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A B S T R A C T

Current knowledge of laryngeal neuroendocrine cells in man and other vertebrates is reviewed. Particular at-
tention is paid to differences in the distribution of neuroendocrine cells between squamous and respiratory
laryngeal mucosa, foetal versus post-natal spatial arrangements, relation to the laryngeal cavity and nerve fibres,
and immunoreactivities of these cells. Methodological deficiencies and gaps in knowledge are outlined.
Comparisons with neuroendocrine cells in lung and gut are drawn, caution with regard to existing histogenetic
models of laryngeal neuroendocrine neoplasia is advised and lines of future research are suggested.

1. Introduction

Common experience would predict that various mechanical and/or
chemical factors targeting the laryngeal mucosa would elicit reflexes
ranging from retching to choking [3]. These reflexes may, in turn,
evoke allergic reactions or secretion of mucus [33], depending on the
presence of free nerve endings, tactile or chemo-receptors and in-
traepithelial neuroendocrine cells [3]. These neuroendocrine cells may
be acting as endocrine or paracrine agents [33], akin to the intestinal
Kulchitsky cells and other components of the diffuse neuroendocrine
system. Although laryngeal nerve endings and localization of neuro-
peptides have been investigated [1,13,28] and much attention has been
paid to laryngeal neuroendocrine neoplasms [9,14,26], our under-
standing of intraepithelial neuroendocrine cells in the normal or non-
neoplastic laryngeal mucosa is still incomplete. There is only a passing
reference to these cells in specialised texts [7]. An understanding of the
various cells and tissues of head and neck is expected from pathologists
specializing in this area – hence, aspects of the structural biology of
laryngeal neuroendocrine cells are critically reviewed here. The lit-
erature search was based on the use of PubMed and the MeSH terms
‘neuroendocrine cells’, ‘APUD cells’ (since ‘APUD’ preceded ‘neu-
roendocrine’) and ‘larynx’. Laryngeal paraganglia and paraganglionic

tissue in laryngeal nerves [5,16] are outside the scope of this review.

2. Methodological considerations

Current approaches to the investigation of intraepithelial laryngeal
neuroendocrine cells are largely based on morphology. Ideally, such an
approach would aim at detecting and mapping out the in-situ ar-
rangements and numbers of these cells with the combined use of ar-
gentaffin and argyrophil special stains, other techniques of conven-
tional histochemistry, electron microscopy, immunohistochemistry
employing a wide range of antibodies, and morphometry. This array of
investigations would allow assessing the sensitivity and specificity of
the respective technologies as well as comparing the distribution and
density of the neuroendocrine cells between various topographical
areas of the larynx. Unfortunately, the published investigations avail-
able to date (see ‘Neuroendocrine cells in the laryngeal mucosa of
vertebrates other than man’ and ‘Neuroendocrine cells in the laryngeal
mucosa of man’ below) do not fully satisfy such requirements, inasmuch
as most are useful compromises.

Controversies apart, despite the availability of various technologies
and reagents, many recent investigations of intraepithelial laryngeal
neuroendocrine cells have chiefly employed the widely available and
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often not overly technically demanding immunohistochemistry. This
usually influences the study design in turn. Further limiting these in-
vestigations is the fact that desirable information on the topographical
distribution and density of neuroendocrine cells is often frustratingly
lacking; moreover, human studies are often restricted to pathological
material.

3. Neuroendocrine cells in the laryngeal mucosa of vertebrates
other than man

Early investigations focussed on rodents and applied histochemistry
and/or electron microscopy to specially preserved tissues [8,17]. These
investigations are dating back to an era when the notion of APUD
(amine precursor uptake and decarboxylation) cells [22,23,25], which
eventually led to the current perception of a diffuse neuroendocrine
system, enjoyed popularity. It was at that time that biogenic amines
were histochemically localized in cells of the laryngeal epithelium of rat
[8]. Despite this ‘endocrine-like’ feature [8,23], the nature of those
intraepithelial cells was not established. Their electron microscopy
correlation also appears open to question. Fig. 3 in Ewen et al. [8] il-
lustrates an ‘endocrine-like’ cell situated among conventional columnar
ciliated and mucous cells. This ‘endocrine-like’ cell lacks small basally-
situated dense-cored vesicles, and instead shows large apical electron-
dense secretory granules. Accordingly, it would be better interpreted as
a serous exocrine cell. This interpretation is supported by a later elec-
tron microscopic investigation that established the presence of serous
cells in the respiratory epithelium of the rat larynx [17]; this in-
vestigation also reported rare singly occurring Kulchitsky-type cells
with characteristic dense-cored cytoplasmic vesicles, therein. Fig. 9 in
Lewis and Prentice [17] illustrates the differences between the ad-
luminal serous and basal Kulchitsky-type cells, but that observation was
not pursued further.

