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Prognostic value of PPM1D in 800 gastric cancer patients
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Abstract. Protein phosphatase magnesium-dependent 1 delta
(PPM1D) has recently been associated with tumor biology.
However, the expression pattern and clinical significance of
PPMI1D in gastric cancer (GC) have yet to be elucidated. The
present study aimed to investigate the clinical and prognostic
significance of PPM1D in GC. PPM1D expression was assessed
in 800 patients with GC using immunohistochemistry and
tissue samples were divided into a PPM1D-positive and -nega-
tive group. The correlation between PPM1D expression and
clinicopathological parameters or prognosis was investigated.
PPMI1D expression was significantly higher in GC tissue than
in adjacent normal tissue (48 versus 9.5%; P<0.001). PPM1D
positivity was significantly correlated with nodal status, distant
metastasis and vascular invasion. Survival analysis indicated
that the five-year survival rate in the PPM1D-positive group
was significantly lower than that in the PPM1D-negative
group (41 versus 72%; p=0.0012). Furthermore, the asso-
ciation between PPM1D positivity and survival rate was still
significant following regulation of other prognostic markers in
a multivariate analysis [hazard ratio (HR), 6.572; 95% confi-
dence interval (CI), 3.108-13.471; P=0.0018]. In conclusion,
the present study suggested that PPM1D positivity is associ-
ated with GC invasion and metastasis, and proposed PPM1D
positivity as an indicator of unfavorable prognosis in patients
with GC.

Introduction

Gastric cancer (GC) is one of the most common types of
malignancies and the second leading cause of cancer-asso-
ciated mortalities worldwide (1). Despite rapid advances in
current treatment protocols incorporating chemoradiation into
surgical procedures, GC continues to be a lethal disease with
the majority of patients being diagnosed at advanced stages
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at which palliative therapy is the only remaining treatment
option (2). Diagnosis at early clinical stages and feasibility
of curative surgery are the most important factors for the
successful treatment of GC. However, nodal invasion, distant
metastasis and local relapses frequently occur even following
comprehensive therapy (3). Metastasis is the major cause of
mortality; however, the mechanism underlying metastatic
progression in GC is highly complex and remains to be
fully elucidated (4,5). Thus, in order to facilitate therapeutic
intervention, it is important for clinicians to identify specific
biomarkers for the prediction of metastatic progression and
prognosis of patients with GC.

Type 2C protein phosphatase (PP2C) family proteins
are known to be involved in a wide range of physiological
functions including cellular stress response signaling,
apoptosis and regulation of the cell cycle (6). One member
of this family is the protein phosphatase magnesium-depen-
dent 1 delta (PPM1D). Of note, PPM1D-deficient mice are
more resistant to mammary tumor formation induced by the
human epidermal growth factor receptor 2 (Erbb2) or Harvey
rat sarcoma (Hras) oncogenes than wild-type mice with intact
PPMI1D (7). Mounting evidence suggests the involvement
of PPMID in tumorigenesis. PPM1D was also shown to be
overexpressed in human primary breast, ovarian and neuro-
blastoma tumors (8-10). More importantly, PPMI1D is able
to complement several oncogenes, including Ras, myelocy-
tomatosis (Myc) and Erbb2, for cellular transformation both
in vitro and in vivo (7,8,11).

However, the expression pattern of PPM1D and its clinical
significance in GC have yet to be elucidated. The present
study aimed to investigate the expression pattern and clinico-
pathological involvement of PPMI1D in GC. The present study
provided evidence that PPM1D expression was significantly
upregulated in GC tissue as compared with the adjacent
normal tissue and was significantly associated with metastasis
and lower survival rates of patients with GC.

Materials and methods

Patients. Data were collected from 800 patients with GC who
received resection at The Second Affiliated Hospital of The
Third Military Medical University (Chongqing, China). The
patients included 508 males and 292 females, with a mean
age of 61 years (range, 40-86). None of the patients received
chemotherapy prior to surgery. All the patients received a
RO resection above a D1 lymph node dissection. The present
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study was approved by the Ethics Committee of The Third
Military Medical University (Chongqing, China), and informed
consent was obtained from all participants.

Assessment of PPMID expression using immunohisto-
chemistry. Immunohistochemical analysis was performed
according to the manufacturer's instructions (Dako,
Carpinteria, CA, USA). Paraffin-embedded sections (4 yxm)
were prepared on silane-coated slides (Sigma, St. Louis,
MO, USA), deparaffinized and incubated with 3% H,O, in
methanol for 10 min to block endogenous tissue peroxidase.
The antigen was retrieved at 95°C for 20 min in 10 mM
sodium citrate buffer. The slides were then incubated with
rabbit anti-PPM1D antibody (1:50, LifeSpan BioSciences,
Seattle, WA, USA) at 4°C overnight. Following incubation
with biotinylated secondary antibody for 30 min at room
temperature, the slides were incubated with streptav-
idin-peroxidase complex for 30 min at room temperature.
Immunostaining was developed by using streptavidin peroxi-
dase 3,3'-diaminobenzidine-chromogen detection. Rabbit
immunoglobulin G (IgG) isotope controls were used, which
showed negative staining.

