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Background: As the second leading cause
of cancer morbidity and death in women,
cervical cancer remains an important public
health problem worldwide. Novel biomark-
ers with high sensitivity and specificity for
the early detection and diagnosis of cervi-
cal cancer are urgently needed. Increasing
evidence shows that long noncoding RNAs
(IncRNAs) are differentially expressed in
cancer tissues and may serve as diagnostic
markers. In multiple tumor types, exosomes
harboring INncRNAs are actively released
from tumor cells. In this study, we investi-
gate the potential association of exosomal
IncRNA expression with cervical cancer.
Methods: Cervicovaginal lavage speci-
mens were collected from patients with cer-
vical cancer and cancer-free volunteers
who are HPV-positive or HPV-negative.
Exosomes in these specimens were iso-
lated by ultracentrifugation and confirmed

by transmission electron microscopy. The
exosomal IncRNAs HOTAIR, MALAT1, and
MEG3 were quantified by gRT-PCR.
Results: Expression of HOTAIR, MALAT1
and MEGS3 was predominantly observed in
cervical cancer-derived exosomes in cervi-
covaginal lavage samples. The expression
levels of IncRNAs were significantly differ-
ent in exosomes isolated from cervical
cancer patients compared to normal con-
trols. Conclusions: Our data suggest
that IncRNAs in exosomes isolated from
cervicovaginal lavage are differentially
expressed in cervical cancer patients and
cancer-free volunteers. Exosomal IncRNAs
may have great potential to be used for the
early detection and diagnosis of cervical
cancer, and serve as convenient and non-
invasive biomarkers. J. Clin. Lab. Anal.
30:1116-1121, 2016. ©2016 Wiley Period-

icals, Inc.
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INTRODUCTION

Cervical cancer is the third most common cancer in
women worldwide (1). It remains the second leading
cause of cancer-related death in women, despite the
fact that cervical cancer incidence has greatly reduced
with the application of Papanicolaou test (2). There-
fore, novel biomarkers with high sensitivity and speci-
ficity for the early detection and diagnosis of cervical
cancer are urgently needed to promote survival.

Advances with the development of next generation
sequencing technologies revealed that the human gen-
ome is pervasively transcribed into many newly
described classes of noncoding RNAs. Long noncod-
ing RNAs (IncRNAs) are RNA transcripts greater
than 200 nucleotides in length and distinct from any
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other known class of small and structural RNAs (3,
4). They play important regulatory roles in gene
expression (3, 4). Recent data suggest that the deregu-
lated expression of IncRNAs, as detected either in

*These authors contributed equally to this work.

#Correspondence to: Hong Yuan, Department of Laboratory Medi-
cine, The First Affiliated Hospital of Dalian Medical University,
Liaoning 116011, China. E-mail: yuanhonglab@ 163.com

and

Da-kang Hu, Department of Laboratory Medicine, Taizhou Munici-
pal Hospital, Taizhou, Zhejiang 318000, China. E-mail:89434436
@qq.com

Received 2 February 2016; Accepted 2 April 2016
DOI 10.1002/jcla.21990
Published online in Wiley Online Library (wileyonlinelibrary.com).



tumor tissues and/or in biological fluids, strongly cor-
relates with the cellular functions described as the hall-
mark processes of cancer (5, 6).

