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Abstract

Background Recently, circulating microRNAs have been

reported to be stably detectable in plasma/serum and to

function as potent non-invasive biomarkers in various

cancers. We hypothesized that miR-18a could contribute to

a novel plasma biomarker in patients with gastric cancer

(GC).

Methods We focused on miR-18a, which is a component

of miR-17-92 cluster and has been reported as highly

expressed in GC tissues. The study involved three steps: (1)

confirmation of the higher miR-18a expression in primary

GC tissues and GC cell lines than in normal gastric tissues

and a fibroblast cell line; (2) evaluation of the plasma miR-

18a assay using quantitative RT-PCR by comparing 104

GC patients and 65 healthy volunteers; (3) evaluation of

monitoring tumor dynamics by the plasma miR-18a assay.

Results (1) The miR-18a expressions were significantly

higher in GC tissues than in normal gastric tissues

(P = 0.0286) and higher in all examined GC cell lines than

in the fibroblast cell line. (2) The plasma miR-18a con-

centrations were significantly higher in GC patients than in

healthy controls (P \ 0.0001). The value of the area under

the receiver-operating characteristic curve was 0.8059. (3)

The plasma miR-18a levels were significantly reduced in

postoperative samples compared to in preoperative samples

(P = 0.0002). In an miR-18a overexpressing cell line, the

miR-18a concentration of cultured medium increased in

both cell number and time-course dependent manners,

suggesting microRNA might be released from cancer cells

into the surrounding environment.

Conclusions Circulating miR-18a could be a useful bio-

marker for screening GC and monitoring tumor dynamics.
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Introduction

Gastric cancer (GC) is the fourth most common cancer and

the second leading cause of cancer-related death in the

world [1]. Although recent improvements in diagnostic

techniques and perioperative management have resulted in

an increase in the early detection of GC and a decrease in

its mortality in the past decades, a total of 986,600 new GC

cases and 738,000 deaths are estimated to have occurred in

2008 worldwide [1]. In particular, advanced-stage patients

still demonstrate extremely poor survival rates [2]. Thus,

the primary tumors must be detected at an early stage, and

recurrent disease must be diagnosed when it is still minimal

or clinically occult in order to improve the clinical outcome

of patients with GC.

Recent gene expression studies identified some genes

that are differentially expressed in GC [3, 4]. In the clinical

setting, however, few molecules have been assayed as

therapeutic and/or diagnostic biomarkers. Conventional

serum tumor markers, such as carcinoembryonic antigen
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(CEA) and carbohydrate antigen 19-9 (CA19-9), have been

used as diagnostic assays to monitor GC [5]. However,

these markers lack sufficient sensitivity and specificity to

facilitate early detection. Therefore, the significance of

novel biomarkers using a non-invasive diagnostic assay for

GC should be emphasized.

MicroRNAs (miRNAs) are a group of noncoding small

RNAs that are involved in post-translational regulation of

gene expression by inhibiting the stability and translation

of mRNAs [6]. Recent studies have demonstrated that

aberrant expressions of specific miRNAs are involved in a

large variety of human malignancies, and some miRNAs

have been proven to have critical roles, including both

oncogenic and tumor-suppressive functions [7, 8].

Circulating miRNAs have been reported to be stably

detectable in plasma/serum [9, 10] and to exhibit resistance

to endogenous ribonuclease activity by binding certain

proteins such as Argonaute2 and high-density lipoproteins

[11–13], or being packed by some kinds of secretory par-

ticles including apoptotic bodies and exosomes [14, 15].

Furthermore, secretory vesicles including miRNAs have

been shown to be able to function as intercellular trans-

mitters [14–16], suggesting that circulating miRNAs in

plasma/serum possess various roles in cancer development

and metastasis. Based on these findings, the detection of

circulating miRNAs seems to have a high potency as a

reproducible and reliable biomarker as well as a therapeutic

target; thus, it is considered to be extremely meaningful to

elucidate their biological and oncogenic characteristics and

to establish a novel miRNA-related biomarker for cancer

patients.