Assessment of PPMID positivity in GC tissue samples. All
the slides were evaluated by two independent investigators
who were blinded to this study. Immunoreactivity was graded
as: +++ (3); ++ (2); + (1) and - (0). Score 0-1 was classified as
PPM1D-negative and score 2-3 as PPM1D-positive. Patients
were divided into two groups according to PPM1D positivity.
The correlations between clinicopathological parameters and
PPMI1D expression were investigated.

Western blot analysis. GC tissue samples were analyzed using
a 10% polyacrylamide gel in a sodium dodecyl sulfate buffer
by electrophoresis. Gels were transferred onto a nitrocellulose
membrane and incubated with anti-PPM1D antibody (Abcam,
Cambridge, MA, USA). Binding of PPM1D antibody was
revealed by chemiluminescence following incubation with
horseradish peroxidise-conjugated goat anti-mouse antibody
(Bio-Rad, Hercules, CA, USA). GAPDH (Qiagen, Hilden,
Germany) was used as the internal control.

Statistical analysis. Statistical analysis was performed using
the > test with SPSS 16.0 software (SPSS, Inc., Chicago,
IL, USA). Cumulative survival curves were analyzed by the
Kaplan-Meier method and statistical significance was calcu-
lated using the log-rank test. The Cox proportional hazard
model was used in the univariate and multivariate analyses
to determine prognostic factors. A difference of P<0.05 was
considered statistically significant.

Results

PPMID protein staining of GC tissue samples. Immuno-
histochemistry was performed on GC tissue and adjacent
non-cancerous mucosa of 800 patients. PPMID staining
showed a cytoplasmic staining pattern in most of the
GC tissue sections. PPM1D expression was detected
in 48% (384/800) GC samples with moderate to strong
staining (Fig. 1A) versus 9% (72/800) in normal paired
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Table I. Correlation between clinical variables and PPM1D
positivity.

PPMID positivity
Variables Yes,n=356  No, n=444 P-value
Gender
Male 232 276 N.S.
Female 124 168
Tumor depth
T1+T2 143 237
T3+T4 213 207 N.S.
Nodal involvement
Yes 154 164 <0.001
No 202 280
Distant metastasis
Yes 208 241 <0.001
No 148 203
Vascular invasion
Yes 191 165 <0.001
No 165 279
Stage
I+I1 158 229
II+IV 198 215
Histology
Differentiated 156 202 N.S.
Undifferentiated 200 242

N.S., not significant.

gastric mucosa (Fig. 1B). Similar results were obtained for
PPMID expression by western blot analysis (Fig. 1C).

Clinicopathological characteristics and PPMI1D positivity
in GC tissue samples. The correlation between PPMI1D
positivity and clinicopathological parameters with regard to
patient prognosis was analyzed (Table I). PPM1D positivity
significantly correlated with the nodal status (p<0.001), distant
metastasis (p<0.001) and vascular invasion (p<0.001). There
was no correlation between tumor histology and PPM1D
expression. The five-year survival rate of the PPM1D-positive
group was significantly lower than that of the PPM1D-negative
group (41 versus 72%; p=0.0012) (Fig. 2).

Univariate and multivariate analyses. Results of the
univariate analysis are shown in Table II. Overall survival
was significantly correlated with the nodal status, distant
metastasis, stage, vascular invasion and PPM1D positivity.
Furthermore, the association between PPMI1D positivity
and survival was still significant following regulation of
other prognostic markers in multivariate analysis [hazard
ratio (HR), 6.572; 95% confidence interval (CI), 3.108-
13.471; P=0.0018] (Table III). In addition, multivariate
analysis showed that the depth of invasion (HR, 2.121; 95%
CI, 1.081-4.243; P=0.021), nodal status (HR, 3.813; 95% ClI,
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Table II. Univariate analysis of prognosis in 800 patients with
gastric cancer.
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Table III. Multivariate analysis of prognosis in 800 patients
with gastric cancer.

