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Abstract It has been reported that protein phosphatase,
Mg2+/Mn2+ dependent, 1D (PPM1D) plays an important role
in cancer tumorigenesis. However, the clinical and functional
significance of PPM1D expression has not been characterized
previously in non-small cell lung cancer (NSCLC). The pur-
pose of this study was to assess PPM1D expression and to
explore its contribution to NSCLC. We examined PPM1D
messenger RNA (mRNA) expression in 53 NSCLC tissues
and matched adjacent noncancerous tissues by quantitative
reverse transcription PCR (qRT-PCR). Furthermore, the
PPM1D protein expression was analyzed by immunohisto-
chemistry in 157 NSCLC samples. The relationship between
PPM1D expression and clinicopathological features was ana-
lyzed by appropriate statistics. Kaplan-Meier analysis and
Cox proportional hazards regression models were used to
investigate the correlation between PPM1D expression and
prognosis of NSCLC patients. The relative mRNA expression
of PPM1D was significantly elevated in NSCLC tissues as
compared with adjacent noncancerous tissues (P<0.001). The
high expression of PPM1D in NSCLC tissues was significant-
ly correlated with tumor grade (P=0.006), tumor size (P=

0.017), clinical stage (P=0.001), and lymph node metastases
(P=0.002). Kaplan-Meier survival analysis revealed that high
PPM1D expression correlated with poor prognosis of NSCLC
patients (P<0.001). Multivariate analysis showed that
PPM1D expression was an independent prognostic marker
for overall survival of NSCLC patients. In conclusion,
PPM1D plays an important role in the progression of NSCLC.
PPM1Dmay potentially be used as an independent biomarker
for the prognostic evaluation of NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most
common intrathoracic malignancies throughout the world
due to its late clinical presentation and rapid progression [1,
2]. Despite some advances in early detection and radical
surgical resection combined with adjuvant therapy over the
recent decade, the prognosis of NSCLC patients remain rela-
tively poor [3]. It is generally acknowledged that genetic
heterogeneity and environmental factors lead to tumorigenesis
of lung cancer simultaneously. Therefore, identification of
novel prognostic biomarkers with possible therapeutic and
prognostic relevance is important to optimize the treatment
of NSCLC.

Protein phosphatase, Mg2+/Mn2+ dependent, 1D (PPM1D)
is a member of the protein phosphatase 2C family and is
involved in a wide range of physiological functions, including
cell signaling, apoptosis, and cell cycle [4]. Overexpression of
PPM1Dwas shown to complement several oncogenes for cell
transformation in vitro, indicating that PPM1D possesses
obvious oncogenic properties [5, 6]. Recently, PPM1D was
also implicated in DNA repair and overexpression of this gene
was suggested to lead to increased genomic instability and
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thereby increased mutation frequency [7]. PPM1D amplifica-
tion is found in several solid tumors, including medulloblas-
toma, neuroblastoma, pancreatic adenocarcinoma, ovarian
clear cell carcinoma, and breast cancer [8–12]. For breast
cancer, ovarian cancer, and lung adenocarcinoma, PPM1D
overexpression is associated with poor survival [11, 13, 14].
Recently, Li et al. [15] reported that PPM1D silencing
by RNA interference inhibits the proliferation of lung
cancer cells. These results suggest that PPM1D might
play an important role in promoting tumorigenesis.
However, there are few reports concerning the associa-
tion between PPM1D expression and clinicopathological
characteristics or patient survival in NSCLC. In this
study, we therefore assessed the expression of PPM1D
in a series of NSCLC specimens and investigated its
associations with clinicopathologic parameters and over-
all survival in patients with NSCLC.

