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Bölüm

NÖROENDOKRİN 
TÜMÖRLER İLE AİLESEL 

SENDROMLAR VE GENETİK 
POLİMORFİZM İLİŞKİSİ28

Gökalp OKUT31

GIRIŞ 

Gastroenteropankreatik nöroendokrin tümörler (GEP-NET), nöroendokrin ente-
rokromafin hücrelerden köken alan ve farklı biyolojik davranışlar gösteren epitel-
yal neoplazmlardır. Gastrointestinal sistemde özellikle pankreas ve ince barsaktan 
köken alırken; akciğer ve timüs gibi organlar da nöroendokrin tümörlerin tespit 
edildiği diğer yerlerdir. Nöroendokrin tümörler (NET) daha önceki yıllarda nadir 
görülürken, son yıllarda tanı yöntemlerindeki ilerlemelerle (endoskopi ve kesit-
sel görüntüleme yöntemlerinin yaygın kullanımı ile) sıklığı giderek artmaktadır. 
Obendorfer, 1907’de nöroendokrin neoplazmları, gastrointestinal sistem karsi-
nomlarından ayırarak literatüre ‘karsinoid’ terimini kazandırmış ve bu tümörler 
uzun süre karsinoid olarak anılmıştır. NET’lerin farklı organlarda gelişimi tedavi 
ve prognoz açısından büyük fark yarattığından klinisyenler bu tümörleri herkes-
çe kabul edilen sınıflandırmalar içine koymakta zorlanmaktadırlar. Günümüzde 
NET’ler pankreatik NET’ler ve diğer NET’ler (genellikle karsinoid) olarak ikiye 
ayrılır. NET’ler çoğunlukla benign olmakla birlikte, agresif seyirli de olabilecek 
tümörlerdir.

Nöroendokrin tümörleri oluşturan en büyük grup GEP-NET’lerdir (>%50) 
(1). GEP-NET’ler gastrointestinal sistem (GİS) tümörlerinin %2’sini oluşturur 
(2). Bütün neoplazmlar arasında yaklaşık %5’lik insidanslarıyla nadir tümörler 
oldukları düşünülse de, son yıllarda insidansları artmaktadır (3,24/100.000 Ku-
zey Avrupa, 5,25/100.000 ABD) (3). NET insidansı 1973-2004 yılları arasında 
5 kat artmıştır (4). NET’ler diğer kanserlerle (over, meme, özofagus, endomet-
rium gibi) birlikte bulunabilen tümörlerdir. NET’lerin üçte ikisi GİS’de, dörtte 
biri akciğerlerde, geri kalanı ise diğer endokrin dokularda görülür. GİS’de en sık 
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endokrin hücre hiperplazisi ve tümör ilerlemesinde yer alan yolaklar hakkında 
bazı bilgiler edinmeye başlamıştır. Ana işlemler, transkripsiyon faktörleri ile gen 
regülasyonu, p53 yolu boyunca strese tepki, DNA replikasyonunun regülasyonu 
ve onarımı içerir. Spesifik genleri ve daha da önemlisi, endokrin tümör başlan-
gıcında rol oynayan genlerin temel fonksiyonlarını bulmak zor olmaya devam 
etmektedir. Ailesel endokrin tümör sendromlarını tanımak, yalnızca genetik yat-
kınlığı değil aynı zamanda tümör patogenezini anlamak için önemli bir yoldur 
ve hem biyolojik araştırma hem de farmasötik hedeflerin tanımlanması için çok 
sayıda hayvan modeli mevcuttur. Son 15 yılda, endokrin tümörlere yatkın olan 
sendromların çoğu kapsamlı bir şekilde tanımlanmış ve incelenmiştir, bu nedenle 
klinisyenlere MEN hastalıklarının ayırıcı tanısı için önemli araçlar ve klinik takip 
ve tedavi için kılavuzlar sağlamıştır (61,62).

