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Abstract 
[bookmark: OLE_LINK3195][bookmark: OLE_LINK3196]Neuroendocrine carcinoma (NEC) originating from the gastrointestinal hepatobiliary-pancreas is a rare, invasive, and progressive disease, for which the prognosis is extremely poor. The patient was a 72-year-old man referred with complaints of jaundice. He was diagnosed with middle extrahepatic cholangiocarcinoma (cT4N1M0, cStage IV). He underwent a right hepatectomy combined with extrahepatic bile duct and portal vein resection after percutaneous transhepatic portal vein embolization (PTPE). Microscopic examination showed a large-cell neuroendocrine carcinoma according to the WHO criteria for the clinicopathologic classification of gastroenteropancreatic neuroendocrine tumors (NETs). Currently, the patient is receiving combination chemotherapy with cisplatin and etoposide for postoperative multiple liver metastases. Although NEC is difficult to diagnose preoperatively, it should be considered an uncommon alternative diagnosis.
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Core tip: We encountered a resected case of a neuroendocrine carcinoma originating from the extrahepatic bile duct. Although neuroendocrine carcinoma is rare and difficult to diagnose preoperatively, it should be considered an uncommon alternative diagnosis.
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INTRODUCTION
Currently, the 2010 World Health Organization (WHO) classification recommends that neuroendocrine tumors (NETs) be classified as NET Grade 1, NET Grade 2, and neuroendocrine carcinoma (NEC) Grade 3[1]. NEC originating from the gastrointestinal hepatobiliary-pancreas is a very rare, invasive, and progressive disease for which the prognosis is extremely poor. We encountered a resected case of NEC originating from the extrahepatic bile duct. Herein, we present the clinicopathological features and clinical course of the patient with NEC of the extrahepatic bile duct and provide a brief review of the literature.

CASE REPORT
[bookmark: OLE_LINK3188][bookmark: OLE_LINK3189]The patient was a 72-year-old man referred from a local hospital with complaints of jaundice. Laboratory data on admission showed elevated total bilirubin (T-bil), 12.2 mg/dL (normal range, 0.2–1.2 mg/dL); lactic acid dehydrogenase, 237 U/L (124–232 U/L); alkaline phosphatase, 1070 U/L (120–320 U/L); and γ-glutamyl transpeptidase, 899 U/L (5–55 U/L). The tumor markers tested were within normal limits; specifically, carcinoembryonic antigen (CEA), 2.8 ng/ml (normal range, < 5.0 ng/mL), and carbohydrate antigen 19-9, 916.8 U/mL (< 37 U/mL). Magnetic response cholangiopancreatography (MRCP) and endoscopic retrograde cholangiopancreatography (ERCP) demonstrated the presence of severe stenosis of the middle part of the common bile duct (CBD) (Figure 1). The patient underwent endoscopic nasobiliary drainage (ENBD) with the aim of reducing jaundice. Abdominal computed tomography (CT) showed a tumor in the middle portion of the CBD and dilatation of the CBD and the intrahepatic bile ducts bilaterally (Figure 2). The tumor was suspected to have invaded the right hepatic artery and the portal vein. According to the Union Internationale Contre le Cancer (UICC) guidelines, the patient was diagnosed with middle extrahepatic cholangiocarcinoma (cT4N1M0, cStage IV)[2]. On the 3D reconstructed CT image, we confirmed the patient’s condition and simulated the operative procedure (Figure 3). A right hepatectomy combined with extrahepatic bile duct and portal vein resection after percutaneous transhepatic portal vein embolization was planned. The operation was successfully performed. Peritoneal lavage cytology demonstrated no cancer cells in the abdominal cavity. No microscopic invasion of the resected bile duct stump was observed in an intraoperative frozen specimen. The patient underwent a curative resection.

