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Gastric cancer

 malignancy and 
the third leading cause of cancer death worldwide. The Globocan 
2012 report1 has documented 952,000 stomach cancer incident 
cases around the globe, which claims more than 700,000 lives ev-
ery year. The regional variations in gastric cancer incidence are 
due to differences in host susceptibility factors, prevalence of He-
licobacter pylori (Hp) infection and its antigenic composition,2–5 
as well as environmental inputs, in particular, dietary patterns and 
smoking habits.6–8 GC incidence and mortality rates have been de-
clining during the past decades. However, the disease is typically 
diagnosed at late stages and remains a major clinical challenge in 
view of timely detection and monitoring. Hp eradication strate-
gies are rapidly becoming the focus of attention in an attempt for 
global reduction of gastric cancer risk.9,10 Nevertheless, there is an 
urgent need for screening and early detection strategies, making 
use of appropriate biomarkers, in order to increase survival rates.

MicroRNAs

MicroRNAs (miRNAs) are members of small non-coding RNAs 
which play a crucial role in post transcriptional gene regulation of 
virtually 30%–60% of all human genes.11 They are believed to act 
through degradation of coding RNA and/or inhibition of transla-

tion initiation.12,13 As a single miRNA can target hundreds of differ-
ent genes, its dysregulation may lead to cancerous transformation of 
an otherwise normal cell.14 It has been demonstrated that miRNAs 
are involved in many biological processes such as proliferation, dif-
ferentiation, and apoptosis.15 Alterations in miRNA expression are 
nominated as potential biomarkers for disease diagnosis and progno-
sis, particularly in various cancers.16–22 There is a growing number of 
studies which have evaluated the role of various miRNA as potential 
tissue-based as well as circulating biomarkers in gastric cancer.17,23–27 
Among these well studied miRNAs, overexpression of miR-21 has 
been frequently reported in gastric cancer, as well as a multitude of 
other cancers.28–36 Increasing evidence suggests that miR-21 is to be 
considered as an irrefutable hallmark of gastric cancer. This paper 
reviews the current literature on the carcinogenic role of miR-21 and 
its potential applications in GC diagnosis and prognosis.

MiR-21

The mature form of miR-21, also known as hsa-miR-21 or miR-
NA21, is a conserved mammalian miRNAs, which is encoded 
by the MIR21 gene.37,38 This relatively well characterized miR-
NA is transcribed from the plus strand of chromosome 17q23.2 
(55273409–55273480), where it overlaps with the protein-coding 
gene TMEM49 (also called vacuole membrane protein).39,40 The 
transcription of MIR21 is activated by AP-1 (activation protein-1) 
in conjugation with the SWI/SNF (switch/sucrose non-ferment-
able) complex through the conserved AP-1 and PU.1 (transcrip-
tion factor) binding sites in its promoter region.39 An estimated 
3433-nt long primary transcript of miR-21 (pri-miR-21) is tran-
scribed in an intron region of a coding gene TMEM49, just down-
stream from the TATA box of the promoter. This implies that each 
miRNA could have their own promoter even if overlapping with 
other genes.39 Up-regulation of miR-21 in various human cancers, 
its potential function in targeting a variety of important tumor sup-
pressor genes and association with the progression of cancer offer 
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convincing evidence for the use of miR-21 as a diagnostic and 
prognostic biomarker.38

MiR-21 and Helicobacter pylori infection

As concretely established, Hp infection is considered a class I 
gastric carcinogen.41 Accordingly in 2008, Zhang, et al.42 used Taq-
Man quantitative real-time PCR to demonstrate overexpression of 
miR-21 in Hp-infected gastric tissue. This encouraged Shiotani, 
et al.43 -
es of Hp eradication on miR-21 expression, in addition to other 
miRNA, in subjects with and without gastric cancer. They found 

21, exclusively in cancer-free subjects. Shiotani and colleagues44 
continued, a year later, by investigating serum levels of miRNAs 
as well as pepsinogen in patients with early gastric cancer, before 

levels of miR-21 remain elevated in GC patients, regardless of Hp 
eradication. The stability of serum miR-21 following Hp eradica-
tion and its superiority to serum pepsinogen in detection of GC, 
nominates it as a preferable marker for GC screening. The impact 
of Hp infection in miR-21 regulation, however, suffers a contro-
versy, as Li and colleagues45

its plasma levels in both gastric cancer patients as well as normal 
controls, with or without Hp infection. Nevertheless, the interac-
tion between Hp infection and miRNA dysregulation remains an 
understudied area, which calls for further exploration.46,47

