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Abstract. The aim of the present study was to investigate the 
expression of transducer of ErbB2. 1 (TOB1) in gastric carcinoma 
and to clarify the association between TOB1 expression and the 
clinical significance of this expression in patients with gastric 
carcinoma. Western blot analysis was performed to confirm the 
expression of TOB1 in gastric cancer. Immunohistochemistry 
(IHC) was performed on a tissue microarray containing 90 pairs 
of primary gastric cancer and adjacent normal tissue samples. 
TOB1 expression was evaluated separately with cytoplasmic 
and nuclear staining. Western blot analysis revealed signifi-
cantly lower expression levels of TOB1 in gastric cancer tissues 
than those in adjacent normal tissues in 91.7% of cases. This was 
confirmed by IHC, which revealed decreased cytoplasmic TOB1 
expression in cancer tissues compared with those of normal 
tissue samples in 84.4% of cases. The IHC data also revealed 
low cytoplasmic expression of TOB1 in 67.8% of human gastric 
cancer samples. Nuclear TOB1 expression exhibited no signifi-
cant association with specific pathological features. However, 
a significant association was identified between cytoplasmic 
expression levels of TOB1 and clinicopathological characteris-
tics, including the depth of invasion (P=0.017), differentiation 
grade (P=0.034) and tumor‑node‑metastasis stage (P<0.000). 
In conclusion, cytoplasmic TOB1 expression was suggested to 
be significant in angiogenesis and cell differentiation in gastric 
cancer tissues and may be used as a potential prognostic marker.

Introduction

Globally, gastric cancer is the fourth most common type of 
cancer and the second leading cause of cancer‑associated 

mortality (1,2). Although, the current treatment protocol for 
gastric cancer incorporates chemotherapy or radiotherapy 
with surgical resection, the survival rate of patients with 
gastric cancer has remained low (1,3,4). Considering the high 
level of incidence and the high mortality rate of patients with 
gastric cancer, elucidation of the biological basis of tumor 
development and progression is required in order to develop 
markers for assessing disease onset or to predict the outcome 
of therapeutics, as well as to identify targets for the develop-
ment of novel therapies (5‑7).

Overexpression of human epidermal growth factor 
receptor  2 (ErbB2), also known as Her2, which is a 
membrane‑associated tyrosine kinase, may result in the 
activation of certain cellular signal transduction systems (8). 
Numerous studies have observed an association between Her2 
overexpression and invasion, metastasis and poor prognosis 
of patients with gastric cancer  (7,9,10). The transducer of 
ErbB2. 1 (TOB1) gene was initially identified as a member 
of the anti‑proliferative transducer of ErbB2/B‑cell transloca-
tion gene (TOB/BTG) protein family, which was identified in 
1990 (11). Multiple lines of evidence have demonstrated that 
TOB1 is able to inhibit cell proliferation through its interven-
tions in oncogenic pathways, involving endocytic mechanisms 
and cellular trafficking processes, which were observed to 
be in a molecular complex with ErbB2 (12,13). To clarify the 
association between TOB1 expression and clinical outcome, 
a tissue microarray analysis was performed on samples from 
patients with gastric cancer.

In the present study, the clinicopathological role of TOB1 
expression in gastric cancer was investigated using immunos-
taining and western blot analysis of clinical specimens from 
patients with gastric cancer. The association between TOB1 
expression and clinical outcome was also evaluated. The 
present study aimed to elucidate the mechanism underlying 
the function of TOB1 in the tumorigenesis of gastric cancer, 
as well as the potential of TOB1 targeted therapy for the treat-
ment of patients with gastric cancer.

Patients and methods

Patients and specimens. Primary samples of gastric cancer 
tissue and corresponding noncancerous tissues were obtained 
during surgery from 12 patients (nine male, 3 female; Age 
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range, 47‑83 years; Average age, 65 years; Tumor differenta-
tion grade II or III) who were treated at The Kunshan First 
People's Hospital Affiliated to Jiangsu University (Kunshan, 
China) between September 2013 and December 2013.  No 
patients had received chemotherapy or radiotherapy prior to 
the surgery. The materials to be analyzed were assessed by 
a pathologist to ensure that the samples were macroscopi-
cally entirely cancerous and selected from an area free from 
necrotic tissue. Cancerous and noncancerous tissue samples 
were stored at ‑80˚C prior to protein extraction.

Ethical statement. The present study was undertaken under 
the guidelines of the ethics committee of Jiangsu University 
(Zhenjiang, China). Written informed consent was obtained 
from all patients prior to enrollment in the study. The proce-
dure of collecting human gastric cancer resection specimens 
from the patients conformed to the principles outlined in the 
Declaration of Helsinki in 1964.

