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Abstract

Background: Endometrial cancer is the most common malignancy of the female genital tract worldwide, and endometrial
endometrioid adenocarcinoma (EEC) is the major histological type of endometrial cancer. There is a great need for better
markers with high sensitivity and specificity to permit early diagnosis and proper management of EEC. The aim of our study
is to identify a miRNA classifier within plasma as a noninvasive biomarker for EEC diagnosis.

Methods: This study was a retrospective case-control analysis which contained two independent cohorts including 93
participants. First, we screened 375 miRNAs in 29 plasma samples. 9 of the miRNAs were selected to be evaluated their
expression by quantitative reverse-transcriptase polymerase chain reaction. A stepwise logistic regression model was then
used to establish a new classifier in the validation cohort. Area under the receiver operating characteristic curve was used to
evaluate the diagnostic accuracy. Co-expression analysis was used to verify the independence of results.

Results: miR-15b, -27a, and -223 were found to be differentially expressed in the EEC plasma between the two cohorts and
had few connections with other miRNAs. The areas under the curve (AUC) were 0.768, 0.813, and 0.768 for miR-15b, -27a,
and 223, respectively. miR-27a and CA125 can be combined as a potential non-invasive biomarker for detecting EEC, with
the AUC of 0.894.

Conclusion: Our study demonstrated three miRNAs, including miR-15b, -27a, and -233 have a good clinical value in EEC
diagnosis. The classifier, including miR-27a and CA125, demonstrated a high accuracy in the diagnosis of EEC and might
serve as a novel non-invasive biomarker in the future.
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Introduction expression [4,5]. Through partial homology to the 3'UTR in
target mRNAs, miRNAs affect control of gene expression via
repression of translation as well as reducing mRNA levels directly
[4,6-8]. Numerous studies have shown that alterations in miRNA
expression may correlate with various pathological or physiolog-
ical states. While a majority of miRNAs are detected intracellu-
larly, lots of stable miRNAs have recently been found in
circulation, and alterations of these extracellular miRNAs are
tightly correlated with various diseases [9-11], suggesting the
potential of miRNA signatures in disease diagnosis.

Endometrial cancer is the most common malignancy of the
female genital tract worldwide, and endometrial endometrioid
adenocarcinoma (EEC) is the major histological type of endome-
trial cancer [1]. Its incidence has increased steadily due to
changings in lifestyle of women, including dietary habits, delayed
marriage and decreased gravidity, which make EEC become one
of the major lethal of all gynecologic malignancies [2,3]. Although
the morphological alterations provide significant insights into
EEC, it still has some limitations including morbidity and
mortality. Currently the noninvasive diagnosis of EEC mainly
relies on the combination of ultrasound, MRI, and serological
markers, but none of them are completely satisfactory. Thus, the
identification of accurate and validated prognostic biomarkers for
EEC is needed to improve diagnosis, guide molecular targeted
therapy, and lead better outcome of EEC.

Just one decade ago, a novel class of evolutionarily conserved
small (18-24 nucleotides) non-coding RNA, or microRNAs
(miRNAs) was discovered as important regulators of gene

Our study performed genome-wide miRNA expression profiles
(375 miRNAs) from plasma samples of EEC patients and normal
controls, and the validation was conducted in an independent
cohort including EEC patients, patients with other endometrial
diseases (including endometrial polyps, atypical hyperplastic
endometrium), and normal controls. We demonstrated miR-
15b,-27a, and -233 has a great clinical value in diagnosing EEC,
and a panel, which was combined with miR-27a and CA125, has a
considerable clinical value in diagnosing EEC.
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Materials and Methods

Study design and participants

Our study was approved by the ethics committee (cthics
committee of Zhongshan Hospital of Fudan University, Shanghai),
and written informed consent was obtained from all study
participants. The present study was divided into two phases: (1)
Discovery phase. In this phase, global miRNAs profiling were
screened in 29 samples using quantitative real-time PCR reaction.
A Mann-Whitney test was used to discover differentially expressed
miRNAs. (2) Validation phase. Nine candidates discovered were
further validated in plasma samples of 64 participants by
quantitiative RT-PCR (qRT-PCR). Three of them, which were
found to be differentially expressed, were evaluate the diagnostic
performance by area under the ROC (receiver operating
characteristic) curve (AUC). (3) All the data of the participants
in the validation phase were used to construct the diagnostic model
by logistic regression.

