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Abstract

Background: Cervical cancer is the third most common disease and the fourth leading cause of death in
female’s worldwide. Treatment of this disease is successful when detection is at early neoplasic stages. Hence,
multiple efforts have been pursued for early detection of cervical neoplasia. The aim of this study was to analyze the
differential expression of mitochondrial non-coding RNAs or ncRNA (sense and antisense) in normal and neoplastic
cervical biopsies as a potential tool for diagnostic of cervical cancer.

Methods: The expression pattern of the sense and the antisense mitochondrial ncRNAs in cervical biopsies
was carried out by chromogenic in situ hybridization (ISH). We examined 17 normal cervical tissues, 108 early and
late neoplasias and 24 invasive cervical carcinomas. The hybridization results were compared with the diagnostic
of each specimen carried out by pathologists.

Results: Like normal human keratinocytes, normal cervical epithelium expresses the sense and the antisense
mitochondrial ncRNAs at the basal layer of the epithelium. Interestingly, ISH reveals that the antisense transcripts
are always localized in the nucleus of basal cells in normal cervical epithelium. Early and late cervical intraepithelial
neoplasia as well as invasive cervical carcinoma expresses the sense transcript. In contrast, the antisense
transcripts are down-regulated in early and late neoplasia and in invasive cervical carcinoma.

Conclusions: This pilot study indicates that down-regulation of the antisense mitochondrial transcripts at early
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stages of cervical neoplasia can be explored as a diagnostic tool for early cervical neoplasia.

Keywords: Mitochondria; ncRNAs; Diagnosis; FISH; ISH; Human
papilloma virus; Cervical cancer; Early cervical neoplasia

Introduction

Cervical cancer is the third most commonly diagnosed cancer and
the fourth leading cause of cancer death in female’s worldwide. In
2008, this disease accounts for 529,000 new cancer cases and 275,000
cancer deaths among females in 2008 [1]. About 85% of these cases
and deaths occur in developing countries including South America,
Eastern, Western, and Southern Africa, and South and Central Asia [1].
Epidemiological studies have shown that cervical infection with high-
risk human papilloma viruses (HPV16 and HPV18) is necessary for the
development of cervical cancer or its precursor cervical intraepithelial
neoplasia or CIN [2,3]. HPV16 and HPV18 account for approximately
70% of all cervical cancers, while about ten other carcinogenic HPV
account for the remaining 25%-30% [2-6]

Cytological screening or Papanicolaou test (Pap) has drastically
reduced the incidence and mortality from cervical cancer. Since
the introduction of the Pap test in the United States, cervical cancer
incidence and mortality has been reduced markedly [7]. The Pap test
together with histological studies of cervical biopsies has determined
the different stages preceding cervical squamous carcinoma known
as cervical intraepithelial neoplasia. These stages (CIN1, CIN2 and
CIN3) correspond to the progressive invasion of the squamous cervical
epithelium from the basal cell layer to the surface of the squamous
epithelium. With the exception of HPV DNA determination by in
situ hybridization [8] or liquid hybridization [9], there are no specific
biomarkers to identify early stages of cervical neoplasia. However,

recent efforts for new biomarkers have been reported, including
the tumor suppressor pl6™**, survivin and the minichromosome
maintainance 5 or Mcm5 among other [10-14]. A very interesting
finding reported recently is that the expression of the transcription
factor E2 of HPV16 was detected in CIN1 and CIN2 but not in CIN3,
suggesting a new diagnostic tool for early cervical neoplasia [15].

Human cells express a unique family of mitochondrial long
ncRNAs (ncmtRNAs) [16,17]. Interestingly, these mitochondrial
transcripts exit the organelle and are found in the cytoplasm and in
the nucleus, suggesting a functional role of these molecules outside
the organelle [18]. One of these transcripts, named sense ncmtRNA
(SncmtRNA) is expressed in normal proliferating cells and tumor cells
but not in resting cells, suggesting a functional role of this molecule
in cell cycle progression [16,17,19]. Normal proliferating cells express,
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in addition to the SncmtRNA, two antisense mitochondrial ncRNAs
(ASncmtRNA-1 and ASncmtRNA-2) [17]. Strikingly however, the
ASncmtRNAs are down-regulated in human cancer cells regardless of
cellular or tissue of origin [17]. Here we investigated the differential
expression of the SncmtRNA and the ASncmtRNAs in biopsies of
normal cervical epithelium, CIN1 to CIN3 and invasive cervical
carcinoma (ICC).

