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Abstract

Background

Some researchers reported that pleiotrophin (PTN) is associated with the development and

metastasis of various tumors and it is a poor prognostic factor for the tumor patients. How-

ever, the results of other researches are inconsistent with them. It is obliged to do a meta-

analysis to reach a definite conclusion.

Methods

The published studies relevant to PTN were searched in the databases including PubMed,

Embase and Web of Science until March 20, 2018. A meta-analysis was conducted to eval-

uate the role of PTN in clinicopathological characteristics and overall survival (OS) of cancer

patients.

Results

Our meta-analysis indicated that the high expression of PTN was remarkably associated

with advanced TNM stage (OR = 2.79, 95%CI: 1.92–4.06, P<0.00001) and poor OS (HR =

1.77, 95%CI: 1.41–2.22, P<0.00001) in tumor patients. The expression of PTN was not

associated with tumor size (OR = 1.12, 95% CI: 0.55–2.26, P = 0.76), lymph node metasta-

sis (LNM) (OR = 1.95, 95%CI: 0.62–6.12, P = 0.25), distant metastasis (DM) (OR = 2.78,

95%CI: 0.72–10.74, P = 0.14) and histological grade (OR = 1.95, 95%CI: 0.98–3.87, P =

0.06).

Conclusion

The high expression of PTN is significantly relevant to the advanced TNM stage and poor

OS in tumor patients. PTN can serve as a promising biomarker to predict unfavorable sur-

vival outcomes, and it may be a potential target for tumor treatment.
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Introduction

Tumour has become a leading cause of death in recent decades, and about 8.2 million people

died from cancers and 14.1 million cancer cases were latest diagnosed all over the world in

2012[1]. Different cancers have different mechanisms of tumor formation, and the precise

pathogenesis of cancers is still undefined. However, the latest studies have highlighted that

PTN is up-regulated in numerous human malignancies and associated with the occurrence of

many human malignant tumors[2–8], including colorectal cancer, glioblastoma, melanoma,

pancreatic cancer, breast cancer and lung cancer. For instance, PTN promotes the expression

of vascular endothelial growth factor (VEGF) and the angiogenesis of colorectal cancer[2].

PTN also boosts the occurrence of glioma induced by platelet-derived-growth-factor-B via

promoting the proliferation of neural precursor cells[4]. Moreover, some studies have demon-

strated that the PTN expression is associated with certain clinical characteristics, such as

lymph node metastasis (LNM), distant metastasis (DM), clinical stages and overall survival

(OS)[4,6,9], while the results of some other researches are conflicting with them[5,7,10]. The

aim of this meta-analysis is to explore the prognosis and clinicopathological factors of pleiotro-

phin (PTN) in tumor patients considering the possible deviations of individual studies.

Materials and methods

Literature search strategy

In order to obtain the potential qualified reportes, a systematic network reference search was

conducted focusing on multiple website databases, including Embase, PubMed, and Web of

Science until March 20, 2018 and the search keywords were as follows: “pleiotrophin”, “PTN”,

“cancer”, “tumor”, “clinicopathology”, “prognosis” and “survival”. The relevant reviews and

references cited in the searched articles were also filted to avoid leaving out any potentially

usable references. Besides, other related articles were also available by examining the reference

lists by hand.

Selected and removed criteria

The selected criteria were as follows: 1) the expression level of PTN in primary cancerous tis-

sues was measured; 2) dichotomous model was appraised by immunohistochemistry (IHC); 3)

related clinicopathologic parameters were reported; 4) hazard ratio (HR) and 95% confidence

interval (CI) between PTN expression and overall survival could be picked up directly or calcu-

lated indirectly in the study. The removed criteria were as follows: 1) the letters, experiments,

or articles that researched on animal models; 2) repeated research publications; 3) the expres-

sion of PTN was detected in serum or at PTN mRNA level.

