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ABSTRACT

microRNA-9 (“miR-9”), upregulated in human gastric cancer (GC) tissues, targets LMX1A (LIM homeobox
transcription factor 1a) to promote GC cell progression. The underlying mechanism of miR-9 upregulation in GC
is still unknown. Through searching multiple long non-coding RNA (LncRNA) databases, we here discovered that
the long non-coding RNA LINC00682 (long intergenic non-protein coding RNA 682) putatively targets miR-9. We
show that ectopic overexpression of LINC0O0682 induced miR-9 downregulation but LMX1A upregulation,
inhibiting AGS cell survival, proliferation, migration and invasion. Significant apoptosis activation was detected
in LINCO0682-overexpressed AGS cells. Contrarily, LINCO0682 knockdown induced miR-9 upregulation but
LMX1A downregulation, promoting AGS cell survival, proliferation, migration and invasion. In the primary
human GC cells, forced LINC0O0682 overexpression similarly induced miR-9 downregulation and LMX1A
upregulation, causing proliferation inhibition and apoptosis activation. Significantly, restoring miR-9 expression
by a lentiviral construct reversed LINC00682-induced actions in GC cells. Furthermore, LINCO0682 was
ineffective in LMX1A KO AGS cells. Importantly, LINCO0682 expression levels are significantly downregulated in
human GC tissues. We conclude that LINC0O0682 inhibits GC cell progression via targeting miR-9-LMX1A
signaling axis.

INTRODUCTION

Gastric cancer (GC) accounts for over 10% of new cancer
cases each year [1-3]. It is one leading cause of cancer-
associated human mortalities [2, 3]. The prognosis of
advanced, recurrent and metastatic GC is far from
satisfactory. Current treatment options for this devastating
disease are extremely limited [2, 3]. Molecularly-targeted
therapies are the research focus for better GC therapies [4,
5]. ldentification of novel therapeutic targets and
biomarkers of GC is extremely urgent [4, 5].

LIM homeobox transcription factor 1, alpha (LMX1A)
is a widely-studied member of LIM-homeodomain
(LIM-HD) family protein [6]. As an evolutionary
conserved transcription factor, LMX1A regulates a

number of key physiological and pathological processes
[6]. LMX1A functions as a tumor suppressor,
downregulated in GC and many other cancers [7-13].
LMX1A gene promoter hyper-methylation in human
cancers could be one important cause of its
downregulation [7, 8, 10]. Our previous study has
identified the LMX1A-targeting miRNA, microRNA-9
(miR-9) [9]. miR-9 upregulation might account for
LMX1A downregulation in human GC tissues [9].
Furthermore, miR-9 inhibition upregulated its target
LMX1A, thereby inhibiting GC cell survival and
proliferation [9]. The underlying mechanism of miR-9
upregulation in human GC is still largely unknown.

Long non-coding RNAs (LncRNAs) are a family of
evolutionarily conserved non-coding RNAs (ncRNAs)
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with over 200 nucleotide long [14-16]. Dysregulation
of LncRNAs is commonly detected in GC [17, 18],
which is associated with cancer progression and
patients’ prognosis [14, 17-20]. LncRNAs regulate
almost all important cellular functions, from genomic
imprinting, cell proliferation and growth, cell cycle
progression to cell differentiation, survival and
apoptosis  [14-16]. LncRNA acts as competing
endogenous RNA (ceRNA) to sponge target miRNAs [17,
21]. The results of the present study will show that
LINC00682 (long intergenic non-protein coding RNA
682) targets miR-9-LMX1A signaling axis to inhibit
human GC cell survival and proliferation.

RESULTS

Ectopic overexpression of LINC00682 induces miR-9
downregulation but LMX1A upregulation,
inhibiting AGS cell survival, proliferation, migration
and invasion

We hypothesized that miR-9 upregulation in GC tissues
(see our previous study [9]) could possibly be due to
downregulation of certain LncRNAs. Therefore,
LncBase (Predicted v.2) was searched to find possible
miR-9-targeting LncRNAs. The LncRNAs were further
verified by searching other LncRNA/miRNA databases
(StarBase and miRbase). The bioinformatic analyses
identified that one LncRNA, LINCO00682, putatively
targets miR-9, with its percentage over 99%.

