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Abstract
AIM: To evaluate the biological and clinical character-
istics of miR-622 in gastric cancer.

METHODS: We analyzed the expression of miR-622 
in 57 pair matched gastric neoplastic and adjacent 
non-neoplastic tissues by quantitative real-time poly-
merase chain reaction. Functional analysis of miR-622 
expression was assessed in vitro  in gastric cancer cell 
lines with miR-622 precursor and inhibitor. The roles of 
miR-622 in tumorigenesis and tumor metastasis were 
analyzed using a stable miR-622 expression plasmid in 
nude mice. A luciferase reporter assay was used to as-
sess the effect of miR-622 on inhibitor of growth fam-
ily, member 1 (ING1) expression.

RESULTS: Expression of miR-622 was down-regulated in 
gastric cancer. MiR-622 was found involved in differentia-

tion and lymphatic metastasis in human gastric cancer. 
Ectopic expression of miR-622 promoted invasion, tu-
morigenesis and metastasis of gastric cancer cells both in 
vitro  and in vivo. ING1 is a direct target of miR-622. 

CONCLUSION: These findings help clarify the molecu-
lar mechanisms involved in gastric cancer metastasis 
and indicate that miR-622 modulation may be a bona 
fide treatment of gastric cancer.

© 2011 Baishideng. All rights reserved.

Key words: MicroRNA; MiR-622; Gastric cancer; Metas-
tasis; Inhibitor of growth family member 1

Peer reviewer: Ferenc Sipos, MD, PhD, Cell Analysis Labora-
tory, 2nd Department of Internal Medicine, Semmelweis Uni-
versity, Szentkirályi u. 46., Budapest 1088, Hungary

Guo XB, Jing CQ, Li LP, Zhang L, Shi YL, Wang JS, Liu JL, 
Li CS. Down-regulation of miR-622 in gastric cancer promotes 
cellular invasion and tumor metastasis by targeting ING1 gene. 
World J Gastroenterol 2011; 17(14): 1895-1902  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v17/i14/
1895.htm  DOI: http://dx.doi.org/10.3748/wjg.v17.i14.1895

INTRODUCTION
Gastric cancer is the fourth most common cancer and is 
the second most common cause of  death from cancer in 
the world[1-3]. For most solid malignancies, metastasis is 
the predominant cause of  cancer death[4-6]. Elucidation 
of  the molecular mechanisms that regulate the sequential 
steps of  metastasis formation is critical for the reduction 
of  cancer mortality. The regulatory mechanism involved 
in the development of  gastric cancer is not well understood; 
the discovery of  critical carcinogenic pathways and the 
identification of  new therapeutic targets for gastric can-
cer are crucial for local and global public health. 

Recently, researchers discovered a novel class of  short, 
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endogenous non-coding RNAs, called microRNAs (miR-
NAs) described in not only animals and plants, but also in 
humans as well[7-9]. It is clear that miRNAs play pivotal roles 
in a wide array of  biological processes, including cell prolif-
eration, differentiation and apoptosis[10,11]. MiRNAs regulate 
the expression of  protein-coding genes by degrading target 
mRNAs or by inhibiting gene translation[12]. Emerging evi-
dence strongly suggests that abnormal miRNA expression 
is a common and important feature of  human malignan-
cies[13,14], and some studies show that some miRNAs are 
associated with metastasis from gastric cancer[15-18]. 

In this study, we investigated the biological effects and 
potential mechanisms of  miR-622 in gastric carcinoma. 
We examined the expression of  miR-622 in gastric cancer 
and found that miR-622 was associated with differentia-
tion and lymphatic metastasis of  human gastric cancer. 
Exogenous expression of  miR-622 promotes invasion, 
tumorigenesis and metastasis formation both in vitro and 
in vivo. Using bioinformatics analysis, we identified inhibi-
tor of  growth family, member 1 (ING1) as a putative 
miR-622 target. Subsequent experiments confirmed that 
up-regulation of  miR-622 repressed the expression of  
ING1 at translational level.