KAYNAKLAR
1.	 Spychalski M, Koptas W, Zelga P. Role of endoscopic submucosal dissection in treatment of rec-

tal gastroenteropancreatic neuroendocrine neoplasms. Gastroenterology Rev 2017;12(1):17-21. 
2.	 Uppin Megha S, Uppin Shantveer G, Sunil C et al. Clinicopathologic study of neuroendocrine 

tumors of gastroenteropancreatic tract: a single institutional experience. Journal of Gastroin-
testinal Oncology 2017; 8(1):139-147.

3.	 Cavalcoli F, Rausa E, Conte D et al. Is there still a role for the hepatic locoregional treatment of 
metastatic neuroendocrine tumors in the era of systemic targeted therapies? World Journal of 
Gastroenterology 2017; 23(15):2640.

4.	 Yao JC, Hassan M, Phan A et al. One hundred years after “carcinoid”: epidemiology of and 
prognostic factors for neuroendocrine tumors in 35,825 cases in the United States. Journal of 
Clinical Oncology 2008; 26(18):3063-3072.

5.	 Hassan Manal M, Phan A, Li D et al. Risk factors associated with neuroendocrine tumors: A US 
based case–control study. International journal of cancer 2008; 123(4):867-873.

6.	 Kos-Kudła B. Management guidelines for gastrointestinal neuroendocrine neoplasm. Endokr-
ynol Pol 2013; 64: 5-6.

7.	 Boratyn-Nowicka A, Blicharz-Dorniak J, Wachuła E et al. An atypical course of pancreatic 
neuroendocrine tumour manifesting as cardiac metastasis – a clinical case. Endokrynol Pol 
2014; 65: 232-9.

8.	 Gu G, Brown JR, Melton DA. Direct lineage tracing reveals the ontogeny of pancreatic cell fates 
during mouse embryogenesis.Mech Dev 2003; 120: 35-43.

9.	 Lambert LA, Shaprio SE, Lee JE, et al. Surgical treatment of hyperparathyroidism in patients 
with multiple endocrine neoplasia type 1. Arch Surg 2005; 140: 374-82.

10.	 Goudet P, Peschaud F, Mignon M; et al.; Groupe des Tumeurs Endocrines. Gastrinomas in mul-
tiple endocrine neoplasia type-1: a 127- case cohort study from the endocrine tumour group 
(ETG). Ann Chir 2004; 129: 149-55.

11.	 Goudet P, Peschaud F, Mignon M; et al.; Groupe des Tumeurs Endocrines. Gastrinomas in mul-
tiple endocrine neoplasia type-1: a 127- case cohort study from the endocrine tumour group 
(ETG). Ann Chir 2004; 129: 149-55.

12.	 Trouillas J, Labat-Moleur F, Sturm N, et al.; Groupe d’etudes des Tumeurs Endocrines. Pitui-
tary tumors and hyperplasia in multiple endocrine neoplasia type 1 syndrome (MEN1): a ca-



Gastrointestinal Stromal Tümörler ve Nöroendokrin Tümörlere Yaklaşım

- 357 -

se-control study in a series of 77 patients versus 2509 non-MEN1 patients. Am J Surg Pathol 
2008; 32: 534-43.

13.	 Teh BT, Zedenius J, Kytola S, et al. Thymic carcinoids in multiple endocrine neoplasia type 1. 
Ann Surg 1998; 228: 99-105.

14.	 Pack S, Turner ML, Zhuang Z, Vortmeyer AO, Boni R, Skarulis M, Marx SJ, Darling TN. 1998 
Cutaneous tumors in patients with multiple endocrine neoplasia type 1 show allelic deletion of 
the MEN1 gene. J Invest Dermatol 1998; 110: 438-40. 

15.	 Brandi ML, Gagel RF, Angeli A, et al. Guidelines for diagnosis andtherapy of MEN type 1 and 
type 2. J Clin Endocrinol Metab 2001; 86: 5658-5671. 

16.	 Lemmens I, Van de Ven WJ, Kas K, et al. Identification of the multiple endocrine neoplasia 
type 1 (MEN1) gene. The European Consortium on MEN1. Hum Mol Genet 1997; 6: 1177-83.