Materials and methods

Sample collection

This study was approved by the Research Ethics Committee
of Yantai Yuhuangding Hospital Affiliated to Qingdao Uni-
versity. Written informed consent was obtained from all of the
patients. All specimens were handled and made anonymous
according to ethical and legal standards. The selection criteria
for patients with NSCLC were as follows: (1) pathologically
confirmed patients with NSCLC and (2) patients who had no
previous history of other cancers. All patients were diagnosed
and treated at the Yantai Yuhuangding Hospital Affiliated to
Qingdao University in Shandong, China, from November
2002 to June 2008. All subjects underwent clinical examina-
tion; plain chest radiograph; CT scan of the chest, upper
abdomen, and brain; fiber-optic bronchoscopy; and bone scan.
Tumor stage was determined according to the 2009 tumor-
node-metastasis (TNM) staging classification system. The
duration of follow-up was calculated from the date of surgery
to death or last follow-up, and patients were excluded if they
had incomplete medical records or inadequate follow-up. For
quantitative reverse transcription PCR (qRT-PCR), 53 pairs of
fresh NSCLC and matched adjacent normal tissue specimens
were collected from patients who underwent surgery in the
Yantai Yuhuangding Hospital Affiliated to Qingdao Universi-
ty. The fresh tissue specimens were collected and immediately
placed in liquid nitrogen and then stored at −80 °C until RNA
isolation. For immunohistochemistry, archived and paraffin-
embedded samples were obtained from 157 patients
with a diagnosis of NSCLC who underwent surgical
resection in the Yantai Yuhuangding Hospital Affiliated
to Qingdao University.

RNA extraction and real-time quantitative RT-PCR

Total RNA was extracted from tissues lysate using a TRIzol
kit (Invitrogen, Carlsbad, CA, USA), and complementary
DNA (cDNA) was subsequently synthesized from total
RNA using an Omniscript RT kit (Qiagen, Valencia, CA,
USA) following the supplier’s instructions. For detecting the
messenger RNA (mRNA) level of PPM1D, real-time quanti-
tative RT-PCR was conducted on the Mastercycler ep realplex
(Eppendorf 2 S, Hamburg, Germany). A 25-μl reaction mix-
ture contained 1 μl of cDNA from samples, 12.5 μl of 2× Fast
EvaGreen™ qPCR Master Mix, 1 μl primers (10 mM), and
10.5 μl of RNase/DNase-free water. PCR procedure condi-
tions are as follows: incubation at 96 °C for 2 min, 40 cycles at
96 °C for 15 s and 60 °C for 1 min. The threshold cycle (Ct)
value was defined as the cycle number at which the
fluorescence intensity reached a certain threshold where
amplification of each target gene was within the linear
region of the reaction amplification curves. Relative
expression level for each target gene was normalized
by the Ct value of glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) (internal control) using a 2−ΔΔCt rel-
ative quantification method. The sequences of the
primers for PPM1D are as follows: PPM1D forward,
5′-CTTGCCAGCCATGGCACGG-3′, and PPM1D re-
verse, 5′-TGGACCTGACTTTAGGCACCGTCG-3′. The
GAPDH gene served as an internal control.

Immunohistochemistry analysis

Immunohistochemistry was performed according to standard
protocols [16, 17]. In brief, formalin-fixed, paraffin-embedded
tissue sections were deparaffinized and rehydrated under the
regular condition. Subsequently, the sections were heated in
ethylene diamine tetraacetic acid (EDTA, pH 8.0) for antigen
retrieval. After the inactivation of endogenous peroxidase, the
sections were treated with normal goat serum for blocking and
then immunostained with anti-PPM1D polyclonal antibody
(1:500 dilution; Santa Cruz Biotechnology, USA) overnight at
4 °C. Negative controls using rabbit serum collected before
immunization were also incubated in parallel. Then, horserad-
ish peroxidase-conjugated goat anti-rabbit IgG (ZSGB-BIO,
China) was added as the secondary antibody. Immunoreactiv-
ity was visualized with 3,3′-diaminobenzidine (DAB) (Maixin
Biotechnology, China) followed by hematoxylin coun-
terstain. The degree of immunostaining was evaluated
by two independent observers who were blind to the
clinical data of the patients. The percent of positive
cells was scored as ≤10 %=0, >10 to ≤25 %=1, >25
to ≤50 %=2, >50 to ≤75 %=3, or >75 %=4. The
intensity of nuclear staining was scored as 0=negative,
1=weak, 2=moderate, or 3=strong. The two scores
were then multiplied to calculate the final score.
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PPM1D expression was considered low if the final
score was equal to or less than 4; otherwise, PPM1D
expression was considered high.

