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Objective: Studies have indicated that AGR2 is crucial in many cancers. However, its
methylation level in lung adenocarcinoma (LUAD) is rarely known. Hence, the effect of
AGR2 methylation on LUAD was explored in the study.

Methods: qRT-PCR was adopted to detect the expression of AGR2 in LUAD cells and
normal lung cells. Methylation-specific PCR (MSP) was used to detect the methylation of
AGR2 promoter region in different cell lines. MTT, Transwell and wound healing assays
were used to verify the progression of cells in each transfection group.

Results: The expression of AGR2 was significantly up-regulated in LUAD cells relative to
that in normal cells. Moreover, the expression of AGR2 was inversely modulated by DNA
methylation, and the hypomethylation of CpG islands would lead to the increased expression
of AGR2. Finally, overexpression and hypomethylation of AGR2 facilitated the proliferation,
invasion and migration of LUAD cells.

Conclusion: These results demonstrated that hypomethylation of AGR2 promoter region
promoted the expression of AGR2 in LUAD cells, thus promoting the progression of LUAD
cells.
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Introduction
Lung cancer is the most frequent malignancy that is responsible for cancer-related
deaths throughout the world'. Small cell lung cancer (SCLC) and non-small cell
lung cancer (NSCLC) are two main subtypes of lung cancer.” Lung adenocarcinoma
(LUAD) is the commonest subtype of NSCLC, accounting for 40% of all cases of
lung cancer, and it comes from the glands or epithelium of the bronchi, with main
clinical manifestations as dry cough, chest pain, and shortness of breath, which
affects breathing, causes pain and even threatens life.* > In recent years, more and
more therapeutic strategies have been proposed and applied to LUAD, however,
due to the lack of molecular markers for early diagnosis of LUAD, the prognosis of
LUAD patients after treatment is still unsatisfactory, with a 5-year survival rate of
less than 20%.°® Therefore, understanding the molecular mechanism underlying
LUAD occurrence and finding the molecular markers are vital for the diagnosis and
treatment of LUAD.

Anterior gradient 2 (AGR2) is able to encode a human homologue that secrets
a kind of proteins which were firstly identified in Xenopus laevis, and it is named
XAG-2 according to its specific expression pattern in early development.” Human
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AGR?2 is mainly highly expressed in lung, stomach, colon,
prostate, and small intestine tissues, and these tissues con-
tain mucus secreting cells, mainly endocrine organs.'®!
AGR2 lies on the chromosome 7p21.3 region and is
expressed by 8 exons to produce a full-length 175 amino
acid protein with a molecular weight of 19.9792KD
(including secretory peptides).'*'> AGR2 protein is
a resident protein of endoplasmic reticulum (ER), which
belongs to protein disulfide isomerase (protein-disulfide
Isomerase, PDI) superfamily, and participates in the pro-
duction of protein folding in the ER.'* Studies have indi-
cated that AGR2 is a potential drug target and biomarker
in breast cancer, and can promote cell proliferation."
AGR?2 is a novel target for the treatment of colorectal
cancer and its high expression in colon cancer modulates
cell function.'® In addition, AGR2 is highly expressed in
esophageal cancer,’’ pancreatic cancer,'® prostate
cancer,'” and lung cancer.”®?' ARG2 is thought to pro-
mote proliferation, survival, and metastasis of tumor cells.
Salmans et al demonstrated that AGR2 is a marker of
breast cancer metastasis, and its overexpression in estro-
gen receptor-positive breast cancer is associated with poor
prognosis, especially in tumors that evade anti-hormone
therapy,®* suggesting that AGR2 may be involved in cell
metastasis in hormone-related tumors. Taken together,
AGR?2 is vital in tumor therapy, and can be used as
a drug target and biomarker in many cancers.

