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Abstract The aim of this study was to determine the
incidence and role of pentraxin-3 (PTX-3) overexpression
as a predictive/prognostic marker in small-cell lung car-
cinoma (SCLC). We performed a retrospective study on
subjects with a biopsy-proven diagnosis of SCLC. A
chart review for demographic and clinical data was
performed on patients with SCLC diagnosed between
2005 and 2008. PTX-3 overexpression was evaluated
using immunohistochemistry performed on archival par-
affin-embedded specimens. 125 patients with SCLC
were identified (23 females, 102 males; median age
62.91 + 8.55 years, range 37-82) all of whom had ade-
quate tissue specimens available for PTX-3 testing. High
PTX-3 expression was detected in 25.6 % SCLCs and
was significantly associated with male gender and
smokers. Moreover, elevated PTX-3 levels were corre-
lated with reduced overall (OS) and disease-free survival,
and were an independent negative prognostic factor for
OS in SCLC. Our findings suggest that high PTX-3
expression appeared to correlate with aggressive behavior
in SCLC, and it may be a useful prognostic marker for
SCLC patients and a potential molecular target for SCLC
treatment.
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Introduction

Lung cancer is one of the leading causes of cancer-related
death worldwide. In China, the registered lung cancer
mortality rate increased by 464.84 % in the past 3 decades
[1]. Small-cell lung cancer (SCLC) is a highly invasive
form of lung cancer. Due to the early metastases, patients
with SCLC commonly have poor prognosis, with a median
survival of 23 months [2, 3]. On the other hand, SCLC
is commonly sensitive to radiation and chemotherapy.
Therefore, early detection and diagnosis of SCLC may help
to improve its prognosis.

So far, a number of molecules, including p53, NES,
CEA, Cyfra2l-1, and CA19-9, have been proposed as
biomarkers for lung cancers. However, these markers have
limited clinical value due to lack of specificity [4, 5]. The
soluble pattern recognition receptor long pentraxin-3
(PTX-3) is a member of pentraxin family [6]. It has been
shown that many cell types including endothelial cells,
fibroblasts, mononuclear phagocytes, and dendritic cells
were able to produce PTX3 locally in response to inflam-
matory signals [7]. Thus, PTX3 has been used as a bio-
marker of inflammation and innate immunity [8]. In
addition to inflammation, recent studies have suggested
that PTX3 might be used as a serum biomarker for lung
cancer, especially non-small-cell lung cancer [9-11].
However, the prognostic value of PTX-3 in SCLC has not
been well documented.

In the present study, we analyzed the PTX-3 expression
profile in lung tissues in patients with SCLC, and its
prognostic value was estimated.
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Materials and methods
Patients and specimens

125 patients with newly diagnosed SCLCs who underwent
surgery in the Department of Chest Surgery, the Second
Hospital of Shandong University, between November 2005
and November 2008 were enrolled, and followed up till
October 2013. Histologic type and tumor grade were
determined according to the 2004 WHO classification of
lung tumors. Tumor, node, metastasis (TNM) classification
was performed according to 6th edition of International
Union Against Cancer. This study was approved by the
Ethics Committee of the Second Hospital of Shandong
University.

Immunohistochemistry

Paraffin-embedded SCLC specimens were used for
immunohistochemistry analysis. Tumor and surrounding
normal tissue were cut into 4 mm sections. Sections were
deparaffinized in xylene and then dehydrated with ethanol.
For antigen retrieval, the specimens were incubated in a
microwave oven (100 °C) in 100 mmol/L citrate buffer
(pH 6.0) for 15 min. Endogenous peroxidase activity was
blocked with 3 % hydrogen peroxide for 15 min at room
temperature. The specimens were incubated with a rabbit
polyclonal antibody (1:400, BIOSS, Ltd, China) for 90 min
at room temperature and then incubated with secondary
antibody (BOSTER, Ltd, China) for 30 min. After three
washes in TBS, a reaction product was detected with
3,3’-diaminobenzidine tetra hydrochloride (0.25 mg/ml)
and hydrogen peroxide solution (0.01 %). Counter-stained
with hematoxylin, the sections were rinsed, dehydrated and
covered. Each staining step was included for a negative
control except that the primary antibody was omitted.