Statistical analysis

Statistical significance was defined as P<0.05. Relationships
between PPM1D expression and antibody response with clin-
icopathological parameters were tested by χ2 test or Fisher’s
exact test. Overall survival rates were calculated using the
Kaplan-Meier method, and differences in survival curves were
compared using the log-rank test. Multivariable regression
analysis was performed to detect prognostic factors using
Cox proportional hazards regression models, and vari-
ables with a two-sided P value of <0.05 were entered
into the final model.

Results

Evaluation of PPM1D mRNA expression by qRT-PCR

To examine the expression of PPM1D in NSCLC tis-
sues, we firstly detected PPM1D mRNA expression in
53 paired primary NSCLC tissues and corresponding
normal tissues using qRT-PCR. In 41 of 53 cases,
PPM1D mRNA was upregulated in the primary NSCLC
tissues, compared to the adjacent normal tissues. The
results showed that the mRNA expression of PPM1D
was significantly increased in NSCLC tissues compared
with adjacent noncancerous tissues (2.267±0.765 vs.
1.063±0.442, P<0.001, Fig. 1). Thus, PPM1D may play
important roles in the progression of NSCLC.

Association between PPM1D expression
and clinicopathological variables

The relationship between high PPM1D expression and
clinicopathological variables of 157 NSCLC patients is
shown in Table 1. According to the PPM1D immuno-
reactive intensity, 74 (47.1 %) patients were classified
as low-PPM1D group and 83 (52.9 %) patients were
classified as high-PPM1D group (Fig. 2). Moreover,
the χ2 test was applied to assess the association be-
tween PPM1D protein level and different clinicopatho-
logical variables (Table 1). As a result, high PPM1D
expression was significantly related to tumor grade
(P=0.006), tumor size (P=0.017), clinical stage (P=
0.001), and lymph node metastases (P=0.002). In con-
trast, no significant association was discovered between
PPM1D expression and other clinical parameters, such

as tumor histology, age, gender, and smoking history
(all P>0.05).

Survival analysis

As expected, the overexpression of PPM1D protein
showed a significant correlation with the decreased
5-yea r su rv iva l ra te o f 157 NSCLC pat ien t s
(P<0.001, Fig. 3). In addition, certain NSCLC clinical
prognostic factors, such as differentiation, lymph node
metastasis, and advanced TNM stage classification,
also showed a statistically significant correlation with
the decreased 5-year survival rate based on Cox re-
gression univariate analysis (Table 2). All of the above
significant factors were enrolled in a multivariate anal-
ysis. The results indicated that PPM1D expression was
one of the independent prognostic factors, along with
tumor grade, tumor size, clinical stage, and lymph
node metastases (Table 2).

Discussion

During the past two decades, due to the histological and
phonotypical heterogeneity of NSCLC, the identification of
more effective novel prognostic markers has become of vital
importance in the selection of high-risk patients with
NSCLC [18]. Effective genetic markers can further
stratify NSCLC into effective treatment subgroups.
Prognosis may improve with a focus on the molecular
markers of risk, which may lead to improved detection
or treatment strategies [19, 20].