MATERIALS AND METHODS
Cell lines and tissue samples
MKN-45, AGS, MKN-28, SGC-7901 and human embry-
onic kidney cell lines 293T (HEK 293T) were maintained 
in our central laboratory. Gastric cancer cell lines SNU-1 
and NCI-N87 were obtained from American Type Cul-
ture Collection (Manassas, VA, USA). Cells were grown 
in RPMI-1640 or Dulbecco’s modified Eagle’s medium 
(DMEM; Sigma, St Louis, MO, USA) supplemented with 
10% fetal bovine serum. Cultures were maintained at 37℃ 
in a humidified atmosphere with 5% CO2. Primary gas-
tric tumor tissues and adjacent non-tumor gastric tissues 
were collected from either routine therapeutic surgery or 
gastrointestinal endoscopy at our department. All samples 
were obtained with informed consent from the patients 
and approval by the hospital institutional review board.

Analysis of miRNA expression using TaqMan real-time 
polymerase chain reaction
Total RNA from tissue samples and cell lines was isolated 
using the mirVana miRNA Isolation Kit (Ambion, USA). 
Expression of  mature miRNAs was detected using the 
Taqman MicroRNA Assay (Applied Biosystems, Carlsbad, 
CA, USA) specific for hsa-miR-622. Briefly, 5 ng small 
RNA or total RNA was reversely transcribed using specif-
ic stem-loop RT primers. The reverse transcription prod-
ucts were then amplified and detected using PCR with 
specific primers and TaqMan probes. The PCR was run 
in a 7900 HT Fast Real-Time polymerase chain reaction 
(RT-PCR) System (Applied Biosystems) and SDS2.2.2 
software (Applied Biosystems) was used for comparative 
ΔCt analysis. U6 snRNA (RNU6B, Applied Biosystems) 
was used as an endogenous control.

MiRNA target prediction
The miR-622 sequence was obtained from miRBase (http://
www.microrna.sanger.ac.uk). Predicted miRNA targets 
were determined using the TargetScan[19], PicTar[20], and 
Miranda[7] algorithms. 

Construction of miR-622 expression plasmids
For miR-622 expression, human miR-622 precursor 
(622 bp) was cloned into pSilencer 4.1 (Ambion, Aus-
tin, TX, USA) using the following primers: Forward: 5’
-ATCCCAGGGAGACAGAGATCGAGG-3’, Reverse: 
5’-AAGCTTGGTGGTGGACTTTTGGTTGT-3’. The 
plasmid was named pS-miR-622, and the control plasmid, 
consisting of  a scrambled sequence (Ambion), was named 
pS-control. Transfected cells were selected with puromy-
cin 48 h after transfection and then diluted for clonal se-
lection. Mature miRNA expression in selected clones was 
assessed by RT-PCR as described above. All constructs 
were verified by sequencing. Stability-enhanced miR-622 
precursor and negative control 1 ribo-oligonucleotides 
were obtained from Ambion. To inhibit miR-622 func-
tion, an Ambion miRNA inhibitor for miR-622 (AS-
miR-622) was used, along with the negative control (AS-
control).

Transfection
For transfection, a complex of  Lipofectamine 2000 (In-
vitrogen, Carlsbad, CA, USA) and 200 nmol/L RNAs 
described above was prepared according to the manufac-
turer’s instructions and directly mixed with cells in 24-well 
cell culture plates at a density of  4 × 104 cells per well. 
The level of  miR-622 expression in transfected cell lines 
was assayed by real-time RT-PCR 72 h after transfection. 

Invasion and scratch healing assays
Cell invasion assays were performed using insert mem-
branes coated with diluted Matrigel (BD Biosciences, San 
Jose, CA, USA). Cells (1 × 105) were added to the upper 
chamber and cultured for 48 h. Finally, the insert mem-
branes were cut and stained with Crystal violet (0.04% 
in water, 100 mL) and permeable cells were counted un-
der an inverted microscope and photographed. For the 
scratch assay, cells were treated with 10 mg/mL mitomy-
cin C (Sigma) for 3 h and then wounded with a pipette 
tip. Fresh, full medium was added, and wound healing 
was observed for 48 h. Photographs were taken every 6 h. 

