
Abstract. Background: MicroRNAs (miRNAs) are a class
of endogenous small non-coding RNAs that have been shown
to be aberrantly expressed in many human carcinomas. Of
these miRNAs, miR-21 appears to be important in
tumorigenesis given its up-regulation in almost all types of
human cancer examined. However, its association with the
clinicopathological features of human gastric cancer has yet
to be addressed. Patients and Methods: Cancer tissues and
corresponding normal tissues from 37 patients with gastric
cancer were examined for the expression level of miR-21
using quantitative PCR and the clinical relevance of miR-21
was statistically analyzed. Results: miR-21 was
overexpressed in 92% (34/37) of the gastric cancer samples
examined. However, the patients with higher miR-21
expression did not have a worse prognosis. Conclusion: miR-
21 could serve as an efficient diagnostic marker for gastric
cancer, but does not affect the clinical prognosis of gastric
cancer patients.

MicroRNAs (miRNAs) are a class of endogenous small non-
coding RNAs that negatively regulate gene expression and
are conserved in diverse species. The miRNA maturation
process usually requires several steps. Initially, miRNAs are
transcribed as long primary transcripts (pre-miRNAs) that
are subsequently processed by a nuclear RNase (Drosha) to
generate pre-miRNAs with a stem-loop hairpin in their
secondary structure (1). Pre-miRNAs are then exported into
the cytoplasm (2) where they are trimmed into mature

miRNAs (22~25 nt) by the cytoplasmic RNase III, Dicer
(3). Mature miRNAs are then incorporated into the RNA-
induced silencing complex and exert their function by
binding to the 3’ untranslated region of target genes in either
a partially complementary fashion, thereby blocking the
translation of target mRNAs, or in a perfectly
complementary fashion, leading to mRNA degradation.
Negative regulation of gene expression by miRNAs occurs
in a variety of biological processes including differentiation,
morphogenesis, proliferation and apoptosis (4-7).

Recently, miRNAs have drawn much attention in tumor
biology due to their differential expression patterns observed
in several cancer types, including prostate, lung, stomach,
breast, liver, colon and brain (8-12). Moreover, altered
expressions of certain classes of miRNAs indeed are
correlated to malignancies. For example, reduced expression
of miR-15a and miR-16 have been observed in ~68% of
patients suffering from B-cell chronic lymphocytic leukemia
(B-CLL). B-CLL cancer cells have a deletion in
chromosome 13q14 where the miR-15a and miR-16 genes
are located (13). Other links between miRNA and cancer
have also been reported, including elevated expression of
miR-155 and reduced expression of let-7a-2 in lung
carcinomas (12) and decreased expression of mir-143 and
mir-145 in colorectal carcinomas (14).

In recent years, the miRNA-based microarray approach
has been widely applied to investigate the expression profiles
of miRNAs in various types of carcinomas (8-11, 14, 19).
By surveying of the miRNA chip data from previous studies,
we found that, in particular, miR-21 was consistently
overexpressed in almost every type of cancer examined
despite each type of cancer having a different miRNA
expression profile. This makes miR-21 one of the most
important cancer-specific miRNAs. Previous investigation of
miR-21 has demonstrated that knockdown of miR-21
increased cellular apoptosis via a caspase-dependent
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mechanism in glioblastoma cells, suggesting that it may play
a role in the anti-apoptosis process (19). In addition, PTEN
(the phosphatase and tensin homolog deleted on
chromosome 10), a tumor suppressor gene encoding a
phosphatase that normally inhibits the phosphoinositide 3-
kinase (PI3K)/Rac-alpha serine/threonine protein kinase
(Akt)-mediated survival signaling pathway, was identified as
a potential target of miR-21 in human malignant
cholangiocytes (16). Because the loss of heterozygosity at
the PTEN locus is relatively rare (<10% ) in many types of
cancer (8), miR-21 targeting of PTEN may be the main
cause of PTEN inactivation if the same phenomenon is
observed in other types of cancer. Si, et al. performed
xenograft experiments to demonstrate that direct inhibition
of miR-21 in the human breast cancer cell line, MCF-7,
effectively suppressed tumor growth (17). With all this
evidence, the role of miR-21 in tumorigenesis appears to be
significant, miR-21 may, in part, act as an enhancer of the
PI3K/Akt-mediated cell survival pathway through
modulation of PTEN expression, thereby suppressing

apoptosis and leading to tumor formation. As the role of
miR-21 in tumorigenesis is gradually discovered, the
significance of this molecule related to clinical diagnosis and
prognosis is just emerging. In this study, the miR-21
expression in gastric cancer patients was first evaluated and
then the association of miR-21 expression with the
clinicopathological features was analyzed.

