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Chapter 1

Recent Studies on Digestive
 System Anatomy

1. Introduction and Aim

 Gastric carcinoids develop from neuroendocrine cells. There are a few types of neuroen-
docrine cells in the stomach, mainly G, D, ECL, D1, Ec, P and X cells [1-5]. Gastric carcinoids 
in the stomach derive from ECL cells, the dominant type of endocrine cells of the corpus and 
fundus mucosa realising histamine which is responsible for parietal cell stimulation [6-8]. Au-
toimmune atrophic fundic gastritis induces both hipergastrinemia and pernicious anemia (PA), 
as well as the changes in both epithelium and endocrine cells in gastric mucosa [6-9]. The most 
important complicatins of hipergastrinrmia are: gastric cancer and enterochromaffin-like cell 
(ECL- cell) carcinoid [7-10]. Gastric carcinoids (GCs) constitute 4% of all gastrointestinal 
endocrine tumors and 0.3% of gastric neoplasia [6-10]. 

 The aim of this study was to examine both type ECL-cell carcinoid morphology and 
their histogenesis in A gastritis. 

Methods 

 During the period from 2013-2015, 40 patients with PA and 20 patients of control group 
were examined. Histopathological examination was done in endoscopical biopasies of gas-
tric antral and corpus/ fundic mucosa, fixed in 10% formaldehyde. Paraffin sections were 
stained with classic HE, histochemical (AB-PAS), cytochemical argirophilic Sevier- Munger 
and Grimelius methods and immunocitochemical ABC method, with antibody to gastrin for 
analysis antral G cells and with Chromogranin A for the detection of gastric ECL- cell carci-
noids. Basal gastrin serum levels were examined by using RIA method. 
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2. Clinical and Micromorphological Features 

 Marked antral G cell hyperplasia (Figure 1a) is associated with hypergastrinemia in-
duced by atrophic corporal autoimmune gastritis; G cells in control (Figure 1b) ECL-cell hy-
perplasia of simplex, linear (Figure 1c) or adenomatoid type or, type 1 ECL- cell carcinoids. 
Carcinoids were divided into four types [6-10]. The first three originate from the ECL cells 
located in the corpus /fundic gastric mucosa. These cells have been identified earlier as the 
histamine- containing argyrophil cells in rat gastric mucosa of the mastomas [2-6]. They are 
of closed type and the most numerous in the inferior thirth of fundic glands. However, now, 
there are also reports on the distribution of ECL- cell in human stomach, proved by specific 
cytochemical argyrophilic Sevier-Munger,s method (Figure 1c).

 Autoimmune corpus atrophic gastritis with diffuse intestinal and pyloric metaplasia 
(Figure 2) is followed by hipergastrinaemia and by ECL-cell hyperplasia (Figure 1c), displa-
sia and neoplasia.

 Gastric carcinoids have been shown to be increasing [10-16]. Today, the incidence of 
Gcs in relation to all gastric neoplasms both benign and malignant growths, has also increased 
from 0.4 to 1.8% [15-18]. 

 Type 1 Gcs accounts for 70-80% of all gastric. Gcs are developed as a result of the trophic 
effect of gastrin on the ECL cells [17]. These tumors are associated with autoimmune chronic 
atrophic gastritis. The loss of hydrochloric acid producing parietal cells leads to achlorhydria 
which in turn stimulates the G-cells of the antrum to produce gastrin. We have found the sig-
nificant difference in serum gastrin levels between controls and pernicious anemia (p<0.001). 
Hypergastrinemia promotes the growth of the ECL cells- first resulting in hyperplasia out of 
which multiple ECL - cell tumors arise [17-21]. 

 Type1 Gcs are typically multiple, usually small ( < 2 cm ) and because of their associa-
tion with autoimmune AG occur more frequently in females aged 50 years or greater, com-
monlly associated with B12 malabsorption and pernicious anemia [9-14]. Histologically, trabe-
cular with hyalin stroma, nest and microglandulat structure, with eosinophilic cytoplasm and 
without nuclear atypia and mitotic activity (Figure 3). Immunohistochemical marked reaction 
with Chromogranin A antibody, has confirmed the type 1 ECL-cell carcinoid (Figure 4).