Fig. 1 Relative gene expression of PPM1D in NSCLC tissues compared
to noncancerous tissues. The gene expression of PPM1D in NSCLC
tissues was much higher (2.267±0.765) than that in noncancerous
tissues (1.063±0.442; P<0.001)
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The serine-threonine protein phosphatase PPM1D has
been demonstrated to have clear oncogenic properties
and to play an important role in tumorigenesis [5, 6].
PPM1D is involved in the regulation of several key
cellular processes, such as cell cycle and apoptosis,
which are vital for tumor development and progression.
Moreover, studies by other researchers have also linked
PPM1D upregulation to cancer development in several
types of solid tumors, including medulloblastoma,

neuroblastoma, pancreatic adenocarcinoma, ovarian clear
cell carcinoma, and breast cancer [8–12]. Furthermore,
the overexpression of PPM1D protein has now been
strongly linked to poor prognosis in cancer, such as
breast cancer, ovarian cancer, and lung adenocarcinoma
[11, 13, 14]. These results suggest that PPM1D might
play an important role in promoting tumorigenesis.
However, relatively little is known about the expression

Table 1 Association between
PPM1D expression and various
clinicopathological factors of
NSCLC patients

Variables No. (n=157) PPM1D expression P value

Low (n=74) High (n=83)

Histology

Squamous cell carcinoma 80 39 41 0.679

Adenocarcinoma 77 35 42

Age

<60 55 28 27 0.487

≥60 102 46 56

Gender

Male 105 51 54 0.608

Female 52 23 29

Smoking history

No 47 23 24 0.764

Yes 110 51 59

Grade (G)

G1 88 50 38 0.006

G2+G3 69 24 45

Tumor size (T)

T1+T2 65 38 27 0.017

T3+T4 92 36 56

Clinical stage

I–II 87 51 36 0.001

III 70 23 47

Lymph node metastases (N)

N0 92 53 39 0.002

N1+N2 65 21 44

Fig. 2 Immunohistochemical analysis of PPM1D in NSCLC patients. a
High PPM1D expression. b Low PPM1D expression. a, b Original
magnification ×200

Fig. 3 The overall survival rate of NSCLC patients estimated according
to the PPM1D expression level in NSCLC tissue samples (Kaplan-Meier
method) with immunohistochemical staining (P<0.001)
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and clinical significance of PPM1D in NSCLC. In this
study, we therefore assessed the expression of PPM1D
in a series of NSCLC specimens and investigated its
associations with clinicopathologic parameters and over-
all survival in patients with NSCLC.

In the present study, we investigated the expression
of PPM1D in NSCLC and corresponding normal tissues
and then analyzed the relationships between PPM1D
expression and other clinicopathologic variables in
NSCLC. The findings of our study showed that the
relative mRNA expression of PPM1D was significantly
elevated in NSCLC tissues as compared with adjacent
noncancerous tissues. In addition, high PPM1D expres-
sion in NSCLC was significantly correlated with tumor
grade (P=0.006), tumor size (P=0.017), clinical stage
(P=0.001), and lymph node metastases (P=0.002).
Kaplan-Meier analysis in this study showed that high
PPM1D expression significantly predicted decreased 5-
year overall survival. To eliminate the impact of mixed
factors correlated with prognosis on statistical analysis,
the Cox regression multivariate analysis was performed
to determine independent prognostic factors. Multivari-
ate analysis showed that PPM1D expression was an
independent prognostic marker for the overall survival
of NSCLC patients. Our survival analysis demonstrated
that the expression of PPM1D protein could be a useful
diagnostic marker for patients with NSCLC. As stated
above, our results implied that PPM1D protein may
have an antitumor effect on carcinogenesis and tumor
progression of NSCLC.

In conclusion, our present study demonstrated that
the overexpression of PPM1D was positively associated
with the progression and poor prognosis in patients with
NSCLC, which indicated that PPM1D might serve as a
valuable prognosis marker for NSCLC patients. Howev-
er, the possible underlying mechanisms for its participa-
tion in NSCLC progression are still unclear. Therefore,

the next step that we will take will be further research
of the cell signaling pathway in order to gain a better
understanding of molecular mechanism in this field.
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