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Plasma miR-122 and miR-192 as potential novel biomarkers
for the early detection of distant metastasis of gastric cancer
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Abstract. The aim of the present study was to ascertain
whether plasma levels of specific microRNAs (miRNAs) are
associated with distant metastasis (DM) in gastric cancer
(GC). miRNA profiling was performed on 12 pairs of samples
of gastric cancer with distant metastasis (GC/DM) and gastric
cancer with no distant metastasis (GC/NDM); 14 differentially
expressed miRNAs were identified for further inspection.
Validation of these 14 miRNAs using quantitative reverse
transcription PCR (QRT-PCR) on an independent validation
set identified 2 differentially expressed miRNAs (miR-122 and
miR-192). Further validation of these two candidate miRNAs
was conducted in a disease control set, a self-paired plasma set
and finally in gastric cell lines in vitro. The results revealed
that when compared with GC/NDM and healthy controls
(HCs), plasma levels of miR-122 were significantly lower and
plasma levels of miR-192 were significantly higher in GC/DM
samples (both P<0.01). The plasma miR-122 level was again
lower and the plasma miR-192-level was again higher in
patients with GC/DM than in patients with benign gastric
ulcer (BGC) and chronic gastritis (CG) (P<0.01). Compared
to the level in patients with pre-distant metastases, miR-122
was significantly decreased while miR-192 was markedly
elevated in patients with post-distant metastases (P<0.01).
In CTC105 and CTCl141 cells, miR-122 levels were moder-
ately lower and miR-192 levels were markedly higher when
compared to the levels in the GES-1 cells. ROC analyses
showed that the AUC for plasma miR-122 was 0.808 (95% CI,
0.712-0.905; P<0.01), and the AUC for plasma miR-192 was
0.732 (95% CI, 0.623-0.841; P<0.01) for distinguishing GC/
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DM from GC/NDM. High expression of miR-122 in plasma
independently contributed to a more favorable prognosis for
GC (hazard ratio, 0.262; 95% CI, 0.164-0.816; P=0.038; Cox
regression analysis), whereas the miR-192 level was not associ-
ated with the overall survival time. Our results demonstrated
that assessment of decreased circulating miR-122 and elevated
circulating miR-192 levels has the potential to improve early
detection of DM in GC. Higher plasma levels of miR-122 in
GC may indicate a favorable prognosis.

Introduction

Although in recent years a downward trend in the global inci-
dence of gastric cancer (GC) has been noted, GC still ranks
worldwide as the fourth most common cancer and is the second
leading cause of cancer-related mortality (1-3). In China, the
annual prevalence and death rates for GC are more than twice
the world average, with mortality from GC accounting for
almost a quarter (23.2%) of cancer-related deaths (4).

Almost one-third of GC cases present with metastasis
at the time of diagnosis, and 4-14% have metastatic disease
to the liver (3,5,6). Gastric cancer with distant metastasis
(GC/DM) has a poor prognosis, with a median survival of
only 3-5 months (7-9). Systemic chemotherapy is the preferred
treatment for metastatic disease and may extend overall
survival to 8-12 months (10,11). The efficacy of surgery is
controversial, and only some rigorously selected cases may
benefit from surgery. Palliative surgery in these patients is
not recommended according to treatment guidelines (12,13).
Therefore, effective diagnostic markers are needed to allow
the early diagnosis of GC/DM. At present, detection of distant
metastases mainly depends on computed tomography (CT)
investigations, but it can be difficult to identify tiny or occult
lesions. Thus, this technique is of limited diagnostic value.
Consequently, assessment of a large number of recently iden-
tified blood tumor markers, such as circulating microRNAs
(miRNASs) has become a central focus of research.

miRNAs are a class of non-coding small RNAs, usually
19-25 nucleotides long, which are transcribed from a stem-loop
structure precursor (14). miRNAs mainly regulate target gene
mRNAs by degradation or inhibition of translation through
complete or incomplete matching of 3'UTR of the target gene,
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and, thus, participate in signaling pathways affecting tumor
occurrence and development, playing similar roles to those of
oncogenes Or tumor-suppressor genes, in either promoting or
inhibiting tumor development (15,16). Differentially expressed
miRNAs have been found in many types of tumors (17,18),
and different types of cancers exhibit distinct miRNA profiles
(15,19). Moreover, many studies have shown that miRNAs
are stable in blood samples, thus, making the quantitative
detection of miRNAs in blood feasible. Therefore, miRNAs
in blood have been extensively studied as biomarkers for
GC diagnosis, prognosis and treatment (20-23), yet, specific
circulating miRNAs associated with distant metastasis in GC
remain unidentified.