 The majority of these tumors are benign, but metastases have been reported in 3-5 % of 
patients [18]. Small tumors can be removed endoscopically while larger tumors or those dem-
onstrating invasion, require surgical excision. Ongoing endoscopic surveillance is required 
every six months since recurrence remains high. Somatostatin analogues have been utilized to 
reduce the gastrin levels and have been shown to reduce recurrences. Five-year survival rates, 
approaching 98% illustrate the benign nature of this type tumour.
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 Type2 Gcs, like type 1, are gastrin dependent and often multifocal. These carcinoids 
develop secondary in the contex of high gastrin hormone levels due to gastrin secreating tumor 
(gastrinoma or Zollinger-Ellison syndromes- CES) associated with MEN I: these patients have 
elevated gastric acid and present with the clinical manifestations of ZES. Type 2 gastric tumors 
represent 50% of gastric carcinoids and equally distributed between males and females. His-
tologically, they appear similar to type 1 tumors, however, their malignant potential is greater. 
Regional lymph nodes have been reported in up to 30% of cases and liver metastases in 10% 
[19]. Treatment of those tumors is focused on removal of the source of gastrin (typically a 
duodenal gastrinoma), together with ressection of the gastric carcinoid if it is large and unable 
to be resected endoscopically. The 5-year survival is aproximately 90% for type 2 gastric car-
cinoids [19]. 

 Type 3 Gcs, or sporadic tumors, account for 20% of gastric carcinoids: they are not as-
sociated with elevated gastric levels, They are usually solitary, large (> 2 cm) and occur most 
frequently in male over age of 50. Regional lymph node involvement is found in up to 50% of 
cases and liver metastases develop in over two thirds of the patients. An ‘atypical ‘carcinoid 
syndrome can develop in 5 to 10% in patients with type 3 carcinoids: it is a result of histamine 
levels. Serum CgA serve as tumor markers and can be useful in following response to therapy. 
This kind of gastric carcinoid should be treated similar to the more common adenocarcinoma 
of the stomach, with an enblock resection and an appropriate lymph node clearance. Unfortu-
nately, unlike type 1 and 2 carcinoid, type 3 has a 5-year survival of only 50% overall and 10% 
in those patients with distant metastases.

 Type 4 Gcs: consist of poorly different endocrine carcinomas and mixed exocrine - en-
docrine carcinoids. The tumors are usually greater than 5 cm, often ulcerating and surgical 
unresectable. The prognosis is poor with the median survival of only 8 months reported in the 
literature [11]. Chemotherapy has been attempted in a limited number of patients yet the rarity 
of these tumor does not allow for standard therapeutic protocols.

3. Etiology

 Role of “A gastritis” in type 1 ECL- cell carcinoid (enterochromaffin-like ECL cell car-
cinoid) pathogenesis:

 Autoimmune gastritis is a chronic inflammatory disease with destruction of parietal 
cells of the corpus and fundus of the stomach. The known consequence is vitamin B12 deficien-
cy and, consequently, pernicious anemia. The ECL cells specifically produce histamine and 
histidine decarboxylase, which are difficult to demonstrate by immunohistochemical methods 
in routinelly processed specimens [15]. They have been commonly labelled as “ ECL cacino-
ids “ although minor cell subpopulations expressing serotonin, ghrelin, gastrin, somatostatin, 
pancreatic polypeptide (PP), or alfa human chorionic gonadotropin (alfa- hCG) have been 
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detected. The rest carcinoids are : ECL cell, histamine-producing NET, EC cell , serotonin pro-
ducing NET, Gastrinoma (Gastrin -producing NET), NEC and MANEC producing [15-19].

4. Precursor lesions

 ECL cell NETs arising in the successive stages of hyperplasia are termed simple, linear, 
micronodular and adenomatoid, aprgastrinaemic conditions (types I and II) develop through a 
sequence of hyperplasia-dysplasia-neoplasia that is well-documented [19].