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

Depth of invasion 1.021 (0.401-2.021) 0.079  Depth of invasion 2.121 (1.081-4.243) 0.021
T1+T2 T1+T2
T3+T4 T3+T4

Nodal status 3.203 (1.947-4.833) <0.001  Nodal status 3.813 (1.526-7.907) 0.013
NO NO
N1+N2+N3 NI+N2+N3

Distant metastasis 9.197 (2.603-20.441) <0.001  Distant metastasis 13.701 (6.091-29.772) <0.001
Absent Absent
Present Present

Stage 2.107 (1.321-4.026) <0.001  Stage 0.655 (0.321-1.103) 043
I+10 I+I1
I +1v MI+1V

Vascular invasion 3.112 (1.667-5.394) <0.001  Vascular invasion 1.598 (1.012-3.106) 0.032
Absent Absent
Present Present

PPM1D 4.138 (1.698-8.619) <0.001 PPMID 6.572 (3.108-13.471) 0.0018
Positive Positive
Negative Negative

Statistical tests were two-tailed and the significance level was
P<0.05. HR, hazard ratio; CI, confidence interval. PPM1D, protein
phosphatase magnesium-dependent 1 delta.

Statistical tests were two-tailed and the significance level was
P<0.05. HR, hazard ratio; CI, confidence interval; PPM1D, protein
phosphatase magnesium-dependent 1 delta.
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Figure 1. Expression of PPM1D in GC and adjacent normal tissue. (A) Positive
PPMI1D expression (GC tissue); (B) negative PPM1D expression (adjacent
normal tissue); magnification, x200 (left), x400 (right). (C) Western blot
analysis was performed to confirm PPM1D expression in GC tissue; lanes
1-2, gastric carcinoma, lanes 3-4, adjacent normal tissue. GC, gastric cancer.
PPMID, protein phosphatase magnesium-dependent 1 delta; GADPH, glyc-
eraldehyde 3-phosphate dehydrogenase.
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Figure 2. Survival rate of patients with gastric cancer in the PPM1D-positive
group was significantly lower than that of the PPM1D-negative group
(41 versus 72%; P=0.0012). PPM1D, protein phosphatase magnesium-depen-
dent 1 delta.

1.526-7.907; P=0.013), distant metastasis (HR, 13.701; 95%
CI, 6.091-29.772; P<0.001) and vascular invasion (HR, 1.598;
95% CI, 1.012-3.106; P=0.031) were also independent prog-
nostic factors.

Discussion

GC-associated mortality closely correlates with early metas-
tasis and strong invasion; accordingly, it is highly important
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to estimate the malignant degree and metastatic tendency
of cancer in order to make timely and appropriate treatment
decisions. The present study used immunohistochemistry to
analyze the expression of PPM1D in a large group of patients
with GC (n=800). The results indicated that PPM1D positivity
was significantly higher in GC tissue samples compared with
normal gastric tissue. In addition, PPM1D positivity associ-
ated with high expression levels of PPM1D in GC lesions
was significantly correlated with the nodal status, distant
metastasis and vascular invasion. PPM1D upregulation was an
independent prognostic factor in GC. Therefore, PPM1D may
be of great value as a prognostic marker for GC.

Previous studies have indicated that PPMI1D is highly
expressed in neuroblastoma as well as pancreatic, lung,
bladder, liver, ovarian and breast cancer (9,10,12,13).
However, the expression pattern of PPMI1D in GC has yet
to be elucidated. In the present study, immunohistochemical
analysis demonstrated that PPM1D was highly expressed in
GC. In addition, correlations between PPM1D expression,
unfavorable prognosis and other clinical factors in GC were
determined. PPM1D was upregulated in gastric cancer tissue
compared with non-cancerous tissue, suggesting that PPM1D
overexpression is closely associated with the progression and
prognosis of GC. A number of independent studies support
the pathogenic role of PPMI1D in cancer biology. The over-
expression of PPM1D contributes to malignant progression
by inactivating wild-type p53 and p38 mitogen-activated
protein kinase (MAPK) as well as decreasing pl6 protein
levels in human breast tissue (14). Oncogenic PPMID is a
prognostic marker for lung adenocarcinoma (15). Hu et al
reported that high expression of PPM1D is closely correlated
with unfavorable prognosis in pancreatic neuroendocrine
tumors (16). In a follow-up study of patients with medullo-
blastoma, high expression levels of PPM1D were correlated
with unfavorable prognosis (17). In the present study, a
follow-up of patients treated for GC was performed. To the
best of our knowledge, it was demonstrated for the first time
that patients with GC and positive PPM1D expression had
more unfavorable outcomes than those with negative PPM1D
expression. This finding leads to the conclusion that PPM1D
is a potential factor for outcome assessment. Furthermore,
the present study has shown that the positivity for PPM1D
was an independent indicator for GC. Results of the multi-
variate analysis revealed that PPM1D positivity, along with
the depth of invasion, nodal status, distant metastasis and
vascular invasion, was also an independent prognostic factor
for patients with GC.

In conclusion, the present has shown showed that patients
with GC overexpressed PPM1D, which was associated with
aggressive clinical features and unfavorable prognosis.
Therefore, PPM1D may have a significant role in the progres-
sion of GC. In addition, this information may provide novel
therapeutic and prognostic possibilities for treating GC and
improving the outcome of patient treatments. Thus, the roles
of PPMID in cancer are worthy of being further elucidated.
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