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Abstract B cell translocation gene 3 (BTG3) is a tumor

suppressor by inhibiting cell proliferation, migration, and

regulating cell cycle progression in several tumors. How-

ever, its role in esophageal adenocarcinoma (EAC) remains

unknown. Here, we detected the expression of BTG3 in

EAC tissues and subsequent progression. BTG3 expression

was significant decreased in EAC tissues and cell lines

detected by real-time RT–PCR and Western blot. Rela-

tionships of BTG3 with EAC clinicopathology were ana-

lyzed statistically. The decrease expression of BTG3 is

associated with lymph node metastases. In vitro assay

demonstrated that overexpression of BTG3 significantly

suppressed colony formation and proliferation of EAC

cells. The suppressed migration and invasion abilities

found in BTG3-overexpressing EAC cells. Our findings

suggested that BTG3 is suppressor in the progression of

EAC.
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Introduction

Esophageal carcinoma is one of the most common malig-

nancies in the world [1]. The predominant histological type

is esophageal squamous cell carcinoma (ESCC); however,

the incidence of esophageal adenocarcinoma (EAC) has

increased over recent decades [2, 3], and the reasons

underlying this trend are incompletely understood. EAC

has one of the poorest outcomes of all solid tumors, with

only 14 % of patients surviving 5 years [4]. Surgery re-

mains the main curative treatment but it is only suitable for

*50 % of patients due to the majority of EAC patients

being diagnosed at an advanced stage [5]. A better un-

derstanding of EAC underpins efforts to improve early

detection and treatment outcomes.

The protein encoded by B-cell translocation gene 3

(BTG3) belongs to an antiproliferative BTG/transducer of

ErbB2 (Tob) family, which also includes BTG1, BTG2,

TOB, TOB2, and PC3b in human cells [6]. These protein

are characterized by the conserved N-terminal domain

spanning 104–106 amino acids and regulate cell cycle

progression in a variety of cell types [6, 7]. BTG/Tob

proteins can be activated or repressed by transcriptional

mechanisms, as well as via post-translational modifica-

tions. Several studies have suggested the direct involve-

ment of BTG/Tob proteins in cancer. In lung and thyroid

cancer patients, the presence of the phosphorylated inactive

form of Tob1 or reduced Tob1 expression is frequently

observed [8, 9]. Downregulation or impaired expression of

BTG2 is observed in prostate and breast cancer [10, 11].

BTG3 interacts with E2F1, a transcription factor important

for S-phase entry and cell cycle progression [12]. As for

Tob1, reduced expression of BTG3 is also observed in a

high frequency of lung cancer specimens [13]. Mice

lacking BTG3 also display an increased incidence of lung

tumors [13]. BTG3 expression is reduced by promoter in-

activation through DNA methylation in renal cancer [14].

However, the expression pattern and function of BTG3 in

EAC remain unknown.

In this study, we detected the expression of BTG3 in

EAC clinical samples and examined the effect of BTG3 on

EAC cell proliferation, migration, and invasion.
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Materials and methods

Patients and tissue specimens

Thirty-nine EAC samples and paired adjacent normal

esophageal tissues were collected from patients treated

surgically at the First Affiliated Hospital of Zhengzhou

University and the Tumor Hospital of Linzhou City Henan,

China, between 2012 and 2013. Samples were frozen im-

mediately and stored in liquid nitrogen. No patients re-

ceived chemotherapy or radiotherapy prior to surgery.

Clinical and pathological characteristics were determined.

Informed consent was obtained from all patients. The

procedures were approved by the Zhengzhou University

Ethics Committee.

Cell lines and stable transfection

The EAC cell lines OE-33 and OE-19 were purchased from

the Cell Bank of the Chinese Academy of Medical Sci-

ences. Cells were cultured in RPMI 1640 medium (Gibco,

Carlsbad, CA, USA) with 10 % fetal calf serum and sup-

plemented with penicillin/streptomycin. The human eso-

phageal squamous epithelial cell line HET-1A was

obtained from the Cell Bank of the Chinese Academy of

Medical Sciences. HET-1A cells were cultured in bronchial

epithelial cell basal medium (Lonza Group, Basel,

Switzerland) supplemented with triiodothyronine, insulin,

transferrin, retinoic acid, hydrocortisone, human recombi-

nant epidermal growth factor, epinephrine, and bovine pi-

tuitary extract.

OE-33 or OE-19 cells were plated into 6-well pla-

tes 24 h before transfection. The cells were transfected

with pcDNA3.1-BTG using Lipofectamine2000 (Invitrogen,

Carlsbad, CA, USA). For 48 h after transfection, the cells

were cultured in medium supplemented with G418 at

500 lg/ml for 4 weeks. Clones overexpressing BTG3 (Ex-

BTG3) were selected for further study. Cells stably trans-

fected with pcDNA3.1 were also generated (NC).