Pathologic findings
Macroscopically, a white, solid tumor measuring 30 × 30 × 25 mm was located in the middle portion of the CBD and cystic duct. On microscopic examination, tumor cells were detected in the middle CBD (Figure 4). The tumor cells were round or oval, hyperchromatic, and had an increased nucleus-to-cytoplasm ratio. Mitotic figures were quite frequent and were observed in 55 cells per 10 high-power fields. Immunohistochemically, the tumor cells were diffusely positive for CD56, a membrane protein usually present in neuroendocrine cells. Tumor cells were positive for synaptophysin, which is typically expressed on the surface of neurons or endothelial cells. The Ki-67 labeling index was 56.2%. These findings were consistent with large-cell neuroendocrine carcinoma according to the WHO criteria for the clinicopathologic classification of gastroenteropancreatic NETs[1]. According to the UICC guidelines, the final classification of the tumor was T3aN1M0 Stage IIB.
Although the patient developed postoperative liver failure, he recovered and was discharged on postoperative day 51 in good condition. However, multiple liver metastases appeared 3 mo after the surgery. Currently, the patient is receiving combination chemotherapy with cisplatin and etoposide. He is now alive 7 mo after surgery.

DISCUSSION
Most extrahepatic bile duct tumors are adenocarcinomas, while other types of tumors are rare[3]. Biliary neuroendocrine carcinoma represents 0.19% of extrahepatic bile duct tumors[4]. Furthermore, NEC arising from the biliary tract is rare. NECs were previously classified as small-cell carcinomas (SCCs)[5]. We conducted a systematic literature search using PubMed (1985–2015) with the following keywords: “neuroendocrine carcinoma,” “small cell carcinoma,” and “biliary tract” and found only 24 reported cases of NEC of the extrahepatic biliary tracts, excluding the intrahepatic bile duct, the gallbladder, and the ampulla of Vater[5]. In some reports, NEC of the extrahepatic biliary tracts was primarily located in the middle to distal bile ducts. Patients underwent surgery in all of the 15 reported cases. The operative procedures were pancreaticoduodenectomy (PD) in 13 cases and extra bile duct resection in the remaining 2 cases.
Extrahepatic biliary SCCs have been categorized into two histological types: the pure and mixed types[6]. According to the 2010 WHO classification of NET, mixed adenoneuroendocrine carcinoma (MANEC) was also categorized in the same line as NEC. Previously, NETs have been considered to originate from enterochromaffin or Kulchitsky cells in the crypts of Lieberkühn, which are now believed to be of endodermal origin[7,8]. The biliary tract has a very small number of Kulchitsky cells, which explains the rarity of NETs at this site. 
A preoperative diagnosis of NEC of the biliary tract is considered very difficult. In a Japanese report, a regimen of preoperative chemoradiation therapy, curative resection and adjuvant chemotherapy was very effective based on the preoperative pathological diagnosis of NEC of the distal bile duct[9]. However, to our knowledge, such cases are rare. Iwasa et al[10] retrospectively examined the clinical data of twenty-one patients with unresectable or recurrent poorly differentiated NEC arising from the hepatobiliary tract and pancreas and who received combination chemotherapy with cisplatin and etoposide as the first-line treatment. Although no complete responses were obtained, three patients had partial responses, resulting in an overall response rate of 14%. The median progression-free survival was 1.8 mo, and the median overall survival (OS) was 5.8 mo. The prognosis of NEC arising from the hepatobiliary tract remains very poor even with the recent therapeutic approaches.
Patients with biliary NETs have extremely different clinical outcomes according to histopathologic subtypes based on the WHO 2010 classification. In particular, as noted above, the prognosis of biliary NEC has been reported to be very poor. Kim et al[11] reported 20 patients with biliary NET based on a curative resection. Seven of the 20 patients had NEC, and the other seven were diagnosed with MANEC. Six of 7 cases of NEC and all 7 cases of MANEC experienced recurrence, with a median OS of 9.6 and 12.2 mo, respectively. Based on data from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program (1973-2005), Albores-Saavedra et al[4] analyzed the demographics and 10-year relative survival rates of carcinoids and SCCs of the gallbladder and EHBD according to histologic type and stage. There were 31 carcinoid tumors and 17 SCCs of the EHBD. The 10-year survival rate was 80% for carcinoid tumors of the EHBD and 0% for SCC of the EHBD. Almost all patients with SCC in the biliary system died within 1 year after the diagnosis.
In conclusion, NEC arising from the extrahepatic biliary tracts is rare and has a very high malignant potential with a poor prognosis. NEC is difficult to diagnose preoperatively, but it should be considered an uncommon alternative diagnosis. Although treatment strategies have not yet been established, a multidisciplinary approach may improve the prognosis of this highly malignant neoplasm.