The aim of the present study was to identify specific
miRNAs in GC/DM plasma samples. Using miRNA micro-
array screening and subsequent qRT-PCR validation, we
identified 14 miRNAs in the plasma of patients with GC/DM.
Of these miRNAs, we focused on two, miR-122 and miR-192,
and found that compared with gastric cancer with no distant
metastasis (GC/NDM), miR-122 expression was significantly
lower, whereas miR-192 expression was significantly higher
in GC/DM. In addition, the potential use of these miRNAs as
markers for GC/DM was assessed in one gastric mucosal cell
line, three human GC cell lines, and two gastric circulating
tumor cell lines. Finally, survival analysis was performed
to clarify whether the specific miRNA expression level was
associated with patient survival time.

Materials and methods

Patient samples. The study was approved by the Clinical
Research Ethics Committee of West China Hospital, and all
participants provided informed consent.

In total, 96 patients with GC, 7 patients with BGC, 10 patients
with CG and 36 control subjects were enrolled in the study.
The patients with GC consisted of 48 cases with GC/DM and
48 cases with GC/NDM. Plasma samples were obtained from
the patients at the Department of Abdominal Cancer, West China
Hospital of Sichuan University, during the period March 2012 to
April 2013. The 48 GC/DM cases included GCs with liver, lung,
or bone metastasis, or simultaneous multiple-organ metastasis,
supported by imaging and pathological evidence. The 48 GC
cases without DM were at a local-advanced stage, accompanied
by a giant lump or distant lymph node (such as supraclavicular
lymph node) metastasis, but had no pathological evidence of DM.
Patients in the disease control set had no pathological evidence of
tumor disease and were matched to patients by age and gender.

The control plasma samples were obtained from individual
undergoing a routine physical examination, who showed no
evidence of disease. Controls (HCs) were matched to patients
by age and gender.

Study design. The study used a six-step procedure. In step 1,
12 pairs of GC/DM and GC/NDM samples (the discovery set)
were set up for miRNA microarray screening. The miRNA
profiles were then generated, and 14 miRNAs that were found
to be differentially expressed were selected for validation.

In step 2, quantitative reverse transcription-PCR
(QRT-PCR) was used to investigate for the presence of the 14
selected miRNAs in the validation set, which consisted of 72
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plasma samples from GC (36 pairs of GC/DM and GC/NDM
samples) and 36 plasma samples from HCs. This step identi-
fied 2 miRNAs (miR-122 and miR-192) that were differentially
expressed.

In step 3, to ascertain whether the two identified miRNAs
(miR-122 and miR-192) are specific to GC/DM, qRT-PCR
validation was further conducted on a cohort containing
disease controls, consisting of 10 patients with CG, 7 patients
with benign BGC, as well as 10 GC/DMs and 10 HC samples.

In step 4, the levels of the selected miRNAs (miR-122 and
miR-192) were also examined using paired pre- and post-
distant metastasis plasma samples from 7 patients.

In step 5, final validation was conducted using gastric cell
lines: a normal gastric mucosal cell line (GES-1), GC cell lines
(SGC7901, MKN45 and BGC823), and cell lines established
from circulating tumor cells (CTC141 and CTC105).

In step 6, we evaluated the diagnostic value of these markers
for predicting DM. Using Youden's index as the criterion for
determining the optimal cut-off value, the area under the curve
(AUC) of each receiver operating characteristic (ROC) curve
was calculated, and survival analysis was also conducted for
these two miRNAs.

Gastric cancer cell lines. The human gastric mucosal cell line
GES-1, and the human GC cell lines SGC7901, MKN45 and
BGC823 were maintained in our laboratory. The circulating
tumor cell lines CTC141 and CTCI105 were a kind gift from the
Laboratory of Stem Cell Biology of Sichuan University. These
two cell lines are CD44-positive cells with great potential for
tumor metastasis, and were derived from blood samples of two
patients with gastric adenocarcinoma by magnetic isolation,
purification and stable passaging (24).

