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To explore the role of cytokinesin tumor development and clinical manifestations, we examined the
expressions of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) in tumor tissues obtained
from 57 patients with oral squamous cell carcinoma (OSCC) and their relationshipsto pathological
grade and staging. Enzyme-linked immunosorbent assay on the tumor tissues demonstrated ele-
vated concentrations of TNF-a and IL-6 proteins and upregulated mRNA levels were detected by
the reverse transcription-polymerase chain reaction method when compared to those in normal
control tissues. These cytokines and their transcripts were localized in stromal macrophages and in
the tumor cellsin particular of the front area of tumor tissues, possibly indicating active synthesis
of these cytokines by tumor cells. Larger-sized tumors (T3, 4) contained significantly greater levels
of IL-6 proteins than small-sized tumors (T1, 2) (P<0.05). The levels of these cytokines were signif-
icantly reduced in cases with effective pre-treatment with radiation or anti-cancer agents compared
to those in the less effective group (P<0.05, grade Ila vs. grade IV for both TNF-a and |IL-6). The

present study thus demonstrated enhanced expression of cytokinesin OSCC tissues.
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Cytokines such as tumor necrosis factor-a (TNF-a) and
interleukin-6 (IL-6) exert biological effects on tumor
development. They are produced by a variety of cells
including macrophages,? fibroblasts and endothelial cells,
as well as neoplastic cells.? Serum levels of such cyto-
kines are increased in patients with ovarian cancer,®
malignant melanoma® and renal cell carcinoma® Tissue
homogenates from head and neck squamous cell carci-
noma (HNSCC) also contain measurable levels of the
cytokines.® On the one hand, cytokines are cytotoxic to
tumor cells, inhibiting the progression of the tumor or
causing necrosis.”® On the other hand, they stimulate
growth of tumor cells, through promotion of angiogene-
sis® modification of matrix proteins™ or expression of
adhesion molecules.’>* Cytokines thus have not only a
cytostatic action, but also a pathogenetic role in tumor
development, being further implicated in invasion and
metastasis.

The exact source of cytokines in tumor tissues is not,
however, well established. While tumor tissues from
colorectal carcinomas,® renal cell carcinoma® gastric
cancer'® and breast cancer'” contain cytokines, they are
mainly produced by stroma macrophages, not by tumor
cells. By contrast, it has been shown that neoplastic cells
produce TNF-a® and IL-6 in ovarian cancers.®® Patients
with HNSCC, including cases of oral sgquamous cell carci-
noma (OSCC), showed increased serum levels of TNF-a
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and IL-6'2V that correlated with poor prognosis® It is
yet to be determined, however, which cellular components
produce these cytokines or whether the tissue levels of
cytokines are associated with tumor size, lymph node
metastasis or histological grade of malignancy. Since
cytokine levels are useful in the determination of treatment
modalities and may be predictors of prognosis, informa
tion on cytokine expression in OSCC is extremely impor-
tant. We therefore performed a detailed analysis of TNF-a
and IL-6 expressions in tumor tissues obtained from
OSCC patients and here we discuss the significance of the
observed changes of cytokine expressions.