Tumorigenesis and metastasis assay in nude mice
Cells (1 × 106), transfected with pS-miR-622 or pS-control, 
were collected and inoculated subcutaneously into right 
flank regions of  4-wk-old male BALB/c nude mice (In-
stitute of  Zoology, Chinese Academy of  Sciences, Shang-
hai). In another group, male nude mice were injected 
through the tail vein. Tumor nodules were measured every 
4 d with a caliper. Mice were sacrificed at the end of  one 
month and the number of  metastatic tumors in the liver; 
tumor growth rate and rate of  inhibition were calculated. 
Two independent experiments were performed for each 
experimental group.
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Immunohistochemistry
Mouse tissues were fixed in 10% neutralized formalin and 
embedded in paraffin blocks. Sections were then prepared 
for immunohistochemical examination. After deparaffiniza-
tion and rehydration, antigen retrieval was performed by 
boiling samples in 10 mmol/L citrate buffer (pH 6.0) for 
10 min. After inhibition of  endogenous peroxidase activity 
for 30 min with methanol containing 0.3% H2O2, sections 
were blocked with 2% bovine serum albumin in phosphate-
buffered saline (PBS) for 30 min and then incubated with 
human anti-rabbit ING1 monoclonal antibody (Abcam, 
dilution 1:500). The immune complex was visualized us-
ing the Dako REA™ Envision™ Detection System and 
Peroxidase/DAB (Dako) according to the manufacturer’s 
instructions. Nuclei were counterstained with hematoxylin.

Western blotting
ING1 protein levels were quantified by standard Western 
blotting procedures, using the anti-rabbit ING1 mono-
clonal antibody (Abcam, dilution 1:500). Protein levels 
were normalized to the total glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) using a rabbit monoclonal anti-
GAPDH antibody (Sigma).

Luciferase miRNA target reporter assay
Total cDNA from SGC-7901 cells was used to amplify 
the 3’-UTR of  ING1 by PCR, using the forward primer: 
5’-TAGTCGAGTGGTTCCACTTCTCGTGC-3’ and 
the reverse primer: 5’-TTACAGCTCACATACAGCAG-
GAAG-3’. After digestion of  the PCR product by Spe
Ⅰ and Hind Ⅲ, the ING1 3’UTR was cloned into the Spe
Ⅰ and Hind Ⅲ sites of  pMir-Report (Ambion), yielding 
pMir-Report-ING1. Mutations were introduced at po-
tential miR-622 binding sites using the QuikChange site-
directed mutagenesis kit (Stratagene). HEK 293T cells were 
transfected with the pMir-Report vectors containing the 
3’UTR variants, and 5 h after transfection, the cells were 
transfected again with 100 nmol/L of  miR-622 precur-
sor, miR-622-inhibitor or control plasmids. Five ng of  the 
phRL-TK vector (Promega) harboring the Renilla luciferase 
gene was co-transfected as an internal control to determine 
the transfection efficiency. Cells were harvested 48 h after 
transfection and analyzed for luciferase activity using the 
Dual-Luciferase Reporter Assay System (Promega) and the 
GloMaxTM 20/20 detection system (E5331, Promega).

Statistical analysis
Statistical analysis was performed using SPSS 15.0 software 
(SPSS, USA). Data were expressed as the mean ± SD from 
at least three separate experiments. Differences between 
groups were analyzed using Student’s t test and the χ2 test. 
P < 0.05 was considered statistically significant.

RESULTS
Relationship between miR-622 expression levels and 
clinicopathological factors in patients with gastric 
cancer
To determine whether miR-622 expression is associated 

with gastric cancer, we examined and compared miR-622 
expression in primary gastric cancer tissues and in pair-
matched adjacent non-tumor tissues using quantitative 
RT-PCR. A decrease of  miR-622 expression was found 
in 70.18% of  the 57 patients with gastric cancer with a 
median change by about 1.83-fold (P < 0.05, Figure 1). 
We then investigated the relationship between miR-622 
expression levels and clinicopathological factors in the 57 
patients. We found that the expression level of  miR-622 
was associated with the differentiation and lymphatic me-
tastasis (P < 0.05, Table 1). As shown in Table 1, miR-622 
expression levels were not associated with tumor size and 
distal metastasis, TNM stage or invasion.

