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ABSTRACT

Immunohistochemical demonstration of tumor-associated markers may be
valuable as an adjunct to conventional histology for determination of malignancy
development in oral mucosal diseases. Accordingly, the present study determined
the distribution of some important tumor markers suchasheatshock proteins (HSP),
fibroblast growth factors (FGF) and transferrin receptors (TF-R) in 22 samples of
primary oral squamous cell carcinoma (SCC) and in 18 hyperplastic/dysplastic oral
lesions. Fifteen samples of normal buccal mucosa were included for comparison.
Serial sections taken from frozen tissues and paraffin-embedded samples were
stained immunohistochemically using monoclonal antibodies against HSP, FGF and
TF-R. Results showed thatnormal tissueshad only a detectable level of HSPand FGF
while dysplastic tissues had a higher level of HSP and FGF expression. Oral SCCs
demonstrated the highestlevel of HSP and FGF expression distributed widely across
the tumor specimens. TF-R expression was detected only in cryostat sections with
low immunoreactivity seenin normal tissues, andthehighestlevel of immunoreactivity
detected in malignant tissues. Expression of TF-R in paraffin-embedded sections
was non-specific and was masked by fixation methods used to process these tissues.
[tis concluded that HSP and FGF are largely expressed by malignant cells indicating
that over-expression of these markers in mucosal lesions might be a reflection of
malignancy. Secondly, these markers are preserved well in paraffin-embedded
sections and finally, expression of TF-R correlates with rapid cell proliferation but
its assessment is highly specific and is only accurate in cryostat sections.
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INTRODUCTION

The significance of various molecular alterations
associated with premalignant and malignant conditions of
oral mucosa is currently under extensive investigations.
The most recent studies point out the amplification and
over-expression of growth factors,*!° growth factor
receptors'* and oncogene-products!! ina variety of malignant
cell-lines including oral squamous cell carcinoma
(SCC).+1%14 These growth factor proteins are thought to
play an important biological role in the initiation and
progression of tumorcells. Fibroblast growth factors (FGFs)
have a widespread distribution in normal tissues as well as
neoplastic conditions.® FGFs are involved in a variety of
activities which include angiogenesis, mitogenesis, and
wound healing.’ The importance of FGF receptor expression
in myoblast generation and in prostate cancer is also
documented.?! Recently, cell-linesderived from oral SCC(s)
have been shown to express FGFs in culture.'

Increased synthesis of heat shock proteins (HSP, stress-
induced proteins) is also found in a variety of human cells
in response to non-lethal stimuli such as viral infection,
growth factor deprivation, and malignanttransformation.'"’
Tumor cell expression of HSP may reflect the degree of
tumorigenicity of malignant cells.”!®

Over-expression of transferrin receptors (TF-R) is an
additional marker which can reflect the growth capacity of
a neoplasm 2961920 TE-R is a cell membrane glycoprotein
and mediates iron uptake via internalization of transferrin,
an iron-carrying serum protein.?

Immunohistochemical detection of rapidly growing
cells is valuable for assessment of malignant and
premalignantconditionsinroutine histological examination
of oral lesions. The purpose of the current study was to
determine the value of immunohistolocalization and the
tissue distribution of FGF, HSP and TF-R in normal,
dysplastic and malignant oral mucosa and to relate them to
their cell-line occurrence reported in the literature.

MATERIAL AND METHODS

Tissue specimens

Cryostatsections and formalin-fixed paraffin-embedded
tissues were available from twenty-iwo primary oral
squamous cell carcinoma (SCC) and eighteen cases of
hyperplastic/dysplastic oral lesions. The SCC(s) were
graded as; well differentiated (n=14), moderately
differentiated (n=6) and poorly differentiated (n=2). The
hyperplastic/dysplastic lesions were graded as; benign
acanthosis/hyperkeratosis (n=9),mildtomoderate dysplasia
(n=7), severe dysplasia [carcinoma in situ (n=2) and
papilloma (n=1)].Fifteen samples of normal buccalmucosa
were included for comparison.
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Immunohistochemical staining

From each block, 5um serial sections were
deparaffinized by heating for 24 hours in 56°C and
subsequently immersing in xylenes and graded alcohol
changes two times, each at 10 minute intervals. The
deparaffinized sections were then treated with 1% hydrogen
peroxide to block endogenous peroxidase activity.

The cryostat sections were first air dried, and then fixed
in cold acetone for 10 minutes at room temperature (RT).
Following 10 minutes washing in two changes of distilled
water, both the deparaffinized and cryostat sections were
incubated for 20 minutes first with 0.05% saponin (Sigma)
and then with a protein blocking agent (10% normal goat
serum) toreduce the non-specific reactions. The initial step
of immunohistochemical staining involved an overnight
incubation of deparaffinizedsections with assigned primary
antibodies. Cryostat sections were incubated with related
antibodies for 60 minutes at RT.

The primary monoclonal antibodies used were 1:10
dilution of anti-FGF receptor (Ab-1), antiheat shock protein
(HSP 72/73-Ab-1), and anti-transferrin receptor (OKT9).
The first two monoclonals were obtained from Oncogene
Science, Inc., San Diego, CA and OKT9 was obtained from
Ortho Diagnostic, Inc., Kansas City, MO, USA.

