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Abstract Transforming growth factor b1 (TGF-b1) and

inhibitor of differentiation/DNA-binding 1 (Id-1) have

been shown to be associated with aggressive metastatic

behavior of cancer cells in many malignant tumors. How-

ever, their role in gastric cancer (GC) has not been estab-

lished. In this study, we investigated the relationship

between expression of Id-1 and TGF-b1 in GC as well as

their association with GC progression. The immunohisto-

chemical analysis of 71 human GC samples indicated that

both Id-1 and TGF-b1 were markedly upregulated in tumor

tissue compared with the adjacent tissue; in addition, a

significant positive correlation was found between the

expression levels of Id-1 and TGF-b1 by Pearson’s corre-

lation analysis. Furthermore, the investigation of the

association of Id-1 and TGF-b1 with patient clinical

characteristics revealed that Id-1 expression was signifi-

cantly correlated with tumor differentiation, while TGF-b1

was associated with lymph node metastasis. The results

were validated in vitro by using a GC cell line, AGS. The

expression of Id-1 was upregulated at 24 and 48 h after the

treatment with TGF-b1, whereas it did not affect the pro-

liferation of cells. TGF-b1 also influenced the expression

of N-cadherin and b-catenin. Our results suggested that Id-

1 and TGF-b1 played important roles in the progression of

GC, in which Id-1 might act as a downstream mediator of

TGF-b1 signaling through a regulatory mechanism

involving N-cadherin and b-catenin. The TGF-b1/Id-1 axis

might serve as a future therapeutic target for GC.
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Introduction

Gastric cancer (GC) is one of the most common malig-

nancies worldwide. Despite the declining incidence, GC

remains the second leading cause of cancer-related deaths

[1, 2]. The advances in diagnostic techniques and treatment

strategies ensure an early detection and low mortality rate

for early stages of GC [3, 4]; however, the candidate

prognostic biomarkers for patients with advanced metas-

tasized GC need to be further explored.

Inhibitor of cell differentiation/DNA-binding (Id) pro-

teins is a family of helix–loop–helix (HLH) transcription

factors (Id-1–Id-4). They regulate cell cycle and cell dif-

ferentiation by antagonizing the DNA-binding activity of

basic HLH transcription factors [5]. Accumulated evidence

suggests that Id-1 plays multiple roles in the progression of

various cancers via stimulation of angiogenesis [6, 7],

inhibition of differentiation [8, 9], and induction of

metastasis [10–13]. Clinical studies involving GC patients

have revealed a significant association of Id-1 overex-

pression with cancer invasion and metastasis [14–16].
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Further studies demonstrate that inhibition of GC cells

differentiation by Id-1 contributes to GC progression [17,

18]. However, the molecular mechanism underlying Id-1

functions in GC progression is not fully elucidated.

Transforming growth factor b1 (TGF-b1), polypeptide

belonging to the TGF-b family of growth factors, is shown

to be upregulated in the tumor microenvironment and

contributes to tumor metastasis [19, 20]. Once TGF-b1

binds to its receptor, the receptor is phosphorylated and

then activates the downstream signaling mediator SMAD2/

3 to exert its biological activities [21]. It has been reported

that overexpression of TGF-b1 in head and neck epithelia

causes severe inflammation and angiogenesis, which may

consequently contribute to the malignant phenotype med-

iated by vascular endothelial growth factor (VEGF) and

activin receptor-like kinase 1 (ALK1) [22–24]. Previous

findings have also shown that TGF-b1 induces migration

and invasion of tumor cells and promotes metastasis by

upregulating the protein level of matrix metalloproteinase-

9 [25, 26].

Although both Id-1 and TGF-b1 are involved in tumor

progression, their interrelationship in carcinogenesis

requires further clarification. To date, several reports have

suggested that Id-1 expression may be involved in TGF-b-

signaling pathway, but the data are controversial. Id-1

expression is downregulated by TGF-b1 in prostate epi-

thelial cell lines [27–29]. On the contrary, Id-1 proves to be

significantly upregulated by stimulating TGF-b3 in endo-

thelial cells [30], and TGF-b1 in metastatic breast tumor

cells [31] and in prostate cancer cells [32]. However, to the

best of our knowledge, there are no reports elucidating the

relationship between TGF-b1 and Id-1 and their functions

in GC progression.