With the development of tumor studies, researchers
have found that genetic variation and epigenetic modifica-
tion are the two major mechanisms that promote tumor
occurrence and development.”®> The present studies of
epigenetic mechanisms mainly focus on DNA methylation
and histone modification. DNA methylation is the first
discovered epigenetic phenomenon”® and refers to the
transfer of methyl group to the 5'carbon of cytosine with
unmethylated cytosine-phosphate-guanosine (CpG) dinu-
cleotide in DNA molecules under the catalysis of DNA
methyltransferase (DNMT).?>*® Currently, DNA methyla-
tion, especially the abnormal methylation of CpG islands
in gene promoter regions, has become the focus of tumor
study.”” Abnormal methylation of CpG islands in gene
promoter regions will lead to activation of proto-
oncogenes or silencing of tumor suppressor genes, so as
to change the expression of downstream key genes, thus
promoting abnormal cell proliferation.”® Many studies
have found that abnormal DNA methylation can promote
the proliferation, invasion and metastasis of tumor cells

such as colorectal cancer,” gastric cancer,*® hepatocellular

3132 and breast cancer.”® Sung HY et al** found

carcinoma
that AGR2 promoter hypomethylation and overexpression
fosters migratory and invasive activities of ovarian cancer
cells. However, AGR2 promoter hypomethylation in lung
cancer is poorly studied.

Here, the promoter methylation level and expression of
AGR?2 along with their correlation in LUAD cells were
investigated by bioinformatics analysis, methylation
sequencing, molecular and cell experiments. In addition,
the effects of hypomethylation and high expression of
AGR2 on LUAD cells were investigated. Our study may
offer new insights into the LUAD pathogenesis and help

the discovery of new therapeutic targets.

Materials and Methods

Data Sources and Processing

The 450 k methylation data (tumor: n=475; normal: n=32)
of LUAD were downloaded from TCGA database (https://
portal.gdc.cancer.gov/). After the standardized treatment,

the candidate methylation-driven genes were screened by
“MethylMix” package. At the same time, gene expression
profiles (tumor: n=522; normal: n=58) of TCGA-LUAD
were downloaded from TCGA database. Differential ana-
lysis was carried out by using edgeR with the cutoff value
of logFC=2 and FDR=0.05 and survival analysis was
conducted by “survival” package.

Cells and Cell Culture

Human LUAD cell lines 95-D (BNCC100126), H1299
(BNCC100859), H1975 (BNCC340345),  A549
(BNCC337696) and normal cell-line BEAS-2B
(BNCC338205) were from BeNa Culture Collection
(China). All cells were placed in RPMI-1640 (Gibco,
31800105, Life Technologies, Carlsbad) medium contain-
ing 10% fetal bovine serum (FBS) and 1% antibiotics at 37
°C with 5% CO, for culture.

DNA Methylation-Specific PCR (MSP)

TIANamp Genomic DNA kit (Tiangen, Beijing, China)
was used to extract the genomic DNA from human
LUAD cell lines 95-D, H1299, H1975 and A549, as well
as normal cell-line BEAS-2B according to the instructions.
The genomic DNA was then treated with sodium bisulfite
using the EpiTect Bisulfite Kit (Qiagen, Hilden, Germany).
Two ng DNA was dissolved in 50 pL deionized water, and
denatured at 50 °C for 10 min with 3 mol/L NaOH. Then,
newly configured 30 mL 10 mmol/L hydroquinone and
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520 pL 3.6 mol/L sodium bisulfite with pH=5.0 were
added to the solution for water bath at 50 °C for 18
h. After purification by adsorption column and ethanol
precipitation, DNA was dissolved in 50 pL deionized
water. Subsequently, 1-2 ng sulfite transformed genomic
DNA was used as a template for PCR analysis with
methylation-specific primers. PCR products were loaded
on 2% agarose gel electrophoresis and stained with ethi-
dium bromide. The methylation band (M) and unmethyla-
tion band (U) appear in the CpG methylation part of MSP
analysis. If there was no methylation in the CpG sequence,
U appeared. However, if part of the CpG sequence was
methylated, then M and U appeared at the same time.
Finally, ImageJ was used to measure the density of the
grayscale image (National Institutes of Health, Bethesda,
MD). The primers used were listed in Supplementary
Table 1.

5-Aza-2'-Deoxycytidine (5-AzadC)
Treatment

To demethylate the methylated CpG sites, 95-D and
H1299 cells were treated with different doses of 5-aza-
dC (0, 5, 10 uM) for 3 d.

