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Abstract

The detection of circulating tumor cells (CTCs) has recently received great attention. To evaluate if miR-421 could
be used as a specific marker for CTCs, the level of miR-421 in mononuclear cells (MNCs) from peripheral blood were
determined by reverse transcription-polymerase chain reaction. Transfection of miR-421 inhibitor significantly
suppressed tumor growth in vivo. The level of miR-421 in MNCs from gastric cancer was significantly higher than
in those from healthy controls. The area under the receiver operating characteristic curve was 0.773+0.0736. In
conclusion, miR-421 may be used as a biomarker for monitoring CTCs in patients with gastric cancer.
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Introduction

Gastric cancer is the fourth most common cancer and the
second most common cause of death from cancer world-
wide (Parkin et al. 2005). Although surgery and adjuvant
chemotherapy have been improved, the survival rate of
gastric cancer patients after surgical removal is unsat-
isfactory because most gastric cancer patients are at an
advanced stage when diagnosed (Rohatgi et al. 2006). In
clinical practice, most biomarkers are associated with
atrophic or inflammatory conditions of gastric mucosa;
however, these are not reliable or specific for gastric can-
cer (di Mario and Cavallaro 2008).

MicroRNAs (miRNAs) are noncoding RNAs that are
approximately 22 nucleotides in length and that posttran-
scriptionally regulate gene expression by translational
inhibition and destabilization of mRNAs. Recent studies
have discovered that miRNAs are involved in the patho-
genesis of many types of cancer, including gastric cancer
(Ueda et al. 2010). miRNAs show tumor suppressive

activity in the pathogenesis of human gastric cancer.
For example, miR-375 is downregulated in gastric car-
cinomas and negatively regulates tumor cell survival by
targeting phosphoinositide-dependent protein kinase-1
(PDK1) (Tsukamoto et al. 2010). miR-9 negatively regu-
lates gastric cancer cell proliferation by targeting nuclear
factor-kB1 (NF-kB1) (Wan et al. 2010), and miR-101 is
downregulated in gastric cancer and is involved in cell
migration and invasion (Wang et al. 2010). Furthermore,
the expression of anti-proliferative let-7a is reduced in
gastric cancer tissues (Zhu et al. 2010b). However, miR-
NAs may have also oncogenic functions. For example,
overexpression of miR-650 in gastric cancer may pro-
mote the proliferation of cancer cells (Zhang et al. 2010).
miR-23a promotes the growth of gastric adenocarcinoma
cell line MGC-803 (Zhu et al. 2010a), and miR-150 in gas-
tric cancer could promote growth of cancer cells at least
partially through directly targeting the tumor suppressor
early growth response protein-2 (EGR2) (Wu et al. 2010).
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MiR-421 gene is located at the Xq13.2 region of the X
chromosome. Our previous studies have demonstrated
that miR-421 is overexpressed in gastric cancer tissues
compared with noncancerous tissues (Guo et al. 2009;
Jiang et al. 2010), and downregulation of miR-421 expres-
sion results in decreasing the proliferation of both MGC-
803 and SGC-7901 gastric cancer cells in vitro (Jiang et al.
2010). Because the high level of miR-421 in gastric cancer
tissues do not correlate with clinicopathological features
(Jiang et al. 2010), we propose that miR-421 may be
involved in the early stages of stomach carcinogenesis and
could be used as an efficient early diagnostic biomarker.
From a clinical point of view, the detection of circulating
tumor cells (CTCs) is emerging as a useful tool for identi-
fying malignancies, monitoring disease progression, and
measuring the outcome of therapy. The objective of this
study was to evaluate if miR-421 is a functional biomarker
for the detection of CTCs in patients with gastric cancer.

Materials and methods

Cell culture

The human gastric cancer cellline MGC-803 was obtained
from Shanghai Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in Dulbecco’s Modified Eagle Medium
(Life Technologies, Grand Island, NY) supplemented with
10% fetal bovine serum (Hyclone, Logan, UT) at 37°C in
a humidified atmosphere of 5% CO,. Exponentially grow-
ing cells were used for experiments.

Transfection of miR-421 inhibitor

Specific 2’-methoxy-modified RNA oligonucleotide,
5’-GCGCCCAAUUAAUGUCUGUUGAU-3’, was used as
a miR-421 inhibitor. Nonspecific scrambled sequence,
5’-CAGUACUUUUGUGUAGUACAA-3,, was used as
a control. All RNA oligonucleotides were synthesized
and purified by Shanghai GenePharma Co. (Shanghai,
China). MGC-803 cells were transfected with the RNA
oligonucleotides (0.5 or 1.0 pmol/L) according to the
protocol recommended by the manufacturer (Invitrogen
Corp., Carlsbad, CA) or as reported previously (Jiang
etal. 2010).