In this study, we investigated the relationship between

Id-1 and TGF-b1 in shaping the permissive GC microen-

vironment. The results showed that the expression of Id-1

and TGF-b1 was increased in GC tissue compared with

that in the adjacent tissue and was positively associated

with tumor differentiation and lymph node metastasis,

respectively. Moreover, a significant positive correlation

between the expression of Id-1 and TGF-b1 was revealed

in GC tissue. These results were further validated in GC

AGS cells, which showed an increase of Id-1 expression, as

well as N-cadherin and b-catenin, after stimulation with

TGF-b1.

Materials and methods

Tissue specimens

Seventy-one GC patients who received surgical treatment

at Zhongshan Hospital (Shanghai, China) between June

2011 and December 2011 were enrolled in our study. The

evaluation of the resected tumor specimens was performed

according to the guidelines of the Japanese Gastric Carci-

noma Association. Stage grading was performed in accor-

dance with the TNM classification of gastric carcinoma

(UICC). None of the patients received radiotherapy, che-

motherapy, or other medical interventions before the sur-

gery. Specimens were collected only from patients who

underwent complete clinical and pathological evaluation.

Informed consent was obtained from all individuals. The

study was approved by the Research Ethics Committee of

Zhongshan Hospital.

Immunohistochemistry

Tumors and adjacent non-cancerous tissue samples were

harvested from the 71 GC patients, fixed in formalde-

hyde and embedded in paraffin. Immunohistochemistry

of paraffin sections (5 lm) was carried out using a two-

step protocol. Briefly, sections were deparaffinized with

xylene and rehydrated with graded ethanol solutions.

After blocking the endogenous peroxide activity by

incubation in 0.3 % H2O2, antigen retrieval was per-

formed by placing the sections in boiling citrate or

ethylenediamine tetraacetic acid (EDTA) buffer for

10 min, and non-specific binding sites were blocked with

5 % goat serum in 19 phosphate buffered saline (19

PBS, pH 7.4). The slides were incubated with primary

antibodies against Id-1 and TGF-b1 (1:25 and 1:200,

respectively; Abcam; MA, USA), horseradish peroxidase

(HRP)-conjugated secondary antibodies (1:200; KPL;

MD, USA), and 3,30-diaminobenzidine (DAB) solution

(Sigma-Aldrich; MO, USA). Negative control slides

without the primary antibodies were included in all

assays. All specimens were counterstained with hema-

toxylin and examined under light microscopy.

Evaluation of immunohistochemical staining

Each immunostained slide was observed at 2009 and

4009 magnifications. At least five 4009 magnification

images were processed and analyzed using ImageJ soft-

ware (National Institutes of Health; Bethesda, MD, USA).

For each specimen, the percentages of positively stained

areas relative to the total observed areas of tumor cell (%

area) were determined. The average percentage was cal-

culated to ensure the sample representativeness and

homogeneity for accurate statistical analysis.

Cell line and culture conditions

The human gastric adenocarcinoma AGS cell line was

maintained in a 5 % CO2-humidified atmosphere at 37 �C
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in RPMI-1640 medium (Biowest; France) supplemented

with 10 % fetal bovine serum (FBS; Biowest).

Immunocytochemistry

AGS cells were seeded in 24-well plates with cover slips in

RPMI-1640 supplemented with 10 % FBS. After cell

attachment, the medium was changed to 1 % FBS with or

without TGF-b1 (10 ng/mL; PeproTech; NJ, USA) and

continuously cultured. The cells were collected at 24 and

48 h, respectively, fixed with 4 % paraformaldehyde for

15 min and permeabilized with 0.3 % Triton X-100 for

10 min. After blocking with 5 % goat serum in 19 PBS

with 0.3 % Triton X-100, the cells were incubated with

mouse anti-Id-1 (1:25), rabbit anti-N-cadherin (1:200;

Epitomics; USA), and rabbit anti-b-catenin (1:200; Ab-

cam) overnight at 4 �C. Cell monolayers were then incu-

bated with fluorescein isothiocyanate (FITC)-labeled

secondary antibody (1:200; KPL) for 2 h at room temper-

ature and stained with 1 lg/lL of 40,6-diamidino-2-phe-

nylindole (DAPI; Sigma-Aldrich; USA) in PBS with 0.3 %

Triton X-100. After three washes with 19 PBS, the slides

were mounted and analyzed using a fluorescence micro-

scope (magnification 9200; H55OS; Nikon; Japan) or a

laser-scanning confocal microscope (magnification 9400;

TCS-SP5; Leica Camera AG; Germany).