In order to study the potential effect of LINC00682 on
miR-9-LMX1A  axis, the lentivirus encoding
LINC00682-expressing construct (“LV-LINC00682”)
was added to AGS cells. Following selection by the
puromycin-containing complete medium, two stable cell
lines, “sLi-1” and “sLi-2”, were established. qPCR
results confirmed that LINC00682 levels increased over
ten folds (versus control cells) in the LV-LINC00682-
expressing stable cells (Figure 1A). Importantly,
LINC00682 overexpression in AGS cells induced
significant downregulation of miR-9 (Figure 1B), but a
significant increase in LMX1A UTR luciferase activity
(Figure 1C). Consequently, LMX1A mRNA levels
increased over five-six folds by LV-LINC00682 (Figure
1D). Western blotting results confirmed that forced
overexpression of LINC00682 induced LMX1A protein
upregulation as well (Figure 1E). LMX1B mRNA and
protein expression was however not significantly
affected by LV-LINC00682 (Figure 1E and 1F).

Our previous study has demonstrated that LMX1A
functions as a tumor suppressor, inhibiting GC cell
survival and proliferation [9]. By counting cell number,
we show that forced overexpression of LINC00682 by
LV-LINCO00682 significantly inhibited AGS cell growth

(Figure 1G). Furthermore, AGS cells with LV-
LINCO00682 presented with decreased cell viability
(CCK-8 OD, Figure 1H) and inhibited EdU ratio
(Figure 11), suggesting proliferation inhibition. Testing
cell migration, by the “Transwell” assays, show that
LV-LINC00682-induced LINCO00682 overexpression
significantly inhibited AGS cell migration in vitro
(Figure 1J). Furthermore, the ‘“Matrigel Transwell”
assay results demonstrated that AGS cell invasion was
also suppressed by ectopic LINC00682 overexpression
(Figure 1K).

Importantly, significant apoptosis activation was
detected in LINCO00682-overexpressed AGS cells,
evidenced by cleavages of caspase-3, caspase-9 and
poly (ADP-ribose) polymerase (PARP) (Figure 1L), as
well as increased caspase-3 activation (Figure 1M) and
nuclear TUNEL ratio (Figure 1N). Additionally,
LINC00682-overexpressed AGS cells presented with
increased Annexin V staining (Figure 10). The control
lentivirus  with empty vector (“LV-c”) had no
significant effect on LINC00682-miR-9-LMX1A/B
expression (Figure 1A-1F) nor AGS cell functions
(Figure 1G-10). These results show that ectopic
overexpression of LINC00682 induces miR-9
downregulation but LMX1A upregulation, inhibiting
AGS cell survival, proliferation, migration and
invasion.

LINC00682 knockdown induces miR-9 upregulation
but LMX1A downregulation, promoting AGS cell
survival, proliferation, migration and invasion

Since exogenous LINC00682 overexpression inhibited
AGS cell progression in vitro (Figure 1), we
hypothesized that LINC00682 silencing might promote
cell progression. To test this hypothesis, two different
siRNAs, targeting  non-overlapping  sequences
(“Seql/Seq2”) of LINC00682 were transfected
individually to AGS cells. Results from the gPCR
confirmed that each SiRNA resulted in over 90%
reduction of LINC00682 expression in AGS cells
(Figure 2A). miR-9 levels were significantly increased
in LINCO00682-silenced cells (Figure 2B), where
LMXIA 3-UTR luciferase activity was largely
decreased (Figure 2C). In AGS cells LMX1A mRNA
(Figure 2D) and protein (Figure 2E) levels were
significantly downregulated by LINCO00682 siRNAs.
While the two had no effect on LMX1B expression
(Figure 2E and 2F).

For the functional studies, LINC00682 silencing
increased AGS cell growth (Figure 2G), cell viability
(CCK-8 OD, Figure 2H), nuclear EdU staining (Figure
21). Results from “Transwell” and “Matrigel Transwell”
assays demonstrated that LINCO00682 silencing by
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Figure 1. Ectopic overexpression of LINCO0682 induces miR-9 downregulation but LMX1A upregulation, inhibiting AGS cell
survival, proliferation, migration and invasion. AGS cells were infected with LINCO0682-expressing lentivirus (“LV-LINC00682”),
following puromycin selection two stable lines (“sLi-1/-2”) were obtained; Control cells were infected with the lentivirus with empty vector
(“LV-c”); In those cells expression of LINC00682 (A), miR-9 (B), LMX1A mRNA (D), LMX1B mRNA (F) was tested by gPCR; The relative LMX1A
3’-UTR luciferase activity was tested (C); Expression of the listed proteins in total cell lysates was tested by Western blotting (E); Cells were
further cultured for the indicated time periods, cell survival, proliferation, migration and invasion in vitro were tested by the appropriate
assays (G—K); Cell apoptosis was tested by Western blotting assay of apoptosis proteins (L), caspase-3 activity assay (M), nuclear TUNEL
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staining assay (N) and Annexin V FACS staining (0). The exact same number of viable cells of different genetic treatments were plated initially
(“0h”/“Day-07) for the functional assays (Same for all following Figures). Five repeated views in each condition were included to calculate the
average number of migrated/invasive cells (Same for all Figures). Listed proteins were quantified and normalized to the loading control (E).
“MW?” stands for molecular weight (Same for all Figures). “Ctrl” stands for the parental control cells (Same for all Figures). For each assay,
n=5 (five dishes or wells). *P <0.05 vs. “LV-c” cells. Experiments in this figure were repeated four times, and similar results were obtained.