Date extraction and quality evaluation

Two investigators (Zhou J and Yang Y) independently extracted the information and data

from all eligible studies through cross-check. The data and information were got together

from every study using a purpose-designed form: the author, the year of publication, the coun-

try, the type of cancer, the overall number of patients, number of patients in the high PTN

expression group and the low PTN expression one, number of patients with big tumor size,

TNM (Ⅲ/Ⅳ), LNM, DM and survival data in each group, and the standard for high PTN

expression. The survival results of both original and adjusted data were overall survival. The

disagreements between the two investigators were settled by discussion until a agreement was

reached with the third investigator (Zhang Y). Quality evaluation was based on the Newcastle-
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Ottawa quality assessment scale (NOS). The NOS scores varied from 0 to 9. Six points or more

were deemed as high quality.

Statistical analysis

The current meta-analysis was carried out using the RevMan5.3 software and Stata SE13.0 soft-

ware. The prognostic effect of high PTN expression was assessed by both adjusted and unadjusted

hazard ratios (HRs) and their 95% confidence intervals of overall survival from the primary stud-

ies. According to the standard of each study, the expression of PTN was divided into high and low

level groups. Reported HR and 95% CI were directly collected from the researches. If HR and 95%

CI were not shown in these studies, the means of Tierney et al.[11] and Parmar et al.[12] were rec-

ommended. The heterogeneity among the enrolled studies was performed by I2 metric and Q sta-

tistic. The P value<0.05 for the Q-test and the I2-value>50% were took into account to be indexes

of serious heterogeneity. The random-effects model was selected for the researches with a remark-

able heterogeneity (P�0.05, I2�50%). Or else, the fixed-effects model was applied (P>0.05,

I2<50%). Sensitivity analysis was performed to ensure the steadiness of the combined results.

Publication bias was appraised by Egger’s test and a funnel plot, and P<0.05 demonstrated

remarkable bias. The P value<0.05 was deemed statistically significant.

Results

Studies identification and characteristics of eligible studies

After the initial search algorithm, a total of 745 articles were retrieved. Unrelated articles were

excluded from headlines and abstracts, and 149 articles were further evaluated in the full text.

Those articles, which were Review or Case and did not provided survival data to extract,

dichotomous variables and valuable data, were excluded. Finally, this meta-analysis contained

10 articles including a total number of 851 patients (Fig 1). The average sample number of

patients every study was 85.1 (range: 34–168). In the 10 studies, seven of them came from the

People’s Republic of China, one from Korea, one from U.S.A and one from Sweden. In this

meta-analysis, nine different types of cancers were contained, which respectively were one

breast cancer, one small cell lung cancer, one cervical cancer, one osteosarcoma, one melano-

cytic tumor, two glioma, one pancreatic cancer, one colorectal cancer and one hepatocellular

cancer (Table 1).

The association between PTN expression and OS was reported in seven studies[3–7,9,13].

Six articles reported the link of PTN expression and tumor size[2,3,6–9]. Three articles dis-

cussed on the relation of PTN expression and lymph node metastasis[6–8]. Four articles dis-

cussed on the relation of PTN expression and distant metastasis[5,6,8,13]. Five articles

reported the relation of PTN expression and histological grade[2,3,6–8], and seven articles

reported the association of PTN expression and TNM stage[2,6–9,13,14] (Table 2). The per-

centage of dyed cells or existence of nuclear immunoreactivity were identified as the criteria of

high/low PTN expression in over half of the studies, while the integrated scoring system (the

intensity and percentage of dyed cells) was identified in other studies. If there were both unad-

justed and adjusted HRs in the study, the adjusted HRs were adopted in the meta-analysis, if

not, the unadjusted HRs contained. The tumor patients in all of the ten researches were sepa-

rated into two groups (PTN high expression group and PTN low expression group).

