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A B S T R A C T

Purpose: We previously demonstrated that the functional inactivation of DAL-1 and TOB1 promotes an ag-
gressive phenotype in gastric cancer cells, but the links between both genes and the survival of patients with
gastric cancer are unknown. Here, we investigated the correlations of the expression levels of DAL-1 and TOB1
with the progression of gastric cancer.
Methods: A total of 270 patients who underwent resectable gastrectomy were included. The expression of DAL-1
and TOB1 was detected by immunohistochemistry.
Results: Low expression of DAL-1 in cancer tissue was significantly associated with tumor site (p < 0.05),
histological grade (p < 0.01), depth of invasion (p < 0.05), lymph node metastasis status (p < 0.05), Lauren
classification (p < 0.001), and clinical stage (p < 0.01). A lower level of TOB1 was observed in gastric cancer
patients with diffuse type disease compared to patients with either intestinal or mixed type disease (p < 0.001).
Additionally, Spearman’s correlation analysis revealed that decreased expression of DAL-1 was positively cor-
related with low TOB1 expression (r=0.304, p < 0.001). The survival analysis showed that low levels of DAL-1
and TOB1 were significantly associated with poor survival of gastric cancer patients (p<0.001 and p < 0.05,
respectively).
Conclusion: The downregulation of DAL-1 and TOB1 expression is associated with shorter survival of gastric
cancer patients. Hence, DAL-1 and TOB1 may be considered potential novel markers for predicting the outcomes
of patients with gastric cancer.

1. Introduction

Gastric cancer (GC) is the fifth most common malignancy and the
third leading cause of cancer-related death worldwide [1]. Recent ad-
vances in the treatment and management of gastric tumors have in-
corporated various regimens, including chemotherapy, radiotherapy,
and surgical techniques; however, the overall gastric cancer survival
rate is still less than 30% [2]. Like other malignant tumors, gastric
carcinogenesis involves multiple factors, multiple genes, and multiple
steps. The activation of oncogenes and inactivation of tumor suppressor
genes are the main molecular mechanisms of gastric cancer.
In previous studies using allelotyping for the loss of heterozygosity

(LOH) with microsatellite markers on chromosomes 17 and 18 in 45
patients with primary gastric cancer, we first described the chromo-
somal LOH regions at 17q21.33 (TOB1 locus) and 18p11.3 (DAL-1
locus), which suggested that both genes may be involved in gastric
carcinogenesis [3–5]. In subsequent studies, we demonstrated that the

functional inactivation triggered by the abnormal expression of TOB1
(downregulation/deletion or phosphorylationaccumulation) promotes
the development of gastric cancer and that TOB1 exerts anti-
proliferative effects in the nucleus [6,7]. Furthermore, the poly-
morphisms in the TOB1 gene were also closely associated with the risk
of gastric cancer in the Han population of northeastern China [8].
Aberrant expression of DAL-1 mediated by the hypermethylation of its
promoter region resulted in tumor suppressor gene behavior that plays
important roles in the malignancy of gastric cancer [9].
DAL-1 (the differentially expressed in adenocarcinoma of the lung-

1) belongs to the protein 4.1 superfamily, a large family with functional
roles in cell adhesion and structure as well as in regulation of the
membrane skeleton [10]. Studies have shown decreased and/or missing
DAL-1 expression in cancer tissue from patients with brain [11], kidney
[12], breast [13], prostate [14], ovarian [15], and esophageal tumors
[16], and the expression of DAL-1 was earlier revealed to be down-
regulated in lung cancer [17]. In the digestive system, DAL-1 not only
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maintains the normal structure of cells but also regulates the pro-
liferation and adhesion of normal cells, thereby inhibiting the malig-
nant transformation of epithelial cells [18]. DAL-1 gene regulatory
factors, such as long chain noncoding RNAs (LINC00052), have been
found to inhibit the migration and invasion of hepatocellular carcinoma
(HCC) cells through the upregulation of DAL-1 expression mediated by
the binding of miR-452-5p [19]. MiR-223 reduced DAL-1 expression by
targeting the 3′-UTR of DAL-1 in the gastric cancer cell lines XGC-
9811 L and NUGC-3. The overexpression of DAL-1 could inhibit the
migration and invasion of XGC-9811 L cells, and the downregulation of
DAL-1 expression promoted the migration and invasion of NUGC-3 cells
[20].
The TOB1 (transducer of ErbB-2,1) gene encodes the TOB1 protein,

