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Abstract

AIM: To investigate let-7a expression and analyze the
correlation between let-7a and progression of gastric
mucosa cancerization.

METHODS: The tissue microarray was constructed
previously in 52 cases of human gastric carcinoma, 17
cases of chronic atrophic gastritis (atypical hyperplasia)
and 11 cases of normal gastric tissue, and tissue micro-
arrays combined with /n situ hybridization were used to
detect the expression of let-7a.

RESULTS: The positive rates of let-7a in normal gastric
tissue, chronic atrophic gastritis and gastric carcinoma
were 90.9%, 88.2% and 86.5%, respectively, without
significant differences among the groups (P > 0.05).
However, an intense signal of let-7a was observed in
gastric epithelial cells, whereas a less intense signal was
found in gastric atypical hyperplasia epithelial cells and
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a weak signal in gastric carcinoma epithelial cells. The
expression of let-7a decreased along with the progres-
sion of gastric mucosa cancerization (P < 0.05). In the
group of gastric carcinoma, the expression of let-7a
was even significantly lower in gastric carcinomas with
lymph node metastasis than in those without metastasis
(P < 0.05).

CONCLUSION: Gastric carcinoma has relatively lower
expression of let-7a. Reduced let-7a may be a funda-
mental factor in the formation and lymph node metas-
tasis of gastric carcinoma.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

MicroRNAs (miRNAs) are a recently discovered class of
short noncoding RNA genes that act post-transcription-
ally as negative regulators of gene expressionll’zj. A large
body of research shows that animal miRNAs play a fun-
damental role in many biological processes, including cell
growth and apoptosis, hematopoietic lineage differentia-
tion, insulin secretion, brain morphogenesis, and muscle
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cell proliferation and differentiation””. About 1000 miRNA
genes are thought to be encoded in the human genome'”.
Although it is still difficult to identify accurately individual
miRNA/target interactions'”, computational predictions
of miRNA target genes indicate that as many as one-third
of all human protein-encoding genes may be regulated by
miRNAs!". This suggests that miRNAs could be involved
in a wide variety of human diseases, including cancer. As
a result of in-depth researches over the last 5 years, miR-
NA-mediated regulation of tumorigenesis is emerging as
a new paradigm in the field of cancer biology[8’9]. It has
also been reported that these miRNA signatures may be
a more robust tool than expression patterns of protein-
encoding genes for distinguishing normal from tumor tis-
sues''". One particular miRNA, let-7, was discovered in
the early 1990s in humans and mice. It has been reported
that let-7 as a novel candidate of tumor suppressor gene
is involved in several cancers such as lung carcinoma and
colon carcinoma.

Gastric carcinoma is one of the most frequent cancers
and one of the most common causes of cancer-related
mortality in China, with an incidence of 0.4 million new
cases and 0.3 million deaths annually. Gastric carcinoma
is also an inadequately understood, and often fatal disease
when not detected at eatly stages. Atypical hyperplasia is
generally accepted as a precancerous lesion. Cancerization
from normal gastric mucosa, chronic atrophic gastritis
to gastric carcinoma has been well acknowledged. In this
study, the expression of let-7a in normal gastric tissue,
chronic atrophic gastritis (atypical hyperplasia) and gas-
tric carcinoma was detected by 7 situ hybridization (ISH)
using a locked nucleic acid (LNA) probe and gastric mu-
cosa cancerizing tissue microarrays; the relation between
expression level of let-7a and the progression of gastric
mucosa cancerization was discussed.

MATERIALS AND METHODS

Tissue microarray and probe

The tissue bank at Shanxi Chaoying Biotechnology Com-
pany maintains a seties of formalin-fixed, paraffin-embed-
ded (FFPE) tissue blocks of patients with gastric carci-
noma, chronic atrophic gastritis (atypical hyperplasia) and
normal gastric tissue. Information on tumor histologic
grade, patient’s age and sex was collected and anonymized
in a secure database. We generated a tissue microarray
(ITMA) from archived FFPE blocks of 80 cases, includ-
ing 11 cases of normal gastric tissue, 17 cases of chronic
atrophic gastritis with atypical hyperplasia (incomplete
intestinal metaplasia) and 52 cases of gastric carcinoma
(intestinal type). In the gastric carcinoma group, there
were 10 cases with lymph node metastasis and 42 cases
without lymph node metastasis. This study complied with
the rules and regulations of the Ethics Committee of the
hospital. Informed consent was obtained from all subjects.
All FFPE blocks were reviewed and tissue cores were
selected by a board-certified pathologist. The 5’Digoxin-
labeled, LNA-modified oligonucleotide probe (sequence
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5’-3” aactatacaacctactacctca) complementary to the entire
mature sequence of let-7a, was synthesized by Exiqon
DNA technologies.

