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Abstract: Background: Multidrug resistance (MDR) is a serious problem in chemotherapy and is one of the main
reasons for a poor outcome of gastric cancer. Study on the key proteins in multidrug resistance is necessary for
the treatment of gastric cancer. Methods: The expression of ToPo II, MRP and GST-π in 119 gastric cancers was
retrospectively examined, and the results were analyzed in correlation with clinicopathological data. ToPo II negative, MRP positive and GST-π positive were regarded as three risk factors which may be associated with chemotherapy resistance and poor prognosis. Patients were divided into two groups: high-risk group (≥2 risk factors) and
the low-risk group (<2 risk factors), and the tumor recurrence and patients’ survival time of the two groups were
also analyzed. Results: The positive rates of ToPo II, MRP and GST-π were 73.9%, 42.9% and 51.3%, respectively.
The positively correlation between the expression of MRP and GST-π had been found. A significant correlation was
shown between ToPo II expression and the level of differentiation. Significant differences with GST-π expression
were also found in relation to the sex and differentiation. In the high-risk group, the 3-year survival rate of patients
with/without chemotherapy were 62.1% and 52.0%, 5-year survival rates were 44.8% and 40.0%, but the difference was not statistically significant (P>0.05). In the low-risk group, the 3-year survival rate of patients with/without
chemotherapy were 81.2% and 51.5%, 5-year survival rates were 71.9% and 45.5%, and the difference was statistically significant (P<0.05). Conclusions: Combined detection of MDR-related proteins ToPo II, MRP and GST-π may be
prospectively valuable for postoperative individualized chemotherapy, and further predict the outcomes of gastric
cancer patients.
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Introduction
Gastric cancer is one of the most common cancers worldwide, the incidence is particularly
high in Asian countries, including China [1].
Patients are often at advanced stages when
first diagnosed, and five-year survival rates
after surgical resection have been reported to
range from 20% to only 36% [2]. To improve its
prognosis and prolong disease-free survival,
chemotherapy involving drugs including fluorouracil, cisplatin, and either paclitaxel or epirubicin or others have been introduced postoperatively and preoperatively [3]. Unfortunately, the
total survival of patients with gastric cancer
undergoing surgery with chemotherapy has not
been improved noticeably [4]. Some studies

have shown that the occurrence of drug resistance, especially resistance to multiple drugs,
decreases the chemotherapy efficacy in a large
proportion of cases [5].
Multidrug resistance (MDR), either inherent or
acquired, is a serious problem in chemotherapy
and is one of the main reasons for a poor outcome [6]. There are quite a number of different
mechanisms accounting for drug resistance,
and MDR protein family plays an essential role
[7]. Topoisomerase II (ToPo II), Multidrug resistance protein (MRP) and Glutathione Stransferase π (GST-π) were the basis of multidrug resistance in malignant tumors [8, 9]. It
had been confirmed that MRP and GST-π overexpression, and decreased expression of ToPo
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II was important mechanism mediated multidrug resistance [10]. Using immunohistochemical technique, this study was to determine the
protein expressions of ToPo II, MRP and GST-π
in gastric cancer tissues, and explored their
expressions with clinicopathological factors
and patients’ survival time, in order to offer
individually tailored chemotherapeutic options
and improve the prognosis.
Materials and methods
Patients
Between June 2004 to June 2006, a total of
119 patients who underwent radical gastrectomy at the department of abdominal surgery,
Zhejiang cancer hospital were retrospectively
analyzed. 77 cases were males and 42 cases
were females, aged from 25 to 78 years (mean
57.3 ± 6.7 years). Lesions ≥5 cm were 76 cases
and lesions <5 cm were 43 cases. Pathological
diagnoses were poorly-differentiated adenocarcinoma in 37 cases (31.1%), moderatelydifferentiated adenocarcinoma in 31 cases
(26.1%), well-differentiated adenocarcinoma in
51 cases (42.8%). Phase I/II were 39 cases and
Phase III/IV were 80 cases, patients with/without lymph nodes metastases were 93 cases
and 26 cases, respectively.