which is a member of the BTG/TOB antiproliferative protein family
[21]. TOB1 is known for its reduced expression in various cancerous
tissues from patients, including in lung [22], breast [23], thyroid [24],
and skin tumors [25], and Yoshida Y et al. found that mice lacking
TOB1 are prone to the spontaneous formation of tumors [26]. Recently,
the downregulation of TOB1 expression was also found in chronic
myeloid leukemia (CML) [27]. The overexpression of TOB1 induced
apoptosis and inhibited proliferation, migration, and invasion of gastric
cancer cells by activating Smad4 and inhibiting βcatenin-mediated
signaling pathway [28]. Additionally, miR-25 repressed TOB1 expres-
sion by directly binding to the TOB1 3′-UTR, thus explaining the inverse
relationship observed between the expression levels of miR-25 and
TOB1 in primary gastric cancer tissue [29]. In addition, the clin-
icopathological significance of cytoplasmic TOB1 expression was noted
in gastric cancer tissue [30].
Currently, the link between the DAL-1 and TOB1 expression levels

and the survival of gastric cancer patients is unknown, although we
have previously demonstrated that the functional inactivation of DAL-1
and TOB1 promotes an aggressive phenotype in gastric cancer
cells.Hence, it is likely that there may be a relationship between DAL-1
and TOB1 in the progression of gastric cancer. In this paper, we per-
formed a retrospective cohort study to evaluate the prognostic value of
DAL-1 and TOB1 expression in 270 clinical patients with gastric cancer
by analyzing their expression patterns using immunohistochemical
methods.

2. Materials and methods

2.1. Patient samples

Gastric cancer tissue and matched adjacent noncancerous tissue (at
least 5 cm away from the tumor) from 270 patients who had surgery for
gastric cancer were collected between February 2008 and November
2009, which were used to construct tissue microarrays(HStm-
Ade180Sur-03, HStm-Ade180Sur-06, and HStm-Ade180Sur-07)and
purchased from Shanghai Superchip Co., Ltd. (Shanghai, China). No
patients received chemotherapy, neoadjuvant chemotherapy or im-
munotherapy before surgery. The clinical information for each patient
was obtained from their original pathology report. The detailed clin-
icopathologic characteristics of the patients are listed in Table 1. The
size of the tumor was determined according to the longest diameter in
the sample, and the pathological histology was classified as G1, G2, or
G3 [31]. The Lauren classifications were defined as intestinal type,
diffuse type, and mixed type [32]. Gastric cancer was staged using the
TNM staging system of the 7th Union for International Cancer Control
(UICC) / American Joint Committee on Cancer (AJCC) manual [33].
Overall survival was measured from the time of the operation to death
or the last follow–up date (September 2014).

2.2. Immunohistochemistry

A Two-Step immunohistochemistry (IHC) Detection Reagent (PV-
6001) kit (ZhongShan Golden Bridge Biological Technology Inc.,

Beijing, People’s Republic of China) was used to perform the IHC
staining for DAL-1 and TOB1 according to the manufacturer’s protocol.
Briefly, TMA slides were dewaxed in xylene and a series of graded al-
cohols, after which they were hydrated and washed in phosphate-buf-
fered saline (PBS). Endogenous peroxidase was then blocked by im-
mersing the slides in 3% H2O2 for 30min, and then the slides were
washed three times with PBS for 5min each time. The slides were then
autoclaved for 5min in citrate buffer (pH 6.0) for antigen retrieval and
blocked to prevent nonspecific binding. This was followed by the ad-
dition of polyclonal anti-bodies recognizing DAL-1 and TOB1 (DAL-1,
ab154071 and TOB1, ab168947; both from Abcam; expression in the
cytoplasm and nucleus was detected) at dilutions of 1:400 and 1:1000,
respectively. The slides were incubated overnight in a humid chamber
at 4 °C. The slides were then incubated with a secondary antibody
(Zhongshan Golden Bridge Biological Technology Inc) at a dilution of
1:500 at 37 °C for 20min. Each slide was treated with diaminobenza-
dine (DAB) reagent for 2min and then counterstained with hematox-
ylin. Negative controls were treated identically but without the use of
primary antibodies.
Three pathologists who had no prior knowledge of the clinical in-

