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Abstract It is generally assumed that tumours are not
innervated. However, following an accidental observa-
tion of a nerve fibre within an adenoma of the ciliary
body epithelium of the eye, we have further examined
two such tumours. One pigmented and one non-pigment-
ed adenoma of the ciliary body epithelium (APCE and
ANCE, respectively) that had been surgically removed
from two human eyes were processed for ultrastructural
evaluation and systematically screened and analysed for
the occurrence of nerve tissue under a transmission elec-
tron microscope. The adenomas were composed of epi-
thelial tumour cell strands and interposed vascularised
connective tissue. Both tumours contained a small num-
ber of fine unmyelinated nerve fibres containing clear
and dense core vesicles. In both adenomas, the nerve
fibres were located in the tumour periphery close to
blood vessels and tumour cells. In the APCE, they were
also seen in more central areas. Since nerves always
have a function, this finding, if confirmed in other neo-
plasms, may influence our understanding of such inner-
vated tumours.
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Introduction

The epithelium of the ciliary body of the eye is made up
of two superimposed monolayers of cells that correspond
to the outer and inner leaflet of the optic cup. The inner
leaflet forms the non-pigmented and the outer |eaflet the
pigmented ciliary epithelium. Both epithelia can develop
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rare adenomas with a polymorphous appearance [14].
We studied one such adenoma of each epithelial layer;
the results will be published elsewhere. Continuing our
examination at the level of fine structure, we found
nerve fibres within these tumours. As far as we know,
nerve fibres had never previously been observed within
non-neurona neoplasms, with the exception of nervous
tissue in recently described neoplasms of the adrenal
gland [6]. However, this gland is abundantly innervated
for purposes of its normal function. That is, these nerve
fibres were already present prior to the lesion [6]. Be-
cause previous immunohistological investigations had
rejected the possibility that tumours are innervated [9],
we want to report our findings.

Methods

Two intraocular tumours were removed surgically from the eyes of
two female patients at the University Eye Hospital of the Univer-
sity of Bonn. Pathologic evaluation identified one tumour as an
adenoma of pigmented and the other tumour as an adenoma of the
non-pigmented ciliary epithelium (APCE and ANCE, respective-
ly). Portions of both tumours were excised for ultrastructural
study. These specimens were kept overnight in a fixative contain-
ing 2% glutaraldehyde, 2% paraformaldehyde and phosphate buff-
er (pH 7.3). They wererinsed in 0.1 M phosphate buffer and post-
fixed in 1% osmium tetroxide for 2 h, rinsed in phosphate buffer,
dehydrated in ethanol, and embedded in Durcupan ACM. Ultra-
thin sections (50 nm) were stained with uranyl acetate and lead
citrate and examined with a Zeiss EM 109 transmission electron
microscope.

Results

Adenoma of the pigmented ciliary epithelium

The APCE measured 6x4.5x3.5 mm. It was composed of
compact strands of epithelial cells embedded in a rather
sparse connective tissue stroma (Fig. 1). The epithelia
cells of the tumour were rich in organelles and frequent-
ly contained melanosomes and mature melanin granules.
The connective tissue was vascularised. In the connec-
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Fig. 1 The pigmented tumour cells of the adenoma of the pig-
mented ciliary epithelium are arranged in compact epithelial cell
strands (CS). The arrow points to the location of the nerve fibre
shown in detail in Fig. 2. C connective tissue. Bar 10 um

Fig. 2 Fine nerve fibre consisting of a Schwann cell (S) and asin-
gle axon between tumour cells (T) of adenoma of the pigmented
ciliary epithelium (note: nerve fibres and tumour cells have a basal
lamina, whereas fibroblasts do not). Arrowhead bare area of axon;
arrow basal lamina; asterisk axon with clear and dense core vesi-
cles; C connective tissue with collagen fibrils; F fibroblast; M mi-
tochondrion. Bar 0.5 pm

Fig. 3 Profile of a nerve fibre bundle with five axons (asterisks)
in adenoma of the pigmented ciliary epithelium. Arrow basal lami-
na, F fibroblast, S Schwann cell, T tumour cell. Bar 1 pm

Fig. 4 Nerve strand in the connective tissue at the edge of the ade-
noma of the non-pigmented ciliary epithelium approximately
0.1 mm away from the tumour cells, with numerous axons (aster-
isk) in a Schwann cell. Arrow basal lamina, arrowhead bare area
of axon, E endothelial cell, F fibroblast, N nucleus of Schwann
cell. Bar 1 um

tive tissue septa between the strands of epithelial cells,
we were able to identify afew single axons and fine bun-
dles of unmyelinated nerve fibres (Fig. 2 and Fig. 3).
Their maximum density was three profiles per 0.9 mm?
of specimen. In the vicinity of these nerve fibres, the
sections did not contain any identifiable portions of
blood vessels. Nerve fibres in the vicinity of blood ves-
sels were seen only in the loose connective tissue at the
margin of the tumour towards the normal ciliary body.
Deeper in the tumour, the blood vessels were never asso-
ciated with any visible nervous elements. All nerve
fibres identified were embedded in Schwann cells either
singly or in groups of a few axons which exhibited bare
areas (Fig. 2 and Fig. 3). They contained clear vesicles
and dense core vesicles.



