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Abstract
AIM: To explore the expression of BAG1 and tissue 
inhibitor of metalloproteinase 3 (TIMP3) in colon 
carcinoma and their correlation and clinicopathologic 
significance.

METHODS: SABC immunohistochemistry was used to 
detect the expression of BAG1 and TIMP3 in 80 colon 
carcinoma tissues and 20 normal colonic mucosa.

RESULTS: Positive rate of BAG1 in colon carcinoma 
tissue (80%) was notably higher compared to normal 
colonic mucosa (10%) (P  < 0.05). However, no 
significant difference was observed in positive rate of 
TIMP3 in colon carcinoma tissue (43.75%) as compared 
with normal co lonic mucosa (60%) (P  > 0.05). 
Expression of BAG1 and TIMP3 was strongly associated 
with colon carcinoma differentiation, Duke’s staging, 
lymph node metastasis and survival rate (P  < 0.05), but 
not associated with gender and age. Moreover, BAG1 
expression was not correlated with TIMP3. 

CONCLUSION: Our results suggest that over-expression 
of BAG1 or attenuated expression of TIMP3 may play 
an important role in genesis and development of colon 
carcinoma. The protein expression levels of BAG1 and 
TIMP3 are related to the malignant degree, infiltration 
and metastasis of colon carcinoma. BAG1 and TIMP3 
might be new biological parameters in predicting invasion 
and metastasis of colon carcinoma.
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INTRODUCTION
At present, the mechanism of  genesis and development 
of  colon carcinoma is still under investigation. It is 
generally accepted that carcinogenesis is a complicated 
process that involves multistages, multisteps and polygene 
transformation. Of  these, apoptosis is an important 
phenomenon responsible for tumor genesis. BAG1 is 
a newly discovered anti-apoptosis gene. Its protein has 
been proven to be a multifunctional binding gene, which 
can enhance the ability to resist bcl-2-mediated apoptosis. 
TIMP3, an anti-oncogene which was discovered in recent 
years, is called tissue inhibitor of  metalloproteinase 3. The 
study was designed to investigate the expression of  BAG1 
and TIMP3 in colon carcinoma tissues, and to explore 
their association with genesis, development and prognosis 
of  colon carcinoma.  

MATERIALS AND METHODS
Materials
Samples were collected from surgical specimens of  
80 patients (47 males and 33 females, average age 56.3 
years) with pathologically proven colon carcinoma who 
had undergone surgery in ������ ������������  �������T����� ������������  �������umor Hospital of  Harbin 
Medical University from January 1999 to January 2000. 
No patients had received any type of  preoperative anti-
tumor treatments. Of  those 80 samples, 28 were well-
differentiated, 37 moderately differentiated and 15 poorly 
differentiated adenocarcinomas. According to Duke’s 
staging classification, 24 cases were assigned to stage A, 
22 cases assigned to stage B, 21 cases assigned to stage 
C, and 13 cases assigned to stage D. Of  the 80 cases, 32 
had lymph node metastasis. In addition, 20 specimens 
from normal colonic mucosa were selected as control 
group. Both rabbit anti-human BAG1 and TIMP3 
polyclonal antibodies were purchased from Wuhan Boster 
Biotechnical Company and were diluted to 1:100. 

Methods
All samples were fixed with 100 mL/L formalin and 
embedded in paraffin. Each paraffin block was cut into 



4-µm thick sections. SABC immunohistochemistry was 
performed according to the manufacturer’s instructions to 
detect the gene expression of  BAG1 and TIMP3. Briefly, 
the tissue sections were deparaffinized in xylene at 37℃ for 
20 min. Endogenous peroxide was blocked by incubating 
the slides with 30 mL/L H2O2 for 10 min at 37℃.  
Sections were incubated with primary antibodies of  BAG1 
and TIMP3 at 4℃ overnight, respectively. Staining was 
visualized with DAB for 10 min at room temperature. 
Finally, the sections were counterstained for nuclei by 
hematoxylin solution. Five visual fields were randomly 
observed in each section under microscope (10 × 40 
magnification) and at least 100 cells were counted in each 
field.

Positive staining of  BAG1 appeared as buffy grains in 
the nucleus and cytoplasm and whereas that of  TIMP3 
appeared as buffy grains in intracytoplasm observed. 
Positive expression was considered when cells were stained 
more than 10%.

In this study, a semi-quantitative method was adopted 
to judge the result. The color intensity of  tumor cells 
were graded on a scale of  0 to 3 as follows: no = 0, mild 
= 1, moderate = 2 and severe = 3. In addition, according 
to the percentage of  positive cells�����������������������    , ���������������������   the color density of  
tumor cells were graded on a scale of  0 to 3 as follows: 
≤ 25% = 0, 26%-50% = 1, 51%-75% = 2; and > 75% 
= 3. The staining result was evaluated by grade product 
of  color intensity and density as follows: 0 = negative (-), 
1-4 = weakly positive (+), and > 4 = positive (++). All 
specimens were evaluated by two pathologists without any 

prior knowledge of  the clinical data of  the patients.
Gene expression was considered attenuated or absent 

when grade product ranged from 0 to 4, and considered 
normal or positive when grade product was higher than 4.

Statistical analysis
Chi-square test was used to compare the positive 
expression rates of  BAG1 and TIMP3 in cancer and 
normal tissues. Pearson’s correlation coefficient (r) was 
used to analyze the relation between BAG1 and TIMP3.