Bar=100 pm (I, J and K).

targeted siRNAs promoted AGS cell migration (Figure
2J) and invasion (Figure 2K) in vitro. The non-sense
scramble control siRNA (“si-C”) had no detectable
effect on LINCO00682-miR-9-LMX1A/B expression
(Figure 2A-2F) nor AGS cell functions (Figure 2G—
2K). Therefore, LINC00682 knockdown promoted AGS
cell progression in vitro.

Ectopic overexpression of LINC00682 induces miR-9
downregulation but LMX1A upregulation,
inhibiting survival and proliferation of primary
human GC cells

The potential effect of LINC00682 on the primary GC
cells was studied next. As reported [9], the primary
human GC cells were derived from three different
primary GC patients (“GC-1/GC-2/GC-3") and cultured
in vitro. The primary cells were infected with LV-
LINC00682 (see Figure 1), followed by selection in
puromycin-containing medium. Control cells were
treated with the control lentivirus (“LV-c”, see Figure
1). gPCR results in Figure 3A confirmed that
LINC00682 levels were significantly increased (over
eight to ten folds) in stable primary cancer cells with
LV-LINC00682. Forced overexpression of LINC00682
induced miR-9 downregulation (Figure 3B), while
upregulating LMX1A mRNA (Figure 3C) and protein
(Figure 3D) in the primary GC cells.

When studying cellular functions, we show that LV-
LINCO00682 inhibited cell viability (Figure 3E) and EdU
staining (Figure 3F) in primary GC cells. On the other
hand, cell apoptosis, tested by caspase-3 activation
(Figure 3G) and TUNEL ratio increase (Figure 3H),
was induced by LV-LINC00682. “Transwell” and
“Matrigel Transwell” assay results, Figure 31 and 3J,
demonstrated that ectopic LINC00682 overexpression
inhibited in vitro migration and invasion of the primary
human GC cells. These results show that LINC00682
overexpression inhibited primary GC cell survival and
proliferation, migration and invasion, while provoking
apoptosis activation.

LINCO00682 inhibits AGS cell progression via
targeting miR-9-LMX1A axis

If miR-9 is the primary target of LINC00682, restoring
miR-9 expression should abolish LINC00682-induced
actions in GC cells. Thus, in the stable AGS cells with
LV-LINC00682 (“sLi-1”, see Figure 1), the miR-9-

expressing lentivirus (“Iv-miR-9”, see our previous study
[9]) was added. Two stable cell lines were established,
“sL1/sL2”. As shown, in LV-LINC00682 AGS cells, Iv-
miR-9 did not affect LINC00682 expression (Figure 4A).
Yet it restored miR-9 expression, four-five times higher to
the control level (Figure 4B). Further, LVV-LINC00682-
induced LMX1A mRNA (Figure 4C) and protein (Figure
4D) upregulation was completely blocked by Iv-miR-9.
LMX1B mRNA was again unchanged (Figure 4E).
Importantly, LV-LINC00682-induced viability (CCK-8
OD) reduction (Figure 4F) and apoptosis activation (the
increase in TUNEL staining) (Figure 4G) were abolished
by Iv-miR-9 in AGS cells. These results showed that
ectopic miR-9 expression reversed LINC00682-induced
inhibition on GC cells, suggesting that miR-9 is the target
of LINC00682.

