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Serum miR-200c expression level as a
prognostic biomarker for gastric cancer
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ABSTRACT. The aim of the present study was to analyze the serum
expression level of microRNA-200c (miR-200c) in gastric cancer (GC)
patients and to determine the relationship between this expression and
clinicopathological features and survival. Serum samples were obtained
from 98 patients with GC between February 2008 and January 2013.
Quantitative RT-PCR was used to assess miR-200c expression levels
in serum samples. Survival curves were plotted using the Kaplan-Meier
method, and differences between survival curves were compared by the
log rank test. The Cox proportional hazard regression model was used to
analyze the risk factors for GC. Relative serum miR-200c level was found
to be significantly higher in patients with GC than healthy controls. Mean
serum miR-200c level was 97.43 + 26.16 in the GC group and 20.79 *
14.61 in the control group (P < 0.0001). Serum miR-200c level was also
significantly associated with tumor grade (P = 0.01) and TNM stage (P =
0.009). Kaplan-Meier survival curves demonstrated that the overall survival
rate was significantly lower in the patients with high serum miR-200c level
than in those with low levels (27.9 vs 55.9%, P = 0.007). In addition,
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multivariate analysis confirmed that the hazard risk (HR) of death was
significantly higher in patients with high serum miR-200c expression levels
compared with low expression levels (HR = 4.01, 95%Cl = 2.67-10.02, P
= 0.006). The relative expression of serum miR-200c in GC patients was
significantly higher compared to healthy controls, and it may prove to be
useful in assessing the prognosis of GC.
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INTRODUCTION

Gastric cancer (GC) is the fourth most common human malignant disease and the second
leading cause of cancer-related deaths worldwide (Bertuccio et al., 2009; Ferro et al., 2014).
Due to the difficulties of early diagnosis, quantities of patients were diagnosed with GC until in its
advanced stage; unfortunately, even after radical surgery and adjuvant therapy, the 5-year overall
survival (OS) of GC patients is relatively low (Yang, 2006). Thus, to improve the clinical outcome
of GC patients, we need new prognostic biomarkers that can help us identify patients with high risk
and undertake a specific therapeutic strategy.

MicroRNAs (miRNAs) are noncoding RNA molecules of approximately 21 to 23 nucleotides
in length that regulate target gene expression by interfering with their transcription or by inhibiting
translation (Esteller, 2011; Kong et al., 2012; Rutnam et al., 2012). miRNAs play crucial roles in
diverse cellular biological processes, including cell differentiation, proliferation, growth, migration,
and survival. The discovery that miRNA expression is frequently dysregulated in malignant tumors
underpins their critical role, which is a matter of active investigation, both from a basic science
perspective and for its clinical usefulness. Circulating biomarkers are a promising means of
diagnosis and prognosis, since blood samples are easily obtainable. Related studies have shown
that human serum contains miRNAs and that their expression patterns can potentially be used as
clinically diagnostic and prognostic biomarkers of various cancers (Cortez et al., 2009, 2012).

MicroRNA-200c¢ (miR-200c) is a member of the miR-200 family, which is overexpressed in
several cancers, including ovarian cancer (lorio et al., 2007; Bendoraite et al., 2010), cervical cancer
(Lee et al., 2008), bile duct cancer (Meng et al., 2006), nasopharyngeal carcinoma (Zhang et al.,
2010), lung cancer (Liu et al., 2012), colorectal cancer (Zhang et al., 2013; Cristobal et al., 2014),
and GC as well (Tang et al., 2013; Song et al., 2014). Valladares-Ayerbes et al. (2012) found that the
miR-200c blood expression levels in GC patients were significantly higher than in normal controls
(P =0.018) and that it has the potential to be a predictor of progression and survival. However, until
now, the serum expression level of miR-200c and its clinical significance in GC in Asians have not
been investigated. The present study attempted to determine miR-200c in serum samples from GC
patients to see its clinical significance and prognostic value in an Asian population.

MATERIAL AND METHODS
Patients and serum samples

Serum samples were obtained from 98 patients with GC who had been surgically treated
in the Department of Gastrointestinal Surgery, Yantai Yuhuangding Hospital between February
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2008 and January 2013. The clinical characteristics of the study participants are listed in Table
1. No patients in this study had received chemotherapy or radiotherapy prior to blood sampling.
Tumors were staged according to the seventh edition of the UICC TNM classification system.
Venous blood (5 mL) was collected from each patient prior to surgery. The control group consisted
of 100 healthy volunteers who had never received a diagnosis of malignancy. Blood samples were
centrifuged at 2500 rpm and 4°C for 10 min. Supernatants were recovered and stored at -80°C until
further analysis. Follow-up data for all recruited patients were acquired and the survival time was
calculated from the date of surgery to the date of death or last follow-up. Written informed consent
was obtained from each patient, and study approval was obtained from the Yantai Yuhuangding
Hospital ethics review board.