In this study, we focused on the miR-17-92 cluster,

which is located at chromosome 13q31 and consists of

seven miRNAs: miR-17-5p, miR-17-3p, miR-18a, miR-

19a, miR-19b, miR-20a and miR-92a. This cluster was

reported to possess potential oncogenic function in various

malignant diseases including GC [17, 18]. Some reports

have shown new perceptions of the relationship between

miR-17-92 cluster’s malignant potential and biogenesis or

transcriptional mechanism [19–22]. These findings strongly

urged us to execute further investigation under the

assumption that plasma miRNAs located in the miR-17-92

cluster could potentially be useful biomarkers in patients

with GC.

Previous reports have shown the overexpression of the

miR-17-92 cluster in GC tissues compared with normal

gastric tissues [23–29]. According to these reports, miR-

18a was one of the most highly expressed and frequently

upregulated miRNAs in GC tissues. Therefore, we selected

miR-18a as a candidate for this plasma assay. MiR-18a also

has been reported to show altered expression in various

malignant diseases [30, 31]. In breast cancer, the rela-

tionship with ERalpha, identified as a direct target of miR-

18a, has been elucidated. MiR-18a represses ERalpha

translation directly by binding to its mRNA at the 30

untranslated region [32, 33]. Conversely, ERalpha also

binds to c-MYC and in turn upregulates the expression of

pre-miR-18a in an estrogen-dependent manner [34]. In

nasopharyngeal carcinoma, miR-18a was reported to neg-

atively regulate Dicer1 expression and promote the growth,

migration and invasion of nasopharyngeal cancer cells,

which consequently causes the global downregulation of

miRNA expression levels [35].

In the present study, we investigated whether the cir-

culating miR-18a in plasma could screen cancer patients by

comparing findings in GC patients and healthy controls,

and monitor tumor dynamics of GC. Consequently, we

clearly demonstrated its potential usefulness. Our data

provided evidence that the plasma miR-18a could dis-

criminate GC patients from healthy controls with a clini-

cally satisfactory degree of sensitivity and specificity.

Methods

Patients and samples

The study was approved by the ethics committee at Kyoto

Prefectural University of Medicine, and each subject pro-

vided signed informed consent. Between September 2008

and August 2010, preoperative plasma samples were col-

lected from 104 GC patients as well as 65 healthy volun-

teers. The patients’ characteristics with respect to age, sex,

histopathology and stages of disease are described in

Table 1. None of the patients had received chemotherapy

or radiotherapy before blood sampling. The volunteers

were medical personnel and patients with a benign disease

such as cholelithiasis. Paired plasma samples were col-

lected from 22 patients before and 1 month after curative

gastrectomy, and findings in pre- and postoperative plasma

samples were compared. Blood samples were centrifuged

by the following protocol (1,500 rpm for 30 min,

3,000 rpm for 5 min and 4,500 rpm for 5 min) to prevent

contamination by cellular nucleic acids and stored at

-80 �C until further processing.

Formalin-fixed paraffin-embedded tissue samples were

collected from 21 patients to compare miRNA expressions

between primary tumor lesions and adjacent non-tumorous

lesions. Macroscopic and microscopic classifications of

tumors were based on the UICC/TMN staging system [36].

GC cell lines and human fibroblast cell line

Six human GC cell lines, MKN28, MKN45, MKN74,

NUGC-4, HGC-27 and Kato III, and one human fibroblast

cell line, WI-38, were used in this study and obtained from
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the RIKEN Cell Bank (Tsukuba, Japan). MKN28, MKN45,

MKN74, NUGC-4 and Kato III were cultured in Roswell

Park Memorial Institute (RPMI)-1640 (Wako, Osaka,

Japan) supplemented with 10 % v/v fetal bovine serum

(FBS; Trace Scientific, Melbourne, Australia), the others in

Minimum Essential Medium Alpha Modification (MEMa;

Wako, Osaka, Japan) supplemented with 10 % v/v FBS.

All the cell lines were incubated at 37 �C in a humidified

atmosphere containing 5 % carbon dioxide.

RNA extraction

Total RNA was extracted from 100,000 cultured cells and

400 ll of plasma or medium samples using mirVana

PARIS Kit (Ambion, Austin, TX, USA) and finally eluted

into 100 ll of pre-heated (95 �C) elution solution accord-

ing to the manufacturer’s protocol. As for formalin-fixed

paraffin-embedded tissues, total RNA was extracted from

four slices of 15 lm thickness (total 60 lm) using Re-

coverAll Total Nucleic Acid Isolation Kit (Ambion, Aus-

tin, TX, USA) and finally eluted into 60 ll of elution

solution according to the manufacturer’s protocol.

