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lower BTG3 expression had shorter overall survival time 
(P  =  0.015). BTG3 suppressed the proliferation of GC 
cells in vitro and in vivo. It also inhibited migration and 
invasion of GC cells in vitro.
Conclusion  Down-regulation of BTG3 is closely associ-
ated with proliferation, migration and invasion in GC. It 
may be a novel prognostic biomarker for GC patients.
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Introduction

Gastric cancer (GC) is one of the most common malignan-
cies in the world (Fang et al. 2012; Catalano et al. 2009). 
GC is a multistep process involving progressive disruption 
of epithelial-cell proliferation, apoptosis, differentiation 
and survival mechanisms (Cheng and Fan 2013; Wadhwa 
et  al. 2013). Early GC patients have more benefits from 

Abstract 
Background  Gastric cancer (GC) is one of the most common 
malignancies in China. B-cell translocation gene 3 (BTG3) 
has been identified as a tumor suppressor in several tumors, 
but its role in GC remains unknown. This study aimed to 
detect the expression of BTG3 and its prognostic value in GC 
tissues and determine its function in the progression of GC.
Methodology  The expression of BTG3 was detected in 
GC cell lines and tissues by real-time RT-PCR, Western 
blot or immunohistochemistry. A series of in vitro and in 
vivo assays were performed to evaluate the effect of BTG3 
on proliferation, migration and invasion of GC cells.
Results  B-cell translocation gene 3 was obviously down-
regulated in GC tissues. Its expression was positively cor-
related with distant metastasis (P  <  0.05). Patients with 
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improvements in clinical diagnosis and treatment and have 
a longer-term survival rate than late GC patients. How-
ever, the prognosis for patients with GC is still poor. Tra-
ditional methods cannot precisely predict the prognosis for 
the patients after surgical removal of the primary tumor, so 
the biomarkers capable of distinguishing GC patients with 
poor or good prognosis are acute needed.

B-cell translocation gene 3 (BTG3) belongs to an anti-
proliferative B-cell translocation gene/Transducer of ErbB2 
(BTG/Tob) gene family, which also includes BTG1, BTG2/
TIS21/PC3, Tob, Tob2 and PC3b in human cells (Matsuda 
et al. 2001). These proteins all contain two short conserved 
domains in their N-terminal part (box A and box B), sepa-
rated by a spacer sequence of 20–25 nonconserved amino 
acids (Matsuda et al. 2001; Guéhenneux et al. 1997; Winkler 
2010). Several membranes of this family not only inhibit 
cellular proliferation and differentiation, but also regulate 
the tumorigenic progression (Lim 2006). For example, over-
expression of BTG4 suppresses colony formation in colorec-
tal cancer cells but its expression is frequently down-regu-
lated in primary GC (Toyota et al. 2008; Dong et al. 2009). 
PC3/BTG2 is highly expressed in GC cells, and its expres-
sion is related to the degree of cell differentiation (Zhang 
et al. 2009). TOB plays an important role in the suppression 
of breast cancer tumorigenesis (O’Malley et al. 2009).

Recent evidence demonstrates that BTG3 plays as a 
tumor suppressor in cancer progression. The expression 
of BTG3 is down-regulated in lung adenocarcinoma, oral 
squamous cell cancer or prostate cancer (Yoneda et al. 2009; 
Yamamoto et al. 2001; Lin et al. 2012). Aberrant epigenetic 
regulation of BTG3 promoter, such as by DNA hypermeth-
ylation and/or histone modification, is observed in several 
human cancers (Majid et al. 2009, 2010; Yu et al. 2008; Put-
nik et al. 2012). Until now, only two papers have discussed 
the function of BTG3 in tumor (Lin et  al. 2012; Ou et  al. 
2007). BTG3 is a downstream target of p53 and also binds 
and inhibits E2F1. It connects functionally those two major 
growth-regulatory pathways (Ou et al. 2007). BTG3 triggers 
acute cellular senescence via the ERK-JMJD3-p16 signal-
ing axis (Lin et al. 2012). However, the expression pattern 
and function of BTG3 in GC remain unknown.

