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Abstract Recently, the detection of occult cancer cells in
peripheral blood has received a great deal of attention
regarding the prediction of postoperative cancer recurrence
and for novel strategies of adjuvant therapy. The aim of this
study was to establish a new molecular diagnostic method
of detecting circulating tumor cells. Gastric cancer SGC-
7901 cells in 2 ml blood from healthy volunteers were
serially diluted. Additional peripheral blood samples were
collected from 90 patients and 27 healthy volunteers. Real-
time reverse transcription-polymerase chain reaction was
used to detect the levels of microRNA-106a (miR-106a)
and microRNA-17 (miR-17). Receiver operating character-
istics (ROC) curves were constructed. In recovery experi-
ments, a significant correlation between the number of
cancer cells and the levels of both miR-106a (»=—0.906,
p=0.037) and miR-17 (»=-0.912, p=0.031) was found. In
preoperative and postoperative patient groups, miR-106a
and miR-17 levels were significantly higher than those in
controls. The areas under the ROC curve for miR-106a,
miR-17, and combination were 0.684 (p=0.0066), 0.743
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(»=0.0001), and 0.741 (p=0.0002), respectively. Our
results indicate that the detection of miRNA in peripheral
blood may be a novel tool for monitoring circulating tumor
cells in patients with gastric cancers.
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Introduction

MicroRNAs (miRNAs) are non-coding RNAs that regulate
the expression of target mRNAs [1]. They are encoded by
genes that are transcribed into single or clustered primary
transcripts, which are processed to produce the mature
miRNAs. miRNAs play important roles in the control of
many biological processes, such as cellular development,
differentiation, proliferation, apoptosis, and metabolism [2—
4]. Overexpressed or underexpressed miRNAs in cancers
may function as oncogenes or tumor suppressor genes,
respectively. Since Calin et al. reported a connection
between miR-15/miR-16 and B-cell chronic lymphocytic
leukemia, more studies have shown the importance of
miRNAs in the initiation, progression, and prognosis of
numerous cancers [5].

Gastric cancer is the second leading cause of cancer
death in the world and will likely remain as one of the
leading causes of all deaths in the near future [6]. However,
for the diagnosis of gastric cancer, few highly sensitive or
highly specific tumor markers are available. The findings of
miRNAs suggest ideal diagnostic markers. Bandres et al.
reported that the expression of miR-451 was reduced in
gastric and colorectal cancer versus noncancerous tissues
[7]. Overexpression of miR-451 in gastric and colorectal
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cancer cells reduced cell proliferation and increased
sensitivity to radiotherapy [7]. Jiang et al. found that miR-
421 may involve in the early stage of stomach carcinogen-
esis and could be used as an efficient diagnostic biomarker
[8].

miRNA-106a (miR-106a), a member of the miR-106a-
92 cluster located at Xq26.2, has oncogenic activity in
humans and often shows altered expression [9]. miRNA-17
(miR-17), a member of the miR-17-92 cluster located at
13g31.3, demonstrates oncogene activity [10]. In fact, the
miR-17-92, miR-106b-25, and miR-106a-92 clusters show
high homology in their gene structures and have oncogenic
potential [11-13]. In our previous studies, we found that
miR-106a and miR-17 were overexpressed in gastric cancer
compared with noncancerous tissue [14]. Moreover, we
found that miR-106a levels were associated significantly
with tumor stage, size and differentiation, lymphatic and
distant metastasis, and invasion [11].

Recently, the detection of occult cancer cells in periph-
eral blood or bone marrow has received attention regarding
prediction of the postoperative recurrence of cancer and for
novel strategies of adjuvant therapy [15]. The objective of
the present study was to examine the usefulness of miR-
106a or miR-17 in peripheral blood as a marker for the
diagnosis of gastric cancers.

Materials and methods
Patients and specimens

Two-milliliter peripheral blood samples were collected
from 90 patients (63 male, 27 female; 62.3+9.8 and
59.24+11.8 years old, respectively) with gastric cancer from
May 2008 to December 2009 at Ningbo No. 1, No. 2, and
No. 3 Hospitals, China. Of the patients, 41 were preoper-
ative and the rest were postoperative, most of which were
within 3 weeks of surgery. Peripheral blood samples from
27 healthy volunteers were used as controls. Informed
consent was obtained from all subjects, and the Human
Research Ethics Committee in Ningbo University approved
all aspects of the study. Tumors were staged using the
tumor-node metastasis staging of the International Union
Against Cancer [16]. Histological grade was assessed
according to the World Health Organization criteria [17].