As shown in Table 1, a total of 93 people participated in this
study, including 40 EEC patients, 19 patients with endometrial
polyps, 4 atypical hyperplastic endometrium patients, and 30
healthy individuals. The inclusion and exclusion criteria of the

Table 1. Characteristics of the whole participants.
Discovery phase Validation phase
EEC Control EEC Control
n 9 20 31 33
Age (years) 67.0 (55, 72) 50.9 (21, 69) 62.4 (48, 83) 59.6 (31, 82)
CA125 (U/ml) <35 7 20 20 33
>35 2 0 11 0
TNM stage -1l 8 - 22 -
n-1v 1 - 9 -
Differentiation G1-G2 7 - 22 -
G3 2 = 9 -
Pelvic effusion + 1 0 8 0
- 8 20 24 33
Body mass index (Kg/m?) <27 3 7 10 13
>27 6 13 21 20
doi:10.1371/journal.pone.0110767.t001

patient cohorts include: (a) having a distinctive pathologic
diagnosis of EEC, (b) having no anticancer treatment before the
blood sample collection, (c) having no other serious illness such as
heart attacks, renal inadequacy, leukemia, hepatitis, and so on, (d)
having no injury of peritoneal or abdominal organ. No patient
underwent the relapse or death of the cancer a half year after the

surgery.

Sample processing and miRNA isolation

For plasma preparation, the whole blood (2 ml) was collected
into EDTA tubes. Within 1 h at 4°C, the tubes were subjected to
centrifuge at 820 g for 10 min at 4°C. The resulting plasma was
transferred into new clear tubes, followed by a 10-min high-speed
centrifugation at 16,000 g at 4°C to pellet the remaining cellular
debris. Supernatant was transferred to clear tubes and stored at
—80°C.

We extracted miRNA from 500 puL plasma by using miRcute
miRNA Isolation Kit according to the instruction from the
manufacturer (Tiangen, Beijing, China). After the lysate was
mixed into the plasma, cel-miR-39 (5%10 % pmol) was added into
the samples as the spike-in controls. The concentration was
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Table 2. Candidate miRNAs from discovery phase result.

ECC vs Control

P value Fold change regulation
hsa-miR-1179 4.39393E-07 0.041255 down
hsa-miR-4638-3p 1.57508E-09 0.111331 down
hsa-miR-4665-5p 1.88429E-05 0.123958 down
hsa-miR-3145-5p 0.000127123 0.150915 down
hsa-miR-4502 2.16271E-05 0.17775 down
hsa-miR-27a 3.45679E-08 5.633507068 up
hsa-miR-15b 7.16484E-08 6.096250655 up
hsa-miR-143 7.22628E-08 6.209981148 up
hsa-miR-223 1.73472E-09 6.409200686 up
doi:10.1371/journal.pone.0110767.t002

October 2014 | Volume 9 | Issue 10 | e110767



Circulating miRNAs as a Fingerprint for EEC

A B C 1000
p<0.001 . p<0.001 + p<0.001
c c
s 1 S S 100 A .
0 I A >
g g g
R s Jr 5 10
3 s o 3
2 .01 . S . . E 1
- D
o @ .001 x
T 001 $ ' . g 11 .
L]
.0001 N .0001 — . 01 .
O (¢) O (<) O ()
& & & & & &
5 I3 E I3 F 19
1e+0 1e+2
: o p=0.127 s p=0.394 1000 p=0.001
s te-1 ° 5 1e+1 c
7] [} . o
S te-2 T t g ter0 T 2 100 »
Q ‘5_ + g
> 5 le-1 -
@ 1e-3 ) o3 .
© 2 te-2 s
s ©
o e 1 T 1e-3 < 10 +
x 1 . x pe <
g 1eS : E 1e-4 : . o
L]
1e-6 T 1e-5 N 1
& o &© o S 9
& & o & & &

Figure 1. Plasma levels of miR-15b, -27a, -223, -3145, -4638 and CA 125 in validation phase. Significant up-regulation of miR-15b, -27a, -223,
and CA125 (A, B, C, and F) can be found in EEC patients, while there’s no statistically significant differences in the level of miR-3145 and -4638 (D and
E) between the EEC and control. EEC: endometrial endometrioid adenocarcinoma.

doi:10.1371/journal.pone.0110767.g001

quantified by NanoDrop 1000 Spectrophotometer (NanoDrop
Technologies, Waltham, MA). The concentration of miRNA
extrated from plasma ranged from 10 to 20 ng/pL.