All six cell lines were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS) in 5% CO,
at 37°C.

Plasma preparation and RNA isolation. All plasma samples
were collected prior to any therapeutic procedure such as
surgery, chemotherapy or radiotherapy. Venous blood (3-5 ml)
was collected into tubes containing EDTA, and the separa-
tion procedure was carried out within 2 h after venipuncture.
The samples were centrifuged at 1900 x g for 10 min at 4°C,
followed by a high-speed centrifugation step of 13,000 x g for
a further 10 min at 4°C to complete the removal of residual
cell debris and genomic DNA. The supernatant plasma was
then removed, split into aliquots and frozen at -80°C until use.

Total RNA was extracted from plasma using TRIzol LS
reagent (Invitrogen, Carlsbad, CA, USA) and from cells using
TRIzol reagent (Invitrogen). After adding 750 ul TRIzol LS to
250 pl plasma, 1 pmol ath-miR-159a (synthesized by Riobio,
Guangzhou, China) was added as spike-in control and the
solution was mixed thoroughly. Total RNA was extracted by
TRIzol LS, following the manufacturer's protocol with minor
modifications. The RNA pellet was resuspended in 25 ul
nuclease-free water and stored at -80°C.

miRNA profiling. Using 1 pooled plasma sample from 12
GC/DM samples and 1 pooled plasma sample from 12 GC/
NDM samples, miRNA profiling was performed with
miRCURY LNA™ Universal RT microRNA PCR assays
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(Exiqon, Vedbaek, Denmark). The assays used the Serum-
Plasma Focus microRNA PCR Panels (Exiqon) comprising
a 168 miRNA primer set for disease-associated miRNAs
commonly found in human serum/plasma, along with LNA™
enhanced primers tagged with SYBR-Green. The method
used 384-well PCR plates, and the pre-aliquoted LNA™ PCR
primers were added to each well. Total RNA was prepared as
described above, and an amount of 22 ng of RNA was used
for profiling in each reaction. cDNA was pre-amplified by
primers SP6, after identifying Ct reunification values, then
doing follow-up experiments. In total, 168 target miRNAs
were detected, and the fold-change in the expression of each
miRNA was calculated.

gRT-PCR validation of miRNAs in plasma. The miRNA
profiling identified 14 differentially expressed miRNAs,
which were selected and further quantified by qRT-PCR.
Specific primers were purchased from Tiangen Biotechnology
(Beijing, China). An aliquot (3 ul) of total RNA was obtained
from the 25 ul solution of the resuspended total RNA and
was polyadenylated and reverse-transcribed to cDNA using
a commercial kit (One Step PrimeScript miRNA cDNA
Synthesis kit; Takara, Tokyo, Japan). Subsequently, the cDNA
was diluted 7.5-fold, and 2 ul of this diluted cDNA was used
as a template. Finally, qRT-PCR was run on a PCR system
(IQ5; Bio-Rad Laboratories, Inc., Hercules, CA, USA) with
miRNA-specific primers and SYBR-Green Mix (Takara)
according to the manufacturer's instructions. The cycle
threshold (Ct) values of miRNA expression were normalized
to ath-miR-159a (U6).

Further validation of miRNAs in cell lines by qRT-PCR.
Using the process described above, two miRNAs (miR-122
and miR-192) were selected for further validation in GES-1, a
normal gastric mucosal cell line; two cell lines with low differ-
entiation potential, BGC823 and MKN45; SGC7901, a cell
line with moderate differentiation; and the blood circulating
tumor cell lines CTC141 and CTC105. gqRT-PCR was carried
out as described above, except that U6 was used as an internal
control in the cells (thus no spike-in control was needed) and
the cDNA was diluted 40-fold.