Immunohistochemical scoring

Randomly selected slides were scored by two independent
pathologists who were blinded to the clinical status of patients.
The intensity of PTX-3 expression was assessed using a
scoring system as described previously [12, 13], with minor
modifications. In brief, the expression intensity was evaluated
using a scale from 0 to 3:0 (negative or trace), 1+ (weak
staining), 2+ (moderate staining), 34 (strong staining). Scores
of 0 and 1+ were classified as low expression and scores of 2+
and 3+ were classified as high PTX-3 expression.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 software
(SPSS Inc, Chicago, IL). The correlation between PTX3
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Table 1 Characteristics of the SCLC patients and PTX3 expression

PTX3 expression High Low P value

No. of patients 32 (25.6 %) 93 (74.4 %)

Age(years) 0.788
Mean + SD 62.56 £ 9.01 63.03 + 8.44
Range 46-82 37-80

Gender 0.030
Male 22 (21.6 %) 80 (78.4 %)

Female 10 (43.5 %) 13 (56.5 %)

Smoking status 0.019
Smoker 17 (19.5 %) 70 (80.5 %)
Non-smoker 15 (39.5 %) 23 (60.5 %)

T stage 0.038
T1 10 (43.5 %) 13 (56.5 %)

T2 15 (19.0 %) 64 (81.0 %)
T3 5 (455 %) 6 (54.5 %)
T4 2 (16.7 %) 10 (83.3 %)

N stage 0.993
NO 20 (26.0 %) 57 (74.0 %)

N1 7 (25.0 %) 21 (75.0 %)
N2 5 (25.0 %) 15 (75.0 %)

M stage 0.756
MO 31 (254 %) 91 (74.6 %)

MI 1 (33.3 %) 2 (66.7 %)

Pathologic stage 0.777
Stage 1 14 (22.2 %) 49 (77.8 %)

Stage 11 9 (32.1 %) 19 (67.9 %)
Stage 111 8 (25.8 %) 23 (74.2 %)
Stage IV 1 (33.3 %) 2 (66.7 %)

Subtype of SCLC 0.055
Oat cell type 14 (34.1 %) 27 (65.9 %)
Intermediate cell type 8 (14.8 %) 46 (85.2 %)

Mixed oat cell type 10 (33.3 %) 20 (66.7 %)

Bold values are statistically significant

expression and categorical groups was analyzed by the Chi-
square test or Fisher’s exact test. The overall survival (OS)
was determined as duration (in months) between the date of
diagnosis and the date of death. Disease-free survival (DFS)
curves and OS curves were plotted using the Kaplan—-Meier
method and the log rank test. Multivariate analysis of prog-
nostic factors was done using Cox’s regression model. A
value of P < 0.05 was considered statistically significant.

Results

Association between PTX-3 expression
and clinicopathological features in SCLC

A summary of the patient characteristics and their corre-
lation coefficients with PTX-3 expression are listed in
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Fig. 1 SCLCs have variable immunohistochemical expression of
PTX-3, but patients whose tumors have high PTX-3 expression have
inferior survival. Immunohistochemical images showing a low PTX-3
expression and b high PTX-3 expression in SCLCs

Table 1. Median patient age was 62.91 £ 8.55 years
(range, 37-82 years), 80 % of patients were men. 87
patients had a history of smoking (range, 13-67 years).
Tumor staging was available for 125 cases: 63 cases in
stage I, 28 cases in stage II, 31 cases in stage III, and 3
cases in stage IV.

Representative results for PTX-3 staining are shown in
(Fig. 1). The high Levels of PTX-3 expression were sig-
nificantly associated with higher in male gender and
smokers as compared to female gender (P = 0.030) and
non-smokers (P = 0.019). No statistical difference was
found between the positive PTX3 expression level was
independent of and the characteristics of age (P = 0.788),
N stage (P = 0.993), M stage (P = 0.756), and Pathologic
stage (P = 0.777).

Relationship between PTX-3 expression and overall
survival or disease-free survival

We further analyzed the relationships of PTX-3 expression
and other clinic-pathological parameters with OS and DFS
in patients with NSCLC (Table 2, Fig. 2a, b).