5. Prognosis

 The prognosis for patients with gastric NETs is highly variable. A striking difference 
exists between ECL cell NETS, which are mostly indolent or low grade malignant, and NECs, 
which invariably high-grade malignant. In ECL cell NETS, favourable prognosis associates 
will growth within mucosa-submucosa, absence of angioinvasio, size < 1cm, absence of endo-
crine syndrome. 

6. Conclusion

 We have concluded that 

 - the most frequent, type 1 ECL- cell carcinoid is associated often with both autoim-
mune chronic atrophic A gastritis and autoimmune Hachimmotto thyroiditis; 

 - ECL- cell carcinoid diagnosisis is made incidentally on upper endoscopy;

 - loss of hydrochloric acid producing parietal cells leads to achlorhydria, which in turn 
stimulates the G cells of the antrum to produce gastrin;

 - role of gastrin in etiology of gastric cancer implies caution in the long- term treatment 
with inhibitors of gastric acid secretion, inducing secondary hypergastrinemia, antral G cell 
hyperplasia, corpus ECL-cell hyperplasia, type 1 ECL-cell carcinoids in the corpus / fundic 
mucosa and neuroendocrine gastric cancer; 

 - interest for the genesis of ECL –cell corpus / fundic carcinoids is dramatically in-
creased, since drug Omerprasole (PROTON PUMP Inhibitor) was so commonly used; 

 - degree and duration of hypoacidity, as well as secondary hypergasrtrinemia 

 - determine the risk of tumor development; 

 - suggestion that carcinoma of diffuse type (signet ring cell type) probable originates 
from the ECL cells by dedifferentiation and that represents neuroendocrine carcinoma [21], is 
only new provocative research field for the future.
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Figure 1: (a,b,c)_a- adenomatoid G cell hyperplasia ( ABC x 300); b- antral G cells in conrol ( ABC x 200); c- linear 
ECL–cell hyperplasia ( Sevier-Munger x 300)

Figure 2: Chronic corpus/fundic atrophic gastritis with intestinal and pyloric metaplasia AB-PAS x 300

7. Figures

Figure 3: Type 1 ECL – cell carcinoid HE X 300
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Figure 4: Strong Chromogranin A activity. ABC x 300

Figure 5: Carcinoid of the stomach: Submucouse localisation. Grimelius x 200

8. References
1. Stachura T, Strzalka M, Bolt L.Type 1 carcinoids and ECL – cell hyperplasia of the gastric mucosa. Przeglad Lekarski. 
2003; 60(12): 782-788.

2. Capella C, Solcia E, Snell KC. Ultrastructure of endocrine cells and argyrophil carcinoids of the stomach of Praomys 
( Mastomys ) natalensis. J Natl Cancer Inst. 1973; 50(6): 1471- 1485.

3. Sevier AC, Munger BL. Technical note: a silver method for paraffin sections of neural tissue. J Neuropathol Exp 
Neurol. 1965; 24: 130-135.

4. Vuka Katic, Boris Dninjdjic, Marijola Mojsilovic, Pavle Mladenovic, Vladmina Bojanic, Ivanka Stamenkovic, Neboj-
sa Ignjatovic. New Classification and Diagnosis of appendiceal Carcinoid Tumors. Acta Medica Mediana. 2012; 51(1 
): 24 – 29. 

5. Papotti M, Cassoni P, Volante M, Deghenghi R, Muccoli G, Ghigo E. Ghrelin-producing endocrini tumors of the 
stomach and intestine. J Clin Endocrinol Metab. 2001; 86: 5052-5059.

6. Yao JC, Hassan M, Phan A, Dagiho C. et al .One hundred years after ‘carcinoid’: epidemiology of and prognostic 
factors for neuroendocrine tumors in 35825 in the United States, J. Clin Oncol. 2008 ; 26: 3063 / 72.

