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Ultrastructural and biochemical studies have suggested that bronchopulmonary carci-
noids and oat cell carcinomas may be derivatives of neuroendocrine cells; their amine
and/or peptide secretory capabilities may at times be reflected in clinical hormonal
syndromes. This investigation was prompted by the hypothesis that dysplastic neu-
roendocrine bronchial cells may also exhibit structural and functional aberrations of
their secretory apparatus. Surgical specimen samples from 5 human dysplastic bronchi
were studied ultrastructurally; 7 normal bronchi served as controls. Golgi complexes of
dysplastic cells were distinctly less prominent than those of the controls. Moreover, the
Golgi vesicles of dysplastic cells appeared significantly smaller than their counterparts
in normal cells (P < 0.01). Also, dysplastic neuroendocrine cells displayed significantly
fewer secretory granules per cell than the controls (P < 0.05). These findings indicate
structural abnormalities in the secretory apparatus of neuroendocrine cells in dysplastic
bronchi and correlate with experimental observations of aberrant hormonal production
associated with bronchial dysplasia. Thus, the possibility arises that bronchial epithelial
dysplasias may be detected and monitored through laboratory determinations of their
secretory products. (Am J Pathol 90:49-56, 1978)

THE PRESENCE OF NEUROENDOCRINE CELLS in the tracheobron-
chial tree is well established as is the basic structural and functional
relationship between those cells and the enterochromaffin and APUD
systems.!® The actual functional significance of the tracheobronchial
neuroendocrine cells in adult mammals is as vet unclear.!* However, it
has become clear that neoplasms derived from those cells, ie, carcinoids
and oat cell carcinomas may produce detectable amine and/or peptide
materials which at times may be responsible for important clinical hor-
monal manifestations.® The intriguing observation that ““dysplastic bron-
chial epithelium™ was associated with demonstrable levels of a pro-
hormone (Big-ACTH)® suggested that nonneoplastic and possibly
preneoplastic bronchial neuroendocrine cells may be the locus of demon-
strable structural alterations of their secretory apparatus. This provocative
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notion prompted us to undertake this ultrastructural investigation on the
qualitative and quantitative features of the secretory granules and the
Golgi complex of neuroendocrine cells in dysplastic bronchial epithelium
and to compare the findings with those in their normal counterparts. A
preliminary report on this investigation has been recently published.”

Materials and Methods

A series of electron microscopic studies had previously been made for investigation of
the alterations with aging.* The material comprised all suitably preserved, surgically
resected lung specimens obtained during a 3-year period. It comprised material from 5
patients with areas of dysplastic bronchial epithelium and from 7 patients with his-
tologically normal bronchial epithelium, which served as controls; the groups were
matched for age and sex. The basic pathologic diagnosis in the patients with bronchial
dysplasia included 1 case of moderately and 1 of poorly differentiated adenocarcinoma,
1 of undifferentiated small cell carcinoma, and 2 of extensive bronchial epithelial hyper-
plasia with multiple tumorlets. The 7 control patients included 3 with bronchoalveolar
carcinomas, 1 with papillary exophvtic squamous cell carcinoma, 1 with caseating
pulmonary tuberculosis, 1 with chronic bronchitis and bronchiectasis, and 1 with lipid
pneumonia. Multiple sections of bronchi from areas uninvolved by the basic process were
obtained and, although bronchial epithelial dysplasia was present in the experimental
group, the normal bronchial epithelial architecture was retained by the controls. Bronchial
dysplasia was defined as epithelial hyperplasia of basal cell tvpe, moderate loss of polarity,
nuclear pleomorphism and hyperchromasia, without the presence of differentiated ciliated
or nonciliated cells. Mitoses were restricted to the basal levels of the epithelium. The de-
gree of bronchial dysplasia varied within the experimental group and within individual
cases; however, the severity of the changes was invariably lower than the description of
bronchial carcinoma in situ as recently outlined.®

A minimum of 30 neuroendocrine cells per case were examined ultrastructurally. The
diameters of all available Golgi vesicles and cisternae were measured on photographic
prints at magnifications that averaged 28,400 for the normal and 28,100 for the dysplastic
cases. An average of 62.2 Golgi vesicles and 21.9 cisternae were measured in the speci-
mens from normal individuals; an average of 25.8 vesicles and 17.5 cisternae were mea-
sured in the specimens from patients with dysplasia. The numbers and size distributions
of the neurosecretory granules were also determined. Comparisons of the normal and
dysplastic groups were made using the statistical Mann-Whitney test.?

Results

The Golgi complexes appeared consistently more conspicuous in the
control neuroendocrine cells than in their dysplastic counterparts. Com-
parision of Golgi vesicle diameters in the neurosecretory cells of dysplastic
and normal bronchial epithelium showed the vesicles to be significantly
smaller in the dysplastic cases (P < 0.01 by the Mann-Whitney test). The
mean diameters of the dysplastic vesicles were 145.5 nm and 399.1 nm for
the normal group (Figures 1 and 2). The distribution of Golgi vesicle
diameters is shown in Table 1. The cisternal mean diameters were 368.3
nm for the dysplastic cases and 485.1 nm for the normal cases. No signif-
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Table 1—Distribution of Golgi Vesicle Diameters (Mean Percentages)

Diameter (nm) Dysplasia (%) Controls (%)
<100 14.2 0.4
100-200 32.0 18.6
200-300 26.2 411
>300 37.6 39.9

icant statistical difference in Golgi cisternae sizes was found between the
two groups.