Western blotting

Cells were treated as described above and harvested at the

indicated time points. Whole-cell lysates were prepared by

re-suspending cells in RIPA lysis buffer (Beyotime;

China), and protein concentrations were measured using

the BCA protein assay kit (Beyotime). Equal amounts of

denatured proteins were resolved by polyacrylamide gel

electrophoresis and analyzed by immunoblotting with pri-

mary antibodies against Id-1 (1:50), Snail (1:500), b-cate-

nin (1:2,000), Twist (1:100) (all from Abcam), E-cadherin

(1:2,000), N-cadherin (1:6,000), and Vimentin (1:3,000)

(all from Epitomics); GAPDH (1:10,000; KangChen Bio-

tech Inc., China) was used as a loading control. After the

incubation with HRP-conjugated secondary antibodies

(1:4,000), the signals were visualized by the ECL system

(Thermo Fisher Scientific Inc., MA, USA) and quantified

using a Gel-Pro analyzer (Media Cy-bernetics Inc., Silver

Spring, MD, USA). The experiments were performed in

triplicate.

Cell proliferation assay

Cell proliferation was quantitatively evaluated using the Cell

Count kit-8 (CCK-8; Beyotime, China). Cells were plated in

96-well plates at a density of 2 9 104 cells/mL. After 12 h of

incubation, RPMI-1640 with 1 % FBS and TGF-b1 was

added to the experimental group. The cells were incubated

for the indicated times. CCK-8 solution (10 lL) was then

added to each well, and cells were incubated for an additional

2 h at 37 �C. The absorbance at 450 nm (OD450) was

determined using a microplate reader (Model 680; Bio-Rad,

CA, USA); RPMI 1640 containing 10 lL CCK-8 was used

as blank. The proliferation index (PI) was calculated using

the formula: PI = OD450 of the experimental group/OD450

of the control group.

Table 1 Characteristics of 71 gastric cancer patients

Characteristics No. of patients %

Age (years)a

\62 35 49.3

C62 36 50.7

Gender

Male 47 66.2

Female 24 33.8

Tumor size (cm)a

\4 34 47.9

C4 37 52.1

Operation method

Radical distal subtotal gastrectomy 43 60.6

Radical total gastrectomy 22 31.0

Palliative distal subtotal gastrectomy 4 5.6

Palliative total gastrectomy 2 2.8

Differentiation

I 0 0.0

II 15 21.1

III 56 78.9

Primary tumor

Tis, T1 3 4.2

T2 12 16.9

T3 12 16.9

T4 44 62.0

Regional lymph nodes

N0 23 32.4

N1 13 18.3

N2 11 15.5

N3 24 33.8

Distant metastasis

M0 64 90.1

M1 7 9.9

TNM stage grouping

IA, IB 11 15.5

IIA, IIB 20 28.2

IIIA, IIIB, IIIC 33 46.5

IV 7 9.8

a Split at median
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Statistical analysis

Experimental data were presented as the mean ? SEM of

at least three independent experiments performed in

duplicate. Statistical analysis was performed using

GraphPad Prism 5 (GraphPad Software; USA) and SPSS

20.0 software (SPSS; Chicago, IL, USA). Differences

between tumor and adjacent tissue were analyzed by the

Wilcoxon test. To assess the relationship between variables

and clinical pathology parameters, all cases were divided

into high and low expression groups (classified by the

median value), and then a chi-squared test was performed.

Pearson’s correlation analysis was used to explore the

association between Id-1 and TGF-b1. Two-tailed levels of

significance were used and P \ 0.05 was considered sta-

tistically significant.

Results

Clinical and pathological characteristics of GC patients

The clinic-pathological characteristics of 71 gastric carci-

noma patients were summarized in Table 1. The specimens

included 47 male (66.2 %) and 24 female (33.8 %). The

cutoffs of age and tumor size were set at their median

values, 62 and 4 cm, respectively. The patients underwent

surgical resection including radical (65, 91.6 %) and pal-

liative (6, 8.4 %) gastrectomy. Differentiated tumors were

classified as stage II (15 patients, 21.1 %) and III (56,

78.9 %). As defined by the location of primary tumor, T1

was diagnosed in 3 (4.2 %) cases, whereas T2 in 12

(16.9 %) cases, T3 in 12 (16.9 %) cases, and T4 in 44

(62.0 %) cases. Regional lymph nodes metastasis and

distant metastasis were diagnosed in 48 (67.6 %) and 7

(9.9 %) cases, respectively. The TNM stage grouping was

distributed as follows: I, 11 cases, 15.5 %; II, 20 cases,

28.2 %; III, 33 cases, 46.5 %; and IV, 7 cases, 9.8 %.