7. Solcia E, Capella C, Frigerio B.Histochemical and Ultrastructural studies of the argentaffin and argyrophil cells of 
the gut. In: Coupland HE, Fujita T, editors. Enterochromaffin and related cells. Tokyo: Elsvier Scientific Publishing 
Company; 1976: 144-161. 



Recent Studies on Digestive System Anatomy

7

8. Katic V, Novakovic R, Vukasinovic R, Kutlesic C.Study of gastrin and enterochromaffin- like endocrine cells in gas-
tric mucosa of patients with peptic ulcer. Gastroenterohepatologic Archive. 1984; 4: 170-80.

9. Katić V, Dojčinov D, Kutlešić Č. Apud cells in stomach of patients suffering from antral gastritis and pernicious ane-
mia .Pathology Research and Practice. 1979: 165 (1-2): 109. 

10. Rindi G, Luinetti O, Comaggia M, Capella C, Solcia E ( 1993 ): Three subtypes of gastric argyrophil carcinois and 
the gastric neuroendocrine carcinoma : a clinicopathologic study. Gastroenterology. 104: 994 ‘ 1006.l

11. Solcia E. Three subtypes of gastric argyrophil carcinoid and the gastric neuroendocrine carcinoma: a clinicopatho-
logic Study. Gastroenterology. 1993; 104: 994-1006.

12. Katic V. Endocrine cells in gastric mucosa. In book: Pathology of the gaster.; 1989: 33-46.Medicinska knjiga 
Beograd.

13. Solcia E, Bordi C, Creutzfejdt W, Dayal Y, Dayal AD, Falkmer S. et al. Histopathological classification of nonantral 
gastric endocrine growths in man. Digestion 1988; 4(4): 185-200.

14. Sunlder F, Eriksson B, Grimelius L. Hakansin R, Lonroth H, Lundell L. Histamine in gastric carcinoids tumor: im-
munocytochemical evidence. Endocr Pathol 1992; 3: 23-27.

15. Bordi C, D Adda T, Azzoni C, Pilato FP, Caruana P. Hypergastrinemia and gastric enterochromaffin/like cells. Am J 
Surg Patol 1995; 19 Suppl 1: S8- 19.

16. Annibale, Azzono C, Corleto VD, Di GE, Caruana P et al et al. Atrophic body gastritis patients with enterochro-
maffine- like cell dysplasia are at increased risk for the development of type I gastric carcinoid. Eur J Gastroenterol 
Hepatol. 2001; 13: 1449- 1456.

17. Macukanovic – Golubovic L, Katic V, Rancic G, MIilenovic M, Marjanovic G, Golubovic Z. Study on histogenesis 
of enterochromaffin-like carcinoid in autoimmune atrophic gastritis associated with pernicious anaemia.Military Medi-
cal and Pharmaceutical Journal of Serbia. 2007; 64 ( No 8 ): pp 507-580.

18. Solcia E, Capella C, Fiocca R, Rindi G, Rossai J. Gastric argyrophil carcinoidosis in patients with Zollinger – Ellison 
due to type 1 multiple endocrine neoplasia. A newly recognied association. Am J Surg Pathol : 1990; 14: 503-513.

19. Solcia E, Arnold R, Capella C, Kimstra DS, Kloppel G, Komminoth P, Rindi G. Neuroendocrine neoplasms of the 
stomach . In: WHO Clasification of Tumours of the Digestive System. IARC, Lion, 2010: 64-68.

20. Alexandraki Kl, Nikolaou A, Tho,as D, Syriou V, Korkolopoulou P, Sougioultzis, S, Kaltsas G. Are patients with 
autoimmune thyroid disease and autoimmune gastritis at risk of gastric neuroendocrine neoplasms type 1 ? Clin Endo-
crinol ( Oxf ), 2014 ; 80(5): 685-690. 

21. Waldum HL, Hauso O, Brenna E, Qvigstad G, Fossmark R, Does Long-term profound inhibition of gastric acid 
secretion increases the risk of ECL-derived tumors in man? Scand J Gastroenterol. 2016; 51: 1-7.