In this study, we detected the expression of BTG3 in GC 
clinical samples and determined its prognostic value. Then, 
we examined the effect of BTG3 on GC cell proliferation, 
migration and invasion in vitro and in vivo.

Materials and methods

Construction of plasmids and transfection

For depletion of BTG3, the lentivirus vectors carrying two 
human shRNA1 or shRNA2 toward BTG3 (Genechen, 

Shanghai, China) were transfected into lentiviral pack-
aging cell lines 293T cells. The sequences were shRNA1 
(sense, 5′-GGU GAA GGA CUU CCU GACA dTdT-
3′) and shRNA2 (sense, 5′-GGG AUA GGC UAA GGA 
GUAA dTdT-3′) (Invitrogen, Foster City, CA, USA). A 
scramble shRNA (5′-AAT CGC ATA GCG TAT GCC 
GTT-3′), which has no homology with the mammalian 
mRNA sequences, was inserted into empty lentivirus vec-
tor as described above. Then, 1  mL of viral supernatant 
containing 4Ag of polybrene was added into GC cell lines 
for stable transduction. After 14 days, puromycin-resistant 
cell pools were established. After 72 h, the protein level of 
BTG3 was detected by Western blot. For over-expression 
BTG3, the fragment of human BTG3 was amplified from 
human cDNA by PCR using the primers (5′-AAA GGT 
ACC ATG AAG AAT GAA ATT GCT GCC GTTG and 
ACT CGA GTT AGT GAG GTG CTA ACA TGT GAG 
GA-3′). The fragment was digested with Kpn1 and Xho1 
and cloned into the Kpn1–Xho1 site of the pEGFP-C1 
expression vector.

Cell proliferation assay

1 × 103 cells were seeded into 96-well plates. The number 
of viable cells was determined by cell counting kit-8 (CCK-
8) (Dojindo, Kumamoto, Japan) for 6 days. Briefly, 10 mL 
CCK-8 solution was added, and absorbance at 490 nm was 
measured after 2 h of incubation at 37 °C. Each cell group 
was plated in three duplicate wells.

Cell‑cycle analysis

About 1  ×  106 cells were trypsinized, washed twice with 
PBS, and fixed in 70 % ice-cold ethanol for 1 h. The samples 
were then centrifuged by removing the ethanol and exposing 
to 100 mg/mL RNaseA (Sigma, USA) for 30 min at 37 °C. 
Cellular DNA was stained with propidium iodide (PI). Cell-
cycle distributions were determined using flow cytometry.

In vitro apoptosis assay

Cells were all transfected with 50 nM of oligo using Lipo-
fectamine2000 according to the instructions (Invitrogen, 
USA). Then, cells were harvested and stained with Annexin 
V-FITC and PI according to the manufacturer’s protocol 
(BioVision #K101–100). Annexin V-FITC/PI binding was 
analyzed by flow cytometry using a BD FACSCalibur sys-
tem, and data were analyzed using the CellQuest software.

In vitro cell scratch assay

To quantify cell migration, a scratch was made down the 
center of each well in a 24-well plate using a p1000 pipette 
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tip at 48  h after transfection. Along the scratch line, the 
cells were washed away and replaced with serum-free cul-
ture medium. And then, we took pictures every 12  h for 
48  h. The distances between the parallel cell edges were 
measured at each time point. For each well, three differ-
ent fields along the scratch were analyzed in triplicate. Cell 
motility was calculated as the percentage of the cell migra-
tion distance with respect to the initial scratch distance.