Methods
Tissue specimens

Neutral-buffered formalin-fixed (10%) and paraffin-embedded
(FFPE) cervical specimens obtained from cervical punch biopsies,
cervical conization and hysterectomy were selected from the archives
of the Unit of Pathology of Hospital Barros Luco Trudeau. This study
was approved by the Medical Ethical Committee of the same Hospital
and the Ethical Committee of Fundacién Ciencia y Vida. A total of
155 specimens were analyzed including 17 normal cervical tissues, 40
CIN1, 46 CIN2, 28 CIN3 and 24 cases of invasive cervical carcinoma
(ICC). Diagnosis of sections (5m) was carried out by two independent
pathologists according to the classification criteria of the WHO.

Cell culture

Normal human keratinocytes (HFK), HeLa and SiHa cells were
cultured according to ATCC guidelines. Cultures were maintained in a
humidified incubator at 37°C and 5% CO2 [17,19].

Fluorescent in situ hybridization (FISH)

Hybridization of HFK, HeLa and SiHa cells was carried out as
described before [17,19,20]. Briefly, after trypsinization cells were
recovered by centrifugation at 200 x g for 10 min at room temperature
(RT). The cell was resuspended in 100 pl HC1 0,2 N for 5 min at RT follow
by neutralization with PBS. Cells were recovered by centrifugation and
resuspended 100 pl hybridization buffer (50% formamide, 150 pg/ml
herring sperm DNA, 4X SSC and 2 mM EDTA) containing 0,5 pM
5’-Alexa fluor 488-labeled probe P1 (5 GTTCTTGGGTGGGTGTGGG
3’), complementary to the SncmtRNA and 0,05 uM each of two 5’
Texas Red-labeled probes P2 (5GATAACAGCGCAATCCTATTS?’)
and P3 (5ACCGTGCAAAGGTAGCATAATCA 3’), complementary
to the ASncmtRNAs. Hybridization was performed for 15 min at 37°C
(20). After washing in 2x SSC buffer, the cells were stained with DAPI
(4,6-diamidino-2-phenylindole) and recovered by centrifugation.
Samples were analyzed by fluorescence microscopy on an Olympus
BX-51 microscope with a 63x objective.

Chromogenic in situ Hybridization.

For tissue samples, 5 um thick serial paraffin sections were collected
on silanized slides (DAKO) and deparaffinized in 2 consecutive 5
min xylene washes. One section was stained with hematoxylin and
eosin (H&E). The others were rehydrated in two 3-min washes of
98% and 90% ethanol each, and once in DEPC-treated distilled
water for 5 min [16,17]. Sections were then incubated in 2.5 ug/
mL of Proteinase K (Invitrogen) at RT for 20 min and then washed
twice for 3 min in DEPC-treated water, immersed in 96% ethanol
for 10 s, and air dried [16,17]. Hybridization was carried out with
digoxigenin-labeled probes 4 (5 TGATTATGCTACCTTTGCACGGT
3’) to detect the SncmtRNA and digoxigenin-labeled probes 5 (5’
ACCGTGCAAAGGTAGCATAATCA 3’) to detect the ASncmtRNAs.
Hybridization mixtures contained 35 pmoles/mL of probe 4 or probe
5 in hybridization solution (50% formamide, 150 pg/ml herring

sperm DNA, 4X SSC, 1x Denhardt and 2 mM EDTA) was carried out
overnight [17]. Washing and color development were carried out as
described before [17].