formation assessed the slides blindly after IHC staining. Five visual
fields were randomly selected, and 300 cells were counted in each view.
The staining intensity of tumor cells was scored as negative (0), weak
(1), moderate (2), and strong (3).The extent of the staining was scored
according to the percentage of positive tumor cells in the field: 0％
(0),1–25% (1), 26–50% (2), 51–75% (3), and 76–100% (4).” The

Table 1
Clinicopathological characteristics of the gastric cancer pa-
tients (n=270).

Characteristics Number of cases (%)

Age(y)
<70 184(68.1)
≥70 86(31.9)

Sex
Male 177(65.6)
Female 93(34.4)

Tumor size(cm)
<5 103(38.1)
≥5 167(61.9)

Tumor site
Upper 42(15.6)
Middle 96(35.6)
Lower 132(48.8)

Histological grade
G1/G2 109(40.4)
G3 161(59.6)

Depth of invasion
T1-T2 40(14.8)
T3-T4 230(85.2)

Lymph node metastasis
No 69(25.6)
Yes 201(74.4)

Metastasis
No 263(97.4)
Yes 7(2.6)

Lymphvascular invasion
No 199(73.7)
Yes 71(26.3)

Lauren classification
Intestinal 144(53.3)
Diffuse 81(30.0)
Mixed 45(16.7)

Clinical stage
I-II 105(38.9)
III-IV 165(61.1)
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percentage of positive cells and staining intensity scores were multi-
plied to calculate an immunoreactive score (IRS= SI×PP). The pro-
duct of the intensity and percentage scores was considered the overall
immunohistochemistry score. The IRS ranged from 0 to 12 (0, 1, 2, 3, 4,
6, 8, 9, and 12).The median value of the IRS was chosen as the cut-off
for high and low DAL-1 and TOB1 expression levels.IRS≤ 6 was clas-
sified as a low level of expression, whereas IRS＞6 was classified as a
high level of expression [34].

2.3. Ethical considerations

The present study was approved by the ethics committee of Taizhou
Hospital of Zhejiang Province (Grant no.2005DKA21300).Written in-
formed consent was obtained from all patients prior to their enrollment
in the study. The ethical principles of human medical research were
based on Helsinki Declaration of 1964.

2.4. Statistical analysis

SPSS 20.0 software (Version 20.0, Chicago, IL, USA), GraphPad
Prism 5.0 software and R software (version 3.2.2) were used for all
statistical analyses. The differential expression of DAL-1 and TOB1 in
the gastric cancer tissue and the matched adjacent noncancerous tissue
was evaluated by the Wilcoxon matched pairs test. The correlation
between DAL-1 and TOB1 expression and the clinicopathologic features
of gastric cancer patients was analyzed by the χ2 test or Fisher’s exact
test. Spearman’s rank correlation analysis was used to assess the cor-
relation between DAL-1 and TOB1 expression levels. Survival analysis
was performed using the Kaplan-Meier method, and the log-rank test
was used to examine the statistical significance. A Cox proportional
hazards regression model was performed for univariate and multi-
variate survival analyses. All statistics were two-tailed, with p < 0.05
being considered statistically significant (*p < 0.05, **p < 0.01,
***p < 0.001).

