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Abstract
AIM: To investigate the role of the Wnt/-catenin pathway in pancreatic neuroendocrine neoplasms (PanNENs). 

METHODS: Tissue microarrays containing 88 PanNENs were immunohistochemically labeled with antibodies to -catenin, E-cadherin, adenomatous polyposis coli (APC), chromogranin and synaptophysin. One case had only metastatic tumors resected, whereas others (n = 87) received pancreatectomy with or without partial hepatectomy. Pathology slides, demographic, clinicopathologic, and follow up data were reviewed. Patients’ demographics, clinicopathologic features, and immunohistochemical results from 87 primary tumors were compared between patients with low stage (stage Ⅰ/Ⅱ) and high stage (stage Ⅲ/Ⅳ) tumors. In addition, correlation of immunohistochemical results from primary tumors with disease-specific survival (DSS) was evaluated. 

RESULTS: Strong membranous -catenin staining in the primary tumor was observed in all 13 stage Ⅲ/Ⅳ Pan​NENs as compared to 47% (35/74) of stage Ⅰ/Ⅱ tumors (P < 0.01). However, the strong membranous -catenin staining was unassociated with tumor grade or DSS. Decreased membranous -catenin staining was associated with decreased membranous E-cadherin labeling. Nuclear -catenin staining was seen in 15% (2/13) of stage Ⅲ/Ⅳ PanNENs as compared to 0% (0/74) of stage Ⅰ/Ⅱ tumors (P = 0.02). The case with metastasectomy also only showed nuclear -catenin staining. Two of the three cases with nuclear -catenin staining were familial adenomatous polyposis (FAP) patients. Lack of APC expression was seen in 70% (57/81) of the cases, including the 3 cases with nuclear -catenin staining. Expression of E-cadherin and APC in primary tumor was not correlated with tumor grade, tumor stage, or disease specific survival. 

CONCLUSION: The Wnt/-catenin pathway was altered in some PanNENs, but did not Impact DSS. PanNENs in FAP patients demonstrated nuclear -catenin accumulation and loss of APC.
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Core tip: Dysregulation of the Wnt/-catenin pathway is present in some pancreatic neuroendocrine neoplasms (PanNENs). However, compared to other malignancies, this signaling pathway may have different functions in PanNENs as strong membranous -catenin expression is more frequently present in stage Ⅲ/Ⅳ tumors and membranous expression of -catenin and E-cadherin does not have a prognostic importance in this setting. Additionally, PanNENs arising in patients with familial adenomatous polyposis (FAP) demonstrate abnormal nuclear -catenin accumulation, and PanNENs may be one of the extraintestinal manifestations of FAP.

INTRODUCTION

Although rare, pancreatic neuroendocrine neoplasms (PanNENs) are the second most common malignancy in the pancreas, accounting for 1%-2% of pancreatic tumors[1,2]. Most PanNENs are well-differentiated, with a 10 year survival rate of approximately 40%. Based on mitotic count and Ki67 labeling index, the World Health Organization (WHO) 2010 has classified PanNENs into three grades: Grade 1 with Ki67 ≤ 2.0% and mitotic rate < 2 mitoses/10 high power fields (HPFs), grade 2 with Ki67 3%-20% or mitotic rate 2-20 mitoses/HPFs, and grade 3 with Ki67 > 20% or mitotic rate > 20 mitoses/HPFs[3]. Grade 1 and 2 tumors are considered as well-differentiated neuroendocrine tumors, while grade 3 PanNENs include well-differentiated tumors with Ki67 > 20% and poorly differentiated neuroendocrine carcinomas[4]. 
PanNENs, like many other tumors, are thought to evolve following cellular dysregulation and proliferation. One of the pathways known to be involved in normal cell growth, proliferation, differentiation, and apoptosis is the Wnt/-catenin signaling pathway. It is then conceivable that dysregulation of this critical homeostatic pathway may lead to tumor growth and proliferation. In fact, most colonic adenocarcinomas arise from tubular adenomas through dysregulation of the Wnt/-catenin pathway[5]. Gastrointestinal well-differentiated neuroendocrine tu​mors, colonic glandular-neuroendocrine mixed tu​mors, and pancreatic acinar cell tumors have all been reported to have mutations and/or altered expression in the Wnt/-catenin pathway[6-10]. A subset of ileal neuroendocrine neoplasms have been shown to have adenomatous polyposis coli (APC) mutations or loss of heterozygosity[11]. However, it is unclear whether this pathway plays a significant role in pancreatic endocrine tumorigenesis. In this study, we assessed the expression of -catenin, E-cadherin and APC in PanNENs.