Table 2 Univariate analysis of disease-free survival and overall
survival in 125 patients with small-cell lung cancer

Overall P Disease-free P
survival survival hazard
hazard ratio ratio (95 %CI)

(95 %CI)

PTX3 expression

Low vs. 1.778 (1.171, 0.007  1.694 (1.116, 0.013
high 2.702) 2.573)
Gender
Female vs. 1.860 (1.172, 0.008  0.865 (0.539, 0.874
male 2.952) 1.311)
Smoking
No vs. yes 1.576 (1.073, 0.021  0.700 (0.461, 0.912
2.315) 1.017)
Age
<60 vs. >60 1.802 (1.245, 0.034  0.753 (0.518, 0.328
2.608) 1.120)
Pathologic stage
I I vs. I, 2503 (1.832, <0.001 1.768 (1.205, <0.001
v 3.447) 2.536)
T stage
T1,2vs. T3, 2.779 (1.948, <0.001 2.235 (1.517, <0.001
4 3.839) 3.316)
N stage
NOvs.N1,2 2.265 (1.613, <0.001 1.836 (1.302, <0.001
2.987) 2.589)

Bold values are statistically significant

Patients with high PTX-3 expression had shorter OS and
DFS  (17.31 £+ 11.13 months,  16.13 £ 10.81 months,
respectively) compared to those with low PTX-3 expression
(25.59 £ 17.62 months, 23.37 4 16.83 months, respec-
tively) (P = 0.005, P = 0.010, respectively).

In subgroups, patients with high PTX-3 expression had
shorter OS duration than those who had low PTX-3
expression of tumor cells (P = 0.035, P = 0.010 and
P = 0.018 respectively; Fig. 2c, e, f), but the difference
was not statistically significant in the group of female
(P = 0.058; Fig. 2d).

High PTX-3 expression was confirmed as an indepen-
dent negative prognostic factor affecting OS (P = 0.004,
hazard ratio [HR] = 2.492, 95 % confidence interval

[95 %CI], 1.612-3.852) using multivariate analyses
(Table 3). Other clinical variables such as gender
(P = 0.008), smoking history (P = 0.021), age
(P = 0.034), Pathologic stage (P < 0.001), T stage

(P < 0.001), and N stage (P < 0.001) significantly affected
OS, whereas Pathologic stage (P < 0.001), T stage
(P < 0.001), and N stage (P < 0.001) were associated with
DFS. By multivariate analysis, male gender, smoking his-
tory, older age (>60 years), T stage, and N stage were
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Fig. 2 Survival analysis stratified by the status of PTX-3 expression.
a The overall survival (OS) curves according to PTX-3 expression in
all patients. b The disease-free survival (DFS) curves according to
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Table 3 Multivariate analysis of disease-free survival and overall
survival in 125 patients with small-cell lung cancer

Discase-free P
survival hazard

Overall survival P
hazard ratio

(95 %CI) ratio (95 %CI)
PTX3 expression
Low vs. 2.492 (1.612, 0.004  2.382 (1.542, 0.075
high 3.852) 3.679)
Gender
Female 1.985 (1.234, 0.005  1.211 (0.643, 0.281
vs. 3.195) 2.210)
male
Smoking
No vs.  1.549 (1.039, 0.032  0.713 (0.399, 0.306
yes 2.307) 1.225)
Age
<60 vs. 1.797 (1.226, 0.003  0.993 (0.656, 0.584
>60 2.633) 1.327)
Pathologic stage
I, I vs. 1.084 (0.659, 0.306  1.403 (0.976, 0.532
0L v 1.711) 1.358)
T stage
T1, 2 1.987 (1.265, <0.001 2.112 (1.307, <0.001
Vs. 2.944) 3.429)
T3, 4
N stage
NO vs. 2211 (1.501, 0.001  1.841 (1.276, <0.001
N1, 2 3.203) 2.735)

Bold values are statistically significant

found to be independent prognostic factors of worse OS,
whereas T stage and N stage were independent prognostic
factors for DFS in SCLC.