Table 1. Correlation between serum miR-200c expression level and clinicopathological characteristics of patients
with GC.

Clinicopathological factors N Serum miR-200c level P value
High (N = 50) Low (N = 48)

Age (years)
<60 47 22 25 0.53
260 51 28 23

Gender distribution
Female 45 23 22 0.66
Male 53 27 26

Histological type
Intestinal 46 15 31 0.1
Diffuse 41 29 12
Mixed 11 6 5

Tumor size
<5cm 50 22 28 0.09
25 cm 48 28 20

Grade
Low 46 17 29 0.01
High 52 33 19

Lymph node metastasis
Yes 67 36 31 0.06
No 31 14 17

TNM stage
1 34 9 25 0.009
v 64 41 23

Surgery type
Radical 79 37 42 0.07
Palliative 19 13 6

miRNA quantitation by real-time quantitative reverse transcription-polymerase
chain reaction (QRT-PCR)

Total RNA was extracted from tissues using the miRNeasy Mini kit (Qiagen, Hilden,
Germany) following the manufacturer instructions. Total RNA containing small RNA was extracted
from 500 pyL plasma using the TRIzol LS reagent (Invitrogen, Carlsbad, CA, USA) and the
miRNeasy Mini kit according to the manufacturer instructions. The final elution volume was 30
ML. RNA concentration was measured with a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA). For miRNA gPCR, reverse transcription was performed using
the QuantiMir™ RT kit (System Biosciences, Mountain View, CA, USA). Complementary DNA
(cDNA) served as the template for SYBR-Green real-time PCR using Power SYBR-Green PCR
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Master mix (Applied Biosystems, Foster City, CA, USA). The reactions were performed in triplicate
on the iCycler iQ™ Multi-Color Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA)
using miRNA-specific primers (Applied Biosystems). The amplification profile was denaturation at
95°C for 10 min, followed by 50 cycles of denaturation at 95°C for 15 s, annealing at 60°C for 30
s, and extension at 72°C for 1 min. The comparative cycle threshold (Ct) method was applied to
quantify the expression levels of miRNAs. The relative amount of miR-200c to small nuclear U6
RNA (RNU6B) was calculated using the equation 22, where ACt = (Ct Ct . The fold-
change of the gene expression was calculated using the equation 2-42¢t,

miR-200c RNU6B)

Statistical analysis

Differences between groups were examined for statistical significance by the Student f-test
with Yates’ correction, the chi-square test, Fisher exact probability test, or the Mann-Whitney U test.
Survival curves were plotted using the Kaplan-Meier method, and differences between survival
curves were compared by the log-rank test. The Cox proportional hazard regression model was used
to analyze the risk factors for gastric cancer. P < 0.05 was considered to be statistically significant.
The statistical analyses were performed with the SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA).

RESULTS
Serum level of miR-200c in patients with GC and healthy controls

Relative serum miR-200c level was found to be significantly higher in patients with GC
than healthy controls. Mean serum miR-200c level was 97.43 + 26.16 in the GC group and 20.79
+ 14.61 in the control group (P < 0.0001; Figure 1). We divided the 98 GC patients into a high
expression group (N = 50) and a low expression group (N = 48), according to the median expression
level of miR-200c.
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Figure 1. Relative expression level of miR-200c in blood samples.
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Correlation between miR-200c and clinicopathological features of GC

To better understand the potential roles of serum miR-200c in GC development and
progression, the correlation between the serum miR-200c levels and the clinicopathological factors
of the GC patients were also assessed. The Mann-Whitney test showed that there was no marked
correlation between the miR -200c levels and factors such as age (P = 0.53), gender (P = 0.66),
histological type (P = 0.11), tumor size (P = 0.09), lymph node metastasis (P = 0.06) and surgery
type (P = 0.07) (Table 1). However, serum miR-200c level was significantly associated with tumor
grade (P =0.01), and TNM stage (P = 0.009) (Table 1).

Correlation between serum expression of miR-200c and survival time of GC patients

Kaplan-Meier survival curves demonstrated that OS was significantly lower in the patients
with high serum miR-200c level than in those with low levels (27.9 vs 55.9%, P = 0.007; Figure. 2).
As shown in Table 2, multivariate analysis confirmed that the HR of death was significantly higher
in patients with high serum miR-200c expression levels compared with low expression levels (HR =
4.01, 95%Cl = 2.67-10.02, P = 0.006). In addition, the higher TNM stage (P = 0.01) and higher tumor
grade (P = 0.009) were also significantly associated with elevated HR of death for GC patients.
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Figure 2. Kaplan-Meier analysis of 5-year overall survival in 98 GC patients in relation to serum miR-200c expression
level.
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Table 2. Multivariate analyses for prognostic factors in patients with GC.