Quantitative real-time PCR (qPCR) of miRNAs

One hundred and forty nanogram plasma miRNA was
polyadenylated by poly (A) polymerase in a 20-uL volume, and
6 uL of the poly (A) reaction solution was reverse transcribed to
c¢DNA 1in another 20-pL volume using the Sharpvue miRNA First
Strand Kit (Biovue, Shanghai, China) to generate the first-strand
cDNA. The reaction solution including cDNA products was
diluted to one tenth with RNase free water and stored at —20°C
before downstream quantitative PCR analysis. The single tube
miRNA assays were used to detect and quantify mature miRNAs
by Sharpvue 2x Universal gPCR Master Mix High Rox kit
(Biovue, Shanghai, China) and Sharpvue Human miRNA Primer
Array kit (Biovue, Shanghai, China) per the instructions in the kits.
Each sample was detected by 375 miRNA primers and one spike-
in miRNA (cel-miR-39) primers. miRNAs expression levels were
quantified using ABI 7900HT Fast Real-Time PCR System
(Applied Biosystems, USA). The reactions were incubated in a
384-well optical plate at 95°C for 2 min, followed by 3 cycles of
96°C for 5 s and 60°C for 1 min, 37 cycles of 96°C for 5 s and
60°C for 30 s, and running melting curve at the end. SYBR green
dye and Rox dye were used as reporter and reference, respectively.
The relative expression of each miRNA was calculated from the
equation 94T \yith cel-miR-39 as the spike-in control to
normalize the data. ACT was calculated by subtracting the CT
values of cel-miR-39 from the CT values of the miRNAs of
interest.

Statistical analysis

Data were analyzed using SPSS (version 19.0). For the data
obtained by qRT-PCR, the nonparametric Mann-Whitney test
was used for the comparison between EEC and control. A stepwise
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logistic regression was used to establish a model as a surrogate
marker to diagnose the EEC. AUC was used as an accuracy index
for evaluating the diagnostic performance of the significant
miRNAs.

Processing the miRNA expression data

The miRNAs were divided into two groups, and the Pearson
correlation coefficients of the miRNA expression were calculated
between each pairs. The co-expression miRNA pair was defined as
correlation coefficient larger than 0.75 and P<<0.05 [12]. The top
500 co-expression miRNA pairs were exhibited by CytoScape

[13].
Results

Global plasma miRNA profiling and data analysis

We adapted a quantitative real-time PCR reaction for 375
human miRNAs to screen significant differential expression levels
of miRNAs between EEC and control groups. A Mann-Whitney
test was used to discover differentially expressed miRNAs. Four
miRNAs, including miR-223, -143, -15b, and -27a, were
significantly upregulated in EEC group (fold change =5.5-6.5;
P<1077), while another five miRNAs, including miR-1179, -
4638-5p, -4665-5p, -3145-5p, and -4502 were significantly
downregulated in EEC group (fold change=0.04-0.2; P<
1.3x107% Table 2). In summary, nine differentially expressed
miRNAs were identified as candidates for further investigation.

Differential expression profile of nine selected microRNAs

We then tested the expression of nine candidated miRNAs
which were selected from the previous step in an independent
cohort of 64 plasma samples. miR-143, -179, -4665-5p, and -4502
had a low level in the plasma and cannot be detected in all of the
samples. Five miRNAs, including miR-223, -15b, -27a, -3145-5p,
and -4638-5p, had a high level in the plasma (Fig. 1). Among these
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A ROC Curve of miR-15b

ROC Curve of miR-27a
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Figure 2. ROC curve analysis for miR-15b (A), -27a (B), -223 (C), CA125 (D), and the panel (E). ROC: receiver operating characteristic; AUC:

area under the ROC curve.
doi:10.1371/journal.pone.0110767.9002

five miRNAs, miR-223, -15b, and -27a passed the quality control
and showed a significantly different expression levels between the
EEC and control groups, including endometrial polyps, atypical
hyperplastic endometrium, and normal controls. We also showed
the differential expression of CA125 (Fig. 1F).

