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INTRODUCTION

ABSTRACT

Background: This study was carried out to assess the innervation patterns
in oral cancer using the general neuronal marker protein gene product 9.5
(PGP 9.5) and to find an explanation for why oral cancer tends to be painless
in the early stages. Materials and Methods: Tumor tissue from 30 unselected
patients with oral squamous cell carcinoma was evaluated for this study.
PGP 9.5 was used to localize nerve fibers in oral squamous cell carcinoma.
An indirect immunofluorescence technique using biotin/FITC streptavidin
detection system was used on paraffin wax sections of tumor tissue fixed in
neutral buffered formalin. Results: There was no PGP9.5 immunoreactivity in
the normal tissue adjacent to the tumor in 18 cases out of 30 (60%). In 12/30
of oral squamous cell carcinoma, preexisting nerve fibers were detected in
tissue stroma adjacent to the cancer tissue. Labeled nerve fibers between
tumor cells were detected only in 2 out of the 30 cases. Conclusion: There
are no apparent patterns of innervations in the cancer tissues themselves, but
there are innervations patterns in the surrounding tissue, which presumably
represents preexisting nerves. These results may partly explain why oral
cancer tends to be painless in the early stages.

Key words: Indirect immunofluorescence technique, oral squamous cell
carcinoma, tumor innervation

Perineural invasion of small nerves is associated with an
increased risk of local recurrence and cervical metastasis and

The lesions of oral cancer are always painless in the early
stages. There is often severe pain in the later stages, though
this represents involvement of the nerves associated with oral
cancer itself or is merely the result of an increased stimulation
of preexisting nerves or is due to secondary infection of the
lesions is unclear.

Perineural invasion and vascular invasion may be adverse
prognostic factors in patients with oral squamous cell
carcinoma.l!! Perineural invasion is an uncommon spread
pattern observed in patients with skin cancer and is associated
with a relatively poor prognosis.®
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is independent of extracapsular spreada predictor of survival
for patients with squamous cell carcinoma of the upper
aerodigestive tract.”

Angiogenesis plays a role in the spread of the cancer, and there
is significant correlation between tumor vascular density and
lymph node metastasis.*! Angiogenesis in oral cancer showed
a strong correlation with regional recurrence in one study.
Although tumor thickness was associated with recurrence,
only angiogenesis was a statistically significant predictor
of recurrence.®! Vascular invasion—but not perineural
invasion—was significantly associated with death at 5-year
follow-up.[

The blood vessels inside the tumor are not innervated and the
angiogenesis may be regulated by means other than neural.[
Innervation does not therefore seem to be a prerequisite for
tumor growth and metastasis.!”!

Mitchell et al. used the neuronal protein gene product 9.5
(PGP 9.5) to investigate the innervation pattern of benign and
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malignant breast tumors. An indirect immunofluorescence
technique (using streptavidin—biotin complex formation)
was used on paraffin sections of tumor tissue fixed in neutral
buffered formalin.[y PGP 9.5—-immunoreactive perivascular
nerve fibers were observed in the connective tissue stroma
around the carcinoma tissue. Connective tissue had large
bundles of immunoreactive nerve fibers located at the
periphery of the tumor, at the junction between the cancer
tissue and normal tissue, although these were possibly
immunoreactive nerve fibers unrelated to the tumors. No
nerve fibers were observed between the tumor cells. Also,
using the neuronal marker protein product (PGP 9.5) to
localize the nerves fibers, colorectal carcinoma appeared not
to be innervated.[®

S100 protein (nerve tissue protein) was found in 7 out of 60
rhabdomyosarcoma tumors.® S-100 protein, a soluble protein,
was reported to be a good marker for Schwann cell structure
and/or function.”

Neuron-specific enolase (NSE) is an isomer of the glycolytic
enzyme enolase, which is found in nerves and neuroendocrine
cells. NSE is a neuroendocrine marker that can be detected
by immunofluorescence technique in paraffin sections of
neuroendocrine neoplasms of the lung.l'” Different levels
of NSE have been described in both argyrophilic and
nonargyrophilic cancer of the breast.!”

Neurofilament is a neuronal cytoskeletal element found
in central and peripheral neurons.') Immunostaining for
neurofilament protein was found to be specific for the nervous
system.!'!

