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ABSTRACT 

Methods of detecting cervical dysplasia, such as cervical 
dysplasia likely to progress to carcinoma in a sample of 
human cervical cells, are provided. Methods of detecting 
changes in expression of one or more microRNAs or mRNAs 
associated With cervical dysplasia or cervical cancer are also 
provided. Compositions and kits are also provided. 
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METHODS OF DETECTING CERVICAL 
CANCER 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 12/688,784, ?led Jan. 15, 2010, 
this application claims priority to US. Provisional Applica 
tionNo. 61/145,439, ?led Jan. 16, 2009, andU.S. Provisional 
Application No. 61/165,835, ?led Apr. 1, 2009, Which are 
incorporated by reference herein in their entireties for any 
purpose. 

1. BACKGROUND 

[0002] Cervical cancer is the second most common cause 
of cancer-related mortality in Women WorldWide. Epidemio 
logical and laboratory studies suggest a key role for human 
papillomavirus (HPV) in cervical carcinogenesis (Wal 
boomers, J. M. et al. (1999) .1. Pathol. 189: 12-19; Zur, H. H. 
(2002) Nat. Rev. Cancer 2:342-350). Importantly, hoWever, 
HPV infection alone is not suf?cient for cervical carcinogen 
esis, and additional steps occur over years or decades folloW 
ing initial infection. Most HPV infections resolve spontane 
ously, but if an oncogenic (high risk) HPV infection persists, 
there may be progression to a high grade cervical dysplasia or 
cervical cancer. (Nobbenhuis, M. A. et al. (2001) Lancet 
358: 1782-1783). Highrisk HPVs include HPV-16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68, With HPV-16 and 18 
accounting for up to 70% of cervical cancers WorldWide. 
[0003] The Papanicolaou (Pap) smear has become the most 
commonly used method to screen for cervical dysplasia. It 
has been a success and the incidence of cervical cancer has 
been dramatically reduced. HoWever, cytology screening pro 
grams have limitations, especially limited sensitivity, esti 
mated at only 51% (N anda K. et al. (2000) Ann. Intern. Med. 
132:810-819), and repeated tests are therefore necessary. In 
addition, a high-quality cytology screening program requires 
highly-trained personnel. Furthermore, although cytological 
screening programs have reduced the incidence of squamous 
cervical cancer (SCC), the incidence of cervical adenocarci 
noma (AC) has continued to increase. The reason for this is 
unclear, but it may, in part, be due to dif?culties detecting the 
precursor form of AC using conventional screening methods. 
(Bray, F. B. et al. (2005) CancerEpidemiol. Biomarkers Prev. 
14:2191-2199). 
[0004] HPV DNA testing can be more sensitive than cyto 
logic testing in detecting high-grade cervical dysplasia. HoW 
ever, HPV testing often has loWer speci?city than cytologic 
testing since most HPV infections are transient in nature. 
(Koliopoulous, G. M. et al. (2007) Gynecol. Oncol. 104:232 
246). In order to improve the clinical speci?city of the 
molecular HPV tests, a number of molecular markers associ 
ated With cervical cancer precursor lesions (i.e. Cervical 
Intra-epithelial Neoplasia (“CIN”) grades 1, 2 and 3) have 
been evaluated. (See e.g., Altieri D. C. (2003) Nat. Rev. Can 
cer 3:46-54; Li C. et al. (2007) Mod. Pathol. 20:242-247; 
Andersson, S. et al. (2006) Br .1. Cancer 95:331-338; Martin, 
C. M. et al. (2006) Expert Rev. Mol. Diagn. 6:217-229; 
Branca, M. et al. (2006) Int. J. Gynecol. Palhol. 25:383-392; 
Harris C. P. et al. (2003) Genes Chromosomes Cancer 
36:233-241). HoWever, there remains a need for molecular 
markers in cervical dysplasia Which indicate a high risk of 
progression to cancer. 

2. SUMMARY 

[0005] Methods for detecting the presence of cervical dys 
plasia in a subject are provided. In some embodiments, a 
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method comprises detecting a level of at least one target RNA 
in a cervical sample from the subject. In some embodiments, 
the at least one target RNA (i) is capable of speci?cally 
hybridizing to a nucleic acid having a sequence selected from 
SEQ ID NOs: 1 to 41 and 133 to 211; or (ii) comprises a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs: 1 to 41 
and 133 to 211; or (iii) comprises at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs: 345 to 
388. In some embodiments, a method comprises comparing 
the level of the at least one target RNA in the cervical sample 
to a normal level of the at least one target RNA. In some 
embodiments, a level of at least one target RNA in the sample 
that is greater than a normal level of the at least one target 
RNA indicates the presence of cervical dysplasia in the 
sample. 
[0006] Methods for facilitating the detection of cervical 
dysplasia in a subject are also provided. In some embodi 
ments, the method comprises detecting a level of at least one 
target RNA in a cervical sample from the subject. In some 
embodiments, the at least one target RNA (i) is capable of 
speci?cally hybridizing to a nucleic acid having a sequence 
selected from SEQ ID NOs: 1 to 41 and 133 to 211; or (ii) 
comprises a sequence that is complementary to at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs: 1 to 41 and 133 to 211; or (iii) comprises at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs: 345 to 388. In some embodiments, a method comprises 
communicating the results of the detection to a medical prac 
titioner for the purpose of determining Whether the subject 
has cervical dysplasia. 
[0007] In some embodiments, detecting a level of at least 
one target RNA in a cervical sample comprises hybridizing 
nucleic acids of the sample With at least one polynucleotide 
that is complementary to a target RNA in the sample or to a 
complement thereof. In some embodiments, a method further 
comprises detecting at least one complex comprising a poly 
nucleotide hybridized to at least one nucleic acid selected 
from the target RNA, a DNA amplicon of the target RNA, and 
a complement of the target RNA. 

[0008] In some embodiments, a method for detecting the 
presence of cervical dysplasia in a subject comprises obtain 
ing a cervical sample from the subject and providing the 
sample to a laboratory for detection of the level of at least one 
target RNA in the sample. In some embodiments, the at least 
one target RNA: (i) is capable of speci?cally hybridizing to a 
nucleic acid having a sequence selected from SEQ ID NOs: 1 
to 41 and 133 to 211; or (ii) comprises a sequence that is 
complementary to at least 15 contiguous nucleotides of a 
sequence selected from SEQ ID NOs: 1 to 41 and 133 to 211; 
or (iii) comprises at least 15 contiguous nucleotides of a 
sequence selected from SEQ ID NOs: 345 to 388. In some 
embodiments, the method comprises receiving from the labo 
ratory a communication indicating the level of at least one 
target RNA in the sample. In some embodiments, a level of at 
least one target RNA that is greater than a normal level of the 
at least one target RNA indicates the presence of cervical 
dysplasia. 
[0009] In some embodiments, a method comprises detect 
ing levels of at least tWo, at least three, at least ?ve, or at least 
ten target RNAs. In some embodiments, detection of a level of 
at least one target RNA that is greater than a normal level of 
the at least one target RNA indicates the presence of cervical 
dysplasia. In some embodiments, detection of levels of at 
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least tWo target RNAs that are greater than normal levels of 
the at least tWo target RNAs indicates the presence of cervical 
dysplasia. In some embodiments, detection of levels of at 
least three target RNAs that are greater than normal levels of 
the at least tWo target RNAs indicates the presence of cervical 
dysplasia. In some embodiments, detection of levels of at 
least ?ve target RNAs that are greater than normal levels of 
the at least tWo target RNAs indicates the presence of cervical 
dysplasia. 
[0010] In some embodiments, a method comprises detect 
ing a level of at least one target RNA that (i) does not speci? 
cally hybridize to a nucleic acid having a sequence selected 
from SEQ ID NOs: 1 to 41 and 133 to 211; and (ii) does not 
comprise a sequence that is complementary to at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs: 1 to 41 and 133 to 211; and (iii) does not comprise at 
least 15 contiguous nucleotides of a sequence selected from 
SEQ ID NOs: 345 to 388. 
[0011] In some embodiments, a method further comprises 
detection of a level of at least one target RNA that is an 
mRNA. In some embodiments, the mRNA is selected from 
CDKN2A, MKI67, TOP2A, MCM5, BIRC5, MMP9, and 
MCM2. 