Detection of miRNAs by ISH in FFPE sections

The experiment was conducted at a laboratory of Shanxi
Chaoying Biotechnology Company in November 2009.
Sections (5 pum) of archived paraffin-embedded specimens
were deparaffinized in xylenes and then rehydrated through
an ethanol dilution series (from 100% to 25%). Slides
were submerged in diethyl pyrocarbonate-treated water
and subjected to proteinase K digestion (5-10 pug/mL)
and 0.2% glycine treatment, refixed in 4% paraformalde-
hyde, and treated with acetylation solution [66 mmol/L
HCI, 0.66% (v/v) acetic anhydride, and 1.5% (v/v) trietha-
nolamine]; slides were rinsed thrice with 1 X PBS between
the treatment. Slides were prehybridized in hybridization
solution (50% formamide, 5 X SSC, 500 Ag/mlL yeast
tRNA, and 1 X Denhardt’s solution) at 50°C for 30 min.
Then 5-10 pmol of Digoxin-labeled, LNA-modified probe,
was added to 150 pL. hybridization solution and hybridized
for 18 h at a temperature of 42°C below the calculated Tm
of the LNA probe. Subsequently, the samples were incu-
bated at 37°C for 90 min with 50 pL biotin-labeled anti-
digoxin antibody, rinsed with 0.5 X SSC four times for
5 min, incubated at 37°C for 30 min with 50 pul. SABC so-
lution, and rinsed with 0.5 X SSC solution three times for
5 min. After added 50 plL biotin-labeled peroxidase and
incubated at 37°C for 30 min, the samples were rinsed five
times with 0.5 X SSC for 5 min, then stained with Nitro-
Blue-Tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate.
Finally, the sections were restained with eosin before cov-
ering, For a negative control, the hybridization solution
was replaced with pre-hybridization solution. Likewise,
[B-actin was used as the probe of positive control.

Determination of results

Signals were visually quantified by a pathologist according
to the reference of Frantz ez al'™. A total of 100 X 10 cells
wete counted randomly. Then, tissue sections were blindly
examined by a second individual for an agreement with
the initial quantifications. If there was no positive cell, the
sample was scored as O point. If the percentage of positive
cells was less than or equal to 30%, the sample was scored
as 1 point; less than or equal to 70% as 2 points; and more
than 70% as 3 points. The staining intensity was recorded
as negative, light, moderate, or strong, and scored as 0, 1,
2 or 3 points, respectively. The two values were multiplied,
and a sum of 0 point represented negative expression, and
1-9 points represented positive expression. Points 1-2 were
marked *, 3-4 marked +, 6 marked ++, and 9 marked
+++.

Statistical analysis
Statistical analysis was performed using SPSS 11.5 Pack-
age. The XZ and correlation tests were used in this study.
A difference was considered significant when P value
was less than 0.05.
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Figure 1 Expression let-7a in stomach cancer progression tissue array (in situ hybridization, Nitro-Blue-Tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate
staining, original magnification x 200). A: Positive expression (++) of let-7a in gastric tissue; B: Positive expression (+) of let-7a in chronic atrophic gastritis; C:
Positive expression (+) of let-7a in gastric carcinoma; D: Negative expression of let-7a in gastric carcinoma.

Table 1 Expression of let-7a in gastric mucosa cancerization

tissue array

Cases Results Positive
(n) rate (%)
o + + ++ +++
Normal 11 1 0 2 8 0 90.9
gastric mucosa
Chronic 17 2 2 7 5 1 88.2
atrophic gastritis
Gastric 52 7 18 18 7 2 86.5
carcinoma
RESULTS

Expression of let-7a was determined on 5-um sections
obtained from each of the TMA blocks. Generally, let-7a
appeared as blue-purple particles in the cytoplasm or nu-
cleus after staining, and predominantly expressed in nor-
mal gastric mucosa epithelia and its expression was down-
regulated in atypical hyperplasia epithelia, especially in ma-
lignant cells. The let-7a probe revealed an intense cytoplas-
mic signal in gastric epithelial cells, whereas a less intense
signal was observed in gastric atypical hyperplasia epithelial
cells and a weak signal in gastric carcinoma epithelial cells
(Figure 1). Let-7a was also detected in endothelial cells
lining blood vessels and in fibroblasts (data not shown).
The classification of let-7a expression grade in each group
is shown in Table 1. There was no significant difference
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e 2 Expression of let-7a in gastric carcinomas

Lymph node Cases Results P value
metastasis (n)

- + + ++ +++ 0.043
Negative 42 4 11 18 7 2
Positive 10 & 6 1 0 0

in the positive rates of let-7a among gastric carcinoma,
chronic atrophic gastritis and normal gastric tissues (P >
0.05). However, by analysis of the signal levels of let-7a in
each group, the levels of let-7a expression were reversely
related to the progtression of gastric mucosa cancerization
(P = 0.008). The exptession of let-7a decreased along with
the progression of gastric mucosa cancerization. In the
gastric carcinoma group, the expression of let-7a in the 10
cases with lymph node metastasis was even lower than in
the 42 cases without lymph node metastasis (P = 0.043) as
shown in Table 2. In this study, B-actin showed an intense
cytoplasmic signal in each of the TMA blocks in positive
control while no blue-purple staining was found in blocks
of negative control.