3. Results

3.1. Decreased expression of DAL-1 and TOB1 in gastric cancer

To assess the expression status of the two genes (DAL-1 and TOB1)
in gastric cancer, immunohistochemical methods were used on 270
samples of gastric cancer(GC) and adjacent noncancerous gastric tissue
(NG). DAL-1 protein was mainly distributed in the cytoplasm (Fig. 1A).
The cytoplasm-positive and membrane-positive rates for DAL-1 protein
expression were (85.6%, 231/270) and (14.4%, 39/270) in GCs, while
cytoplasm-positive and membrane-positive rates in NG tissues were
(65.6%, 177/270) and (34.4%, 93/270) (P=0.000).In contrast, TOB1
was expressed mainly in the nucleus (Fig. 1B).The nucleus-positive and
cytoplasm-positive rates for TOB1 protein expression were (70.7%,
191/270) and (29.3%, 79/270) in GCs, while nucleus-positive and cy-
toplasm-positive rates in NG tissues were (92.2%, 249/270) and (7.8%,
21/270) (P= 0.000).The rates of DAL-1 low expression in the gastric
cancer tissue and noncancerous tissue samples were 38.9% (105/270)
and 21.5% (58/270), respectively. Additionally, the rates of low ex-
pression of TOB1 in the gastric cancer tissue and noncancerous tissue
samples were 69.6% (188/270) and 13.7% (37/270), respectively.
There was significantly reduced expression of DAL-1 and TOB1 in
gastric cancer tissue compared with noncancerous tissue (both
p < 0.001). These results indicate that the expression of suppressor
genes DAL-1 and TOB1 is down-regulated in gastric cancer.
To evaluate the association between the expression levels of the two

genes (DAL-1 and TOB1) and clinicopathological features in gastric
cancer, a correlation analysis was used on the data from the 270 pa-
tients. Among all gastric cancer specimens examined (Table 2), low
expression of DAL-1 was significantly associated with a tumor site in
the lower stomach (Lower vs. Middle and Upper, p=0.030), poor

histological grade (G3, p=0.002), deep tumor invasion (T3 and T4,
p=0.021), lymph node metastasis (p=0.011), Lauren classification of
diffuse type (Diffuse vs. Intestinal and Mixed, p < 0.001), and high
clinical stage (III and IV, p=0.006). Lower TOB1 expression was ob-
served in gastric cancer patients with diffuse type disease compared to
patients with intestinal type/mixed type disease (p < 0.001).In order
to clarify the correlation between the expression of DAL-1 protein and
TOB1 protein in 270 cases of gastric cancer, the expression of two
proteins in each of 270 cases of gastric cancer were enumerated. The
expression trend was the same in 53.7% of 270 patients with gastric
cancer(Supplementary Table).Spearman’s correlation analysis showed
that the low expression of DAL-1 positively correlated with the low
TOB1 expression (r=0.304, p < 0.001) (Fig. 2).Our data demonstrated
that the decreased expression of DAL-1 and TOB1 are associated with
various clinicopathological features in gastric cancer.

3.2. Decreased expression levels of DAL-1 and TOB1 are associated with
poor prognosis in gastric cancer

To reveal the association between the abnormal expression levels of
DAL-1 and TOB1 and prognosis in gastric cancer, survival analysis was
used on the data from the 270 patients. The survival analysis revealed a
5-year overall survival (OS) rate of 38.9% and a median survival of 71
months. In addition, the 5-year survival rates were 20.6% and 34% in
patients with low DAL-1 and TOB1 expression levels, respectively,
while rates of 50.3% and 50% were recorded for patients with high
DAL-1 and TOB1 expression levels, respectively. Kaplan–Meier survival
curves revealed that patients with low expression levels of DAL-1
(p < 0.001) and TOB1 (p=0.03) achieved worse survival than pa-
tients with high expression levels of DAL-1 (Fig. 3A) and TOB1
(Fig. 3B).
The data for the univariate Cox proportional hazards analysis for the

