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Abstract

AIM: To investigate midkine (MK) and syndecan-3 protein expression in pancreatic cancer by immunohistochemistry, and to analyze their correlation with clinicopathological features, perineural invasion, and prognosis.

METHODS: Pancreatic cancer tissues (including adequately sized tumor tissue samples and tissue samples taken from areas less than 2.0 cm around the tumor) were taken from 42 patients who were undergoing a partial duodenopancreatectomy. MK and syndecan-3 proteins were detected by immunohistochemistry using a standardized streptavidin-peroxidase method, and analyzed for their correlation with clinicopathological features, perineural invasion, and prognosis. Associations of neural invasion with aggressive characteristics of pancreatic cancer and the presence of perineural invasion were assessed by two independent observers blinded to the patient status.

RESULTS: MK and syndecan-3 were found in 26 (61.9%) and 24 (57.1%) specimens, respectively. MK and syndecan-3 expression was associated with perineural invasion (P = 0.018 and 0.031, respectively). High MK expression was closely associated with advanced tumor, node and metastasis stage (P = 0.008), lymph node metastasis (P = 0.042), and decreased postoperative survival at 3 years (51.0% vs 21.8%, P = 0.001). Syndecan-3 levels were correlated with tumor size (P = 0.028). Patients who were syndecan-3 negative had a higher cumulative survival rate than those who were positive, but the difference was not significant (44.0% vs 23.0%, P > 0.05).
CONCLUSION: MK and syndecan-3 are frequently expressed in pancreatic cancer and associated with perineural invasion. High expression of MK and syndecan-3 may contribute to the highly perineural invasion and poor prognosis of human pancreatic cancer.

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Midkine (MK) has diverse biological properties, including neuritis outgrowth and tumor progression. Syndecan-3 is a high-affinity receptor for MK and an essential component for neurite outgrowths. MK and its receptor may play an important role during perineural invasion. In this study, MK and syndecan-3 proteins levels were detected and analyzed for correlations with clinicopathological features, perineural invasion, and prognosis. Our results show that high expression of MK contributes to the highly perineural invasion and poor prognosis of human pancreatic cancer.
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INTRODUCTION

Pancreatic cancer is one of the most aggressive and intractable human malignant cancers[1,2]. Perineural invasion extending into the pancreatic nerve plexus is a histopathologic characteristic of pancreatic cancer. However, the mechanisms contributing to the invasion of intrapancreatic nerves and spread of cancer cells along the extrapancreatic nerves during pancreatic tumorigenesis remain poorly understood. A family of proteins consisting of neurotrophic factors is of interest due to recent experimental data that showed their involvement in the neural invasion of pancreatic cancer[3,4].

Midkine (MK), a type of neurotrophic factor, is also known as a neurite growth promoting factor. MK has a molecular weight of 13 kDa[5]. MK proteins in humans and rats are identical and share a 45% amino acid similarity with pleiotrophin (PTN), which is the only other member of this family[6]. The MK family possesses diverse biological properties, including neuritis outgrowth[7,8], neuronal survival[9,10], carcinogenesis, and tumor progression[6,11]. MK is mainly expressed during early embryogenesis. In human adult tissues, MK is markedly down-regulated and present only at minimal levels in very few tissues. It is not expressed in normal pancreatic tissues, but highly expressed in pancreatic cancer[12].

Syndecan-3 is a high-affinity receptor for MK and an essential component for neurite outgrowths[13]. MK-induced neurite outgrowth can be inhibited by anti-syndecan-3 antibodies in vitro[14]. This MK receptor is mainly expressed in neural tissues by neurons and localized in neurites[15].
High expression of MK has been reported in a number of malignant tumors, including breast cancer, prostate cancer, pancreatic cancer, and neuroblastoma[16-20]. Interestingly, perineural invasion is prone to occur in these MK-positive tumors. Therefore, this suggests that as a neurite growth-promoting factor, MK and its receptor syndecan-3 may play an important role in the perineural invasion of pancreatic cancer. In previous studies, we have confirmed that another member of the MK family, PTN, and its receptor could promote neurite outgrowth[21] and perineural invasion of pancreatic cancer[22]. To elucidate the function of MK and its receptor in pancreatic cancer, we compared the expression patterns of MK and syndecan-3 by immunohistochemistry in patients with data containing clinicopathological features, perineural invasion, and overall survival.