Meta-analysis

Association between PTN expression and tumor size. The number of patients with

tumor size was reported in six studies in view of different PTN expression levels, totally
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including 532 patients. There existed notable heterogeneity in the studies (I2 = 60%, P = 0.03),

thus the random-effects model was employed. The analysis displayed a pooled OR = 1.12 (95%

CI: 0.55–2.26, P = 0.76), as shown in Fig 2. The tumor size was not markedly increased in the

high PTN expression group compared with the low PTN expression group. Owing to the rela-

tively severe heterogeneity among the studies on tumor size, the sensitivity analysis was carried

out. We investigated the impact of individual study on the overall risk assessment by excluding

a single study at one time. The pooled OR estimates were consistent without distinct

Fig 1. A flowchart presenting the steps of literature retrieval and selection.

https://doi.org/10.1371/journal.pone.0207473.g001
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fluctuation, with a scope from 1.0 (95% CI: 0.50–1.98, P = 1.00) to 1.45 (95% CI: 0.94–2.24,

P = 0.10). This analysis approved the stabilization of our results.

Table 1. The basic information and data of all included studies in the meta-analysis.

Author(year) Country Cancer type Total number PTN expression Detection method Criterion of high

expression

Quality stars

(NOS)High Low

Hye -Sung 2002 Korea CC 42 24 18 IHC The cells stained >25% 7

H.Wu2005 USA MCT 34 20 14 IHC IRS�7 7

Jun Yao2009 China PC 38 24 14 IHC The cells stained >25% 8

YingKong2012 China CRC 83 50 33 IHC The cells stained >25% 8

JinyangMaa2014 China GM 168 126 42 IHC IRS�4 9

Lei Zhang2015 Sweden GM 31 9 22 IHC The cells stained >0 8

Lei Zhang2015 GM 79 36 43 IHC The cells stained >25% 8

HQ.Wang2015 China LC 83 41 42 IHC average absorbance value >0.2134 9

PeisongBai2017 China HCC 80 47 33 IHC The cells stained >25% 8

DapengWu2017 China OC 133 59 74 IHC IRS�6 9

Jiequn Ma2017 China BC 80 47 33 IHC IRS�6 9

CC, cervical cancer; MCT, melanocytic tumor; pc, pancreatic cancer; CRC, colorectal cancer; GM, glioma; LC, lung cancer; HCC, hepatocellular carcinoma; OC,

osteosarcoma; BC, breast cancer.

https://doi.org/10.1371/journal.pone.0207473.t001

Table 2. The research results of all included studies in the meta-analysis.

Author(year) PTN expression Tumor size LNM DM HG TNM stage OS

big small yes no yes no H/M L Ⅰ/Ⅱ Ⅲ/Ⅳ HR 95%CI In(HR) Se((InHR))

Hye -Sung 2002 High - - - - - - - - 17 7 - - - -

Low - - - - - - - - 18 0 - - - -

H.Wu2005 High - - - - 14 6 - - - - 0.698 0.02–20.04 -0.36 1.72

Low - - - - 1 13 - - - - - - - -

Jun Yao2009 High 7 17 18 6 4 20 18 6 8 16 1.323 0.34–5.1 0.28 0.69

Low 0 14 5 9 0 14 6 8 12 2 - - - -

YingKong2012 High 29 13 - - - - 23 27 13 37 - - - -

Low 16 8 - - - - 24 9 16 17 - - - -

Jiequn Ma2014 High 99 27 - - - - 34 92 - - 2.024 1.107–3.695 0.705 0.307

Low 31 11 - - - - 21 21 - - - - - -

Lei Zhang2015 High - - - - - - - - - - 1.878 0.8–4.41 0.63 0.44

Low - - - - - - - - - - - - - -

Lei Zhang2015 High - - - - - - - - - - 1.768 1.2–2.6 0.57 0.2

Low - - - - - - - - - - - - - -

HQ.Wang2015 High 27 14 26 15 5 36 24 17 21 20 - - - -

Low 39 3 30 12 7 35 32 10 30 12 - - - -

PeisongBai2017 High 31 16 - - - - - - 25 22 1.682 0.96–2.97 0.52 0.29

Low 21 12 - - - - - - 30 3 - - - -

DapengWu2017 High - - - - 21 38 - - 25 34 1.584 0.982–2.553 0.46 0.244

Low - - - - 17 57 - - 41 33 - - - -

Jiequn Ma2017 High 33 14 32 15 - - 14 33 27 20 2.901 1–8.1 1.065 0.534

Low 19 14 15 18 - - 18 15 23 10 - - - -

DM, distant metastases; LNM, lymph node metastases; HG, histological grade; OS, Overall survival.