Protocols for the detection of miRNAs

Reverse transcription reaction was conducted with TaqMan

MicroRNA Reverse Transcription Kit (Applied Biosys-

tems, Foster City, CA, USA), and the levels of miRNAs

were quantified in duplicate by quantitative RT-PCR (qRT-

PCR) using the human TaqMan MicroRNA Assay Kit

(Applied Biosystems, Foster City, CA, USA) as described

previously [37–39]. The miRNA levels in plasma and

medium were calculated using the concentration on a

standard curve constructed using synthetic miRNAs, mir-

Vana miRNA Reference Panel (Ambion, Austin, Texas,

USA), because the stable and suitable PCR controls of

those sample had not been reported [40]. The miRNA

levels of tissues and cells were normalized using the

comparative Ct method relative to U6 small nuclear RNA

(RNU6B), and the change in expression was calculated

with the equation 2-DDCt [41].

Statistical analysis

The Mann–Whitney U test and Kruskal–Wallis test were

used to compare the miRNA concentrations of plasma and

medium, and the miRNA ratio. The Wilcoxon signed-rank

test was used to compare the paired GC and non-cancerous

tissues and the paired plasma samples before and after

gastrectomy. The Spearman rank-correlation coefficient

was used to examine the relationship between the miRNA

concentration and the cell number. P value \0.05 was

considered significant. Receiver-operating characteristic

Table 1 Association of plasma miR-18a concentrations with clini-

copathological factors in 104 GC patients

Variable Patients
(N = 104)

Plasma
miR-18a
concentration
(amol/ll)

P value*

Age (years)

Mean (range) 65.6 (38–94)

Under 65 43 (41 %) 9.731 0.7564

65 or more 61 (59 %) 7.777

Sex

Male 67 (64 %) 7.611 0.6106

Female 37 (36 %) 10.350

Tumor size

Mean (range) 44.7 (5–185)

Under 45 mm 70 (67 %) 9.099 0.4949

45 mm or more 34 (33 %) 7.526

Histopathology

Differentiated
(tub1/tub2/pap)

48 (46 %) 9.852 0.6225

Undifferentiated
(por/sig/muc)

56 (54 %) 7.499

Lymphatic invasion

ly0 57 (55 %) 9.662 0.2112

ly1/ly2/ly3 47 (45 %) 7.279

Venous invasion

v0 71 (68 %) 8.191 0.8559

v1/v2/v3 33 (32 %) 9.433

T-stagea

T1 61 (59 %) 9.320 0.4099

T2 9 (9 %) 10.021

T3 13 (12 %) 6.252

T4 21 (20 %) 7.278

N-stagea

N0 63 (61 %) 9.500 0.2111

N1/N2/N3 41 (39 %) 7.179

M-stagea

M0 95 (91 %) 8.826 0.7549

M1 9 (9 %) 6.047

Stagea

I 66 (64 %) 9.378 0.6065

II 14 (13 %) 6.903

III 15 (14 %) 8.190

IV 9 (9 %) 6.047

Postoperative recurrenceb

Positive 14 (13 %) 5.727 0.6328

Negative 90 (87 %) 9.029

a TNM classification
b Recurrence was defined as when the occurrence of cancer was
confirmed by imaging modalities such as CT or PET during a
regular postoperative follow-up of patients

*Mann–Whitney U test and Kruskal–Wallis H test were performed
to compare the plasma miRNA concentration
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(ROC) curves and the area under the ROC curve (AUC)

were used to assess the feasibility of using the plasma

miRNA concentration as a diagnostic tool for detecting

GC. Statistical analyses were conducted using JMP� 10

(SAS Institute Inc., Cary, NC, USA).

Results

Study design to develop a novel biomarker

of the plasma miRNA

Prior to this study, we reviewed previous reports regarding

miR-18a expression, including other miRNAs of the miR-

17-92 cluster in GC tissues compared to normal tissues

(Supplementary Table S1) [23–29]. Among seven miRNAs

in the miR-17-92 cluster, miR-17-5p and miR-18a were

found to be the most highly expressed and frequently

upregulated miRNAs according to those reports. We have

already reported the usefulness of evaluating miR-17-5p

levels in the plasma of GC patients [37]; therefore, we

selected miR-18a as a candidate for this study.