Western blot analysis. Cell lysates were prepared and 
western blot analysis was performed as previously 
described (14). Equal samples of total cell protein (50 µg 
per lane) were electrophoresed on 10% SDS‑polyacrylamide 
gels (EMD Millipore, Billerica, MA, USA), transferred onto 
polyvinylidene difluoride membranes (EMD Millipore) and 
then blotted using a primary antibody specific for TOB1 
(E‑1; Santa Cruz Biotechnology, Inc., Dallas, TX, USA; 
1:500) at 4˚C overnight. The blots were subsequently rinsed 
in 0.1% Tris‑buffered saline‑Tween 20 (Shanghai Biological 
Engineering Co., Ltd., Shanghai, China) and further 
incubated at 4˚C for 2  h with a peroxidase‑conjugated 
anti‑mouse secondary antibody (1:2,000; cat. no. sc‑133095; 
Santa‑Cruz Biotechnology, Inc.). The protein bands were 
visualized using an enhanced chemiluminescence system 
(Union Bioscience Corporation, Hangzhou, China) and 
exposed to film (Kodak aerial films; Kodak, Rochester, 
NY, USA). A mouse monoclonal antibody to β‑actin (Santa 
Cruz Biotechnology, Inc.; 1:3,000) was used as the gel 
loading control. The densitometry of the protein bands 
was quantified using Quantity One  v4.4.0.36 software 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). At least 
three independent experiments were performed for each cell 
type investigated.

Tissue microarrays. A tissue microar ray (HStm-
Ade180CS-01), purchased from Shanghai Superchip Co., 
Ltd. (Shanghai, China), was performed (15). All cases were 
histologically reviewed using hematoxylin and eosin (H&E) 
staining. The H&E sections were examined by two inde-
pendent pathologists using a light microscope (Olympus, 
Tokyo, Japan). Duplicate 1‑mm diameter cylinders from the 
tumor centre were selected from each sample, together with 
paracancerous nonmalignant gastric tissues as controls, to 
ensure reproducibility and homogenous staining of the slides. 
Pathological diagnosis, grade and stage were retrieved from 
the patient's medical records. For all 90 pairs of gastric cancer 
tissues (Shanghai Zhongshan Hospital; Shanghai Cancer 
Hospital; Shanghai Ruijin Hospital; Shanghai Renji Hospital) 
and the corresponding normal tissues obtained from the same 
patients, 180 cores were applied per slide.

Immunohistochemistry (IHC). IHC was performed using 
the standard streptavidin‑biotin‑peroxidase complex method 
as described previously (16). Tissue microarray slides were 
incubated at 4˚C in a humidified chamber overnight with the 
aforementioned primary antibody specific for TOB1 (1:1,000). 
Phosphate‑buffered saline (Union Bioscience Corporation, 
Hangzhou, China) was used instead of the primary antibody 
against TOB1 as a negative control. Expression of TOB1 was 
determined in the nucleus and cytoplasm by semi‑quantitative 

Table I. Clinicopathological data of the 90 patients with gastric 
cancer analyzed.

Characteristic	 No. of patients	 %

Gender		
  Male 	 65	 72.2
  Female 	 25	 27.8
Age (years)		
  <60	 37	 41.1
  ≥60	 53	 58.9
Tumor size (mm)		
  <40	 20	 22.2
  ≥40	 70	 77.8
Depth of invasion		
  pT1	 7	 7.8
  pT2	 17	 18.9
  pT3	 47	 52.2
  pT4	 19	 21.1
Nodal status		
  pN0	 31	 34.4
  pN1	 12	 13.3
  pN2	 18	 20.0
  pN3	 29	 32.3
Metastasis		
  M0	 80	 88.9
  M1	 10	 11.1
Differentiation grade		
  Grade Ⅰ	 3	 3.3
  Grade Ⅱ	 50	 55.6
  Grade III	 37	 41.1
TNM stage 		
  Ⅰ	 15	 16.7
  Ⅱ	 27	 30.0
  III	 38	 42.2
  Ⅳ	 10	 11.1
TOB1 in cytoplasm		
  Low	 61	 67.8
  High	 29	 32.2
TOB1 in nucleus		
  Low	 41	 45.6
  High	 49	 54.4

TNM, tumor‑node‑metastasis; TOB1, transducer of ErbB2. 1.
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assessment of the percentage of marked tumor cells and 
the staining intensity. The expression levels of TOB1 were 
determined by integrating the percentage of positive tumor 
cells and the intensity of positive staining. The intensity of 
the staining was scored as follows: Negative (score 0), weak 
(score 1) or high (score 2). The staining extent was scored 
according to the percentage of positively stained tumor cells 
in the field: Negative (score 0), 0‑50% (score 1) or 51‑100% 
(score 2). The product of the intensity and extent score was 
considered as the overall IHC score (0-4). The staining was 
observed and assessed by two independent pathologists 
blinded to the properties of the samples. The scores for the 
percentage of positive cells and the scores for expression 
intensities were multiplied to calculate an immunoreactive 
score (IRS). An IRS of 0 or 1 was considered to indicate 
low expression, and an IRS of 2‑4 was considered to indicate 
high expression.