Cell culture

The human gastric cancer cell line, SGC-7901, was
obtained from the Shanghai Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in culture flasks at 37°C in a
humidified atmosphere of 5% CO, with RPMI-1640
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Medium (Life Technologies, Grand Island, NY) contain-
ing 10% fetal calf serum with 50 U/ml penicillin and
50 pg/ml streptomycin. Exponentially growing cells were
used for experiments. Cells were counted using a
hemocytometer.

Recovery experiment

SGC-7901 cells were diluted in 2 ml of blood obtained
from healthy volunteers. The number of cancer cells used in
the recovery experiments was 10°% 10%, 10% 10% and 10°,
respectively.

Total RNA preparation

Mononuclear cells (MNCs) were collected from peripheral
blood (patients and recovery experiment) using a Ficoll
solution (Shanghai Hengxin Chemical Reagents Company
Ltd., Shanghai, China) following the manufacturer’s in-
struction. Total RNA from MNCs was isolated using Trizol
reagent (Invitrogen, Karlsruhe, Germany) following the
manufacturer’s protocol. The total RNA was dissolved in
10 ul diethypyrocarbonate-treated water.
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Fig. 1 The relative expression of miR-106a (a) and miR-17 (b) in
healthy blood spiked with gastric cancer SGC-7901 cells. Values
(ACt) are relative to those of U6 small RNA in the same samples.
r=—0.906, p=0.037 (a); r=—0.912, p=0.031 (b). Spearman correla-
tion analysis
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Reverse transcription

cDNA was generated using the miScript Reverse Transcrip-
tion (RT) Kit (Qiagen GmbH, Hilden, Germany), according
to the manufacturer’s instructions. Four microliter total
RNA, 1 pl miScript Reverse Transcriptase Mix, and 4 pl
miScript RT buffer were mixed and incubated for 60 min at
37°C. Then, 80-ul autoclaved-distilled water was added to
the reverse transcription product.

Real-time polymerase chain reaction for detection
of miR-106a and miR-17

Real-time polymerase chain reaction (PCR) was performed
using the miScript SYBR Green PCR Kit (Qiagen) on an
Mx3005P QPCR System (Stratagene, La Jolla, CA). The
20 pl PCR mixture included 6 ul reverse transcription
product, 10 pul 2x QuantiTect SYBR Green PCR Master
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Fig. 2 Levels of miR-106a in mononuclear cells from preoperative
(n=41) (a) and postoperative (n=49) (b) patients with gastric cancer
were higher than those from healthy volunteers (n=27). Patients vs
control, p=0.006 (a); p=0.016 (b)

Mix, 1 pl 10x miScript Universal Primer, 1 pl 10x miScript
Primer Assay (for miR-106a and miR-17; Qiagen), and 2 pl
autoclaved-distilled water. The reaction mixtures were
incubated at 95°C for 15 min, followed by 40 amplification
cycles of 94°C for 15 s, 60°C for 30 s, and 70°C for 30 s.
The threshold cycle (Ct) was defined as the fractional
cycle number at which the fluorescence passed the fixed
threshold. We also quantified transcripts of U6 small RNA
using the Hs RNU6B 2 miScript Primer Assay (Qiagen)
for normalizing the levels of miR-106a and miR-17.

The ACt method was used for analysis [11]. Firstly, the
Ct for each sample was determined. Next, the ACt value
was calculated. The ACt value was the difference between
the Ct value of miR-106a or miR-17 and the Ct value of
U6. The AACt value and the normalized miR-106a or
miR-17 expression were calculated, respectively. We used a
cutoff value of 2.00, with samples having a 27AAC value
>2.00 considered positive [18]. The experiment was
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Fig. 3 Level of miR-17 expression in mononuclear cells from
preoperative (n=41) (a) and postoperative (n=49) (b) patients with
gastric cancer were higher than those from healthy volunteers (n=27).
Patients vs control, p=0.001 (a); p=0.019 (b)
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Fig. 4 The correlation between the RNA from SGC-7901 and Ct
values of both miR-106a (a) and miR-17 (b). =—0.930, p=0.022 (a);
r=-0.956, p=0.011 (b). Spearman correlation analysis

repeated twice. The investigators were blinded to the results
of clinical and pathological diagnosis.