Our study has previously shown that LMX1A is the
direct and primary target of miR-9 in GC cells, therefore
LINC00682 should be ineffective in LMX1A-depleted
cells. To test this hypothesis, the CRISPR/Cas9 method
by using non-overlapping sgRNA sequences (“S1/S2”)
[9] was utilized to knockout LMX1A in AGS cells. Two
stable LMX1A knockout (“Cas9-LMX1A-ko”) cell
lines were established. Testing LMXI1A protein
expression by Western blotting confirmed complete
LMX1A KO in the stable cells (Figure 4H). LV-
LINCO00682 (see Figure 1) or LINCO00682 siRNA
(“Seql”, see Figure 2) were transfected to LMX1A KO
AGS cells, which significantly altered LINC00682
expression (Figure 4l1). Yet, neither LV-LINC00682 nor
LINC00682 siRNA affected viability (CCK-8 OD,
Figure 4J) and proliferation (EdU ratio, Figure 4K) in
the LMX1A KO cells. Therefore, LINC00682 was
completely ineffective in LMX1A KO AGS cells,
confirming LMX1A is the target protein of LINC00682.

LINC00682 is downregulated in human GC tissues

Expression of LINC00682 in human GC tissues was
tested. Total RNA was extracted from fresh GC tissues
and paired adjacent normal epithelial tissues from twelve
(12) primary GC patients [9]. LINC00682 expression was
examined by gPCR. Results show that LINC0O0682 levels
are significantly downregulated in cancer tissues (“Can”)
(Figure 4L), when compared to those in the adjacent
epithelial (“Epi”) tissues (Figure 4L). Therefore,
LINCO0682 downregulation correlates with  miR-9
upregulation and LMX1A downregulation in GC tissues
(see the results from same set of tissue samples [9]).
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Figure 2. LINC00682 knockdown induces miR-9 upregulation but LMX1A downregulation, promoting AGS cell survival,
proliferation, migration and invasion. AGS cells were transfected with 500 nM of LINCO0682 siRNA (“Seq1/Seq2”, two rounds, total 48h)
or the scramble non-sense control siRNA (“si-C”), expression levels of LINCO0682 (A), miR-9 (B), LMX1A mRNA (D), LMX1B mRNA (F) were
tested by gPCR; The relative LMX1A 3’-UTR luciferase activity was tested (C); Expression of the listed proteins in total cell lysates was tested
by Western blotting (E); Cells were further cultured for the indicated time periods, cell survival and proliferation in vitro were tested by the
appropriate assays (G-1); Cell migration and invasion were tested by “Transwell” (J) and “Matrigel Transwell” (K) assays, respectively. Listed
proteins were quantified and normalized to the loading control (E). For each assay, n=5 (five dishes or wells). *P <0.05 vs. “si-C” cells.
Experiments in this figure were repeated four times, and similar results were obtained.
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DISCUSSION

LMX1A is hyper-methylated and downregulated in
ovarian cancer and cervical cancer [12, 13]. Recent
studies have proposed LMX1A as a tumor suppressor in
GC and other cancers. Chao et al., have shown that
LMX1A can inhibit tumorigenesis, epithelial-
mesenchymal transition (EMT) and stem-like properties
of epithelial ovarian cancer [11]. Its expression is
associated with advanced stages, poor differentiation,
early recurrence and poor overall survival in ovarian
cancer [11]. Feng et al., demonstrated that LMX1A
inhibited GC cell metastasis through negative regulation

of B-catenin [10]. Our previous study has demonstrated
that LMX1A is downregulated in human GC.
Furthermore CRISPR/Cas9-mediated LMX1A KO
promoted GC cell proliferation [9]. Conversely,
LMX1A upregulation by miR-9 depletion led to GC cell
apoptosis [9]. However, the regulation of LMX1A in
carcinogenesis remains largely unknown.

