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LAMCI is related to the poor prognosis of patients with gastric cancer and

facilitates cancer cell malignancies
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Gastric cancer is a common malignancy in the alimentary system. The laminin subunit gamma 1 (LAMC1) is an impor-
tant oncogene in human cancers. However, how and whether LAMCI takes part in gastric cancer progression is largely
uncertain. This study analyzed the association between clinical factors of patients and LAMCI expression and explored
the influence of LAMCI silencing on cell proliferation, migration, invasion, the Warburg effect, protein kinase B (AKT)
pathway, and mitogen-activated protein kinase (MEK)/extracellular regulated protein kinase (ERK) pathway in gastric
cancer cells. Our results showed LAMCI1 abundance was enhanced in gastric cancer samples and cells. LAMCI1 was related
to the clinical stage, tumor depth, lymph node metastasis, and distant metastasis of patients. LAMCI silencing inhibited cell
proliferation, migration, and invasion. Moreover, LAMCI1 knockdown suppressed the Warburg effect via decreasing lactate
production, lactate dehydrogenase (LDH) activity, and glucose uptake. LAMCI interference blocked the activation of the
AKT and MEK/ERK signaling. Collectively, LAMCI knockdown constrained cell proliferation, migration, invasion, and the
Warburg effect in gastric cancer cells via inactivating the AKT and MEK/ERK pathway.
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Gastric cancer is common cancer with over 1 million new
cases and about 784,000 deaths globally [1]. The infection of
Helicobacter pylori is the major risk for gastric cancer [2]. In
recent years, the outcome of gastric cancer therapy has gained
many advances [3], however, the prognosis is still poor in
patients at an advanced stage [4]. Thus, it is hoped to deter-
mine novel strategies including identifying new biomarkers
for the targeted therapy of gastric cancer.

A laminin family is a group of the most widely expressed
extracellular matrix proteins, mainly including five alpha,
four beta, and three gamma variants, which exert important
roles in cell processes [5]. For instance, the laminin alpha 4,
beta 3, and gamma 2 have been reported to be tightly linked
to the malignancy of gastric cancer [6, 7]. The laminin
subunit gamma 1 (LAMCI1) is an important prognostic
factor in human cancers, like hepatocellular carcinoma and
endometrial cancer [8, 9]. Additionally, LAMCI facilitated
prostate cancer cell migration and invasion [10]. Moreover,
LAMCI contributed to cell proliferation and the Warburg
effect in hepatocellular carcinoma via activating the protein
kinase B (AKT) pathway [11]. However, it is unclear whether
LAMCI1 could take part in the progression of gastric cancer.

In this study, we mainly focused on the correlation
between LAMCI expression and clinal characteristics of
gastric cancer patients, and the effects of LAMC1 knockdown
on gastric cancer cell malignancy. Besides, the downstream
pathway of LAMC1 was further investigated to figure out the
molecular basis of LAMCI. Our study might imply a crucial
role of LAMCI in gastric cancer prognosis and therapy.

Patients and methods

Bioinformatics analysis. LAMCI-related genes were
predicted using an online TCGA data processing tool,
LinkedOmics (https://www.linkedomics.org/login.php)
[12]. Total of 888 genes were selected with an adjusted
p<0.05 and correlation coefficient |r[>0.5. Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) analysis, a database
with information on biological pathways [13], was employed
to analyze the important signaling pathways involved in the
regulatory network of LAMCI using DAVID 6.8 (https://
david.ncifcrf.gov) [14].

Patients and tissue collection. The patients with gastric
cancer (n=42) were recruited from Guangyuan Central
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Hospital, without anti-tumor therapy prior to the surgery. The
paired tumor and normal samples (5 cm away from tumor
edge) were collected during surgery and maintained in liquid
nitrogen. The clinical data of patients were recorded, and
the association between the clinical formation and LAMCI
was analyzed in Table 1. The written informed content was
obtained from every patient who was informed of the usage
and purpose of the study. This research was authorized by the
ethical approval of Guangyuan Central Hospital.