In vitro invasion assay

The invasion Boyden chambers (BD Biosciences, Foster 
city, USA) were rehydrated with RPMI 1640 (serum-free) 
for 2 h at 37  °C. RPMI 1640 with 100 ml/L fetal bovine 
serum was added to the lower compartment as the chem-
otactic factor. Then, 1.5  ×  105 tumor cells in serum-free 
RPMI 1640 were added to the upper compartment of the 
chamber. Each cell group was plated in three duplicate 
wells. After incubation for 48  h, the noninvasive cells 
were removed with a cotton swab. Cells that had migrated 
through the membrane and stuck to the lower surface of 
the membrane were fixed with methanol and stained with 
hematoxylin. Finally, the cells in lower compartment of the 
chamber that had invaded the lower sides of the membrane 
were counted under a light microscope in five random vis-
ual fields (200×).

In vivo tumorigenesis assay

To evaluate in vivo tumor growth, 1  ×  107 cells were 
injected subcutaneously into the left flank or right flank 
of nude mice (n  =  5 per group). Tumors were measured 
with calipers to estimate volume from day 5 to day 28 
after injection. BTG3 expression was detected in xenograft 
tumors by Western blotting. The proliferative index of Ki67 
was evaluated in xenograft tumors by immunohistochemis-
try (IHC).

Materials of GC cell lines and clinical tissue specimens, 
IHC, real-time RT-PCR, Western blotting and statistical 
analysis were seen in Method S1.

Results

BTG3 is down‑regulated in human GC tissues

To explore the expression pattern of BTG3 and its clinico-
pathologic features in GC patients, we first detected BTG3 
expression in 18 paired samples of patients by real-Time 
PCR and Western blot. We found that the mRNA and pro-
tein levels of BTG3 in GC tissues were down-regulated 
compared to adjacent normal gastric tissue (Fig.  1a–c, 
P =  0.031). After that, we analyzed BTG3 expression in 

131 cases of paraffin-embedded archived GC tissues using 
IHC. Strong staining for BTG3 protein was frequently 
observed in adjacent gastric mucosa (Fig.  1d), especially 
in the cytoplasms of mucous glandular epithelia in cardiac 
or pyloric glands, parietal and chief cells in fundic glands 
(Fig. 1h, i). Interestingly, the positive signal of BTG3 was 
mainly observed in two-thirds of glands distributed in the 
lamina propria mucosa of the fundus, body or pylorus, 
but not in the superficial epithelia and the crypt (Fig.  1a, 
h, i). However, negative or very week BTG3 staining was 
observed in GC tissues and lymphatic metastatic cancer 
tissues (Fig. 1e, f, g). The expression of BTG3 was obvi-
ously lower in GC tissues than adjacent gastric mucosa 
(P  <  0.001, Table S1). No obvious difference of BTG3 
expression was observed between GC tissues with metas-
tasis and those without metastasis (P =  0.908, Table S1). 
Clinicopathological analyses showed that BTG3 expression 
was correlated strongly with distant metastasis (P = 0.004, 
Table 1). These above results indicate that down-regulation 
of BTG3 may be associated with the progression of GC.

Correlation between BTG3 expression and patients’ 
survival

The prognostic effect of BTG3 on GC patients’ overall sur-
vival was compared between patients with high and low 
BTG3 protein levels. By Kaplan–Meier curve assessment, 
patients with high BTG3 protein level had a better out-
come than those with low BTG3 protein level (P = 0.001, 
Fig.  2a). From univariate analysis, the significant prog-
nostic factors were BTG3 expression (P = 0.015), serosal 
invasion (P  =  0.010) and remote metastasis (P  =  0.001, 
Table  2). Multivariate analysis results showed that BTG3 
expression (P = 0.040) and remote metastasis (P = 0.023) 
might play a role in predicting the overall survival in GC 
patients (Table  2). These results demonstrate that BTG3 
expression is an independent prognostic marker for survival 
of GC patients.