[0012] In some embodiments, a synthetic polynucleotide is 
provided. In some embodiments, a synthetic polynucleotide 
comprises a ?rst region, Wherein the ?rst region comprises a 
sequence of at least 8, at least 9, at least 10, at least 1 1, at least 
12, at least 13, at least 14, at least 15, at least 16, at least 17, 
or at least 18 contiguous nucleotides that is identical or 
complementary to a sequence of at least 8 contiguous nucle 
otides ofone of SEQ ID NOs: 1 to 7, 9 to 37, 133 to 201, and 
345 to 388. In some embodiments, the ?rst region is identical 
or complementary to a region of a target RNA. In some 
embodiments, a synthetic polynucleotide comprises a second 
region that is not identical or complementary to a region of the 
target RNA. In some embodiments, a synthetic polynucle 
otide comprises a detectable label. In some embodiments, a 
synthetic polynucleotide comprises a FRET label. In some 
embodiments, the synthetic polynucleotide comprises a sec 
ond region that is not identical or complementary to a region 
of the target RNA. 
[0013] In some embodiments, a composition is provided. In 
some embodiments, a composition comprises a plurality of 
synthetic polynucleotides. In some embodiments, a kit is 
provided. In some embodiments, a kit comprises a synthetic 
polynucleotide. In some embodiments, a kit comprises a 
composition. In some embodiments, a kit comprises at least 
one polymerase and/ or dNTPs. 

[0014] Further embodiments and details of the inventions 
are described beloW. 

3. BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIG. 1 shoWs an exemplary electropherogram 
obtained on an Agilent Bioanalyser 2100 to assess the quality 
of total RNA puri?ed as described in Example 1. Total RNA 
from cell line CaSki is shoWn. 
[0016] FIG. 2 provides analysis by agarose gel electro 
phoresis under denaturing conditions of the quality of total 
RNA puri?ed as described in Example 1 from cell lines 
CaSki, SW756, ME180, SiHA, C-4I, and C-4II. 
[0017] FIGS. 3A and 3B shoW the log2 fold-changeszSD 
of certain mRNAs in tumor and normal samples relative to the 
Ambion normal sample, as discussed in Example 4. For each 
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pair of bars, the left bar represents tumor samples and the right 
bar represents normal samples: 
[0018] FIG. 4 shoWs relative log2 fold changes of certain 
mRNAs in liquid PAP samples, as discussed in Example 5. 
[0019] FIG. 5 shoWs relative log2 fold changesiSD of miR 
205 in cervical tumor samples and normal tissue, as discussed 
in Example 6. The left bar represents SCC samples, the 
middle bar represents ADC samples, and the right bar repre 
sents normal samples. 
[0020] FIG. 6 shoWs relative log2 fold changesiSD of miR 
1290 in cervical tumor samples and normal tissue, as dis 
cussed in Example 6. The left bar represents tumor samples 
and the right bar represents normal samples. 

4. DETAILED DESCRIPTION 

4.1. Detecting Cervical Dysplasia 

4.1.1. General Methods 

[0021] Methods of measuring levels of microRNA species 
disclosed herein are provided, Wherein elevated levels of the 
microRNA species is indicative of cervical dysplasia. In some 
embodiments, methods are presented for detecting human 
cervical dysplasia, such as cervical dysplasia likely to 
progress to carcinoma. In some embodiments, the method 
comprises detecting an above-normal level of at least one 
target RNA that is capable of speci?cally hybridiZing to a 
sequence selected from SEQ ID NOs: 1 to 41 and 133 to 211. 
In some embodiments, the method comprises detecting an 
above-normal level of at least one target RNA, Wherein at 
least one target RNA comprises at least 15, at least 16, at least 
17, at least 18, at least 19, at least 20, at least 21, at least 22, 
at least 23, or at least 24 contiguous nucleotides of a sequence 
selected from SEQ ID NOs: 345 to 388. In some embodi 
ments, the method comprises detecting an above-normal level 
of at least one target RNA that comprises a sequence that is 
complementary to at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, 
or at least 24 contiguous nucleotides of a sequence selected 
from SEQ ID NO.: 1 to 41 and 133 to 211. In some embodi 
ments, the target RNA, in its mature form, comprises feWer 
than 30 nucleotides. The target RNA, in some embodiments, 
is a microRNA. 

[0022] In the present disclosure, “a sequence selected 
from” encompasses both “one sequence selected from” and 
“one or more sequences selected from.” Thus, When “a 
sequence selected from” is used, it is to be understood that 
one, or more than one, of the listed sequences may be chosen. 
[0023] Detection of a level of target RNA that is greater 
than a normal level of target RNA indicates the presence of 
cervical dysplasia in the sample. In some embodiments, the 
detecting is done quantitatively. In other embodiments, the 
detecting is done qualitatively. In some embodiments, detect 
ing a target RNA comprises forming a complex comprising a 
polynucleotide and a nucleic acid selected from a target RNA, 
a DNA amplicon of a target RNA, and a complement of a 
target RNA. In some embodiments, the level of the complex 
is then detected and compared to a normal level of the same 
complex. The level of the complex, in some embodiments, 
correlates With the level of the target RNA in the sample. 
[0024] “Cervical dysplasia,” Which is also knoWn as cervi 
cal intraepithelial neoplasia (“CIN”), corresponds to precan 
cerous changes of the cervix that are evidenced by an abnor 
mal groWth on the surface of the cervix. Cervical dysplasia is 
divided into three categories: CIN 1, Which is mild dysplasia 
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in Which only a feW cells are abnormal; CIN 2, Which is 
moderate to marked dysplasia in Which the abnormal cells 
involve about one-half of the thickness of the surface lining of 
the cervix; and CIN 3, Which includes severe dysplasia to 
carcinoma-in-situ (i.e., precancerous cells limited to the top 
epithelial layer of the cervix). CIN 3 is unlikely to regress 
spontaneously, and if left untreated, can penetrate the base 
ment membrane and become an invasive carcinoma. 