Tumorigenicity assays by xenograft in nude mice

Female BALB/c nude mice (5-6 weeks old) were pur-
chased from Slac Laboratory Animal Center (Shanghali,
China) and bred in specific pathogen-free (SPF) condi-
tions in the animal care facility at Ningbo University
(Ningbo, China). The nude mice were mesh caged under
controlled conditions of temperature (23-28°C) and light
illumination for 12h a day. MGC-803 cells were trans-
fected with miR-421 inhibitor or negative control using
Lipofectamine 2000 (Invitrogen Corp., Carlsbad, CA)
following the manufacturer’s instructions. Following
incubation of cells for 24h, a total of 3x10° cells were
collected in 100 pL phosphate buffered solution (PBS)
and subcutaneously injected into the backs of nude mice
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using sterile 22-gauge needles. The general condition of
the mice was observed every day. The sizes of tumors
were measured every 3 days from the 26th day after inoc-
ulation. The size of the tumors was determined by first
measuring length (L, cm) and width (W, cm) and then
calculating the volume using the formula V=W?x Lx0.5.
Following sacrifice of mice, the blood was collected and
used to enrich mononuclear cells (MNCs). Every experi-
mental procedure related to animal use in this study was
performed and monitored in accordance with the ethical
standards and the care of animal and licensing guide-
lines, issued by the government administrative, under the
protocol approved by the Committee on Animal Welfare
of Ningbo University.

Patients and specimens

Peripheral blood samples (2mL per individual) were
collected from 40 preoperative gastric cancer patients
(29 male, 11 female; 65.3+9.7 and 63.9+13.1 years old,
respectively) after fasting, at Ningbo No. 1, No. 2, and
No. 3 Hospitals from May 2008 to December 2009. No
chemotherapy or other treatments had been used at the
time when the blood samples were obtained. Peripheral
blood samples from 17 age- and sex-matched healthy
volunteers were used as controls. Informed consent was
obtained from all participants, and the Human Research
Ethics Committee of Ningbo University approved all
aspects of this study. Tumors were staged using the tumor
node metastasis (TNM) staging of the International
Union Against Cancer (Sobin and Wittekind 1997).
Histological grade was assessed according to the World
Health Organization criteria (Solcia et al. 2000).

Total RNA preparation

A gradient centrifugation with a Ficoll solution (Shanghai
Hengxin Chemical Reagents Company Ltd., Shanghai,
China) was used for collecting MNCs, from the periph-
eral blood of patients as described previously (Guo et al.
2004). Total RNA from MNCs was isolated using Trizol
reagent (Invitrogen, Karlsruhe, Germany) following
the manufacturer’s protocol and was dissolved in 10 pl
diethypyrocarbonate-treated water, as described in our
previous report (Zhou et al. 2010).

The positive control for detecting CTCs was gastric
cancer SGC-7901 cells spiked with blood samples from
healthy volunteers. Immunohistochemistry using cytok-
eratin 18 (CK18) and CK20 as gastric cancer-associated
epithelial markers confirmed the effectiveness of the
experimental procedure for enriching CTCs from blood
samples (Zhou et al. 2010).

Detection of miR-421 levels by real-time RT-PCR

cDNA was generated using the miScript Reverse
Transcription (RT) Kit (Qiagen GmbH, Hilden,
Germany), as described in our previous study (Zhou
etal. 2010). Real-time polymerase chain reaction (PCR)
was performed using the miScript SYBR Green PCR Kit
(Qiagen) on an Mx3005P QPCR System (Stratagene,
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La Jolla, CA). PCR mixture included 6 pl RT product,
10 pl 2xQuantiTect SYBR Green PCR Master Mix,
1 pl 10xmiScript Universal Primer (downstream
PCR primer for amplifying small RNAs; Qiagen), 1 pl
10 x miScript Primer Assay (upstream PCR primer for
amplifying miR-421; Qiagen), and 2 ul 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 (C) 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
(upstream PCR primer for amplifying U6, Qiagen) for
normalizing the levels of miR-421 (Jiang et al. 2010).
The specificity of this RT-PCR technique was confirmed
by dissociation curve analysis using the Mx3005P QPCR
System (Stratagene) according to the manufacturer’s
instruction (data not shown).

