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vs. 25.0 months, p=0.029) and OS (59.0 months 
vs. 41.0 months, p=0.043) compared with low ex-
pression. In a multivariate analysis, the tumor 
stage was a significant predictor for DFS and 
OS even after adjustment for all other covari-
ates. The MDP-1 status was a joint predictor for 
DFS and OS with a multivariate HR 0.728, 95% 
CI 0.530-0.999, p=0.049 and a multivariate HR 
0.745, 95% CI 0.543-1.022, p=0.068, respectively.

CONCLUSIONS: We showed that down-regu-
lation of MDP-1 expression was correlated with 
poorly differentiated carcinoma and later tu-
mor stage, and it predicted a significantly poor-
er DFS and OS. Down-regulation of MDP-1 ex-
pression was a predictor of a poor prognosis for 
gastric cancer patients, and it may refer to tu-
mor cells that have lost a protective enzymatic 
system.
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Introduction

In 2012, gastric cancer was the world’s third 
leading cause of cancer mortality, and an estimat-
ed 951,600 new gastric cancer cases and 723,100 

Abstract. – OBJECTIVE: Gastric cancer is a 
leading cause of cancer deaths and has a poor 
prognosis after diagnosis. Previous studies 
showed that Magnesium-Dependent Phospha-
tase-1 (MDP-1) might be a key component for gly-
cosylation in human protein repair, and an alter-
ation of its function has been involved in some 
aspects of cellular metabolic networks linked to 
either normal or pathological processe. In this 
study, we investigate the MDP-1 status in pa-
tients with gastric carcinoma, and determine the 
potential relationship between MDP-1 and clini-
cal outcome.

PATIENTS AND METHODS: One hundred and 
seventy-one consecutive patients with stage I-III 
gastric carcinoma who had received a D2 gas-
trectomy were recruited. The MDP-1 expres-
sion was determined by immunohistochemis-
try (IHC). Disease-free survival (DFS) and overall 
survival (OS) were evaluated.

RESULTS: We generate an IHC score on a con-
tinuous scale of 0-7. The IHC cutoff point gen-
erated by ROC analysis and the threshold IHC 
score was 2. Low MDP-1 expression was scored 
for 61 (35.7%) and high MDP-1 expression for 110 
(64.3%) patients. We saw a significant down-reg-
ulation of MDP-1 expression in G3-4 and stage 
III tumor tissue compared with G1-2 and stage 
I-II tumors, p=0.023 and p=0.047. In univariate 
survival analysis, high expression of MDP-1 pre-
dicted a significantly better DFS (56.0 months 
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deaths occurred in the world1. The incidence of 
gastric cancer remains high, especially in East-
ern Asian countries, including Korea, Japan, and 
China1,2. The prognosis for patients with gastric 
cancer is poor, with a five-year survival of 25-
30%, despite the developments in diagnosis and 
therapeutic techniques3.

The accumulation of genomic and epigenom-
ic alterations, including inactivation of tumor 
suppressor genes and activation of oncogenes, 
form the fundamental molecular events and play 
important roles during the multistep process of 
gastric cancer progression4. According to The 
Cancer Genome Atlas (TCGA) project, a molec-
ular classification divides gastric cancer into four 
subtypes: tumors positive for Epstein-Barr virus, 
microsatellite unstable tumors, genomically sta-
ble tumors, and tumors with chromosomal insta-
bility5. Despite this progress, the average 5-year 
survival rate is still no more than 5% for patients 
diagnosed with advanced disease, and further 
understanding of the molecular basis of gastric 
cancer is needed6,7.

Glycosylation is one of the most common 
and important posttranslational modifications of 
proteins and lipids and its influence in biological 
processes are immense and complex8. Protein 
and lipid-linked glycans play key roles in cell 
differentiation, cell growth, adhesion, immune 
response, and others pathways9,10. A previous 
study has confirmed that FN3K is particular-
ly active in brain, heart, kidney, and skeletal 
muscle. The FN3K-related protein phosphorylates 
ribulosamines and psicosamines, the glycation 
products of ribose and allose, but only the former 
catalyzes the phosphorylation of fructosamines, 
which are derived from glucose11,12. The FN3K-re-
lated protein is, therefore, responsible for pro-
tein deglycation, a new variety of protein repair. 
Caruso et al13 and Notarnicola et al14 showed that 
reduced FN3K expression was important in the 
pathogenesis and progression of colorectal can-
cer, and it may refer to the loss of a protective 
enzymatic system in cancer cells.