Incubation with primary antibodies was terminated by
twowashesinPBS (phosphate-buffered saline, pH 7.2) for
five minutes each. All sections were then incubated first
with multilink biotinated secondary antibodies, and then
with peroxidase conjugated streptavidin label (Biogenex
Super Sensitive MultilinkKit, SanRamon, CA).Incubation
was 20 minutes atR T. Sections were washed for 10 minutes
in two changes of PBS between each step.
Immunohistochemical staining was accomplished by
incubation of sections with AEC chromogen (from the kit)
for 5-10 minutes at RT. Following two washes in distilled
water, sections were counterstained with hemotoxylin and
mounted for microscopic examination,

Control sections

Positive tissue controls were sections of breast cancer
which is known to express HSP, FGF and TF-R. Negative
controls were non-immuneseraand PBS in place of primary
antibodies.

The intensity of the staining in each section was
assessed by using a semiquantitative scoring system: no
staining (-), barely staining (£), weak staining (+), moderate
staining (+2),strongstaining (+3),and highly strongstaining
(+4).

RESULTS

The overall results of the study are briefly summarized
in Table L.
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Table I. Results of the study.

|
\
HSP | Prickle cells () | Benign hyperplastic (t) The majcrity of the cells The majority of the
(>95%) stained (+3), cells (>95%) stained
(+4) Similar to paraffin embedded sections (43), (+4\.
Only dysplastic cells
Basal cells (+). stained (+2), (+3)
FGF Prickle cells () | Benign hyperplastic (+) The majority of the cells The majority of the
(>95%) smined (+2), cells (>95%) stained
(+3), () Similar to paraffin embedded sections (+4).
Only dysplastic cells
Basal cells (+) | stained (+2), (+3), (+4)
TF-R Benign hyperplastic
90% of the basal | lesions (+) 100% of the cells
Was not detected in paraffin-embedded sections and suprabasal stained (+4).
cells stained (+2) | Dysplastic lesions
+3)
Intensity of staining was determined as no staining (-), barely staining (), light staining(+), moderate staining (+2), strong staining (+3), and very strong
staining (+4).

Normal tissues

The staining pattern of cryostat sections and paraffin
embedded samples of normal buccal mucosa was similar
for distribution of HSP. A detectable level of HSP was
found in all epithelial cells in various anatomical zones
with a relatively weak staining intensity (). Increased
intensity level (+) was found in basal cell and suprabasal
cell layers and in epithelial components of minor salivary
glands.

A similar immunoreactivity of normal tissue specimens
was found for FGF expression. Results of the study with
OKT9 were inconclusive and non-specific for distribution
of TE-R in paraffin-embedded sections. However, all of
the cryostat seciions stained with OKT9 at the basal cell
and suprabasal cell layer (approximately 90% of the cells).
Some basal cells as well as all the epithelial cells in the
upperanatomical zones did iiotstain, Theimmunoreactivity
for TF-R was demonstrated by a bright red reaction at the
cell membhrane of all positive cells with (+2) intensity level

(Fig. 1).

Benign and dyspiasiic mucosal lesions

Seven of the nine benign mucosal lesions without
dysplasia had only detectable levels of HSP with weak (£)
to modcraie (+2) staining inten t f und in deep prickle

ain. Immunoreactivity

cell layers. Two samples did no
aign mucosal lesions with

with FGF was found in 9/0 beni
moderate {+2) inteasity {Fig. 2).

All dyspiastic miicosal lesions (n=7) with mild to
moderaie dyspiasia had posiiive focai staining for HSP and
FGF in distinct regions of tissues with dyspiasia. The
staining intensity in dysplastic areas varied from moderate

.- 1=
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Fig 1. Selective expression of TF-R at the cell membvane of

basal and suprabasal cells of normal buccal mucosa (frozen
section) (x400)

(+2) to strong staining (+3) and was focal in distribution in
most cases. There was an increase in the distribution and
intensity of staining (+4) in severe dysplastic mucosal
lesions categorized as carcinoma in situ boarding on early
SCC (Fig. 3).

TF-R immunoreactivity was localized only in cryostat
sections and was found in basal cell and suprabasal cell
layers in benign lesions. In dysplastic lesions the TF-R
immunoreactivity was stronger in intensity (+3) and was
found as focal staining in epithelial cells with loss of
polarity and increased dysplasia.

Orai malignant lesions
Immunoreactivity with HSP was found in 12/14 well
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differentiated SCCs, and in all moderately differentiated
(n=6) and poorly differentiated (n=2) samples of oral
SCCs examined in this study. The intensity of the staining
varied from weak staining (+) in four cases to moderate
staining (+2) in five, strong reaction (+3) in nine and highly
strong staining (+4) intwotissues examined. Some samples
had focal staining in distribution and many had themajority
of malignant cells stained positively for HSP (Fig. 4).