MATERIALS AND METHODS

Patient selection

This study was approved by the Vanderbilt Institutional Review Board. Tissue microarrays (TMAs) were con​structed from the resection specimens of 88 PanNEN patients who underwent pancreatectomy only (n = 84), pancreatecomy with partial hepatectomy (n = 3), and metastasectomy (partial hepatectomy) only (n = 1) at Vanderbilt University Medical Center from 01/1998 to 08/2012. The TMAs included 2-6 tumor and 1-2 normal pancreatic tissue cores from each patient studied. Demo​graphic and clinicopathologic information was abstracted from the electronic medical record. Pathologic data were also recorded upon reviewing of original hematoxylin and eosin-stained slides. The American Joint Committee on Cancer TNM staging system 7th edition was used to divide PanNENs into four stages: Stage Ⅰ(T1-2N0M0), stage Ⅱ (T3N0M0 or T1-3N1M0), stage Ⅲ (T4N0-1M0), and stage Ⅳ (T1-4N0-1M1). Stage Ⅰ and Ⅱ PanNENs were grouped into low stage disease, whereas stage Ⅲ and Ⅳ high stage disease. Patient outcomes were confirmed using the social security death index. 

Immunohistochemistry

Immunohistochemical labeling for -catenin, E-cadherin, APC, chromogranin and synaptophysin was performed. Details of the antibodies used in this study are provided in Table 1. 

Unstained slides were first deparaffinized by routine methods. Antigen retrieval was performed as follows: Slides were heated in citrate buffer (pH 6.0) at 100 ℃ for 20 min or in EDTA (pH 9.0) at 98 ℃ for 20 min, followed by a 10-min cool down to room temperature. All slides were then quenched with 0.03% (v/v) H2O2 with NaN3 for 5 min. Slides were blocked for 20 min with serum-free protein block (Dako, Carpinteria, CA), followed by application of primary antibodies. Slides were then incubated with Evision + HRP-labeled polymer (Dako) for 30 min, followed by 5 min incubation with DAB (Dako).

Immunohistochemical stains were reviewed by two pathologists (VW and CS). Membranous ‑catenin and E-cadherin staining was scored as negative (0), weak (1), moderate (2) or strong (3). Scores from replicate cores were averaged. Those with an average score > 2 were considered strong labeling, and those with ≤ 2 as decreased. Nuclear β-catenin and cytoplasmic APC staining was scored as positive and negative (in at least 10% of the tumor cells). Immunohistochemical results from primary tumor were used for statistical analysis.

Statistical analysis 

Immunohistochemical labeling for -catenin, E-cad​herin and APC was compared between PanNENs and normal pancreas using the Fisher’s exact test. Imm​unohistochemical results were also correlated with clinicopathologic parameters using standard bivariate methods. Kaplan-Meier disease-specific survival (DSS) curves were plotted and compared by Cox proportional hazards regression using the Stata® software package (v13, StataCorp, College Station, TX). All reported P values were derived from two-tailed hypothesis tests.

RESULTS

The 88 patients included 46 females and 42 males. The demographics and clinicopathological features of the 87 cases with primary tumor resected are listed in Table 2. While 85% (74/87) of the tumors were WHO grade 1 or 2 well-differentiated tumors, 15% (13/87) were WHO grade 3 well-differentiated tumors with Ki67 > 20%. Poorly differentiated neuroendocrine carcinomas including small cell carcinomas and large cell neuroendocrine carcinomas were excluded from this study as they are known to have very different molecular and biologic features from well-differentiated tumors[3,4]. Most pa​tients (74/87, 85%) had low stage tumors (stage Ⅰ/Ⅱ). High stage tumors were associated with large tumor size, high tumor grade, infiltrative growth pattern and lymphovascular invasion, but did not show associations with age, gender, syndrome, tumor functionality, peri​neural invasion and tumor necrosis (Table 2).

To explore whether the Wnt/-catenin pathway was altered in PanNENs, TMAs were labeled with antibodies to -catenin, E-cadherin and APC. Membranous -catenin labeling was strong in the exocrine pancreas, but was weak in normal pancreatic islets (Figure 1A). Over half of the PanNENs studied (48/87, 55%) displayed strong membranous staining for -catenin in the primary tumor (Figure 1B and C, Table 2). Interestingly, all 13 stage Ⅲ/Ⅳ PanNENs strongly expressed membranous -catenin in primary tumor, compared to only 47% (35/74) of stage Ⅰ/Ⅱ tumors (Table 2, P < 0.01). There was no correlation between membranous -catenin staining and tumor grade.