Effect of BTG3 on the proliferation of GC cells in vitro 
and in vivo

To explore the role of BTG3 in the progression of GC, 
we first detected the endogenous expression of BTG3 in 
five GC cell lines by real-time PCR and Western blotting. 
Among five GC cell lines, BTG3 expression was highest in 
AGS cells and gradually decreased in BGC823, MGC803, 
MNK45 and SGC7901 cells (Fig.  2b). In addition, the 
level of BTG3 protein expression in each cell line by West-
ern blot coincided precisely with that of the mRNA level 
(Fig. 2c). Next, we performed loss of function and gain of 
function to examine the effect of BTG3 on the prolifera-
tion of GC cells. We chose AGS and BGC823 cell lines for 
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stable transfection with shRNA lentivirus vectors toward 
BTG3, and SGC7901 and MGC803 cell lines for transient 
transfection with BTG-expressing vector. High transfec-
tion efficiency was validated by real-time PCR or Western 
blot (Fig. 2d, e). Results of CCK8 assay showed that BTG3 
depletion increased the proliferative abilities of AGS and 
BGC823 cell lines (P < 0.05, Fig. 3a), while forced expres-
sion of BTG3 caused a significant decrease of the prolif-
eration rate in SGC7901 and MGC803 cell lines (P < 0.05, 
Fig. 3b). Furthermore, SGC7901 and MGC803 cells treated 
with forced BTG3 showed a significant increase in the per-
centage of cells in the G1/G0 peak and a decrease in the 
percentage of cells in the S and G2/M peak (P  <  0.05, 

Fig.  3c). However, AGS and BGC823 cells treated with 
BTG3 shRNA showed the opposite effect (P  <  0.05, 
Fig. 3d). These results suggest that BTG3 inhibits GC cell 
proliferation by eliciting G1/G0 phase arrest. Compared 
to control cells, SGC7901 cells over-expressing BTG3 
showed increased rate of apoptosis (P  <  0.05, Fig.  3e), 
while the rate of apoptosis was remarkably decreased when 
BTG3 was depleted in AGS cells (P < 0.05, Fig.  3f). We 
also implanted BTG3-depleting cells and control cells sub-
cutaneously into nude mice, respectively, and then moni-
tored the growth of the resultant primary tumors. Tumors 
in mice injected with BTG3-depleting cells grew more 
rapidly than those with control cells (Fig. 3g). BTG3 was 

Fig. 1   Down-regulation of 
BTG3 in GC tissues. a BTG3 
expression in 18 paired human 
GC tissues and the correspond-
ing normal mucosa by real-time 
PCR. Each bar represents the 
mean of three independent 
experiments. b Real-time PCR 
analysis of BTG3 expression 
in GC tissues compared to the 
corresponding normal mucosa. 
P = 0.031. c Western blot 
analyses of BTG3 expression in 
the same 8 paired GC tissues. 
d Strong positive expression 
of BTG3 in adjacent normal 
gastric mucosa epithelium. 
BTG3 was mainly localized in 
the cytoplasm of normal cells. 
e Week expression of BTG3 
in GC tissues. f Loss of BTG3 
in metastatic GC tissues in 
lymph nodes. g Strong positive 
expression of BTG3 in adjacent 
noncancerous areas and nega-
tive expression of BTG3 in GC 
tissues. h and i Strong positive 
expression of BTG3 in two-
thirds of glands distributed in 
the lamina propria mucosa of 
the fundus, body or pylorus, but 
not in the superficial epithelia 
and the crypt. For all micro-
graphs, scale bars represent 
20 μm
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Table 1   Relationship between 
BTG3 expressions and 
clinicopathologic features of 
GC patients

Features Total number High expression Low expression P λ2

BTG3 131 10 121 0.0003 131.000

Age 0.655 0.200

 <60 44 4 40

 ≥60 87 6 81

Gender 0.274 1.198

 Male 57 6 51

 Female 74 4 70

Differentiation 0.787 0.478

 Well 14 1 14

 Moderate 47 4 65

 Poor 70 5 65

Distant metastasis 0.004 8.247

 N 44 8 36

 Y 87 2 85

Lymphoma metastasis 0.939 0.006

 N 25 2 23

 Y 106 8 98

Serosal invasion 0.550 0.358

Full of tension 18 2 16

Not all full of tension 113 8 105

Fig. 2   Survival analysis of BTG3 expression in GC patients and 
expression of BTG3 in GC cell lines. a Kaplan–Meier survival analy-
sis of primary GC patients with high and low BTG3 expressions, 
P =  0.001. b Real-time RT-PCR analysis of BTG3 in five GC cell 
lines. c Western blotting analysis of BTG3 in five cell lines. Real-time 