FGF immunoreactivity was detected in all 22 primary
oral sections. The intensity of the staining for FGF varied
from (+) in four cases to (+2) in three sections, (+3) for
seven and (+4) for eight cases of malignant sections (Fig.
5). The overall staining intensity of FGF was much stronger
than that of HSP. The FGF—positive cells were evenly
distributedacross the entire bulk of thetumors. The intensity
of the staining was particularly stronger in the highly
anaplastic regions of the same tumor with different degrees
of differentiation. The staining pattern for both HSP and
FGF was cytoplasmic with occasional positive nuclear
staining of malignant cells for FGF.

TF-R staining was detected as a strong cell membrane
reaction only in the cryostat sections obtained from all
primary oral SCC samples examined (Fig. 6). The staining
pattern within each section was restricted specifically to
the cell membrane of all the malignant cells corresponding
to the anatomical distribution of TF-R. Immunoreactivity
of TF-R in paraffin embedded sections was indistinctive
and much less specific with no precise cell membrane
immunoprecipitations.

Control sections

Sections of breast cancer (positive control) were all
positive for expression of HSP, FGF and TF-R.
Immunoreactivity was not found in any negative controls
treated with non-immune sera or PBS in place of primary
antibodies.

DISCUSSION

Previous studies have shown that tumor cells produce
FGF,*'"® HSP'” and TF-R?® both in vivo and in vitro. The
current study determined the tissue distribution and in situ
synthesis of these cell markers in normal, benign, dysplastic
and malignant oral mucosal lesions. The existence of these
tumor markers was determined by immunohistochemical
demonstration of positive cells in various anatomicalzones
of tissues under investigation.

Sections of normal tissues had only detectable levels of
FGF and HSP. The staining distribution of benign lesions
was similar to that seen in normal oral mucosa. The
dysplastic lesions, however, demonstrated an increased
level of staining in anaplasticregions with many dysplastic
cellstainingmorepositively for HSPand FGF. A widespread
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Fig 2. Expression of FGF in a hyperplastic mucosal lesion
(x200).
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Fig 3. Increased staining intensity of FGF was found in
mucosal lesions with severe dysplasia (carcinoma in situ) (x200).
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Fig 4. Themajority of malignant cells stained strongly positive
for HSP (x400).

and strong swmining intensity of HSP and FGF was found
withimindividual malignantcellsand in those cells arranged
in groups and clusters making up the bulk of the tumor.
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Fig 6. Expression of TF-R at the cell membrane of malignant
cells in a frozen section of oral SCC (x400).

These observations indicate that expression of HSP and
FGF is related to increasing dysplasia and loss of
differentiation in oral epithelial cells. The enhanced
production of these antigens is apparently areflection of an
active growth and development of malignancy in oral
lesions. In addition, the apparent immunohistochemical
determination of HSP and FGF in paraffin-embedded
sections in the current study indicate that the stability of
these antigens is not affected by formalin fixation and the
methodsused toprocessthesetissues. Assuch,detection of
these markers may havea diagnostic value inearly detection
of 2 -malignant condition in routine histopathological
examinations of mucosal tissues.

Resultsofstaining with anti-transferrin antibody (OK'T9)
in cryostat sections of normal mucosa indicated that only
the epithelial cells of basal and suprabasal layers expressed
a high level of TF-R. These results are in agreement with
other reports that TF-R is largely expressed by less-
differentiated cells than by well-differentiated or mature
cells.>* Thenegative stainingof somebasal cells isconsistent
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with the fact that not all the basal cells can divide and those
cells capable of dividing comprise a number of sub-
populationsinthisanatomic zone." The selective expression
of TF-R on basal and suprabasal cells confirms the role of
iron and proteins of iron metabolism in epithelial cell
proliferation.

Expression of TF-R was identified as strong cell
membrane staining in the majority of malignant cellsin ail
the cryostat sections obtained from SCCs. A particular
problem was the detection of TF-R receptors in paraffin-
embedded sections. The staining pattern in these tissues
was non-specific and was much weakerthan thatof cryostat
sections. It is likely that TF-R antigens had deteriorated
during the tissue-fixation procedures. Support for this
explanation may be derived from the literature which
showed that the majority of studies used cryostat sections
to determine TE-R distribution.”>'S There is one study,
however, which hasemployed paraffin-embedded sections
to demonstrate TF-R distribution in lung cancer.’ This
study used a special fixation method different from that
used to process tissues in the current study. It is essential,
therefore, to evaluate the effect of different types of fixation
on TF-R antigen preservation when employing paraffin-
embedded tissues for detection of TF-R positive cells.
Also, caution must be exercised in assessment of staining
intensity of TF-R in paraffin-embedded sections, since the
best results are obtained from frozen sections.

In conclusion, expression of HSP and FGF is up-
regulated in malignant conditions. As such, their
immunoreactivity may be a valid marker for assessment of
malignancy development in oral mucosal diseases.
Secondly, the precise immunohistological demonstrations
of these markers in paraffin embedded tissues, extend the
use of these tissues for detection of HSP and FGF in
pathological sections. Finally, despite the limitation of
paraffin embedded section use in detection of TF-R, the
assessment of this particular cell marker in frozen sections
is quite easy and satisfactory and accurately reflects the
degree of cellular reactivity. .
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