COMMENTS
Case characteristics
The patient was a 72-year-old man referred with complaints of jaundice.

Clinical diagnosis
Physical examination showed jaundice.

Differential diagnosis
Primary adenocarcinoma of the extrahepatic bile duct

Laboratory diagnosis
Laboratory data showed elevated total bilirubin, lactic acid dehydrogenase, alkaline phosphatase,γ-glutamyl transpeptidase, and carbohydrate antigen 19-9.

Imaging diagnosis
Computed tomography showed a tumor in the middle portion of the common bile duct, and the tumor was suspected to have invaded the right hepatic artery and the portal vein.

Treatment
A right hepatectomy combined with extrahepatic bile duct and portal vein resection was performed after percutaneous transhepatic portal vein embolization.

Related reports
The authors found 24 reported cases of neuroendocrine carcinoma (NEC) of the extrahepatic biliary tracts in a PubMed systematic literature search (1985–2015) using the keywords “neuroendocrine carcinoma,” “small cell carcinoma,” and “biliary tract”.

Term explanation
Most extrahepatic bile duct tumors are adenocarcinomas, and biliary neuroendocrine carcinomas represent 0.19% of extrahepatic bile duct tumors.

Experiences and lessons
Although NEC is rare and difficult to diagnose preoperatively, it should be considered an uncommon alternative diagnosis.

Peer-review
The paper provides state-of-the art imaging and methodology and addresses the importance of interdisciplinary approaches.