major clinicopathologic features and the expression levels of DAL-1 and
TOB1 in gastric cancer tissue are presented in Table 3. Low expression
of both DAL-1 (low expression vs. high expression) [hazard ratio (HR)
2.2, (95% confidence interval (CI): 1.617–2.992, p < 0.001)] and
TOB1 (low expression vs. high expression) [HR 1.476(95% CI:
1.037–2.102, p=0.030)], tumor size (≥5 vs.< 5) [HR 2.010(95% CI:
1.435–2.816, p < 0.001)], poor histological grade G3 [HR 1.822(95%
CI: 1.310–2.533, p < 0.001)], deep tumor invasion (T3 and T4) [HR
3.556(95% CI: 1.927–6.562, p < 0.001)], lymph node metastasis (Yes
vs. No) [HR 6.788(95% CI: 3.840–11.998, p < 0.001)], metastasis (Yes
vs. No) [HR 5.143(95% CI: 2.367–11.173, p < 0.001)], lymphvascular
invasion(Yes vs. No) [HR 1.874(95% CI: 1.355–2.591, p < 0.001)],
Lauren classification(diffuse type/mixed type vs. intestinal type) [HR
1.950(95% CI: 1.383–2.749, p < 0.001);HR 1.976(95% CI:
1.304–2.992, p < 0.001)], and high clinical stage (III and IV)[HR
4.594(95% CI: 3.109–6.788, p < 0.001)] were factors associated with
an increased risk of death among gastric cancer patients. Meanwhile,
low expression of DAL-1 in well and poorly differentiated histologically
graded tumors was associated with worse survival than high expression
of DAL-1 in the same tumor types(p < 0.001and p=0.02, respec-
tively) (Fig. 4A). With respect to the depth of invasion, low expression
of DAL-1 correlated with worse survival than high expression of DAL-1
(p < 0.001) (Fig. 4B). Among patients with lymph node metastasis,
low expression of DAL-1 was associated with worse survival than high
expression of DAL-1 (p < 0.001) (Fig. 4C). In the different clinical
stages, the prognosis associated with low expression of DAL-1 was
worse than that of high expression of DAL-1 (p < 0.001 and p=0.006,
respectively) (Fig. 4D). In the intestinal type subgroup, the prognosis of
patients with decreased expression of DAL-1 was worse than that of
patients with increased DAL-1 expression (p < 0.001) (Fig. 4E).
In addition, multivariate analysis by Cox regression and correction

for all histopathologic features revealed that the low expression of DAL-
1[HR 1.799(95% CI:1.278−2.532, p=0.001)] as well as tumor size
(≥5) [HR 1.649(95% CI: 1.154–2.359, p=0.006)], lymph node
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metastasis status [HR 3.308(95% CI: 1.616–6.769, p=0.001)], me-
tastasis status [HR 2.795(95% CI: 1.270–6.154, p=0.011)], and clin-
ical stage (III and IV)[HR 1.712(95% CI: 1.001–2.926, p=0.049) were
independent prognostic factors for OS, whereas histological grade
(p=0.228), depth of invasion (p=0.420), lymphvascular invasion
(p=0.565), Lauren classification (p=0.320), and TOB1(p=0.092)
expression level were not statistically significant. These data indicate
that the decreased expression levels of DAL-1 and TOB1are associated
with poor prognosis in gastric cancer.

4. Discussion

In the present study, we showed significant variations in the expression
levels of DAL-1 and TOB1 between gastric cancer tissue and adjacent
noncancerous gastric tissue, indicating that DAL-1 and TOB1 may be in-
volved in the progression of gastric cancer. Furthermore, low expression of
DAL-1 and TOB1 was associated with worse survival outcomes in patients
with gastric cancer. Conversely, high expression of DAL-1 and TOB1 was
associated with better survival in gastric cancer patients.