ROC curve analysis of selected miRNAs and CA125

To further evaluate the diagnostic value of the three miRNAs,
ROC curves were then constructed to estimate the sensitivity and
specificity of these three miRNAs and CA125. The AUC were
0.768 (95% CI 0.653, 0.882; sensitivity=0.742, specifici-
ty=0.697), 0.813 (95% CI 0.699, 0.927; sensitivity=0.774,
specificity = 0.818), and 0.768 (95% CI 0.651, 0.885; sensitivi-
ty =0.645, specificity=0.818) for miR-15b, 27a, and 223,
respectively, while only 0.739 (95% CI 0.614, 0.863; sensitiv-
ity = 0.774, specificity = 0.667) for CA125 (Fig. 2A, B, C, D).

Establish the logit model as a surrogate marker

To further evaluate the diagnostic value of the combination of
the miRNAs and CA125, a stepwise logistic regression analysis
(with forward LR method) was applied on the validation data set.
miR-27a and CA125 could be combined as a potential classifier
for detecting EEC, and the formula of the classifier was as follow:
0.097 xCA125+23.931 xmiR-27a-3.308. The ROC curve of the
panel has an AUC of 0.894 (95% CI, 0.807, 0.980; sensitiv-
ity = 0.774, specificity = 0.970) (Fig. 2E).
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Exhibit the co-expression miRNA network

We generated a top500 co-expression miRNA network for
cancer (Fig. 3A) and normal control (Fig. 3B). It is important to
note that, to build this co-expression network, we used all the 375
miRNAs as input rather than only the nine differentially expressed
miRNAs. In cancer plasma, the most connected hub was has-miR-
200a (degree 17), followed by has-miR-4770 (degree 16), whereas
in nonmalignant plasma, has-miR-3960 (degree 18) was the most
connected node. It was interested to found that the connection
degree was only 2, 3, and 2 in plasma of normal people, and 7, 2,
and 2 in plasma of EEC patients for miR-223; 15b, and 27a
respectively.

Discussion

Endometrial cancer is the most common malignancy of the
female genital tract worldwide, and EEC is the major histological
type of endometrial cancer. Currently the noninvasive diagnosis of
EEC mainly relies on the combination of ultrasound, MRI, and
serological markers, but none of them are completely satisfactory.
CA125 has been used for many years as a serum marker for
endometrial cancer diagnosis and screening. However, it has been
recognized that CA125 levels has poor specificity in the detection
of endometrial cancer. Other gynecologic malignancies such as
ovarian cancer can also show the raise of CA125. There is a great
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need for better markers with high sensitivity and specificity to
permit early diagnosis and proper management of EEC.

A large number of miRNAs are proved to be present in
circulation. They exhibit different profiles in patients with diverse
diseases, including acute myocardial infarction [14,15], ectopic
pregnancy [16], rheumatic diseases [17], liver cirrhosis [11], and
various types of malignancies [9,18,19]. All these findings bear a
resemblance to circulating miRNAs serving as a reliable nonin-
vasive biomarker for the detection of diseases. The present study
demonstrated miR-15b, -27a, and -233 had a great clinical value
in diagnosing EEC, and we also developed an unprecedented
classifier which could be a set of potential non-invasive marker for
diagnosing EEC. The classifier, combined miR-27a and CA125,
demonstrated high accuracy in the diagnosis of EEC. The
association at the tissue level between EEC and the three miRNAs
has not been reported yet. But other studies showed that these
three miRNAs might related with the neoplasia. Kim and his
colleagues found that platelet-derived growth factor (PDGF)
signaling pathway regulates smooth muscle cell (SMC)- specific
gene expression and cell proliferation by modulating the
expression of miR-15b to induce a dedifferentiated state in the
vascular smooth muscle cells (VSMCs) [20]. Vimalraj and his
colleagues found that miR-15b can act as a positive regulator for
osteoblast differentiation [21]. It was found that miR-27a
functioned as a tumor promoter in various cancers through
targeting MAP2K4 [22], AGGF1 [23], prohibitin [24], and other
genes that regulate specificity protein transcription factors and the
G2-M checkpoint [25]. The miR-27a was also targeted by
genistein  [26], anticancer agent [27]. miR-223 was found
promoted the growth and invasion of tumor cells by targeting
tumor suppressor PAX6 [28] and FBXW7/hCdc4 [29,30]. The
co-expression analysis in our research exhibited that the connec-
tion degree was only 2, 3, and 2 in plasma of normal people, and
7, 2, and 2 in plasma of EEC patients for miR-223, 15b, and 27a
respectively, which indicates that these three miRNAs might have
their unique signal pathway to regulate the development of EEC.
Further functional study is needed to confirm the role of these
three miRNAs in EEC.