Real-time polymerase chain reaction (PCR)

Total RNA was extracted from EAC and normal tissues, and

control and transfected EAC cell lines (OE-33 and OE-19)

using TRIzol Reagent (Invitrogen). The concentration and

purity of RNA were determined using spectrophotometry.

cDNA was synthesized using the PrimeScript RT Reagent

Kit (Takara, Dalian China). Quantitative real-time PCR

analysis was done using the Premix Ex Taq (Probe qPCR),

ROX Plus Kit (Takara). The primers used were BTG3

Forward: 50-CTCCTCCTGTTCCATTTGGT-30, Reverse:

50-TAATCCAGTGATTCCGGTCA-30, Probe: 50-Fam-CGC

CCAATTCCAGTGACATGG-Tamra-30; b-actin Forward:

50-CACTCTTCCAGCCTTCCTTC-30, Reverse: 50-GGATG
TCCACGTCACACTTC-30, Probe: 50-Fam-TGCCACAGG

ACTCCATGCCC-Tamra-30.

Western blotting

Frozen tissues were homogenized on ice in cell lysis buffer

(Beyotime, Jiangsu, China). Protein lysates were collected

following centrifugation at speed of 12,000g. For BTG3

transfected EAC cell lines or controls, cells were harvested

by trypsinization, washed in ice-cold PBS, and then lysed

in cell lysis buffer. Total protein concentrations were es-

timated using the Bradford method. 15 lg proteins were

used for Western blotting. The protein blots were incubated

with primary goat anti-human BTG, Cyclin A, Cyclin D1,

CDK2, and b-actin antibody (Santa Cruz Biotechnology,

Santa Cruz, CA, USA) overnight at 4 �C. Secondary anti-

bodies (donkey anti-goat IgG) conjugated with horseradish

peroxidase (Santa Cruz Biotechnology) were used and the

blots were visualized by enhanced chemiluminescence (GE

Healthcare, Chalfont St. Giles, UK).

Cell proliferation assay

Cells were seeded at 5 9 103 per well in 96-well plates.

Zero, 1, 2, and 3 days after seeding, 0.5 mg/ml MTT

(Sigma–Aldrich, St Louis, MO, USA) was added and the

plates were incubated for 4 h at 37 �C in the dark. The

medium containing MTT was removed. The blue-colored

formazan that formed was dissolved in 150 ll DMSO per

well. The absorbance was measured at 490 nm using an

ELISA plate reader.

Anchorage-independent growth

EAC cell lines transfected with BTG3 construct or control

cells (1 9 103 per well) were suspended in RPMI 1640

medium with 10 % FBS and were added to 0.3 % agar over

a base layer of 0.6 % agar culture medium. After 2 weeks

incubation, the cells were stained with 0.1 % crystal violet

for 15 min. Clones with[50 cells were manually counted.

Flow cytometry

Cells were harvested by trypsinization, washed once with

PBS, and fixed in 70 % chilled ethanol for a minimum of

1 h. After fixation, cells were suspended in PBS containing

50 lg/ml propidium iodide (PI) and 0.5 mg/ml DNase-free

ribonuclease. The cells were stained for 1 h at 4 �C. Per-
centages of cells within each of the cell cycle compart-

ments (G0/G1, S, or G2/M) and apoptosis were determined

using a FACSCalibur flow cytometer (BD Biosciences, San

Jose, CA, USA).
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Transwell invasion assay

BTG3-overexpressing EAC cells lines or control cells

(1 9 105 per well) suspended in RPMI 1640 medium with

10 % FBS were seeded on the upper chamber of the

Transwell filter with 8 lm pores (6.5 mm). The bottom

chambers were filled with RPMI-1640 with 10 % FBS, and

the cells were incubated for 24 h at 37 �C. Cells in the

upper chamber that had not migrated were gently scraped

away. Cells present in the coated membrane were fixed

with 10 % formaldehyde in PBS, and stained with

methylene blue (Beyotime) for 30 min. The membrane was

examined under a microscope at 9100 magnification.

Wound healing assay

Cells were seeded in six-well plates and were cultured for

24 and 48 h, until completely confluent. The cell mono-

layer was scratched with a 200 ll pipette tip and incubated

for 24 and 48 h. The distance between the scratched line

and the growing edge of the cells was measured. The

relative percent wounded area filled through cell migration

was then calculated as follows: [(mean wound width-

mean remaining width)/mean wound width] 9 100 (%).

Statistical analysis

Results were expressed as mean ± SD. Statistical analysis

was performed by Student’s t test or one-way analysis of

variance for normally distributed data. P\ 0.05 was con-

sidered to be significant.