[0025] Table 1, beloW, lists 41 hybridization probes that 
have been found to be complementary to, and hybridize With, 
target RNAs in cancer cells. These target RNAs Were detected 
at elevated levels in certain human cervical cell lines that Were 
assayed using microarrays (Example 1). Thirty-six of the 
probes are believed to be complementary to, and hybridize 
With, target RNA species that are expressed in human cells. 
The other ?ve probes are complementary to, and hybridize 
With, publicly knoWn microRNAs that have been deposited 
by others into miRBase (http://microma.sanger.ac.uk/; see 
Gri?iths-Jones S. et al. (2007) Nucl. Acids Res. 36:154-158): 
hsa-miR-423-5p, hsa-miR-765, hsa-miR-92b*, hsa-miR 
663, and hsa-miR-936). However, to the knowledge of the 
inventors, these ?ve knoWn microRNAs have not been dis 
closed to have utility for detecting cervical dysplasia. 
[0026] Table 1 1, beloW, lists hybridization probes that have 
been found to be complementary to, and hybridize With, 
target RNAs in cancer cells. These target RNAs Were detected 
at elevated levels in certain human clinical cervix samples 
that Were assayed using microarrays (Example 3). Seventy 
three of the probes are believed to be complementary to, and 
hybridize With, target RNA species that are expressed in 
human cells. Four of those 73 probes Were also detected at 
elevated levels in certain human cervical cell lines that Were 
assayed using microarrays (Example 1), and are also in Table 
1 (836-R4-1, 3371-L4-1, 9053-R3-1, and 9691-L4-1). The 
remaining 19 probes are complementary to, and hybridize 
With, publicly knoWn microRNAs that have been deposited 
by others into miRBase (http://microma.sanger.ac.uk/; see 
Gri?iths-Jones S. et al. (2007) Nucl. Acids Res. 36: 154-158). 
One of those 19 probes Was also detected at elevated levels in 
certain human cervical cell lines that Were assayed using 
microarrays (Example 1), and is also in Table 1 (miR-765). To 
the knoWledge of the inventors, at least 11 of those microR 
NAs, miR-1246, miR-1290, miR-1308, miR-1826, miR 
200c, miR-451, miR-483-5p, miR-491-3p, miR-494, miR 
720, and miR-765 have not been disclosed to have utility for 
detecting cervical dysplasia. 
[0027] Table 28, beloW, lists 44 microRNAs that may be 
present at elevated levels in certain human cervical cancer 
cells lines and/or human clinical cervix samples. Some 
microRNAs in Table 28 are isomirs of one another. In some 

embodiments, tWo isomirs have a common core sequence 
With one or both ends varying by one to three nucleotides. For 
example, AGCCGCTCTTCTCCCTGCCCACA (SEQ ID 
NO: 355) and AGCCGCTCTTCTCCCTGCCCACA (SEQ 
ID NO: 356) are isomirs. Similarly, CCCGGAGAGCGGAG 
CACAACACA (SEQ ID NO: 346) and CCGGAGAGCG 
GAGCACAAC (SEQ ID NO: 347) are isomirs. When mul 
tiple isomirs are listed in Table 28, one or more than one of the 
isomirs may be present at elevated levels in a cervical dys 
plasia. In some embodiments, a method comprises detecting 
multiple isomirs With a single probe. Detection of an elevated 
level of one or multiple isomirs is considered to be indicative 
of cervical dysplasia. 
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[0028] For convenience of reference herein, and not by Way 
of limitation, some “target RN ” species are denominated 
“microRNAs” in the tables set forth herein and Example 1 . In 
some embodiments, the target RNA is a single mature 
microRNA capable of speci?cally hybridizing to a hybridiza 
tion probe set forth in Table 1 or Table 11. In some embodi 
ments, a target RNA is a single mature microRNA that com 
prises a sequence that is complementary to at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NO.:1 to 41 and 133 to 211. In some embodiments, a target 
RNA is a single mature microRNA that comprises at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs: 345 to 388. In some embodiments, target RNA may 
include a plurality of target RNAs, all of Which are capable of 
speci?cally hybridizing to a single complementary probe 
sequence (for example, When tWo or more target microRNAs 
are isomirs). In some embodiments, the so-denominated 
“microRN ” is one or more RNA species capable of speci? 
cally hybridizing to the respective hybridization probe, such 
that one or more target RNAs do not meet canonical de?ni 
tions for mature microRNAs. In some embodiments, a target 
RNA is an mRNA. 
[0029] Mature human microRNAs are typically composed 
of 17-27 contiguous ribonucleotides, and often are 21 or 22 
nucleotides in length. The sequences of some target microR 
NAs that can be detected in accordance With the present 
disclosure can be found Within the pre-microRNA sequences 
shoWn in Table 2 (SEQ ID NOs: 42 to 82) and Table 12 (SEQ 
ID NOs: 226 to 314). The sequences of some microRNAs are 
shoWn in Table 28. Further, in some embodiments, a 
microRNA comprises at least 10, at least 11, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, 
at least 24, at least 25, or at least 26 contiguous nucleotides of 
a sequence in Table 28 (SEQ ID NOs: 345 to 388). The 
sequences of the 23 publicly knoWn mature microRNAs, 
obtained by query of miRBase, are also shoWn beloW in Table 
3, along With the sequences of other previously knoWn 
microRNAs that, in some embodiments, can be detected in 
the methods described herein. 
[0030] While not intending to be bound by theory, mam 
malian microRNAs mature as described herein. A gene cod 
ing for a microRNA is transcribed, leading to production of a 
microRNA precursor knoWn as the “pri-microRN ” or “pri 
miRNA.” The pri-miRNA can be part of a polycistronic RNA 
comprising multiple pri-miRNAs. In some circumstances, 
the pri-miRNA forms a hairpin With a stem and loop, Which 
may comprise mismatched bases. The hairpin structure of the 
pri-miRNA is recognized by Drosha, Which is an RNase III 
endonuclease protein. Dro sha can recognize terminal loops in 
the pri-miRNA and cleave approximately tWo helical turns 
into the stem to produce a 60-70 nucleotide precursor knoWn 
as the “pre-microRN ” or “pre-miRNA.” Drosha can cleave 
the pri-miRNA With a staggered cut typical of RNase III 
endonucleases yielding a pre-miRNA stem loop With a 5' 
phosphate and an approximately 2-nucleotide 3' overhang. 
Approximately one helical turn of the stem (about 10 nucle 
otides) extending beyond the Drosha cleavage site can be 
essential for e?icient processing. The pre-miRNA is subse 
quently actively transported from the nucleus to the cyto 
plasm by Ran-GTP and the export receptor Exportin-5. 
[0031] The pre-miRNA can be recognized by Dicer, 
another RNase III endonuclease. In some circumstances, 
Dicer recognizes the double-stranded stem of the pre 
miRNA. Dicer may also recognize the 5' phosphate and 3' 
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overhang at the base of the stem loop. Dicer may cleave off microRNA*. The microRNA and microRNA* may be 
the terminal loop tWo helical turns aWay from the base of the derived from opposing arms of the pri-miRNA and pre 
stem loop leaving an additional 5' phosphate and an approxi- miRNA. The mature microRNA is then loaded into the RNA 
mately 2-nucleotide 3' overhang. The resulting siRNA-like induced silencing complex (“RISC”), a ribonucleoprotein 
duplex, Which may comprise mismatches, comprises the complex. lnsomecases, themicroRNA* alsohas gene silenc 
mature microRNA and a similar-siZed fragment knoWn as the ing or other activity. 

