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Keelawat S. Neuroendocrine concept. Chula Med J 1997 Jul;41(7): 541-53

The neuroendocrine system consists of dispersed neuroendocrine cells in vaious
Iocations of the body. They may form organs, be in clusters or be single cell among
other tissues. In 1869, Paul Langerhans discovered islets cells in the pancreas. He
probably was the first person to discover a portion of the neuroendocrine cell system.
Since then, the number of known sites in this system has been increasing.
Neuroendocrine cells have been known by different names in the literature. During
1968-69, Everson Pearse grouped these cells together under the acronym “APUD”
(Amine and Amine-precursors uptake and Decarboxylation) cell system. According
to his grouping methodology, APUD cells had common chemical and ultrastructural
properties. Less than ten years later, a rival idea called “Paraneuron” was proposed
by Fujita. Nowadays, the neuroendocrine concept has again changed. A new set
of criteria for neuroendocrine cells was proposed by Keith Langly in 1994.
According to him, the émbxyona] origin of these cells, which was once believed to
be neuroectodermal, is now not a requirement. Today, identification of these cells
tends to be dependent on the presence of their marker proteins, the neuroendocrine

markers.
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@139 1. Cytochemical characteristics of Polypeptide hormone - producing cells of the APUD

series.(®)

Fluorogenic amine content (catecholamine, 5-HT® or other) ; a, primary; b, secondary

(A) 1.
uptake
(P) 2. Amine precursor uptake (5-HTP, DOPA)
(U)
(D) 3. Amino acid decarboxylase

a. High side chain carboxyl or carboxyamide

5. High nonspecific esterase or cholinesterase (or both)

6. High alpha-GPD (Alpha-glycerophosphate menadione reductase)

7. Specific immunofluorescence

3HT, 5-hydroxytryptamine; 5-HTP, § -hydroxytryptophan; DOPA, dihydroxyphenylalanine; Alpha-GPD, Alpha-glycerophosphate

dehydrogenase.
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1. Low levels of rough endoplasmic reticulum

2. High levels of smooth endoplasmic reticulum in the form of vesicles

3. High content of free rebosomes

4. Electron-dense, fixation-labile mitochondria

5. Prominent microtubules, centrosomes

6. Tendency to produce fine protein microfibrils

7. Membrane-bound secretion vesicles best preserved by glutaraldehyde; varying density (average

size 100~-200 mm)
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@159l 3. Polypeptide-secreting Endocrine cells (the APUD series).(®)

545

-
.

Pituitary corticotroph (ACTH)

2. Pituitary melanotroph (MSH)

3. Pancreatic islet B cell (Insulin)

4. Pancreatic islet o, cell (Glucagon)

5. Thyroid and extrathyroid C cell (calcitonin)

6.  Stomach-argyrophil cell (Gastrin)

7. Stomach-enterochromaffin cell (Gastrin, secretin)

8.  Intestine - argyrophil cell (cholecystokinin-pancreozymin)
9.  Intestine-enterochromaffin cell (secretin, glucagon)

10.  Pancreatic islet o cell (Gastrin)

11.  Carotid body type I cell (Glomin)

12.  Lung endocrine (Feyrter) cell (Pneumokinin)

13.  Adrenal medulla A cell (Chromogranin --> medullarin)
14.  Adrenal medulla NA cell (Chromogranin --> medullarin)
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@1579% 4. The central division of the diffuse neuroendocrine system.(12)

Cell type Peptide prodiicts Amine Products
Pineal Arginine vasotocin, Melatonin
lutropin releasing hormone 5-Hydroxytryptamine
Hypothalamic Arginine vasotocin, Dopamine
magnocellular arginine vasotocin Norepinephrine
5-Hydroxytryptamine
Hypothalamic Releasing factors,
parvocellular release inhibiting factors
Pituitary FSH, LH, TSH Dopamine
pars distalis STH, PRL, ACTH Norepinephrine
MSH, B-LPH 5-Hydroxy-tryptamine
B-Endorphin Histamine (Tyramine)
Gastrin, calcitonin
Pituitary ACTH,MSH
pars intermedia B-LPH

B-Endorphin, calcitonin

o . . . .
@19519N 5. The peripheral division of the diffuse neuroendocrine system.('z)

Cell type Peptide products Amine products
Panereas B.A Insulin, glucagon S-Hydroxytryptamine
D,D,(F) Somatostatin, PP Dopamine
Stomach G Gastrin, Enkeph.,ACTH -
' v AL, Glucagon -
EC, Substance P 5-Hydroxytryptamine
ECL - Histamine
D Somatostatin -
Intestine EC, Substance P 5-Hydroxytryptamine, Melatonin
EC,(M) Motilin -
L,S, Glicentin, Secretin -
LD,(P) CLK, (Bombesin) -
DX, Somatostatin, GIP -
N Neurotensin -
H VIP -
Lung K (Feyrter) = Bombesin -
Parathyroid Chief - Parathyrin -
Andrenomedullary E,NE - Epinephrine, norepinephrine
Sympathetic Ganglion VIP Norepinephrine
SIF - Dopamine,norepinephrine
Carotid body Type 1 - Dopamine,norepinephrine
Melanoblast/cyte - : Premelanin
Thyroid/ultimobranchial C Calcitonin, S-Hydroxytryptamine
somatostatin
Urogenital tract EC - -
\% - -

- PP, Pancreatic polypeptide; ECL, enterochromaffin; Enkeph., Met-or Leu-enkephalin; SIF, small in tensely fluorescent. Glicentin
formerly enteroglucagon.
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The Paraneuron Concept‘®
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@13191 6. Criteria of Paraneuron.(®'?)

1. A paraneuron is a cell that is able to produce (1) substance (s) identical with, or related to,
neurotransmitters or suspected neurotransmitters, and (2) protein /polypeptide substance (s) that may
possess hormonal actions '

2. A paraneuron is a cell that possess synaptic vesicle-like and/or neuro-secretion-like granules

3. A paraneuron is a cell that is recepto-secretory in function. It releases secretions in response to
adequate stimuli acting upon its receptor site on the cell membrane

4. A paraneuron is a cell whose origin is common with neurons, that is, neuroectoderm

. ' & (% . ~ & >
27N criteria N9 4 T8v89 Fujita 9ziduld  289wad@9nn97n neuroectoderm

1 da v a o [ a ed a :
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@157 7. Main members of the Paraneuron Family.®

Chromatffin cell of the adrenal medulla.

SIF (small intensively fluorescent) cell in autonomic nerve ganglia.
Chief cell of the carotid body.

Parafollicular cell of the thyroid.

Parathyroid cell.

Anterior pituitary cell.

Pancreatic islet cell.

Basal-granulated cell in the gastroenteric mucosa, pancreatic and bile ducts, and urogenital tracts.
Gustatory cell.

Basal-granulated cell in the bronchial epithelium.

Hair cells of the inner ear and lateral line organ.

Photoreceptor cells of the retina and pinealocyte.

Olfactory cell.

Liquor contacting neurons.

Merkel cell of the skin.

Melanocyte.

Mast cell.
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1) Neuroendocrine cells produce a
neurotransmitter 7 neuromodulator or a neuropeptide
hormone

2) These substances are contained within
membrane-bound granules or vesicles, from which
they are released by a process of regulated exocytosis
in response to external (neural) stimuli.

3) Neuroendocrine cells differ from
neurons by the absence of axons and specialized
nerve terminals (i.e. their mode of transmission is
endocrine or paracrine rather than synaptic).

4) Different types of neuroendocrine cells
share many specific properties and express several
proteins in common, but the expression of any one
marker protein is not and absolute criterion.
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