REFERENCES
1 Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classification of tumours of the digestive system. 4th ed. Lyon: The International Agency for Research on Cancer, 2010
2 Union internationale Contre le cancer. TNM classification of malignant tumours. 7th ed. New York, NY: Wiley-Liss, 2009
3 Yasuda T, Imai G, Takemoto M, Yamasaki M, Ishikawa H, Kitano M, Nakai T, Takeyama Y. Carcinoid tumor of the extrahepatic bile duct: report of a case. Clin J Gastroenterol 2013; 6: 177-187 [PMID: 26181459 DOI: 10.1007/s12328-013-0373-2]
4 Albores-Saavedra J, Batich K, Hossain S, Henson DE, Schwartz AM. Carcinoid tumors and small-cell carcinomas of the gallbladder and extrahepatic bile ducts: a comparative study based on 221 cases from the Surveillance, Epidemiology, and End Results Program. Ann Diagn Pathol 2009; 13: 378-383 [PMID: 19917473 DOI: 10.1016/j.anndiagpath.2009.08.002]
5 Kihara Y, Yokomizo H, Urata T, Nagamine M, Hirata T. A case report of primary neuroendocrine carcinoma of the perihilar bile duct. BMC Surg 2015; 15: 125 [PMID: 26652845 DOI: 10.1186/s12893-015-0116-z]
6 Ikegami T, Kayashima H, Sadanaga N, Morizono S, Nakashima A, Matsuura H, Shirabe K, Maehara Y. Composite small cell and mucinous carcinoma originating from the intrahepatic bile duct: report of a case. Surg Today 2013; 43: 194-198 [PMID: 23001532 DOI: 10.1007/s00595-012-0331-5]
7 Barrón-Rodríguez LP, Manivel JC, Méndez-Sánchez N, Jessurun J. Carcinoid tumor of the common bile duct: evidence for its origin in metaplastic endocrine cells. Am J Gastroenterol 1991; 86: 1073-1076 [PMID: 1858744]
8 Takahashi K, Sasaki R, Oshiro Y, Fukunaga K, Oda T, Ohkohchi N. Well-differentiated endocrine carcinoma originating from the bile duct in association with a congenital choledochal cyst. Int Surg 2012; 97: 315-320 [PMID: 23294072 DOI: 10.9738/CC152.1]
9 Baba M, Furuya K, Koizumi T, Kasai K, Sadaoka K, Sekiya C, Hattori A. Two cases of neuroendocrine carcinoma in the biliary system with long-term survival. Nihon Shokakibyo Gakkai Zasshi 2012; 109: 1598-1607 [PMID: 22976230 DOI: 10.11405/nisshoshi.109.1598]
10 Iwasa S, Morizane C, Okusaka T, Ueno H, Ikeda M, Kondo S, Tanaka T, Nakachi K, Mitsunaga S, Kojima Y, Hagihara A, Hiraoka N. Cisplatin and etoposide as first-line chemotherapy for poorly differentiated neuroendocrine carcinoma of the hepatobiliary tract and pancreas. Jpn J Clin Oncol 2010; 40: 313-318 [PMID: 20047862 DOI: 10.1093/jjco/hyp173]
11 Kim J, Lee WJ, Lee SH, Lee KB, Ryu JK, Kim YT, Kim SW, Yoon YB, Hwang JH, Han HS, Woo SM, Park SJ. Clinical features of 20 patients with curatively resected biliary neuroendocrine tumours. Dig Liver Dis 2011; 43: 965-970 [PMID: 21856258 DOI: 10.1016/j.dld.2011.07.010]
[bookmark: OLE_LINK51][bookmark: OLE_LINK75][bookmark: OLE_LINK120][bookmark: OLE_LINK148][bookmark: OLE_LINK72][bookmark: OLE_LINK112][bookmark: OLE_LINK320][bookmark: OLE_LINK387][bookmark: OLE_LINK183][bookmark: OLE_LINK254][bookmark: OLE_LINK149][bookmark: OLE_LINK225][bookmark: OLE_LINK207][bookmark: OLE_LINK226][bookmark: OLE_LINK212][bookmark: OLE_LINK250][bookmark: OLE_LINK281][bookmark: OLE_LINK240][bookmark: OLE_LINK282][bookmark: OLE_LINK313][bookmark: OLE_LINK304][bookmark: OLE_LINK321][bookmark: OLE_LINK385][bookmark: OLE_LINK400][bookmark: OLE_LINK346][bookmark: OLE_LINK371][bookmark: OLE_LINK334][bookmark: OLE_LINK1830][bookmark: OLE_LINK457][bookmark: OLE_LINK288][bookmark: OLE_LINK384][bookmark: OLE_LINK379][bookmark: OLE_LINK303][bookmark: OLE_LINK450][bookmark: OLE_LINK489][bookmark: OLE_LINK535][bookmark: OLE_LINK648][bookmark: OLE_LINK686][bookmark: OLE_LINK430][bookmark: OLE_LINK471][bookmark: OLE_LINK462][bookmark: OLE_LINK519][bookmark: OLE_LINK575][bookmark: OLE_LINK491][bookmark: OLE_LINK532][bookmark: OLE_LINK572][bookmark: OLE_LINK574][bookmark: OLE_LINK480][bookmark: OLE_LINK567][bookmark: OLE_LINK2700][bookmark: OLE_LINK581][bookmark: OLE_LINK639][bookmark: OLE_LINK688][bookmark: OLE_LINK722][bookmark: OLE_LINK542][bookmark: OLE_LINK589][bookmark: OLE_LINK582][bookmark: OLE_LINK640][bookmark: OLE_LINK714][bookmark: OLE_LINK593][bookmark: OLE_LINK716][bookmark: OLE_LINK770][bookmark: OLE_LINK801][bookmark: OLE_LINK660][bookmark: OLE_LINK739][bookmark: OLE_LINK781][bookmark: OLE_LINK833][bookmark: OLE_LINK642][bookmark: OLE_LINK700][bookmark: OLE_LINK792][bookmark: OLE_LINK2882][bookmark: OLE_LINK836][bookmark: OLE_LINK889][bookmark: OLE_LINK782][bookmark: OLE_LINK826][bookmark: OLE_LINK865][bookmark: OLE_LINK2898][bookmark: OLE_LINK856][bookmark: OLE_LINK908][bookmark: OLE_LINK980][bookmark: OLE_LINK1018][bookmark: OLE_LINK1049][bookmark: OLE_LINK1076][bookmark: OLE_LINK1106][bookmark: OLE_LINK891][bookmark: OLE_LINK943][bookmark: OLE_LINK981][bookmark: OLE_LINK1030][bookmark: OLE_LINK847][bookmark: OLE_LINK909][bookmark: OLE_LINK898][bookmark: OLE_LINK906][bookmark: OLE_LINK992][bookmark: OLE_LINK993][bookmark: OLE_LINK1052][bookmark: OLE_LINK946][bookmark: OLE_LINK911][bookmark: OLE_LINK930][bookmark: OLE_LINK1059][bookmark: OLE_LINK1137][bookmark: OLE_LINK1167][bookmark: OLE_LINK1200][bookmark: OLE_LINK1241][bookmark: OLE_LINK1288][bookmark: OLE_LINK1056][bookmark: OLE_LINK1158][bookmark: OLE_LINK1175][bookmark: OLE_LINK1074][bookmark: OLE_LINK1169][bookmark: OLE_LINK1060][bookmark: OLE_LINK1185][bookmark: OLE_LINK1172][bookmark: OLE_LINK1176][bookmark: OLE_LINK1373][bookmark: OLE_LINK1410][bookmark: OLE_LINK1448][bookmark: OLE_LINK1492][bookmark: OLE_LINK1530][bookmark: OLE_LINK1585][bookmark: OLE_LINK1622][bookmark: OLE_LINK1661][bookmark: OLE_LINK1691][bookmark: OLE_LINK1349][bookmark: OLE_LINK1343][bookmark: OLE_LINK1462][bookmark: OLE_LINK1531][bookmark: OLE_LINK1344][bookmark: OLE_LINK1384][bookmark: OLE_LINK1457][bookmark: OLE_LINK1500][bookmark: OLE_LINK1591][bookmark: OLE_LINK1370][bookmark: OLE_LINK1443][bookmark: OLE_LINK1472][bookmark: OLE_LINK1503][bookmark: OLE_LINK1390][bookmark: OLE_LINK1490][bookmark: OLE_LINK1576][bookmark: OLE_LINK1618][bookmark: OLE_LINK1650][bookmark: OLE_LINK1721][bookmark: OLE_LINK1565][bookmark: OLE_LINK1619][bookmark: OLE_LINK1671][bookmark: OLE_LINK1716][bookmark: OLE_LINK1761][bookmark: OLE_LINK1586][bookmark: OLE_LINK1593][bookmark: OLE_LINK1630][bookmark: OLE_LINK1699][bookmark: OLE_LINK1736][bookmark: OLE_LINK1792][bookmark: OLE_LINK1825][bookmark: OLE_LINK1865][bookmark: OLE_LINK1692][bookmark: OLE_LINK1808][bookmark: OLE_LINK1862][bookmark: OLE_LINK1859][bookmark: OLE_LINK1901][bookmark: OLE_LINK1939][bookmark: OLE_LINK1977][bookmark: OLE_LINK1841][bookmark: OLE_LINK1879][bookmark: OLE_LINK1916][bookmark: OLE_LINK1960][bookmark: OLE_LINK1834][bookmark: OLE_LINK2027][bookmark: OLE_LINK2056][bookmark: OLE_LINK1870][bookmark: OLE_LINK1883][bookmark: OLE_LINK1890][bookmark: OLE_LINK1922][bookmark: OLE_LINK1943][bookmark: OLE_LINK1970][bookmark: OLE_LINK1983][bookmark: OLE_LINK2031][bookmark: OLE_LINK2066][bookmark: OLE_LINK2094][bookmark: OLE_LINK2136][bookmark: OLE_LINK2192][bookmark: OLE_LINK1984][bookmark: OLE_LINK2040][bookmark: OLE_LINK2087][bookmark: OLE_LINK2131][bookmark: OLE_LINK2167][bookmark: OLE_LINK2211][bookmark: OLE_LINK2265][bookmark: OLE_LINK2274][bookmark: OLE_LINK2071][bookmark: OLE_LINK3320][bookmark: OLE_LINK3374][bookmark: OLE_LINK3410][bookmark: OLE_LINK1997][bookmark: OLE_LINK2043][bookmark: OLE_LINK2041][bookmark: OLE_LINK2133][bookmark: OLE_LINK2181][bookmark: OLE_LINK2101][bookmark: OLE_LINK2128][bookmark: OLE_LINK3357][bookmark: OLE_LINK2139][bookmark: OLE_LINK2219][bookmark: OLE_LINK2248][bookmark: OLE_LINK2281][bookmark: OLE_LINK2294][bookmark: OLE_LINK2395][bookmark: OLE_LINK2148][bookmark: OLE_LINK2236][bookmark: OLE_LINK2354][bookmark: OLE_LINK2273][bookmark: OLE_LINK2314][bookmark: OLE_LINK2240][bookmark: OLE_LINK2290][bookmark: OLE_LINK2330][bookmark: OLE_LINK2402][bookmark: OLE_LINK2432][bookmark: OLE_LINK2336][bookmark: OLE_LINK2369][bookmark: OLE_LINK2427][bookmark: OLE_LINK2370][bookmark: OLE_LINK2474][bookmark: OLE_LINK2382][bookmark: OLE_LINK2476][bookmark: OLE_LINK2532][bookmark: OLE_LINK2471][bookmark: OLE_LINK2483][bookmark: OLE_LINK2511][bookmark: OLE_LINK2583][bookmark: OLE_LINK2615][bookmark: OLE_LINK2554][bookmark: OLE_LINK2528][bookmark: OLE_LINK2555][bookmark: OLE_LINK2537][bookmark: OLE_LINK2550][bookmark: OLE_LINK2594][bookmark: OLE_LINK2589][bookmark: OLE_LINK2648][bookmark: OLE_LINK2669][bookmark: OLE_LINK2567][bookmark: OLE_LINK2593][bookmark: OLE_LINK2629][bookmark: OLE_LINK2678][bookmark: OLE_LINK2703][bookmark: OLE_LINK2739][bookmark: OLE_LINK2757][bookmark: OLE_LINK3464][bookmark: OLE_LINK3508][bookmark: OLE_LINK2779][bookmark: OLE_LINK2724][bookmark: OLE_LINK2733][bookmark: OLE_LINK2744][bookmark: OLE_LINK2777][bookmark: OLE_LINK2858][bookmark: OLE_LINK2834][bookmark: OLE_LINK2864][bookmark: OLE_LINK3467][bookmark: OLE_LINK2846][bookmark: OLE_LINK2893][bookmark: OLE_LINK2837][bookmark: OLE_LINK2853][bookmark: OLE_LINK2889][bookmark: OLE_LINK2915][bookmark: OLE_LINK2938][bookmark: OLE_LINK2920][bookmark: OLE_LINK2954][bookmark: OLE_LINK2986][bookmark: OLE_LINK3031][bookmark: OLE_LINK3506][bookmark: OLE_LINK2953][bookmark: OLE_LINK2972][bookmark: OLE_LINK3020][bookmark: OLE_LINK3067][bookmark: OLE_LINK3108][bookmark: OLE_LINK3135][bookmark: OLE_LINK3015][bookmark: OLE_LINK3032][bookmark: OLE_LINK3039][bookmark: OLE_LINK3059][bookmark: OLE_LINK3065][bookmark: OLE_LINK3071][bookmark: OLE_LINK3089][bookmark: OLE_LINK3114][bookmark: OLE_LINK3142][bookmark: OLE_LINK3118][bookmark: OLE_LINK3160]P-Reviewer: Boy C, Yoshihiro H S-Editor: Yu J L-Editor: E-Editor:




[image: 図1]
[bookmark: OLE_LINK3193][bookmark: OLE_LINK3194]Figure 1 Magnetic resonance cholangiopancreatography (A) and endoscopic retrograde cholangiopancreatography (B) of the bile duct. Severe stenosis of the middle common bile duct was observed (arrowhead).













[image: 図2]





















Figure 2 Abdominal computed tomography images at two different levels are shown. A: Computed tomography (CT) showed a low-density mass measuring 18 mm in diameter located in the middle bile duct adjacent to the portal vein (arrowhead). An endoscopic nasobiliary drainage (ENBD) tube was observed in the bile duct; B: CT showed a low-density mass involving the right hepatic artery from the superior mesenteric artery in the middle bile duct (arrow). 
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Figure 3 3D reconstructed computed tomography fused with an magnetic resonance cholangiopancreatography image. The tumor was located in the middle bile duct. The tumor was suspected to have invaded the portal vein (arrowhead) and the right hepatic artery from the superior mesenteric artery (arrow). 
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Figure 4 Histopathologic appearance of the neuroendocrine carcinoma. A: The cells were round or oval, hyperchromatic, and had an increased nucleus-to-cytoplasm ratio (hematoxylin-eosin staining, magnification × 200); B: Immunohistochemically, tumor cells were diffusely positive for CD56, a membrane protein usually present in neuroendocrine cells; C: Immunohistochemically, tumor cells were positive for synaptophysin, which is typically expressed on the surface of neurons or endothelial cells.
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