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Cells immunoreactive for neuropeptide in human
thymomas
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Abstract
The presence of opioid peptides, bom-
besin, and substance P was investigated
by immunohistochemistry in tissue sec-
tions from six human thymomas. The
number of immunoreactive cells seemed
to vary from one case to another. Ultra-
structural investigation, showing the
presence ofdesmosomes in labelled cells,
allowed these cells to be classified as
epithelial lineage cells. The occurrence
of cells containing neuropeptide in
thymomas suggest that peptide
molecules could have modulated the
behaviour of this tumour, given the
reported influence of these molecules on
immune functions and their growth
promoting activity on several cell types,
including mesenchymal and epithelial
cells.

Thymomas are neoplasms of the thymus
gland, composed of a mixture of lymphocytes
and epithelial cells, a relative proportion of
which vary widely from one case to another
and even within a single tumour. They are
regarded as neoplasms of the epithelial com-
ponent, the lymphoid component being regar-
ded as secondary, either induced by epithelial
cell proliferation, or reactive.' Many studies
suggest that the lymphoid and epithelial com-
ponents of thymomas mirror the phenotype of
normal thymus.2' Cell subsets containing
neuropeptide hormones have been reported in
the human thymus.56 Furthermore, we recen-
tly found cells immunoreactive for anti-fl-
endorphin (Leu)- and (Met)-enkephalin,
bombesin, and substance P, mainly dis-
tributed in the cortical area of normal
thymus.7 In the light of this, we investigated
the presence of these cells in human
thymomas to verify if the neoplastic epithelial
cell growth could affect the distribution of this
cell subset.
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Methods
Thymoma tissue from six patients, aged 45 to
70 years, with Myasthenia gravis and thymus
fragments obtained during open heart surgery
from five infants (aged 1 month to 4 years)
were studied. All specimens were fixed in
0-4% p-benzoquinone in 0 01 M phosphate
buffered saline (PBS), pH 7-3, for two to three
hours. After fixation the specimens were

transferred to PBS containing 15% sucrose

and 0-1% sodium azide. The tissue was then

frozen for cryostat sectioning. Sections 5 im
thick were mounted on slides coated with
poly-L-lysine (Sigma, Deisenhofen, West
Germany), treated with 0 03% hydrogen
peroxide in methanol for 10 minutes to block
endogenous peroxidase activity, and
incubated for one hour with the following
rabbit anti-peptide polyclonal antibodies at
dilutions ranging from 1 in 400 to 1 in 800 in
PBS (pH 7 6): anti ,B-endorphin; anti (Leu)-
and (Met)-enkephalin; anti-bombesin; and
anti-substance P (Amersham, England, and
UCB Bioproducts, Belgium). Moreover, anti-
chromogranin antiserum (Enzo Diagnostics,
New York, USA) was used at dilutions rang-
ing from 1 in 4000 to 1 in 8000. Indirect
immunostaining was achieved using both the
peroxidase-antiperoxidase technique (PAP)
(Dako, Copenhagen, Denmark)8 and the
avidin-biotin complex (ABC) (Vector, Bur-
lington, Massachusetts, USA).9 The perox-
idase was developed with 3-amino 9-ethyl
carbazole following the procedure reported by
Graham et al.'0
For electron microscopical examination

small fragments of thymoma were cut on a
Sorvall TC-2 sectioner, fixed in 4%o para-
formaldehyde for two hours, and processed
by the PAP method, using anti-peptide
antibodies, as previously reported." After
immunoreaction the slices were post-fixed in
1io OS04 in 0 1 M PBS for 30 minutes,
dehydrated in ethanol and propylene-oxide,
and embedded in Epon 812. Sections of 80 or
90 nm in thickness were lightly counterstained
with lead citrate and viewed with a Philips
EM 400.
The antiserum to ,B-endorphin (UCB

Bioproducts) was tested (immunoassay) by the
manufacturer. The specificity of this anti-
serum, expressed as a per cent of fixation (B/T
x 100) of hormone tracers (125I) at a 1 in 200
dilution was 59 for fl-endorphin and 1 for
gamma-endorphin. No fixation was observed
with alpha-endorphin, Leu-enkephalin, LH-
RH, TRH and corticotropin-like intermediate
peptide. Anti-bombesin antiserum partially
cross reacted with substance P. It was then
affinity purified with substance P (Boehringer,
Mannheim, West Germany) coupled to CNBr
activated Sepharose 4B (1 mg peptide/ml
swollen bead). Anti-substance P antiserum
tested by the manufacturer did not cross react
with bombesin. The specificity of the
immunolabelling was tested by preabsorbing
antisera with their homologous synthetic
antigens (100-fold w/w excess) (Boehringer).
The immunoreaction was then abolished.
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Positive controls consisted of hypothalamic
tissue obtained from two necropsy cases.
Negative controls consisted of normal rabbit
serum or anti-thyroglobulin rabbit antibodies
(Dakopatts a/s, Denmark) used in place of the
primary antiserum. Negative controls were
also performed by omitting either the second
antiserum, or the PAP, or ABC complexes.
All anti-peptide antisera were unreactive
when tested on normal human skin keratin-

Figure I Thymoma
treated withi anti ,I-
endorphin antiserum. A
perivascular space (*)
containing lymphoid ceUs
seems to be well
demarcated by
immunoreactive cells.

Figure 2 Thymoma
treated with anti-
met-enkephalin antiserum.