biotinylated secondary antibody goat-anti-rat
(50 μL, perspectively) were applied for 60 min
at 37°C. Diaminobenzidine (DAB) was employed
as a chromogen. The sections were then counterstained with hematoxylin. For the negative
controls, the primary antibodies were replaced
with PBS. Pancreas, colon samples were used
as a positive control for Topo-II and MRP, and
ovary samples for GST-π, respectively. The
specimens were evaluated independently by
two pathologists in a blind fashion. Only cells
with brown-colored staining were considered
as positive. The intensity of expression of MDRrelated proteins were stratified into 4 categories scored as follows: 1) negative (-): no appreciable cytomembrane, nuclear or cytoplasmic
staining or staining in <10% of neoplastic cells;
2) 1+: appreciable staining in 10-25% of neoplastic cells; 3) 2+: appreciable staining in
25-75% of neoplastic cells; 4) 3+: appreciable
staining in >75% of neoplastic cells.
Patients follow-up

All patients did not receive preoperative chemotherapy or other treatment for the tumor,
and some patients had adjuvant chemotherapy
based on platinum and 5-Fluorouracil (5FU) for
4 to 6 cycles. Written informed consent was
obtained from all the study participants. The
study was approved by the Ethics Committee of
Zhejiang Cancer Hospital.

Patients received routine follow-up after radical
gastrectomy. Once every quarter within two
years and once every half year after two years
(patients received chemotherapy were followed-up by chemotherapy cycles). All patients
were tracked by direct evaluation or phone
interview until death or until study end-date.
ToPo II negative, MRP positive and GST-π positive were regarded as three risk factors which
may be associated with chemotherapy resistance and poor prognosis. Patients were divided into two groups: the high-risk group (≥2 risk
factors) and the low-risk group (<2 risk factors),
and the tumor recurrence and patients’ survival
time of the two groups were analyzed.

Immunohistochemical staining

Statistical analysis

The antibodies used in this study were purchased from Beijing Biosynthesis Biotechnology
Corporation (Beijing, China). Immunohistochemical staining was carried out on the formalin-fixed, 4 μm thick paraffin-embedded tissue
specimens. Briefly, the paraffin embedded sections were dried overnight at 37°C and deparaffinized in xylol, rehydrated and incubated with
methanol/0.3% H2O2 for 30 min to block endogenous peroxidase activity. Possible background
staining was removed by applying normal goat
serum, diluted 1:20 for 1 h. The sections were
incubated with the primary antibody (50 μL,
respectively) and kept at 4°C overnight in a
humidified chamber. After rinsing in PBS, the

All the experiment data is integrated into a
comprehensive data set. Numerical data were
recorded directly and measurement data were
described as median and range. Statistical
analysis was performed on SPSS software version 16.0 (SPSS Inc. Chicago, IL), and P<0.05
was considered as statistically significant.
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Results
Location and distribution of ToPo II, MRP and
GST-π
The positive staining of ToPo II was recognized
to be expressed in the cell nucleus (Figure 1A),
Int J Clin Exp Pathol 2014;7(11):7945-7950
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Figure 1. A. Immunohistochemical staining of ToPo II was identified in the cell nucleus (original magnification ×400).
B. Immunohistochemical staining of MRP was recognized to be expressed in the cytoplasm of malignant cells
(original magnification ×400). C. Immunohistochemical staining of GST-π was recognized to be expressed in the
cytoplasm of malignant cells (original magnification ×400).

Table 1. Expression degree of MDR proteins
MDR proteins*
ToPo II
MRP
GST-π

Expression**
31 (26.1%)
68 (57.1%)
58 (48.7%)

+
61 (51.3%)
46 (38.7%)
54 (45.4%)

++
18 (15.1%)
4 (3.4%)
7 (5.9%)

+++
9 (7.5%)
1 (0.8%)
0 (0)

Positive numbers***
88 (73.9%)
51 (42.9%)
61 (51.3%)

r=0.764, the expression of MRP is correlated strong positively with GST-π; **P>0.05, MRP vs GST-π. ***P<0.05, ToPo II vs MRP;
P<0.05, ToPo II vsGST-π; P>0.05, MRP vs GST-π.