MATERIALS AND METHODS
Patient specimens

From March 2005 to May 2009, pancreatic cancer tissues (including adequately sized tumor tissue samples and tissue samples taken from areas less than 2.0 cm around the tumor) were taken from 42 patients who were undergoing a partial duodenopancreatectomy (Whipple resection) for pancreatic cancer at Department of Pancreatic Surgery (First Affiliated Hospital of Henan University of Science and Technology). Samples were fixed with 4% formalin for histological studies and analysis of perineural invasion was performed according to a previously described method[23]. In addition, 10 samples containing normal pancreatic tissues from patients who received partial pancreatectomy for benign tumors were used as normal controls.

Of the 42 patients, 26 were men and 16 were women. The median age at the time of surgery was 62.5 years (range: 40-82 years). The histological type of all 42 patients was pancreatic ductal adenocarcinoma. Tumor stage and histopathological grade were recorded based on the classification of the International Union Against Cancer[24]. There were 10 stage Ⅰ, 11 stage Ⅱ, 16 stage Ⅲ, and 5 stage Ⅳ cancers. Histological grades were as follows: 5 grade Ⅰ, 22 grade Ⅱ, and 15 grade Ⅲ. All patients were followed and the median duration of follow-up was 24 (2-46) mo. All studies were approved by the Human Subjects Committee of Henan University of Science and Technology, China.

Immunohistochemistry

MK and syndecan-3 proteins were detected by immunohistochemistry using a standardized streptavidin–peroxidase (SP) method. Sections (4-m) from paraffin-embedded tissue were used for immunohistochemistry. Slides were deparaffinized in fresh xylene and rehydrated through sequential graded ethanol. Antigen retrieval was performed in citrate buffer (10 mmol/L, pH 6.0) using a pressure cooker for 2 min after air jetting. Slides were cooled for 20 min, incubated for 10 min with 0.3% (v/v) hydrogen peroxide, blocked for 20 min in 20% normal goat serum or rabbit serum, and incubated with primary antibodies overnight at 4 ℃. The next day, the slides were washed in phosphate-buffered saline (PBS; pH 7.4) and incubated for 30 min with secondary antibody of biotinylated rabbit antigoat immunoglobulin G (IgG) (1:200 dilution; DAKO, Glostrup, Denmark) or biotinylated goat antirabbit IgG (1:200 dilution, DAKO). Samples were then incubated with peroxidase-conjugated streptavidin (1:200 dilution, DAKO) for 20 min at room temperature. Color was developed with 0.02% 3, 3’-diaminobenzidine (Sigma, St Louis, MO, United States) in 50 mmol/L Tris-HCl buffer (pH 7.6) for 5-7 min. The slides were washed three times in 0.25% Tween-20 in PBS for 15 min between each step, and all incubations were carried out in a humidified chamber. Finally, the sections were counterstained with hematoxylin, rinsed with water, dehydrated, cleared and cover-slipped. The following primary antibodies were applied: anti-MK (1:200 dilution; Santa Cruz Biotechnology, Santa Cruz, CA, United States) and anti-syndecan-3 (1:100 dilution; Boster, Wuhan, China). Non-immune goat or rabbit serum were used as negative controls. The known positive breast carcinoma and neuroblastoma were used as positive controls for MK and syndecan-3, respectively. The results of MK and syndecan-3 staining were evaluated in terms of the percentage of positively stained cells, with > 10% considered positive.
Analysis of perineural invasion

Associations of neural invasion with aggressive characteristics of pancreatic cancer and the presence of perineural invasion were assessed in all pancreatic cancer specimens by two independent observers blinded to the patient status. Any differences were resolved by a joint review and consultation with a third observer. For each cancer sample, approximately 10 tissue sections from different tumor locations were checked. Perineural invasion was defined as positive if the infiltration of cancer cells into the perineurium or neural fasciculus was detected at the leading point, as reported previously[23]. The degree of perineural invasion was defined microscopically as follows: 0, perineural invasion was difficult to find, with less than one occurrence per slide; 1, perineural invasion was easy to find, with two to four occurrences per slide; and 2, perineural invasion was easy to find, with more than four occurrences per slide or intraneural invasion.

Statistical analysis

Univariate analysis was used for the 2 test. Survival rate was calculated by the Kaplan-Meier method, and differences were examined by the Log-rank test. Factors found to be significant were then chosen for a stepwise Cox multivariate proportional hazard model to determine their prognostic values. SPSS for Windows (Version 14.0; SPSS Inc., Chicago, IL, United States) was used for statistical analysis. P values less than 0.05 were considered statistically significant.