Figure 3 Thymoma
treated with anti-bombesin
antiserum.

Figure 4 Thymoma
treated with anti-substance
P antiserum.

I

ocytes and on squamous cell carcinoma sam-
ples. To avoid non-specific immunocyto-
chemical reactions all antisera were diluted in
2 mg/ml poly-L-lysine containing buffer, as
suggested by Scopsi et al."2

Results
Most neoplastic epithelial cells in the
thymomas studied had large round to oval
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Figure 5 Electron micrograph of thymoma treated with anti Met-enkephalin
antiserum. Arrowhead at a desmosome.

*-_m

Figure 6 Electron micrograph of, nolabelled cell after treatment with anti/-

endorphin antibody. Arrowhead at a desmosome.

r

Figure 7 Normal thymus treated with anti /-endorphin antiserum. Immunolabelled
cells are located at the periphery of a lobule.

nuclei with finely dispersed chromatin, often
with small distinct nucleoli. The number of
admixed lymphocytes was variable, ranging
from abundant to moderate. Isolated areas of
spindle-shaped epithelial cells were observed
in only one case. Perivascular spaces were
usually prominent.
When immunohistochemistry was perfor-

med, the reactivity of the antibodies tested
varied widely from one case to another. Only a
few isolated cells were immunoreactive for
anti-Leu-, Met-enkephalin, and bombesin
antibodies in one case. Samples from three
tumours exhibited consistent numbers of
immunoreactive cells when tested with all the
antibodies. The immunostained cells seemed to
be evenly distributed among the neoplastic
tissue (figs 1-4). The periphery of perivascular
spaces sometimes appeared well demarcated by
immunoreactive cells, no labelled cells being
found within this area. The remaining two
cases showed a similar immunostaining pat-
tern, although fewer cells seemed to be
positive. All the thymoma cases studied were
completely negative when tested with anti-
chromogranin antibodies.'3 Thymic lym-
phocytes obtained from fresh thymoma tissue
did not react with any of the anti-peptide
antisera.

Immunoelectron microscopic studies were
also performed on tissue fragments from two
thymomas to obtain a clearer characterisation
of the immunoreactive cells. After immuno-
staining with each peptide antisera the
immunolabelled cells displayed a rounded or
oval nucleus and a cytoplasm with many
projections (figs 5-6). The immunoreaction
product seemed to be located in the cell cyto-
plasm. The immunostained cells were often
linked to each other and to adjacent unlabelled
cells by desmosomes. These ultrastructural
findings made it possible to classify these cells
as belonging to the epithelial lineage.
When immunohistochemistry was perfor-

med on sections from normal thymus, a com-
mon pattern of immunostaining was observed
with all the peptide antisera. A rim of immun-
oreactive cells was present in the capsular
cortex, while only a few, scattered positive cells
were found in the remaining cortex and in the
medulla (fig 7). Negative controls exhibited no
reaction product either at the light or electron
microscopic level (not shown).

Discussion
The presence of these immunoreactive cells in
human thymoma is not unexpected, as we
recently found cells immunoreactive for anti-fl-
endorphin, (Leu)-, (Met)-enkephalin, bom-
besin and substance P in normal human
thymuses.'
Our ultrastructural findings, particularly the

presence of desmosomes, confirm the epithelial
nature of these immunoreactive cells. Unlike
thymic carcinoid tumours, however, which
express secretory granules,'s'7 no secretory
granules were found in the cases investigated.
This could be explained by recent data suppor-
ting the existence in some thymic epithelial
cells of a secretory system different from the
usual neuroendocrine model, based on "clear
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vacuoles" rather than on classic secretory gran-
ules."8 It should be noted that f,-endorphin,
(Leu)-, and (Met)-enkephalin could be present
in a given cell as part of larger precursor
molecules such as pro-opiomelanocortin or
preproenkephalin. Therefore, we cannot
exclude the possibility that the antibodies used,
although specific, are actually detecting
neuropeptides as a part of their precursor
molecules. The pattern of immunoreactivity in
each thymoma sample with antisera against
various peptide families seemed to vary in
terms of the numbers and distribution of
positive cells. Double labelling experiments
will be needed to show the presence of or
exclude the coexpression of different peptides
in the same tumour cell.
The presence in normal thymuses and in

thymomas of cells immunoreactive for peptides
deserves some consideration. Recent studies
using a panel of monoclonal antibodies against
subsets of thymic epithelial cells have shown
that thymomas are composed of epithelial cell
populations which often simultaneously
express cortical and subcapsular markers in
unusual combinations.'9 One possible explana-
tion for these findings is that neoplastic cells in
thymomas are derived from a common epith-
elial stem cell capable of both cortical and
subcapsular differentiation. There are many
examples of heterogeneity in a number of
neoplasias in which the variety of cell types is
generated by a common ancestor cell. This has
been reported for leukaemia20 and for epithelial
tumours.'92122 The occurrence of opioid pep-
tide immunoreactivity has been reported in a
few2324 scattered cancer cells in breast, lung,
gastric and uterine cancer. These findings
suggest that there may be neurohormonal
differentiation of neoplastic stem cells.
The reported influence of neuropeptides on

the immune functions25 and their growth
promoting activity on several cell types, includ-
ing mesenchymal and epithelial cells,26 could
suggest a possible modulatory role for peptide
molecules in the biological behaviour of
tumours, including thymomas.
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