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Original Article
Inorganic pyrophosphatase (PPA1) is a negative  
prognostic marker for human gastric cancer
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Abstract: Inorganic pyrophosphatase (PPA1) is an enzyme which has been found to be upregulated in various tu-
mors, yet its profile in gastrointestinal cancers has not systemically investigated. In present study, gastrointestinal 
tissue microarrays were used to evaluate PPA1 expression and the association of PPA1 expression with clinical 
outcomes was determined for patients with gastric cancer by immunohistochemistry. Overexpression of PPA1 was 
observed in cancers of the esophagus, stomach, and pancreaticobiliary system. PPA1 was overexpressed in 143 
cases (51.3%) of the 279 primary gastric tumors and was associated with larger size (> 3 cm), nodal metastasis 
and advanced clinical staging (P < 0.05). Moreover, survival analysis demonstrated that PPA1 expression was sig-
nificantly correlated reduced overall of patients with gastric cancer. Therefore, PPA1 may serve as a potential bio-
marker of poor prognosis in patients with gastric cancer.
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Introduction

Gastric cancer is one of the most common 
malignancies with almost 1 million newly diag-
nosed cases worldwide annually. The incidence 
of gastric cancer in Eastern Asia is much higher 
than that in Western countries. In China, gas-
tric cancer is the third most common malignan-
cy, ranking after only lung cancer and liver can-
cer in men and lung and breast cancer in 
women [1]. Despite the increasingly extensive 
application of endoscopic mucosal resection 
(EMR) or endoscopic submucosal dissection 
(ESD) in early-stage gastric cancer, a majority 
of patients still undergo surgery or other adju-
vant therapies. In the past decades, great 
advances have been achieved in the field of 
cancer molecular biology, which are now begin-
ning to contribute to the development of new 
approaches to the treatment and prevention of 
cancer.

In 1956, Otto Warburg first reported his find-
ings that the metbolic process in neoplastic 

cells favored glycolysis over oxidative phos-
phorylation [2, 3], however, only in recent years 
has it been re-recognized as a general hallmark 
of malignant transformation [4]. Cancer-related 
metabolic alterations, also termed as “oncome-
tabolism”, have been increasingly studied for  
its therapeutic potential. Potentially targetable 
mechanisms include both genetic and epigen-
etic factors that may cause metabolic dysregu-
lation, offering a rich source of novel chemo-
therapeutic strategies [5].

Inorganic pyrophosphatase (PPA1) is an enzyme 
that catalyzes the hydrolysis of pyrophosphate 
(PPi) to inorganic phosphate (Pi), playing a criti-
cal role in lipid metabolism, bone formation, 
collagen synthesis [6], DNA synthesis and neu-
rite growth [7]. This process is a highly exergon-
ic reaction and can be coupled to several unfa-
vorable and energy-demanding biochemical 
reactions, such as may be required during  
and after malignant transformation. Recently 
abnormalities of PPA1 expression have been 
described in various human tumors including 
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ovarian cancer [8], breast cancer [9] and lung 
cancer [10]. In the present study, we investigat-
ed the expression profile of PPA1 in gastroin-
testinal cancers as well as its association with 
clinical features and survival to evaluate its 
prognostic value in gastric cancer.

Methods and materials

Patient specimens and tissue microarray

The study group consisted of patients with 
esophageal squamous cell cancer (ESCC, n = 
8), hepatocellular carcinoma (HCC, n = 8), pan-
creatic ductal cancer (PDC, n = 8), colorectal 
cancer (CRC, n = 12), gastric cancer (GC, n = 8), 
and hilar cholangiocarcinoma (HC, n = 49). 
Clinical data were collected from the Changhai 
Hospital, and the study design was approved  
by an institutional review board of Changhai 
Hospital. To validate data, additional observa-
tions were collected from an independent 
cohort of 279 patients with GC obtained from 
Changhai Hospital during 2005-2008. All pati- 
ents were available for follow-up. Tumor stage 

was classified according to the American Joint 
Committee on Cancer (AJCC) Staging Manual 
(seventh edition).

Tissue specimens of primary tumor, matched 
normal mucosa and lymph node metastatic 
regions were obtained from gastric cancer 
patients after surgical resection. Paraffin-
embedded tissue microarrays were construct-
ed using a manual array builder according to 
the manufacturer’s recommendation. Of the 
total 279 cases of gastric adenocarcinomas, 
61.6% (172/279) were well or moderately dif-
ferentiated and 38.4% (107/279) were poorly 
differentiated according to the WHO classifica-
tion of gastric cancer. Detailed clinicopathologi-
cal characteristics are listed in Table 1.

Immunohistochemistry

4-um sections were prepared from paraffin-
embedded tissue blocks and then processed 
for immunohistochemistry under routine two-
step protocols. Antibody against PPA1 was 
obtained from Santa Cruz (H62). PPA1 expres-
sion in the 279 cases of gastric adenocarcino-
mas was evaluated by two individuals using 
Olympus CX31 microscope (Olympus Optical). 
The expression level of PPA1 was interpreted 
as positive when the ≥ 10% of tumor cells 
stained positive with the antibody.