Cell Transfection

The o0e-NC and oe-AGR2 plasmids were designed and
built by Sangon Biotech (Shanghai) Co., Ltd. The plas-
mids were transfected instantaneously into 95-D and
H1299 cell lines using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instruc-
tions, and cells were cultured in the corresponding med-
ium with 5% CO, at 37 °C. All cells should be cultured in
medium for at least 24 h before transfection and washed
with phosphate buffer solution (PBS, pH 7.4) prior to
transient transfection.

gRT-PCR

Trizol (Invitrogen, Carlsbad, CA, USA) was used to
extract total RNA from tissues and cells. The ratio of
260/230 and 260/280 was detected by nanodrop 2000
micro-ultraviolet spectrophotometer (1011U, nanodrop,
USA) and the concentration and purity of extracted total
RNA were determined. mRNA was reversely transcribed
into cDNA by TransScript® One-Step gDNA Removal and
cDNA Synthesis SuperMix kit (AT311-02, TransGen
Biotech Co., Ltd., Beijing), and the cDNA was diluted to
50 ng/uL. THUNDERBIRD SYBR ¢PCR Mix

(TOYOBO) was used for mRNA detection. The reaction
amplification system was 25 plL. ABI7500 quantitative
PCR instrument (7500, ABI, USA) was used to perform
real-time fluorescence quantitative PCR. B-actin was used
as internal reference for mRNA and each group was mea-
sured in triplicate. Primer sequences shown in
Supplementary Table 2 were all purchased from Sangon
Biotech Co., Ltd. (Shanghai, China). The difference in

27AAC method.

relative expression was calculated by

Western Blotting

Total proteins were isolated with radioimmunoprecipitation
assay (RIPA) lysis (Invitrogen; Thermo Fisher Scientific,
Inc.). Bicinchoninic acid (BCA) protein assay kit
(Beyotime Institute of Biotechnology, Haimen, China) was
implemented to detect protein concentration. The total pro-
teins were subjected to sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE) and were then
transferred onto polyvinylidene fluoride (PVDF) membrane
(Amersham, USA). The PVDF membrane was blocked with
5% skim milk for 1 h. The confining liquid was poured. Next,
the membrane was incubated overnight at 4 °C with primary
antibodies AGR2 (Abcam, UK) and GAPDH (Abcam, UK).
Subsequently, the membrane was rinsed 3 times with PBST
(PBS containing 0.1% Tween-20) buffer (10 min/time), and
was incubated with horseradish peroxidase-labeled second-
ary antibody goat anti-rabbit IgG H&L (HRP) (ab6721,
Abcam, UK) at room temperature for 1 h. The enhanced
chemiluminescence (ECL; Solarbio, Beijing, China) was
added for development, and gel imaging software was
employed for analysis.

Cell Proliferation Assay

Cell proliferation was detected by MTT assay. When the
cell growth density reached about 80% after transfection,
cells were washed with PBS twice and digested with
0.25% trypsin to obtain the single-cell suspension. After
cell counting, cells in (3-6) x10° cells/well were inocu-
lated in 96-well plates with a volume of 0.2 mL/well. Each
group was made in sextuplicate. Cells were cultured in an
incubator and at 24 h, 48 h, 72 h, 96 h and 120 h,
respectively, the medium was changed to medium contain-
ing 10% MTT solution (5 g/L) (GD-Y1317, Guduo
Biotechnology Co., LTD., Shanghai, China), and cells
were cultured for 4 h. The supernatant was discarded and
100 pL dimethyl sulphoxide (D5879-100 mL, Sigma,
USA) was added to each well. The mixture was placed
on a shaker for 10 min to fully dissolve the formazan
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crystals produced by living cells. The absorbance values of
each well at 450 nm were detected by the microplate
reader (Nanjing Detielab Co., LTD.). Each experiment
was repeated three times, and the cell activity curves
were plotted using the time point as the abscissa.