As expected, most primary tumors (85/87, 98%) were negative for nuclear -catenin labeling (Table 2). However, when stratified by tumor stage, nuclear -catenin staining was more often present in tumors of high stage (2/13, 15% vs 0/74, 0% of stage Ⅰ/Ⅱ tumors; P = 0.02). In addition, the case with metastasectomy only (stage Ⅳ) also showed nuclear -catenin staining. Histologically, each of the 3 tumors with nuclear -catenin labeling showed the typical morphologic features of well-differentiated neuroendocrine tumors (Figure 2A and D). Additional imm​unohistochemical labeling was subsequently performed to rule out solid-pseudopapillary neoplasms (SPNs), a pancreatic tumor characterized by nuclear accumulation of -catenin and loss of membranous E-cadherin. Each expressed both neuroendocrine markers (synaptophysin and chromogranin, Figure 2B and C) and E-cadherin (membranous, Figure 2E), consistent with neuroendocrine neoplasms. 

Careful review of the clinical history disclosed that two of the three cases with nuclear ‑catenin expression were from FAP patients. One was a fifty-year-old male who presented with a stage Ⅳ PanNEN and multiple colonic adenocarcinomas arising in the setting of polyposis at the initial diagnosis. Sequencing the APC gene demonstrated a germline 853delT mutation. The other was a forty-year-old female who presented with a stage Ⅳ PanNEN. She had undergone total colectomy for FAP at 22 years of age. APC gene sequencing demonstrated a germline R564X (1690C < T) mutation. Immunohistochemical staining of the PanNENs from both patients showed loss of APC expression (Figure 2F).

Similar to -catenin, membranous E-cadherin lab​eling was frequently strong in pancreatic acinar cells, but weak in pancreatic islets (Figure 3A). Strong membranous E-cadherin expression in the primary tumor was observed in 44% (38/87) of PanNENs (Figure 2E), whereas decreased membranous E-cadherin expression was present in more than half of the cases (Figure 3B). Complete loss of membranous E-cadherin expression was only observed in one case (1/87, 11%), which also showed decreased membranous -catenin labeling and complete loss of APC expression. However, nuclear -catenin accumulation was not seen in the tumor. No associations between membranous E-cadherin expression and tumor grade or stage were observed in this series. Noteworthy is that tumors with decreased membranous -catenin also showed decreased membranous E-cadherin staining compared to cases with strong membranous -catenin staining (P < 0.01).

Cytoplasmic APC labeling was not seen in the exo​crine pancreas, but was detected in most of the pancreatic islets (Figure 3C). While 86% (30/35) of normal pan​creatic islets in this study clearly expressed APC, only 30% (24/80) of the primary tumors retained APC ex​pression (Figure 3D, P < 0.01). Of note, all 3 cases with nuclear -catenin staining demonstrated loss of cytoplasmic APC expression (Figure 2F). There was no correlation between APC and -catenin expression (P > 0.05). APC expression was not correlated with tumor stage or grade (P > 0.05). 

Median follow-up for the cases with resected primary tumor was 47 mo (range, 0.3-163 mo) during which 13 patients (15%) died of progressive disease (Table 2). Univariate analysis showed that high tumor stage, tumor functionality, large tumor size, high tumor grade, infiltrative growth pattern, and lymphovascular and perineural invasion were all associated with decreased DSS. In multivariate survival analysis, stage Ⅲ/Ⅳ dis​ease demonstrated a significantly worse DSS (hazard ratio = 10.4, P < 0.05) compared to stage Ⅰ/Ⅱ disease. When controlling for tumor stage and WHO grade, none of the immunohistochemical markers showed prognostic significance. 

DISCUSSION

In the current study we investigated expression of select Wnt/-catenin pathway components in PanNENs. Approximately half of PanNENs displayed strong expr​ession of -catenin at the plasma membrane. As ex​pected, strong membranous expression of ‑catenin correlated with strong membranous E-cadherin. In many other malignancies, decreased membranous -catenin and E-cadherin expression predicts poor prognosis. We observed that in PanNENs, strong membranous -catenin expression was frequently present in stage Ⅲ/Ⅳ tumors and that membranous expression of -catenin and E-cadherin did not have a prognostic importance in this setting. These data suggest that the role of the Wnt/‑catenin signaling pathway in PanNENs is different than in other neoplasms such as gastric and colon adenocarcinomas[5,12-15].