TABLE 1 

fold-chanqes vs. normal Cervix 

probe ME18O C33A 
Array probe sequence SEQ ID CaSki SiHa sw756 C4-I C4-II HPVl8 HPV 

Array probe (5‘ to 3‘, without linker) NO: HPVl6 HPVl6 HPVl8 HPV68 HPVl8 metastasis neg 

337l-L4 -1 TTTCCTTTCCTCCCCTCCACACCCCATGACTCCC 1 6.14 8. 9 6.9 5.43 12 .37 4 .94 12.18 

CACACTTGAG 

4315,13-R4-1 GGAAAGTCAGCCCCCAGCGCCCCCCGGAGTTCTT 2 6.91 4.11 3.25 7.01 12.19 8.37 14.35 

GG 

49887R4 -1 CTCCTCCTCCCCGTCTTTGGATACCAAACACTGG 3 3 .46 2.72 2.89 4 .59 6 .32 4 .15 10 .48 

AC 

6647-R2 -1 CTCAGCCCCAGCTGGAGAATTTTTCCCCTCATTA 4 4 .49 5.48 4.91 3 .05 8 .35 2 .42 4 .16 

9053-R3-l TTCTTGCCCTCCAATCCCCGGGCTCCACCAGCC 5 5.40 2.51 3.69 5.76 10.31 5.55 24.91 

6803-R3 -1 GCTCCCTCTCTGGTTGGACCTCACCCAAAGAT 6 2 . 68 2.00 2 . 14 3 .86 5 .38 4 .19 19.50 

969l-L4 -1 AATCATCCATTTCATCCGCATCTCCCTCTTGGCC 7 2.83 2.74 2 .49 3 .82 4.69 5 .30 11.57 

CCTTGC 

miR-423-5p AAAGTCTCGCTCTCTGCCCCTCA 8 4.53 3.01 2.89 5.15 7.27 5.86 11.22 

6584-Ll-l TCGGCCCTGCCTCCTCCTCCT 9 2.16 1.9 1.9 2 .69 5.23 2 .36 4.03 

742l-R2 -1 TAAAGAGACTTCCTCCACTGCCAGAGATCT 10 2 .46 3.01 2 . 99 1 . 5 3.32 2 .41 3 .5 

8016-L3 -1 TCAGCGCAACAAGCCCCGCAGTCACCCCTCT 11 3 .31 1. 8 1. 8 3.41 5 . 71 3 .74 9.14 

8433-L3-l AAATGGCTCCTTTCCCCTTTCCCTCCACCG 12 2.40 2.60 1.6 2.68 4.59 2.61 5.71 

436l-R3-l CGTCTCCCTCCCTCATGTGC 13 2.21 2.84 2.67 — 4.72 3 .52 10.04 

10010,H-L.4-1 ACAGGCTACTTTCAGCAAATATGTCCATCCT 14 3.67 3.56 1.6 2 .92 4.44 — 3.1 

12223 —L4— 1 CCCAGAAGACATCAGACAGAGTTGTTTCTTCTCC 15 — 2.62 2.56 3 .73 — — 24.42 

CTCTA 

46lO-R3 -1 GCCCTCTGGCCCCTGCCTAATTGGCTGC 16 1. 8 — 1. 6 2 .2 3 .56 2 .99 6 .81 

5192-L3 -2 CATTTTTCCCCTTCCTTCCTCTATATCAGCAA 17 5.45 5. 05 7.11 — 7 .21 2 .99 6 .59 

5782-L3-l GATTCCAGCCCCTTCCCCC 18 — 2.20 1.5 2 .57 — 2 .84 5.04 

5836-R3 -2 CATTAACCCCCATTATCACAGCACGCCCCATTC 19 2.05 7. 58 — — — 2 .61 2 .97 

6183-R3 -1 GATTCCACTTTTCTTAATGACTTTCCCCTCCT 20 2 . 68 2.12 2.72 — — — 2.74 

6287-L3 -2 GCCCCGCCCCACCTTTCGGGGCTCACCTGGC 21 2 .20 — 1. 5 2 .70 4 .43 4.42 5.90 

6522-L3 -1 GGGTTGCCTCTAATGTGGTAATAGATGTCATT 22 — 2.58 0. 9 — 4.69 2 .78 3 .76 

6752-Rl-l CCCTCCTTTCCCCACCTCAGT 23 — 3.58 2.99 2 .66 5.44 2 .26 5.13 

6825-R3 -1 CTCAGCTGTTCCCGGTGCCAG 24 — — — 2 .13 5 . 17 2 .68 2 .94 

6930-R3-l ATTAATCCTTCTCTCCCCTCTG 25 — 3.12 2.52 5.01 5.16 5.17 20.54 

7352-R3 -2 GCCCCTGCCAGAATCCTCTAACAGCTCTAATTGG 26 — — 1. 6 4 .29 5.18 14 .54 8.13 

7356-L2-l ACCGCGACATAGCCTCGCCCCC 27 2.14 1.9 — 2.46 4.60 2.76 5.57 

7384-R3 -1 CTCGCAAAGGATCTCCTICATCCCTCCCCA 28 — 2.26 0. 7 1.7 3 .27 2 .18 3 .96 
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TABLE 3 — cont inued 