Fig. 5 The adenoma of the non-pigmented ciliary epithelium con-
tains abundant connective tissue (C) between the epithelia cell
strands (CS). The arrow points to the location of the nerve fibre
bundle shown in detail in Fig. 6. Arrowhead pigmented ciliary
body epithelium, V blood vessel. Bar 20 ym

Fig. 6 Higher magnification of area marked by arrow in Fig. 5,
showing a nerve fibre bundle (arrowheads) in the vicinity of tu-
mour cells (T) within the adenoma of the non-pigmented ciliary
epithelium. Bar 2 um

Fig. 7 Higher magnification of a nerve fibre bundle marked by
arrowheads in Fig. 6 (the next section). Arrow basal lamina, aster-
isk axon, S Schwann cell, T tumour cell. Bar 1 pm

Adenoma of the non-pigmented ciliary epithelium

The ANCE measured 3.5%2.5 mm. The tumour was
composed of epithelial sheets and strands, forming a
spongy structure with interposed abundant connective
tissue (Fig. 4). The epithelia cells of the tumour con-
tained many organelles, but only exceptionally mela-
nosomes and melanin granules. The connective tissue
was loose, poor in fibres, sparsely vascularised, and ac-
counted for about half of the tumour mass. Only at the
base of the adenoma did the connective tissue contain
more blood vessels that invaded the tumour. This border
zone contained many axons embedded in Schwann cells
exhibiting bare areas, clear vesicles and dense core vesi-
cles. Other axons were located between blood vessels
and tumour strands in the periphery of the adenoma,
while very rarely finer nerve fibre bundles were detected
in very close proximity to tumour cells (Fig. 5, Fig. 6
and Fig. 7). No neural elements were identified in the
more central areas of the tumour.

Discussion

The neural tissue in the tumours we examined represents
arelatively small proportion of the total tissue, and the

number of fibres identified in our study was small; their
mere presence, however, proves that they must reach ac-
tive cellular elements of the adenomas. Their formation
and persistence necessarily result from the action of
neurogenic growth factors [3] produced by cells seeking
innervation.

Both tumours were composed of a mixture of epithe-
lial tumour cells and vascularised connective tissue, so
different target tissues for the nerves can be considered.
Further clarification with morphological methods is not
possible since the “synapses a distance” that are typical
of autonomic fibres do not exhibit special membrane
structures towards the target cells. Furthermore, the syn-
aptically active varicosities of the axons may be situated
several hundred nanometers away from the target cells.
Thus, theoreticaly, the epithelial tumour tissue, the
blood vessels of the tumour, fixed and wandering cells of
the tumour stroma could be innervated. There are, how-
ever, some topological and fine structural features that
may help in associating nerve fibres with target cells
[8, 12]. In both tumours that were examined, axons ex-
hibiting bare areas and containing various populations of
neurovesicles were situated in the immediate vicinity of
the blood vessels and tumour cell strands. Such synaptic-
ally active, transmitter-secreting axonal regions in close
proximity to tissues clearly indicate that these tissues are
innervated.

Nerve fibres without a function do not exist. Thus,
possible consequences of neuronal activity in a tumour
must be considered. Besides the innervation of the blood
vessels, further influences of the nervous system on atu-
mour can only be speculated upon. For example, the
neurological system can act as an intermediary in healing
processes [2], and the possible actions of neuropeptides
secreted by axons are manifold. For example, axons
influence the cells of the immune defence system by pro-
ducing substance P (SP). This can act as a signal for
mast cells [10], which respond by secreting tumour ne-
crosis factor alpha (TNFa) [1]. In contrast, some neuro-



peptides, such as SP, calcitonin gene related protein
(CGRP) and neurokinin A, support the mitotic activity of
several types of cellsin vitro [7], and neuronal input can
lead to a trandlation of subcellularly segregated mRNA
[13]. Finally, the present observation of nerve fibres pro-
vides a structural basis for communication between the
autonomic nervous system and tumours. This could ex-
plain the effects of stress or other psychological factors
on tumour behaviour, which has been demonstrated in
many studies[4, 5, 11].

Our findings that delicate nerve fibres were €lectron-
microscopically detectable in two adenomas cannot be
generalised to all tumours. However, we are curious as to
whether the broad spectrum of neoplasms does include
other tumours containing neuronal elements.
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