It has been found that the circulating miRNAs has the
capability to diagnose EEC according to the previous studies. Jia
W. and his colleagues found a four-miRNA signature, including
miR-222, -23, -186, and -204), might serve as a non-invasive
approach for EEC diagnosis [31]. It is the first and only study to
identify a serum miRNA-based EEC signature using a genome-
wide serum miRNA expression profiling analysis. In our research,
we confirmed that miR-223 has a high value in serving as a
diagnostic biomarker. But we also found that miR-15b and -27a
had a high value in serving as a diagnostic biomarker. On the
other hand, the combination of miR-27a and CA125 had an AUC
of 0.894 (95% CI, 0.807, 0.980; sensitivity=0.774, specifici-
ty =0.970), which could be an optimal non-invasive biomarker to
diagnose EEC. In the co-expression analysis, these three miRNAs
had few connections with other miRNAs, indicated that they
would hardly be influenced by the expression change of other
miRNAs and could be stable biomarkers for EEC.
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miRNAs in the circulation are extremely stable and protected
from degradation by RNase activity or harsh environmental
factors by microparticles [9]. Microparticles may transfer their
components and contents to the selected target cells. Through this
way, they can mediate cell activation, metabolism, phenotypic
modification, and reprogramming of cell function [32,33]. We
found miR-15b, -27a, and -223 significantly upregulated in the
plasma of EEC patients, which might leak from the cancer cells, or
might be packed into microvesicles and actively secreted into the
blood circulation and activated the anti-tumor mechanisms in the
body. The effects of upregulated miRNAs in the circulation of
EEC patients need to be further investigated.

Compared with other studies of circulating miRNAs in
diagnosing EEC, our study is unique as the following reasons.
First of all, we used not only healthy samples as controls, but also
other endometrial diseases (including endometrial polyps, atypical
hyperplastic endometrium) into the research to avoid the risk of
indistinguishable of EEC from other endometrial diseases.
Secondly, considering there’s no standard endogenous control
for the circulating miRNA studies, we used the spike-in control
(cel-miR-39) in the study, which leaded to a highly reliable
conclusion. Last but not least, one particular miRNA in circulation
may help to distinguish between patients and controls, but lots of
the researches would choose a panel of miRNAs to raise the
sensitivity and specificity, which make the experimental result hard
to be applied in clinical circumstance. Our study found that the
combination of miR-27a and CA125 demonstrated high accuracy
in diagnosis of EEC with an AUC of 0.894. This result includes
only one new index; therefore reduces the test cost effectively.

Although the miRNA classifier had a high diagnostic value in
our research, there are still some limitations. First of all, as the
difficulty in sample collection, the number of patients with atypical
hyperplastic endometrium prevented us from testing in a more
detailed classification. Studies including larger sample size are
needed in the future. Secondly, considering the limited number of
studies and the high cost of assay, it is still hard to extend the
miRNA as a routine diagnostic biomarker into the clinical
application. More researches and efforts are needed to change
the experimental findings into clinical applications.

In summary, our study demonstrated three miRNAs, including
miR-15b, -27a, and -233 has a great clinical value in diagnosing
EEC. The classifier, including miR-27a and CA125, demonstrated
high accuracy in the diagnosis of EEC and might serve as a novel
non-invasive biomarker in the future.
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