Mature microRNA 

Sequences (5‘ to 3‘) 
SEQ ID NO microRNA sequence 

1 1 3 miR- 1 9 4 UGUAACAGCAACUCCAUGUGGA 

1 1 4 miR- 2 1 5 AUGAC CUAUGAAUUGACAGAC 

11 5 miR- 32 UAUUGCACAUUACUAAGUUGCA 

1 1 6 miR- 3 7 4b AUAUAAUACAACCUGCUAAGUG 

117 miR- 933 UGUGCGCAGGGAGACCUCUCCC 

11s miR- 76 9- 3p CUGGGAUCUCCGGGGUCUUGGUU 

1 1 9 miR- 6 7 1 AGGAAGCCCUGGAGGGGCUGGAG 

12 o miR- 93 4 UGUCUACUACUGGAGACACUGG 

121 miR- 935 CCAGUUACCGCUUCCGCUACCGC 

122 miR- 937 AUCCGCGCUCUGACUCUCUGCC 

123 miR- 93 s UGCCCUUAAAGGUGAACCCAGU 

12 4 miR- 93 9 UGGGGAGCUGAGGCUCUGGGGGUG 

125 miR-94O AAGGCAGGGCCCCCGCUCCCC 

12 6 miR- 94 1 CACCCGGCUGUGUGCACAUGUGC 

12 7 miR- 94 2 UCUUCUCUGUUUUGGC CAUGUG 

12 s miR- 943 CUGACUGUUGCCGUCCUCCAG 

12 9 miR- 94 4 AAAUUAUUGUACAUCGGAUGAG 

13 o miR- 7 o s AAGGAGCUUACAAUCUAGCUGGG 

13 1 miR- s74 - 5p CGGCCCCACGCACCAGGGUAAG 

132 miR- 874-3p CUGCCCUGGCCCGAGGGACCGA 

[0032] In Table 1, the expression levels of target RNAs 
measured for each of the identi?ed sample cell lines are 
expressed as fold-changes in expression relative to expres 
sion levels measured in normal human cervix total RNA (see 
Example 1). The expression levels of the target RNAs 
detected by the probes in Table 1 1, expressed as fold-changes 
for each of the clinical cervix samples, are shoWn in Table 10 
(Example 3). 
[0033] In some embodiments, target RNAs can be mea 
sured in samples collected at one or more times from a patient 
to monitor the status or progress of cervical dysplasia in the 
patient. 
[0034] In some embodiments, a sample to be tested is 
obtained using one or more techniques commonly used for 
preparing Pap smears, e.g., (i) endocervical sWab, using a 
cotton applicator stick (or Wire brush for endocervical speci 
mens) advanced into the os of the cervix, With the stick gently 
rolled betWeen the thumb and index ?nger; (ii) cervical 
scrape, in Which the longer end of a cervical spatula is inserted 
into the os of the cervix and pressed gently, With turning and 
scraping. In some embodiments, the sample to be tested is a 
cervical biopsy, such as a punch biopsy or cone biopsy. In 
some embodiments, the sample to be tested is from a loop 
excision, or LEEP, procedure. 
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[0035] The clinical sample to be tested is, in some embodi 
ments, freshly obtained. In other embodiments, the sample is 
a fresh froZen specimen. In some embodiments, the sample is 
a tissue sample, such as a formalin-?xed para?in embedded 
sample. In some embodiments, the sample is a liquid cytology 
sample. 
[0036] Exemplary liquid cytology preservative solutions 
include, but are not limited to, ThinPrepTM PreservCytTM 
solution (Hologic, Bedford, Mass.) and SurePathTM preser 
vative solution (BD Diagnostics, NJ). Additional exemplary 
preservative solutions include, but are not limited to, 
RNAlater® (Ambion), formalin (e.g., 10% aqueous forma 
lin), Universal V1ral Transport Media (BD Diagnostics, NJ), 
M4, M4RT, PVA (polyvinyl-alcohol), PolyCyte (American 
Mastertech Scienti?c), Spray-Cyte cytological ?xative (Bec 
ton-Dickinson), formaldehyde (e.g., 10% in phosphate 
buffer), NuFix Complete Collection Solution (QC Sciences), 
CarboFix (StatLab Medical Products), Cyto Jar (Surgipath 
Medical Industries), SED Fix (Surgipath Medical Industries), 
SprayFix (Surgipath Medical Industries), cytology ?xative 
50% alcohol solution (U.S. Biotex), Cyto-Prep (Wake?eld), 
Cyto-Fix (Wake?eld), PVA With Zinc or copper, mer‘thiolate 
iodine-formaldehyde (MIF), sodium acetate-acetic acid-for 
malin (SAF), mercuric chloride-based Schaudinn’s, Zinc 
based Schaudinn’s preservative (Meridian Diagnostics, Inc.), 
EcoFix® (Merdian Bioscience), Parasafe®, Uni?x, Proto 
?xTM, and STF. 
[0037] In some embodiments, the clinical sample to be 
tested is obtained in conjunction With routine cytologic 
screening (e. g., by Pap smear), currently recommended for all 
Women betWeen the ages of 21 and 65, and Women Who are 
under 21 years old Who have been sexually active for three 
years or more. In some embodiments, the sample to be tested 
is obtained from a Woman Who has a predisposition to develop 
cervical cancer, e.g., a Woman Who has tested positive for 
HPV infection, and especially positive for a high risk HPV 
type. In some embodiments, the clinical sample to be tested is 
obtained from Women Who have one or more of the folloWing 
risk factors: multiparous, many sexual partners, ?rst sexual 
intercourse at a young age, smoke cigarettes, use of oral 
contraceptives, and a Weakened immune system. In some 
embodiments, the clinical sample is obtained from Women 
Who have diagnostic signs or clinical symptoms that may be 
associated With cervical cancer, such as abnormal Pap tests, 
abnormal bleeding or visible cervical lesions. 
[0038] In some embodiments, the methods described 
herein are used for early detection of cervical dysplasia in a 
sample of cervical cells, such as those obtained by routine Pap 
smear. In some embodiments, methods described herein can 
be used for early detection of cervical dysplasia in a sample of 
cervical cells, and to determine a likelihood that the detected 
cervical dysplasia Will progress to cervical cancer. 

[0039] Thus, in some embodiments, methods of the present 
disclosure can be used for routine screening of healthy 
Women With no risk factors. In some embodiments, methods 
herein are used to (1) screen Women Who have a history of 
abnormal Pap smears and/or of assays shoWing infection by 
one or more HPV strains associated With the development of 
cervical cancer, (2) screen Women With one or more of the 
above-described risk factors, (3) con?rm a diagnosis made by 
cytology, histology or HPV assay, and/or further characteriZe 
a diagnosis made by cytology or histology. 
[0040] In some embodiments, the methods described 
herein can be used to assess the effectiveness of a treatment 
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for cervical cancer in a patient. In some embodiments, the 
target RNA expression levels are determined at various times 
during the treatment, and are compared to target RNA expres 
sion levels from an archival sample taken from the patient, 
e.g., by Pap smear, before the manifestation of any signs of 
cervical dysplasia or cervical cancer or before beginning 
treatment. Ideally, target RNA expression levels in the normal 
Pap smear sample evidence no aberrant changes in target 
RNA expression levels. Thus, in such embodiments, the 
progress of treatment of an individual With cervical dysplasia 
or cervical cancer can be assessed by comparison to a sample 
of cervical cells from the same individual When she Was 
healthy or prior to beginning treatment. 
[0041] In some embodiments, a target RNA is capable of 
speci?cally hybridizing to a nucleic acid comprising a 
sequence selected from SEQ ID NOs: 1, 2, 3, 4, 5, 6, 7 and 8. 
In some embodiments, a target RNA is capable of speci?cally 
hybridizing to a nucleic acid comprising a sequence selected 
from SEQ ID NOs: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12. In 
some embodiments, a target RNA is selected from miR-1246, 
miR-1308, miR-491-3p, miR-1826, and miR-1290 (SEQ ID 
NOs: 208, 210, 205, 211, and 209), and target RNAs that are 
capable of speci?cally hybridizing to probes 13254-R5-1, 
13252-L5-3, 13532-L5-2, 4440-L3-2, 6216-L1-1, and 6235 
R5-2 (SEQ ID NOs: 194, 193, 172, 142, 151, and 153). In 
some embodiments, a target RNA is capable of speci?cally 
hybridizing to a nucleic acid comprising a sequence selected 
from SEQ ID NOs: 1, 5, 7, and 32. In some embodiments, a 
target RNA is capable of speci?cally hybridizing to a nucleic 
acid comprising a sequence selected from SEQ ID NOs: 1 to 
41 set forth in Table 1 and SEQ ID NOs: 133 to 211 in Table 
1 1 . In some embodiments, a target RNA comprises at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs: 345 to 388. In some embodiments, a target RNA com 
prises a sequence that is complementary to at least 15 con 
tiguous nucleotides of a sequence selected from SEQ ID 
NOs: 1 to 41 and 133 to 211. In some embodiments, a target 
RNA, in its mature form, comprises feWer than 30 nucle 
otides. In some embodiments, a target RNA is a microRNA. 

[0042] In embodiments in Which the method comprises 
detecting expression of more than one target RNA, the 
expression levels of the plurality of target RNAs may be 
detected concurrently or simultaneously in the same assay 
reaction. In some embodiments, expression levels are 
detected concurrently or simultaneously in separate assay 
reactions. In some embodiments, expression levels are 
detected at different times, e. g., in serial assay reactions. 