Statistical analysis. Statistical analysis was performed using 
the SPSS statistical software package (SPSS version 17.0; 
SPSS, Inc., Chicago, IL, USA). The association between TOB1 
protein expression and the clinicopathological features was 
analyzed using the χ2 test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of TOB1 is decreased in gastric cancer tissues. 
To examine the expression of TOB1 in gastric cancer tissues, 

the protein levels were detected in 12 paired primary gastric 
cancer tissues and the corresponding adjacent normal tissues 
using western blotting. In 91.7% (11/12) of specimens, TOB1 
expression was reduced in the cancerous tissues compared 
with that of the noncancerous tissues (Fig. 1A and B). As 
shown in Fig. 1C, this reduction was statistically significant 
(P<0.01). These data confirmed that reducing TOB1 expres-
sion is an important event in gastric tumorigenesis.

Patient characteristics. Clinicopathological characteristics of 
the 90 patients are shown in Table I. The samples included 
65 (72.2%) male and 25 (27.8%) female patients with gastric 
cancer. A total of 37 (41.1%) patients were <60 years old and 
the remaining 53 patients were ≥60 years old. The tumor size 
of 20 (22.2%) patients was <40 mm and that of the remaining 
patients was ≥40 mm. A total of 59 (65.6%) patients exhib-
ited lymph node metastasis and  15 (16.7%) tumors were 
categorized as T1, 27 (30.0%) as T2, 38 (42.2%) as T3 and 
10 (11.1%) as T4 according to the American Joint Committee 
on Cancer (17). Subsequently, TOB1 expression was exam-
ined using IHC. In each patient, the TOB1 expression levels 
were compared with that in the corresponding noncancerous 
tissue. In 84.4% (76/90) of specimens, TOB1 expression in the 
cytoplasm was reduced in cancerous tissues compared with 
noncancerous tissues of the 90 pairs of gastric cancer tissues. 
It was noted that TOB1 expression levels were low (according 
to the IRS score) in 67.8% (61/90) of the clinical samples from 
patients with gastric cancer. As for expression in the nucleus, 
TOB1 expression was reduced in 45.6% (41/90) of the clinical 

Figure 1. TOB1 expression in gastric cancer and corresponding normal tissues. (A) Expression levels of TOB1 protein were downregulated in 11 out of 12 
gastric cancer tissue samples compared with those of the corresponding normal tissue. Relative TOB1 protein expression is displayed in the histogram. 
(B) Western blot analysis revealed that TOB1 protein expression was downregulated in 11 out of 12 gastric cancer samples. β‑actin was used as the loading 
control. (C) Average relative protein expression levels of TOB1 in gastric cancer tissues compared with the corresponding normal tissues (n=12). TOB1, 
transducer of ErbB2. 1; T, primary gastric cancer tissues; N, corresponding normal tissues.

  A

  B   C
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samples, compared with that of the noncancerous tissues. It 
was also noted that TOB1 expression levels in the nucleus 
were high (according to the IRS score) in 54.4% (49/90) of the 
clinical samples from patients with gastric cancer (Table I).

Clinical and pathological significance of cytoplasmic 
TOB1 expression. The expression of TOB1 was analyzed 
in normal and cancerous tissues in patients with gastric 
cancer using immunohistochemistry and tissue microar-
rays. Representative examples of staining for TOB1 in 
normal and cancerous tissues are presented demonstrated 
in Fig. 2A‑D. Associations between specific pathological 
features and TOB1 expression in the cytoplasm are shown 
in Table  II. Reduced cytoplasmic TOB1 expression was 
significantly associated with depth of invasion (P=0.017), 
differentiation grade (P=0.034) and tumor‑node‑metastasis 
(TNM) stage (P<0.000). Compared with the normal tissue 

samples, cytoplasmic TOB1 expression was almost absent in 
poorly differentiated carcinomas (Fig. 3A), while weak and 
marked TOB1 expression levels were observed in moderately 
and well‑differentiated gastric cancer samples, respectively 
(Fig. 3B and C). By contrast, nuclear expression of TOB1 
exhibited no significant correlation with any pathological 
features (data not shown).

Discussion

TOB1 is a member of the TOB/BTG gene family, is ubiq-
uitously expressed in the adult tissues of humans and was 
first identified using an ErbB2 probe to screen an expression 
library and detect interactions between proteins (11). TOB1 
was hypothesized to be a tumor suppressor gene, based on the 
observations that TOB‑knockout mice spontaneously develop 
tumors and that TOB1 expression is absent in human lung and 

Table II. Association between clinicopathological factors and cytoplasmic transducer of ErbB2. 1 expression.