Immunohistochemistry (IHC) and fluorescence in
situ hybridization (FISH) analyses. LAMCI in tissues was
detected via IHC and FISH analyses. For IHC analysis, the
paraffin-embedded tumor or normal tissues were cut into
4 pm sections. The sections were baked at 65°C for 2 h,
deparaffinized in xylene, rehydrated in gradient ethanol, and
blocked in 3% hydrogen peroxide. Next, the sections were
incubated with anti-LAMCI1 (ab233389, 1:1,000 dilution;
Abcam, Cambridge, UK) overnight and horseradish peroxi-
dase (HRP)-labeled IgG (ab97051, 1:1,000 dilution; Abcam)
for 1 h. Then sections were dyed with 3,3-diaminobenzidine
(DAB) (Solarbio, Beijing, China) for 2 min, and the nuclei
were stained with hematoxylin (Solarbio). After the dehydra-
tion, sections were observed under a microscope (Olympus,
Tokyo, Japan).

For FISH analysis, the probes targeting LAMC1 were
constructed using FISH Tag RNA Rad kit (Thermo Fisher
Scientific, Waltham, MA, USA), which were labeled with
Alexa Fluor 594 dye. The sections were incubated with
the probes at 37°C for 16 h, and the nuclei were stained
by 4’6-diamidino-2-phenylindole (DAPI) (Solarbio). The
sections were visualized under a fluorescence microscope
(Olympus).

Cell culture. Four gastric cancer cell lines (AGS, MKN45,
SNU-1, and SNU16) and human gastric epithelial cell line
(GES-1) were purchased from Procell (Wuhan, China) or
ATCC (Manassas, VA, USA), and maintained in RPMI-1640
medium (Solarbio) plus 10% FBS (Gibco, Grand Island, NY,
USA) and 1% penicillin/streptomycin (Gibco) in 5% CO,
and 37 °C.

Cell transfection. The short hairpin RNA (shRNA)
for LAMC1 knockdown (shLAMCI1-1, 5-AAAAAUC-
CAGGUUUGCAUCUU-3; shLAMCI1-2, 5-UCAUCAA-
UCUGAAAGGUAGAG-3’; shLAMCI1-3, 5-UAUGUUAU-
UUGCUUCAUUCUC-3") and negative control (shNC,
5-AAGACAUUGUGUGUCCGCCTT-3") were generated
by GenePharma (Shanghai, China). AGS and MKN45 cells
with 60-70% confluences were transfected with 20 nM oligo-
nucleotides using Lipofectamine 2000 (Thermo Fisher Scien-
tific) following the instructions. After the transfection for
24 h, the LAMCI abundance was measured to evaluate the
knockdown efficiency.

Quantitative reverse transcription polymerase chain
reaction (qQRT-PCR). The tissue samples or cells were
lysed in Trizol (Thermo Fisher Scientific) for RNA isola-
tion according to the instructions. The complementary

DNA (cDNA) was generated from 800 ng RNA with the
M-MLV reverse transcription kit (Thermo Fisher Scien-
tific). The cDNA was mixed with SYBR (Vazyme, Nanjing,
China) and primer pairs, and then used for qRT-PCR with
an amplification protocol: 94°C for 5 min, 35 cycles of
94°C for 20 s, and 60°C for 1 min, followed by 72°C for 5
min. The sequences for primer pairs were listed as: LAMCI1
(sense: 5-CTTCTGAGGACACTGGCAGG-3’; antisense:
5-CTTTGTCACCGGCCCTTTTG-3’), and B-actin (sense:
5-CTTCGCGGGCGACGAT-3’; antisense: 5-CCACATAG-
GAATCCTTCTGACC-3’). With B-actin as a reference,
relative LAMC1 mRNA expression level was analyzed using
the 2-22% method [15].
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), colony formation, and BrdU assays.
MTT, colony formation, and BrdU assays were performed for
the detection of cell proliferation. For MTT assay, 1x10* AGS
and MKN45 cells were plated into 96-well plates. After 48 h,
10 pl MTT reagent (Beyotime, Shanghai, China) was added,
and cells were incubated for 4 h at 37°C. Then the formazan
was dissolved using dimethyl sulfoxide (DMSO) (Solarbio),
and the absorbance at 570 nm was measured using a micro-
plate reader (Allsheng, Hangzhou, China). Cell viability was
determined by normalizing to the control group.