Accumulating evidence support that IncRNAs are
involved in the development and progression of cervical
cancer. The expression of IncRNA MALAT]I is signifi-
cantly elevated in cervical cancer tissue samples com-
pared to adjacent normal tissues and cervical tissues
from HPV-negative healthy volunteers (7). Further-
more, MALATTI levels correlate with tumor size, FIGO
stage, invasion, and metastasis and higher MALATI1
level associates with lower overall and recurrence-free
survival (7). In vitro studies indicate that MALATI
promotes proliferation and invasion in cervical cancer
cells Hela and CaSki (7). Another study reports that
MALATI expression in cervical epithelial tissues posi-
tively correlates with HPV infection (8). MALAT1 may
modulate the epithelial-to-mesenchymal transition
(EMT) through regulating the expression of proteins
involved in EMT, including E-cadherin, ZO-1, B-cate-
nin, vimentin, and snail (8). In addition, the IncRNA
Hox transcript antisense intergenic RNA (HOTAIR)
has also been shown to contribute to cervical cancer
progression. HOTAIR expression is increased in cervi-
cal cancer tissues than in matching nontumor tissues
(9). HOTAIR expression correlates with lymph node
metastasis and decreased overall survival (9). The
expression of maternally expressed gene 3 (MEG3) is
decreased in cervical cancer tissue samples compared to
adjacent benign tissues, and is negatively correlates
with FIGO stage, tumor size, HR-HPV infection,
lymph node metastasis, and miR-21 expression (10).

Exosomes are small membranous vesicles (30—
100 nm) present in all biological fluids such as urine,
blood, ascites, cervical secretions, and saliva (11-13).
Exosomes carry proteins and genetic materials includ-
ing DNA, mRNA, miRNA, and IncRNA, which may
reveal genetic information of their parent cells (14).
Moreover, it was recently reported that IncRNAs are
enriched in secreted exosomes from cervical cancer
HeLa cells (15), suggesting that exosomal IncRNAs
can be developed into convenient and noninvasive
biomarkers for the early detection, diagnosis, and
prognosis of cervical cancer (16).

However, to our knowledge, the potential of using
IncRNAs in exosomes in cervicovaginal lavage samples
as a source for biomarkers for the early detection and
diagnosis of cervical cancer has been not reported.
Based on the findings from previous reports, IncRNAs
MALATI (7), HOTAIR (9), and MEG3 (10) were
chosen to be investigated in this study. Their expres-
sion levels in exosomes isolated from cervicovaginal
lavages was examined and compared among cervi-
cal cancer patients and cancer-free volunteers with
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HPV— or HPV+ status. The results of our study shed
new light on the identification of new early detection
and diagnostic markers for the deadly cervical cancer.

MATERIALS AND METHODS

Participants

The cervicovaginal lavage samples of 30 cervical
cancer patients were obtained in the Taizhou Munici-
pal Hospital prior to definitive therapy. The normal
control cervicovaginal lavage samples were collected
from cancer-free volunteers with or without HPV
infection. Written consents were obtained from all sub-
jects prior to the recruitment and the study protocol
was approved by the Institutional Review Board of
Hospital Ethics Committee. The clinical characteristics
of the subjects are listed in Table 1.

Exosome Isolation from Cervicovaginal Lavage
Samples

Exosomes from cervicovaginal lavage samples were
prepared as previously described (17). Briefly, 10 ml of
sterile phosphate buffered saline (PBS) was utilized for
the vagina and cervix lavage. The lavage fluid converg-
ing at the posterior fornix was collected for exosome
isolation by differential centrifugation. Lavage fluid
was centrifuged at 3,000 x g for 10 min at 4°C to
remove the cells and debris. The supernatants were
transferred to microcentrifuge tubes and centrifuged at
12,000 x g for 30 min at 4°C to completely remove
cellular components. Supernatants were centrifuged at
100,000 x g for 2h at 4°C to pellet the exosomes.
Exosome-depleted supernatants were collected as well
for IncRNA expression studies.

Transmission Electron Microscopy (TEM) and
ELISA

The exosome pellets were resuspended in PBS and
placed onto formvar carbon coated electron microscopy

TABLE 1. Clinical characteristics of patients and volunteers

Noncancer Noncancer Cervical
volunteers volunteers cancer
(HPV-negative) (HPV-positive) patients
Case,n 30 30 30
Age (years) 43.5 £ 5.7 45.0 £ 7.6 475 £ 3.1
Differentiation
Well 12
Moderate 8
Poor 10
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grids, then negatively stained with 10% uranyl acetate.
The microphotographs were obtained using a JEOL
100XCII electron microscope (JEOL, Peabody, MA,
USA). The presence of exosomes was further confirmed
by assessing the expression of exosome marker protein
CD63 using sandwich ELISA based on the manufac-
turer’s protocol (System Biosciences, Mountain View,
CA, USA).