Expression of Id-1 and TGF-b1 in GC tissue

Specimens collected from tumor and adjacent tissues of

GC patients were analyzed for Id-1 and TGF-b1 expression

by immunohistochemistry. Representative images of Id-1

and TGF-b1 immunostaining were shown in Fig. 1a–h. Id-1

expression was predominantly observed in the cytoplasm

of GC cells. The expression of TGF-b1 was identified as

positive in the cytoplasm of tumor cells. The expression of

Id-1 and TGF-b1 was quantitatively evaluated as the per-

centage of positively stained area relative to the total

analyzed cell area (% area); the statistical results were

shown in Table 2 and Fig. 1i. Compared with the adjacent

tissue, GC tissue showed significantly higher levels of both

Id-1 (P \ 0.01) and TGF-b1 (P \ 0.01).

Association between Id-1 and TGF-b1 expression

and clinical characteristics

Further analyses were undertaken to evaluate the associa-

tion of the levels of Id-1 and TGF-b1 in tumors with the

clinical parameters of 71 GC patients. Based on Id-1 and

TGF-b1 expression levels determined as % area by

immunohistochemistry (median expression values were

3.407 and 8.344, respectively), the patients were divided

into high and low expression groups. As shown in Table 3,

the statistical analysis by chi-square test revealed no sig-

nificant correlation of Id-1 and TGF-b1 expression with

patients’ age, gender, tumor size, primary tumor parame-

ters (T stage), distant metastasis, and TNM stage grouping.

However, Id-1 showed a statistically significant association

with tumor differentiation (P = 0.048), whereas TGF-b1

levels were positively correlated with regional lymph node

metastasis (P = 0.028).

Correlation between Id-1 and TGF-b1 expression

The association between Id-1 and TGF-b1 levels in

tumor tissue was assessed by Pearson’s correlation ana-

lysis. The results shown in Fig. 2 revealed a significant

positive correlation between Id-1 and TGF-b1 expression

levels (r = 0.503, P \ 0.01): in the scatter plot, the

linear regression analysis was carried out to show the

linear trend between the two variables, indicating an

apparent association between Id-1 and TGF-b1 in GC.

Id-1 expression stimulated by TGF-b1 in AGS cells

Based on the verified correlation between Id-1 and TGF-

b1 in human specimens, we further investigated Id-1

expression following the treatment with TGF-b1 in GC

cell line AGS in vitro. Immunocytochemistry analysis

revealed that Id-1 was localized to the cell cytoplasm

and nucleus (Fig. 3a–c), while Western blotting results

showed Id-1 upregulation in TGF-b1-treated AGS cells

compared with untreated cells (P \ 0.05, Fig. 3d, e). The

effect of TGF-b1 on cellular proliferation was assessed

by the treatment of cells with different concentrations of

TGF-b1 (0, 2, 5, 10, 20, and 50 ng/mL) by CCK-8

assay. The results showed that there was no significant

difference in the proliferation between TGF-b1-treated

cells and control cells, irrespective of the incubation time

(Fig. 3f). Overall, these results showed that TGF-b1

upregulated Id-1 expression in GC cells independent of

cell proliferation.
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Expression of epithelial-mesenchymal transition-

related proteins

The epithelial-mesenchymal transition (EMT) occurs as a

key process in tumor metastasis [33]. To investigate whe-

ther TGF-b1 affects EMT in GC, we assessed the expres-

sion of EMT-related proteins in TGF-b1-treated AGS cells.

The levels of N-cadherin, Vimentin, b-catenin, Snail, and

Twist were evaluated after stimulation by TGF-b1.

Western blotting results revealed that N-cadherin and b-

catenin were significantly upregulated by TGF-b1

(P \ 0.05 and P \ 0.01, respectively), but there was no

change in Vimentin, Snail, and Twist levels compared with

control cells (Fig. 4a, b). These results were corroborated

by the cell immunofluorescence staining (Fig. 4c–f).