*

while MRP and GST-π were expressed in the
cytoplasm of malignant cells (Figure 1B, 1C).
The characteristic distribution pattern of three
proteins was scattered expression in tumor tissue, although small areas of diffused expression were also observed.
Expression of P-gp, LRP and MRP
In the 119 cases, the positive rate of ToPo II
(73.9%) was significantly higher than MRP
(42.9%) and GST-π (51.3%) (P<0.05). No significant difference between the expression of MRP
(42.9%) and GST-π (51.3%) were observed
(P>0.05), but we found the positive correlation
between them (r=0.764) (Table 1).
Relationship between the clinicopathologic
features and the expression of ToPo II, MRP
and GST-π
Comparing the well, moderately and poorly differentiated degree, a significant correlation
was shown between ToPo II expression and the
level of differentiation (86.3%, 64.5% and
64.9%, respectively, P<0.05). Any significant
differences with MRP expression were not
found in relation to the clinicopathological factors. Significant differences with GST-π expression were found in relation to the sex (male vs.
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female, 59.7% vs. 35.7%, P<0.05) and differentiation (the well, moderately and poorly status,
64.7%, 41.9%, 40.5%, respectively, P<0.05)
(Table 2).
Relationship between the survival time and
the expression of ToPo II, MRP and GST-π
The 3-and 5-year survival rates of the total 119
patients were 57.3% and 49.2%. No statistical
difference was observed between single protein (ToPo II, MRP or GST-π) expression and the
recurrence or survival time. Then patients were
divided into two groups: the high-risk group (≥2
risk factors) and the low-risk group (<2 risk factors), the average recurrence time of the lowrisk group was 21.29 ± 11.10 months, and was
significantly longer than 15.16 ± 8.05 months
of the high-risk group (P<0.01). The 3-year and
5-year survival rate of the high-risk group was
57.4% and 42.6%, however, it had no significant
difference compared to 66.2% and 58.5% of
the low-risk group (P>0.05).
In the high-risk group, the 3-year survival rate
of patients with chemotherapy and patients
without chemotherapy were 62.1% and 52.0%,
and the 5-year survival rates were 44.8% and
40.0%, but the difference was not statistically
significant (P>0.05) (Figure 2). In the low-risk
Int J Clin Exp Pathol 2014;7(11):7945-7950
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Table 2. Expression of ToPo II, MRP, GST-π and their relationship with clinicopathological factors
Clinicopatho
logic Features
Sex
Male
Female
Age
≤50 y
>50 y
Tumor size
≥5 cm
<5 cm
Differentiation
Well
Moderately
Poorly
TNM staging
I, II
III, IV
Lymph node
Positive
Negative

Cases

ToPo II
+ (%)
χ2

P

+ (%)

P

GST-π
+ (%)
χ2

P

77
42

54 (70.1%)
34 (81.0%)

1.65

0.198

29 (37.7%)
2 (52.4%)

2.40

46 (59.7%)
0.121 15 (35.7%) 6.27 0.012

33
86

24 (72.7%)
64 (74.4%)

0.03

16 (48.5%)
0.851 35 (40.7%)

0.59

14 (42.4%)
0.442 47 (54.7%) 1.42 0.232

76
43

59 (77.6%)
29 (67.4%)

1.48

0.224

35 (46.1%)
16 (37.2%)

0.88

40 (52.6%)
0.349 21 (48.8%) 0.16 0.691

51
31
37

44 (86.3%)
20 (64.5%)
24 (64.9%)

7.04

20 (39.2%)
13 (41.9%)
0.029 18 (48.6%)

0.79

33 (64.7%)
13 (41.9%)
0.672 15 (40.5%) 6.47 0.039

39
80

25 (64.1%)
63 (78.8%)

2.92

17 (43.6%)
0.087 34 (42.5%)

2.57

16 (41.0%)
0.109 45 (56.3%) 2.43 0.119

93
26

71 (76.3%)
17 (65.4%)

1.27

40 (43.0%)
47 (50.5%)
0.260 11 (42.3%) 0.004 0.949 14 (53.8%) 0.09 0.765

group, the 3-year survival rate of patients with
chemotherapy and patients without chemotherapy were 81.2% and 51.5%, the 5-year survival rates were 71.9% and 45.5%, and the difference was statistically significant (P<0.05)
(Figure 3).
Discussion
Adjuvant chemotherapy after operation has
been considered as a necessary mean to eliminate systemic micrometastases and remanent
malignant cells to the fullest extent possible,
ultimately improving survival [11, 12]. Most
patients, however, will experience relapse and
treatment failure usually within 2~3 years after
surgery. A major cause for such recurrence is
the multidrug resistance (MDR) of malignant
cells to different chemotherapeutic agents [13,
14], which results from several molecular
mechanisms. So, MDR is a challenge in cancer
treatment, and detection of MDR genes or proteins may help guide adjuvant chemotherapy in
gastric cancer and determine the prognosis of
patients.
MRP, one of the most studied mechanisms
about MDR, acts as an ATP-dependent outward
transport pump and decreases intracellular
7948