A more recent and informative investigation in the larynx of cat
[33] applied both electron microscopy and immunohistochemistry.
That investigation reported an increased occurrence of bipolar, neu-
roendocrine cells in the subglottic epithelium, when compared with the
glottis and supraglottis. The neuroendocrine cells showed cytoplasmic,
preferentially subnuclear, dense-cored vesicles and a microvillous apex
reaching the mucosal surface [33]. The latter feature is supported by an
immunohistochemical investigation in the frog (see Fig. 21 in Bodegas
et al. [4]).

It appears that while intraepithelial neuroendocrine cells in the
lungs can occasionally be clustered to form ‘neuroepithelial bodies’
[12], those in the larynx of rodents and amphibia occur as single, in-
dividual units [4,11,17]. McDowell et al., however, observed neuroe-
pithelial bodies in the larynx of hamster foetuses, though these struc-
tures became inconspicuous in the postnatal setting [20]. These authors
also drew attention to differential expressions of immunoreactive sub-
stances in the intraepithelial laryngeal neuroendocrine cells, which
were related to age, topography or cellular arrangement [20].

It is of interest that experimental manipulations including antigenic
stimulation and exposure to hypercapnic hypoxia effect increased
numbers of APUD and ‘endocrine’ cells in the laryngeal epithelium of
guinea pigs [18] and rats [32], respectively. Those APUD cells were
elongated and argyrophilic [18]; the morphologically similar ‘endo-
crine’ cells were positive for calcitonin gene-related peptide and protein
gene product 9.5 [32].

4. Neuroendocrine cells in the laryngeal mucosa of man

A 1984 investigation used special staining to identify dendritic ar-
gyrophilic cells in respiratory epithelia of the larynx in 2 out of 13
autopsies; these cells were different from melanocytes, interpreted as
APUD cells and occurred at different levels within the epithelia [27].
The presence of such cells was not echoed by Woodruff et al. [31].
However, while investigating neuroendocrine carcinomas of the larynx,
those authors observed cells with weak calcitonin immunoreactivity in
glands of 9 out of 21 ‘normal’ laryngeal specimens; photomicrographs
of these cells were not provided [31].

A more recent immunohistochemical investigation of 20 human
laryngectomies [6], achieved localisation of neuroendocrine cells in the
non-neoplastic mucosal epithelium. These cells were positive for
chromogranin and synaptophysin, though did not express CD56 or
calcitonin; they appeared in a 1:20 neuroendocrine:epithelial cell ratio
and were preferentially associated with the laryngeal respiratory epi-
thelium (ventricle, subglottis) rather than with the squamous epithe-
lium (glottis, supraglottis). This localisation broadly corresponds with
the topographical distribution of similar cells in the rat and cat [17,33].
The human laryngeal neuroendocrine cells appeared to be basally lo-
cated, individual units of a bipolar or stellate silhouette, which did not
reach the mucosal surface [6]. Such features correspond with un-
published pathological experience (Fig. 1A, B), but contrast with the
aforementioned observations in cat and frog in which laryngeal neu-
roendocrine cells do reach the mucosal surface [4,33]. The issue had
not been pursued by step-sectioning. In addition, the slender elongated
neuroendocrine-like cells that were immunoreactive for protein gene
product 9.5, described by Hauser-Kronberger et al. in the normal larynx
of man, traversed the entire thickness of the mucosal epithelium and
were associated with similarly immunoreactive nerve fibres [13].

Established immunoreactivities of laryngeal neuroendocrine cells in
man and other vertebrates are summarized in Table 1. Methodological
differences in the respective investigations, however, preclude detailed
comparative and/or evolutionary considerations.