MiR-21 and gastric cancer 

MiR-21 and its targets genes in gastric cancer cell lines
The expression of miR-21 has been studied, as well as manipu-

lated, in various gastric cancer (AGS, SGC7901, MKN1, MKN7, 
MKN28, MKN45, MKN74, NUGC3, NUGC4, AZ521, KA-
TOIII, NCI-N87, BGC-823, HTB-103, CRL-5974, CRL-5971) 
and non-cancer (GES-1) cell lines (Table-1). As a result, a num-
ber of target genes (RECK, PDCD4, PTEN, Serpini1, FASLG, 

in mediating resistance to certain chemotherapeutic agents (i.e., 
trastuzumab, cisplatin) has been investigated (Table 1). 

The up-regulation of miR-21 in gastric cancer (AGS, SGC7901, 
MKN28, MKN45) vs. non-cancer (GES-1) cell lines was primar-
ily discovered by Zhang, et al.42 These investigators demonstrated 
alterations in cellular behaviors following forced expression of 
miR-21 in AGS cell line. These alterations included enhanced cell 
proliferation, invasion and migration. Conversely, miR-21 gene-
knockdown abrogated these behaviors and augmented apoptosis. 
This sequence of events was shown to be mediated by RECK 
(reversion-inducing-cysteine-rich protein with kazal motifs), a 

Another study by Motoyama, et al.48 investigated the associa-
tion between the expression levels of miR-21 and PDCD4 (pro-
grammed cell death protein 4) mRNA, a tumor suppressor gene, 
in eight (MKN1, MKN7, MKN45, MKN74, NUGC3, NUGC4, 
AZ521 and KATOIII) human gastric carcinoma cell lines. This 
study found an inverse correlation between the expression of 
PDCD4 mRNA and miR-21 in these cell lines. PDCD4 was iden-

miR-21. Two years later, Cao, et al.49 -
lation between miR-21 and PDCD4 protein expression, following 

the treatment of AGS cells with increasing doses of resveratrol (an 
inhibitor of miR-21 expression). However, this phenomenon was 
not observed at the mRNA level.

Zhang and colleagues50 examined the stimulatory and inhibitory 
effects of pre-miR-21 and miR-21 inhibitor in a gastric cancer cell 
line (BGC-823), respectively. Application of the scratch-healing 
assay revealed that pre-miR-21-transfected cells healed more 
rapidly as compared to controls, whereas the down-regulation of 
miR-21 led to the inhibition of cell migration in a transwell migra-
tion assay. The results of western blotting and luciferase reporter 
assays demonstrated that expression of PTEN (phosphatase and 
tensin homolog), a tumor suppressor gene, increased remarkably 
after miR-21 inhibition. These results further supported the in-
volvement of miR-21 in suppressing PTEN in the initiation and 
development of gastric cancer. In 2013, Yang and colleagues51 
explored the role of miR-21 in gastric cancer chemo-resistance. 
Their study demonstrated that the expression of miR-21 was up-
regulated in the cisplatin-resistant (SGC7901/DDP) compared to 
its parental (SGC7901) cell line. Over-expression of miR-21 led 
to a decline in the rate of apoptosis and also the anti-proliferative 
effects of cisplatin. On the other hand, knockdown of miR-21 en-
hanced its effects. Additionally, they demonstrated that miR-21 per-
forms its action through down-regulating the expression of PTEN 
and activation of Akt (protein kinase B) pathway. In 2014, Eto and 
colleagues52 provided further evidence that transfection of miR-
21-mimic into NCI-N87, a HER2-positive cell line with low expres-
sion of miR-21, resulted in down-regulation of PTEN and increased 
phosphorylation of Akt (proto-oncogene), which in turn caused a 

-
posite pattern was observed in NUGC4, a HER2-positive cell line 
with high expression of miR-21, which was transfected with miR-21 
inhibitor. Further support was also provided by Li, et al.,53 who con-

these tumor suppressor genes (PTEN and PDCD4) in gastric cancer 
cell lines. They demonstrated that overexpression of miR-21 by the 
transfection of miR-21-mimic into two different gastric adenocarci-
noma (SGC7901, MKN45) cell lines leads to enhancement of cell 

reduces cell proliferation, migration and invasion. Recently, Sha and 
colleagues54 evaluated the anticancer effect of celastrol, a plant trit-
erpene, in three gastric cancer cells. They showed that the expression 

with celastrol, in a dose-dependent manner, which resulted in dimin-

In 2012, Yamanaka and colleagues55

miR-21 on the 3’-UTR of Serpini 1 (serpin peptidase inhibitor), a 
gene with novel tumor suppressive effects in gastric cancer. They 
showed an inverse correlation between the expression of miR-21 
and Serpini 1. Accordingly, the down-regulation of miR-21 in a 

-
tion of Serpini 1, which in turn led to vigorous G1/S arrest, with 
the ultimate suppression of tumor growth.