Results

BTG3 is downregulated in human EAC

BTG3 mRNA level in 39 patients were detected by real-

time PCR. We found that the mRNA levels of BTG3 in

EAC were downregulated compared to adjacent normal

esophageal tissue (Fig. 1a, P\ 0.05). Western blotting

also revealed significant downregulation of BTG3 in EAC

compared with the adjacent normal esophageal tissue

(Fig. 1b, P\ 0.05).

A similar expression profile of BTG3 was also observed

in EAC cell lines. The mRNA and protein levels of BTG3

in two OE-33 and OE-19 EAC cell lines were down-

regulated compared to human esophageal squamous ep-

ithelial cell line HET-1A (Fig. 1c, d, P\ 0.05).

Fig. 1 Analysis of BTG3 expression in EAC patients and cell lines.

a BTG3 mRNA level in EAC tissues and paired adjacent normal

tissues analyzed by real-time PCR. b Western blot analysis of BTG3

protein in EAC tissues and paired adjacent normal tissues. c, d BTG3

mRNA and protein level in OE-33 and OE-19 EAC cell lines

compared with human esophageal squamous epithelial cell line HET-

1A. e Correlation between BTG3 mRNA level and EAC cell

differentiation. Correlation between BTG3 expression and tumor

staging (f) and lymph node metastases (g) (*P\ 0.05)
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We characterized the correlation between BTG3 mRNA

level and clinical features of EAC including cell differen-

tiation, tumor staging, and lymph node metastases

(Table 1). Expression of BTG3 was not correlated with age

and sex. As shown in Fig. 1e, BTG3 mRNA level was not

associated with cell differentiation of EAC (P[ 0.05).

BTG mRNA level in TNM-I of EAC was higher compared

with TNM-III (P\ 0.05, Fig. 1f). There was a significant

difference in BTG3 between EAC with and without lymph

node metastases (P\ 0.05, Fig. 1g).

Overexpression of BTG3 downregulated

the proliferation of EAC cell lines

To test the ability of BTG3 to suppress tumor formation,

we performed an MTT assay and colony formation. OE-33

and OE-19 EAC cells were transfected with a BTG3 ex-

pression or empty control construct. Overexpression of

BTG3 in Ex-BTG3 cells was validated by real-time PCR

and Western blotting (Fig. 2a–c). Proliferation was sig-

nificantly inhibited in Ex-BTG cells from the first day after

transfection (P\ 0.0.05; Fig. 2d, e). Colonies that formed

were Giemsa stained (Fig. 2f, g). In both tumor cell lines,

overexpression of BTG3 reduced the number of colonies.

These data suggest that BTG3 exhibits a tumor suppressive

function in EAC cells.

BTG3 effects cell proliferation through S-phase arrest

and apoptosis

To understand the mechanisms by which cell proliferation is

affected, flow cytometry was performed to analyze changes

in apoptosis and the cell cycle profile of EAC cell lines.

Compared to OE-33 and OE-19 cells, their corresponding

BTG3- overexpressing counterparts displayed a strongly

decreased S-phase fraction. A marked increase in G1 frac-

tion was detectable in BTG3-overexpressing EAC cell lines

(Fig. 3a, b). Overexpress BTG3 downregulate the protein

levels of Cyclin A and Cyclin D1 in OE-19 and OE-33 cell

lines (Fig. 3c, d). Flow cytometry showed that the propor-

tion of cells undergoing apoptosis was significantly higher in

BTG3-overexpressing OE-33 cells compared with negative

controls (Fig. 4a). Overexpression of BTG3 increased

apoptosis in OE-19 cells (Fig. 4b). Thus, downregulation in

proliferation of EAC cells was mediated through S-phase

arrest and consequently through apoptosis.

BTG3 suppresses migration and invasion of EAC cells

The effect of BTG3 on tumor cell migration and invasion

was assessed by wound healing assay. Figure 5a shows that

OE-33 cells overexpressing BTG3 had markedly decreased

migration. Similar results were observed in OE-19 cells

(Fig. 5b). The Transwell invasion assay showed that

Table 1 Correlation between

BTG3 expression and

clinicopathological

characteristics in EAC

Features Number BTG3 mRNA level (mean ± SD) P

Age 0.42

\60 16 1.15 ± 0.59

C60 23 1.31 ± 0.66

Gender 0.31

Male 29 1.18 ± 0.62

Female 10 1.42 ± 0.68

Differentiation 0.561

Well 11 1.42 ± 0.65

Moderate 18 1.23 ± 0.69

Poor 10 1.07 ± 0.48

Lymph node metastasis 0.011

N 10 1.67 ± 0.66

Y 29 1.10 ± 0.56

Tumor staging 0.015

I 4 1.84 ± 0.41

II 21 1.31 ± 0.65

III 14 0.98 ± 0.54
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BTG3-overexpressing OE-33 and OE-19 EAC cell lines had

significantly reduced invasiveness (P\ 0.05, Fig. 5c, d).