Statistical analysis. The expression levels of miRNAs are
presented as 22, where the ACt sample is defined as Ct,ee-
Ctmir.159)» and Ct represents the threshold cycle number, shown
as median £ SD. The 222" method was used to analyze the
relative expression of miRNAs, and the Mann-Whitney or
Kruskal-Wallis test to compare the expression of plasma
miRNAs between the different groups. ROC curves and AUC
were used to evaluate the feasibility of using specific plasma
miRNAs as a diagnostic tool for GC/DM. Probability of
survival was determined by Kaplan-Meier analysis, and the
significance of differences between groups was analyzed by
the log-rank test. The fold-change (compared with paired
samples in the HC group) was analyzed using >2 or <2 as the
miRNA expression cut-off value. Cox proportional-hazards
regression analysis was applied to estimate hazard ratios for
survival. The relationship between clinicopathologic features
was assessed by ANOVA, Student's t-test or y* test. All tests
were two-sided, and a significance level of P<0.05 was consid-
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ered to indicate a statistically significant result. Statistical
analysis was performed using SPSS software (version 16.0;
SPSS Ltd., Woking, Surrey UK). Graphs and charts were
created using the software packages GraphPad Prism (version
5.00 for Windows; GraphPad Software Inc., La Jolla, CA,
USA) and MedCalc (version 12.3.0.0; MedCalc Software,
Ostend, Belgium).

Results

Patients and groups. The baseline epidemiological and clinical
characteristics of the 113 patients and the 36 HCs enrolled in
the present study are shown in Table I.

There were no significant differences in the distribution
of age or gender in the discovery set, the validation set and
the disease control set. The pathological differentiation, TNM
stage, and tumor location did not differ between the GC/DM
and GC/NDM groups, and the distribution of metastatic
location in the GC/DM group also did not differ between the
discovery set and the validation set.

miRNA profiling analysis. RNA quantification and quality
assurance of total RNA extracted from the two pooled samples
(equal amount from 12 pairs of GC/DM and GC/NDM)
showed that the concentration was 11.94 and 11.31 ng/ul,
respectively. The miRNA profiling identified 14 significantly
altered miRNAs (miR-122, miR-125a-5p, miR-126, miR-133b,
miR-148b,miR-151-3p, miR-15b,miR-192, miR-195,miR-200c,
miR-205, miR-320a, miR-346 and miR-136) (Table II).

Validation of the plasma-specific miRNAs for the three groups
in the validation set. These 14 miRNAs were then assessed to
identify those with a mean Cq value of <35, fold-change >2
and P<0.05. Using this method, we found 2 of the 14 miRNAs
(namely, miR-122 and miR-192) to have significant expression
in the plasma samples, and these were selected for further
analysis.

Expression of miR-122 was significantly lower, and expres-
sion of miR-192 was significantly higher (both P<0.01) in the
GC/DM when compared to levels in the GC/NDM and HC
groups, and there were no significant differences in the levels
of miR-122 or miR-192 between the GC/NDM and HC groups
(P>0.05) (Fig. 1A and B). Using the AUC of the ROC curve
to estimate the diagnostic value of miR-122 or miR-192 in
discerning distant metastasis in GCs, we found that the plasma
levels of miR-122 and miR-192 effectively distinguished
patients with GC/DM from patients with GC/NDM and from
the HCs (Fig. 1C-F).

Detection of candidate miRNAs in the disease control set. To
ascertain whether the upregulated expression of miR-122 and
miR-192 was specific to GC/DM, we evaluated the miR-122
and miR-192 expression in plasma from the controls with two
additional diseases: 7 patients with BGU, 10 with CG. miR-122
and miR-192 expression in these diseases was compared
with that of GC/DM and the controls. Results showed that
miR-122 was lower and miR-192 was higher in patients with
DM (P<0.01) than in the patients with the other two diseases
(Fig. 2A and B), confirming that lower miR-122 and higher
miR-192 levels are typical of GC/DM.
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Table I. Clinicopathological features of the GC cancer with distant metastasis and without distant metastasis and the healthy controls.