https://doi.org/10.1371/journal.pone.0207473.t002
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Association between PTN expression and LNM. Three studies discussed the number of

patients with LNM in according to different PTN expression levels, which included 201

patients. The random-effects model was applied because of significant heterogeneity among

the studies (I2 = 71%, P = 0.03). The meta-analysis indicated a pooled OR = 1.95 (95% CI:

0.62–6.12, P = 0.25), as shown in Fig 3. The LNM was not remarkably increased in the high

PTN expression group compared with the low PTN expression group. On account of the rela-

tively big heterogeneity among the studies on LNM, the sensitivity analysis was carried out, in

which one study at a time was deleted and the others were analysed to estimate whether the

results could have been impacted markedly by one study. Sensitivity analysis showed that the

Wang 2015 study was the origin of statistical heterogeneity in the meta-analysis. There existed

no evidence of heterogeneity in the left studies (P = 0.39, I2 = 0%) when the study from Wang

2015 was removed. The pooled OR estimates were significantly changed to 3.18 (95% CI: 1.47–

6.90, P = 0.003). Thus, the LNM was significantly related to the high PTN expression. This

analysis confirmed the instability of our results which needed to be treated with caution.

Association between PTN expression and DM. It was reported that the number of

patients with DM on account of different PTN expression levels in four articls, which consisted

of 288 patients. In virtue of remarkable heterogeneity in the studies,the random-effects model

was put to use (I2 = 67%, P = 0.03). The pooled odds ratio (OR) of the high PTN expression

group compared with low PTN expression group was 2.78 (95%CI: 0.72–10.74, P = 0.14), as

shown in Fig 4. The results displayed that there was not notable difference in the DM inci-

dence between the high PTN and low PTN expression group. Owing to the heterogeneity

across studies on DM, the sensitivity analysis was carried out,in which one study at a time was

deleted and the others were analysed to estimate whether the results could have been affected

remarkably by one study. The pooled OR estimates were consistent without obvious

Fig 2. A forest plot for the association between the PTN expression levels with tumour size. The tumor size was not markedly

increased in the high PTN expression group compared with the low PTN expression group.

https://doi.org/10.1371/journal.pone.0207473.g002

Fig 3. A forest plot for the association between the PTN expression levels with LNM. The LNM was not remarkably increased in the

high PTN expression group compared with the low PTN expression group.

https://doi.org/10.1371/journal.pone.0207473.g003
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fluctuation,with a range from 1.47 (95% CI: 0.63–3.41, P = 0.37) to 5.66 (95% CI: 0.84–38.10,

P = 0.07). This analysis confirmed the stability of our results.

Association between PTN expression and histological grade. On the basis of different

levels of PTN expression, five studies covered the number of patients with histological grade,

including 452 patients. The random-effects model was applied because of significant heteroge-

neity in the studies (I2 = 61%, P = 0.03). The analysis showed a pooled OR = 1.95 (95%CI:

0.98–3.87, P = 0.06), as shown in Fig 5. The results demonstrated that the expression of PTN

was independent of histology grade. The sensitivity analysis was carried out owing to the rela-

tively big heterogeneity among the studies on histological grade.Sensitivity analysis revealed

that the Yao et al’s study in 2009 was the cause of statistical heterogeneity. When the study

from Yao et al’s study in 2009 was removed, the heterogeneity disappeared in the remaining

studies (P = 0.97, I2 = 0%). The analysis of these left studies indicated a statistically obvious

association between the high histological grade and the high PTN expression. The combined

OR estimates were 2.71 (95% CI: 1.76–4.19, P<0.00001). This analysis confirmed the instabil-

ity of our results which needed to be treated with caution.