Patients and Methods
Clinical samples. Human gastric carcinoma tissues and
corresponding normal tissues were obtained from 37 patients who
underwent gastric resection at the Department of Surgery, Veterans
General Hospital, Taipei, Taiwan. Informed consent was obtained
from all patients.

RNA extraction and detection of mature microRNA by quantitative
RT-PCR. The total RNA from tissue was extracted with TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) following the
manufacturer’s instructions. Briefly, tissue samples were
homogenized in 1 ml TRIzol reagent and then added 0.2 ml of
chloroform for phase separation. Following centrifugation
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Figure 1. A representative miR-21 Q-PCR graph of RNA isolated from a
patient with increased miR-21 expression. Analysis was performed in
triplicate as indicated (lower panel). Small nuclear RNA U6 was used
as an internal control. Arrows indicate the curves corresponding to the
CT values of U6 and miR-21 in normal (N) and tumor (T) tissue.
Threshold was set at 10–1 to obtain the best fluorescent result. The
relative expression of miR-21 was calculated by the following equation:
2–(ΔCT) where ΔCT=(CT miR-21 – CT U6RNA). The intersection between
the amplification plot and the threshold is defined as the cycle threshold
or the CT value. The CT value is related to the amount of PCR product.



(12,000xg for 15 min), RNA remains exclusively in the aqueous
phase and was precipitated with 0.5 ml isopropanol. The RNA pellet
was washed with 75% ethanol and was dissolved in DEPC (diethyl
pyrocarbonate)-treated water. The concentration, purity, and amount
of total RNA were determined by ultraviolet spectrometry. We
applied a miRNA quantification method developed by Applied
Biosystems to detect the endogenous expression of miR-21. Briefly,
This method uses two-step RT-PCR. In the reverse transcription
(RT) step, cDNA is reverse transcribed from total RNA samples
using a miRNA-specific stem-loop primer from the TaqMan
MicroRNA Assays and reagents from the TaqMan® MicroRNA
Reverse Transcription Kit (ABI, Forest City, CA, USA). In the
TaqMan real-time PCR step, PCR products are amplified from
cDNA samples using the TaqMan MicroRNA Assays together with
the TaqMan® Universal PCR Master Mix and the amount of PCR

product were monitored using Applied Biosystems 7700 Sequence
Detection System. The relative amount of miR-21 to small nuclear
U6 RNA (the internal control) was calculated using the equation
2–ΔCT where ΔCT= (CT miR-21 – CT U6RNA) (18). The CT value or
the cycle threshold represents the intersection between the
amplification plot of PCR product and the threshold. The CT value
is related to the amount of PCR product.

Statistical analysis. All the data are expressed as means±SD, and
the correlation between various disease parameters were analyzed
by Student’s t-test and Chi-square test. The difference was
considered to be significant when the p-value was less than 0.05.

Results

miR-21 in gastric cancer tissues compared to corresponding
normal gastric tissues. A representative quantitative (Q)-
PCR graph of RNA from one patient sample is presented in
Figure 1. The overall expression level of miR-21 in the
normal and tumor samples from 37 patients is shown in
Figure 2. Consistent with previous results, most tumor tissue
from the gastric cancer patients (34/37; 92% ) showed
elevated levels of miR-21 compared to the corresponding
normal tissues, with an average increase of 1.68-fold. When
the cut-off was set to 2-fold, tumor tissue from 13 out of the
37 patients (35% ) still showed a significant increase in miR-
21 expression.