To normalize the levels of miR-421, the ACt method
was used for analysis (Xiao et al. 2009; Zhou et al. 2010).
The AC, value was the difference between the C, value of
miR-421 and the C, value of U6. AC, values were used to
calculate the concentration of miR-421. The experiment
was repeated twice and the data were analyzed blind.

The AAC, value was the difference in AC, between
patients and control and the normalized miR-421 expres-
sion levels were calculated with the formula 244%. We
used a cutoff value of 2.00, with samples having a 2-24¢
value >2.00 considered positive (Markou et al. 2008), and
then caculated the positive detection rate for gastric can-
cer patients.

Detection of carcinoembryonic antigen levels

Serum carcinoembryonic antigen (CEA) was measured
using an Elecsys 2010 machine (Roche Diagnostics,
Basel, Switzerland). The cut-off concentration used to
distinguish abnormal and normal results was 5 pug/L.

Statistical analysis

Statistical analysis was performed using the Statistical
Program for Social Sciences (SPSS) software 18.0 (SPSS
Inc., Chicago, IL). The level of significance was set at
p<0.05. The receiver operating characteristic (ROC)
curve was constructed for differentiating gastric cancer
cases from healthy volunteers (Bachtiar et al. 2009; Zhou
et al. 2010). The diagnostic value of using miR-421 as a
maker for detecting CTCs of patients with gastric cancer
was determined according to the area under the ROC
curve (AUC) value, the sensitivity, and the specificity.

Results

Tumor growth was significantly suppressed by
miR-421 inhibitor in vivo

We previously demonstrated upregulated expression of
miR-421 in cancer tissues (Guo et al. 2009) and its onco-
genic activity in vitro (Jiang et al. 2010). In this study, its

oncogenic activity was further examined in vivo. MGC-
803 cells were transfected with various concentrations
of miR-421 inhibitor (0.5 and 1.0 pmol/L) or scrambled
sequence (negative control, 1.0 pmol/L). Transfection
of miR-421 inhibitor specifically reduced the level of
miR-421 in MGC-803 cells (Jiang et al. 2010). The growth
of these transfected cells was examined in the xeno-
graft model in BALB/c nude mice. Three independent
experiments were performed, and each group in each
experiment consisted of 6 mice. As shown in Figure 1, the
tumor growth of MGC-803 cells transfected with miR-
421 inhibitor was significantly inhibited compared with
that of the control group (Figure 1), as evidenced by the
dose-dependent tumor volume reductions in the miR-
421 inhibitor-transfected group (Figure la; 0.5 pmol/L
vs control, p=0.004; 1.0 pmol/L vs control, p=0.007). At
the early stage (29 days and earlier), the smaller dosage
(0.5 umol/L) seemed to most significantly reduce tumor
volume (Figure 1a). However, the difference between the
two treatment groups was not statistically significant (p >
0.05). At the latter stage (32 days and later), the bigger dos-
age (1.0 pmol/L) appeared to significantly reduce tumor
volume compared with the smaller dosage (p < 0.05). The
miR-421 levels from MNCs fractions collected from the
host were not measurable (data not shown). Therefore,
there were no detectable CTCs in the xenograft mice.

Levels of miR-421 in MNCs from peripheral blood of
patients with gastric cancer were higher than those
from healthy volunteers

Levels of miR-421 in MNCs from the peripheral blood of
patients with gastric cancer were compared with those
from healthy volunteers according to their AC, values. As
shown in Figure 2, the miR-421 levels in patients’ sam-
ples were higher than those in controls (p<0.01). When
a 222 yalue >2.00 was considered as positive (Markou
et al. 2008), the positive detection rate of patients with
gastric cancer was 72.50%. However, when CEA was used
as a marker, the positive detection rate was only 23.81%.

Relationship of miR-421 level and clinicopathological
factors in gastric cancer patients

The relationship of miR-421 levels in MNCs with
clinicopathological factors of gastric cancer patients
was investigated. As indicated in Table 1, the level of
miR-421 was significantly associated with tumor size
(p=0.007) but not significantly associated with other
clinicopathological features, including age, gender,
and differentiation. The average AC, value of group for
tumor size smaller than 2 and above was -0.77 and 4.26,
respectively. As a result, the experimental difference in
AC, value was 5.03. It was also interesting to note that
the correlation of miR-421 with TNM stages (p=0.077)
was closer to the significance but not with differen-
tiation (p=0.932). The levels of miR-421 in IV stages
patients were among the highest (Table 1). However,
the linear association between miR-421 level and can-
cer stage was not found and the standard deviation was
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Figure 1. miR-421 inhibitor inhibited tumor growth in nude mice. MGC-803 cells were transfected with miR-421 inhibitor or negative
control for 24 h. A total of 3 x 10° cells were subcutaneously injected into the back of nude mice. A: The size of the tumors was determined
by first measuring length (L, cm) and width (W, cm) and then the volume was calculated using the formula V=W?xLx 0.5. p=0.004
(0.5 pmol/L vs control), p=0.007 (1.0 pmol/L vs control). B: Representative tumor following mouse sacrifice.

extremely large. This may be due to the limited number
of patients included in this study.