Quantification of Exosomal IncRNAs

Total RNA was isolated from exosomes using isoth-
iocyanate-phenol/chloroform extraction procedures.
Quantitative RT-PCR (qRT-PCR) was performed
using  SYBR® Premix DimerEraser kit (TaKaRa,
Shiga, Japan) on an ABI Prism 7900HT Detection
System. The primer sequences of IncRNAs were
obtained from previous publications (7, 9, 18).
GAPDH was used as a housekeeper gene for the qRT-
PCR reaction. Each test was done in triple replication
and the 272" method was used to calculate the
expression of IncRNAs in all cervicovaginal Lavage
samples.

Statistical Analysis

All statistical analyses were done with STATA 10.0
(StataCorp LP, College Station, TX, USA). A P-value
of <0.05 was considered significant.

RESULTS

Characterization of Isolated Exosomes in
Cervicovaginal Lavage Samples

To ensure the quality of exosomes isolated from cer-
vicovaginal lavage samples, we characterized the
microvesicles by electron microscopy and ELISA.
Under electron microscopy, round vesicle structures
with sizes varying between 30-100 nm were observed
(Fig. 1), which is consistent with previously reported
structural characteristics of exosomes (19). The pres-
ence of exosomes was further confirmed by the com-
monly used exosomal protein marker CD63 by ELISA
(data not shown).

LncRNAs are Enriched in Exosomes Isolated
from Cervicovaginal Lavage Specimens

Exosomal IncRNA expression in cervicovaginal
lavage samples of cervical cancer patients is unknown.
Thus, we first examined the expression of three
IncRNAs with potential involvement in cervical
cancer, MALATI1, HOTAIR, and MEG3, in exosomes
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Fig. 1. Validation of exosomes isolated from cervicovaginal lavage
samples. Morphological characterization of exosomes isolated from
cervicovaginal lavage samples is performed by transmission electron
microscopy. Bar, 100 nm.

isolated from the control cervicovaginal lavages and
exosome-depleted supernatants by qRT-PCR. The con-
centrations of all three IncRNAs were significantly
higher in exosomes than in exosome-depleted super-
natants (P < 0.01, Fig. 2a), indicating that these
IncRNAs are enriched in exosomes.

LncRNAs are Differentially Expressed in
Cervicovaginal Lavage Samples of Cervical
Cancer

To investigate whether exosomal IncRNAs
MALATI, HOTAIR, and MEG3 are differentially
expressed in cervical cancer samples, we analyzed exo-
somal IncRNA levels in a cohort consisting of 30 cer-
vical cancer patients, 30 cancer-free HPV-positive
subjects and 30 HPV-negative normal subjects by
gRT-PCR. The results indicated that the expression of
exosomal HOTAIR and MALATI in cervicovaginal
lavage samples of the cervical cancer patients was sig-
nificantly higher than that of the HPV-positive subjects
and HPV-negative cancer-free subjects (P < 0.01 and
P < 0.05, respectively, Fig. 2b). The exosomal MEG-3
level in cervicovaginal lavage specimens of the cervical
cancer patients was significantly lower than those
of the HPV-positive subjects and HPV-negative
cancer-free subjects (P < 0.01 and P < 0.05, respec-
tively, Fig. 2b). Differential expression of exosomal
HOTAIR, MALATI, and MEG3 was also found
between the HPV-positive and HPV-negative groups
(P <0.01, Fig. 2b). Higher expression levels of
HOTAIR and MALATI and lower expression level of
MEG3 were observed in HPV-positive samples com-
pared to HPV-negative samples (P < 0.01, Fig. 2b).
Our results indicate that IncRNAs HOTAIR,
MALATI, and MEG3 may contribute to cervical can-
cer development.
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Fig. 2. LncRNA expression in cervicovaginal lavage samples of cervical cancer. A. LncRNAs are enriched in exosomes isolated from cervi-
covaginal lavage samples. The levels of IncRNAs in exosome pellets and exosome-depleted supernatants were determined by qRT-PCR. The
absolute Ct values are presented. B. The exosomal IncRNA expression in cervicovaginal lavage samples from patients with cervical cancer
and cancer-free control subjects was determined by qRT-PCR. The samples were run in triplicate. *, P < 0.05; **, P < 0.01.