Correlation between miR-21 expression and prognosis of
gastric cancer patients. The miR-21 expression level in tumor
tissues from individual gastric cancer patients was correlated
to their pathological features (Table I). A 2-fold increase of
miR-21 expression in the tumor samples was defined as a cut-
off to divide the patients into two groups: ≥2-fold (high
expression) and <2-fold (low expression). The statistical
analysis revealed that patients with high miR-21 expression
had less scirrhous type stromal reaction than those with low
miR-21 expression (p=0.028). However, there was no
significant difference in other clinicopathological features
such as age, gender, tumor size, location, 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
between these two groups (Table I).

Discussion

The quantitative RT-PCR showed that miR-21 was
overexpressed in tumors from about 90% of the gastric
cancer patients compared with their matched normal tissues,
suggesting that the expression levels of miR-21 could be
included as one of the diagnostic indicators of gastric cancer.

Although it is becoming clear that various carcinomas
have specific miRNA expression patterns (9, 10, 14, 15),
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Figure 2. miR-21 is overexpressed in most gastric cancer patients.
Normal and tumor tissue pairs from 37 clinical gastric cancer patients
were examined by quantitative PCR. The miR-21 expression level was
normalized using U6 as an internal control. All samples were assessed
in triplicate and analyzed by Student’s t-test. P<0.05 was considered to
be significant.



little is known about the correlation between the degree of
cancer-related miRNA expression and the clinical diagnosis
and prognosis of cancer patients. High miR-155 and low let-
7a-2 expression levels have been seen in patients with lung

cancer (12) and positively correlated with poor prognosis. In
a study of CLL, the down-regulation or deletion of the miR-
15a ~16 cluster was associated with poor prognosis (20).
Because miR-21 is considered to act as an “oncomiR” owing
to its ability to promote cell growth, high levels of miR-21
would be expected to correlate with a poor prognosis of
cancer patients. However, in the present study, we found that
high levels of miR-21 were not associated with most of the
clinicopathological features including known prognostic
factors (gross appearance of the tumor, depth of cancer
invasion and lymph node metastasis) for gastric cancer
except the stromal reaction pattern (Table I). Gastric cancer
patients with scirrhous type stromal reaction have been
shown to be associated with a poor 5-year survival rate (21).
Our statistical results showed that patients with high levels
of miR-21 tended to have intermediate type stromal reactions
other than scirrhous type, and had a better 5-year survival
rate, suggesting that overexpression of miR-21 was not
correlated to poor prognosis of gastric cancer patients. Based
on our observations from Q-PCR and clinical analysis, we
concluded that miR-21 might play a key role during the
earliest-stages stomach carcinogenesis, but alone is not
enough to affect or contribute to tumor progression. In fact,
in the very limited number of studies regarding the
relationship between cancer-specific miRNAs and clinical
prognosis, miR-21, reported here, is the first oncomiR that
showed no correlation with poor prognosis. However, miR-
21 is not the only oncogene that does not predict a poor
cancer outcome. A previous study showed that c-myc, a
well-characterized oncogene that is overexpressed in most
human malignancies and is highly correlated to the tumor
progression and prognosis of cancer patients (22-24), was
not associated with a poor prognosis in uveal melanoma (25)
and testicular cancer (26). The observations regarding c-myc
suggested that although miR-21 was not correlated to poor
prognosis in gastric cancer patients, it may act differently in
patients with other cancer types.

In conclusion, miR-21, one of the most important cancer-
specific miRNAs, could serve as a good diagnostic marker
for patients with gastric cancer, but this oncomiR alone is
not associated with tumor progression and poor prognosis in
gastric cancer. To better understand its role in tumor
progression, further investigations should be focused on
whether miR-21 has the same effect on patients with other
cancer types.

References
1 Lee Y, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost P,

Radmark O, Kim S and Kim VN: The nuclear RNase III Drosha
initiates microRNA processing. Nature 425: 415-419, 2003.

2 Elsebet L, Guttinger S, Calado A, Dahlberg JE and Kutay U:
Nuclear export of microRNA precursors. Science 303: 95-99,
2004.

ANTICANCER RESEARCH 28: 907-912 (2008)

910

Table I. Clinicopathological features and miR-21 expression in gastric
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miR-21 expression p-value
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Age (year)
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