17.	 Chandrasekharappa SC, Guru SC, Manickam P, et al. Positional cloning of the gene for multiple 
endocrine neoplasia-type 1. Science 1997; 276: 404-7. 24. 

18.	 Guru SC, Goldsmith PK, Burns AL, Marx SJ, Spiegel AM, Collins FS, Chandrasekharappa SC. 
Menin the product of the MEN1 gene is a nuclear protein. Proc Natl Acad Sci U S A 1998; 95: 
1630-4. 25. 

19.	 Agarwal SK, Kennedy PA, Scacheri PC, et al. Menin molecular interactions: insights into nor-
mal functions and tumorigenesis. Horm Metab Res 2005; 37: 369-74. 

20.	 Wautot V, Khodaei S, Frappart L, et al. Expression analysis of endogenous menin the product 
of the multiple endocrine neoplasia type 1 gene in cell lines and human tissues. Int J Cancer 
2000; 85: 877-81. 

21.	 Bertolino P, Tong WM, Galendo D, Wang ZQ, Zhang CX. Heterozygous Men1 mutant mice 
develop a range of endocrine tumors mimicking multiple endocrine neoplasia type 1. Mol En-
docrinol 2003; 17: 1880-92.  

22.	 Crabtree JS, Scacheri PC, Ward JM, et al. A mouse model of multiple endocrine neoplasia type 
1 develops multiple endocrine tumors. Proc Natl Acad Sci U S A 2001; 98: 1118-23. 

23.	 Papaconstantinou M, Wu Y, Pretorius HN, Singh N, Gianfelice G, Tanguay RM, Campos AR, 
Bedard PA. Menin is a regulator of the stress response in Drosophila melanogaster. Mol Cell 
Biol 2005; 25: 9960-9972.

24.	 Nord B, Platz A, Smoczynski K, et al. Malignant melanoma in patients with multiple endocrine 
neoplasia type 1 and involvement of the MEN1 gene in sporadic melanoma. Int J Cancer 2000; 
87: 463-7. 

25.	 Poisson A, Zablewska B, Gaudray P. Menin interacting proteins as clues toward the understan-
ding of multiple endocrine neoplasia type 1. Cancer Lett 2003; 189: 1-10. 

26.	 Kim H, Lee JE, Cho EJ, et al. Menin a tumor suppressor represses JunD-mediated transcrip-
tional activity by association with an mSin3A-histone deacetylase complex. Cancer Res 2003; 
63: 6135-9. 

27.	 Hughes CM, Rozenblatt-Rosen O, Milne TA, et al. Menin associates with a trithorax family 
methyltransferase complex and with the hoxc8 locus. Mol Cell 2004; 13: 587-97.

28.	 Wu T, Zhang X, Huang X, Yang Y, Hua X. Regulation of cyclin B2 expression and cell cycle 
G2/m transition by menin. J Biol Chem 2010; 285: 18291-300. 43.

29.	  Wautot V, Vercherat C, Lespinasse J, et al. Germline mutation profile of MEN1 in multiple en-
docrine neoplasia type 1: search for correlation between phenotype and the functional domains 
of the MEN1 protein. Hum Mutat 2002; 20: 35-47. 

30.	 Yaguchi H, Ohkura N, Takahashi M, Nagamura Y, Kitabayashi I, Tsukada T. Menin missen-
se mutants associated with multiple endocrine neoplasia type 1 are rapidly degraded via the 
ubiquitin-proteasome pathway. MoI Cell Biol 2004; 24: 6569-80. 

31.	 Agarwal SK, Mateo CM, Marx SJ. Rare germline mutations in cyclin- dependent kinase inhi-
bitor genes in multiple endocrine neoplasia type 1 and related states. J Clin Endocrinol Metab 
2009; 94: 1826-34.