Association between PTN expression and TNM stage. The number of patients with

TNM stage on the basis of different levels of PTN expression was reported in seven studies,

including 539 patients. The fixed-effects model was employed because of restricted heteroge-

neity among the studies (I2 = 41%, P = 0.11). The meta-analysis demonstrated a combined

OR = 2.79 (95%CI: 1.92–4.06, P<0.00001), as shown in Fig 6. The results displayed that the

advanced TNM stage was distinctly related to the high PTN expression. Owing to the relatively

Fig 4. A forest plot for the association between the PTN expression levels with DM. There was not notable difference in the DM

incidence between the high PTN and low PTN expression group.

https://doi.org/10.1371/journal.pone.0207473.g004

Fig 5. A forest plot for the association between the PTN expression levels with histological grade. The expression of PTN was

independent of histology grade.

https://doi.org/10.1371/journal.pone.0207473.g005
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limited heterogeneity among studies on TNM stage, the sensitivity analysis was not

performed.

Association between PTN expression and OS. Seven studies reported 643 patients with

OS in the light of different levels of PTN expression. The fixed-effects model was carried out

for small heterogeneity in the studies (I2 = 0%, P = 0.97). The analysis indicated a pooled

HR = 1.77(95%CI: 1.41–2.22, P<0.00001), as shown in Fig 7, demonstrating a poor prognosis

in the high PTN expression group. The sensitivity analysis was not employed because of the

relatively restricted heterogeneity among studies on OS.

Publication bias. Egger’s test was used to evaluate the publication bias. There was not

publication bias for tumor size (P = 0.912), LNM (P = 0.544), DM (P = 0.385), HG (P = 0.084)

and OS (P = 0.873) (Table 3, Fig 8B) from the studies. Egger’s test demonstrated significant

publication bias for TNM stage (P = 0.012) (Table 3, Fig 8A). The bias indicated the presence

of a language bias, a potential publication bias, an exaggerated estimates by a flawed methodo-

logic design in smaller sample studies, and a deficiency of publication of small samples with

contrary results.

Fig 6. A forest plot for the association between the PTN expression levels with TNM stage. The advanced TNM stage was distinctly

related to the high PTN expression.

https://doi.org/10.1371/journal.pone.0207473.g006

Fig 7. A forest plot for the association between the PTN expression levels with OS. The analysis indicated a poor prognosis in the high

PTN expression group.

https://doi.org/10.1371/journal.pone.0207473.g007
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Discussion

PTN, previously designated heparin binding growth-associated molecule, is a multifunctional

growth factor that regulates various cellular functions, including cell proliferation, migration,

and angiogenesis in endothelial cells, and is a highly conserved member of the human gene

families[15]. Human PTN gene is located on chromosome 7, at 7q33, containing nine different

introns. Transcription produces nine different genes, seven variable spliced and two unspliced

forms, but only six-spliced mRNAs coding protein. The mRNAs seem different from trunca-

tion of the 5’ end, truncation of the 3’ end, existing or missing a cassette exon, splicing and

retaining of an intron. There are two possible alternative promoters, two not overlapping alter-

native last exons and five verified alternative polyadenylation sites[16].

PTN has been confirmed to be upregulated in some types of cancers[2,4–9,13,14] and to

play an important part in tumour angiogenesis[2,4] and metastasis[5,9]. Yet, the definit mech-

anism of PTN in cancer is not completely clear. It has been shown that overexpression of PTN

has multiple effects on various cancers through diverse mechanisms. PTN has been considered

as a candidate angiogenic factor in breast cancer[17], melanoma[18] and prostate cancer[19].