Discussion

Many studies have suggested that BTG3 plays an important

role in tumor suppression. Downregulation of BTG3 is

observed in renal, breast, and prostate cancer, and it is a

candidate tumor suppressor gene in several cancers [14–

19]. However, the expression pattern and function of BTG3

in the progression of EAC remain unknown. In this study,

we observed that BTG3 expression was significantly

downregulated in EAC tissues compared with adjacent

normal tissues by real-time PCR and Western blotting. In

addition, the relationship between differentiation, tumor

staging, and distant metastasis with BTG3 expression was

evaluated. Our data demonstrated that the decreased

expression of BTG3 was associated with lymph node

metastases.

Inactivation or impaired expression of BTG/Tob pro-

teins is frequently observed in the clinical samples of

cancer patients. Boiko et al. [20] identified BTG2 as an

important transcriptional target gene of p53. BTG4 inac-

tivation by promoter silencing contributes to colon cancer

[21]. By contrast, several models show that enforced ex-

pression of BTG/Tob genes can result in inhibition of tu-

mor growth [22, 23]. These findings suggest that BTG/Tob

proteins have important roles in preventing tumourigenesis

and cancer.

Here, we showed that BTG3 strongly inhibited prolif-

eration of EAC cells, by colony formation and proliferation

assays. Inhibition of cell proliferation by BTG3 is thought

to result from cell cycle arrest [14]. Control of cell cycle

progression in cancer cells is a potentially effective strat-

egy for the control of tumor growth because molecular

Fig. 2 Overexpression of

BTG3 reduces colony formation

and proliferation in EAC cell

lines. a–c Expression of BTG3

was measured by PCR and

Western blotting after

transfection with BTG3

expression construct in OE-33

and OE-19 EAC cell lines. d,
e Proliferation of OE-33 and

OE-19 cells transfected with

BTG3 construct was evaluated

by MTT assay. f, g Cells were

stained with Giemsa after

transfection with BTG3

expression construct in OE-33

and OE-19 cells; mean colonies

numbers are shown according to

three repeated experiments

(*P\ 0.05)
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analysis of human cancers has revealed that cell cycle

regulators are frequently mutated in many common ma-

lignancies [24]. Our in vitro data indicated that overex-

pression of BTG3 in EAC cell lines resulted in significant

S-phase arrest and may be associated with apoptosis.

Several studies have demonstrated that BTG3 inhibits

E2F1 transcription factor, suggesting that it has a negative

regulatory influence consistent with its role in inhibiting

progression into S-phase [14]. BTG3 is also a direct tran-

scriptional target gene of p53 [12], which affects its role in

tumor suppression and DNA damage response. BTG3 in-

teracts with ChHK1, which is a key effector kinase in the

cell cycle checkpoint response, and regulates its phospho-

rylation and activation [25].

To verify the ability of BTG3 to suppress EAC tu-

morigenesis, we performed Transwell invasion and wound

Fig. 3 BTG3 arrested Ex-BTG3 EAC cells at G1 phase. Flow

cytometry was performed to analyze changes in the cell cycle profile.

The effect of BTG3 on the distribution (%) of OE-33 cells (a) and
OE-19 cells (b) in the G1, S, and G2 phases of the cell cycle is shown.

Compared to NC group, Cyclin A and Cyclin D1 were low expressed

in Ex-BTG3 group both in OE-19 and OE-33, and the expression of

CDK2 has no significant difference. (c, d) (*P\ 0.05)

Fig. 4 BTG3 induced apoptosis

of EAC cell lines. Apoptotic

cells were identified by flow

cytometric analysis.

Representative histograms are

shown. a left OE-33 cells, b left

OE-19 cells. The percentages of

apoptotic OE-33 (a right) and

OE-19 (b right) cells are shown

(*P\ 0.05)
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healing assays. BTG3 significantly suppressed the invasive

ability of EAC cell lines. BTG3 is also linked with ag-

gressiveness of ovarian and hepatocellular carcinoma [26,

27]. The mechanisms underlying the inhibition of EAC cell

metastasis needs further investigation.

The observations reported here present a significant as-

sociation between downregulation of BTG3 and EAC tu-

morigenesis. BTG3 inhibits proliferation through inducing

cell cycle arrest and invasion of EAC cells. BTG3 may act

as a suppressor in the progression of EAC.
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