RESULTS
Expression of  BAG1 and TIMP3 in colon carcinoma 
and normal colon tissues is shown in Table 1. Positive 
expression rate of  BAG1 and TIMP3 was not correlated 
with age, and gender of  the patients, but was associated 
with degree of  tumor differentiation, Duke’s staging, 
metastasis and survival (P < 0.05) (Table 2). Interestingly, 
the poorer the cancer differentiation, the more advanced 
the Duke's staging and the more lymph node metastases, 
the higher was the BAG1 expression, but the lower was the 
TIMP3 expression. Along with these features, the 5-year 
survival rate was low in those patients. 

Figures 1 and 2 depict the protein expression of  BAG1 
and TIMP3, respectively. As shown in Table 3, there was 
no significant relationship between BAG1 and TIMP3 
expression.

Table 1  Expression of BAG1 and TIMP3

Tissue type n BAG1 TIMP3
Positive number (%) Positive number (%)

Benign 20   2 (10.00) 12 (60.00)
Malignant 80 64 (80.00)a 35 (43.75)

aP < 0.05 vs benign group.

A B

Figure 1  Expression of BAB1 in colon carcinoma tissues (× 100). A: Negative 
expression; B: Positive expression.

A B

Figure 2  Expression of TIMP3 in colon carcinoma tissues (× 100). A: Negative 
expression; B: Positive expression.

Detection index        BAG1 χ2 value P  value      r  value
Positive  Negative

TIMP3   Positive          25            10 2.86  P > 0.05     0.0856     
               Negative         39              6

Table 3  Correlation between BAG1 and TIMP3 expression

Table 2  Clinicopathologic index

Clinico-
pathologic
index

n BAG1 TIMP3
Positive 
number

χ2 value Positive
number

χ2 value

Age ≥ 50 59 50   2.13 29   2.67
< 50 21 14   6

Sex Male 47 38   0.05 17   0.007
Female 33 26 18

Stage Duke’s A 24 10 11.35 16   7.9
Duke’s B 22 18a   9a

Duke’s C 21 20a   7a

Duke’s D 13 12a   3a

Differen Well 28 17   9.92 19 10.97
-tiation Moderate 37 33a 13a

Poorly 15 14a   3a

Lymphonode Yes 32 30   6.3   5 17.14
metastasis No 48 34a 30a

Survival ≥ 5 yr 38 26   6.07 27 21.92
< 5 yr 42 38a   8a

aP < 0.05.
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DISCUSSION
Human BAG1 gene is located at chromosome 9p12 
and it can encode a multifunctional protein. Recent 
studies showed that BAG1 was scarcely expressed in 
normal tissue, but highly expressed in breast carcinoma, 
lung cancer, thyroid cancer, endometrial cancer and 
gastrointestinal tract cancer[1-6]. BAG1 protein has 
been found to be strongly positively associated with 
proliferation, infiltration and metastasis of  tumor cells[7,8]. 
BAG1 can also interact with many target molecules, such 
as HSP70, RAF-1, Bcl-2 and nuclear hormone receptor, to 
regulate the growth and survival of  tumor cells[9]. Down-
regulation of  BAG1 expression can enhance apoptosis and 
hinder tumor from genesis and development. However, 
over-expression of  BAG1 can inhibit apoptosis caused by 
radiotherapy, chemotherapy, heat shock, activation of  dead 
molecules on cell-surface, etc so as to stimulate the genesis 
and development of  tumor.

Our data revealed that the poorer the cancer 
differentiation, the more advanced the Duke's staging 
and the more lymph node metastases, the higher was the 
BAG1 expression, suggesting that high expression of  
BAG1 stimulates the development of  colon carcinoma by 
inhibiting apoptosis and promoting tumor cell proliferation 
and metastasis. Up-regulation of  BAG1 expression was 
associated with worse prognosis of  the patients. Our 
results are consistent with previous studies[������2,3,5] that high 
expression of  BAG1 may be a new effective biologic index 
for predicting potency of  metastasis and prognosis of  
colon carcinoma.

Human tissue inhibitor of  metalloproteinase-3 (TIMP3) 
gene is located at chromosome 22 q12.3 and is a natural 
inhibitor for matrix metalloproteinase (MMP). TIMP3 
can stimulate proliferation and transformation; thereby 
plays an important role in tumor angiogenesis, degradation 
of  extracellular matrix and migration endotheliocyte. 
Moreover, TIMP3 can induce cells to undergo apoptosis[10]. 
Current research showed that attenuated expression 
of  TIMP3 existed in many cancers, such as chorionic 
carcinoma, prostatic carcinoma, esophageal carcinoma, 
melanotic cancer[11-14]. 

In this study, no significant difference was observed 
in TIMP3 expression in colon carcinoma tissue as 
compared to normal colonic mucosa. With the poorer 
tumor differentiation, the advanced Duke’s staging and the 
emerge of  lymph node metastasis, TIMP3 expression was 
decreased and patient’s prognosis was worse and worse. 
On the basis of  these premises, we think TIMP3 may 
play an important role in tumor infiltration and metastasis 
instead of  tumor genesis. These findings are similar to that 
reported by previous studies[14,15]. Thus, TIMP3 may be 
an important measure to inhibit growth and invasion of  
tumor by artificial induction.

Our study did not provide enough data to prove any 
correlation between BAG1 and TIMP3. 

In conclusion, our findings reveals that high expression 
of  BAG1 and attenuated or no expression of  TIMP3 in 

colon carcinoma are strongly associated with the poor 
differentiation, advanced Duke’s staging, more lymph node 
metastasis, and low 5-year survival rate. BAG1 and TIMP3 
might be new biological parameters in predicting invasion 
and metastasis of  colon carcinoma.
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