5. Neuroendocrine cells in the laryngeal glands?

An early investigation reported argyrophilic cells in the salivary-
type glands of larynx in the guinea-pig [15]. The photomicrographs
indicate that these cells are in ‘myoepithelial’ and ductal arrangements.
An argyrophil staining technique in which reaction product depends on

Fig. 1. Varying numbers of neuroendocrine cells staining for synaptophysin in squamous (A) and respiratory (B) laryngeal epithelia, and lining of an underlying cyst
(C). While most appear slender and columnar with the unstained nuclei situated at different levels, the cell in the upper right part of (C) (arrow) is basally situated
and resembles conventional Kulchitsky cells. The cavity of the larynx is towards the upper part of (A) and (B); the lumen of the cyst is towards the lower right part of
(C) (objective magnification ×20).
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the addition of an extraneous reducer, would also demonstrate argen-
taffin tissue components having an innate reducing capacity [24]. At
the same time, lipofuscin is common in salivary glandular parenchyma
[10,29] - and lipofuscin also possesses argentaffin qualities [24]. Fi-
nally, it is unlikely that intraepithelial, neuroendocrine cells are present
in normal salivary glands [29]. These arguments suggest that the ar-
gyrophilic cells in laryngeal glands [15] correspond to lipofuscin-laden
parenchymal cells rather than to neuroendocrine cells. Whether the
stained elements in Fig. 1C correspond to newly-formed or pre-existing
neuroendocrine cells incorporated in the cyst lining, is speculative. The
observations by Woodruff et al. [31] have been discussed above.

6. Discussion

Observations indicate that the intraepithelial laryngeal neuroendo-
crine cells can reach the mucosal surface [4,33] and thus are of the
open type [7]. This in turn suggests that they are capable of responding
to stimuli from the laryngeal cavity. Their association with nerve fibres
also suggests that they may share some kinship with bipolar neurones
like the olfactory cells. This suggestion fits with the predilection of the
neuroendocrine cells for respiratory-type laryngeal mucosa [17,33],
and with their microvillous apices in cat [33]. On these grounds, the
laryngeal neuroendocrine cells appear to differ from the intestinal
Kulchitsky cells, which are often conical with a base facing the stroma
and an apex not reaching the lumen [19] (closed type [7]).

The neuroendocrine cells in mucosa and, possibly, glandular epi-
thelia of the human larynx are obvious candidates for the cell of origin
of neuroendocrine neoplasms in that organ [14,27,31]. An innate pro-
liferative capacity of those cells would fit with this notion. Indeed, such
a capacity can be reconciled with the finding of increased numbers of
such cells in rodents following antigenic or oxygenation challenging
[18,32] (see ‘Neuroendocrine cells in the laryngeal mucosa of verte-
brates other than man’). Caution should be, however, exercised in this
interpretation. The neuroendocrine neoplasms are usually located in
the supraglottic larynx [26] while normal neuroendocrine cells are
common in the subglottic sites [6,33]. In addition, the results of the
experimental manipulations explored above [18,32] may reflect ac-
quisition of neuroendocrine phenotypes by reserve or undifferentiated,
basal cells of laryngeal epithelia, in response to an altered micro-
environment, and not the proliferation of pre-existing differentiated
neuroendocrine cells. On these grounds, it seems difficult and even
futile to attempt to establish the histogenesis of laryngeal neuroendo-
crine neoplasms. Perhaps, these reflect clonal proliferations of an uni-
dentified cell expressing neuroendocrine histochemical, im-
munohistochemical and ultrastructural phenotypes generated via as yet
unidentified innate genetic/molecular events, possibly in combination
with environmental factors. The latter may influence the development
of the more common, supraglottic and thus more superficial, laryngeal
neuroendocrine neoplasms. Epidemiological investigations examining
laryngeal neuroendocrine neoplasms in a setting of asthma or pul-
monary insufficiency may be a means of exploring this hypothesis. It is
noted that a series of 54 moderately-differentiated neuroendocrine
laryngeal carcinomas reported a 68% history of long-term smoking
[30].

The present review has indicated possible deficiencies and gaps in
knowledge, and future work may address these. Physiological in-
vestigations exploring the effect of mechanical, chemical or neural
stimulation can be envisaged. Current evidence favours an endodermal
rather than neurocristic origin of the gut and thyroid neuroendocrine
and APUD cells [2,21] and it may well be that the situation is similar in
the larynx. Molecular approaches to the unravelling of factors influ-
encing development and differentiation of laryngeal neuroendocrine
cells and their role in histogenetic models of laryngeal neoplasia, are
desirable.
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