Magnesium-Dependent Phosphatase-1 (MDP-
1) acts best on protein-bound fructosamine 
6-phosphates (FN6P). The specificity of MDP-
1 and its ability to form a substrate for FN3K 
from proteins glycated with Glu-6-P make this 
phosphatase well suited to cooperate with FN3K 
for the removal of FN6Ps from proteins15. These 
findings indicated that MDP-1 may be the key 
component for glycosylation in human tissues 
involved in protein repair, and its functional 

alterations may lead to dysfunction in protein 
repair and degradation16. However, the status of 
the MDP-1 protein in solid tumors remains un-
known.

In this work, we generated an immunohisto-
chemistry score for MDP-1 in gastric carcinoma, 
and investigated whether the tumor MDP-1 ex-
pression levels in gastric cancer were associated 
with clinical outcome measures, including dis-
ease-free survival and overall survival.

Patients and Methods

Ethics Statement
All procedures were conducted in accordance 

with the Helsinki Declaration, and with the ap-
proval of the Ethics Committee of Fujian Medical 
University Cancer Hospital. 

Study Design and Patients
We enrolled consecutive patients with gastric 

cancer who were admitted into the Depart-
ment of Medical Oncology of Fujian Medical 
University Cancer Hospital from January 2009 
to December 2011. Eligibility criteria for this 
study were: (a) histologically confirmed gastric 
carcinoma; (b) adequate clinical data on the 
patient’s history, demographics, tumor charac-
teristics, treatment details and clinical outcome; 
(c) patients received an R0 gastrectomy with D2 
lymphadenectomy; (d) pathological stage I-III 
according to the 7th Edition of the American 
Joint Committee on Cancer (AJCC) staging; (e) 
patients with stage II-III disease had received 
at least four cycles of adjuvant chemotherapy 
based on 5-fluorouracil (5-FU) or capecitabine 
regimens; (f) availability of adequate forma-
lin-fixed paraffin-embedded (FFPE) tumor tis-
sue for biological marker evaluation. Written 
informed consent for the use of tumor tissue for 
analysis was obtained from each patient before 
their entry into the study.

Immunohistochemistry (IHC) for MDP-1 
Protein

The MDP-1 status was determined by IHC 
on 4 µm paraffin sections. Immunostaining was 
performed with an automated Benchmark stain-
ing platform (Ventana, Tucson, AZ, USA). After 
deparaffinization, antigen retrieval was carried 
out for 60 minutes in CCI citrate buffer (pH 7.2) 
at 95°C. Rabbit polyclonal anti-MDP-1 primary 
antibody, HPA003064 (Sigma-Aldrich Shanghai 
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Trading Co Ltd, Shanghai, China) was incubated 
for 30 minutes at 37°C, and the protein-antibody 
complexes were visualized with the ultraview 
detection kit (Ventana, Tucson, AZ, USA). The 
primary antibody dilution was 1:200. Normal 
gastric epithelium cells and stromal fibroblasts 
served as an internal positive control. The MDP-
1 was mainly located in the cytoplasm. A visual 
semi-quantitative grading scale was applied to 
assess IHC scores by two pathologists (JJ-L, 
G-C) independently. The percentage of positive 
stained tumor cells per section was categorized 
and scored into five groups: <1 = 0; 1-5% = 1; 
5-25% = 2; 25-75% = 3; and >75% = 4. The in-
tensity of positive staining was scored as: neg-
ative = 0; weak = 1; moderate = 2; and strong 
= 3. The IHC score was obtained by adding the 
scores from the percentage of positive tumor 
cells and intensity of staining scores.