Besides, the staining results further showed the distribu-

tions of detected proteins in AGS cells. N-cadherin was

localized to cell membrane, whereas b-catenin was

Fig. 1 Id-1 and TGF-b1 expression in 71 human gastric carcinoma.

a–h Representative Id-1 and TGF-b1 immunohistochemistry images

of adjacent tissue and tumor tissue. Magnification: a, c, e, and

g 9200; b, d, f, and h 9400. i Statistical summary of Id-1 and TGF-

b1 staining intensity in adjacent tissue and tumor tissue (**P \ 0.01).

Note that increased Id-1 and TGF-b1 expression in tumor tissue was

observed in adjacent tissue. Error bars represent the mean

intensity ? SEM

Table 2 Descriptive statistics

of immunohistochemical

variables

** Compared with the matched

adjacent tissues; significance is

at 0.01 level

Variables Minimum Maximum Mean SE Median P

Adjacent tissues

Id-1 0.000 25.739 1.663 0.525 0.457

TGF-b1 0.015 34.583 3.313 0.878 1.185

Tumor tissues

Id-1 0.027 20.591 4.422 0.486 3.407 \0.01**

TGF-b1 0.073 23.303 8.077 0.617 8.344 \0.01**
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detected in cytoplasm (as shown in Fig. 4c, d). Vimentin

was found in cytoplasm, while Snail was expressed in

nucleus (as shown in Fig. 4e, f).

Discussion

In recent years, the relationship between Id-1 and TGF-b1

has become a promising direction in cancer research. In

metastatic breast tumor cells, Id-1 levels increase almost

twofold in response to TGF-b1 stimulation, suggesting that

Id-1 may be a mediator of TGF-b-induced responses to

facilitate tumor reinitiation [31]. In addition, it has been

demonstrated that SMAD, the classical downstream

mediator of TGF-b1 signaling, can directly interact with

Id-1 in promoting breast tumors for lung metastasis [34,

35]. A recent study of prostate cancer cells also demon-

strates that TGF-b1 increases the proliferation and migra-

tion of cancer cells by upregulating the expression of Id-1

[32]. Taken together, these findings imply that Id-1 is a

TGF-b1 target gene and their vital roles in affecting the

metastasizing potential of cancer cells.

In this study, we found that the expression levels of Id-1

and TGF-b1 in 71 human GC samples were higher than

those in the adjacent tissue, which was consistent with

previous findings. Higher Id-1 expression has been also

detected in human ovarian tumors compared with border-

line tumors [8]; similar results have been obtained in

prostate cancer biopsy samples [36] and esophageal squa-

mous cell carcinoma specimens [11]. The aberrant

expression of TGF-b1 has been linked to pathological

conditions in urinary tract [37], plasma [38], and tumor

specimens [39–41]. The results of our study showed that

the expression of Id-1 was related to tumor differentiation,

while TGF-b1 expression was associated with regional

lymph node metastasis, suggesting that Id-1 and TGF-b1

levels could be significant predictors of gastric carcinoma

progression.

Another novel finding of this study was the positive

correlation between the expression of Id-1 and TGF-b1 in

GC. Id-1 has been identified as a regulator of VEGF, and

the combination of these two proteins has been proposed as

a potential target for cancer therapy [42, 43]. It has been

established that Id-1 is co-expressed with a number of

Table 3 Association between the expression levels of Id-1 and TGF-

b1 and clinical characteristics

Characteristics Id-1 expressiona TGF-b1 expressiona

Low High P Low High P

All patients 36 35 36 35

Age (years)a 0.723 0.552

\62 17 18 19 16

C62 19 17 17 19

Gender 0.358 0.055

Male 22 25 20 27

Female 14 10 16 8

Tumor size (cm)a 0.403 0.718

\4 19 15 18 16

C4 17 20 18 19

Differentiation 0.048* 0.819

I, II 11 4 8 7

III 25 31 28 28

Primary tumor 0.164 0.164

Tis, T1, T2 10 5 10 5

T3, T4 26 30 26 30

Regional lymph

nodes

0.737 0.028*

N0 11 12 16 7

N1, N2, N3 25 23 20 28

Distant metastasis 0.662 0.662

M0 33 31 33 31

M1 3 4 3 4

TNM stage grouping 0.223 0.069

I 7 4 9 2

II 7 13 10 10

III, IV 22 18 17 23

* Significance is at 0.05 level
a Split at median

Fig. 2 Correlation between Id-1

and TGF-b1 expression. There

was a significantly positive

correlation between Id-1 and

TGF-b1 expression (r = 0.503,

**P \ 0.01) in 71 human

gastric carcinoma specimen
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factors implicated in cancer cell invasiveness, including

CD44 [44], epidermal growth factor receptor (EGFR) [45],

and thrombospondin 1 (TSP-1) [46]; however, the rela-

tionship between Id-1 and TGF-b1 remains unclear. Here,

we found that the expression of Id-1 showed a statistically

significant positive correlation with that of TGF-b1. To the

best of our knowledge, this is the first demonstration of a

direct association between Id-1 and TGF-b1 in GC, which

suggests that the combination of Id-1 and TGF-b1 might

promote the invasion and progression of GC.