The tumorigenic role of miR-21 was also explored by the treat-
ment of gastric cancer cell line with carcinogenic agents such as 
Nicotin,56 which proved to upregulate miR-21 expression in a 
time- and dose-dependent manner. For this purpose, Shin, et al.56 

platform covering a panel of 95 human miRNAs in a nicotine-
treated gastric cancer (AGS) cell line. They demonstrated that 
miR-21 was upregulated upon nicotine stimulation via binding of 
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exhibited that ectopic expression of miR-21 in this gastric cancer 
cell line contributed to the enhanced cell proliferation, while the 

-
enon. On the other hand, Yang, et al.57 investigated the regulatory 
role of miR-21 in gastric tumorigenesis following exposure of a 
non-cancer (GES-1) cell line to MNNG (N-nitroso carcinogen 
N-methyl-N-nitro-N’-nitrosoguanidine) and detected an elevated 
dose- and time-dependent gene expression. The MNNG-induced 
overexpression of miR-21 enhanced the transformation and cell 
growth of GES-1 cells, through down-regulation of both FASLG 
(Fas ligand) and BTG2 (B cell translocation gene 2). Their study 
shed light on the involvement of miR-21 in the process of chemi-

-
expression of miR-21 in several gastric cancer (AGS, SGC-7901, 
MKN-28, HGC-27, and BGC-823) relative to non-cancer (GES-
1) cell line(s). 

In a different study, Golestaneh, et al.58 explored the differen-
tial expression of selected miRNAs in CD44+ (CSC, cancer stem 
cells) vs. CD44- gastric cancer (MKN45) cells. Their analysis 
demonstrated a drastic (30.7 fold) enhancement of miR-21 ex-
pression in the former vs. latter cells.  Based on the fact that cancer 
stem cells are thought to be responsible for tumor metastasis and 

have further nominated this miRNA as a potential candidate for 
cancer therapy. 

On the other hand, Xu, et al.59 were able to exhibit the suppress-

ing effects of single-(AMOs) and multi-(MTg-AMOs), anti-mi-
croRNA antisense oligonucleotides, on proliferation and migra-
tion of human gastric cancer (SGC7901) cell line. In this study, 

and migration activity of cells as manifested by cell proliferation 
and transwell migration assay. 

The various roles of miR-21 in cellular events, its putative target 
genes as well as interaction of carcinogenic vs. chemotherapeutic 
agents are summarized in Figure 1.

MiR-21 as a diagnostic biomarker for gastric cancer

i. Tissue MiR-21
Several investigators have explored the differential expression 

of miR-21 in gastric tumors in comparison to its adjacent nor-
mal tissue or that obtained from cancer-free subjects (Table 2A). 
Primarily, using a large-scale miRnome analysis, Volinia, et al. 

-
tric, lung, breast, prostate, colon, and pancreatic cancer.60 They 

relative to their adjacent normal tissue, thereby nominating it 
as a cancer pathogenesis marker deregulating the natural tumor 
suppressor vs. oncogenic balance. Thereafter, high-throughput 
screening of miRNA expression in gastric tumor tissue versus its 
neighboring normal tissue has been thoroughly performed by a 
number of investigators. These investigations have unanimously 

PTEN

Serpini1

PDCD4

FASLG

BTG2

RECK

Malignant transformation
and tumorigenesis

Cell growth

Proliferation,
invasion and migration

Apoptosis

Apoptosis

Akt

NF kB

Nicotine
MNNG

Trastuzumab
Cisplatin

Figure 1. MiR-21 targets and its effector functions. -
-
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by gastric tumor tissue. However, the reported fold changes of its 
over-expression are quite variable and range from 1.49–10.44.61–72 
To collate these results, we have analyzed the information avail-
able at the portal data of the cancer genome atlas39 and found a 

gastric cancer tissue relative to the corresponding adjacent normal 
tissue (Figure 2).