As summarized in Fig. 1a, this study was divided into

three steps: (1) confirmation of the higher miR-18a

expression in primary GC tissues and GC cell lines than in

normal gastric tissues and a human fibroblast cell line; (2)

evaluation of the plasma miR-18a assay using qRT-PCR by

comparing results from 104 GC patients and 65 healthy

volunteers; (3) evaluation of monitoring tumor dynamics

by the plasma miR-18a assay in patients with GC.

MiR-18a in primary GC tissues and GC cell lines

To confirm previously reported high miR-18a expression in

primary GC, we investigated its expressions in 21 paired

GC tissues and adjacent non-cancerous tissues by qRT-

PCR. Also, the expressions of miR-18a in six human GC

cell lines, MKN28, MKN45, MKN74, NUGC-4, HGC-27

and Kato III, and a human fibroblast cell line, WI-38, were

evaluated by qRT-PCR. Results are shown after

a b

c

Fig. 1 a Study design used to develop a novel biomarker of the

plasma miRNA. b The expression levels of miR-18a in gastric cancer

(GC) tissues compared with those in paired normal gastric tissues.

The expression level of miR-18a was higher in GC tissues than in

normal gastric tissues (P = 0.0286, Wilcoxon signed-rank test).

c The expression levels of miR-18a in all examined GC cell lines

were higher compared to the fibroblast cell line

274 M. Tsujiura et al.

123



normalization to RNU6B expression. The miR-18a

expressions were significantly higher in GC tissues than in

normal gastric tissues (P = 0.0286; Fig. 1b) and higher in

all examined GC cell lines than in the fibroblast cell line

(Fig. 1c).

Evaluation of the plasma miR-18a expression using

qRT-PCR in GC patients

Next, we hypothesized that the higher miR-18a expressions

in primary GC tissues would influence the miR-18a

expressions in plasma of GC patients. The plasma miR-18a

concentrations were significantly higher in GC patients

than in controls (P \ 0.0001; Fig. 2a). Representation of

the data using a ROC plot showed a strong separation

between the two groups, with an AUC of 0.8059 (Fig. 2b).

In this model, an optimal cutoff point was indicated at

1.992 amol/ll with a sensitivity of 0.846 and a specificity

of 0.692. Moreover, we examined the association of plasma

miR-18a concentrations with clinicopathological factors in

GC patients; however, no significant correlations were

observed (Table 1).

Evaluation of monitoring tumor dynamics using plasma

miR-18a assay in patients with GC

The plasma miR-18a concentration was analyzed in paired

pre- and postoperative samples from 22 GC patients who

underwent curative gastrectomy. When gastrectomy was

performed, in other words, primary cancer tissues were

resected; the plasma miR-18a levels were found to be

significantly reduced postoperatively (P = 0.0002; Fig. 3).

Evaluation of monitoring tumor dynamics using miR-

18a concentrations of cultured medium in miR-18a

overexpressing GC cell lines

It has been reported that primary cancer cells could secrete

cancer-specific miRNAs into surrounding environments,

a b

Fig. 2 a The plasma concentrations of miR-18a were significantly

higher in GC patients than in normal controls (P \ 0.0001, Mann–

Whitney U test). The upper and lower limits of the boxes and the lines

inside the boxes indicate the 75th and 25th percentiles and the

median, respectively. The upper and lower horizontal bars denote the

90th and 10th percentiles. b Receiver-operating characteristic (ROC)

curve analysis in the plasma miR-18a assay for detecting GC patients.

The ROC analysis showed an area under curve (AUC) of 0.8059

Fig. 3 Comparison of plasma miR-18a concentrations between

paired pre- and postoperative samples from GC patients. The plasma

miR-18a concentrations were significantly decreased in postoperative

samples compared with the levels in preoperative samples

(P = 0.0002, Wilcoxon signed-rank test)
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such as adjacanet cells and the blood flow [11, 13, 14].

Therefore, we hypothesized that cultured cancer cells also

might secrete several cancer-associated miRNAs into sur-

rounding medium, mimicking the interaction between pri-

mary tumor cells and the adjacent bloodstream. First, we

examined the miR-18a concentration of cultured medium

in six GC cell lines: MKN28, MKN45, MKN74, NUGC-4,

HGC-27 and Kato III. The miR-18a expressions in cultured

medium were confirmed in all types of examined GC cell

lines, and HGC-27 indicated the highest expression level

(Supplementary Figure S1).

