L, Kolb FA, Pillai RS. Post-
transcriptional gene silencing by siRNAs and miRNAs.
Curr Opin Struct Biol 2005;15:331–41.

5. He L, Hannon GJ. MicroRNAs: small RNAs with a big
role in gene regulation. Nat Rev Genet 2004;5:522–31.

6. Kim VN. Small RNAs: classification, biogenesis, and
function. Mol Cells 2005;19:1–15.

7. Chen CZ, Li L, Lodish HF, Bartel DP. MicroRNAs
modulate hematopoietic lineage differentiation. Science
2004;303:83–6.

8. Esau C, Kang X, Peralta E, et al. MicroRNA-143
regulates adipocyte differentiation. J Biol Chem 2004;
279:52361–5.

9. Poy MN, Eliasson L, Krutzfeldt J, et al. A pancreatic
islet-specific microRNA regulates insulin secretion.
Nature 2004;432:226–30.

10. Lecellier CH, Dunoyer P, Arar K, et al. A cellular
microRNA mediates antiviral defense in human cells.
Science 2005;308:557–60.

11. Zhao Y, Samal E, Srivastava D. Serum response factor
regulates a muscle-specific microRNA that targets
Hand2 during cardiogenesis. Nature 2005;436:214–20.

12. He L, Thomson JM, Hemann MT, et al. A microRNA
polycistron as a potential human oncogene. Nature
2005;435:828–33.

13. O’Donnell KA, Wentzel EA, Zeller KI, Dang CV,
Mendell JT. c-Myc–regulated microRNAs modulate E2F1
expression. Nature 2005;435:839–43.

14. Calin GA, Liu CG, Sevignani C, et al. MicroRNA
profiling reveals distinct signatures in B cell chronic
lymphocytic leukemias. Proc Natl Acad Sci U S A 2004;
101:11755–60.

15. Johnson SM, Grosshans H, Shingara J, et al. RAS is
regulated by the let-7 microRNA family. Cell 2005;120:
635–47.

16. Takamizawa J, Konishi H, Yanagisawa K, et al.
Reduced expression of the let-7 microRNAs in human
lung cancers in association with shortened postopera-
tive survival. Cancer Res 2004;64:3753–6.

17. Michael MZ, O’Connor SM, van Holst Pellekaan NG,
Young GP, James RJ. Reduced accumulation of specific
microRNAs in colorectal neoplasia. Mol Cancer Res
2003;1:882–91.

18. Eis PS, Tam W, Sun L, et al. Accumulation of miR-155
and BIC RNA in human B cell lymphomas. Proc Natl
Acad Sci U S A 2005;102:3627–32.

19. Hayashita Y, Osada H, Tatematsu Y, et al. A
polycistronic microRNA cluster, miR-17–92, is overex-
pressed in human lung cancers and enhances cell
proliferation. Cancer Res 2005;65:9628–32.

20. Lu J, Getz G, Miska EA, et al. MicroRNA expression
profiles classify human cancers. Nature 2005;435:834–8.

21. Calin GA, Ferracin M, Cimmino A, et al. A MicroRNA
signature associated with prognosis and progression in
chronic lymphocytic leukemia. N Engl J Med 2005;353:
1793–801.

22. Yanaihara N, Caplen N, Bowman E, et al. Unique
microRNA molecular profiles in lung cancer diagnosis
and prognosis. Cancer Cell 2006;9:189–98.

23. Roldo C, Missiaglia E, Hagan JP, et al. MicroRNA
expression abnormalities in pancreatic endocrine and
acinar tumors are associated with distinctive pathologic
features and clinical behavior. J Clin Oncol 2006;24:
4677–84.

24. Berezikov E, Guryev V, van de Belt J, Wienholds E,
Plasterk RH, Cuppen E. Phylogenetic shadowing and
computational identification of human microRNA
genes. Cell 2005;120:21–4.

25. Lim LP, Lau NC, Weinstein EG, et al. The micro-
RNAs of Caenorhabditis elegans . Genes Dev 2003;17:
991–1008.

26. Xie X, Lu J, Kulbokas EJ, et al. Systematic discovery
of regulatory motifs in human promoters and 3¶ UTRs
by comparison of several mammals. Nature 2005;434:
338–45.

27. Bentwich I, Avniel A, Karov Y, et al. Identification of
hundreds of conserved and nonconserved human
microRNAs. Nat Genet 2005;37:766–70.

28. Lau NC, Lim LP, Weinstein EG, Bartel DP. An
abundant class of tiny RNAs with probable regulatory
roles in Caenorhabditis elegans . Science 2001;294:858–62.

29. Zuker M. Mfold web server for nucleic acid folding
and hybridization prediction. Nucleic Acids Res 2003;31:
3406–15.

30. Houge G, Robaye B, Eikhom TS, et al. Fine mapping
of 28S rRNA sites specifically cleaved in cells undergoing
apoptosis. Mol Cell Biol 1995;15:2051–62.