[0043] In some embodiments, a method comprises detect 
ing the level of at least one target RNA in a sample from a 
subject, Wherein detection of a level of at least one target RNA 
that is greater than a normal level of the at least one target 
RNA indicates the presence of cervical dysplasia in the 
sample and/ or in the subject. In some embodiments, a method 
comprises detecting the level of at least one target RNA in a 
sample from a subject and comparing the level of the at least 
one target RNA in the sample to a normal level of the at least 
one target RNA, Wherein a level of at least one target RNA in 
the sample that is greater than a normal level of the at least one 
target RNA indicates the presence of cervical dysplasia in the 
sample and/or in the subject. 
[0044] In some embodiments, a method of facilitating diag 
nosis of cervical dysplasia in a subject is provided. Such 
methods comprise detecting the level of at least one target 
RNA in a sample from the subject. In some embodiments, 
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information concerning the level of at least one target RNA in 
the sample from the subject is communicated to a medical 
practitioner. A “medical practitioner,” as used herein, refers to 
an individual or entity that diagnoses and/or treats patients, 
such as a hospital, a clinic, a physician’s o?ice, a physician, a 
nurse, or an agent of any of the aforementioned entities and 
individuals. In some embodiments, detecting the level of at 
least one target RNA is carried out at a laboratory that has 
received the subj ect’s sample from the medical practitioner or 
agent of the medical practitioner. The laboratory carries out 
the detection by any method, including those described 
herein, and then communicates the results to the medical 
practitioner. A result is “communicated,” as used herein, 
When it is provided by any means to the medical practitioner. 
In some embodiments, such communication may be oral or 
Written, may be by telephone, in person, by e-mail, by mail or 
other courier, or may be made by directly depositing the 
information into, e.g., a database accessible by the medical 
practitioner, including databases not controlled by the medi 
cal practitioner. In some embodiments, the information is 
maintained in electronic form. In some embodiments, the 
information can be stored in a memory or other computer 
readable medium, such as RAM, ROM, EEPROM, ?ash 
memory, computer chips, digital video discs (DVD), compact 
discs (CDs), hard disk drives (HDD), magnetic tape, etc. 
[0045] In some embodiments, methods of detecting the 
presence cervical dysplasia are provided. In some embodi 
ments, methods of diagnosing cervical dysplasia are pro 
vided. In some embodiments, the method comprises obtain 
ing a sample from a subject and providing the sample to a 
laboratory for detection of at least one target RNA level in the 
sample. In some embodiments, the method further comprises 
receiving a communication from the laboratory that indicates 
the at least one target RNA level in the sample. In some 
embodiments, cervical dysplasia is present if the level of at 
least one target RNA in the sample is greater than a normal 
level of the at least one target RNA. A “laboratory,” as used 
herein, is any facility that detects the level of at least one target 
RNA in a sample by any method, including the methods 
described herein, and communicates the level to a medical 
practitioner. In some embodiments, a laboratory is under the 
control of a medical practitioner. In some embodiments, a 
laboratory is not under the control of the medical practitioner. 
[0046] When a laboratory communicates the level of at 
least one target RNA to a medical practitioner, in some 
embodiments, the laboratory communicates a numerical 
value representing the level of at least one target RNA in the 
sample, With or Without providing a numerical value for a 
normal level. In some embodiments, the laboratory commu 
nicates the level of at least one target RNA by providing a 
qualitative value, such as “high,” “elevated,” etc. 
[0047] As used herein, When a method relates to detecting 
cervical dysplasia, determining the presence of cervical dys 
plasia, and/or diagnosing cervical dysplasia, the method 
includes activities in Which the steps of the method are carried 
out, but the result is negative for the presence of cervical 
dysplasia. That is, detecting, determining, and diagnosing 
cervical dysplasia include instances of carrying out the meth 
ods that result in either positive or negative results (e.g., 
Whether target RNA levels are normal or greater than normal). 

[0048] As used herein, the term “subject” means a human. 
In some embodiments, the methods described herein may be 
used on samples from non-human animals. 
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[0049] The common, or coordinate, expression of target 
RNAs that are physically proximal to one another in the 
genome permits the informative use of such chromosome 
proximal target RNAs in methods herein. 
[0050] Table 2 identi?es the chromosomal location of each 
of the 41 target RNAs capable of speci?cally hybridizing to a 
nucleic acid comprising a sequence selected from SEQ ID 
NOs: 1 to 41 in Table 1. Table 12 identi?es the chromosomal 
location of each of the target RNAs capable of speci?cally 
hybridizing to a nucleic acid comprising a sequence selected 
from SEQ ID NOs: 133 to 211 in Table 11. Thus, in some 
embodiments, the level of expression of one or more target 
RNAs located Within about 1 kilobase (kb), Within about 2 kb, 
Within about 5 kb, Within about 10 kb, Within about 20 kb, 
Within about 30 kb, Within about 40 kb, and even Within about 
50 kb of the chromosomal locations in Table 2 and Table 12 is 
detected in lieu of, or in addition to, measurement of expres 
sion of the respective tabulated target RNA in the methods 
described herein. See Baskerville, S, and Bartel D. P. (2005) 
RNA 11:241-247. 

[0051] In some embodiments, in combination With detect 
ing one or more target RNAs capable of speci?cally hybrid 
izing to a nucleic acid comprising a sequence selected from 
SEQ ID NOs:1 to 41 and 133 to 211 and/or detecting one or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or detecting one or more target RNAs that comprise a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs:1 to 41 
and 133 to 21 1 , methods herein further comprise detecting the 
level(s) of expression of at least one microRNA selected from 
miR-21, miR-31, miR-182, miR-183, miR-155, miR-9, miR 
199a*, miR-199a, miR-199b, miR-205, miR-145, miR-133a, 
miR-133b, miR-214, miR-127, miR-210, miR-146a, miR 
301, miR-142-5p, miR-194, miR-215, miR-32, miR-374b, 
miR-933, miR-769-3p, miR-671, miR-934, miR-935, miR 
937, miR-938, miR-939, miR-940, miR-941, miR-942, miR 
943, miR-944, miR-708, miR-874-5p, and miR-874-3p. In 
some embodiments, an increase in expression of one or more 
of these microRNAs, in combination With an elevated level of 
one or more target RNAs capable of speci?cally hybridizing 
to a nucleic acid comprising a sequence selected from SEQ ID 
NOs:1 to 41 and 133 to 211 and/or an elevated level ofone or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or an elevated level of one or more target RNAs that 
comprise a sequence that is complementary to at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs:1 to 41 and 133 to 211, is indicative of the presence of 
cervical dysplasia in a sample of human cervical cells. 

[0052] In some embodiments, in combination With detect 
ing one or more target RNAs capable of speci?cally hybrid 
izing to a nucleic acid comprising a sequence selected from 
SEQ ID NOs:1 to 41 and 133 to 211 and/or detecting one or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or detecting one or more target RNAs that comprise a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs:1 to 41 
and 133 to 211, methods herein further comprise detecting in 
a sample of human cervical cells the expression of at least one 
microRNA selected from miR-9, miR-199a*, miR-199a, 
miR-199b, miR-145, miR-133a, miR-133b, miR-214 and 
miR-127 Where invasive squamous cell cervical carcinoma is 
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implicated. In some embodiments, an increase in expression 
of one or more microRNAs selected from miR-9, miR-199a*, 
miR-199a, miR-199b, miR-145, miR-133a, miR-133b, miR 
214 and miR-127, in combination With an elevated level of 
one or more target RNAs capable of speci?cally hybridizing 
to a nucleic acid comprising a sequence selected from SEQ ID 
NOs:1 to 41 and 133 to 211 and/or an elevated level ofone or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or an elevated level of one or more target RNAs that 
comprise a sequence that is complementary to at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs:1 to 41 and 133 to 211, is indicative ofthe presence of 
cervical carcinoma in a sample of human cervical cells. 
[0053] In some embodiments, in combination With detect 
ing one or more target RNAs capable of speci?cally hybrid 
izing to a nucleic acid comprising a sequence selected from 
SEQ ID NOs:1 to 41 and 133 to 211 and/or detecting one or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or detecting one or more target RNAs that comprise a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs:1 to 41 
and 133 to 211, methods herein further comprise detecting in 
a sample of human cervical cells the expression of at least one 
microRNA selected from miR-210, miR-182 and miR-183 
Where human papilloma virus 16 (“HPV-16”) is implicated. 
In some embodiments, an increase in expression of one or 
more of miR-210, miR-182 and miR-183, in combination 
With an elevated level of one or more target RNAs capable of 
speci?cally hybridizing to a nucleic acid comprising a 
sequence selected from SEQ ID NOs: 1 to 41 and 133 to 211 
and/or an elevated level of one or more target RNAs compris 
ing at least 15 contiguous nucleotides of a sequence selected 
from SEQ ID NOs: 345 to 388 and/or an elevated level of one 
or more target RNAs that comprise a sequence that is comple 
mentary to at least 15 contiguous nucleotides of a sequence 
selected from SEQ ID NOs:1 to 41 and 133 to 211, is indica 
tive of HPV 16 infection in a sample of cervical cells. 
[0054] In some embodiments, in combination With detect 
ing one or more target RNAs capable of speci?cally hybrid 
izing to a nucleic acid comprising a sequence selected from 
SEQ ID NO.:1 to 41 and 133 to 211 and/or detecting one or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or detecting one or more target RNAs that comprise a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs:1 to 41 
and 133 to 211, methods herein further comprise detecting in 
a sample of human cervical cells the expression of miR-146a 
in order to distinguish cervical cancer from pre-neoplastic 
lesions, e.g., HPV-infected cervical cells. 
[0055] In some embodiments, a target RNA, in its mature 
form, comprises feWer than 30 nucleotides. In some embodi 
ments, a target RNA is a microRNA. 