Furthermore, we plated HGC-27 cells in three different

numbers and harvested medium samples at several time

points for detailed investigation. As summarized in Fig. 4a,

the medium was changed at 24 h after plating cells to

exclude influences of cytolysis and subsequent secretion of

miRNAs through the cell plating process. As a result,

increased tendencies of the miR-18a concentration were

confirmed in both cell number- and time-course-dependent

manners (Fig. 4b). Particularly, a significant correlation

and tendency were confirmed between medium concen-

tration and plated cell number at 72 h (P = 0.0028) and

96 h (P = 0.1087; Fig. 4c), respectively. While the med-

ium was not changed, as expected, the high miR-18a

concentrations at 0 h decreased toward 48 h and tended to

increase again at 72 h (Supplementary Figure S2). Conse-

quently, these results suggest that miRNAs might be

released from cancer cells into the surrounding environ-

ment, implying that the plasma miR-18a might originate

from primary GC cells and its plasma expression level

could reflect tumor dynamics of cancer patients with GC.

Correlation between plasma miR-18a concentrations

and peripheral blood cells

Recent reports suggested that some circulating miRNAs

could have originated from peripheral blood cells [42, 43].

Therefore, we examined the correlation between plasma

miR-18a concentrations and laboratory data of peripheral

blood cells in all 104 GC patients. As a result, there was no

significant correlation between miR-18a levels and any

type of blood cells (Supplementary Figure S3). These

findings indicate that plasma miR-18a in GC patients may

not be derived from peripheral blood cells.

a b

c

Fig. 4 Comparison of medium miR-18a concentration and plated GC

cells. a The experimental design, in which medium was changed at

24 h after cell plating. b The concentration of miR-18a in cultured

medium. No remarkable changes of medium miR-18a concentration

were exhibited in non-cell plated samples; however, increased

tendencies were confirmed in 10,000 and 30,000 cell-plated samples

in both cell number- and time-course-dependent manners. c The

correlation between medium miR-18a concentrations and plated cell

numbers. A significant correlation was confirmed at 72 h

(P = 0.0028, Spearman’s rank correlation coefficient)
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Discussion

Several factors seem to restrict diagnostic and therapeutic

strategy for treatment of GC and, consequently, to incur the

insufficient survival rate: (1) a lack of satisfactory diag-

nostic assays for early detection of GC; (2) an absence of

valuable prognostic indicators; (3) the insufficient effec-

tiveness of current treatments including surgery and che-

motherapy for GC patients with advanced stages; (4)

poorly understood mechanisms of tumor progression and

resistance to treatments, and a consequent deficiency of

targeted therapy. Therefore, the importance of developing

useful diagnostic and monitoring tools should be empha-

sized to improve the clinical outcome of patients with GC.

Numerous genetic and epigenetic alterations contribute

to oncogenesis and cancer progression. Among these

alterations, miRNAs have been proven to regulate gene

expressions by targeting mRNAs for translational repres-

sion or cleavage, and numerous studies have shown that

aberrant miRNA expressions correlate with development

and progression in various malignancies [7, 8, 44].

Therefore, miRNAs have recently been recognized as

crucial contributory factors in carcinogenesis and can

provide promising strategies as diagnostic biomarkers as

well as therapeutic targets in cancers. Several studies have

identified tumor-specific alterations of circulating nucleic

acids in the blood of cancer patients and demonstrated their

possibilities as useful biomarkers in screening and thera-

peutic management of disease [45, 46]. Particularly, miR-

NAs have been shown to exist highly stably in plasma/

serum [10, 47], and accumulating reports have demon-

strated the usefulness of circulating miRNAs as novel non-

invasive biomarkers in various types of cancer, including

our previous reports in GC [37], esophageal cancer [38]

and pancreatic cancer [39].

The MiR-17-92 cluster was reported to possess potential

oncogenic function [17, 18]. In addition, recent reports

have revealed the correlation between its upregulation and

cell proliferation derived from either genome amplification

or transcriptional activators such as MYC and E2Fs [19–

21], as well as the p53-mediated repression of this cluster

under hypoxic conditions [22]. Also in GC, the overex-

pressions of the miR-17-92 cluster in primary tissues have

been demonstrated [23–29]. Those findings prompted us to

focus on this promising region, the miR-17-92 cluster, for

this study. We took particular note of miR-18a according to

the detailed evaluation of previous reports and hypothe-

sized that plasma miR-18a would be a useful biomarker in

GC.