Expression of miR-622 and ING1 in gastric cancer cell 
lines
We detected miR-622 and ING1 expression using qRT-
PCR in six different gastric cancer cell lines (AGS, SNU-1, 
NCI-N87, SGC-7901, MKN-45 and MKN-28). Based on 
the miR-622 expression levels in these cell lines, we chose to 
further analyze SGC-7901 and NCI-N87 cells for miR-622 
gain-of-function and loss-of-function studies, respectively 
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Table 1  Clinicopathological features and miR-622 expression 
in gastric cancer patients

Factors No. of 
patients

Mean 
expression of 

miR-622

P value

Age (yr)
   < 65 42 4.84 ± 3.78  0.9731

   ≥ 65 15 4.89 ± 4.65
Gender
   Male 30 5.51 ± 3.89   0.1911

   Female 27 4.12 ± 4.03
Cell differentiation
   Poor 19 5.71 ± 4.14  0.021a

   Moderate 38 3.14 ± 3.07
Tumor size (cm)
   < 5 48 4.60 ± 3.79   0.2591

   ≥ 5   9 6.24 ± 4.91
Gross appearance
   Borrmann Ⅰ + Ⅱ type 10 3.72 ± 3.69   0.3251

   Borrmann Ⅲ + Ⅳ type 47 5.10 ± 4.04
Site of tumor
   Cardia   9 3.60 ± 4.00 0.371

   Body   8 3.84 ± 5.57
   Antrum 40   5.34 ± 3.682
Lymphatic metastasis
   Positive 31 6.03 ± 4.16  0.041a

   Negative 26 3.87 ± 3.60
Depth of cancer invasion
   T2 11 4.71 ± 5.03   0.5861

   T3 44 5.02 ± 3.78
   T4   2 2.02 ± 1.37
TNM Stage
   Ⅰ   2 0.82 ± 0.72   0.3851

   Ⅱ 12 4.02 ± 3.31
   Ⅲ 35 5.34 ± 4.12
   Ⅳ   8 5.00 ± 4.49
Distal metastasis
   Positive   6 3.67 ± 3.22   0.4441
   Negative 51 5.00 ± 4.07

1Chi-square test. aP < 0.05; TNM: Tumor-node-metastasis.
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(Figure 2A). After transfection, we examined the expres-
sion of  miR-622 in cancer cells by real-time PCR. The 
expression level of  miR-622 was significantly up-regulated 
in SGC-7901 cells transfected with miR-622 precursor (P < 
0.01, Figure 2B) and the expression level of  miR-622 was 
significantly down-regulated in NCI-N87 cells transfected 
with miR-622 inhibitor, compared with the negative con-
trols (P < 0.01, Figure 2B). We also analyzed the expression 
of  ING1 in the same gastric cancer cells. The expression 
of  miR-622 was inversely correlated with the expression of  
ING1 (Figure 2A).

Ectopic expression of miR-622 promotes invasion and 
migration of gastric cancer cells in vitro
We examined cell invasion and migration ability using the 
transwell invasion (Figure 2C) and scratch healing assays 
(Figure 2D). The number of  invasive cells in the miR-622 
precursor-transfected sample was significantly increased 
compared with the control (731.51 ± 3.16 vs 362.24 ± 5.18, 
P < 0.01). MiR-622 precursor-transfected cells healed the 
wound 48 h after scratching, whereas control-transfected 
cells were unable to heal the wound. The mean wound dis-
tances of  the experimental sample and the control 48 h after 
scratching were significantly different (11.23 ± 7.19 μm vs 
176.31 ± 7.24 μm, P < 0.01). Conversely, miR-622 inhibitor-
transfected cells showed inhibited invasion (127.31 ± 11.62 
vs 329.18 ± 5.18, P < 0.05) and migration ability (384.06 ± 
9.35 μm vs 176.31 ± 7.24 μm, P < 0.01) compared with the 
control group (Figure 2C and D).