Outcomes
All patients were followed up at the outpatient 

clinic from the date of surgery until April 30, 
2016, or until the time of death. Disease-Free-Sur-
vival (DFS) was measured from the day of sur-
gery to the first evidence of recurrence or death. 
Overall Survival (OS) was defined from the date 
of surgery to death from any cause. Patients who 
died without a reported previous progression 
were considered to have progressed on the date of 
their death. Patients who neither progressed nor 
died were censored on the date of April 30, 2016.

Statistical Analysis
Statistical analysis was conducted with SPSS 

software Version 21.0 (IBM, Armonk, North Cas-
tle, NY, USA). The sensitivity and specificity for 
the outcome for MDP-1 at each IHC score were 
plotted to generate a ROC curve according to 

the survival status, which was divided into alive 
or censored. The score closest to the point with 
the maximum sensitivity and specificity (0.0, 1.0) 
on the curve was selected as the optimal cutoff 
score. Comparisons of clinical and laboratory 
characteristics were performed with the Fisher’s 
exact test or Chi-square test. Survival curves 
were generated according to the method of Ka-
plan and Meier. Univariate survival distributions 
were compared using the log-rank test, and mul-
tivariate analyses used Cox proportional hazards 
models. All statistical analyses were two-sided 
and considered significant if p<0.05.

Results

One hundred and seventy-one patients with 
stage II-III gastric cancer who met the eligibil-
ity criteria were recruited for this study. Of 171 
enrolled patients, 17 (9.90%) were stage I, 28 
(16.40%) were stage II, and 126 (73.70%) were 
stage III. Baseline characteristics were generally 
similar for all patients (Table I).

Immunohistochemical Analysis of MDP-1
MDP-1 expression was mainly located in the 

cytoplasm of tumor cells, normal gastric epithe-
lium cells, and stromal fibroblasts. IHC scores 
were evaluated from the tumor cells. We used 
the semi-quantitative grading scale to generate an 
MDP-1 IHC score of 0-7 (Figure 1A), the median 
score was 2.23, and standard deviation 1.481. The 
IHC cutoff point generated by ROC analysis was 
2.0, with an area under the ROC curve (AUC) of 
0.648 (95% CI, 0.565-0.730; p=0.001), a sensitivi-
ty of 57.5% and a specificity of 67.5% (Figure 1B). 
We thus used a cutoff of the IHC scores of <2 and 
≥2 to define MDP-1 low-expression and high-ex-

Table I. Baseline characteristics in the analysis set (N=171).

Characteristics  Number Constituent ratio

Sex Male 119 69.6%
 Female 52 30.4%
Age <65 114 66.7%
 ≥65 57 33.3%
Histological grade G1-G2 73 42.7%
 G3-G4 98 57.3%
Stage I 17 9.9%
 II 28 16.4%
 III 126 73.7%
Tumor location Esophagogastric junction  63 36.8%
 Gastric 108 63.2%
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pression. Low MDP-1 expression was scored for 
61 (35.7%) and high MDP-1 expression for 110 
(64.3%) patients. Figure 2 shows representative 
examples of MDP-1 immunohistochemistry in 
gastric cancer samples. 

MDP-1 Expression and Clinicopathological 
Characteristics

The expression of MDP-1 was not associated 
with clinicopathological factors that included sex, 
age, and tumor location, but was significantly 
correlated the tumor stage and histological grade. 
There was a down-regulation of MDP-1 expres-
sion in G3-4 compared with G1-2 and in stage 
III tumor tissue compared with stage I-II tumors, 
p=0.023 and p=0.047 (Figures 1C, 1D). Various 

patient and tumor characteristics according to the 
MDP-1 status are shown in Table II. 

Survival Analysis
During a median of 55.0 months of follow-up, 

83 patients had a recurrence and 80 patients 
died. The median DFS was 53.0 months, 95% CI 
= 47.91-60.09 months, and median OS was 56.0 
months, 95% CI = 53.52-58.47 months (Figure 
3A). The 3-year OS rate and 5-year OS rate were 
79.5% and 64.9%, respectively.