Results
Expression in normal cervical epithelium

As reported before normal keratinocytes express the SncmtRNA
and the ASncmtRNAs (Figure 1A). In contrast, FISH of HeLa and
SiHa cells transformed with HPV18 and HPV 16, respectively, reveals
down-regulation of the ASncmtRNAs (Figure 1A). Then, we studied
the expression pattern of these mitochondrial transcripts in normal
cervical epithelium. Figure 1B shows the result of ISH of representative
normal cervical epithelium. Notice that the hybridization signals are
close to the basal layer of the epithelium and that the ASncmtRNAs
hybridization signal is localized in the nucleus of both specimens
(Figure 1B, arrows).

Expression of the mitochondrial transcripts in CIN and ICC.

Next, we investigated the expression of the SncmtRNA and the
ASncmtRNAs in CIN1 and CIN2. The hybridization signal shows that
as early as CIN1, the ASncmtRNAs are down-regulated as compare
with normal cervical epithelium (Figure 2, CIN1). The expression of
the SncmtRNAs is observed close to the basal layer of the epithelium.
The same expression pattern was observed in CIN2. In these specimens,
the hybridization signal corresponding to SncmtRNA is evident from
the basal layer to the upper layer of the squamous cervical epithelium,
while the hybridization signal of the ASncmtRNAs is negligible (Figure
2, CIN2) (Table 1).

DAPI

A) SncmtRNA ASncmtRNA

Normal cervical epithelium

Figure 1: Expression of the mitochondrial transcripts in normal and tumor cells.
A) HFK, HeLa and SiHa cells were subjected to FISH with probes specific for the
SncmtRNA and the ASncmtRNAs. Only HFK expresses the ASncmtRNAs (red
fluorescence) (63x). The cells were also staining with DAPI. B) ISH of normal
cervical epithelium. The SncmtRNA and the ASncmtRNAs are expressed in
basal layer of the epithelium compared with the section stained with H&E.
Notice that in both specimens the ASncmtRNAs are localized in the nucleus
(arrows) (40x).
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In two specimens of CIN3, the hybridization signal of the
SncmtRNA is evident from the basal layer to the upper layer of the
squamous cervical epithelium (Figure 3A). The hybridization signal in
specimen 1 reaches the outer layer of the squamous epithelium, while
in specimen 2 the hybridization signal reaches the middle layer of the
epithelium. On the other hand, the expression of the SncmtRNA in
both representative specimens of ICC coincides with the tumor tissue
as revealed by H&E staining (Figure 3B). No hybridization signal was
observed in CIN3 and ICC with the probe targeted to the ASncmtRNAs
(Figure 3A and 3B).

Discussion

Although the Pap smear test has been extremely useful to reduce
cervical cancer incidence, the test is prone to several errors resulting
in high number of false-negative results. Therefore, there is an urgent
need to investigate new specific biomarkers for early and late cervical
neoplasia [21]. Several biomarkers have been studied to differentiate
between early and late CIN including the tumor suppressor p16™
[10,11], the inhibitor of apoptosis survivin [12,13] and Cdc6 and Mcm5
involve in DNA replication [14] among others. Another interesting
study is the expression of HPV16 E2 protein using a specific polyclonal
antibody. The expression of E2 seems to discriminate between early
and late cervical neoplasia [15].

Here we reported that normal cervical squamous epitheliums
express the SncmtRNA and the ASncmtRNAs, similar to the expression
pattern of these transcripts in other normal human tissues [17]. In
contrast, ISH indicate that the ASncmtRNAs are down-regulated as
early as CIN1 and the same occurs in CIN2, CIN3 and ICC. However,
it’s important to mention that in approximately 15% of the specimens
of CIN1, CIN2, CIN3 and ICC, the ISH signal of the SncmtRNA and
the ASncmtRNAs was weak or absent. Some of these samples were
subjected to ISH with specific probes for 18S ribosomal RNA, a cellular
transcript that should be present in normal and tumor cells. However
these samples were also negative for the ribosomal RNA (data not

H&E SncmtRNA ASncmtRNA )