Very few studies have explored the potential biological
function of LINC00682. One genome wide methylation
study between primary and recurrent hepatocellular
carcinomas (HCC) has indicated that low levels of
LINC00682 methylation were strongly correlated with
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Figure 3. Ectopic overexpression of LINC00682 induces miR-9 downregulation but LMX1A upregulation, inhibiting survival
and proliferation of primary human GC cells. The primary human GC cells, derived from three different primary GC patients (“GC-1/GC-
2/GC-3”), were infected with LINCO0682-expressing lentivirus (“LV-LINCO0682”) or the lentivirus with empty vector (“LV-c”), followed by
puromycin selection; Expression levels of LINCO0682 (A), miR-9 (B), LMX1A mRNA (C), and listed proteins (D) were tested; Cells were further
cultured for the indicated time periods, cell viability (CCK-8 OD, E) and proliferation (EdU staining, F) were tested; Cell apoptosis was tested
by caspase-3 activity assay (G) and TUNEL staining (H). Cell migration and invasion were tested by “Transwell” (1) and “Matrigel Transwell” (J)
assays, respectively. Listed proteins were quantified and normalized to the loading control (D). For each assay, n=5 (five dishes or wells). *P
<0.05 vs. “LV-c” cells. Experiments in this figure were repeated three times, and similar results were obtained.
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siRNA (500 nM) were transfected to the Cas9-LMX1A-ko AGS cells (“S1/S2”) for 72h, LINCO0682 expression (1), cell viability (J) and
proliferation (K) were tested. Expression of LINCO0682 in twelve (n=12) human GC tissues (“Can”) and matched surrounding normal epithelial
tissues (“Epi”) was tested by qPCR, and results were normalized to U6 RNA (L). The proposed signaling pathway of this study (M). Listed
proteins were quantified and normalized to the loading control (D and H). For each assay, n=5 (five dishes or wells, except for L). *P <0.05 vs.
“Ctrl” cells. # P <0.05 vs. cells without “lv-miR-9” (B, C, E-G). *P <0.05 (L). Experiments in this figure were repeated three times, and similar

results were obtained.

HCC recurrence and patient disease/recurrent-free
survival (DFS) [22]. In the present study, our results
indicate that LINC00682 could function as the ceRNA of
miR-9 to promote LMX1A expression, thereby
inhibiting GC cell progression.

We show that ectopic overexpression of LINC00682
induced miR-9 downregulation but LMX1A
upregulation, inhibiting GC cell survival, proliferation
migration and invasion. Furthermore, significant
apoptosis activation was detected in LINCO00682-
overexpressed GC cells. On the contrary, LINC00682
knockdown by targeted siRNAs induced miR-9
upregulation but LMX1A downregulation, promoting
AGS cell proliferation, migration and invasion.
Significantly, LINCO00682 expression levels are
downregulated in human GC tissues, correlated with
miR-9 upregulation and LMX1A downregulation. Thus,
LINC00682 downregulation could be at least one reason
of miR-9-LMX1A dysregulation in human GC (see
proposed signaling carton in Figure 4M).

Our results suggest that miR-9-LMX1A signaling axis is
the direct target of LINC00682 in GC cells. In AGS
cells, restoring miR-9 expression by Iv-miR-9 reversed
LV-LINC00682-induced LMX1A upregulation and
cancer cell inhibition. Furthermore, we have previously
shown that miR-9 inhibition by antagomir-9 increased
LMXZ1A expression to inhibit GC cell proliferation [9].
Thus, antagomir-9 exerted similar functions as LV-
LINC00682. Our results demonstrated that neither
LINC00682 overexpression nor LINC00682 silencing
altered the functions of LMX1A KO AGS cells. We
conclude that LMX1A is the target protein of
LINCO00682 in GC cells.

In conclusion, LINC00682 inhibits GC cell progression
via targeting miR-9-LMX1A signaling axis.

MATERIALS AND METHODS
Chemicals and reagents

Puromycin and polybrene were provided by Sigma-
Aldrich (St. Louis, Mo). The antibodies of the present
study were obtained from Abcam (Cambridge, MA).
The reagents for RNA assays, Lipofectamine 2000 and
other transfection reagents were provided by Thermo-
Fisher (Shanghai, China). All sequences, constructs,

viruses and plasmids were provided by Shanghai
Genechem Co. (Shanghai, China).

Cell culture

Using a previously described protocol AGS cells were
cultured [9]. The primary human GC cells, derived
from three written-informed consent GC patients (“GC-
1/-2/-3”), were cultured in the described medium [23].
The enrolled primary GC patients in this study received
no prior chemotherapy/radiotherapy before surgeries.
The protocols were approved by the Ethics Board of
Fudan University, in according to Declaration of
Helsinki.

Human tissues

As described early [9], from twelve (12) informed-
consent primary GC patients, the fresh human GC
tissues and paired surrounding gastric epithelial tissues
were acquired. Tissues were washed, minced, and
homogenized in tissue lysis buffer (Biyuntian, Wuxi,
China), stored in liquid nitrogen. Expression of
LINC00682 was tested by quantitative reverse
transcriptase PCR (“gPCR”).

gPCR assay

The detailed protocol for gPCR was described early
[9]. The 22Ct method was utilized for the quantification
of target mRNA, with GAPDH as the internal control.
LINC00682 and miR-9 expression was normalized to
U6 RNA. Primers for miR-9, LMX1A, GAPDH and U6
were described previously [9]. The primers for
LINC00682 were provided by Shanghai Genechem
(Shanghai, China).