Number of cases (%)

Discovery set Validation set Disease
(pooled samples) (independent samples) control set
Variables GC/DM GC/NDM GC/DM GC/NDM HC BGC CG
(n=12) (n=12) (n=36) (n=36) (n=36) (n=7) (n=10)

Age (years)

Median 57 58 56 57 59 58 57

Range 44-62 45-60 48-61 51-66 48-61 54-60 52-61
Gender

Male 9 (75.0) 9 (75.0) 28 (77.8) 26 (72.2) 28 (77.8) 5(714) 7 (70.0)

Female 3(25.0) 3(25.0) 8(22.2) 10 (27.8) 8(22.2) 2 (28.6) 3 (30.0)
TNM stage

I 4(33.3) 0 (00 13 (36.1) 0 (00

v 8 (66.7) 12 (100.0) 23 (63.9) 36 (100.0)
Pathology

Well 1(8.3) 2 (16.7) 3 (8.3) 4 (11.1)

Moderate and poor 11 (91.7) 10 (83.3) 33 (91.7) 32 (88.9)
Tumor location

Cardia 4(33.3) 4(33.3) 14 (38.9) 19 (52.8)

Body 4(33.3) 3(25.0) 7(194) 3 (83)

Antrum 4(33.3) 541.7) 15 (41.7) 14 (38.9)
Metastasis location

Liver 6 (50.0) 22 (61.1)

Lung 3(25.0) 9(25.0)

Bone 2 (16.7) 2 (5.6)

Liver + lung 1(8.3) 3 (83)

GC, gastric cancer; HC, healthy controls; GC/DM, GC with distant metastasis; GC/NDM, GC with no distant metastasis; BGC, benign gastric
ulcer; CG, chronic gastritis.

Table II. Dysregulated miRNAs in the discovery set found through miRCURY LNA™ profiling.

Mean ACt (Cty,, - mean Ctg,) 2-a¢
miRNA ID GC/DM GC/NDM GC/DM GC/NDM Fold difference (DM/NDM)
miR-122 4.194 -3.348 0.055 10.184 0.005
miR-125a-5p 1.339 -1.431 0.395 2.697 0.147
miR-126 -1.547 -3.651 2.921 12.566 0.232
miR-133b 4.194 -0.357 0.055 1.281 0.043
miR-148b 4.194 0.489 0.055 0.712 0.077
miR-151-3p 2.988 1.086 0.126 0471 0.268
miR-15b 1.635 -1.503 0.322 2.834 0.114
miR-192 -1.617 3.771 3.068 0.073 41.883
miR-195 4.194 0415 0.055 0.75 0.073
miR-200c 4.194 -1.071 0.055 2.101 0.026
miR-205 4.194 -0.324 0.055 1.252 0.044
miR-320a -1.138 -4.296 2.2 19.639 0.112
miR-346 -2.502 3.771 5.666 0.073 77.356
miR-136 1.451 3.771 0.366 0.073 4.994

GC, gastric cancer; GC/DM, GC with distant metastasis; GC/NDM, GC with no distant metastasis.
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Figure 1. (A and B) Box plots of plasma levels (22") of miR-122 and miR-192 in the GC/DM (n=36), GC/NDM (n=36) and HC (n=36) groups. Expression
levels of the miRNAs (logl0 scale on the y-axis) were normalized to ath-miR-159a. The line represents the median value. (A) Expression of miR-122 in plasma
samples was significantly reduced in the GC/DM group when compared with the expression in the GC/NDM and HC groups. (B) Expression of miRNA-192
was significantly elevated in the GC/DM group when compared with expression in the GC/NDM and HC groups. (C and F) Diagnostic efficiency of miR-122
and miR-192 in the three groups. The AUC of the ROC curve for detecting DM from NDM was 0.808 for miR-122 and 0.732 for miR-192 (both P<0.001). The
AUC of the ROC curve for detecting DM from HC was 0.815 for miR-122 and 0.818 for miR-192 (both P<0.001). GC, gastric cancer; GC/DM, GC with distant
metastasis; GC/NDM, GC with no distant metastasis; HC, healthy controls; AUC, area under the curve; ROC, receiver operating characteristic.

Validation of the candidate miRNAs in self-paired plasma
samples in pre- and post-distant metastasis plasma samples.
By comparison of the samples of patients before distant metas-
tases, we found that miR-122 was significantly decreased
while miR-192 was dramatically elevated in patients after
distant metastases (P<0.01; Fig. 2C and D).