To verify this hypothesis, first, we confirmed the higher

miR-18a expressions in GC tissues and cell lines than in

normal gastric tissues and fibroblasts (Fig. 1b, c). Then, we

demonstrated the significantly higher plasma miR-18a

levels in GC patients compared with controls, accompa-

nying satisfactory specificity and sensitivity in the ROC

curve analysis with a AUC of 0.8059 (Fig. 2a, b). Of

particular note, the miR-18a concentration in plasma was

markedly higher compared with other miRNAs that we

previously investigated using the same methodology as for

GC patients [37], suggesting that miR-18a is remarkably

stable in plasma as a PCR-based biomarker and has

potential usefulness for the clinical setting.

Next, we investigated whether plasma miR-18a con-

centrations could reflect tumor dynamics in GC by three

different analyses. The first analysis involved the com-

parison of miR-18a concentrations in paired plasma sam-

ples obtained before and after curative tumor resection,

which exhibited significantly reduction postoperatively

(Fig. 3). The second analysis was the comparison between

miR-18a expression in paired plasma and primary tumors.

High levels of plasma miR-18a represented higher

expressions in primary GC tissues in most cases analyzed

(8 out of 11 cases, 77.7 %; data not shown). Some patients

showed different patterns of miR-18a expression between

plasma samples and primary tissues, similar to our previous

reports [37–39]. The discrepancies remain to be clarified;

however, one possible explanation of this finding is the

heterogeneity of primary tumors. The third analysis

involved determining whether the miR-18a level in culture

medium could reflect the status of GC cell lines and might

be released from tumor cells (Fig. 4; Supplementary Figure

S2). We clearly demonstrated that the miR-18a levels in

cultured medium have increased in both cell number- and

time-course-dependent manners, suggesting that miRNA

might be released from cancer cells into surrounding

environments.

Concerning the miRNA release into blood from tumor

cells, there have been some reports related to miRNA

mediated intercellular communication. Skog et al. [48]

reported that tumor-derived microvesicles that contained

mRNA, miRNA and angiogenic proteins served as a means

of delivering genetic information as well as proteins to

recipient cells in the tumor environment. Kosaka et al. [14]

also proved that miR-146a, a potent tumor-suppressive

miRNA in prostate cancer, knocked down the target protein

ROCK1 and inhibited cell proliferation in recipient cells.

Moreover, their subsequent paper demonstrated that a

variety of tumor-suppressive miRNAs were secreted by

normal prostatic epithelial cells, and particularly miR-143

could inhibit cancer cell growth exclusively both in vitro

and in vivo [49]. Although the miR-17-92 cluster was

reported to have potential oncogenic roles in various can-

cers [17, 18], the abundance of the plasma miR-18a in GC

patients and its detailed meanings remain unclear. These

issues are currently under evaluation and will be reported

in the near future.
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Other cautionary notes in plasma miRNA assay include

the fact that circulating miRNAs could originate from

peripheral blood cells of both cancer patients and normal

individuals [42, 43]. Therefore, we evaluated the correla-

tion between plasma miR-18a concentrations and periph-

eral blood cells and confirmed no significant associations

between plasma miR-18a concentrations and any type of

peripheral blood cells (Supplementary Figure S3). This

finding additionally implies that the plasma circulating

miR-18a may not be derived from peripheral blood cells

but GC cells and may, therefore, reflect tumor dynamics.

In conclusion, this study clearly demonstrated the use-

fulness of the circulating miR-18a for screening GC

patients and monitoring tumor dynamics. Although the

abundance and stability of plasma miR-18a indicate its

great potential as a valuable biomarker in predicting the

behavior of individual cancers and monitoring therapeutic

responses, many issues should be addressed toward clinical

application. Furthermore, it may be desirable to explore

more sensitive molecules in the plasma miRNA assay.

These issues are currently under evaluation in a large-scale

analysis of the miR-18a assay, and an array-based study

including a greater number of candidate miRNAs will be

reported in the near future.
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