Ectopic expression of miR-622 promotes tumorigenesis 
and metastasis in vivo
We then tested whether ectopic expression of  miR-622 
could promote tumor growth in vivo. We constructed 
a miR-622 expression vector (pS-miR-622) and selected 
SGC-7901 cells stably transfected with pS-miR-622. 
Subsequently, pS-miR-622-transfected SGC-7901 cells 
and pS-control-transfected SGC-7901 cells were injected 
subcutaneously into nude mice, and tumor formation 
was monitored. After 30 d, the animals were euthanized, 

and the tumor volume was measured. Tumor growth 
was significantly promoted in the mice injected with pS-
miR-622-transfected SGC-7901 cells compared with pS-
control-transfected SGC-7901 cells (Figure 3A and B). 
The average tumor volume of  mice inoculated with pS-
miR-622-transfected SGC-7901 cells at day 30 was 29.91 
± 2.13 cm3, which was significantly larger than that of  
mice inoculated with pS-control-transfected SGC-7901 
cells (23.81 ± 1.95 cm3, P < 0.05, Figure 3A and B). Thus, 
miR-622 can promote tumorigenesis in vivo. We found 
that ectopic expression of  miR-622 promoted migration 
and invasion of  gastric cancer cells in vitro; therefore, we 
further tested whether ectopic expression of  miR-622 
could affect tumor metastasis in vivo. SGC-7901 cells stably 
transfected with pS-miR-622 or pS-control vector were in-
jected into 4 -wk-old male nude mice through the tail vein. 
One month after the injection, the mice were euthanized. 
The average number of  hepatic metastatic nodes per 
mouse was much larger in mice injected with SGC-7901 
cells stably transfected with pS-miR-622 vector than that 
in the control group (3 ± 0.68 vs 12.32 ± 0.21, P < 0.01) 
(Figure 3C). In addition, immunohistochemical analysis 
confirmed that the ING1 protein was down-regulated 
in pS-miR-622-transfected SGC-7901 cells compared 
with pS-control-transfected SGC-7901 cells (Figure 3D). 
Thus, these results indicate that miR-622 has the ability to 
promote metastasis of  gastric cancer cells in vivo, which is 
consistent with the data obtained from the in vitro migra-
tion and invasion assays.

MiR-622 directly inhibits the expression of ING1 through 
ING1 3’UTR
Bioinformatics analysis identified several candidate miR-622 
target genes. As shown in Figure 4A, a target sequence 
for miR-622 was found in the 3’UTR of  ING1 at posi-
tion 253-260 nt. To test whether the 3’UTR of  ING1 is 
a functional target of  miR-622, we engineered a reporter 
plasmid containing the wild-type 3’UTR of  ING1 in the 3’ 
position of  the firefly luciferase reporter gene. In parallel, 
we engineered another reporter plasmid in which the con-
served target sequence within nt253-260 was specifically 
mutated, a modification that was predicted to inhibit miR-
622-nt253-260 interactions (Figure 4A). To investigate the 
influence of  miR-622 on ING1 expression, we searched 
for changes in ING1 protein and mRNA levels in HEK 
293T cells transfected with the miR-622 precursor or 
the miR-622 inhibitor or in control-transfected cells. As 
shown in Figure 4B, miR-622 precursor transfection led 
to a significant decrease in ING1 protein levels (P < 0.05, 
Figure 4B). In contrast, miR-622 inhibitor transfection did 
not significantly alter ING1 protein levels compared with 
control-transfected cells.