Wound Healing and Transwell Invasion
Assays

The transfected cells were digested with trypsin and
seeded in a 6-well plate at a density of 5x10° cells/well
until cells were adherent to the wall. Subsequently, 10 pL
sterile pipette tip was used to scratch the single layer of
cells, and the scraped cells were removed by washing with
sterile PBS. The medium was replaced with serum-free
medium for further culture. The scratch distance was
observed and photographed after 0 h and 24 h, respec-
tively. Wound healing present (%)=(0 h cell distance - 24
h cell distance)/0 h cell distancex100%.

Matrigel (356234, BD Company, USA) was dissolved
overnight at 4 °C, diluted with serum-free medium at 1:3,
and added to the upper chamber of Transwell chamber at 50
pL/well, and balanced in the incubator for 30 min. Cell
density was diluted to 1x10° cells/mL by serum-free med-
ium in the upper chamber, and the medium containing 15%
FBS was added to the lower chamber. After incubation at 37
°C for 48 h, the cells that did not pass through the membrane
were removed with a cotton swab, and the cells in the lower
chamber were stained with 0.1% crystal violet. The number
of invading cells in each group was used as an indicator to
evaluate invasion ability. Four random fields were selected
under the microscope to count and photograph the invading
cells. The average number of cells in each field was counted.

Statistics Analysis

All data were analyzed using GraphPad Prism 6.0 (La
Jolla, CA). Each experiment was repeated 3 times, includ-
ing 3 biological replicates and 3 technical replicates. The
results were expressed as mean + standard deviation, and
the comparison between two groups was analyzed by
t-test. P<0.05 indicated statistically significant difference,
while P<0.01 indicated extremely significant difference.

Results
AGR?2 is Hypomethylated and Highly

Expressed in LUAD
Methylation data of LUAD were downloaded from TCGA
database for MethylMix analysis to screen out 78

methylation-driven genes (Figure 1A), among which
AGR2 was significantly hypomethylated in tumor tissues
(Figure 1B), and the methylation level of AGR2 was
inversely related with its expression level (Figure 1C).
Expression analysis of LUAD and normal tissues in the
TCGA database showed that the expression level of AGR2
in tumor tissues was greatly up-regulated (Figure 1D).
Additionally, the expression of AGR2 in LUAD cell
lines 95-D, H1299, H1975, A549 and in the normal cell-
line BEAS-2B were detected by qRT-PCR, and it was
found that the expression of AGR2 in LUAD cell lines
was higher than that in the normal cell line (Figure 1E). It
could be concluded that AGR2 was hypomethylated and
highly expressed in LUAD.

Methylation of AGR2 in LUAD Cells and

Normal Cells

High expression of AGR2 in LUAD may be caused by
the hypomethylation of its DNA promoter region
through bioinformatics analysis. Therefore, we further
explored the methylation of AGR2 in LUAD cells
through in experiments. In AGR2 is
Hypomethylated and Highly Expressed in LUAD, the
mRNA expression level of AGR2 in the normal cell line
and four LUAD cell lines were measured by qRT-PCR.
It was discovered that the mRNA expression of AGR2
in LUAD cells, especially in 95-D and H1299 cells, was
significantly higher than that in normal cells, so 95-D

vitro

and H1299 cells were selected for subsequent functional
experiments (Figure 1E). Then, DNA in LUAD cells
and normal cells was treated with bisulfite and the
CpG island methylation of AGR2 promoter was deter-
mined by MSP. It was exhibited that the methylation
level of AGR2 in 4 LUAD cell lines was lower than that
in normal cells (P<0.05, Figure 2A), which further sup-
ported our previous finding that there was a negative
correlation between methylation and expression of
AGR2. Later, we treated 95-D and H1299 cells with 5
uM and 10 uM methyltransferase inhibitor 5-AzadC for
3 d, and detected the mRNA expression of AGR2 after
treatment. It was observed that the mRNA expression
level of AGR2 was significantly increased after treat-
ment in a dose-dependent manner. Hence, 10 puM
5-AzadC was selected in the following assays (P<0.01)
(Figure 2B). The similar results were observed in
Western blotting (Figure 2C). The result suggested that
inhibition of AGR2 promoter methylation promoted the
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expression of AGR2 in LUAD cells. These results
further demonstrated that the methylation level and
expression level of AGR2 were negatively correlated
in LUAD, and the high expression of AGR2 was caused
by the hypomethylation of the AGR2 promoter region.