Among 171 patients the univariate analysis 
of DFS and OS indicated that sex (p=0.494 and 
p=0.337), age (p=0.171 and p=0.214), histological 
grade (p=0.497 and p=0.535), and tumor location 
(p=0.137 and p=0.352) had no prognostic value 

Figure 1. (A) Histogram of MDP-1 staining according to IHC scores. (B) ROC curve with respect to an appropriate cutoff value 
for MDP-1 IHC scores 0-6 (AUC=0.648, p=0.001). A threshold (=2) of the final score for MDP-1 IHC staining with a sensitivity 
of 57.5% and a specificity of 67.5%. (C) Principal component analysis of the tumor stage in the MDP-1 high group and low 
group. (D) Principal component analysis of the histological grade in the two groups.
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(Table III and IV). The tumor stage had a signif-
icant prognostic value for DFS and OS (p=0.009 
and p=0.018) (Figure 3B and Tables III and IV). 
As shown in Figure 3C, high expression of MDP-

1 predicted a significantly better DFS and OS 
compared with low expression, (56.0 months vs. 
25.0 months, p=0.029 and 59.0 months vs. 41.0 
months, p=0.043).

Figure 2. Representative immunohistochemical analysis of Magnesium-Dependent Phosphatase-1 (MDP-1) expression 
in gastric cancer samples. (A) MDP-1 high expression with IHC score=6. (B) MDP-1 low expression with IHC score=1. 

Table II. Relationship between clinicopathologic characteristics and MDP-1 status.

   MDP-1 Status (N) 

Characteristics  Low expression High  expression p-value

Sex Male 46 73 0.218
 Female 15 37 
Age <65 41 73 0.910
 ≥65 20 37 
Histological grade G1-G2 19 54 0.023
 G3-G4 42 56 
Stage I 2 15 0.047
 II 8 20 
 III 51 75 
Tumor location Esophagogastric junction  21 42 0.626
 Gastric 40 68 
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A further multivariate analysis was performed 
to determine a role of MDP-1 for predicating DFS 
and OS in gastric cancer patients. Adjustment 
variables included sex, age, histological grade, 
tumor location, and pathological stage. As a 
result, we found that the stage was a significant 
predictor for DFS and OS even after adjustment 
for all other covariates, multivariate HR 1.298, 
95% CI 1.026-1.642, p=0.030 and multivariate 
HR 1.283, 95% CI 1.009-1.631, p=0.042, respec-
tively. The MDP-1 status was the joint predictor 
for DFS and OS, multivariate HR 0.728, 95% CI 
0.530-0.999, p=0.049 and multivariate HR 0.745, 
95% CI 0.543-1.022, p=0.068, respectively (Ta-
bles III and IV).

Discussion

This study presents the first substantial survey 
to date of MDP-1 expression in gastric cancer and 
a comprehensive analysis of MDP-1 status asso-
ciated with patient characteristics, the molecular 
features of cancer, and outcome. Our findings 
show that down-regulation of the expression of 
MDP-1 was correlated with a higher tumor stage, 
and clarify the prognostic value of the MDP-1 
status in D2 resected stage I-III gastric cancer.

Proteins are continuously damaged by various 
extrinsic and intrinsic factors. Specifically, they 
can be damaged by oxygen and its activated 
metabolites, by reactive nitrogen species or by 

Table III. Univariate and multivariate Cox proportional hazards analysis of DFS for 171 patients.

 Univariate analysis Multivariate analysis

Variable  m DFS p-value Hazard ratio 95%CI p-value

Sex Male 53.0 0.494 0.88 0.631-1.227 0.452
 Female 55.0    
Age <65 54.0 0.171 1.142 0.826-1.577 0.422
 ≥65 33.0    
Histological grade G1-G2 55.0 0.497 1.100 0.786-1.540 0.579
 G3-G4 51.0    
Stage I 68.0 0.009 1.298 1.026-1.642 0.030
 II 54.0    
 III 32.0    
Tumor location Esophagogastric junction  35.0 0.137 0.758 0.553-1.037 0.084
 Gastric 55.0    
MDP-1 status Low 25.0 0.029 0.728 0.530-0.999 0.049
 High 56.0    

Table IV. Univariate and multivariate Cox proportional hazards analysis of DFS for 171 patients.