Fig. 1. Representative pictures of immunohistochemical staining for DAL-1 and TOB1 in gastric cancer and adjacent noncancerous gastric tissue. (A) DAL-1 protein.
(B) TOB1 protein. (C–D) The expression levels of DAL-1 and TOB1 in gastric cancer and adjacent noncancerous gastric tissue were compared by IRS. C, Gastric cancer
tissue; N, Noncancerous tissue. Red arrows indicate the position. The scale bar corresponds to 50 μm.*p < 0.05, **p < 0.01, ***p < 0.001.
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Our immunohistochemistry findings in the gastric cancer tissue
samples from 270 patients revealed that the DAL-1 protein was pre-
dominantly distributed in the cytoplasm, although the DAL-1 protein
was previously reported to be mainly distributed on the cell membrane
and concentrated in the contact area between intestinal epithelial cells
[18]. In our previous description, the absence of or notable decrease in
DAL-1 mRNA and protein was highly correlated with CpG hy-
permethylation of the DAL-1 promoter in primary gastric cancer tissue
and in gastric cancer cell lines; abnormalDAL-1 subcellular localization
was also observed in the gastric cancer cell line HGC-27, whereDAL-1
proteins were observed throughout the cytoplasm except along the cell
membrane [9]. The present finding in gastric cancer tissue from clinical
patients confirmed our observation in the gastric cancer cell line,

indicating that the abnormal localization of DAL-1 is critical for the
progression of gastric cancer [9]. Proper membrane localization of
4.1B/DAL-1 might be required for growth suppression because the lo-
calization of the U2 domain of Protein 4.1B at the membrane has been
found to be necessary and sufficient for growth suppression in me-
ningioma cells [35]. It was also suggested that a similar aberrant pat-
tern of subcellular distribution in renal clear cell carcinoma is asso-
ciated with the impairment of the potential tumor suppressor function
of DAL-1 [12]. Additional studies are necessary to prove the validity of
this idea in gastric cancer.
We also found that a lower level of DAL-1 in gastric cancer tissue

was an independent prognostic factor for OS after correction for all the
histopathologic features of gastric cancer patients. The patients whose
gastric cancers had decreased DAL-1 expression had significantly worse
survival than the patients whose cancers had high expression of DAL-1
(p < 0.001). The current data from clinical patients with gastric cancer
supported our previous results in gastric cancer cell lines that demon-
strated that exogenous DAL-1 effectively promoted apoptosis of AGS
cells and inhibited the proliferation, migration, invasion, and epithelial-
mesenchymal transition (EMT) of AGS cells and that the knockdown of
endogenous DAL-1 in HGC-27 cells produced gastric tumor cells that
appeared highly aggressive [9].
TOB1 was previously demonstrated to be a gastric cancer-related

tumor suppressor by our team [3,4]. We showed that the functional
inactivation caused by the downregulation or phosphorylation of TOB1
protein may promote gastric cancer progression. Furthermore, single
nucleotide polymorphisms (SNPs) in TOB1 were closely associated with
the risk of gastric cancer in the Han population of northeastern China
[8]. Here, we showed that the expression of TOB1 in gastric cancer

Table 2
Associations between DAL-1 and TOB1 expression levels and the clinicopathological factors of the gastric cancer patients.