Promoter Hypomethylation and
Overexpression of AGR2 Promote the
Progression of LUAD Cells

To investigate the effect of AGR2 promoter hypomethyla-
tion and AGR2 overexpression on the growth of LUAD,
we overexpressed AGR2 and treated LUAD cells with
methyltransferase inhibitor. The results manifested that
AGR2 expression was notably increased in two LUAD
cell lines in AGR2 overexpressing and inhibitor group.
5-AzadC could further increase AGR2 expression in cells
compared with that in AGR2 overexpression group (oe-

AGR?2) (Figure 3A). From the results of MTT (Figure 3B),
Transwell (Figure 3C) and wound healing (Figure 3D)
assays, the proliferation, invasion and migration capacities
were obviously increased in two LUAD cells with AGR2
overexpression or methyltransferase inhibitor. 5-AzadC
enhanced proliferation, migration and invasion of AGR2-
overexpressing cells compared with oe-AGR2 group, as
shown in Figure 3B and D. These results revealed that
overexpression and hypomethylation of AGR2 could sti-
mulate the proliferation, migration and invasion of LUAD
cells.

Discussion

A number of studies showed that DNA methylation is
closely related to the occurrence and development of
LUAD. Studies have reported that four of these five
genes HOXA9, TAL1, ATP8A2, ENG and SPARCLI1
have highly methylated CpG sites in their promoters,
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which are important in the diagnosis and treatment of
LUAD.” addition, STXBP6
expressed in LUAD, and has been identified as a novel

In is differentially
biomarker in LUAD. The possible role of hypermethy-
lation of STXBP6 in the poor clinical prognosis of lung
cancer patients provides a basis for the genetic etiology
of LUAD.*® In contrast to hypermethylation, increased
expression of S100A15 and reduced DNA methylation
of its gene promoter have also been proved to be asso-
ciated with high metastatic potential and poor prognosis
of LUAD.”” In this study, we demonstrated that the
AGR?2 promoter region was hypomethylated and AGR2
was highly expressed in LUAD cells through bioinfor-
matics analysis and molecular experiments, which was
consistent with studies of AGR2 promoter methylation
in other cancers. Sung HY et al found that the promoter
of AGR2 is hypomethylated and AGR2 is highly
expressed in ovarian cancer cells.’* These results indi-
cate that the hypomethylation of AGR2 may play a role
in promoting the occurrence and development of cancer.
indicate that

a variety of cancers, including LUAD, the AGR2 pro-

Our results and previous studies in
moter region is hypomethylated and AGR2 is highly
expressed, while the methylation level is negatively

correlated with the expression level.

To explore whether AGR2 promoter hypomethylation
could modulate the expression of AGR2 and affect the growth
of LUAD cells, methylation sequencing, cell functional
experiments combined with different doses of DNA methyl-
transferase inhibitor were performed to find that hypomethyla-
tion promoted AGR2 expression, and the expression of AGR2
in cells treated with 5-AzadC was markedly increased in
a dose-dependent manner. In addition, hypomethylation and
overexpression of AGR2 promoted the proliferation and
migration of LUAD cells. 5-AzadC enhanced proliferation,
migration and invasion of AGR2-overexpressing cells com-
pared with oe-AGR2 group. Xiu et al found that AGR2 as an
oncogene promotes the proliferation and metastasis of breast
cancer cells.*® Xue et al demonstrated that AGR2 is associated
with poor prognosis and promotes cell proliferation in
NSCLC.*’ Our results further confirmed the role of AGR2 in
promoting cancer and verified that both hypomethylation and
overexpression of AGR2 promoted LUAD.

In summary, our results indicated that AGR2 played an
oncogenic role in LUAD, and the hypomethylation of
AGR2 promoted the invasion and migration of LUAD
cells. These conclusions offer a better understanding of
the function of AGR2 methylation in LUAD and provide
a foundation for seeking new targeted therapeutic
approaches for LUAD.
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