Monoclonal and polyclonal antibodies to neurofilaments,
NSE, glial fibrillary protein, and S100 have been used to
demonstrate nerves, ganglion cells, and the supportive glial
system of the innervation of various organs. They are therefore
possible means for assessing the morphological and functional
status of the enteric nervous system.!!!1!

PGP 9.5 is the best immunohistological marker for nerves
and their processes at all levels of the central and peripheral
nervous system and can be clearly visualized in routinely
processed tissue using a polyclonal antibody. PGP 9.5 may
be a useful marker for tumors that contain both neural and
neuroendocrine tissue.'¥) The neuronal marker PGP 9.5
has been claimed to be a more sensitive neuronal marker
than NSE and neurofibrillary protein. There is a difference
in intraneuronal distribution and/or function between NSE
and PGP 9.5. PGP 9.5 can be present in all populations and
subtypes of nerves and can discriminate the more terminal
axonal structures," but NSE and neurofibrillary protein do
not stain all populations of nerves and all neuronal regions.!"!!

The innervation of oral and dental tissue has been investigated
in many studies by using PGP9.5. PGP9.5 is a useful marker

for the identification of fine nerve fibers in human teeth.
Human radicular dental pulp has been shown to be heavily
innervated by PGP9.5 nerve fibers. The PGP9.5-positive
nerve fibers penetrate into the predentine and dentine.!”
Garzino et al. used PGP 9.5 to compare the density of oral
mucosal innervation in edentulous patients with that in dentate
controls and to evaluate changes in the number or type of
sensory receptors following placement of implants in the
edentulous individuals.['s

On the other hand, S-100 protein appears to be localized in
glial cells only. It has also been found in neuroendocrine cells
and nonneural cells.['”

MATERIALS AND METHODS

Tumor tissues selected randomly from 30 patients (20 males
and 10 females) with oral squamous cell carcinoma were
evaluated for this study. Tissue samples were selected from 30
surgically resected oral squamous cell carcinomas and fixed in
10% neutral buffered formalin and processed to paraffin wax.

The oral squamous cell carcinomas samples were histologically
graded according to the WHO grading system (1971). Seven
samples were classified as grade 1, 12 samples as grade 2, and
11 samples as grade 3.

Tissue processing

Standard histology laboratory equipment was used, including
hot-wax dispenser, heated water bath, 60°C oven, and
microtome.

Tissues were first fixed in 10% neutral buffered formalin
solution. Then they were washed in 70% industrial
methylated spirits for 30 min, each time. The tissues were
trimmed and washed in 95% industrial methylated spirits
for 30 min, each time. After that, they were washed in 100%
industrial methylated spirits, first for 30 min and then again
for 1 hour. Then they were washed in 100% ethanol, first
for 30 min and then again for 1 hour. Finally, they washed
in clearing agent (xylene), first for 30 min and then again
for 1 hour.

Sections were infiltrated with Ralwax at 60°C overnight, and
then blocked out. The sections were then dried overnight at
50°C. Finally, cover slips were placed on sections and they
were incubated overnight at 60°C.

Immunofluorescent staining method

The apparatus used was standard histology laboratory
equipment and included staining troughs for dewaxing and
rehydration of sections, a flat-bottomed tray chamber with lid
(in which a humid atmosphere can be maintained for antiserum
incubations), and conversional fluorescence microscopy.
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The solutions used were:

1. Phosphate-buffered saline (PBS) (pH 7.4)

2. Antibody diluent: The antibody diluents was made

by dissolving 0.5 g sodium azide (bacteriostatic) and

0.5 g bovine serum albumin fraction V in 500 ml of PBS,

along with 2.5 ml of Triton® X-100 (detergent agent),

and was stored at 4°C.

PBS/Glycerol

4.  Primary antiserum: Polyclonal rabbit anti-PGP9.5
diluted 1:400. The diluted primary antiserum was stored
at —20°C

5. Secondary antiserum: Biotinylated donkey anti-rabbit
IgG diluted 1:200. Biotinylated secondary antiserum
was stored at 4°C

6.  FITC-streptavidin

W

Control slides, in which the primary antibody was omitted
and substituted with nonimmune rabbit serum, showed no
immunoreactivity.

An indirect immunofluorescence method using the
biotin/FITC-streptavidin detection system was used.!'®
Sections were dewaxed in xylene for 2 min, and each time.
Then washed in 100% ethanol for 3 min, each time. Then,
they were washed in 95% ethanol for 3 min and then again
in 70% ethanol for 3 min. Next, the sections were dipped in
distilled water for 10 seconds, and then washed in PBS for at
least 5 min. Coverslips supported were arranged on embryo
dishes in immunostaining chamber. Wet, folded tissue in
the base of the tray ensured the humid atmosphere required
to prevent the evaporation of antiserum during prolonged
incubations.