Variables DAL-1 expression TOB1 expression

Low (%) High(%) P value Low(%) High(%) P value

Age(y) 0.234 0.751
<70 76(41.3) 108(58.7) 127(69) 57(31)
≥70 29(33.7) 57(66.3) 61(71) 25(29)
Sex 0.314 0.082
Male 65(36.7) 112(63.3) 117(66.1) 60(33.9)
Female 40(43) 53(57) 71(76.3) 22(23.7)
Tumor size(cm) 0.597 0.150
<5 38(36.9) 65(63.1) 77(74.8) 26(25.2)
≥5 67(40.1) 100(59.9) 111(66.5) 56(33.5)
Tumor site 0.030 0.624
Upper 21(50) 21(50) 27(64.3) 15(35.7)
Middle 43(44.8) 53(55.2) 66(68.8) 30(31.2)
Lower 41(31.1) 91(68.9) 95(72) 37(28)
Histological grade 0.002 0.063
G1/G2 30(27.5) 79(72.5) 69(63.3) 40(36.7)
G3 75(46.6) 86(53.4) 119(73.9) 42(26.1)
Depth of invasion 0.021 0.956
T1-T2 9(22.5) 31(77.5) 28(70) 12(30)
T3-T4 96(41.7) 134(58.3) 160(69.6) 70(30.4)
Lymph node metastasis 0.011 0.356
No 18(26.1) 51(73.9) 45(65.2) 24(34.8)
Yes 87(43.3) 114(56.7) 143(71.1) 58(28.9)
Metastasis 0.074 0.348
No 100(38) 163(62) 182(69.2) 81(30.8)
Yes 5(71.4) 2(28.6) 6(85.7) 1(14.3)
Lymphvascular invasion 0.337 0.441
No 74(37.2) 125(62.8) 136(68.3) 63(31.7)
Yes 31(38.9) 40(61.1) 52(73.2) 19(26.8)
Lauren classification <0.001 <0.001
Intestinal 33(22.9) 111(77.1) 89(61.8) 55(38.2)
Diffuse 54(66.7) 27(33.3) 71(87.7) 10(12.3)
Mixed 18(40) 27(60) 28(62.2) 17(37.8)
Clinical stage 0.006 0.398
I-II 30(28.6) 75(71.4) 70(66.7) 35(33.3)
III-IV 75(45.5) 90(54.5) 118(71.5) 47(28.5)

Fig. 2. Spearman’s rank correlation analyses of DAL-1 and TOB1 expression in
gastric cancer. The low expression of DAL-1 positively correlated with the low
expression of TOB1 (r= 0.304, p < 0.001).*p < 0.05, **p < 0.01,
***p < 0.001.
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tissue was significantly lower than that in adjacent noncancerous gas-
tric tissue, which is consistent with the data in cancerous tissue from
other patients, including those with gastric cancer [6,7] and several
different pathological types of cancers [23,24,29,30]. We also found
that TOB1 protein was mainly concentrated in the nucleus of gastric
cancer cells. Furthermore, compared with high expression of TOB1,
decreased expression of TOB1 was associated with a worse Lauren

classification (diffuse type). Tsuzuku et al. showed that the nuclear
localization of TOB1 was important for its antiproliferative effects in
NIH3T3 cells [36]. We previously showed that TOB1 exerts anti-
proliferative effects in the nuclei of AGS gastric cancer cells [7]. Thus,
the lower concentration of TOB1 in the nucleus might impair the an-
tiproliferative activity of TOB1 and contribute to the development of
gastric cancer.

Fig. 3. Kaplan-Meier analyses of the overall survival of 270 gastric cancer patients. (A) Correlation between DAL-1 expression and overall survival (B) Correlation
between TOB1 expression and overall survival. The low expression levels of DAL-1(p < 0.001) and TOB1 (p < 0.05) were closely correlated with poor survival.

Table 3
Univariate and multivariate analyses of the prognostic factors in 270 with gastric cancer.

Variables Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age(y) 0.583
< 70 REF
≥70 1.095(0.791-1.517)
Sex 0.115
Male REF
Female 1.287(0.940-1.760)
Tumor size(cm) < 0.001 0.006
<5 REF REF
≥5 2.010(1.435-2.816) 1.649(1.154-2.359)
Tumor site 0.633
Upper REF
Middle 0.840(0.538-1.310)
Lower 0.814(0.531-1.248)
Histological grade < 0.001 0.228
G1/G2 REF REF
G3 1.822(1.310-2.533) 1.306(0.846-2.016)
Depth of invasion < 0.001 0.420
T1-T2 REF REF
T3-T4 3.556(1.927-6.562) 1.333(0.663-2.680)
Lymph node metastasis < 0.001 0.001
No REF REF
Yes 6.788(3.840-11.998) 3.308(1.616-6.769)
Metastasis < 0.001 0.011
No REF REF
Yes 5.143(2.367-11.173) 2.795(1.270-6.154)
Lymphvascular invasion < 0.001 0.565
No REF REF
Yes 1.874(1.355-2.591) 1.105(0.786-1.554)
Lauren classification < 0.001 0.320
Intestinal REF REF
Diffuse 1.950(1.383-2.749) 0.803(0.492-1.311)
Mixed 1.976(1.304-2.992) 1.126(0.692-1.833)
Clinical stage < 0.001 0.049
I-II REF REF
III-IV 4.594(3.109-6.788) 1.712(1.001-2.926)
DAL-1 expression < 0.001 0.001
High REF REF
Low 2.2(1.617-2.992) 1.799(1.278-2.532)
TOB1 expression 0.030 0.092
High REF REF
Low 1.476(1.037-2.102) 1.379(0.949-2.004)