RT-PCR d and Western blotting e analyses of BTG3 expression in 
BTG3-depleting AGS and BGC823 cells and BTG3 over-expressing 
MGC803 and SGC7901 cells. Error bars represent mean ± SD from 
three independent experiments. *P < 0.05
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down-regulated in BTG3-depleting subcutaneous tumors 
(Fig.  3h). IHC staining confirmed that the tumors of 
BTG3-depleting group displayed much higher Ki67 index 
than those of control group (Fig. 3i). All the above results 
demonstrate that BTG3 suppresses GC cell proliferation 
by down-regulating cell-cycle progression or accelerating 
apoptosis.

Effect of BTG3 on migration and invasion of GC cells 
in vitro

We assessed the effect of BTG3 on cell migration and inva-
sion in vitro. Results of Boyden Chamber assay showed 
that BTG3-depleting cells displayed a marked increase of 
invasive ability in AGS and BGC823 cell lines (P < 0.05, 
Fig.  4a, c), while forced expression of BTG3 showed the 
opposite effect (P < 0.05, Fig. 4b, d). Cell scratch assays 
showed that BTG3-depleting AGS and BGC823 cells dis-
played a marked increase of migration ability (P  <  0.05, 
Fig. 4e, g). However, forced expression of BTG3 markedly 
blocked the migration abilities of SGC7901 cells (P < 0.05, 
Fig.  4f, h). The results make it evident that BTG3 sup-
presses migration and invasion of GC cells.

Discussion

Using BTG1 and BTG2/TIS21 probes, BTG3 was isolated 
by low-stringency screening of a cDNA library (Guéhen-
neux et  al. 1997). As follows, its physiological functions 
began to be discovered, such as neuron phylogenesis, the 
control of muscle cell development and bone formation 
(Putnik et al. 2012), especially, for the control of cell cycle 
(Winkler 2010; Lim 2006; Yamamoto et al. 2001; Lin et al. 
2012). Recently, several studies have shown that BTG3 was 
associated with tumorigenesis. It has been reported as a 
tumor suppressor in several tumor types (Majid et al. 2009, 
2010; Yu et  al. 2008; Lv et  al. 2013; Chen et  al. 2013). 
However, the expression pattern and function of BTG3 in 
the progression of GC remain elusive.

In this study, we detected the expression of BTG3 in 
GC tissues and then explored the clinical prognostic val-
ues of BTG3 by using complete long-term follow-up 
data of a large cohort of GC samples. Our results clearly 
showed that BTG3 expression was significantly down-reg-
ulated in GC tissues or lymphatic metastatic tissues. Aber-
rant epigenetic regulation of BTG3 promoter, such as by 
DNA hypermethylation and/or histone modification, may 
represent a key mechanism of down-regulation of BTG3 
in renal cancer, prostate cancer and several human cancers 
(Majid et al. 2009, 2010; Yu et al. 2008; Lv et al. 2013). 
Moreover, BTG3 expression was correlated strongly with 
distant metastasis, suggesting that BTG3 may be associ-
ated with the progression of GC. Kaplan–Meier survival 
analysis revealed that patients with low BTG3 protein 
level had a significantly lower 5-year survival rate. BTG3 
is also regarded as a independent predictor of progno-
sis for ovarian cancer patients (Deng et al. 2013). BTG3 
expression, serosal invasion and distant metastasis were 
associated with an increased risk of death from GC. Sev-
eral clinicopathological parameters, such as serosal inva-
sion and metastasis, have been found to contribute to poor 
prognosis of GC patients (Yasuda et  al. 2007; Junfeng 
et  al. 2013). Thus, our data clearly demonstrate that the 