Calculation of PCR efficiency

Total RNA isolated from SGC-7901 cells was serially
diluted to 100, 50, 25, 12.5, and 6.25 pg/ml, respectively.
The RNA was transcribed into ¢cDNA, and miR-106a and
miR-17 were amplified. Finally, the linear relationships
between the log concentrations of template RNA and Ct
values were analyzed.

PCR-specific assay

To determine the PCR specificity, the amplicon size was
determined by agarose gel and then by dissociation curve
analysis. The PCR products were separated on a 1.5%

Fig. 5 Agarose gel electropho- marker

miR-106a

agarose gel stained with ethidium bromide at 4 V/cm for 2 h.
DNA fragments were observed using the Gel Image Analysis
System (Bio-Rad, Hercules, CA). Dissociation curve analy-
sis was carried out using a Mx3005P QPCR System
(Stratagene) according to the manufacturer’s instruction.

Immunohistochemistry experiment

Cytokeratin (CK) is expressed in epithelial cells, and CK18
and CK20 are commonly used tumor markers of gastric
cancer [19]. To demonstrate that the blood used to prepare
the sample for RT-PCR analysis contained circulating
tumor cells (CTCs) and spiked SGC-7901 cells, immuno-
histochemistry was performed using CK18 and CK20
monoclonal antibodies as markers of gastric cancer cells.
MNC:s collected by Ficoll solution from healthy volunteers,
spiked with SGC-7901 cells, or gastric cancer patients were
smeared on slides. After incubating with monoclonal
antibody CK18 or CK20 (Maixin Biotechnology Co.,
Fujian, China) for an hour, followed by goat antibody
mouse immunoglobulin G polymerid (Maixin) for 15 min
at room temperature, the cancer cells were visualized using
the 3,3'-diaminobenzidine Horseradish Peroxidase Color
Development Kit (Maixin). Finally, cells were post-stained
by hematoxylin (Maixin) and observed under microscopy.

Statistical analysis

Statistical analysis was performed using the Statistical
Program for Social Sciences (SPSS) software 17.0 (SPSS
Inc., Chicago, IL). The correlations in recovery experiment
and calculation of PCR efficiency were analyzed by
Spearman correlation analysis. The level of significance
was set at p<0.05.

ROC curves were constructed by calculating the sensi-
tivities and specificities of a biomarker or the diagnostic
score of a logistic regression model at different cutoff
points for differentiating gastric cancer cases from healthy
volunteers. The area under the ROC curves (AUC) can be
statistically interpreted as the probability to correctly
distinguish patients with gastric cancer from normal
subjects. The p value is the probability that the sample
AUC is found when, in fact, the true (population) AUC is
0.5 (null hypothesis: Area=0.5). If p is low (p<0.05), then
it can be concluded that the AUC is significantly different

miR-17 ue

resis analysis of PCR products. 1 2 3

The sizes of miR-106a and miR-
17 PCR products were 85 bp
each and that of U6 PCR prod-
ucts was 100 bp. /-3 different
patient samples; 4 no RNA
template control
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from 0.5 and that the laboratory test is able to distinguish
between the two groups [20]. The cutoff value corresponds
to the optimal diagnostic accuracy (the highest sum of the
respective values for sensitivity and specificity) [20]. To
observe the diagnostic value of the combinative use of
miR-106a and miR-17, the logistic regression analysis was
used. The AUCs of miR-106a, miR-17, and combination
were compared through Student’s ¢ test.

Results
Recovery experiments

To establish a reliable method for detecting circulating tumor
cells, recovery experiments were performed. We found a
significant correlation between the number of cancer cells
spiked and the values of both miR-106a (r=—-0.906, p=0.037,
Fig. 1a) and miR-17 (r=—0.912, p=0.031; Fig. 1b).

Levels of miR-106a and miR-17 in peripheral blood
from patients with gastric cancer were higher
than those from healthy volunteers

Levels of miR-106a and miR-17 in peripheral blood from
preoperative (n=41) and postoperative (n=49) patients with
gastric cancer were compared to those from healthy
volunteers (n=27). We found that miR-106a levels in
preoperative patients (p=0.006, Fig. 2a) and postoperative
patients (p=0.016, Fig. 2b) were higher than those in
control; miR-17 levels in preoperative patients (p=0.001,
Fig. 3a) and postoperative patients (p=0.019, Fig. 3b) were
also higher than those in control. The average increase of
miR-106a and miR-17 in preoperative patients was 37.324-
fold and 36.950-fold, respectively, and those in postoper-
ative patients were 9.341- and 13.698-fold, respectively. If
samples having a 27" value >2.00 were considered as
positive [18], the positive detection rates of miR-106a and
miR-17 in preoperative patients were 56.10% and 58.54%,
respectively.