RESULTS

Expression of MK and syndecan-3 in pancreatic cancer

MK was expressed in the cytoplasm of tumor cells and found predominantly in invasive carcinoma cells. No staining was observed in normal pancreatic cells (Figure 1A-D). Interestingly, the cells in the adjacent tissue also displayed moderate staining for MK. Immunoreactions were also observed in the desmoplastic stromal cells within the tumor mass in MK-positive cases, but not in stromal cells in the areas distant from MK-positive cancer cell nests. In normal pancreatic tissues, no syndecan-3 was observed in the perineurium of nerves. Immunostaining revealed that syndecan-3 was not present in ductal and acinar cells. Pancreatic cancer cells were devoid of any syndecan-3 (Figure 1E). In tissues surrounding the tumor mass, syndecan-3 was not detected in the perineurium. However, in pancreatic cancer tissues, strong syndecan-3 immunoreactivity was present in the perineurium (Figure 1F). The perineurium infiltrated by pancreatic cancer cells was frequently severely damaged. Therefore, the intensity of the immunohistochemical signal in these regions could not be conclusively evaluated (data not shown). In total, the expression rates of MK in pancreatic cancers and tissues around the tumor mass were 61.9% (26/42) and 26.2% (11/42), respectively (P < 0.05).

Relationships of MK and syndecan-3 expression with clinicopathological features
Table 1 summarizes the associations of MK and syndecan-3 expression with clinicopathological parameters in pancreatic cancer. The MK immunostaining was positive in 9 of 21 stage Ⅰ-Ⅱ cases (42.9%), and the positive rate was significantly lower than those in stage Ⅲ (81.3%, 13 of 16 cases) and stage Ⅳ (100%, all 5 cases) cases (P = 0.008). High MK expression was also associated with lymph nodes metastasis (P = 0.042). Syndecan-3 expression was associated with tumor size (P = 0.028). There was also a correlation between MK expression and tumor size, but it was not statistically significant (P = 0.060). We also investigated the relationship between plasma levels of the tumor marker CA19-9 in 42 patients, and MK and syndecan-3 expression. However, no relationships were observed between them (P = 0.610 and P = 0.475, respectively).

Relationship between perineural invasion and expression of MK and syndecan-3

MK-positive cases had statistically higher levels of syndecan-3 expression (P = 0.045). High MK expression was associated with perineural invasion (P = 0.018). Syndecan-3 expression was also associated with perineural invasion (P = 0.031). MK and syndecan-3 expression levels in pancreatic cancer were significantly higher in patients with perineural invasion than in those without perineural invasion (Table 2).

Prognostic value of MK and syndecan-3 in patients with pancreatic cancer

To determine the prognostic value of MK and syndecan-3 in pancreatic cancer, we analyzed the cumulative survival of patients based on their status (Figure 2). The cumulative survival rate in MK-negative patients (n = 16) at 3 years was 51.0% (median time 34.5 mo). In contrast, the cumulative survival rate in MK-positive patients (n = 26) was 21.8% (median time 14 mo) (P = 0.001). In addition, patients who were negative for syndecan-3 (n = 18) had a higher cumulative survival rate than those who were positive for syndecan-3 (n = 24), but this difference was not significant (44.0%, median time 31.5 mo vs 23.0%, median time 18 mo, respectively; P > 0.05). 

A multivariate analysis revealed that lymph node metastasis (P = 0.010) and tumor size (P = 0.035) were independent prognostic factors for overall survival in patients with pancreatic cancer. The expression of MK or syndecan-3 was not an independent prognostic factor for overall survival (P > 0.05). Perineural invasion and other clinical parameters were also found not to be independent prognostic factors.

DISCUSSION

Perineural invasion is defined as the presence of cancer cells along nerves and/or within the epineurial, perineurial, and endoneurial spaces of the neuronal sheath[25]. Perineural invasion is a multifactorial process that involves various signaling molecules from different signaling pathways[26-28]. These signaling molecules include NGFs, neurotrophic factors, chemokines, and cell-surface ligands, and receptors[29,30]. Pancreatic ductal adenocarcinoma cells respond strongly to neurotrophic factors. Since the pancreas is in close proximity to several neural plexuses, this might partially explain the high incidence of perineural invasion in pancreatic cancer[31]. It is likely that as a neurite growth-promoting factor, MK acts synergistically to promote the development of perineural invasion.