[0056] In some embodiments, the methods further com 
prise detecting in a sample of human cervical cells the expres 
sion of at least one target RNA gene located in close proxim 
ity to chromosomal features, such as cancer-associated 
genomic regions, fragile sites, and human papilloma virus 
integration sites. 
[0057] In some embodiments, in combination With detect 
ing one or more target RNAs capable of speci?cally hybrid 
izing to a nucleic acid comprising a sequence selected from 
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SEQ ID NOs:1 to 41 and 133 to 211 and/or detecting one or 
more target RNAs comprising at least 15 contiguous nucle 
otides of a sequence selected from SEQ ID NOs: 345 to 388 
and/or detecting one or more target RNAs that comprise a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs:1 to 41 
and 133 to 211, methods herein further comprise detecting in 
a sample of human cervical cells the expression of at least one 
mRNA species. In some embodiments, the at least one mRNA 
is selected from the mRNAs for the genes set forth in Table 4, 
beloW. In some embodiments, at least one mRNA is selected 
from mRNAs for CDKN2A, MKI67, TOP2A, and MCM5. In 
some embodiments, at least one mRNA is selected from 
mRNAs for CDKN2A, MKI67, TOP2A, MCM5, BIRC5, 
MMP9, and MCM2. 

TABLE 4 

gene name alias 

BIRC5 survivin survivin 
IGF2BP3 insulin-like growth factor 2 mRNA L523S, IMP-3, KOCl 

binding protein 3 
TERC telomerase RNA component hTR 
CDKN2A cyclin-dependent kinase inhibitor 2A I’16mk4 
MCM5 minichromosome maintenance i 

complex component 5 
TOP2A topoisomerase II-ot 
MYBL2 v-myb myeloblastosis viral oncogene B-myb 

homolog (avian)-like 2 
PIK3CA phosphoinositide-3-kinase, catalytic, PI3K 

alpha polypeptide 
DROSHA class 2 RNase III enzyme that 

initiates processing of microRNA 
Drosha, Rnasen 

MKI67 antigen identi?ed by monoclonal Ki-67 
antibody Ki-67 

MMP9 matrix metallopeptidase 9 gelatinase B, 92 kDa 
gelatinase, 92 kDa 
type IV collagenase 

MCM2 minichromosome maintenance 
complex component 2 

[0058] In some embodiments, an increase in expression of 
one or more mRNAs listed in the table above is indicative of 
the presence of cervical dysplasia or cervical cancer in a 
sample of human cervical cells. 
[0059] In some embodiments, more than one target RNA is 
detected simultaneously in a single reaction. In some embodi 
ments, at least 2, at least 3, at least 5, or at least 10 target RNAs 
are detected simultaneously in a single reaction. In some 
embodiments, all target RNAs are detected simultaneously in 
a single reaction. 

4.1.2. Exemplary Controls 

[0060] In some embodiments, a normal level (a “control”) 
for each target RNA can be determined as an average level or 
range that is characteristic of normal cervical cells or other 
reference material, against Which the level measured in the 
sample can be compared. The determined average or range of 
target RNA in normal subjects canbe used as a benchmark for 
detecting above-normal levels of target RNA indicative of 
cervical dysplasia. In some embodiments, normal levels of 
target RNA can be determined using individual or pooled 
RNA-containing samples from one or more individuals, such 
as from patients undergoing hysterectomy for benign gyne 
cologic disease. 
[0061] In some embodiments, determining a normal level 
of expression of a target RNA comprises detecting a complex 
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comprising a probe hybridiZed to a nucleic acid selected from 
a target RNA, a DNA amplicon of the target RNA, and a 
complement of the target RNA. That is, in some embodi 
ments, a normal level of expression can be determined by 
detecting a DNA amplicon of the target RNA, or a comple 
ment of the target RNA rather than the target RNA itself. In 
some embodiments, a normal level of such a complex is 
determined and used as a control. The normal level of the 
complex, in some embodiments, correlates to the normal 
level of the target RNA. Thus, When a normal level of a target 
is discussed herein, that level can, in some embodiments, be 
determined by detecting such a complex. 
[0062] In some embodiments, a control comprises RNA 
from cells of a single individual, e.g., a patient undergoing 
hysterectomy for benign gynecologic disease. In some 
embodiments, a control comprises RNA from a pool of cells 
from multiple individuals. In some embodiments, a control is 
draWn from anatomically and/or cytologically normal areas 
of the cervix of the individual from Whom the test sample Was 
obtained. In some embodiments, a control comprises com 
mercially-available human RNA, such as, for example, 
human cervix total RNA (Ambion; AM6992). In some 
embodiments, a normal level or normal range has already 
been predetermined prior to testing a sample for an elevated 
level. 
[0063] In some embodiments, the normal level of target 
RNA can be determined from one or more continuous cell 

lines, typically cell lines previously shoWn to have expression 
levels of the at least one target RNA that approximate the level 
of expression in normal cervical cells. 
[0064] In some embodiments, a method comprises detect 
ing the level of expression of at least one target RNA. In some 
embodiments, a method further comprises comparing the 
level of expression of at least one target RNA to a normal level 
of expression of the at least one target RNA. In some embodi 
ments, a method further comprises comparing the level of 
expression of at least one target RNA to a control level of 
expression of the at least one target RNA. A control level of 
expression of the at least one target RNA is, in some embodi 
ments, the level of expression of the at least one target RNA in 
a normal cell. In some such embodiments, a control level may 
be referred to as a normal level. In some embodiments, a 
greater level of expression of the at least one target RNA 
relative to the level of expression of the at least one target 
RNA in a normal cell indicates cervical dysplasia. 