The sections were incubated in polyclonal rabbit anti-PGP9.5
diluted 1:400 and incubated at 4°C overnight. Biotinylated
donkey anti-rabbit IgG diluted 1:200 were applied on sections
and they were incubated for 30 min at room temperature.
Many molecules of biotin can be conjugated to the Fc portion
of one immunoglobulin molecule. Biotin combines tightly
with streptavidin.!' The sections were washed in PBS for
5 min (to remove unbound antibodies) and then incubated in
streptavidin-FITC for 30 min in the dark at room temperature.
Fluorescein is light sensitive and the sections should remain
in the dark, washed in PBS for 5 min in the dark. Finally, they
were mounted using PBS/glycerol.

It should be mentioned here that healthy tissues were also
studied using immunofluorescence techniques and no evidence
of abnormalities was noticed.

RESULTS

In oral squamous cell carcinoma, a characteristic pattern of
innervation was observed in the normal tissue adjacent to
the tumor. PGP9.5-1abeled nerve fibers were detected in the
tissue adjacent to the tumor in 12 cases out of 30 (40%). In

three tumors, there were quite large bundles of immunoreactive
nerve fibers in the supporting tissue around the cancer tissue.
A large bundle of PGP9.5-immunoreactive nerve fibers were
seen passing through the supporting tissue around the tumor
[Figure 1].

There was no evidence of fine nerve fibers passing between
the tumor cells unrelated to vasculature (except in two
cases). Some blood vessels were immunoreactive for
PGP9.5. Normal glandular tissue was also immunoreactive
for PGP9.5. PGPY9.5-immunoreactive nerve fibers were seen
passing through the glandular tissue around the tumor tissue
[Figure 2].

There was no PGP9.5 immunoreactivity in the normal tissue
adjacent to the tumor tissue in oral squamous cell carcinoma
in 18 cases out of 30 (60%).

The tumor tissue itself, however, was not apparently innervated.
PGP9.5-1abeled nerve fibers were detected only in 2 cases out
of 30 (6.6%) in the tumor tissue itself [Figure 3]. One case
(stage: TINO, grade 2; site: Floor of the mouth anteriorly) was
interesting because it had a fair number of nerve fibers passing
between the tumor cells. PGP9.5-immunoreactive fine nerve
fibers were seen in the affected area of the tissue samples of
this case [Figure 4]. It was the only tumor examined in which
it could be concluded that there was an innervation pattern in
the tumor tissue itself.

In another case (stage: TINO, grade 3; site: Retromolar pad
area), a labeled nerve bundle was found within the tumor
tissue. This nerve bundle was surrounded by tumor cells. The
nerve was small to medium in size and presumably had been
engulfed due to tumor expansion [Figure 5].

Neither the site of the tumor nor the stage or the grade of tumor
had any bearing on the innervation pattern.

Control slides, in which the primary antibody was omitted
and substituted with nonimmune rabbit serum, showed no
immunoreactivity.

DISCUSSION

The neural marker protein gene product (PGP9.5) that was
used in this study is regarded as the best immunohistological
marker for nerves and their processes at all levels of the central
and peripheral nervous system; it can be clearly visualized
in routinely processed tissue using a rabbit polyclonal
antibody.'¥ PGP9.5 is considered as a more sensitive means
of labeling nerve fibers (especially their terminal regions) than
NSE and neurofibrillary protein.!'*!

Fantini et al. used PGP9.5 to define the innervation patterns
of oral mucosa. PGP9.5 displayed denser and more complete
staining of neural structures of oral mucosa than the other
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Figure 1: A large bundle of PGP 9.5-immunoreactive nerve fibers
passing through supporting tissue around the tumor (out of picture) in
a specimen of oral squamous cell carcinoma (original magnification

x240)

Figure 3: A large number of PGP 9.5-immunoreactive nerve fibers
passing through the tumor tissue between the tumor cells in an oral
squamous cell carcinoma (original magnification x240)

Figure 5: A bundle of PGP 9.5-immunorective nerve fibers can be
seen in the tumor tissue of oral squamous cell carcinoma, apparently
engulfed by tumor tissue (original magnification x480)