Statistics and survival analysis

Categorical data in this study was analyzed 
using the X2 test. The Kaplan-Meier method 
was used to estimate the survival rates, and 
the log-rank test was used to assess survival 
differences between groups. Cox proportional 
hazards models were used to conduct the mul-
tivariate survival analysis and assess indexes 
that were survival-related. All these statistical 
analyses were performed using the SPSS v10.0 
software (IBM). A two-sided P value < 0.05 was 
defined as statistically significant.

Results

Expression profiles of PPA1 protein

PPA1 expression was detected in 6 types of 
gastrointestinal cancers. A consistent low level 
of PPA1 positivity was observed in the epitheli-
um of normal esophagus, stomach, colon, pan-
creas, and biliary system, and a relatively high 
level of PPA1 was present in liver tissue (Figure 

Table 1. Association between PPA1 expres-
sion and clinic-pathological parameters of 
gastric cancer

Variables N PPA1 Positive 
(%) P

Age
    ≤ 60 y 122 54 (44.3) 0.039
    > 60 Y 157 89 (56.7)
Gender
    Male 202 102 (72.4) 0.028
    Female 77 41 (53.2)
Tumor Size
    ≤ 3 cm 85 36 (42.4) 0.049
    > 3 cm 194 107 (55.2)
T stage
    T1/2 81 35 (43.2) 0.086
    T3/4 198 108 (54.7)
N stage
    N0 101 37 (36.6) < 0.001
    N1-3 178 106 (59.6)
TNM stage
    I/II 115 49 (42.6) 0.016
    III/IV 164 94 (57.3)
Differentiation
    Well/Moderate 172 91 (52.9) 0.484
    Poor 107 52 (48.6)
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1 left). Significant differences in PPA1 expres-
sion between normal tissues and tumors were 
observed in esophageal squamous cell cancer 
(ESCC), gastric cancer (GC), colorectal cancer 

(CRC), pancreatic ductal cancer (PDC), and hilar 
cholangiocarcinoma (HC), but not in hepatocel-
lular carcinoma (HCC) (Figure 1 middle and 
right).

Figure 1. Expression patterns of PPA1 protein in 6 human gastrointestinal tissues and tumors. Left, PPA1 staining in 
normal gastrointestinal tissues; Middle, PPA1 positive staining in the 6 gastrointestinal tumors; Right, the average 
level of PPA1 staining in these tumors and normal tissues; CRC, colorectal carcinoma; HCC, hepatocellular carci-
noma; HC, hilar cholangiocarcinoma; PDC, pancreatic ductal carcinoma; GC, gastric carcinoma; ESCC, esophageal 
carcinoma.
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Differential expression of PPA1 transcript in 
the human gastric cancer cohorts

The mRNA level of PPA1 expression was ass- 
essed in silico using published gastric cancer 
microarray data from four patient cohorts. Two 
cohorts revealed a higher expression of PPA1 
in gastric cancers compared with that in normal 
tissues (Figure 2A and 2B), while the other two 
failed to reveal an association (Figure 2C and 
2D).

Overexpression of PPA1 and its correlation 
with clinic-pathological features in gastric ad-
enocarcinoma 

Positive staining of PPA1 antibody localized to 
the cytoplasm of cells. Immunohistochemical 
results revealed that PPA1 was overexpressed 
in a majority of gastric adenocarcinoma speci-
mens (51.3%, 143/279) (Figure 3). To further 
clarify the clinical significance of PPA1 overex-

pression, we analyzed the correlation between 
PPA1 expression and fundamental clinicopath-
ological features. Histological analysis showed 
that PPA1 expression was significantly associ-
ated with age of onset, gender and tumor size. 
PPA1 was more often overexpressed in older 
patients (> 60 years) (P = 0.039) with a striking 
male predominance (P = 0.028). PPA1 was also 
markedly upregulated in tumors of larger size (> 
3 cm) (P = 0.049), nodal metastasis (P < 0.001) 
and advanced clinical staging (P = 0.016). 
However, no difference was observed between 
PPA1 expression and histological differentia-
tion (P = 0.484) (see Table 1).

PPA1 is more expressed in cancer cells from 
nodal metastatic lesions than those from pri-
mary sites

To confirm the finding that PPA1 expression is 
associated with nodal metastasis in gastric 
cancer, we further investigated the differential 

Figure 2. In silico analysis using published gastric cancer microarray data from four patient cohorts.
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expression profile of PPA1 in a separate cohort 
of 43 gastric adenocarcinomas in which speci-
mens from primary and nodal metastasis were 
both available. Morphologically, the staining 
intensity of PPA1 in tumor cells from lymph 
node metastasis was stronger than those from 
primary sites (Figure 4A, 4B). Generally, the 
percent of cells expressing PPA1 in lymph node 
metastases was greater than in primary sites 
(79.07% vs. 51.25%, P = 0.006) (Figure 4C), 
even in patients with matched primary tumors 
and nodal metastases (Figure 4D).