Relationship of PTX-3 expression and histological
subtypes of SCLC with overall survival

Based on the correlation between SCLC and the prognostic
significance of PTX-3 expression, we further examined the
prognostic value of PTX-3 expression among SCLC his-
tological subtypes. Patients with oat cell type and mixed
oat cell type had shorter OS than patients with intermediate
cell type (P < 0.001). However, we found no significant
relationship between PTX-3 expression and OS or DFS in
the intermediate cell type and mixed oat cell type
(P =0.523 and P = 0.432; P =0.474 and P = 0.466,
respectively) on univariate analyses. The oat cell subtype
SCLC patients with high PTX-3 expression tended to
have decreased OS and DFS, although the differences were
not statistically significant (P = 0.237 and P = 0.468,
respectively).

Discussion

Upregulated expression of PTX-3 has been reported to
promote tumor growth, invasion, and metastasis in several
types of malignancies (6). However, its prognostic value in
patients with SCLC remains unclear. In the present study,
the purpose of this study was to determine the prognostic
significance of PTX-3 protein expression in SCLCs.

The prototypic long-pentraxin PTX3 [14, 15] is a
45-kDa glycosylated protein produced locally by mono-
nuclear phagocytes, dendritic cells, and endothelial cells in
response to primary inflammatory signals [16]. Initially,
PTX3 was suggested to be useful only as a marker of lung
carcinoma based on studies performed on lung cancer cell
lines [9] but more recent studies have determined that
PTX3 could be used as a serum biomarker for the diagnosis
and prognosis of lung carcinoma. Its suitability is over-
whelming due to its ability to differentiate between cancer
patients and non cancer patients who are at higher risk of
developing lung cancer [10].

Owing to the key role of PTX-3 in invasion and
metastasis, upregulated expression of PTX-3 may play a
significant role in tumor progression. High PTX-3 levels
maybe associated with aggressive tumour behavior,
including high pTNM stage, high nuclear grade, large
tumor size, and nodal metastasis in various cancers
[17, 18].

In the present investigation, we showed that high PTX-3
expression was prevalent in males, smokers, non-smokers,
and the overexpression of PTX-3 was significantly corre-
lated with lymph node metastasis of SCLC patients. The
OS of patients with PTX-3 high was significantly lower
than those in PTX-3 low group. Multivariate analysis
revealed PTX-3 was an independent prognostic factor in
patients’ OS. Moreover, PTX-3 overexpression appears to
be related to aggressive tumor behavior, and ultimately
influences patients’ clinical outcomes. In addition, PTX-3
overexpression has been shown to be a negative prognostic
factor for the survival of patients with cancers of various
organs including the breast [18], pancreas [19], esophagus
[20], and lung [11]. However, the clinical and prognostic
significance of PTX-3 expression in lung cancer especially
SCLC has not been previously reported. In this study, we
demonstrated that elevated PTX-3 level was associated
with decreased OS in 125 patients with SCLC, and was an
independent prognostic factor in SCLC patients. Since
PTX-3 expression can be easily assessed by immunohis-
tochemistry, it could act as a promising tumour marker for
prognosis in SCLC patients.

The identification of correlations between histologi-
cal subtypes and clinical parameters in lung cancer has
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important clinical significance [21]. However, there were
no statistically significant associations between PTX-3
expression and survival in any SCLC subtype in this study.
Only for the oat cell type subtype, patients with high PTX-
3 expression tended to have shorter OS and DFS compared
to those with low PTX-3 expression. Further studies are
needed to better understand the precise relationship
between PTX-3 expression and each histological SCLC
subtype.

Several researches has suggested that targeting PTX-3
cancer therapy could be a promising therapeutic strategy
[22, 23]. PTX-3 inhibition significantly impaired the inva-
sion and metastasis of tumor cells [16, 17]. In our study, high
PTX-3 expression predicted aggressive tumor behavior and
acted as an independent prognostic factor for SCLC patients.
Besides, anti-PTX-3 monoclonal antibody treatment has the
potential to decrease cell invasion and metastasis in high
PTX-3-expression tumors. Therefore, the up-regulation
expression of PTX-3 in SCLC would facilitate the devel-
opment of targeted cancer therapy.
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