For colony formation assay, approximately 500 AGS and
MKN45 cells were inoculated into 6-well plates. After incuba-
tion for 10 days, the clones were stained with 0.1% crystal
violet (Beyotime). Next, the clones were imaged and counted.

For BrdU assay, 5x10* AGS and MKN45 cells were
added into 24-well plates and cultured for 48 h. Then cells
were incubated with 10 uM BrdU labeling reagent (Thermo
Fisher Scientific) for 4 h. Next, cells were ethanol fixed and
incubated with the BrdU antibody (1:50 dilution, Thermo
Fisher Scientific) for 30 min, followed by incubation with
IgG-fluorescein for another 30 min. BrdU labeled cells were
observed under a fluorescence microscope.

Wound healing assay. For migration assay, 2x10° AGS
and MKN45 cells were seeded into the 6-well plates. When
cells were grown to 90% confluence, a straight wound was
made using a pipette tip. Then cells were incubated for 24 h.
The wound was recorded at 0 and 24 h using a microscope.
The wound width was detected, and the migratory ability was
evaluated according to the relative wound width (24 h/0 h).

Transwell assay. For invasive ability assay, 1x10° AGS and
MKN45 cells in RPMI-1640 medium without serum were
added into the Matrigel-coated 24-well Transwell chambers
(Corning Inc., Corning, NY, USA). The lower chambers
were added with 600 pl RPMI-1640 medium plus 10% FBS.
After 24 h, the invasive cells were stained with 0.1% crystal
violet, followed by observation under a magnification x100
microscope with 3 random fields. The number of invasive
cells was determined using Image]J software (NIH, Bethesda,
MD, USA).

Lactate production, lactate dehydrogenase (LDH)
activity, and glucose uptake levels. Lactate production,
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LDH activity, and glucose uptake levels were examined using
the specific commercial kits according to the instructions.
AGS and MKN45 cells (2x10°) with the indicated transfec-
tion were placed into the 6-well plates for 48 h. Next, the
supernatant was harvested, and lactate production, LDH
activity, and glucose uptake levels were determined with the
Lactate Assay kit, LDH Activity Assay kit, or Glucose Assay
kit (Sigma) according to the manufacturers’ instructions.

Western blotting. Cells were lysed in radioimmuno-
precipitation assay buffer (Beyotime), and protein samples
were obtained after centrifugation at 10,000xg for 10 min.
After the quantification via a bicinchoninic acid kit (Thermo
Fisher Scientific), 20 pg protein samples were separated onto
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis, followed by transferring on polyvinylidene difluoride
membranes (Solarbio). The membranes were blocked with
3% bovine serum albumin (BSA) for 1 h, and incubated
with primary antibodies for AKT (ab18785, 1:2,000 dilution;
Abcam), phosphorylated AKT (p-AKT) (ab38449, 1:500
dilution; Abcam), mitogen-activated protein kinase kinasel
(MEK1) (ab109556, 1:1,000 dilution; Abcam), p-MEK1
(ab96379, 1:3,000 dilution; Abcam), extracellular regulated
protein kinase 1/2 (ERK1/2) (ab115799, 1:2,000 dilution;
Abcam), p-ERK1/2 (ab223500, 1:300 dilution; Abcam),
and f-actin (ab115777, 1:1,000 dilution; Abcam) overnight,
followed by incubated with HRP-labeled secondary antibody
IgG (ab97051, 1:10,000 dilution; Abcam) for 2 h. Next, the
membranes were exposed to enhanced chemiluminescence
solution (Thermo Fisher Scientific) and the blots were
visualized. With B-actin as a loading control, relative protein
expression was analyzed using Image]J v1.8 software.