PPA1 is an independent predictor of poor prog-
nosis in gastric adenocarcinoma

Of the total 279 cases of resected gastric ade-
nocarcinoma, the median cumulative survival 

duration was 108 months. Patients with PPA1-
expressing tumors had shorter median sur- 
vival than those without PPA1 expression tu- 
mors (32 months vs. 52 months, P < 0.001) 
(Figure 5A). Subgroup analyses based on TNM 
staging showed that PPA1 overexpression indi-
cated worse prognosis of patients with gastric 
adenocarcinomas, and this association was 
true for patients with both resection of early 
clinical stage (Stage I/II) (positive vs. negative  
= 50 months vs. 67 months, P < 0.001) and 
advanced-stage cancers (Stage III/IV) (positive 
vs. negative = 22 months vs. 37 months, P < 
0.001) (Figure 5B and 5C). Moreover, some 
other clinicopathological features were also  
significantly associated with short survival 
duration in univariate analysis (Table 2), includ-
ing tumor size (P < 0.001), T stage (P < 0.001), 

Figure 3. Expression profiles of PPA1 in gastric cancer. A. Normal tissues with negative staining of PPA1; B, C. Tumor 
cells with positive staining of PPA1; D. Negative staining of PPA1 in gastric cancers. Original Magnification: large 
pictures: IHC ×40; small picture: ×400.
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lymph node metastasis (P < 0.001), TNM stage 
(P < 0.001) and histological differentiation (P < 
0.001).

In multivariate analysis using the Cox propor-
tional hazards model, it was showed that PPA1 
expression, TNM stage, and histological differ-
entiation were independent prognostic factors 
in gastric adenocarcinomas (Table 2). These 
findings suggested that PPA1 could be used as 
a relatively sensitive biomarker in predicting 
the survival of patients with gastric cancer.

Discussion

In the past decades, the study of oncometa- 
bolism (particularly gluocose and glutamine 
metabolism) has gained increasing recognition 
within the field of cancer research because 
alteration of these pathways is considered a 
hallmark of carcinogenesis [4]. Nevertheless, 
little is known about the role of intracellular 
phosphate metabolism in carcinogenesis and 

metastasis. Inorganic phosphate (Pi) is a vital 
nutrient in cellular metabolism and is required 
for many biosynthetic reactions, such as DNA 
and RNA synthesis [11]. Neoplastic cells, known 
as their rapidly proliferative capabilities, rely on 
a constant supply of phosphate and have been 
shown to have altered phosphate metabolism 
as well [12, 13].

Inorganic phosphatase (PPA1) is an enzyme 
which catalyzes the hydrolysis of PPi to Pi, yield-
ing a source of inorganic phosphates for other 
biological pathways. This process reduces the 
intracellular concentration PPi, an important 
inhibitor of metabolism [14]. Therefore, PPA1 
may facilitate a number of biosynthesitic reac-
tions in neoplastic cells [14]. Recently, it has 
been suggested that PPA1 is upregulated in 
some types of human cancers and is closely 
associated with invasive potential of cancers 
[9, 10, 12, 15]. In the present study, we found 
that PPA1 was broadly expressed in human 
solid cancers and significantly upregulated in 5 

Figure 4. Expression patterns of PPA1 in primary tumors and nodal metastases. A. PPA1 staining in primary tumor; 
B. PPA1 staining in nodal metastases; C. The rates of PPA1 expression in total primary tumors and total nodal me-
tastases; D. PPA1 expression in matched primary tumors and nodal metastases.
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tumors of digestive system (ESCC, GC, PDC, 
CRC, and HC). Notably, PPA1 was not found to 
be upregulated in HCC, which may be due to 
high levels of staining of normal hepatocytes. 
Elevated expression of PPA1 suggests a key 
role for the metabolism of inorganic pyrophos-
phate in gastrointestinal cancers.

In the current study, the expression level of 
PPA1 in gastric adenocarcinoma using tissue 

microarrays and immunohistochemistry. PPA1 
was preferentially overexpressed in older and 
male patients, as well as in patients with 
advanced clinical stages at resection. Moreover, 
PPA1 expression level was significantly higher 
in the tumor cells within lymph node metasta-
ses compared to the cells at the primary site. 
These findings suggest that PPA1 is an active 
regulator and indicator of more aggressive phe-
notypes of gastric cancer. Furthermore, surviv-
al analysis revealed that PPA1 is a negative 
prognostic marker in gastric cancer, as patients 
with PPA1 overexpression exhibited a worse 
outcome in patients at early or advanced TNM 
stages atresection.

It has been shown in studies that PPA1 reduces 
JNK activation via de-phosphorylation, regulat-
ing proliferation in chick cerebellar neurons 
[16] and mouse neuroblastomas [7]. However, 
little has been known about the molecular 
mechanism of PPA1 regulation in human can-
cers. Mishra and colleagues analyzed the pro-
moter region of PPA1 gene and demonstrated 
that PPA1 expression is positively regulated by 
an important transcript factor, Sp1 [9].

Considering the significance of phosphate 
metabolism alterations in the development  
and progression of cancer, further studies are 
planned to fully clarify the biological function 
and metabolic network of PPA1, which may  
provide valuable information about the role of 
phosphate metabolism in cancer.
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