Diagnostic efficiency of miR-421 in the detection of
CTCs in patients with gastric cancer

To evaluate the clinical value of miR-421 as a CTC marker,
the AUC value from ROC curve analysis was determined.
As shown in Figure 3, the AUC was up to 0.773+0.0736
(p=0.0002), which indicated that it might be useful in
clinical diagnosis (Zweig and Campbell 1993). The 95%
confidence interval was 0.643 to 0.873. The criterion
value (cutoff value) was 7.075 with a sensitivity of 94.12%,
and the specificity was 62.50%.

Discussion

To date, the function of miR-421 has not been fully
understood. Hu et al. reported that ataxia-telangiecta-
sia mutated (ATM), which plays a central role in the

© 2012 Informa UK, Ltd.

maintenance of genomic integrity, is downregulated
by N-Myc-regulated miR-421 (Hu et al. 2010). Ectopic
expression of miR-421 results in S-phase cell cycle
checkpoint changes and an increase in sensitivity to
ionizing radiation (Hu et al. 2010). Our previous stud-
ies report that miR-421 is significantly elevated in gas-
tric cancer tissues (Guo et al. 2009; Jiang et al. 2010).
Furthermore, in vitro research shows that inhibition of
miR-421 expression reduces the proliferation of gastric
cancer cells by upregulating the expression of its cancer-
related target genes CBX7 (chromobox homolog), and
RBMXLI (RNA binding motif protein, X-linked-like 1)
(Jiang et al. 2010). CBX7 was shown to be associated
with several types of cancers (Bernard et al. 2005).
RBMXLI was reported to be associated with apoptosis-
related genes such as Bcl-2, Bax, c-erb-B2, and p53 in
breast cancer (Martinez-Arribas et al. 2006). A recent
study also demonstrated that miR-421 is a potent
regulator of deleted in pancreatic carcinoma locus 4

RIGHTS LI N Ki}



Biomarkers Downloaded from informahealthcare.com by Changhua Christian Hospital on 11/14/12

For personal use only.

108 H.Zhouetal.

(DPC4), a tumor suppressor (Hao et al. 2011). The data
presented in this study indicate that the use of miR-421
inhibitor significantly suppresses tumor growth in vivo
(Figure 1). MiR-421 may be involved in the early stages
of stomach carcinogenesis (Jiang et al. 2010). A durable
tumor growth inhibitory effect was found in our study
(Figure 1). The effectiveness of using miRNA inhibitor

Table 1. The relationship of miR-421 level and
clinicopathological features of patients with gastric cancer.

Clinicopathological No. of miR-421(average
features patient* fold-change + SD) p value
Age (years)
<60 15 4648.84+5787.59  0.723
=60 25 3303.81+4703.27
Gender
Male 30 4321.81+5635.32  0.636
Female 10 2369.16+2922.71
Tumor size (cm)
<2 3 6112.43+3971.21  0.007
=2 17 4582.64+6067.46
TNM stage
1 8 5385.82+5143.98 0.077
I 13 1110.97+1591.43
I 4 1082.50+2149.46
v 5 7295.50+£8212.39
Differentiation
Poor 16 3654.12+4151.83  0.932
Moderate-Poor 9 5257.38+7177.45
Moderate 6 4600.72 +6482.21

*Some of clinicopathological features were not indentified.

in xenograft models and its tumor growth inhibitory
effects has been confirmed in several studies (Pichiorri
et al. 2008; Su et al. 2009).