DISCUSSION

The let-7 family consists of 12 genes encoding for nine
distinct miRNAs (let-7a to let-7i). Historically, let-7 was
found to bind to the 3> UTR of lin-41 and hbl-1 (lin-57)
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to inhibit their translation in nematodes”, and control
the developmental transition from the 1.4 stage into the
adult stagemm]. An evolutionarily conserved regulation of
the RAS family of growth control proteins by let-7 from
nematodes to human cancer cells has also been demon-
strated. Recently, let-7 implication in cancerogenesis has
been extended to the repression of high mobility group
A2, thus preventing oncogenic transformation in many tu-
mors'"", Johnson e# @l showed that let-7 miRNA expres-
sion was lower in lung tumors than in normal lung tissues.
The detection of mature miRNAs by ISH is technically
challenging because of their small size. LNAs are a class
of bicyclic high-affinity RNA analogues, in which the fu-
ranose ring in the sugar-phosphate backbone is chemically
locked in a conformation mimicking the North-type (C3™-
endo) conformation of RNA"?" This results in an un-
precedented hybridization affinity of LNA toward com-
plementary single-stranded RNA molecules. A limitation
to identifying and validating potential biomarkers makes
it difficult to conduct retrospective studies with archived
tumor specimens due in part to protein and RNA degra-
dation”". Hence, the very small size of miRNAs offers a
unique advantage because short RNA molecules are sub-
stantially less susceptible than mRNAs to enzymatic and
mechanical degradation. In this study, we used a method
for detection of miRNAs in gastric carcinoma specimens,
LNA-ISH, which offers a spatial resolution of miRNA
expression unsurpassed by other available techniques.
Zhang at al” established an accurate and rapid stem-loop
reverse transcriptional real-time PCR (RT-PCR) method
to quantify human let-7a miRNA in gastric cancer. It was
found that the expression level of let-7a miRNA in gastric
tumor tissues was significantly lower than in normal tis-
sues of 14 samples from 32 patients. There might be a dis-
cordance between ISH and RT-PCR results, which could
be explained by the overrepresentation of epithelial cells
in tumor lesions, resulting in a high let-7 signal in gross
tissue biopsies. However, let-7a expression is diminished
within individual cancer cells, which can be determined
only by the ISH approach. We noticed that long fixation
periods in 10% formalin (more than 12-18 h) can affect
negatively the intensity of the miRINA 7 situ signal. There
is no significant difference of the positive rates of let-
7a expression among gastric carcinoma, chronic atrophic
gastritis and normal gastric tissue, which may be partly
due to the limitation of normal gastric tissue cases in the
TMA. Decrease of let-7a expression is already apparent in
hyperplasia (possibly preneoplastic). Its further decrease
in gastric carcinoma is reminiscent of reduction of let-7a
related to the gastric mucosa cancerization progression.
Hence, this suggests that reduction of let-7a is an eatly
event during intestinal-type gastric carcinoma formation.
The most essential behavior of the malignant tumor is
metastasis. Lymph nodes metastasis is an important index
for clinical stages of gastric carcinoma before surgery and
it is also an important prognosis factor for gastric carcino-
ma patients. Our study showed that the expression of let-
7a was even lower in gastric carcinoma with lymph nodes
metastasis than in those without lymph nodes metastasis.
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Decreased expression or absence of let-7a may determine
initially the occurrence, development, metastasis and prog-
nosis of gastric carcinoma. Using combined LNA-ISH
and RT-PCR, quantitative detection of let-7a may have a
potential clinical application as a novel biomarker for early
diagnosis and prognosis of gastric carcinoma. Infecting
breast tumor-initiating cells with let-7-lentivirus reduced
proliferation, mammosphere formation, and the propor-
tion of undifferentiated cells 7z vi#ro and tumor formation
and metastasis in NOD/SCID mice™, Thus, the reason
why let-7a in human gastric carcinoma has generated
great interest is that it not only has a potency in diagnosis,
but also can shed light on the molecular mechanisms of
the tumorigenic process and has a high potential as novel
targets for therapeutic intervention using synthetic oligo-
nucleotide technologies. Further studies are being carried
out on the relationship between gastric carcinoma and let-
7a in our laboratory.
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