32.	 Cardinal JW, Bergman L, Hayward N, et al. A report of a national mutation testing service 
for the MEN1 gene: clinical presentations and implications for mutation testing. J Med Genet 



Gastrointestinal Stromal Tümörler ve Nöroendokrin Tümörlere Yaklaşım

- 358 -

2005; 42: 69-74.
33.	 Arighi E, Popsueva A, Degl’Innocenti D, Borrello MG, Carniti C,Perala NM, Pierotti MA, 

Sariola H. Biological effects of the dual phenotypic Janus mutation of ret cosegregating with 
both multiple endocrine neoplasia type 2 and Hirschsprung’s disease. MolEndocrinol 2004; 
18: 1004-17.

34.	 Hofstra RM, Sijmons RH, Stelwagen T, et al. RET mutation screening in familial cutaneous lic-
hen amyloidosis and in skin amyloidosis associated with multiple endocrine neoplasia. J Invest 
Dermatol 1996; 107: 215-8.

35.	 Coulpier M, Anders J, Ibanez CF. Coordinated activation of autophosphorylation sites in the 
RET receptor tyrosine kinase: importance of tyrosine 1062 for GDNF mediated neuronal diffe-
rentiation and survival. J Biol Chem 2002; 277: 1991-9.

36.	  Acton DS, Velthuyzen D, Lips CJ, Hoppener JW. Multiple endocrine neoplasia type 2B muta-
tion in human RET oncogene induces medullary thyroid carcinoma in transgenic mice. On-
cogene 2000; 19:3121-5.

37.	 57. Michiels FM, Chappuis S, Caillou B. Development of medullary thyroid carcinoma in trans-
genic mice expressing the RET protooncogene altered by a multiple endocrine neoplasia type 
2A mutation. Proc Natl Acad Sci U S A 1997; 94: 3330-5. 

38.	 Freche B, Guillaumot P, Charmetant J, et al. Inducible dimerization of RET reveals a specific 
AKT deregulation in oncogenic signaling. J Biol Chem 2005; 280: 36584-91. 

39.	 Gimm O, Marsh DJ, Andrew SD, et al. Germline dinucleotide mutation in codon 883 of the 
RET proto-oncogene in multiple endocrine neoplasia type 2B without codon 918 mutation. J 
Clin Endocrinol Metab 1997; 82: 3902-4.

40.	 Bellmunt J, Puente J, Garcia de Muro J, Lainez N, Rodriguez C, Duran I. SEOM clinical guide-
lines for the treatment of renal cell carcinoma. Clin Transl Oncol 2014; 16: 1043-50.

41.	 Elisei R, Cosci B, Romei C, et al. Identification of a novel point mutation in the RET gene 
(Ala883Thr) which is associated with medullary thyroid carcinoma phenotype only in homoz-
ygous condition. J Clin Endocrinol Metab 2004; 89: 5823-7.

42.	 D’Aloiso L, Carlomagno F, Bisceglia M, et al. Clinical case seminar: in vivo and in vitro cha-
racterization of a novel germline RET mutation associated with low-penetrant nonaggressive 
familial medullary thyroid carcinoma. J Clin Endocrinol Metab 2006; 91: 754-9.

43.	 Carlson KM, Bracamontes J, Jackson CE, Clark R, Lacroix A,Wells SA Jr, Goodfellow PJ. Pa-
rent-of-origin effects in multiple endocrine neoplasia type 2B. Am J Hum Genet 1994; 55: 
1076-82.

44.	 Niccoli-Sire P, Murat A, Rohmer V, et al.; Groupe D’etude Des Tumeurs Endocrines. When 
should thyroidectomy be performed in familial medullary thyroid carcinoma gene carriers 
with noncysteine RET mutations. Surgery 2003; 134: 1029-37.

45.	 Niccoli-Sire P, Murat A, Rohmer V, et al.; French Calcitonin Tumors Group (GETC). Familial 
medullary thyroid carcinoma with noncysteine ret mutations: phenotype-genotype relations-
hiin a large series of patients. J Clin Endocrinol Metab 2001; 86: 3746-53.

46.	 Moers AM, Landsvater RM, Schaap C, et al. Familial medullary thyroid carcinoma: not a dis-
tinct entity? Genotype-phenotype correlation in a large family. Am J Med 1996; 101: 635-41.