Figure 2: The ASncmtRNAs are down-regulated in CIN1 and CIN2. A) ISH of
two representative specimens of CIN1 reveals the expression of the SncmtRNA
in the basal layer of the epithelium and down-regulation of the ASncmtRNAs.
B) The results show the expression of the mitochondrial transcripts in two
specimens of CIN2. ISH reveals expression of the SncmtRNA and down-
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Figure 3: The ASncmtRNAs are down-regulated in CIN3 and ICC. A) ISH
reveals expression of the SncmtRNA and down-regulation of the ASncmtRNAs
in two specimens of CIN3. The hybridization signal of the SncmtRNA is on the
basal and middle layer of the epithelium. B) The results show down-regulation
of the ASncmtRNAs in two specimens of ICC. The hybridization signal of the
SncmtRNA covers the complete tumor tissue as compare with H&E staining
(40x).

Expression (% Positive signal)*

N° cases SncmtRNA ASncmtRNAs
Normal tissue |17 15/17(+) (88%) 15/17(+) (88%)
CINT 40 34/40(+) (85%) 34/40(-) (85%)
CIN2 46 41/46(+) (89%) 41/46(-) (89%)
CIN3 28 26/28(+) (92%) 26/28(-) (92%)
ICC 24 19/24(+) (79%) 19/24(-) (79%)

regulation of the ASncmtRNAs (40x).

* In about 15% of the specimens, the hybridization signal was weak or absent (see
text).

Table 1: ISH analyses of SncmtRNA and the ASncmtRNAs expression in normal
cervical tissue, in CIN1, CIN2, CIN3 and in ICC.

shown). Quality of the biopsy depends of multiple factor including type
and time of fixation and the chemical quality of formalin, factors that
are difficult to control.

Early down-regulation of the ASncmtRNAs in CIN1 is closely
correlated with our previous studies in keratinocytes immortalized
with the whole genome of HPV16 or HPV18 [19]. In these cells, the
ASncmtRNAs are down-regulated similarly to their HPV-transformed
counterparts, SiHa and HeLa cells [16]. Moreover, we showed that the
oncoprotein E2 of HPV16 or HPV18 is involved in down-regulation
of these transcripts [19]. These results are interesting in relations with
the expression of E2 in early and late neoplasia of the cervix. The group
of Thierry, using a specific polyclonal antibody against E2 of HPV16,
has shown a close correlation between the expression of this viral
protein and early and late CIN [15]. Thus, they show that E2 is not
expressed in normal epithelium which is opposite to the expression
of the ASncmtRNAs (Figure 1B). E2 is expressed in CIN1 and CIN2,
which coincide with down-regulation of the ASncmtRNAs. However,
although E2 is not expressed in CIN3 and ICC, the ASncmtRNAs
remains down-regulated. Perhaps another cellular factor(s) in CIN3
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and ICC would have the ability to induce down-regulation of the
ASncmtRNAs. Support to this hypothesis is the tumorigenic cell line
TC-1, a mouse lung epithelial cell line immortalized with HPV-16 E6
and E7 and transformed with H-Ras oncogene [22]. The ASncmtRNAs
are down-regulated in TC-1 tumor cells. Since transduction of HFK
with E6 and E7 does not affect the expression of the ASncmtRNAs [19],
down-regulation of these transcripts has to be mediated by H-Ras.

Another interesting result in HPV-immortalized keratinocytes
is the expression of new sense transcript named SncmtRNA-2. This
transcript is expressed in HPV16- or HPVI18-immortalized cells
but not in HFK, SiHa, HeLa cells or other tumor cell lines [19]. Our
previous results indicate that SncmtRNA-2 results from processing of
SncmtRNA-1 outside mitochondria. In addition, we showed that the
expression of the SncmtRNA-2 depends on the expression of both E6
and E7 of HPV [19]. Therefore, it may be interestingly to evaluate the
expression of the SncmtRNA-2 in early and late cervical neoplasia as
well as in cervical tumors. At present, we are planning a prospective
study on the expression of the SncmtRNA-2 in cervical biopsies and
cervical cytological smears. Taken together, the results presented
here support the possibility to use the differential expression of these
mitochondrial ncRNAs as a diagnostic tool for cervical cancer.
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