 Univariate analysis   Multivariate analysis

Variable  m OS p-value Hazard ratio 95%CI p-value

Sex Male 54.0 0.337 0.837 0.601-1.166 0.292
 Female 62.0    
Age <65 56.0 0.214 1.145 0.827-1.583 0.413
 ≥65 54.0    
Histological grade G1-G2 57.0 0.535 1.073 0.769-1.497 0.677
 G3-G4 54.0    
Stage I 70.0 0.018 1.283 1.009-1.631 0.042
 II 56.0    
 III 54.0    
Tumor location Esophagogastric junction  54.0 0.352 0.819 0.598-1.122 0.215
 Gastric 56.0    
MDP-1 status Low 41.0 0.043 0.745 0.543-1.022 0.068
 High 59.0    
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sugars and aldehydes. Damaged proteins, in turn, 
may affect a range of intracellular pathways and 

result in different disorders and diseases, such as 
tumor invasion and metastasis16,17. A protein re-

Figure 3. (A) Kaplan-Meier estimates of assessed Disease-Free-Survival (DFS) and Overall Survival (OS) in 171 patients. 
(B) Kaplan-Meier estimates of DFS and OS according to the tumor stage. (C) Kaplan-Meier estimates of DFS and OS ac-
cording to the MDP-1 status.
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pair mechanism has been described where MDP-
1 acts physiologically in conjunction with FN3K 
to free proteins from glycation products and 
it plays an important role in the protein repair 
mechanism15,18,19. MDP-1 was initially identified 
as a phosphatase that co-purified with carbonic 
anhydrase III20, and subsequent findings led to 
the proposal that MDP-1 is a new type of pro-
tein-tyrosine phosphatase21. 

In the present work, we determined the MDP-
1 protein expression in gastric cancer samples 
using an MDP-1 specific antibody. We observed 
for the first time that MDP-1 expression was con-
stitutively located in normal gastric epithelium 
cells and stromal fibroblast in the tumor micro-
environment; expression in these cells served 
as an internal positive control. Compared with 
the internal positive control, MDP-1 expression 
in the cytoplasm of tumor cells was weaker. In 
semi-quantitative IHC score, the internal positive 
control cells had an IHC score of 7, no tumors 
had an IHC score of 7 and there were only four 
samples with a score of 6: tumors with scores of 6 
and 7 accounted for only 3.5% of the samples. We 
suggest that tumor cells have an impaired protec-
tive enzymatic system. It was found that in tumor 
cells the down-regulation of MDP-1 expression 
was correlated with poorly differentiated carci-
noma and a higher tumor stage, and we inferred 
that in gastric cancer, the deficiency of MDP-1 
may lead to tumor progression. Additionally, 
loss of MDP-1 may be associated with abnormal 
glycosylation and a disorder of the protein repair 
system. In a survival analysis, a low MDP-1 ex-
pression was associated with worse DFS and OS. 
This indicates the tumor MDP-1 expression level 
may be a prognostic predictor for patients with 
gastric cancer. 

Despite this being a retrospective and a sin-
gle-center study, the baseline characteristics of 
171 tumor samples of our cohort were generally 
balanced. The most significant finding in our 
study was that it clearly characterized the expres-
sion of MDP-1 in gastric cancer samples, and our 
study is the first to identify the down-regulation 
of MDP-1 expression as a predictor of a poor 
prognosis for gastric cancer patients. Currently, 
only a few mechanisms for MDP-1 in the protein 
repair and glycosylation in cancer have been 
identified, and molecular signaling pathways in-
volving MDP-1 remain to be elucidated. Further 
preclinical investigations using specific inhibitors 
of MDP-1 or gene inactivation are warranted to 
be tested in in vitro models.

Conclusions

We provide a clear pattern of MDP-1 expres-
sion in gastric cancer samples, and set up a key 
procedure using an immunohistochemistry scor-
ing system that integrates both staining intensity 
and frequency. Down-regulation of MDP-1 ex-
pression in tumor cells compared with stromal 
fibroblasts in the tumor microenvironment was 
associated with poor clinical and pathological 
features. The reduced MDP-1 expression may 
emerge as a negative prognostic biomarker in 
gastric cancer patients.
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