47.	 Eisenhofer G, Walther MM, Huynh TT, et al. Pheochromocytomas in von Hippel-Lindau sy-
ndrome and multiple endocrine neoplasia type 2 display distinct biochemical and clinical phe-
notypes. J Clin Endocrinol Metab 2001; 86: 1999-2008.

48.	 Hammel PR, Vilgrain V, Terris B, et al. Pancreatic involvement in von Hippel-Lindau disease. 
The Groupe Francophone d’Etude de la Maladie de von Hippel-Lindau. Gastroenterology 2000; 
119: 1087-95.

49.	 Woodward ER, Buchberger A, Clifford SC, Hurst LD, Affara NA, Maher ER. Comparative 
sequence analysis of the VHL tumor suppressor gene. Genomics 2000; 65: 253-65.



Gastrointestinal Stromal Tümörler ve Nöroendokrin Tümörlere Yaklaşım

- 359 -

50.	 Jaakkola P, Mole DR, Tian YM, et al. Targeting of HIF-alpha to the von Hippel-Lindau ubiqu-
itylation complex by 02-regulated prolyl hydroxylation. Science 2001; 292: 468-72.

51.	 Kamura T, Brower CS, Conaway RC, Conaway JW. A molecular basis for stabilization of the 
von Hippel- Lindau (VHL) tumor suppressor protein by components of the VHL ubiquitin 
ligase. J Biol Chem 2002; 277: 30388-93.

52.	 Baba M, Hirai S, Yamada-Okabe H, et al. Loss of von Hippel-Lindau protein causes cell density 
dependent deregulation of Cyclin DI expression through hypoxia-inducible factor. Oncogene 
2003; 22: 2728-38.

53.	 Panchenko MV, Zhou Ml, Cohen HT. Von Hippel-Lindau partner Jade-1 is a transcriptional 
coactivator associated with histone acetyltransferase activity. J Biol Chem 2004; 279: 56032-41.

54.	 Opocher G, Conton P, Schiavi F,.et al. Pheochromocytoma in von Hippel-Lindau disease and 
neurofibromatosis type 1. Fam Cancer 2005; 4: 13-6.

55.	 Cichowski K, Jacks T. NF1 tumor suppressor gene function: narrowing the GAP. Cell 2001; 
104: 593-604.

56.	 Johannessen CM, Reczek EE, James MF, et al. The NF1 tumor suppressor critically regulates 
TSC2 and mTOR. Proc Natl Acad Sci U S A 2005; 102: 8573-8.

57.	 Altomare DA, Testa JR. Perturbations of the AKT signaling pathway in human cancer. Oncoge-
ne 2005; 24: 7455-64.

58.	 Kwiatkowski DJ, Manning BD. Tuberous sclerosis: a GAP at the crossroads of multiple signal-
ling pathways. Hum Mol Genet 2005; 14: 251-8.

59.	 Teh BT, Farnebo F, Twigg S, et al. Familial isolated hyperparathyroidism maps to the hyper-
parathyroidism-jaw tumor locus in 1q21-q32 in a subset of families. J Clin Endocrinol Metab 
1998; 83: 2114-20.

60.	 Gimenez-Roqueplo AP, Favier J, Rustin P, Rieubland C, Kerlan V, Plouin PF, Rotig A, Jeunema-
itre X. Functional consequences of a SDHB gene mutation in an apparently sporadic phaeoch-
romocytoma. J Clin Endocrinol Metab 2002; 87: 4771-4.

61.	 Fischbach J, Gut P, Matysiak-Grześ M, Klimowicz A, Gryczyńska M, Waśko R, Ruchała M. 
Combined octreotide and peptide receptorradionuclide therapy (90Y-DOTA-TATE) In case of 
malignant insulinoma. Neuro Endocrinol Lett 2012; 33: 273-8.

62.	 Gut P, Fischbach J, Kamiński G. Contemporary methods of therapy and follow-up of neuroen-
docrine tumours of the gastrointestinal tract and the pancreas. Contemp Oncol (Pozn) 2012; 
16: 371-5.