These findings suggest an interaction between miR-622 
and ING1 that we further investigated by luciferase assay 
analysis. To show a direct interaction between miR-622 
and the 3’UTR of  ING1, we cloned the 3’UTR region 
that is predicted to interact with miR-622 into a lucifer-
ase reporter vector. We then assessed luciferase activity 
by co-transfection the luciferase reporter vector bearing 
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Figure 1  Expression of miR-622 was down-regulated in gastric cancer. A: 
Level of miR-622 expression in gastric cancer tissues (n = 57) was lower than 
that in non-tumor tissues (n = 57). B: The values (ΔCt) are relative to those of 
U6 small RNA.
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the 3’UTR of  ING1 with the miR-622 precursor or the 
miR-622 inhibitor or with control plasmids. Luciferase 
activity was markedly diminished in the cells transfected 
with the miR-622 precursor and wild-type 3’UTR reporter 
plasmid, compared with the cells transfected with the 
miR-622 precursor and mutant 3’UTR reporter plasmids 
(Figure 4C, P < 0.05). Conversely, a significant increase 
in luciferase activity was observed after transfection with 
miR-622 inhibitor (Figure 4C). Taken together, these data 
imply that miR-622 may attenuate the expression of  
ING1 by directly targeting the ING1 3’UTR.

DISCUSSION
Invasion and metastasis, two of  the most important hall-
marks of  cancer, are the leading factors of  malignant 
cancer that lead to lethality, especially for gastric cancer. 
The long-term survival of  patients with gastric cancer 
after curative resection is confounded by a high recur-

rence rate, which is mainly due to the spread of  lymphatic 
metastasis[4,21]. Therefore, the identification of  metastatic 
factors and an understanding of  the underlying molecular 
pathways involved in the progression of  metastasis are criti-
cal issues. Recent studies have shown that miRNAs play a 
fundamental role in the invasion and metastasis of  gastric 
cancer[15,16,18], thereby opening a novel avenue to investigate 
the molecular mechanism of  gastric cancer progression and 
to develop potential therapeutics against gastric cancer.

Prior to this study, very little was known about miR-622 
expression in gastric carcinoma and its correlation with 
the clinicopathologic features of  these patients. To ad-
dress these issues, miR-622 expression levels and the 
clinicopathologic characteristics of  57 patients with gastric 
cancer were examined. There was a significant association 
between miR-622 expression and differentiation as well as 
lymphatic metastasis. However, no relationship was found 
between miR-622 expression and gender, tumor size, dif-
ferentiation grade, distant metastasis or TNM stage. Given 
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Figure 2  Restoration of miR-622 promotes gastric cancer cell invasion and migration. A: q-real time polymerase chain reaction for the expression of miR-622 
and ING1 was performed using six gastric cancer cell lines. The lowest and highest levels of miR-622 expression among the six gastric cancer cell lines were found 
in SGC-7901 and NCI-N87 cells, respectively, and the expression of miR-622 was inversely correlated with the expression of ING1; B: Expression of miR-622 was 
restored or suppressed in gastric cancer cells after miR-622 precursor or miR-622 inhibitor transfection, compared with the controls (P < 0.01); C and D: Over-
expression of miR-622 promotes increased cell invasion and migration compared with the miR-control transfectants. However, down-regulation of miR-622 inhibited 
cell invasion and migration compared with AS-control transfectants. bP < 0.01, compared with miR-control transfectants. Scale bars: 500 μm. AS-miR-622: An ambion 
miRNA inhibitor for miR-622.



that the expression levels of  miR-622 were significantly as-
sociated with lymphatic metastasis and differentiation, we 
speculated that up-regulation of  miR-622 might promote 
the malignant phenotypes of  gastric cancer cells. Therefore, 
we used miR-622 precursor and inhibitor constructs to per-
form miR-622 gain-of-function or loss of-function studies 
in human gastric cells. Invasion and migration ability assays 
revealed that miR-622 over-expression induced invasion 
and migration of  gastric cancer cells in vitro. Conversely, 
miR-622 inhibitor can inhibit invasion and migration. These 
findings suggest that miR-622 functions as a key mediator 
of  cell invasion and migration in gastric cancers. Cell migra-
tion plays an important role in many diverse biological pro-
cesses[22]. Aberrant activation of  cell migration in neoplastic 
cells results in tumor metastasis, which is the principal event 
leading to death in the majority of  cancer patients[5].