In order to validate the clinical findings and further

explore the possible mechanism, in vitro experiments on

AGS cell line were performed. After the treatment of TGF-

b1, the expression of Id-1 increased and this elevation

might relate to time. This demonstrated that Id-1 might

mediate the downstream effects of the TGF-b pathway.

These results are in agreement with the findings in breast

and prostate cancers [31, 32], but incompatible with those

in breast epithelial cells, where TGF-b inhibited Id-1

expression [47]. This switched expression of Id-1 in

response to TGF-b1 may be caused by the loss of TGF-b
growth-inhibitory responses [35]. At the same time, we

examined the effect of TGF-b1 on the proliferation of AGS

at different concentrations. The results showed that Id-1

expression induced by TGF-b1 was independent of cell

number.

Given the well-established relationship between EMT,

tumor metastasis, and TGF-b1, we also examined the

expression of EMT-related proteins [48, 49]. We found that

N-cadherin and b-catenin expression was significantly

upregulated by TGF-b1 treatment, which was consistent

with previous results showing the association between

EMT proteins and TGF-b1. We proposed that N-cadherin

and b-catenin are upregulated by TGF-b1 via Id-1, because

earlier data have indicated that the expression of Id-1 has a

positive correlation with that of N-cadherin and b-catenin,

probably via the PI3K/Akt signaling pathway [50, 51].

Besides, one recent research in breast cancer has revealed

Fig. 3 Effect of TGF-b1 on Id-1 expression and proliferation in AGS

cells. a and b Expression of Id-1 protein was detected by immuno-

fluorescence at 24 h (a) and 48 h (b) in the absence or presence of

10 ng/mL TGF-b1. The representative images were acquired with a

magnification of 9200. c Statistical data were represented as the

average gray value ? SEM of three independent experiments

(*P \ 0.05). d and e Western blotting analysis of Id-1 protein

expression. GAPDH was used as an internal control. Each bar

represents the mean ? SEM (*P \ 0.05). The results were consistent

with data of immunofluorescence. f Effect of different concentrations

of TGF-b1 on AGS cells was determined by CCK-8 at 24 and 48 h.

No difference was found among the six groups
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that TGF-b1 can induce Id-1 expression, while Snail or

Twist overexpresses [52]. Therefore, based on our data and

previous findings, we propose a hypothesis that TGF-b1

stimulates the expression of Id-1, which in turn upregulates

the levels of N-cadherin and b-catenin through activation

of the PI3K/Akt signaling pathway. This hypothesis needs

further experimental support.

In conclusion, our study demonstrated that both Id-1 and

TGF-b1 were upregulated in GC compared with the adjacent

tissue and that this effect was related to GC progression.

Moreover, the expression of Id-1 was positively correlated

with that of TGF-b1 in GC samples. The experiments in vitro

showed that Id-1 levels were upregulated by TGF-b1, further

confirming the association between Id-1 and TGF-b1 in GC.

These results indicate that in gastric tumor cells, Id-1 may be

a specific downstream target of TGF-b1, suggesting impor-

tant roles of Id-1 and TGF-b1 in GC development. Thus, this

study provides new insights into the mechanism by which

TGF-b1/Id-1 axis control tumor progression and may lead to

new treatment strategies in GC.

Fig. 4 Expression changes of EMT-related proteins. a Expression

levels of N-cadherin, vimentin, b-catenin, Snail, Twist, and GAPDH

were detected by Western blotting at 24 h in the absence or presence

of 10 ng/mL TGF-b1. GAPDH was used as an internal control.

b Statistical data of Western blotting were represented as the average

gray value ? SEM of three independent experiments (*P \ 0.05;

**P \ 0.01). All the data were normalized by the expression of

GAPDH. c–f Cellular immunofluorescence staining of N-cadherin, b-

catenin, vimentin, and snail. The representative images were acquired

with a magnification of 9400 under laser-scanning confocal

microscope
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