31. Kickhoefer VA, Rajavel KS, Scheffer GL, Dalton WS,
Scheper RJ, Rome LH. Vaults are up-regulated in
multidrug-resistant cancer cell lines. J Biol Chem 1998;
273:8971–4.

32. zur Hausen H. Papillomaviruses and cancer: from
basic studies to clinical application. Nat Rev Cancer
2002;2:342–50.

33. Sullivan CS, Ganem D. MicroRNAs and viral infec-
tion. Mol Cell 2005;20:3–7.

34. Iorio MV, Ferracin M, Liu CG, et al. MicroRNA gene
expression deregulation in human breast cancer. Cancer
Res 2005;65:7065–70.

35. Chan JA, Krichevsky AM, Kosik KS. MicroRNA-21 is
an antiapoptotic factor in human glioblastoma cells.
Cancer Res 2005;65:6029–33.

36. Nelson PT, Baldwin DA, Scearce LM, Oberholtzer JC,
Tobias JW, Mourelatos Z. Microarray-based, high-
throughput gene expression profiling of microRNAs.
Nat Methods 2004;1:155–61.

37. Cheng AM, Byrom MW, Shelton J, Ford LP. Antisense
inhibition of human miRNAs and indications for an
involvement of miRNA in cell growth and apoptosis.
Nucleic Acids Res 2005;33:1290–7.

38. Thorland EC, Myers SL, Gostout BS, Smith DI.
Common fragile sites are preferential targets for
HPV16 integrations in cervical tumors. Oncogene 2003;
22:1225–37.

39. Thorland EC, Myers SL, Persing DH, et al. Human
papillomavirus type 16 integrations in cervical tumors
frequently occur in common fragile sites. Cancer Res
2000;60:5916–21.

40. Wang X, Tournier C. Regulation of cellular
functions by the ERK5 signalling pathway. Cell Signal
2006;18:753–60.

41. Carvajal-Vergara X, Tabera S, Montero JC, et al.
Multifunctional role of Erk5 in multiple myeloma. Blood
2005;105:4492–9.

42. Mehta PB, Jenkins BL, McCarthy L, et al. MEK5
overexpression is associated with metastatic prostate
cancer, and stimulates proliferation, MMP-9 expression
and invasion. Oncogene 2003;22:1381–9.

43. Pater MM, Pater A. Human papillomavirus types 16
and 18 sequences in carcinoma cell lines of the cervix.
Virology 1985;145:313–8.

44. Schwarz E, Freese UK, Gissmann L, et al.
Structure and transcription of human papillomavirus
sequences in cervical carcinoma cells. Nature 1985;
314:111–4.

45. Yee C, Krishnan-Hewlett I, Baker CC, Schlegel R,
Howley PM. Presence and expression of human
papillomavirus sequences in human cervical carcinoma
cell lines. Am J Pathol 1985;119:361–6.

46. Pfeffer S, Sewer A, Lagos-Quintana M, et al.
Identification of microRNAs of the herpesvirus family.
Nat Methods 2005;2:269–76.

47. Cai X, Li G, Laimins LA, Cullen BR. Human
papillomavirus genotype 31 does not express detectable
microRNA levels during latent or productive virus
replication. J Virol 2006;80:10890–3.

48. Pak J, Fire A. Distinct populations of primary and
secondary effectors during RNAi in C. elegans . Science
2007;315:241–4.

49. Margulies M, Egholm M, Altman WE, et al. Genome
sequencing in microfabricated high-density picolitre
reactors. Nature 2005;437:376–80.

MicroRNA Expression in Human Cervical Cancer

www.aacrjournals.org 6043 Cancer Res 2007; 67: (13). July 1, 2007

Research. 
on November 9, 2017. © 2007 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


2007;67:6031-6043. Cancer Res 
  
Weng-Onn Lui, Nader Pourmand, Bruce K. Patterson, et al. 
  
Cancer
Patterns of Known and Novel Small RNAs in Human Cervical

  
Updated version

  
 http://cancerres.aacrjournals.org/content/67/13/6031

Access the most recent version of this article at:

  
Material

Supplementary

  
 http://cancerres.aacrjournals.org/content/suppl/2008/11/21/67.13.6031.DC1

Access the most recent supplemental material at:

  
  

  
  

  
Cited articles

  
 http://cancerres.aacrjournals.org/content/67/13/6031.full#ref-list-1

This article cites 49 articles, 19 of which you can access for free at:

  
Citing articles

  
 http://cancerres.aacrjournals.org/content/67/13/6031.full#related-urls

This article has been cited by 27 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
Rightslink site. 
(CCC)
Click on "Request Permissions" which will take you to the Copyright Clearance Center's

.http://cancerres.aacrjournals.org/content/67/13/6031
To request permission to re-use all or part of this article, use this link

Research. 
on November 9, 2017. © 2007 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/content/67/13/6031
http://cancerres.aacrjournals.org/content/suppl/2008/11/21/67.13.6031.DC1
http://cancerres.aacrjournals.org/content/67/13/6031.full#ref-list-1
http://cancerres.aacrjournals.org/content/67/13/6031.full#related-urls
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/67/13/6031
http://cancerres.aacrjournals.org/