	 TOB1 expression in cytoplasm
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Low	 High	 χ2	 P‑value

Gender				    0.634
  Male 	 45	 20	 0.226
  Female 	 16	 9
Age (years)				    0.972
  <60	 25	 12	 0.001
  ≥60	 36	 17
Tumor size (mm)				    0.809
  <40	 14	 6	 0.058
  ≥40	 47	 23
Depth of invasion				    0.017
  pT1	 1	 6	 10.211	
  pT2	 13	 4
  pT3	 34	 13
  pT4	 13	 6
Nodal status				    0.345
  Negative	 23	 8	 0.891
  Positive	 38	 21
Metastasis				    0.577
  M0	 55	 25	 0.312
  M1	 6	 4
Differentiation grade				    0.034
  Grade Ⅰ	 0	 3	 6.769
  Grade Ⅱ	 34	 16
  Grade Ⅲ	 27	 10
TNM stage 				    0.000
  Ⅰ	 4	 11	 19.010
  Ⅱ	 14	 13
  Ⅲ	 35	 3
  Ⅳ	 8	 2

TNM, tumor‑node‑metastasis.
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thyroid cancer (18). However, to date, the TOB1 expression 
pattern has not been investigated in gastric cancer (19). To the 
best of our knowledge, the present study is the first to report 
that TOB1 expression is significantly reduced in gastric cancer 
tissues compared with that of the adjacent normal tissues as 
revealed by tissue microarray analysis.

Tissue microarray analysis represents a useful tool in 
the investigation of large populations, and utilizes tissues 
routinely processed in surgical pathology (20). Tissue micro-
arrays are widely used to evaluate the diagnostic, prognostic 

and therapeutic potential of novel genes. Tumor suppressor 
genes may negatively regulate cell proliferation, functioning 
in various ways to limit cell growth and proliferation (21‑24). 
In the present study, a reduction in cytoplasmic TOB1 
expression was observed in 84.4% (76/90) of gastric cancer 
samples compared with that of the adjacent normal tissues; 
furthermore, negative or low cytoplasmic expression of 
TOB1 was observed in 67.8% (61/90) of the human gastric 
cancer samples. As for nuclear TOB1 expression, no differ-
ence was identified between cancer tissues and the adjacent 

Figure 2. Expression of TOB1 in gastric cancer and adjacent normal tissues. The representative samples were obtained from the 90 microarray patients. 
(A) Gastric cancer tissues and (B) adjacent normal tissues were confirmed using hematoxylin and eosin staining. Immunohistochemical staining revealed 
(C) weak cytoplasmic TOB1 expression in gastric cancer tissues and (D) high cytoplasmic TOB1 expression in normal tissues. (A-D) Magnification, x40;  
(A and D) lower panels magnification, x400. TOB1, transducer of ErbB2. 1.

Figure 3. Immunohistochemical analysis of TOB1 expression in differentiated gastric cancer samples. (A) Cytoplasmic TOB1 expression was almost absent 
in patients with poorly differentiated carcinomas, while weak and marked TOB1 expression were observed in (B) moderately differentiated gastric cancer and 
(C) well‑differentiated gastric cancer, respectively. TOB1, transducer of ErbB2. 1.
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normal tissues and it exhibited no significant association with 
any pathological features. A significant association was found 
between the cytoplasmic expression levels of TOB1 and the 
clinicopathological characteristics of gastric cancer, including 
depth of invasion (P=0.017), differentiation grade (P=0.034) and 
TNM stage (P<0.000), indicating that TOB1 may be significant 
in angiogenesis and cell differentiation in gastric cancer.

However, in the present study, no significant correlation 
was identified between TOB1 expression and lymph node or 
distant tumor metastasis. For distant metastasis, this may be as 
a result of the low number of patients with gastric cancer with 
distant metastasis included in the present study, as patients with 
gastric cancer with metastasis usually do not undergo surgical 
resection. Previous studies have revealed that TOB1 proteins 
are distributed throughout the cytoplasm and nucleus  (25). 
Notably, the subcellular distribution of TOB1 varies during cell 
cycle phases meaning that higher levels are detected in the cyto-
plasm during late S phase than during other phases of the cell 
cycle (26,27). In the present study, no difference was identified in 
TOB1 expression between the lymph node negative and positive 
group. However, a significant association was identified between 
the expression of TOB1 and depth of invasion (P=0.017) and 
differentiation grade (P=0.034). In summary, with respect to 
lymph node metastasis, TOB1 is important in angiogenesis and 
cell differentiation of gastric cancer.

In conclusion, reduced TOB1 expression in gastric adeno-
carcinoma is associated with the extent of differentiation and 
the TNM stage of gastric cancer. The potential of TOB1 as a 
therapeutic target for gastric cancer requires further investiga-
tion.
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