HR hazard ratio, 95% CI 95% confidence interval, REF reference value.
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ErbB2 (also called HER2) belongs to the erbB/HER type 1 family of
receptor tyrosine protein kinase [37]. An earlier study revealed TOB1
can directly interact with ErbB2 to exert its anti-proliferation effect, but
the effect of TOB1 can be blocked by the presence of kinase-active

ErbB2 [38]. ErbB2 interacts indirectly with DAL-1 by binding with
EGFR and inhibits the abnormal proliferation of breast epithelial cells
by inhibiting ErbB2 phosphorylation in breast cancer MCF-7 cells
[39,40]. In order to clarify the correlation between the expression of

Fig. 4. Kaplan-Meier analyses of overall survival stratified by clinicopathological factors. Patients were classified according to (A) histological grade, (B) depth of
invasion, (C) lymph node metastasis status, (D) clinical stage, and (E) Lauren classification. Low expression of DAL-1 was associated with poor survival outcomes in
patients with gastric cancer (p < 0.05).
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DAL-1 protein and TOB1 protein in 270 cases of gastric cancer, the
expression of two proteins in each of 270 cases of gastric cancer were
enumerated. The expression trend was the same in 53.7% of 270 pa-
tients with gastric cancer. We revealed a significant positive correlation
between decreased DAL-1 expression and decreased TOB1 expression,
suggesting that together the genes may play a synergistic role in gastric
cancer.TOB1 and DAL-1 are gastric cancer-related tumor suppressors
revealed by our group for the first time [3,4].In the present study,
through survival analysis, we demonstrated that the downregulation of
these two anti-oncogenes (DAL-1 and TOB1) exerted a negative effect
on the survival of gastric cancer patients. The epigenetic inactivation of
DAL-1 and CADM1 plays a synergistic role in the pathogenesis of NL
and affects the invasion and metastasis abilities of cancer cells
[41].Based on the ideas of this study, we will further verify the sy-
nergistic effect of DAL-1 and TOB1 in gastric cancer cells. The malig-
nant phenotype changes of gastric cancer cells were observed by in-
terfering with the expression of either gene and exogenous co-
overexpression of the two genes. To verify that the co-expression of two
genes can inhibit the proliferation, migration and invasion of gastric
cancer cells more effectively than any of them.
With the aid of a univariate Cox proportional hazards analysis as-

sessing the expression of DAL-1 and TOB1 in gastric cancer tissue, our
findings revealed that low expression of the two anti-oncogenes cor-
related with an increase in the risk of death. A multivariate analysis by
Cox regression with corrections for all the histopathologic features re-
vealed that the low expression of DAL-1 was an independent predictor
of poor prognosis. In essence, our data suggested that DAL-1 may be
considered a potential prognostic biomarker for overall survival and a
potential therapeutic target for intervention in patients with gastric
cancer.
In conclusion, our study demonstrated that the low expression levels

of DAL-1 and TOB1 are significantly associated with poor survival in
patients with gastric cancer. To the best of our knowledge, DAL-1 and
TOB1 are tumor suppressor genes, and the low expression of both genes
in gastric cancer cell lines and tissue is primarily caused by DNA me-
thylation and protein phosphorylation, respectively. The decreased
expression of DAL-1 and TOB1 may play a synergistic role in the pa-
thogenesis of gastric cancer, affecting tumor growth, metastasis, and
invasion. The low expression of DAL-1 and TOB1 in clinical patients
with gastric cancer suggested that they can be used as ideal molecular
markers for the diagnosis of this particular tumor. More studies with a
larger number of cases are necessary to validate our findings.
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