We observed that miR-622 promotes cell invasion and 
migration ability in gastric cancers; however it was unclear 

whether up-regulation of  miR-622 also affects gastric 
cancer cell tumorigenesis and metastasis. Therefore, we 
constructed specific miR-622 plasmids and established 
permanent transfected cell lines to investigate the poten-
tial role of  miR-622 in tumorigenesis and metastasis of  
gastric cancer. We showed, for the first time, that miR-622 
over-expression significantly induced tumorigenesis and 
metastasis of  gastric cancer cell lines in nude mice. Cellular 
tumorigenesis assays and metastasis assays both in vitro and in 
vivo, revealed that miR-622 over-expression resulted in the 
promotion of  tumorigenesis and metastasis of  SGC7901 
cells. These findings lend evidence that miR-622 may in-
deed function as a key mediator of  cell tumorigenesis and 
metastasis and that it will be a promising target for gastric 
cancer treatment.

The fundamental function of  miRNAs is to regulate 
target genes by direct cleavage of  the mRNA and/or by 
inhibition of  protein synthesis, according to the degree of  

1900 April 14, 2011|Volume 17|Issue 14|WJG|www.wjgnet.com

C No. of metastasis

pS
-c

on
tr

ol
pS

-m
iR

-6
22

A Volume of tumer

pS-control pS-miR-622D

Re
la

tiv
e 

ex
pr

es
si

on
 o

f 
IN

G
1

 g
en

e

Figure 3  MiR-622 promotes tumorigenesis and metastasis in vivo. A: Photographs of tumors in nude mice resulting from injection of miR-622 expression vector 
(pS-miR-622) or control plasmid (pS-control) stably transfected SGC-7901 cells; B: Tumorigenesis curves. Rapid tumor growth was observed in the pS-miR-622 group 
(data expressed as mean ± SD; P  < 0.05); C: Photographs of the number of liver metastatic nodes in nude mice injected with pS-miR-622 or pS-control vector stably 
transfected SGC-7901 cells. The arrows indicate liver metastatic nodes; D: Histological examination found that the expression of ING1 was markedly reduced in the 
pS-miR-622-transfection group compared with the control groups. aP < 0.05, compared with miR-control transfectants. Scale bars: 200 μm. pS-control: Control plas-
mid; pS-miR-622: miR-622 expression vector.

200 μm

0        10        14        18         22       26        30

35

30

25

20

15

10

  5

  0

pS-control
pS-miR-622

M
ea

n 
vo

lu
m

e 
of

 t
um

or

B

a a

t /d

200 μm

Guo XB et al . ING1  gene is a direct target of miR-622



complementarity with the target mRNA 3’UTR[23]. Com-
putational algorithms have been the major driving force in 
predicting miRNA targets, which are based mainly on base 
pairing of  miRNAs and target gene 3’UTRs[24]. To explore 
the molecular mechanism underlying miR-622 function, 
we searched for its direct target genes using bioinformatics 
analysis of  miRNA-mRNA 3’UTR matching. Among the 
putative targets for miR-622, ING1 was detected by the 
TargetScan program. This gene encodes a tumor suppres-
sor protein that can induce cell growth arrest and apoptosis; 
the encoded protein is a nuclear protein that physically 
interacts with the tumor suppressor protein TP53 and is a 
component of  the p53 signaling pathway[25-28]. The bioin-
formatics analysis revealed that the conserved binding sites 
on ING1 that can be recognized by miR-622 are located 
in the 3’UTR. To test this assumption, we investigated 
whether miR-622 affects ING1 protein levels. We found 
that miR-622 leads to a significant decrease in ING1 pro-
tein levels, suggesting that ING1 is a functional target of  
miR-622. Lastly, results from our dual-luciferase reporter 
assays suggest that ING1 is a functional downstream target 
of  miR-622.