Statistical analysis. Experiments were repeated three
times with three replicates unless otherwise indicated. The
data are presented as mean + standard deviation (SD). The
statistical analysis was processed by SPSS 20.0 (SPSS, Chicago,
IL, USA). The correlation between LAMCI expression and
clinicopathological features of patients was analyzed using
the x* test. The difference between groups was determined by
Student’s t-test or one-way ANOVA followed via Tukey post
hoc test. It was considered significant if p<0.05.

Results

LAMCI1 is highly expressed and associated with the
poor prognosis of gastric cancer patients. To determine
whether LAMCI1 participates in gastric cancer development,
its abundance was examined in gastric cancer samples from
42 patients. By comparing with the adjacent normal tissues,
LAMCI abundance was evidently elevated in tumor tissues
(n=42) (Figure 1A). Moreover, the patients were divided into
a high or a low expression of the LAMCI group according
to the median of LAMCI expression (n=21/group). The
high expression of LAMCI1 was positively associated with
the clinical stage, tumor depth, lymph node metastasis, and
distant metastasis of patients (Table 1). Additionally, LAMC1

expression in tumor and normal tissues was further examined
via IHC and FISH assays. Results showed the abundance
of LAMCI1 was elevated in tumor tissues in comparison to
normal samples (Figures 1B, 1C). These results suggested the
enhanced expression of LAMC1 might implicate in gastric
cancer progression and a worse prognosis.

LAMCI silence represses gastric cancer cell prolif-
eration. To study the function of LAMCI in gastric cancer
progression in vitro, LAMCI abundance was detected in
gastric cancer cell lines. Results indicated a higher LAMCI
expression in AGS, MKN45, SNU-1, and SNU16 cells than
the counterpart in GES-1 cells (Figure 2A). Furthermore,
AGS and MKN45 cells with relatively higher expression of
LAMCI were chosen for further loss-of-function experi-
ments. AGS and MKN45 cells were transfected with shNC
or shLAMC1 (Figure 2B and Supplementary Figure S1).
The transfection failed to induce clear morphology change
(Supplementary Figure S2). In addition, shLAMCI-2
with the highest knockdown efficacy was referred to as
shLAMCI and used for subsequent functional assays. MTT
assay showed LAMCI knockdown obviously repressed the
viability of AGS and MKN45 cells (Figure 2C). Moreover,
LAMCL1 interference markedly constrained the colony
formation ability (Figure 2D). Additionally, LAMC1 was
also observed to inhibit DNA replication capacity assessed

Table 1. The association between clinical information of gastric cancer
patients and LAMCI expression.

LAMC1 LAMC1
Characteristics Num.ber of Low expression High expression p-value
patients (< median) (> median)

Number 42 21 21

Ages (years) 0.757
<50 19 10 9
>50 23 11 12

Gender 0.533
Female 18 8 10
Male 24 13 11

Histological type 0.217
Differentiated 20 12 8
Undifferentiated 22 9 13

Clinical stage 0.030%
I-1I 23 15 8
[I-1v 19 6 13

Tumor depth 0.013*
T1-T2 20 14 6
T3-T4 22 7 15

Lymph node metastasis 0.019*
NO-N1 13 10 3
N2-N3 29 11 18

Distant metastasis 0.005*
MO 25 17 8
M1 17 4 13

Note: *indicates the significant difference
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Figure 1. LAMCI1 abundance is elevated in gastric cancer tissues. A) LAMCI1 abundance in tumor and normal tissues from gastric cancer patients was
detected via QRT-PCR, n=42. B) LAMCI level in tumor and normal tissues was examined via FISH analysis. C) LAMCI expression in tumor and nor-
mal tissues was measured via IHC, n=3; p<0.05 represents significant difference
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Figure 2. LAMCI knockdown constrains gastric cancer cell proliferation. A) LAMCI mRNA level was examined via qRT-PCR in GES-1, AGS, MKN45,
SNU-1, and SNU16 cells. B) LAMC1 abundance was examined by qRT-PCR in AGS and MKN45 cells transfected with shNC or shLAMCI. C) Cell vi-
ability was measured via MTT in AGS and MKN45 cells transfected with shNC or shLAMCI. D) Colony formation was analyzed in AGS and MKN45
cells transfected with shNC or shLAMCI. E) Cell proliferation was examined via BrdU assay in AGS and MKN45 cells transfected with shNC or sh-
LAMCI. *p<0.01
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by the BrdU assay (Figure 2E). These results indicated
LAMCI knockdown played an anti-proliferation role in
gastric cancer cells.