Chan, et al.,73 -
sion level of miR-21 in gastric tumor tissue using quantitative 
PCR. They reported that miR-21 was up-regulated in gastric can-
cer samples compared to its corresponding normal tissues. Other 
researchers48–50,55,69,74–78

vs. non-cancer tissues (Table 2A).
Detection of miR-21 in the gastric juice of gastric cancer pa-

tients versus controls introduces the potential for a less invasive 
manner to conduct gastric tissue assessment. Cui and colleagues79 

in gastric cancer tissue compared to its neighboring normal tis-
sue. They proceeded by detecting cell-free miRNA in the gastric 
juice samples obtained from endoscopy subjects, which varied 
from normal to gastritis to gastric ulcer and cancer patients. Con-
sequently, miR-21 was detected at higher levels in the gastric 
juice of GC patients relative to the rest of the cancer free controls, 
nearing an excellent (AUC = .969) discrimination power. Further-
more, miR-21 was able to differentiate GC according to subtype 

vs. dif-
fuse type. 

ii. Circulating MiR-21
MiR-21 detection in the gastric tissue, although attractive as a 

diagnostic marker, is undesirable due to its invasive nature. Ac-
cumulating previous studies showed that miRNAs stably exist 

-
nostic biomarkers for gastric cancers.80–82 Therefore, attempts in 
evaluating circulating biomarkers have also concurred this area 
and an increasing number of investigators are searching for the 
diagnostic power of miR-21 in blood-derived (serum and plasma) 
samples, in which gastric cancer patients are assessed in compari-
son to healthy or cancer-free dyspeptic subjects (Table 2B).

Accumulating evidence for the up-regulation of miR-21 in gas-

tric tumors, prompted Tsujiura and colleagues82 to explore the 
likelihood of the circulating miRNAs behaving as a novel non-in-
vasive biomarkers in diagnosing gastric cancer. They were able to 
demonstrate the moderate elevation of circulating miR-21 in GC 
patients vs. healthy controls (AUC = 0.673). Of remarkable value 
is the fact that miR-21 levels declined one month following gas-
tric tumor resection. Post-operative decline of circulating miR-21 
was supported by the results of Ma, et al.,83 who employed qRT-
PCR to compare the plasma levels of miR-21 between paired pre-
operative and post-operative patients with primary GC. They, too, 
showed that the levels of miR-21 expression in the post-operative 
plasma samples declined dramatically in all patients compared to 
their pre-operative state.

In reference to the technical and biological validation of miRNA 
analysis, Song and colleagues84 aimed to identify a suitable refer-
ence gene for analyzing circulating miRNA in gastric cancer. The 
serum expression of miR-21 was evaluated using different nor-
malization strategies such as normalization on the basis of serum 
volume and use of two reference genes (miR-16 and miR-93). 
Serum volume normalization, without assessing relative expres-

-
ence between GC patients and healthy controls. However, when 
miR-16 and/or miR-93 were used as reference genes, the relative 
expression of miR-21 was found up-regulated solely in the ad-
vanced (stage IV) GC patients as compared to healthy subjects. 
Their results particularly recommended the use of miR-16 and 
miR-93 as two appropriate reference genes for qPCR analysis in 
gastric cancer. In addition to providing further support for the el-
evation of circulating miR-21 in GC patients vs. healthy controls, 
Li, et al.45 were also able to exhibit such differentiation in early 
stages of GC. 

Wang and Zhang85 were able to demonstrate the up-regulation 
of circulating miR-21, not only in gastric cancer patients, but also 
in other solid (breast, esophageal, colorectal and lung) tumors, 
thereby recommending it as a fairly accurate solid tumor marker 
(AUC = 0.81). In addition, they were able to implement a cost-
saving measure using SYBR green real-time quantitative reverse 

introduced by Zheng, et al.86 The latter group of investigators was 
able to detect the over-expression of miR-21 by circulating tumor 
cells (CTCs) in the peripheral blood of GC patients compared to 

Figure 2. The expression levels of miR-21-5p and miR-21-3p increase in human gastric cancer tissues. We obtained the miRNA expression next-

t test (P
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healthy controls (AUC = 0.853). 
Due to the high prevalence of GC in East Asian countries, all of 

these results were collected therefrom.  However, our recent pre-
liminary analysis of circulating miR-21 in GC subjects from Iran87 

country. According to this study, circulating miR-21 exhibited a 
stepwise upregulation by factors of 3.90 and 5.94 in the early and 
late stages of gastric cancer, respectively. An added advantage of 
this study was the use of PML (premalignant lesion)-free endos-
copy subjects as controls.