Further validation using gastric cell lines. Compared with the
GES-1 cells, CTC105 and CTC141 cells showed miR-122 levels
that were 1.9- and 2.1-fold lower, respectively, and miR-192
levels that were 8.5- and 11.0-fold higher. The expression of
both miRNAs in the other three cell lines varied (Fig. 3A
and B).

Kaplan-Meier survival analysis. Finally, we determined
whether the expression levels of miR-122 and miR-192 are
correlated with the survival of patients with GC. Using the
Kaplan-Meier and log-rank methods, we found that high expres-

sion of plasma miR-122 was correlated with prolonged overall
survival (OS) of patients with GC. Univariate Cox analysis
revealed that TNM stage (IV) and differentiation (poor) were
significantly associated with reduced patient survival, while
the plasma miRNA level (high miR-122) contributed to better
prognosis of patients with GC. Multivariate Cox analysis
indicated that upregulation of plasma miR-122 independently
contributed to a more favorable prognosis of patients with GC
(hazard ratio, 0.262; 95% CI, 0.164-0.816; P=0.038), while the
level of miR-192 was not associated with OS in patients with
GC (Table III and Fig. 4A and B).

Discussion

In the present study, we used a case-control experiment to
investigate the role of plasma miRNAs in predicting GC/DM
using miRNA profiling on two pooled samples, followed by
gRT-PCR assays on an independent validation set and then
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Figure 3. Expression of miR-122 and miR-192 was detected by qRT-PCR in the normal gastric mucosal cell line GES-1; two cell lines with low differentia-
tion potential, BGC823 and MKN45; a cell line with moderate differentiation, SGC7901; and the blood circulating tumor cell lines CTC141 and CTCI105.
(A) Expression of miR-122 in the SGC7901 cell line was 1.8-fold higher than that in the GES-1 cell line, while in MKN45, CTC105 and CTC141 cells it
was 1.9-, 2.1- and 2.5-fold lower than that in the GES-1 cell line. Expression of miR-122 in the BGC823 cell line was almost absent when compared to the
expression in the GES-1 cell line. (B) Compared with expression in the GES-1 cell line, expression of miR-192 in SGC7901 and MKN45 cells was 2.5- and
2.8-fold lower, respectively; expression of miR-192 in the CTC105 and CTC141 cells was 8.5- and 11.0-fold higher, respectively; and expression of miR-192 in

the BGC823 cells was approximately the same.

later uisng gastric cancer cell lines. Plasma obtained from 12
cases of each of the two patient groups in the discovery set
were mixed together to form two pooled plasma samples that
were used for subsequent experiments. This method of pooling
samples is a widely used technique that has been shown to be
reliable for profiling (25-28).

Tumor metastasis involves a number of critical steps,
including epithelial-mesenchymal transition (EMT), apoptosis
and angiogenesis. Multiple miRNAs have been shown to
promote or inhibit metastasis (29). Previous studies have shown
that miR-200c is closely associated with cancer metastasis and
acts as a metastamiR in the EMT process (30). By contrast,
miR-31 inhibits multiple steps of metastasis, including inva-
sion, anoikis and colonization, and was shown to cause a 95%
reduction in lung metastasis in a model of breast cancer (31).

In the present study, using miRNA profiling screening, we
identified a total of 14 differentially expressed miRNAs (see
Material and methods). These miRNAs were then selected
and validated, and two miRNAs, miR-122 and miR-192, were
selected for further investigation. The plasma levels of these
miRNAs, but not of the other tested miRNAs, were signifi-
cantly different between the GC/DM and GC/NDM patients
in this population.

miR-122 was initially discovered as a liver-specific
miRNA, and its precursors are found on human chromosome
18, at position 18921 (32,33). miR-122 is physiologically
involved in liver cell metabolism, cell differentiation and
other emergency responses, while in pathological states,
it promotes hepatitis C virus replication in liver cells, and
participates in carcinogenesis, development and metastasis
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Table III. Univariate and multivariate analyses of plasma miR-122 and clinicopathological factors associated with survival in

gastric cancer.