PCR efficiency

To calculate the efficiency of PCR, serially diluted RNA
from SGC-7901 was used. Significant correlations between
the RNA used and Ct values of both miR-106a (»=—0.930,
p=0.022; Fig. 4a) and miR-17 (r=—0.956, p=0.011; Fig. 4b)
were found.

PCR specificity

To make sure the PCR products were correct, the PCR
amplicons were tested by agarose gel electrophoresis.

The results showed that the sizes of the miR-106a and
miR-17 PCR products were 85 bp each and that of the
U6 PCR products was 100 bp (Fig. 5), which are in
accord with the manufacturer’s protocol. The dissociation
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Fig. 6 Dissociation curves analysis of miR-106a (a), miR-17 (b), and
U6 (c¢) RT-PCR products. /-3 three blood samples from patients with
gastric cancer
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Fig. 7 A representative result of immunohistochemistry for detecting
gastric cancer cells. a—d CK20 was used as a tumor marker to detect
MNCs from healthy volunteers’ peripheral blood (a), SGC-7901 cells
(b), healthy volunteers’ peripheral blood spiked with SGC-7901 cells

curve analysis showed that there was only one peak at the
highest T}, in each dissociation curve (Fig. 6a—c). These
results indicate that there were no primer—dimers or
nonspecific products.

Immunohistochemistry experiment

To evaluate whether the fraction of blood used to prepare
the sample for PCR analysis contained circulating tumor
cells and spiked SGC-7901 cells, immunohistochemistry
was performed used CK18 and CK20 as tumor markers.
The results show that the cytoplasm of cancer cells had
immunohistochemical reaction product (Fig. 7a—f) in both
the recovery experiment and patient samples.
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(¢), and peripheral blood from patients (d). e, f CK18 was used as a
tumor marker to detect MNCs from SGC-7901 cells (e) and healthy
volunteers’ peripheral blood spiked with SGC-7901 cells (f). Arrows
indicate cancer cells (x400)

The diagnostic efficacy of miR-106a or miR-17
in the detecting CTCs in patients with gastric cancer

To evaluate the diagnostic value of miR-106a or miR-17
in the diagnosis of patients with gastric cancer, the AUC
value from ROC curve analysis was determined (Fig. 8).
The AUC of miR-106a was 0.684+0.068 (»p=0.0066), the
95% confidence interval was 0.560 to 0.791, the criterion
value (cutoff value) was 6.535 with a sensitivity of
48.15%, and the specificity was 90.24%. The AUC of
miR-17 was 0.743+0.064 (p=0.0001), the 95% confi-
dence interval was 0.622 to 0.841, the criterion value
(cutoff value) was 6.190 with a sensitivity of 51.85%, and
the specificity was 92.68%.
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Fig. 8 Receiver operation characteristics (ROC) curve of the miR-106a,
miR-17, and combination in peripheral blood mononuclear cells (MNCs).
The clinical values were assessed by differentiating 41 preoperative gastric
cancer patients from 27 healthy volunteers. The AUC of miR-106a, miR-
17 and combination are 0.684 + 0.068 (p = 0.0066), 0.743 £ 0.064
(p =0.0001), and 0.741 £ 0.064 (p = 0.0002), respectively

The AUC of the combinative use of miR-106a and miR-
17 was 0.741+£0.064 (p=0.0002), the 95% confidence
interval was 0.620 to 0.839, the criterion value (cutoff
value) was 0.4916 with a sensitivity of 62.96%, and the
specificity was 80.49%.

The pairwise comparisons of ROC curves showed that
there were no significant difference between AUCs of miR-
106a and miR-17 (p=0.114), miR-106a and combination (p=
0.278), miR-17 and combination (p=0.087), respectively.

Discussion

Human cancers commonly exhibit an altered expression
profile of miRNAs with oncogenic (miR-21, miR-106a, and
miR-155) or tumor-suppressive (let-7, miR-15a/16, miR-
34a, and miR-143/145) activity [9]. In the present study, we
focused on the miR-106a and miR-17 expression patterns
in peripheral blood from patients with gastric cancer. The
levels in the cancer groups were found to be significantly
higher than those in the healthy-volunteer group (Figs. 2
and 3). The mean expression levels of miR-106a and miR-
17 in preoperative patients were higher than those in
postoperative patients. These results show that surgery
and other treatment may have an effect on the levels of
miRNAs in peripheral blood.