PTN protein expression has been demonstrated to be related to colorectal cancer differentia-

tion and TNM stage[2]. The high level of PTN is associated with high expression of VEGF-A

and is considered as a predictor of poor prognosis[2]. Compared to normal brain tissues, the

PTN expression increases in low-grade astrocytomas, but the high PTN expression is not

related to increasing malignancy grade[20], proliferation rate, microvascular density and poor

overall survival[21]. In a latest study, the levels of PTN mRNA and protein was significantly

correlated with high histological grade, low Karnofsky Performance Status score, short time to

recurrence and poor overall survival in human glioma[3]. High PTN level is positively related

to the stage of disease in non-small and small cell lung cancer and inversely to the reaction to

treatment[22].

On the mechanism of PTN expression regulation, there are a large number of upstream

and downstream molecules. PTN expression is up-regulated by many growth factors and cyto-

kines implicated in cancer growth, such as tumor necrosis factor-α (TNF-α), epidermal

growth factor (EGF), platelet-derived growth factor B, ciliary neurotrophic factor and fibro-

blast growth factors (FGF) 2 and 10[23]. Interferon beta[24] and interferon gamma[25] up-

regulate PTN expression in astrocytes and macrophages respectively through STAT1. PTN lev-

els are affected by 1α,25-dihydroxyvitamin D3[26], progesterone[27] and testosterone[28].

PTN expression is down-regulated by menin[29] and PTEN[30], the angiogenic growth factor

VEGF-A18, miR-384[9], miR-143[31], miR-499 as well as miR-1709[32]. PTN has been

proved to interact with and influence endothelial and cancer cell functions through many cell

surface receptors, such as syndecan-3 in advanced stages of prostate cancer[33], anaplastic

lymphoma kinase (ALK) in glioblastoma[34,35], breast cancer[36] and lung cancer[37], recep-

tor protein tyrosine phosphatase beta/zeta (RPTPβ/z) in breast cancer[38]. PTN directly

Table 3. The publication bias test including literatures.

Coef 95%CI P

Tumor size 0.273 -6.149–6.694 0.912

LNM 5.319 -72.215–82.853 0.544

DM 3.984 -31.034–39.001 0.385

HG 6.012 -1.507–13.531 0.084

TNM stage -2.933 -4.881- -0.985 0.012

OS -0.072 -1.123–0.980 0.873

https://doi.org/10.1371/journal.pone.0207473.t003
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interacting with integrins[39], nucleolin[40], neuropilin-1[41] leads to the migration of

human endothelial cell.

This study indicated that the expression of PTN was remarkably associated with TNM stage

and OS. Meta-analysis revealed that the expression of PTN was not associated with tumor size,

LNM, DM and histological grade. These three included studies appeared significantly statisti-

cal heterogeneity for LNM and the five studies for histological grade. This heterogeneity might

have been a result of several design discrepancies among the studies for LNM, including the

criterion of high PTN expression, which was obviously different in Wang et al’s study in 2015.

When the outlier study was eliminated from the meta-analysis, there existed no proof of het-

erogeneity in the remaining studies (P = 0.39), and a meta-analysis demonstrated the LNM

was significantly related to the high PTN expression. In the same way, this heterogeneity for

histological grade might have been from different tumor types in the Yao et al’s study in 2009.

There was no evidence that heterogeneity existed in the left studies when excluding outliers

from meta analysis (P = 0.97). Meta-analysis showed that high histological grade was signifi-

cantly correlated with the high PTN expression. These results showed that the overexpression

of PTN was closely relevant to invasive behavior of tumor cells and PTN was a prospective bio-

marker to forecast the prognosis of tumour patients.