Forced LINC00682 overexpression

The full-length LINC00682 was synthesized by
Shanghai Genechem, sub-cloned to a GV248 (hU6-
MCS-Ubiquitin-EGFP-IRES-puromycin) vector
(Shanghai Genechem). The construct was transfected to
HEK-293 cells together with lentiviral packaging
plasmids [9] to generate LINC00682-expressing
lentivirus (“LV-LINC00682”). After filtration and
enrichment, the lentivirus was added to cultured GC
cells (in polybrene medium). Thereafter, puromycin
(5.0 pg/mL) was added to select stable cells for 4-5
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passages. Control cells were infected with lentivirus
with empty vector (“LV-c”).

LINCO00682 small interfering RNA (SiRNA)

Two siRNAs (provided and verified again by Shanghai
Genechem) targeting non-overlapping  sequences
(“Seql/2”) of LINC00682 were individually transfected
by Lipofectamine 2000 for 24h (the SiRNA
concentration at 500 nM). The transfection was repeated
another round (total 48h). Knockdown efficiency was
verified by gPCR testing LINCO00682 expression.
Control cells were transfected with the scramble non-
sense control siRNA (“si-C”).

LMX1A 3’-UTR luciferase reporter assay

As reported early [9], AGS cells were transfected with
pGL4.13 LMX1A 3’-UTR construct [9], the
Renillaluciferase reporter vector and pRL-SV40
(Promega). In AGS cells following transfection of
LINC00682 siRNA or LV-LINC00682, LMX1A 3-UTR
luciferase activity was tested as reported [9].

Cell viability

GC cells were seeded into the 96-well plates at 5000
cells per well [9]. Following the applied genetic
treatments, the viability was determined by Cell
Counting kit-8 (CCK-8, Dojindo Laboratories,
Kumamoto, Japan). CCK-8 optical density (OD) values
were tested at the wavelength of 570 nm.

In vitro cell migration and invasion assays

As described [24], GC cells were seeded on
“Transwell” upper chamber (at 3 x 4000 cells per
chamber, BD Biosciences). The complete medium (with
10% FBS) was added to the lower compartments. After
24h the migrated cells on the lower surface were
stained. Matrigel (Sigma) was added in the chamber
surface when analyzing cell invasion. Five repeated
views in each condition were included to calculate the
average number of migrated/invasive cells.

EdU assay

Following the genetic treatments, GC cells were seeded
onto 12-well plates at 30, 000 cells per well. The EdU
(5-ethynyl-20-deoxyuridine) Apollo-567 Kit
(RIBOBIO, Shanghai, China) was employed to quantify
cell proliferation. EdU and DAPI dyes were added to
GC cells for 6h. Under a fluorescent microscope cell
nuclei were visualized. For each condition 800 nuclei in
five random views were included to calculate EdU ratio
(EdU/DAPI1x100%).

Apoptosis assays

Testing cell apoptosis, by the caspase-3 activity assay,
terminal deoxynucleotidyl transferase dUTP nick-end
labeling (TUNEL), and Propidium iodide (PI)-Annexin
V FACS assay was described in other studies [9, 25].

LMX1A knockout

AGS cells were seeded into six-well plates at 100, 000
cells per well. The two lentiCRISPR-GFP-puro LMX1A
knockout constructs (with non-overlapping small guide
RNAs [“S1/S2”], see our previous study [9]) were
individually transfected to AGS cells by Lipofectamine
2000. FACS-sorting of GFP-positive cells was performed,
and resulting cells were further cultured in puromycin-
containing medium. LMX1A knockout in the stable cells
was verified by Western blotting.

Western blotting

Following the genetic treatments, the lysis buffer
(Biyuntian, Wuxi, China) was added to cultured GC
cells. Quantified total cellular lysates were separated by
a SDS-PAGE (10%) gel, transferred to a polyvinylidene
fluoride blot. The latter was blocked in PBST with 10%
milk, and incubated with indicated primary and
secondary antibodies. The immunocomplexes were
visualized using an ECL substrate kit (Amersham
International, Amersham, UK). Quantification of the
target protein bands was through the ImageJ software
measuring the total gray. The value was normalized to
the loading control.

Statistical analyses

For statistical analyses the SPSS software (version 18.0)
was employed. All values were expressed as the mean +
standard deviation (SD). All differences were
considered significant at P < 0.05.
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LncRNA: Long non-coding RNAs; LINC00682: long
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