APC mutations have been implicated in the develop​ment of enterochromaffin cell neuroendocrine neoplasms, and are seen in 23% of these types of tumors arising in the midgut[11]. However, alterations in APC have not been well characterized in neuroendocrine neoplasms of the foregut. We report that most PanNENs show loss of APC expression, which may increase -catenin signaling capacity for processes such as cell-cycle, apoptosis, and differentiation. Other described mutations in Pan​NENs may also lead to increased -catenin signaling. For example, studies of MEN-1 deficient PanNENs (sporadic and familial) and pulmonary neuroendocrine tumors su​ggest that MEN‑1 mutations lead to increased -catenin signaling[16,17]. Canonical -catenin signaling is characterized by -catenin accumulation within nuclei, where it regulates gene expression. However, we dete​cted nuclear -catenin in only 3 of 88 tumors and did not observe differences in -catenin expression between non-syndromic and MEN‑1-associated PanNENs (data not shown). Nevertheless, strong membranous -catenin expression was observed in 55% of PanNENs, which was not present in normal pancreatic islets. In a mouse model, knockout of -catenin expression has been shown to suppress tumorigenesis and growth of Men1-deficient PNENs[17]. Therefore, ‑catenin may represent a potential therapeutic target in these tumors. 

The three tumors in our study with strong nuclear -catenin expression also showed loss of APC expression (two of these tumors were from FAP patients). FAP is defined by mutations in the APC gene on chromosome 5q21[18]. APC binds ‑catenin, targeting it for degradation. Therefore, when APC is mutated, -catenin accumulates in the nucleus and activates gene transcription. Loss of APC expression, as well as nuclear accumulation of -catenin, suggest that the APC gene is biallelically inactivated in these two FAP-associated tumors, and that PanNENs may be another extra-intestinal manifestation in patients with FAP. Prior to this investigation, an asso​ciation between PanNENs and FAP had not been des​cribed.

Abnormal nuclear -catenin accumulation has been demonstrated in other FAP-associated tumors, such as desmoid-type fibromatosis. Nuclear -catenin expression was also recently described in intestinal neuroendocrine tumors from FAP patients[19]. Abnormal nuclear -catenin accumulation has also been demonstrated in Sertoli cell tumors of the testis[20] and hepatoblastomas[21] arising in FAP patients. Pancreatoblastoma[22] and adrenocortical carcinoma[23] also show nuclear and cytoplasmic staining for ‑catenin, while papillary thyroid carcinoma[24] has been found to have cytoplasmic labeling in FAP patients. 

Abnormal immunolabeling for -catenin in PanNENs in patients with FAP also has important implications in the pathological diagnosis of these neoplasms. In the pancreas, SPNs almost always harbor -catenin gene mutations, and these neoplasms characteristically show nuclear -catenin expression. SPN is one of the primary differential diagnoses for PanNENs, since these tumors can have a solid growth pattern; conversely, PanNENs can ocassionally show pseudopapilllary areas. Additionally, the cells of both can be round-to-oval, with uniform nu​clei[25]. PanNENs and SPNs of the pancreas both express CD56 and synaptophysin. Differentiating these tumors is often based on the presence of nuclear -catenin in SPN. Our results suggest that, at least for patients with FAP, nuclear -catenin labeling should not be used as a primary diagnostic criterion for differentiating these lesions, as both neoplasms will have nuclear staining. Instead, other immunostains should be performed. For example, SPNs, but not PanNENs, will express CD10, show loss of membranous E-cadherin, and be negative for chromogranin[26]. 

In summary, dyregulation of the Wnt/-catenin path​way is present in some PanNENs. However, this sign​aling pathway may have different functions in PanNENs as compared to other malignancies. Additionally, PanNENs arising in patients with FAP demonstrate abnormal nuclear -catenin accumulation, and PanNENs may be one of extraintestinal manifestations of FAP.