In summary, we have shown that expression levels of  
miR-622 in gastric cancer tissues correlates with the differ-
entiation and lymphatic metastasis. Using gain-of-function 

and loss-of-function studies, we demonstrated that up-reg-
ulation of  miR-622 expression promotes gastric cancer cell 
invasion, tumorigenesis and metastasis both in vitro and in 
vivo. Therefore, miR-622 is likely to play an important role in 
tumorigenesis and metastasis of  human gastric cancer and is 
a promising molecular target for gastric cancer therapy.
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COMMENTS
Background
Gastric cancer is a worldwide cancer with poor prognosis. Identification of diag-
nostic biomarkers and effective therapeutic targets is important in the treatment 
and diagnosis of gastric cancer. Recently, researchers discovered a novel class 
of short, endogenous non-coding RNAs, called microRNAs (miRNAs), in plants, 
animals, and humans. It is clear that miRNAs play pivotal roles in a wide array 
of biological processes, including cell proliferation, differentiation and apoptosis.
Research frontiers
MiRNAs are 18-22 nucleotides, non-coding RNAs that regulate gene expression 
in a post-transcriptional manner. The fact that miRNAs are widely expressed in 
various species and tissues indicates that miRNAs may play an essential role in 
cell growth, differentiation, apoptosis as well as carcinogenesis. MiRNAs regu-
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Figure 4  MiR-622 binds to the 3’UTR of Inhibitor of growth family, member 1 to post-transcriptionally repress the protein levels. A: Representative nucleotide 
sequence matches between possible target genes and miRNAs. Putative binding site of miR-622 in the ING1 3’UTR region (detected by TargetScan). Only matched 
nucleotides with miRNA seed sequences are indicated with vertical lines; B: Effects of miR-622 on ING1 protein levels. HEK 293T cells were transfected with 100 nmol/L 
of miR-622 precursor or miR-622 inhibitor. Whole-cell lysates were prepared 72 h after transfection and subjected to immunoblot analysis using antibodies against 
ING1 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Relative gray scale values were compared with GAPDH; C: Luciferase reporter assay. A total of 
1 × 105 HEK 293T cells were transfected with 100 ng wild-type-UTR-reporter or mutant-UTR-reporter constructs together with 100 nmol/L of miR-622 precursor or 
miR-622 inhibitor as indicated. bP < 0.01. Each bar represents mean values ± SE from three independent experiments. ING1: Inhibitor of growth family, member 1; 
AS-miR-622: An ambion miRNA inhibitor for miR-622.
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late the expression of protein-coding genes by degrading target mRNAs or by 
inhibiting gene translation. Emerging evidence strongly suggests that abnormal 
miRNA expression is a common and important feature of human gastric cancer.
Innovations and breakthroughs
The present study demonstrated that miR-622 is associated with differentiation 
and lymphatic metastasis in human gastric cancer. Exogenous expression of 
miR-622 promotes invasion, tumorigenesis and metastasis, both in vitro and in 
vivo. Using bioinformatics analysis, the authors identified the inhibitor of growth 
family, member 1 (ING1) as a putative miR-622 target. Subsequent experiments 
confirmed that up-regulation of miR-622 represses the expression of ING1 at 
the translational level. 
Applications 
In this study, the expression of miR-622 was found down-regulated in gastric 
cancer. MiR-622 was involved in differentiation and lymphatic metastasis in 
human gastric cancer. The ectopic expression of miR-622 promoted invasion, 
tumorigenesis and metastasis of gastric cancer cells both in vitro and in vivo. 
ING1 was a direct target of miR-622. These findings help clarify the molecular 
mechanisms involved in gastric cancer metastasis and indicate that miR-622 
modulation may be a bona fide treatment of gastric cancer.
Terminology
MiRNAs are 18-22 nucleotides, non-coding RNAs that regulate gene expres-
sion in a post-transcriptional manner. ING1 is an inhibitor of growth family, 
member 1. This gene encodes a tumor suppressor protein that can induce 
cell growth arrest and apoptosis. The encoded protein is a nuclear protein that 
physically interacts with the tumor suppressor protein TP53 and is a component 
of the p53 signaling pathway.
Peer review
The authors evaluated the possible pathogenetic role of miR-622 in metastasis 
formation and invasiveness of gastric cancer using not only human samples 
and miRNA expression arrays, but also functional assays on cell lines and 
mouse animal model. The topic is of significant clinical importance and their 
results may be used in clinical research of gastric cancer, and it may give some 
evidences for new therapeutic strategies.
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