Many studies have shown that miR-106a and miR-17 are
upregulated in various tumors. In colon adenocarcinoma,
Schetter et al. showed that the expression of miR-106a and
four other miRNAs were increased [21]. In comparison
with the vehicle-treated cells (16HBE-N), human bronchial
epithelial cells (16HBE-T) exhibited differential expression
of 54 miRNAs, in which miR-106a and miR-17 were
highly expressed [22]. Hayashita et al. showed for the first
time that the miR-17-92 cluster is markedly and frequently
overexpressed in lung cancers, with occasional gene
amplification, especially in cases with small-cell lung
cancer histology [10]. The expression of miR-106a and
miR-17 was found to associate with the occurrence and
development of tumors. Busacca et al. investigated the
expression of miR-106a between mesothelioma and meso-
thelial cells and found that its expression was associated
significantly with the histopathological subtype [23]. Diaz
et al. found that deregulated expression of miR-106a
predicts survival in human colon cancer patients [24].
Northcott et al. reported that miR-17-92 is a positive
effector of sonic hedgehog (Shh)-mediated proliferation
and that aberrant expression or amplification of this
miRNA confers a growth advantage to medulloblastomas
[25].

Noninvasive tests are a trend for disease diagnosis.
Recently, serum and plasma miRNAs were identified as
stable blood-based markers for cancer detection. Chim et al.
first detected placental miRNAs in maternal plasma and
found that the expression levels of 17 miRNAs were higher
in placentas than those in maternal blood cells [26]. Using
high-density microarray, Lodes et al. discovered that
miRNA expression patterns in serum were not identical to
those seen from miRNAs taken directly from cancer cell
lines [27]. They suggested that tumor cell lysis may be the
most obvious source of serum or plasma miRNAs.
However, the product of a form of active transport
involving the formation of exosomes also may be the
source of miRNAs [27].

In the present study, we focused on detecting the
miRNAs from CTCs. The difference between an investiga-
tion of miRNAs in serum or plasma and in peripheral blood
MNCs is that the source of the latter is only from living
cells. From a clinical point of view, the detection of CTCs
may aid the prognosis and decisions regarding therapeutic
decisions for cancer patients. The presence of tumor cells in
circulation may be a prognostic indicator of recurrence and
metastatic disease [28]. The main cause of tumor recurrence
is thought to be the presence of micrometastases, which are
currently undetectable by conventional methods [29, 30].
Tumor-specific mRNAs, such as CK19, CK20, carcinoem-
bryonic antigen, and o fetoprotein mRNAs, have been used
as biomarkers for the detecting CTCs [15, 31, 32].
However, some markers are not only poorly expressed in
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some kinds of CTCs but are also expressed in hematopoi-
etic cells [33, 34]. miRNA expression profiling may hold
more promise than mRNA profiling for discriminating
between tumor types [35]. The detection of miRNAs in
CTCs may be a better choice. The results of our recovery
experiments, which show a significant correlation between
the number of cancer cells and the level of miR-106a
(Fig. 1a) and miR-17 (Fig. 1b), and the significant ROC
curves (Fig. 8) confirm this speculation.

In all of the data, it seems that miR-17 outperformed
miR-106a (Figs. 1, 2, 3, 4). Among miR-106a, miR-17, and
the combination, the largest AUC was observed when miR-
17 was used alone (Fig. 8). However, there was no
significant difference among the AUCs of miR-106a,
miR-17, and the combination (p>0.05). The results did
not complement each other across the patient base. These
results indicated that miR-106a and miR-17 had the similar
diagnostic value. The combination was superior to miR-
106a and miR-17 alone regarding the sensitivity, but not the
specificity values. As miR-106a and miR-17 show high
homology in their gene structures [11-13], they may play
some similar roles in the carcinogenesis of gastric cancer.
As a result, AUC of the ROC is not significantly improved
by using both of miR-106a and miR-17.

In summary, the levels of miR-106a and miR-17 in
peripheral blood MNCs from patients with gastric cancer
were significantly higher than those from healthy volun-
teers. The higher levels of miR-106a and miR-17 indicate
that there are tumor cells in the peripheral blood from
patents with gastric cancer.
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