DISCUSSION

Although well-run screening programs for cervical
cancer in the population at risk result in a sharp
decrease in the incidence and mortality of cervical can-
cer, cervical cancer remains the second leading cause
of cancer-related death in women worldwide. Thus,
there is an urgent need for more sensitive and accurate
biomarkers for the early detection and diagnosis of
cervical cancer.

Generally, the development of noncoding RNA
(ncRNA) biomarkers is based on the evaluation of their
expression levels in tumor tissues. However, despite rea-
sonable correlation between ncRNA expression and
patient diagnosis, this approach is limited by the

required invasive procedures for tissue collection. This
limitation prompted the analysis of cell-free ncRNAs,
which are present in various bodily fluids or enclosed in
extracellular vesicles secreted by cells. So far, circulating
ncRNAs are considered suitable biomarkers for cancer
diagnosis and prognosis, because they are remarkably
stable and can be detected by common techniques such
as qRT-PCR, Nevertheless, their absolute concentra-
tions in body fluids are usually low, impacting their
accurate quantification (20). Our findings that IncRNAs
HOTAIR, MALATI1, and MEG3 are enriched in exo-
somes isolated from cervicovaginal lavage samples have
opened up a new opportunity to develop extracellular
ncRNA-based biomarkers in body fluids. This approach
is convenient, noninvasive, and likely to be better
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tolerated by patients than conventional tissue biopsies,
in cervical cancer.

Exosomes are secreted by most cell types including
cancer cells and are found in all body fluids (21).
Recently, exosomal miRNAs have been extensively
studied and well accepted as biomarkers for diagnosis
and prognosis of different types of cancer. LncRNAs
are present in a variety of tissues during homeostasis
at much lower levels than protein-coding genes, but
their expression may be more tissue specific than pro-
tein-coding genes (22).

Currently, plasma/serum and urine are the most
commonly used body fluids for IncRNA profiling in
cancer patients. However, a recent study indicated that
the levels of the IncRNA AA174084 in gastric juice of
gastric cancer patients were significantly higher in
healthy individuals than in patients with other gastric
mucosa lesions (23). In contrast, the levels of the same
IncRNA in the plasma could not distinguish gastric
cancer patients from healthy individuals, indicating
that other body fluids may provide more suitable spec-
imens to assess IncRNA expressions in the primary
tumor tissues, particularly for epithelium-derived can-
cers, such as cervical cancers.

We found that IncRNA MATALI, HOTAIR,
MEG3 are differentially expressed in exosomes iso-
lated from cervicoviginal lavage samples compared to
nontumor samples. In addition, the expression levels
of these IncRNAs are different between HPV-positive
and HPV-negative cancer-free individuals. Our results
are supported by previous findings that the HPV infec-
tion may contribute to the regulation of HOTAIR,
MALATI, and MEG3 in cervical tissues (10, 24, 25).

In summary, we observed enrichment of HOTAIR,
MALATI, and MEG3 in the exosomes of cervicovagi-
nal lavage samples compared to exosome-depleted
supernatants. Deregulation of these IncRNAs was
observed between cervical cancer and nontumor
groups. The emerging use of micro- and nanotechnol-
ogy to isolate and detect exosomes in clinical samples
has promoted the research on the utility of exosomes
as diagnostic and prognostic tools (26). Furthermore,
screening a large cohort of lavage samples from cervi-
cal cancer patients would determine the value of exo-
somal IncRNAs as potential biomarkers for the early
detection and diagnosis of cervical cancer.
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