COMMENTS

Background

Alterations in the Wnt/-catenin signaling pathway may lead to tumor growth and proliferation. For example, most colonic adenocarcinomas arise from tubular adenomas through dysregulation of the Wnt/-catenin pathway. In addition, reduced membranous expression of -catenin and E-cadherin is associated with a poor prognosis in most malignancies.
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FIGURE LEGENDS
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Figure 1  -catenin expression in the pancreas and pancreatic neuroendocrine neoplasms (original magnification 200 ×). A: Strong membranous -catenin staining in the exocrine pancreas and weak membranous staining in pancreatic islets (black arrows); B: Weak membranous -catenin staining in one pancreatic neuroendocrine neoplasm; C: Strong membranous -catenin staining in another pancreatic neuroendocrine neoplasm.
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Figure 2  A pancreatic neuroendocrine neoplasm from a familial adenomatous polyposis patient (original magnification 200 ×). A: Hematoxylin and eosin stain showing a well differentiated neuroendocrine tumor composed of monomorphic cells with “salt and pepper” chromatin; B and C: Immunohistochemical labeling for synaptophysin (B) and chromogranin (C) showing positive staining; D: Immunohistochemical labeling with β catenin showing β catenin nuclear accumulation and loss of membrane staining; E: Immunohistochemical staining for E-cadherin showing strong E-cadherin membranous expression; F: Immunohistochemical labeling for APC showing loss of APC expression. APC: Adenomatous polyposis coli.
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Figure 3  Expression of E-cadherin and adenomatous polyposis coli in the pancreas and pancreatic neuroendocrine neoplasms (original magnification 200 ×). A: Strong membranous E-cadherin labeling in the exocrine pancreas and weak membranous E-cadherin labeling in pancreatic islets (black arrows); B: Weak membranous E-cadherin in one pancreatic neuroendocrine neoplasm; C: Expression of cytoplasmic APC by pancreatic islets (black arrows) but not by the exocrine pancreas; D: Cytoplasmic APC labeling in one pancreatic neuroendocrine neoplasm. APC: Adenomatous polyposis coli.
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Table 1  List of antibodies used


Antibody


�
Source 


�
Dilution


�
�
-catenin


�
BD Bioscience CAT# 610154 Mouse monoclonal (San Jose, CA)


�
0.7361111111


�
�
E-cadherin


�
BD Bioscience CAT# 610182 Mouse Monoclonal (San Jose, CA)


�
0.5972222222


�
�
APC


�
Abcam (ab15270) Rabbit Polyclonal (Cambridge, MA)


�
0.1805555556


�
�
Chromogranin


�
Abcam (ab15160) Rabbit polyclonal (Cambridge, MA)


�
0.3888888889


�
�
Synaptophysin


�
Abcam (ab32127) Rabbit monoclonal (Cambridge, MA)


�
0.3888888889


�
�
APC: Adenomatous polyposis coli.








Table 2  Demographics, clinicopathologic features, Wnt/-catenin expression and survival status of patients with high vs low stage pancreatic neuroendocrine neoplasms


�
Low stage


(n = 74)�
High stage


(n = 13)�
Total


(n = 87)�
�
Average age (range)


�
56 (32-81 yr)


�
50 (35-77 yr)


�
55 (32-81 yr)


�
�
Male/female


�
34/40 


�
7/6


�
41/46


�
�
Syndromic (%)


�
11/74 (15)


�
  4/13 (31)


�
15/87 (17)


�
�
Functional (%)


�
15/74 (20)


�
0/13 (0)


�
15/87 (17)


�
�
Tumor sizea (mean ± SEM)


�
2.8 ± 0.3 cm


�
4.4 ± 0.5 cm


�
3.0 ± 0.2 cm


�
�
Tumor gradea (%)


�
�
�
�
�
  Grade 1/2


�
67/74 (91)


�
  7/13 (54)


�
74/87 (85)


�
�
  Grade 3


�
7/74 (9)


�
  6/13 (46)


�
13/87 (15)


�
�
  Infiltrative growth 


  Patterna �
21/74 (28)


�
  8/13 (58)


�
29/87 (33)


�
�
  LVIb


�
20/74 (28)


�
12/13 (92)


�
32/87 (37)


�
�
  PNI


�
  9/74 (12)


�
  3/13 (25)


�
12/87 (14)


�
�
  Necrosis


�
  8/74 (11)


�
  3/13 (25)


�
11/87 (13)


�
�
  Strong membranous 


  -cateninb  �
35/74 (47)


�
12/13 (92)


�
48/87 (55)


�
�
  Nuclear -catenina


�
0/74 (0)


�
  2/13 (15)


�
3/87 (3)


�
�
  Strong membranous   E-cadherin (%)


�
30/74 (41)


�
  8/13 (62)


�
38/87 (44)


�
�
  APC


�
22/67 (33)


�
  2/13 (15)


�
24/80 (30)


�
�
  Death from diseaseb


�
  7/74 (10)


�
  6/13 (50)


�
13/87 (15)


�
�
aP < 0.05; bP < 0.01. LVI: Lymphovascular invasion; PNI: Perineural invasion; APC: Adenomatous polyposis coli.
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