[0065] In some embodiments, the level of expression of the 
at least one target RNA is compared to a reference level of 
expression, e. g., from a con?rmed cervical dysplasia. In some 
such embodiments, a similar level of expression of the at least 
one target RNA relative to the reference sample indicates 
cervical dysplasia. 
[0066] In some embodiments, a level of expression of at 
least one target RNA that is at least about tWo-fold greater 
than a normal level of expression of the respective at least one 
target RNA indicates the presence of cervical dysplasia. In 
some embodiments, a level of expression of at least one target 
RNA that is at least about tWo-fold greater than the level of the 
respective at least one target RNA in a control sample com 
prised of normal cells indicates the presence of a cervical 
dysplasia. In various embodiments, a level of expression of at 
least one target RNA that is at least about 3-fold, at least about 
4-fold, at least about 5-fold, at least about 6-fold, at least 
about 7-fold, at least about 8-fold, at least about 9-fold, or at 
least about 10-fold greater than the level of expression of the 
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respective at least one target RNA in a control sample com 
prised of normal cells indicates the presence of cervical dys 
plasia. In various embodiments, a level of expression of at 
least one target RNA that is at least about 3-fold, at least about 
4-fold, at least about 5-fold, at least about 6-fold, at least 
about 7-fold, at least about 8-fold, at least about 9-fold, or at 
least about 10-fold greater than a normal level of expression 
of the at least one target RNA indicates the presence of cer 
vical dysplasia. 
[0067] In some embodiments, an increase in expression of 
one or more target RNAs capable of speci?cally hybridizing 
to a nucleic acid comprising a sequence selected from SEQ ID 
NOs: 1 to 41 in Table 1 and SEQ ID NOs: 133 to 211 in Table 
11 is indicative of the presence of cervical dysplasia or cer 
vical cancer in a sample of human cervical cells. In some 
embodiments, an increase in expression of one or more target 
RNAs comprising at least 15 contiguous nucleotides of a 
sequence selected from SEQ ID NOs: 345 to 388 is indicative 
of the presence of cervical dysplasia or cervical cancer in a 
sample of human cervical cells. In some embodiments, an 
increase in expression of one or more target RNAs compris 
ing a sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs: 1 to 41 
and 133 to 211 is indicative of the presence of cervical dys 
plasia or cervical cancer in a sample of human cervical cells. 
[0068] In some embodiments, an increase in expression of 
one or more target RNAs capable of speci?cally hybridizing 
to a nucleic acid comprising a sequence selected from SEQ ID 
NOs: 1 to 41 in Table 1 and SEQ ID NOs: 133 to 211 in Table 
11 is indicative of the presence of cervical dysplasia in a 
sample of human cervical cells that is likely to proceed to 
cervical cancer. In some embodiments, an increase in expres 
sion of one or more target RNAs comprising at least 15 
contiguous nucleotides of a sequence selected from SEQ ID 
NOs: 345 to 388 is indicative of the presence of cervical 
dysplasia in a sample of human cervical cells that is likely to 
proceed to cervical cancer. In some embodiments, an increase 
in expression of one or more target RNAs comprising a 
sequence that is complementary to at least 15 contiguous 
nucleotides of a sequence selected from SEQ ID NOs: 1 to 41 
and 133 to 211 is indicative of the presence of cervical dys 
plasia in a sample of human cervical cells that is likely to 
proceed to cervical cancer. 
[0069] In some embodiments, a control level of expression 
of a target RNA is determined contemporaneously, such as in 
the same assay orbatch of assays, as the level of expression of 
the target RNA in a sample. In some embodiments, a control 
level of expression of a target RNA is not determined con 
temporaneously as the level of expression of the target RNA 
in a sample. In some such embodiments, the control level of 
expression has been determined previously. 
[0070] In some embodiments, the level of expression of a 
target RNA is not compared to a control level of expression, 
for example, When it is knoWn that the target RNA is 
expressed at very loW levels, or not at all, in normal cells. In 
such embodiments, detection of a high level of the target RNA 
in a sample is indicative of cervical dysplasia. 

4.1.3. Exemplary Methods of Preparing RNAs 

[0071] Target RNA can be prepared by any appropriate 
method. Total RNA can be isolated by any method, including, 
but not limited to, the protocols set forth in Wilkinson, M. 
(1988) Nucl. Acids Res. 16(22):10,933; and Wilkinson, M. 
(1988) Nucl. Acids Res. 16(22): 10934, or by using commer 

Sep. 23, 2010 

cially-available kits or reagents, such as the TRIZol® reagent 
(InvitrogenTM), Total RNA Extraction Kit (iNtRON Biotech 
nology), Total RNA Puri?cation Kit (Norgen Biotek Corp.), 
RNAqueousTM (Ambion), MagMAXTM (Ambion), Recover 
AllTM (Ambion), RNeasy (Qiagen), etc. 
[0072] In some embodiments, small RNAs are isolated or 
enriched. In some embodiments “small RN ” refers to RNA 

molecules smaller than about 200 nucleotides (nt) in length. 
In some embodiments, “small RNA” refers to RNA mol 
ecules smaller than about 100 nt, smaller than about 90 nt, 
smaller than about 80 nt, smaller than about 70 nt, smaller 
than about 60 nt, smaller than about 50 nt, or smaller than 
about 40 nt. 

[0073] Enrichment of small RNAs can be accomplished by 
method. Such methods include, but are not limited to, meth 
ods involving organic extraction folloWed by adsorption of 
nucleic acid molecules on a glass ?ber ?lter using specialiZed 
binding and Wash solutions, and methods using spin column 
puri?cation. Enrichment of small RNAs may be accom 
plished using commercially-available kits, such as mir 
VanaTM Isolation Kit (Applied Biosystems), mirPremierTM 
microRNA Isolation Kit (Sigma-Aldrich), PureLinkTM 
miRNA Isolation Kit (Invitrogen), miRCURYTM RNA isola 
tion kit (Exiqon), microRNA Puri?cation Kit (N orgen Biotek 
Corp.), miRNeasy kit (Qiagen), etc. In some embodiments, 
puri?cation can be accomplished by the TRIZol® (Invitro 
gen) method, Which employs a phenol/isothiocyanate solu 
tion to Which chloroform is added to separate the RNA 
containing aqueous phase. Small RNAs are subsequently 
recovered from the aqueous by precipitation With isopropyl 
alcohol. In some embodiments, small RNAs can be puri?ed 
using chromatographic methods, such as gel electrophoresis 
using the ?ashPAGETM Fractionator available from Applied 
Biosystems. 
[0074] In some embodiments, small RNA is isolated from 
other RNA molecules to enrich for target RNAs, such that the 
small RNA fraction (e.g., containing RNA molecules that are 
200 nucleotides or less in length, such as less than 100 nucle 
otides in length, such as less than 50 nucleotides in length, 
such as from about 10 to about 40 nucleotides in length) is 
substantially pure, meaning it is at least about 80%, 85%, 
90%, 95% pure or more, but less than 100% pure, With respect 
to larger RNA molecules. Alternatively, enrichment of small 
RNA can be expressed in terms of fold-enrichment. In some 
embodiments, small RNA is enriched by about, at least about, 
or at most about 5><, 10x, 20x, 30x, 40x, 50x, 60x, 70x, 80x, 
90x, 100x, 110><, 120><,130><, 140><, 150><,160><, 170x, 180x, 
190><, 200x, 210x, 220><, 230x, 240><, 250x, 260x, 270x, 
280x, 290><, 300x, 310><, 320x, 330><, 340x, 350><, 360x, 
370x, 380x, 390x, 400x, 410x, 420><, 430x, 440><, 450x, 
460x, 470><, 480x, 490><, 500x, 600x, 700x, 800x, 900x, 
1000><, 1100><, 1200><, 1300><, 1400><, 1500><, 1600><, 1700><, 
1800><, 1900><, 2000><, 3000><, 4000><, 5000><, 6000><, 7000><, 
8000><, 9000><, 10,000>< or more, or any range derivable 
therein, With respect to the concentration of larger RNAs in an 
RNA isolate or total RNA in a sample. 

[0075] In yet other embodiments, expression is measured in 
a sample in Which RNA has not ?rst been puri?ed from the 
cells. 

[0076] In some embodiments, RNA is modi?ed before tar 
get RNAs are detected. In some embodiments, the modi?ed 
RNA is total RNA. In other embodiments, the modi?ed RNA 
is small RNA that has been puri?ed from total RNA or from 
cell lysates, such as RNA less than 200 nucleotides in length, 


















































































































































































