The average sizes and distribution of sizes of neurosecretory granules
did not differ significantly in the dysplastic and normal epithelial cells.
The mean sizes were 123.1 nm + 29.3 nm for the dysplastic group and
105.2 nm + 31.6 nm for the normal group. The size distributions of the
granules are listed in Table 2.

However, dysplastic cases had significantly fewer neurosecretory gran-
ules per cell (P < 0.05 by the Mann-Whitney test) (Figures 3 and 4). The
means and standard deviations were 33.9 + 24.7 granules in the dysplastic
cases and 71.3 £ 31.1 in the normal cases. The numbers of secretory gran-
ules per (averaged) cell per case are listed in Table 3. The granules™ core
density was distinctly lower and more variable in the dysplastic cells.

Discussion

Neuroendocrine cells from 5 patients with bronchial dysplasia and 7
normal controls were studied ultrastructurally. The diameters of the Golgi
cisternae and the sizes of the secretory granules were not appreciably
different from those of the normal controls. However, dysplastic neu-
roendocrine cells had less conspicuous Golgi complexes and significantly
smaller Golgi vesicles than those of normal cells (P < 0.01). Significantly
fewer secretory granules were present in dysplastic cells than in the
controls (P < 0.05) and their electron density varied considerably.

The tracheobronchial epithelium includes cells with granules capable

Table 2—Size Distribution of the Neurosecretory Granules

Dysplasia (%) Controls (%)
<90 nm 34.8 48.1
90-120 nm 55.0 38.8
120-170 nm 8.7 10.3

>170 nm 1.5 2.8
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Table 3—Numbers of Secretory Granule per (Averaged) Cell per Case
Dysplasia Controls
10-20 1 0
20-49 3 2
50-89 1 3
90-120 0 2

of different degrees of reactivity with silver salts. Given the known deriva-
tion of the tracheobronchial tree from the foregut, the relationship of
these cells with the enterochromaffin system was inferred. It was also
suspected that both groups of cells were part of a complex and highly
dispersed endocrine system.!® However, only during the past decade has it
become apparent that both cell groups, as well as many others, were part
of a neuroectodermally derived endocrine system with common biosyn-
thetic pathways capable of producing amine and peptide hormones.
Based on their cytochemical and ultrastructural characteristics, all of those
cells are encompassed within the APUD system. 1112

Tracheobronchial neoplasms thought to be derivatives of APUD cells
include carcinoids, most if not all small (oat) cell carcinomas, and other
less well-defined neuroendocrinomas.?*%!31 Although some of these neo-
plasms may produce ““‘ectopic’” hormones that result in clinical syndromes,
many more may contain neurosecretory granules in the absence of clini-
cally apparent hormonal activity.>* This apparent discrepancy may be
explained as follows: a) secretorv materials may be produced in in-
sufficient amounts to stimulate the target organs, b) the secreted material
may not be extruded from the cells due to failure of the microtubular-
filamentous system, and c¢) neoplastic cells may secrete aberrant materials
incapable of provoking target organ responses.®

The secretory process of normal and neoplastic neuroendocrine cells
includes several sequential steps: a) the proper message from the nucleus,
b) secretion initiation within the cisternae of the rough endoplasmic
reticulum, ¢) concentration, sugar addition, if any, and acquisition of the
membrane within the Golgi complex, d) maturation and intracytoplasmic
transport via the microtubular-filamentous system, and e) granule ejection
by emiocytosis.’*¢ In neoplastic cells such a complex mechanism may be
arrested or deviated at any point, resulting in the production of unusual
materials * and not seldom multiple hormone-like substances which may
be synchronously or asynchronously produced.!” Biochemically, most, if not
all, hormones are initially produced as part of a larger, inactive complex
(prohormone) that is subsequently trvpsinized, liberating the active hor-
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mone; these studies have led to the concepts of proinsulin, progastrin, and
pro (big) ACTH.'*# Several studies have also suggested that neoplastic
neuroendocrine elements may produce predominantly prohormones but,
due to lack of the crucial converting enzyme system, may be clinically
hormonally “silent.” ® These biochemical data fit earlier qualitative ultra-
structural observations of “immature’” granules in some neuroendocrine
neoplasms.?-2

Our observation of quantitative anomalies and certain qualitative
changes in the secretory apparatus of dysplastic bronchial neuroendocrine
cells suggests that these may also be the site of arrested or deviated
secretory activity. This confirms in human material the initial observation
of high pro-ACTH levels associated with bronchial dysplasia in dogs.”
Moreover, since bronchial dysplasia often accompanies neoplasms other
than oat cell type, the amine and/or peptide materials detected in a
variety of pulmonary carcinomas ® may be the result in part of abnormal
secretory activity by the dysplastic bronchial epithelium rather than the
neoplasms themselves. Similarly, it is tempting to speculate that some
paraneoplastic-type svndromes associated with various nonneoplastic
chronic pulmonary diseases 2 may be a reflection of aberrant secretory
activity by dysplastic neuroendocrine bronchial cells.
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Figure 1 —Neuroendocrine cell in normal control bronchus. Notice prominent Golgi complex with rather
uniform parallel arrays of cisternae and abundant vesicles. (X 41,000) Figure 2—Neuroendocrine
cell in dysplastic bronchial epithelium. Given the higher magnification, the Golgi complex is evidently
less conspicuous than the control. Note scarcity of cisternae and irregular size of vesicles. (X 128,000)




Figure 3—Neuroendocrine cell in normal control bronchus. Note abundant neurosecretory granules of
rather uniform size and electron density. (X 41,000) Figure 4—Neuroendocrine cell in dysplastic
bronchial epithelium. Relatively few granules are present. Note their irregular size and electron density
and the abundant “empty” vesicles. (X 42,000)