Variables HR 95%Cl P value
Age 1.33 0.37-2.01 0.31
Gender 1.02 0.28-3.87 0.66
Histological type 1.38 0.36-4.41 0.29
TNM stage 3.89 2.11-8.18 0.01
Lymph node involvement 3.12 0.89-7.19 0.06
Tumor size 2.19 0.76-6.11 0.11
Tumor grade 412 2.89-9.63 0.009
Surgery type 1.76 0.67-4.16 0.17
Serum miR-200c level 4.01 2.67-10.02 0.006
DISCUSSION

Gastroscopic screening for GC is currently the most reliable screening tool, but it is
unsuitable as a first-line examination due to its invasive nature. There is a need for discovering
some noninvasive biomarkers to improve the detection of GC. RNA from apoptotic or necrotic
tumor cells and circulating tumor cells after lysis can be released to the circulating blood in various
forms (Thery et al., 2002), but the RNA molecules in body fluids have limited biomarker applications
due to generally lower circulating levels. Studies have found that circulating miRNA in serum and
plasma is usually stably bound to proteins and not in free form (Chen et al., 2008), thus resistant to
RNase degradation (Arroyo et al., 2011). Therefore, circulating RNA may be a potential biomarker
in cancer diagnosis and prognosis (Deddens et al., 2013).

miR-200c is a member of the miR-200 family, which was previously shown to inhibit epithelial-
to-mesenchymal transition (EMT) by targeting the transcriptional repressor of cadherin 1(CDH1), zinc
finger E-box binding homeobox 1 (ZEB1), and survival of motor neuron protein interacting protein
1(SIP1); this suggests that these miRNAs could prevent tumor progression by negatively regulating
ZEB transcriptional repressors and consequently maintaining E-cadherin junctions and preventing
EMT (Bracken et al., 2008; Gregory et al., 2008; Korpal et al., 2008; Park et al., 2008). Upregulation of
miR-200c had been found in several cancers, including ovarian cancer (lorio et al., 2007; Bendoraite
et al.,, 2010), cervical cancer (Lee et al., 2008), bile duct cancer (Meng et al., 2006), nasopharyngeal
carcinoma (Zhang et al., 2010), lung cancer (Liu et al., 2012), and colorectal cancer (Zhang et al.,
2013; Cristobal et al., 2014), as well as GC (Tang et al., 2013; Song et al., 2014).

Previously, Valladares-Ayerbes et al. (2012) found that miR-200c blood expression in GC
patients was upregulated and that it had the potential to be a predictor of progression and survival.
They showed that the miR-200c blood expression levels in GC patients were significantly higher
than in normal controls (P = 0.018). The AUC-ROC was 0.715 (P = 0.012). Sensitivity, specificity
and accuracy rates of 65.4, 100 and 73.1, respectively, were observed. There was a correlation
(P = 0.016) with the number of lymph node metastases and the increased expression levels of
miR-200c in blood were significantly associated with a poor OS (median OS, 9 vs 24 months; P =
0.016) and progression-free survival (PFS) (median PFS, 4 vs 11 months; P = 0.044). Multivariate
analyses confirmed that the upregulation of miR-200c in the blood was associated with OS (HR
=2.24; P =0.028) and PFS (HR = 2.27; P = 0.028), independent of clinical covariates. However,
until now, the serum expression level of miR-200c and its clinical significance in GC among Asian
population had not been investigated.

In the present study, we determined circulating miR-200c expression by qRT-PCR. We
found that the relative serum miR-200c level was significantly higher in patients with GC than
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healthy controls. The serum miR-200c level was significantly associated with tumor grade and
TNM stage. Kaplan-Meier survival curves demonstrated that OS was significantly lower in patients
with high serum miR-200c level than in those with low levels (27.9 vs 55.9%, P = 0.007). In addition,
multivariate analysis confirmed that HR of death was significantly higher in patients with high serum
miR-200c expression levels compared with low expression levels (HR =4.01, 95%CI = 2.67-10.02,
P = 0.006). Empirically, HR of more than 1.5 is considered to be a strong prognostic factor (Hayes
et al., 2001), so miR-200c could be considered a potent prognostic biomarker for GC.

In conclusion, our study provided a potential biomarker for evaluation of surgery
outcomes of GC in Asians. By combining serum miR-200c expression level with conventional
clinicopathological factors, we may be able to predict GC outcome more accurately, leading to
additional therapeutic intervention. More in-depth and larger scale studies are required to confirm
the correlation described here.
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