A note of caution, however, is directed toward the studied sam-
ple sizes, which should be taken into careful consideration before 

by Song, et al.88 and Cai, et al.89 who primarily detected circulat-
ing miR-21 overexpression in GC patients vs. age- and gender-
matched healthy controls in their pilot studies, but failed to vali-
date their results in larger sample sizes. Nevertheless, considering 
the number of miRNAs studied by these investigators, the authors 
have not elaborated on the potential reasons behind their observed 
discrepancies, in the case of circulating miR-21. However, the 
disconformity observed between their larger studies and previ-
ous reports could be partly owing to the differences in the source 

90 In 
order to address these controversies, further studies with larger 
sample populations from geographically diverse areas are clearly 
needed.

MiR-21 as a prognostic biomarker for gastric canser

i. Tissue MiR-21 
The application of miR-21 in gastric cancer monitoring and 

prognosis has been evaluated by several groups in fresh or for-

as serum/plasma, which has resulted in controversial data. The 
studied prognostic indices include: tumor size, grade of differen-
tiation, Borrmann pTNM staging and survival rates (Table 3A). 
In 2010, Li and colleagues91 evaluated the association between a 
seven-miRNA signature, in which miR-21 was included. In this 
breakthrough investigation, the tested miRNA signature (miR-
10b, miR-21, miR-223, miR-338, let-7a, miR-30a-5p, miR-126) 
categorized GC patients into low and high-risk groups, the lat-
ter manifesting shortened overall and relapse-free survival rates, 
regardless of tumor stage and histologic differentiation. The ob-
served close association with clinical outcomes recommended 

as candidates for adjuvant therapy. 
A growing body of evidence has produced a controversial col-

lection of information regarding the association of miR-21 and pa-
tients’ survival rates. For instance, in regards to the overall surviv-
al rates, two independent groups of investigators77,92 demonstrated 

whereas two others did not.78,93 Jiang and colleagues75 demonstrat-
ed a reverse association between miR-21 expression and overall 
survival rates, regardless of the choice of the chemotherapeutic 
regimen. In addition to survival analysis, Xu and colleagues92 ex-
plored the association of miR-21 expression with other clinico-
pathologic characteristics. They found that the expression level 

node metastasis and was associated with the tumor histologic type 
and pTNM stage of the tumor. 

On the other hand, Tchernitsa, et al.62 investigated the differen-
tial expression of miRNA using the multi-species miRNA micro-
array probe set (containing 857 mammalian probes) in primary 
gastric cancers (with and without lymph node metastases). The 
results of differential expression were then evaluated by RT-PCR 
on an independent validation set of patients with gastric cancer. 

103, miR-145, miR-106b, miR-146a, and miR-148a) capable of 
discriminating node-positive from node-negative gastric cancer 
patients. 

correlations between elevated miR-21 expression and tumor 
size,48,76 depth,48 degree of differentiation, local invasion and 
lymph node metastasis.50,76 However, the existing reports in-

et al.73 who failed 

the clinicopathological features such as tumor size, tumor loca-
tion, cell differentiation, gross appearance, Lauren’s histological 
type, lymph node metastasis, lymphovascular invasion, peritoneal 
seeding, depth of cancer invasion or 5-year overall survival rate. 
Similarly, amongst the eleven selected miRNAs evaluated on 
FFPE tumor tissues, Kim and colleagues78 found no association 
between miR-21 expression and lymph node metastasis, distant 
metastasis or serosa-penetration of tumors. 

More recently, Hirata and colleagues94

of miR-21, its target gene (PDCD4), as well as CD44v9 (CD44 
variant 9) expression and the mucin phenotype in predicting tumor 
recurrence in patients with multiple early gastric cancer (EGCs) 
following endoscopic submucosal dissection (ESD). In contrast to 
the remarkable ability of CD44v9 expression in predicting recur-
rence, the expression of miR-21 or PDCD4 was not informative. 
A different turn of events occurred when Uozaki and colleagues,95 
in addition to evaluating miR-21 expression in tumoral and non-
tumoral tissue, investigated its expression in stromal tissue un-
derlying the two mentioned areas. As a result, they found that un-
like the tumoral miR-21 expression, its stromal expression was 
closely associated with clinic-pathological indications of tumor 
progression, including tumor stage, size and lymph node metas-
tasis. These authors speculated that the circulating miR-21 may 
actually originate from the underlying stromal tissue rather than 
the tumor itself.