In addition, PTN plays important roles via different pathway in different tumors. Over-

expression of PTN in three breast cancer cell models has resulted in increased and rapid cancer

growth characterized by extensive remodeling of the microenvironment, including increased

angiogenesis and striking increases in mouse protocollagens Ialpha2, IValpha5, and XIalpha1,

as well as elastin and matrix metalloproteinase-9[42]. The PTN-RPTPβ/z pathway has been

also reported to affect phosphorylation and/or activation of numerous targets, such as ALK

[43], Fyn and its downstream substrate beta catenin, protein kinase C (PKC) alpha or beta

through inhibition of the phosphatase activity in breast cancer. PTN interaction with RPTPβ/z

leads to dephosphorylation and activation of c-Src and subsequently of ανβ3, FAK, phosphoi-

nositide 3-kinase (PI3K) and ERK1/2 in lung cancer[29] and melanoma cells[44]. Through the

N-syndecan/PI3K/Akt/mTORC1 pathway, PTN could promote the expression of the SREBP-

1c gene, further facilitating denovo lipogenesis by up-regulating the lipogenic enzyme FAS in

hepatocellular carcinoma[9]. In colorectal cancer, PTN binds to RPTRβ/z and modulates β-

catenin phosphorylation, which is the cause of a higher expression of VEGF-A and higher lev-

els of vascularization[2]. Interestingly, two naturally occurring forms of PTN (18 and 15 kDa)

that differ by 12 amino acids at their C-terminal region, differentially promote glioblastoma

Fig 8. A funnel plot analysis of potential publication bias. (A) Egger’s test demonstrated significant publication bias for TNM stage (B) There

was not publication bias for OS.

https://doi.org/10.1371/journal.pone.0207473.g008
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migration and proliferation. PTN15 promotes glioblastoma proliferation in an ALK-depen-

dent fashion, whereas immobilized PTN18 promotes haptotactic migration of glioblastoma

cells in an RPTPβ/z-dependent fashion[35], indicating that both ALK and RPTPβ/z may be

important in this type tumor. Inactivation of the PTN gene with PTN-targeted hammerhead

ribozyme constructs has inhibited PTN-induced colony formation and prevents tumor growth

in mice, suggesting that PTN may be playing major role in the metastatic growth of melanoma

cells[18]. This effect coincides with down-regulation of the cell cycle regulator cyclin E and

up-regulation of the cell cycle inhibitor p21WAF1/Cip1[45]. Down-regulation of RPTPβ/z

expression has been shown to initiate epithelial-tomesenchymal transition and to increase

experimental prostate cancer metastasis in nude mice, while the effects of PTN in prostate can-

cer growth have been attributed to its interaction with syndecan-3[46]. These contribute to the

formation of heterogeneity in some cases, such as LNM and histological grade.

The result of this meta analysis should be explained under several important constraints. In

evaluating the association between PTN expression and LNM/ histological grade, the heteroge-

neity detection indicated significant heterogeneity. The heterogeneity might be caused by dif-

ferent tumors and different cut-points of high PTN expression. Moreover, some studies of

small sample might also contribute to the formation of heterogeneity. Aslo, there might be dif-

ferent proportion of advanced tumors in different research centers, which could be a cause of

heterogeneity.

Secondly, P value in Egger’s test showed significant difference in the TNM stage group.

This meant that there was publication bias in the TNM stage group. Bias was mainly due to the

inclination of positive publication and the ignore of negative results. Publication bias could

only increase the unreliability. In addition, the summary in meetings was excluded, which

might lead to publishing bias.

Thirdly, although most data were directly available in research, some studies only offered

survival curves, which leaded to possible deviations between estimated and actual statistical

data. In order to reduce the deviation as much as possible, detailed steps had been taken.

At last, population primarily came from East Asia and did not well represent the population

all over the world.

Generally speaking, this meta-analysis suggests that the high expression of PTN is significantly

relevant to advanced TNM stage and poor OS and can serve as a promising biomarker to predict

unfavorable survival outcomes. PTN may be a potential target for tumor treatments. Meanwhile,

the high expression of PTN is not associated with tumor size, LNM, DM and histological grade.

So, larger scale, multicentre and higher quality studies will be needed to verify our results.
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