Our present study suggests that high MK expression is closely correlated with advanced tumor, node and metastasis stage, lymph node metastasis, and perineural invasion. In contrast, although tissue samples reveal moderate to intense MK-immunoreactive staining in patients with distant metastasis, univariate analysis did not indicate a positive correlation between intense MK expression and distant metastasis. This may be due to the small sample size and because only six patients with distant metastasis had received operations and were entered into our cohort. Surprisingly, positive MK expression is also observed in normal tissue surrounding the tumor. We believe that MK upregulation in normal cells surrounding the tumor might be due to the binding and uptake of MK produced by nearby tumor cells.

Perineural invasion extending into the pancreatic nerve plexus is a histopathological characteristic of pancreatic cancer[32]. Perineural invasion occurs not only in the extrapancreatic nerve, but also in the intrapancreatic nerve in pancreatic carcinoma[33]. Previous studies have demonstrated that syndecan-3 acts as a receptor or a co-receptor in MK-induced neurite outgrowth in perinatal rat brain neurons[34,35]. It is possible that MK-syndecan interactions play key roles in neurite outgrowth and development of perineural invasion in human pancreatic cancer. In this study, MK and syndecan-3 protein levels were markedly increased in pancreatic cancer samples compared to normal pancreas samples by immunostaining analysis. MK was highly expressed in pancreatic cancer cells, whereas syndecan-3 was primarily found in neuritis and the perineurium of pancreatic nerves and absent in pancreatic cancer cells. Raulo also showed that syndecan-3 is localized on the surface of neuritis and growth cones in rat primary neurons found on MK-coated matrix in vitro[14]. The statistical analysis in our study demonstrated that high MK expression was associated with perineural invasion (P = 0.018). Syndecan-3 expression was also associated with perineural invasion (P = 0.031). MK and syndecan-3 expression levels in pancreatic cancer were significantly higher in patients with perineural invasion than in those without perineural invasion. Therefore, these observations suggest that the MK/syndecan-3 pathway may have an important role in perineural invasion.

Whether high MK expression is a prognostic factor for pancreatic cancer is unknown. In our study, patients with negative MK expression had a higher 3-year survival rate and a longer established survival time than those who were positive for MK expression (survival rate 51.0% vs 21.8%, P = 0.001 and survival time 34.5 mo vs 14 mo, respectively). This indicates that the MK negative expression correlated with a better survival outcome. We believe that the coexpression of syndecan-3 and MK was associated with perineural invasion of pancreatic cancer, and that invasion is significantly associated with the prognosis[36]. Furthermore, patients with negative MK expression were early-staged (stages Ⅰand Ⅱ) and accounted for almost half the number of patients who received a pancreaticoduodenectomy or radical operation. Patients who were positive for MK expression had advanced tumors without an option for undergoing radical surgery. These findings also demonstrated that MK activation appeared to be a crucially progressive step for tumor invasion and metastasis.

In conclusion, the present data suggest that MK may act as a useful biomarker for aggressive pancreatic cancer. MK and its receptor protein are frequently expressed in human pancreatic cancer. Their co-expression may suggest their coordination in the tumor perineural invasion and prognosis of pancreatic cancer. In future studies, we will determine the functional role of MK in the progression and neural invasion of pancreatic cancer by in vitro and in vivo loss-of-function studies.
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Background

Pancreatic cancer is still one of the most aggressive and intractable human malignant tumors. Perineural invasion extending into the pancreatic nerve plexus is a histopathological characteristic of pancreatic cancer. However, the mechanisms contributing to the invasion of intrapancreatic nerves and spread of cancer cells along the extrapancreatic nerves during pancreatic cancer progression are still poorly understood. As a neurite growth-promoting factor, midkine (MK) and its receptor syndecan-3 may play an important role in the perineural invasion and prognosis of human pancreatic cancer. Therefore, in this study, MK and syndecan-3 proteins levels in pancreatic cancer were detected by immunohistochemistry and analyzed for correlations with clinicopathological features, perineural invasion, and prognosis.

Research frontiers

Perineural invasion extending into the pancreatic nerve plexus is a histopathological characteristic of pancreatic cancer. The neural invasion of pancreatic cancer leads to local recurrence, metastasis and poor prognosis, which have brought difficulty for diagnosing and treating pancreatic cancer.

Innovations and breakthroughs

In recent years, studies on pancreatic cancer have focused on biological characteristics, especially perineural invasion. This study found that high expression of MK and syndecan-3 may contribute to the highly perineural invasion and poor prognosis of human pancreatic cancer, which might reveal the functional mechanism of neural invasion.