MRP
χ2

accumulation of drugs by reducing co-transport
mechanism of glutathione [15]. Several previous studies also indicated that overexpression
of MRP most frequently predicts MDR. MRP
confers resistance to alkylating agents, cyclophosphamide and other drugs [16]. GST-π is a
multifunctional enzyme that plays a critical role
in cellular detoxification by catalyzing the conjugation of reduced glutathione to hydrophobic
and electrophilic compounds [17]. GST-π is considered to be associated with the efflux of cisdiaminodichloroplatin (CDDP), flurouracil and
doxorubicin (DOX) through ATP-binding cassette transporters [18]. Topo-II is the target of
several anticancer agents, such as doxorubicin,
VM26, VP16 and mitoxantrone [19]. The
decreased expression of ToPo II and changes of
enzyme activity result in the dissociation of
cleavable complex and reduced DNA damage,
and finally cause the drug resistance [20].
Our study found these MDR proteins are interrelated, and MRP is correlated with GST-π
(r=0.764). This finding suggests that synergistic
effect of two or more proteins is the basis of
MDR. Statistical analysis also indicates that
none of the three proteins was significantly correlated with the recurrence and survival rates,
so determination of single indicator is difficult
Int J Clin Exp Pathol 2014;7(11):7945-7950
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Figure 2. Overall survival of patients with or without
chemotherapy in the high-risk group.

Figure 3. Overall survival of patients with or without
chemotherapy in the low-risk group.

to judge the effectiveness of adjuvant chemotherapy. Then, ToPo II negative, MRP positive
and GST-π positive were regarded as three risk
factors which may be associated with chemotherapy resistance and poor prognosis.
Patients were divided into two groups: the highrisk group (≥2 risk factors) and the low-risk
group (<2 risk factors). The recurrence time of
the low-risk group was significantly longer than
that of the high-risk group, suggesting that the
decreased expression of ToPo II and high
expression of MRP and GST-π was associated
with tumor invasion, recurrence and poor prognosis, and this conclusion had been confirmed
in the ovarian cancer [10]. In the low-risk group,
the 3-year and 5-year survival rate of patients
with chemotherapy was higher than that of the
patients without chemotherapy. This results
indicated that 5-Fu and platinum-based postoperative chemotherapy can increase survival
benefits for patients in the low-risk group.
Chemotherapy resistance did rarely exist in
these patients, and in theory, postoperative
chemotherapy could be done fully fit and the
prognosis of the patient was significantly
improved. In the high-risk group, the 3-year and
5-year survival rate of patients with chemotherapy was higher than that of the patients without
chemotherapy, but the difference was not statistically significant. Therefore, the 5-Fu and
platinum-based adjuvant chemotherapy did not
improve the prognosis of the high-risk group,
and for such patients, the postoperative chemotherapy needed to be carefully discussed
and selected. These conclusions were based
on a small number of cases and may have
some limitations. Large sample of patients is
being followed up in our center, and the detailed
results will be reported in the near future.

For high-risk patients, due to the existence of
MDR, benefit from chemotherapy was unsatisfactory. Inhibition of multidrug resistance proteins, or blocking drug resistance pathways
may improve the chemotherapy efficacy, and
finally improve the prognosis. Recent studies
revealed some new methods to overcome
MDR, such as tetrandrine and fangchinoline by
inhibiting P-glycoprotein activity [21]. Shang
showed that miR-508-5p could regulate multidrug resistance of gastric cancer by targeting
ABCB1 and ZNRD1 [22]. Chen reported that
pantoprazole (PPZ) pretreatment enhanced the
cytotoxic effects of anti-tumor drugs on
SGC7901 and reverse MDR of SGC7901/ADR
by downregulating the V-ATPases/mTOR/HIF1α/P-gp and MRP1 signaling pathway [23].
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In conclusion, combined determination of MDRrelated proteins ToPo II, MRP and GST-π may
help tailor the chemotherapy regimes and predict the outcomes of treatment, although MDR
remains a major challenge to effective chemotherapy. Further researches should focus on
the combined detection of more sensitive proteins or molecular markers for individualized
chemotherapy, and explore new methods to
reverse or overcome MDR.
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