Univariate analysis

Multivariate analysis

Variable Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
Differentiation (poor) 3.162 1.065-8.716 0.037 2.215 0.840-5.839 0.108
TNM stage (IV) 2.216 1.209-4.587 0.027 2.963 1.072-8.191 0.036
Metastasis location (lung) 2.228 0.954-5.202 0.064 -) (-) )
Plasma miR-192 level (low) 1.049 0.403-1.936 0921 1.119 0.490-2.556 0.789
Plasma miR-122 level (high) 0.237 0.021-0.896 0.045 0.262 0.164-0.816 0.038
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Figure 4. Kaplan-Meier survival curves for patients with GC in the validation set plotted for plasma miR-122 and miR-192 levels. The P-value was calculated
using the log-rank test between patients with high fold-change (>2) and low fold-change (<2). (A) The OS rate of patients with GC with high plasma miR-122
expression was significantly higher than the OS in the patients with low plasma miR-122 expression (P=0.036). (B) Survival analysis showed that the expres-
sion level of miR-192 had no relationship with OS (P=0.912). GC, gastric cancer; OS, overall survival.

of hepatocellular carcinoma (34). A recent study found that
higher expression of circulating miR-122 predicts metas-
tasis in early-stage breast cancer (35). Iino et al (36) found
that miR-122 was significantly upregulated in synchronous
colorectal liver metastasis, and also negatively regulated its
target gene, cationic amino acid transporter 1. In contrast, in
the present study, we found significantly reduced levels of
plasma miR-122 in patients with GC/DM relative to patients
with GC/NDM and to the HCs, in accordance with another
previous study that showed that miR-122 is downregulated in
cancer (37,38).

Previous studies found that miR-192 is significantly
increased in many types of cancer (39-41), but decreased in
many others (42,43). Studies have also shown that p53-medi-
ated upregulation of miR-192 prevents EMT in hepatocellular
carcinoma through repression of the transcription factor
ZEB?2 (44). In the present study, we found that miR-192a was
present at significantly higher levels in patients with GC/DM,
compared with patients with GC/NDM, the HCs as well as
the patients with gastric benign lesions, which is consistent
with previous results. This suggests that miR-192 is involved
in DM from GC, and might be a suitable marker for discrimi-
nating GC/DM from GC/NDM.

We also tested miR-122 and miR-192 in the GC cell
lines CTC105 and CTC141, and found that, compared with
levels in the GES-1 cells, miR-122 levels were moderately
lower while miR-192 levels were dramatically higher. Since
CTC105 and CTC141 cells were established from circulating
tumor cells possessing metastatic potential, the expression of

miR-122 was lower in these two original metastatic cell lines
than in the GES-1 cell line, while miR-192 showed the oppo-
site trend. Compared with levels in the GES-1 cells, miR-122
was moderately increased in the SGC7901 cells but slightly
decreased in the MKN45 cells and was almost absent in the
BGCS823 cells. By contrast, miR-192 levels in the SGC7901
and MKN45 cells were considerably lower than that in the
GES-1 cells, but levels in the BGC823 cells were almost the
same as in the GES-1 cells. These findings are in agreement
with those of Chiang et al (45), who found that miR-192
was downregulated in BGC-803, BGC-823 and SGC-7901
cells.

Finally, we also compared the diagnostic value of
miR-122 and miR-192 between GC/DM, GC/NDM and HCs
by analyzing the AUC. We found that these two candidate
miRNAs could perfectly distinguish GC/DM from both GC/
NDM and the HCs. Furthermore, through Kaplan-Meier
survival analysis and Cox analysis, we found that high expres-
sion of plasma miR-122 was correlated with prolonged OS of
patients with GC, and thus, plasma miR-122 upregulation may
be an independent predictor of a more favorable prognosis in
patients with GC.

Collectively, our data showed that differential plasma
levels of miR-122 and miR-192 exist between patients with
GC/DM and patients with GC/NDM. Lower levels of miR-122
and higher levels of miR-192 in plasma were associated with
the development of DM in patients with GC. miR-122 and
miR-192 may be valuable plasma biomarkers for discerning
DM in patients with GC. Therefore, further studies concerning
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the value of detecting plasma miR-122 and miR-192 in the
diagnosis of DM in GC in a larger population of patients with
GC and the potential molecular mechanisms by which these
miRNAs regulate metastasis of GC are warranted.
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