Table 2   Univariate and 
multivariate analyses of 
individual parameters for 
correlations with overall 
survival rate: Cox proportional 
hazards model

RR relative risk, CI Confidence 
interval

* Statistically significant 
(P < 0.05)

Variables Univariate P value Multivariate P value

RR CI (95 %) RR CI (95 %)

BTG3 0.087 0.012–0.628 0.015* 0.122 0.0167–0.906 0.040*

Age 0.995 0.623–1.590 0.984

Gender 1.448 0.907–2.313 0.121

Tumor grade 1.137 0.818–1.583 0.445

Serosal invasion 2.787 1.280–6.068 0.010* 2.541 1.133–5.702 0.023*

Lymph metastasis 1.454 0.787–2.678 0.232

Remote metastasis 2.521 1.433–4.433 0.001* 1.890 0.917–3.89 0.084

Fig. 3   Effect of BTG3 on the proliferation of GC cells in vitro and 
in vivo. a Effect of BTG3 knockdown on cell proliferation in vitro 
by MTT assay. b Effect of ectopic BTG3 on cell proliferation in vitro 
by MTT assay. c Representative histograms depicting cell-cycle pro-
files of BTG-expressing MGC803 and SGC7901 cells. Cells were 
stained with PI and analyzed by flow cytometry. d Representative 
histograms depicting cell-cycle profiles of BTG3-depleting AGS and 
BGC823 cells. e Percent of apoptotic cells of transfected with BTG-
expressing SGC7901 cells. f Percent of apoptotic cells of transfected 
with BTG3-depleting AGS cells. g Subcutaneous tumors of mice 
injected with stable BGC823/NC and BGC823/ShRNA1 cells. His-
topathological analyses of subcutaneous tumors injected with stable 
BGC823/ShRNA1 cells or control cells. h Western blotting analysis 
of BTG3 expression in subcutaneous tumors of mice injected with 
stable BGC823/ShRNA1 cells or control cells. i The tumor sections 
were stained with H&E or subjected to IHC staining using an anti-
body against Ki-67. Error bars represent mean  ±  SD from three 
independent experiments. Scale bars 20 μm. *P < 0.05

▸
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decreased expression of BTG3 is associated with the pro-
gression of GC and an independent prognostic marker for 
survival of GC patients.

Having established the expression pattern of BTG3 
in GC, we next investigated the function of BTG3 in 
the progression of GC. Our results showed that BTG3 
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inhibited GC cell proliferation by down-regulating cell-
cycle progression or accelerating apoptosis. BTG3 has 
been reported to be involved in negative control of the 
cell cycle (Guéhenneux et  al. 1997). One possible mech-
anism for BTG3-induced cell-cycle arrest is that BTG3 
is a transcriptional target of p53 that inhibits E2F1 (Ou 
et  al. 2007). Our data also indicate that the suppression 
of BTG3 on GC cell proliferation may be associated with 
apoptosis. In addition, we demonstrated that BTG3 obvi-
ously decreased the migratory and invasive abilities of GC 
cells in vitro. Decreased expression of BTG3 is linked to 
carcinogenesis and aggressiveness of ovarian cancer and 
hepatocellular cancer (Lv et  al. 2013; Deng et  al. 2013). 
Therefore, the above results provide evidence that BTG3 
can function as a suppressor in the progression of GC. The 

molecular mechanisms of BTG3 in GC progression need 
to be further investigated.

In summary, our study demonstrates that down-regula-
tion of BTG3 in GC tissues correlates with poor survival of 
patients. All of the functional experiments confirm BTG3 
as a tumor suppressor in the progression of GC. In combi-
nation with other biomarkers of GC, BTG3 expression sta-
tus may be useful to stratify patients for novel therapeutic 
strategies, such as those of adjuvant chemotherapy, radio-
sensitization, or the establishment of rational treatment 
selection criteria for patients with this disease.
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