Applications

The study indicates that MK and syndecan-3 might be an attractive target for gene therapy of nerve infiltration of pancreatic cancer.

Terminology

MK is a type of neurotrophic factor and is also known as a neurite growth promoting factor. Syndecan-3 is a transmembrane protein and a high-affinity receptor for MK. MK and syndecan-3 are important in promoting neurite outgrowth. High expression of MK and its receptor may contribute to the highly perineural invasion and poor prognosis of human pancreatic cancer.

Peer review
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Figure 1  Representative immunohistochemistry results of midkine and syndecan-3 (× 200). Paraffin sections were immunostained as described in Materials and Methods. A: Normal tissue showing negative midkine (MK) expression; B: Tumor tissue showing negative MK expression; C: Tumor tissue showing moderate MK expression; D: Tumor tissue showing intense MK expression; E: Negative syndecan-3 expression in cancer; F: Positive syndecan-3 expression in the perineurium of nerves in pancreatic cancer.
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Figure 2  Kaplan-Meier analysis of overall postoperative survival curves in pancreatic cancer cases according to their immunohistochemical staining for midkine (A) and syndecan-3 (B).



Table 2  Associations between midkine, syndecan-3 protein expression and perineural invasion in pancreatic cancer


  Protein


�
PNI


�
P value


�
�
�
0


�
1


�
2


�
�
�
  MK (+) (n = 26)


�
3


�
10


�
13


�
0.018


�
�
  MK (-) (n = 16)


�
7


�
  7


�
  2


�
�
�
  Syndecan-3 (+) (n = 24)


�
2


�
  9


�
13


�
0.031


�
�
  Syndecan-3 (-) (n = 18)


�
7


�
  7


�
  4


�
�
�
Perineural invasion was scored as follows: 0, perineural invasion was difficult to find, with less than one occurrence per slide; 1, perineural invasion was easy to find, with two to four occurrences per slide; and 2, perineural invasion was easy to find, with more than four occurrences per slide or intraneural invasion. PN: Perineural invasion; MK: Midkine.





Table 1  Associations between midkine, syndecan-3 protein expression and clinicopathologic factors in pancreatic cancers  n (%)


  Factor


�
Midkine positive


 cases�
Syndecan-3 positive cases 


�
�
  Age (yr)


�
�
     > 60 (n = 26)


�
17 (65.4)


�
17 (65.4)


�
�
     ≤ 60 (n = 16)


�
  9 (56.3)


�
  7 (43.8)


�
�
  Sex


�
�
�
�
     Female (n = 16)


�
12 (75.0)


�
10 (62.5)


�
�
     Male (n = 26)


�
14 (53.8)


�
14 (53.8)


�
�
  CA19-9 (n = 42)


�
�
�
�
      >37 U/mL (n = 24)


�
16 (66.7)


�
12 (50.0)


�
�
     ≤ 37 U/mL (n = 18)


�
12 (66.7)


�
10 (55.6)


�
�
  Histological grade


�
�
     Ⅰ (n = 5)


�
  4 (80.0)


�
  2 (40.0)


�
�
     Ⅱ (n = 22)


�
16 (72.7)


�
15 (68.2)


�
�
     Ⅲ (n = 15)


�
  7 (46.7)


�
7 (46.7)


�
�
  Tumor size


�
�
     T ≤ 2 cm (n = 10)


�
  4 (40.0)


�
  3 (30.0)a


�
�
     2 cm < T ≤ 5 cm (n = 24)


�
14 (58.3)


�
15 (62.5)a


�
�
     T > 5 cm (n = 8)


�
    8 (100.0)


�
  7 (87.5)a


�
�
  Lymph node metastasis


�
�
     Negative (n = 17)


�
   7 (41.2)a


�
  7 (41.2)


�
�
     Positive (n = 25)


�
 19 (76.0)a


�
17 (68.0)


�
�
  Distant metastasis


�
�
�
�
     Negative (n = 36)


�
 21 (58.3)


�
19 (52.8)


�
�
     Positive (n = 6)


�
  5 (83.3)


�
  5 (83.3)


�
�
  TNM grade


�
�
     Ⅰ + Ⅱ (n = 21)


�
   9 (42.9)b


�
10 (47.6)


�
�
     Ⅲ (n = 16)


�
 13 (81.3)b


�
10 (62.5)


�
�
     Ⅳ (n = 5)


�
     5 (100.0)b


�
    5 (100.0)


�
�
aP < 0.05, bP < 0.01 vs negative cases.
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