LAMCI1 knockdown reduces migration and invasion of
the gastric cancer cells. The effect of LAMC1 knockdown on
cell migration and invasion was further evaluated by wound
healing and Transwell assays. The wound-healing assay
showed that the LAMCI depletion significantly restrained
cell migration, which was revealed by the wider wound
compared with the shNC group (Figure 3A). Moreover, the
Transwell assay showed LAMCI knockdown evidently inhib-
ited cell invasion (Figure 3B). These results suggested the
LAMCI knockdown impaired the migration and invasion
capacity of the gastric cancer cells.

LAMCI1 interference suppresses the Warburg effect in
gastric cancer cells. To evaluate the influence of LAMCI1
knockdown on the Warburg effect, lactate production, LDH
activity, and glucose uptake were examined in AGS and
MKN45 cells with transfection of shNC or shLAMCI. As
shown in Figure 4A, the lactate production was markedly
repressed by LAMCI silence in AGS and MKN45 cells.
Moreover, LAMCI knockdown evidently decreased
LDH activity in both cell lines (Figure 4B). Additionally,
glucose in medium was higher in the shLAMCI1-1 group
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than the shNC group, suggesting LAMCI silence signifi-
cantly restrained glucose uptake (Figure 4C). These results
indicated LAMCI silence repressed the Warburg effect in
the gastric cancer cells.

LAMCI1 knockdown inhibits the activation of AKT
and MEK/ERK pathways in gastric cancer cells. To explore
the LAMC1 mechanism, the LAMCl-related genes were
predicted using LinkedOmics (Supplementary Figure S3A).
Based on this database, a total of 888 LAMCI-related genes
were identified. Moreover, the KEGG pathway enrich-
ment analysis showed the correlated genes of LAMCI were
mostly enriched in the cGMP-PKG signaling, focal adhesion,
vascular smooth muscle contraction, PI3K/AKT signaling
pathway, Ras/MEK/ERK signaling pathway, and so on
(Supplementary Figure S3B). Given the fact that AKT and
MEK/ERK signaling pathways are tightly involved in tumori-
genesis, thus, the influence of LAMC1 on AKT and MEK/
ERK pathways was investigated. Results showed that the
LAMCTI silencing significantly repressed the phosphorylated
levels of AKT, MEK1, and ERK1/2, whereas exhibited little
effect on the total of AKT, MEK1, and ERK1/2 (Figure 5).
These data suggested that the LAMCI silencing inhibited
the activation of the AKT and MEK/ERK pathway in gastric
cancer cells.
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Figure 3. LAMCI silence restrains gastric cancer cell migration and invasion. A) Cell migration was detected via wound-healing analysis in AGS and
MKN45 cells transfected with shNC or shLAMCI. Scale bars: 200 pum B) Cell invasion was measured via Transwell analysis in AGS and MKN45 cells

transfected with shNC or shLAMCI. Scale bars: 200 um; **p<0.01
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Figure 4. LAMC1 knockdown represses the Warburg effect in gastric cancer cells. Lactate production (A), LDH activity (B), and glucose uptake (C)
were detected in AGS and MKN45 cells transfected with shNC or shLAMCI. *p<0.05
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Figure 5. LAMCI inhibition decreases the activation of AKT and MEK/ERK pathways in gastric cancer cells. The protein levels of p-AKT, AKT, p-
MEK1, MEK]1, p-ERK1/2, and ERK1/2 were detected via western blotting in AGS and MKN45 cells transfected with shNC or shLAMCI1. **p<0.01

Discussion

Gastric cancer is global cancer, which contributes to
~8.2% of cancer-related deaths [16]. Although the diagnosis,
prevention, and treatment of gastric cancer have improved,
the outcomes of patients remain unsatisfactory [17]. Here we
first validated that LAMCI could serve as a prognostic factor
for gastric cancer, and our further experiments revealed the
anti-cancer activity of LAMCI knockdown in gastric cancer
progression.