Figure 2: PGP 9.5-immunoreactive nerve fibers passing through the
glandular tissue around the tumor tissue (out of picture) in a specimen
of oral squamous cell carcinoma (original magnification x240)

Figure 4: Part of an oral squamous cell carcinoma immunoreacted
for PGP 9.5. Labeled nerve fibers can be seen inside the tumor tissue
between the tumor cells (original magnification x480)

markers.?) PGP9.5 is a neuron-specific ubiquitin carboxyl
terminal hydrolase estimated to form 1%-2% of total brain
protein. It is present at high levels in all differentiated neurons
throughout the central and peripheral nervous system at all
stages of development.[*!]

The indirect staining method that was used in this study is
more sensitive than the direct methods. The primary antibody
is unlabeled and is identified by a labeled secondary antibody
raised to the immunoglobulin of the species providing the
primary antibody. Because at least two secondary molecules
can bind to each primary antibody molecule, this method is
more sensitive than the direct method.?*2

Conventional formalin fixation was wused in this
study and paraffin embedding is often satisfactory for
immunofluorescence methods with the sensitive antibodies
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and detection system that are used. Formalin is preferred over
other fixatives in neuropeptide immunocytochemistry as it
provides good structural preservation.?*2¥

In the present study, the marker PGP9.5 was used to localize
nerve fibers in oral squamous cell carcinoma. PGP9.5
immunoreactivity for nerve fibers was detected in the tissues
adjacent to the tumor. This innervation is to be expected in
normal tissues adjacent to the tumor. PGP9.5 can evaluate and
define the entire normal oral innervation and it is considered
as the most reliable general marker for the visualization of
oral innervation.” In this study, with the exception of two
tumors, no innervation was detected in the oral tumor tissues
themselves. Innervation detected in the surrounding tissues
can be presumed to be preexisting nerves.

It is most likely that the innervated blood vessels in this study
were preexisting blood vessels that have come to lie close to
the tumor as its size increased.

Perineural invasion and vascular invasion may both be
adverse prognostic factors in patients with oral squamous
cell carcinoma, but vascular invasion is more significantly
associated with death.[!]

The subepithelial and perivascular neural plexuses are clearly
and consistently labeled with PGP 9.5 staining in normal oral
mucosa.?”

The tumor tissue itself was not apparently innervated.
PGP9.5-labeled nerve fibers were detected in the tumor tissue
itself only in 2 cases out of 30. One of these cases had a fair
number of nerve fibers passing between the tumor cells. In
this case, the PGP 9.5-immunoreactive fine nerve fibers could
be seen clearly and it could be concluded that there was an
innervation pattern in the tumor tissue itself. In the other case,
a medium-sized labeled nerve bundle was found within the
tumor tissue. This nerve bundle was surrounded by tumor cells,
and had presumably been engulfed by tumor expansion.

Sometimes there were quite large bundles of immunoreactive
nerve fibers in the supporting tissue around the cancer tissue;
these were presumably preexisting large nerves.

There was no PGP 9.5 immunoreactivity in the normal tissue
adjacent to the tumor in 18 cases out of 30 (60%). This
observation is not unique. Mitchell ef al. also observed that
there was no PGP 9.5 immunoreactivity in normal tissue
adjacent to breast cancer in 7 out of the 16 cases (44%) in
their series.[®

The cytoplasmic immunoreactivity of the tumor cells in one
case of squamous cell carcinoma requires further discussion.
PGP 9.5 immunoreactivity of cancer cells has been observed
in colorectal carcinoma and breast cancer, but this is the
first time it is being reported in oral squamous cell carcinoma.

The results of this study offer an explanation for why oral
cancer is always painless in the early stages. There was no
new nerve supply in oral tumor tissues themselves. The nerve
fibers in the surrounding tissues are presumably preexisting
nerves.

Pain and tenderness usually develop when a malignant lesion
becomes secondarily infected or if the lesion invades sensory
nerves.

CONCLUSIONS

1. There is no apparent innervation of the cancer tissues
themselves.

2. There is an innervation pattern in the surroundings
tissue, presumably preexisting nerves.

3. Normal glandular tissue associated with the oral cancer
is innervated.

4.  Innervated blood vessels were seen, probably preexisting
blood vessels that had come close to the tumor as the size
of the tumor increased.

5. The results of this study explain why oral cancer is
always painless in the early stages.
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