ii. Circulating MiR-21
Komatsu, et al.96 investigated the effectiveness of plasma con-

centrations of miR-21, in addition to other candidate miRNAs 
(miR-17-5p, miR-106a, miR-106b), in prognostic assessment of 

plus increased vascular invasion of tumors were observed in pa-
tients with higher plasma levels of miR-21. In another study, Kim, 
et al.97 analyzed the concentrations of a panel of serum miRNAs, 
including miR-21, in gastric cancer patients to predict lymph node 
(LN) metastasis. As a result, serum miR-21 was able to highly 
discriminate between GC patients with and without LN metastasis 
(AUC = 0.954). Of particular value was the fact that such segre-
gation was possible during early pT (pT1a, pT1b) stages of GC. 

-
cation, gender, or age. 

Another piece of evidence supporting the value of serum miR-21 
in predicting GC prognosis and surgery outcomes was provided 
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by Ma and colleagues,83 who further manifested the association of 
its serum level expression with tumor grade of differentiation and 
lymph node metastasis. On the contrary, Song and colleagues98 
found no association between serum miR-21 levels and lymph 
node metastasis or other prognostic factors such as postoperative 
survival rates. The only tumor characteristics which they found to 
be associated with serum miR-21 were tumor size and advanced 
pT stage. These data are summarized in Table-3B.

Systematic reviews

A meta-analysis was carried out by Zeng, et al.,99 in 2013, in 
order to evaluate the diagnostic value of circulating miR-21 for 
gastric cancer. Their systematic review was restricted to 5 quali-

-
trols. The overall diagnostic power (AUC), pooled sensitivity and 

(95% CI: 55.0%–76.3%) and 83.1% (95% CI: 69.4%–91.5%), 
respectively. The limitations of this analysis included a relatively 
small sample size, all of which came from East Asian countries. 
Keeping in mind that larger prospective studies are needed to 

miR-21 as a diagnostic biomarker for GC with moderate sensitiv-

In 2014, Zhu, et al.100 performed a meta-analysis which included 
22 studies on a collection of 35 miRNA, 8 of which evaluated 
miR-21. They concluded that the up-regulation of circulating 
miR-21 was most consistent among the 35 studied miRNA for 
detection of GC, with overall diagnostic power (AUC), pooled 

89%(95% CI: 82%–94%), respectively. Admitting to the need for 
larger studies, using high throughput techniques, the consistent 
elevation of circulating miR-21 in GC patients and its subsequent 
decline following the resection of tumors, prompted the authors 
to re-emphasize the diagnostic potential of circulating miR-21 in 
detecting GC.

The next systematic review, which was carried out the same 
year by Shrestha and colleagues,101 complemented that of Zhu, et 
al.,100 by pooling the available miRNA data obtained from gastric 
tissue. Similar to the conclusions made on serologic studies, these 
investigators found miR-21 as the most consistently up regulated 
miRNA in the gastric tumors vs. normal tissue. Collection of data 
from the 10 evaluated reports yielded a median fold change of 
4.05 for miR-21 overexpression in tumor tissue, ranging from 
1.49 to 10.44. This analysis once again highlighted the diagnostic 
value of miR-21 in diagnosis of GC, but at the tissue level.

The only meta-analysis assessing the value of miR-21 in prog-
nosis of GC was performed by Wang and colleagues102 who 
evaluated 8 eligible studies published from 2008 to 2013. These 
investigators concluded that higher expression of miR-21 is sig-

lymph node metastasis, and TNM stage. Their analysis, despite a 
relatively limited sample size with a geographic bias, highlights 
the application of miR-21 in prognosis of gastric cancer patients. 

    
Concluding remarks

In summary, the indicative role of circulating miR-21, as a non-

oncomir a particularly attractive diagnostic and prognostic bio-

marker. The fact that it can be manipulated and its oncogenicity 

devising treatment strategies. Altogether, the state-of-the-art sup-
ports its inclusion in the list of high priority GC biomarkers, but 
calls for additional larger sized validation studies, tracing it back 
to the pre-neoplastic stages, when detection of GC risk may lead 
to disease prevention and/or treatment.
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