An increasing number of studies indicated that LAMCI1
predicted the poor prognosis of patients in various tumors,
such as endometrial cancer, hepatocellular carcinoma,
glioma, and head and neck squamous cell carcinoma [8,
9, 18, 19]. Similarly, our study firstly demonstrated the
increased expression of LAMCI related to the clinical stage,
tumor depth, lymph node metastasis, and distant metas-

tasis of patients, suggesting the prognostic value of LAMCI
in gastric cancer. A previous study reported LAMCI acted
as a target of microRNA-29s to promote cell migration and
invasion in prostate cancer [10]. Moreover, as a target of
microRNA-506 or microRNA-124, LAMCI1 could facilitate
cell proliferation, migration, and invasion in colorectal and
hepatocellular carcinoma [20, 21]. Additionally, LAMCI1
knockdown was validated to inhibit cell proliferation and
the Warburg effect via regulating the activity of pyruvate
kinase type M2 (PKM2) through the phosphatase and tensin
homolog (PTEN)/AKT pathway [11]. These all suggested
that LAMC1 might play an oncogenic function in human
cancers via increasing cell proliferation, migration, invasion,
and the Warburg effect. Consistent with these reports, our
study also found the inhibitive effect of LAMCI inhibition
on tumorigenesis of gastric cancer, indicating LAMC1 might
serve as an important target for gastric cancer treatment.



LAMCI1 PROMOTES GASTRIC CANCER PROGRESSION

717

The AKT pathway is a poor prognostic factor and contrib-
utes to the malignant progression in gastric cancer [22, 23].
The inhibitors targeting the AKT signaling have the potential
for therapy of gastric cancer [24]. It is well established that
the AKT pathway contributed to cell proliferation, migra-
tion, and invasion in gastric cancer [25-27]. Furthermore,
the AKT pathway was also observed to participate in the
Warburg effect in gastric cancer [28, 29]. Hence, we explored
and confirmed that LAMCI could affect the AKT pathway
in gastric cancer, which agreed with the previous studies on
other malignancies [11, 30]. Apart from the AKT signaling,
the MEK/ERK pathway was also involved in the malignant
phenotypes of gastric cancer [31-33]. However, whether
LAMCI could interact with the MEK/ERK pathway in gastric
cancer is unknown. Here we first identified LAMC1 activated
the MEK/ERK pathway and the anti-tumor role of LAMCI1
knockdown in gastric cancer may via the deactivation of the
AKT and MEK/ERK pathways.

However, there were some limitations in the current
research. The direct interaction between LAMCI and AKT
and MEK/ERK pathway was not well illustrated, which
would be explored in our future study. Moreover, the micro-
environment in vitro was different from that in vivo. Thus,
the knockdown of LAMCI in tumorigenesis in vivo should
be further investigated.

In conclusion, LAMCI knockdown restrained cell prolif-
eration, migration, invasion, and the Warburg effect in gastric
cancer, possibly via blocking the activation of the AKT and
MEK/ERK pathways. This study indicates a new insight into
the pathogenesis of gastric cancer and provides a novel target
for the treatment of gastric cancer.

Supplementary information is available in the online version
of the paper.
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LAMCI is related to the poor prognosis of patients with gastric cancer and
facilitates cancer cell malignancies
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Supplementary Figure S1. Knockdown efficiency of different LAMCI1 shRNAs. mRNA (A) and protein (B) levels of LAMC1 in AGS and MKN45 cells
after transfected with different shRNAs targeting LAMCI. **p<0.01
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Supplementary Figure S2. Cell morphology observed under light microscope. AGS and MKN45 cells were transfected with different shRNAs targeting
LAMCI1 after 48h.
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Supplementary Figure S3. LAMCI1-related genes in gastric cancer were predicted using LinkedOmics (A). These genes were analyzed by KEGG pathway

enrichment analysis using DAVID tool (B).