The in vivo and in vitro results discussed above
clearly imply the feasibility of using miR-421 as a
marker for the diagnosis of gastric carcinoma. In the
past several years, the important roles of miRNAs in
cancer cells have been recognized (Ueda et al. 2010; Wu
et al. 2010). MiRNAs may have potential value as diag-
nostic, prognostic, and predictive biomarkers and may
also be considered as therapeutic targets (Kosaka et al.
2010). Specific biomarkers, which can be sampled non-
invasively, are mostly welcomed by patients. Recently,
it has been discovered that extracellular miRNAs are
stably present in body fluids from both healthy people
and patients (Gilad et al. 2008; Mitchell et al. 2008).
However, their secretory mechanism and biological
function, as well as the clinical value of the existence of
extracellular miRNAs, remain largely unclear (Kosaka
et al. 2010). In another study from our laboratory, we
established a new potential way of monitoring gastric
carcinoma using the expression pattern of miR-106a
and miR-17 in peripheral blood (Zhou et al. 2010).
Differing from body fluids, the miRNAs in CTCs are
from living cells, and CTCs are major source of mortal-
ity in patients with cancer because they can travel in
the bloodstream via circulation to distant sites (Lurje
et al. 2010).

The transcripts of protein-coding genes such as CEA
mRNA have been used as biomarkers to detect CTCs of
patients with gastric cancer and other cancers (Ikeguchi
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Figure 2. Levels of miR-421 in MNCs from peripheral blood of patients with gastric cancer were higher than that from healthy volunteers.
The AC, is equal to the difference between threshold cycles (C ) for miR-421 (target) and those for U6 RNA (reference). First, the miR-421 and
U6 RNA were amplified separately. Then, the C, for each sample was determined by Mx3005P QPCR System software (Stratagene, La Jolla,
CA). Finally, the AC, value was calculated. AC = C, (miR-421) — C, (U6). Data were expressed as the mean + standard deviation. The smaller
the AC, value or the bigger the — AC, value indicates higher level of miR-421 expression. Patients (rn=40) vs control (n=17), p<0.01.
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Figure 3. Receiver operation characteristic (ROC) curve. The clinical values were assessed by differentiating 40 preoperative gastric cancer
patients from 17 healthy volunteers. The AUC is 0.773+0.0736 (p=0.0002).

and Kaibara 2005; Miyazono et al. 2001). However, the
specificity of mRNAs as biomarkers remains elusive. CEA
mRNA was only detected in the blood of 36.8% gastric
cancer patients (Miyazono et al. 2001). Unlike mRNA
profiling, miRNA expression profiling may hold more
promise for discriminating between tumor types (Nelson
and Weiss 2008; Zhou et al. 2010). Our results show that
the levels of miR-421 in MNCs from peripheral blood of
patients with gastric cancer are higher than those from
control (Figure 2), and when miR-421 was used as a
marker the positive detection rate for patients with gastric
cancer was up to 72.50% and the AUC of is 0.773+0.0736
(Figure 3). To date, no data show evidence that miR-421
is upregulated in MNCs, and miR-421 was only found to
be highly expressed in cancer cells (Guo et al. 2009; Hao
etal. 2011; Jiang et al. 2010). All these data imply that miR-
421 might be a potential biomarker for detecting CTCs in
patients, including gastric cancer patients. In addition, the
levels of miR-421 in MNCs from peripheral blood samples
(Table 1) are significantly associated with tumor size, sug-
gesting that miR-421 might play an important role in the
early stages of gastric cancer. To demonstrate the relation-
ship between miR-421 levels and early stage carcinogen-
esis, the stratification of tumor size was performed at 2 cm
(Table 1), not at 5 cm as in most reports (Cheng et al. 2011;
Xiao et al. 2009). As we found, tumor size seems to reflect
the numbers of circulating tumor cells.

© 2012 Informa UK, Ltd.

In our previous study, we found that the cutoff value for
the use of miR-106a or miR-17 as a marker to differentiate
gastric cancer patients from health controls was 6.535 or
6.190, respectively (Zhou et al. 2010). Here, we found that
the cutoff value for the use of miR-421 as a marker was
7.075. These mean that miR-421 in gastric cancer cells was
less expressed than miR-106a and miR-17 did. The differ-
ential expression levels among miR-421, miR-106a, and
miR-17 have been confirmed in another report (Guo et al.
2009). From the results of recovery experiments (Zhou
et al. 2010) and according to the cutoff value, when the
quantity of gastric cancer cells in 2mL of blood reached
10, miR-106a and miR-17 could be detected. Since miR-
421 in gastric cancer cells is expressed at lower levels than
miR-106a and miR-17, we suppose the detectable number
of CTCs should be more than 10 in 2mL of blood.

In conclusion, a decrease in miR-421 expression in
gastric cancer cells significantly suppresses tumor growth
invivo, which indicates thatmiR-421 might play a crucial role
in the carcinogenesis. Furthermore, the detection of miR-421
in MNCs from peripheral blood may be a novel method for
monitoring CTCs in patients with gastric cancer.
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