MATERIALS AND METHODS

Materials Tissue samples were obtained from a total of
57 patients with OSCC operated in Hirosaki University
Hospital, including 3 biopsy cases. Among them, 32 cases
were untreated before the surgical resection of the cancer
(cases with non-pretreatment: NT case) and 23 cases were
preoperatively treated with radiation and/or anti-cancer
agents (cases with preoperative treatment: PT case). Some
cases were examined serially before and after pretreat-
ment. Decision of the pretreatment regimens with radio-
therapy and/or chemotherapy before the surgical resection
of the cancer was made based on the tumor size, locali-
zation, and general condition of the patients. A hundred
and twenty-eight samples were examined in total. Oral
mucosal tissues without marked inflammatory changes,
obtained from non-cancer patients, were used as normal
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controls (NC). For comparison, lymph nodes with meta-
static foci (LN) were also examined. Tissue sampling
followed the guideline of the ethical committee of the
Hirosaki University, with the informed consent of patients.
All surgical specimens were cut into several pieces for
the measurement of cytokine contents, immunohistochem-
ical observation, estimation of transcript levels of cyto-
kines by reverse transcription polymerase chain reaction
(RT-PCR) and in situ hybridization (ISH). For the mea-
surement of cytokine contents, enzyme-linked immunosor-
bent assay (ELISA) was used. The levels of cytokine
contents were examined to address whether they were cor-
related with tumor size or lymph node metastasis. The
determination of these parameters was based on the
WHO's TNM clinica classification.?® Portions of tissues
were fixed in 4% paraformaldehyde in phosphate-buffered
saline (PBS) (pH 7.5) and embedded in paraffin, then pro-
cessed for immunohistochemistry. For the evaluation of
transcript levels, small pieces of tissues were frozen in lig-
uid nitrogen and used for RT-PCR. ISH was conducted on
the paraffin sections of the tissues using the same blocks
as for immunohistochemistry. Conventional light micro-
scopic examinations were made on hematoxylin-eosin
(HE)-stained slides. Histological grade of malignancy in
NT cases was determined on sections of maximal cut sur-
face of the tumors based on Anneroth’s criteria.?? Briefly,
we divided the histological grade of malignancy for NT
cases into two groups of high-grade malignancy (>13
points) and low-grade malignancy (<12 points). The
effects of preoperative treatment were also determined his-
tologically on the sections of maximal cut surface of the
tumors in PT cases using Shimosato's classification,® in
which the grade is defined as follows: |, no destruction of
tumor cells; lla, viable tumor cells occupy over 1/3 areg;
I1b, viable tumor cells below 1/3 area; 111, only small clus-
ters of non-viable cells or very few viable cells; IV, no
tumor cells.
ELISA Tissue samples were stored at —80°C until assay.
Then, they were thawed, and homogenized in PBS with a
Polytron (Kinematica, Luzern, Switzerland). The homoge-
nate was centrifuged at 1,000g twice for 10 min at 4°C,
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then the supernatant fraction was centrifuged again at 4°C
at 105,000g for 40 min, and frozen at —80°C in aliquots
until assay. Tissue protein levels were measured by the
Bradford method (Bio-Rad, Richmond, CA).?® Immunoas-
says were performed using TNF-a and IL-6 ELISA kit
(TFB Co., Tokyo). All samples were assayed in duplicate.
Immunohistochemical staining The streptavidin-biotin
(SAB) method (Histofine SAB kit, Nichirei, Tokyo) was
applied to serial tumor sections using monoclona anti-
TNF-a antibody (Austral Biologicals Inc., San Ramon,
CA) and monoclona anti-IL-6 antibody (Genzyme Inc.,
Cambridge, MA). After deparaffinization and elimination
of endogenous peroxidase activity with methanol contain-
ing 0.3% H,O,, each primary antibody in 1:100 dilution
was applied at 4°C overnight. The sections were then
incubated with biotinylated rabbit anti-mouse antibody for
15 min at room temperature. Thereafter, the sections were
reacted with streptavidin-peroxidase complex for 10 min.
The reaction products were finally visualized with diami-
nobenzidine hydrochloride and lightly counterstained with
hematoxylin. Specificity of immunoreactions was con-
firmed by pretreatment of the antibodies with excess anti-
gens; each 100 ul of antibodies was incubated with 4 ug
of recombinant human IL-6 (Boehringer Mannheim,
Tokyo) and 5 ug of recombinant human TNF-a (Boeh-
ringer Mannheim) for 1 h, respectively. Replacement of
the first antibodies by un-immunized mouse sera or omis-
sion of the first antibodies during the process of immuno-
staining was also done to confirm the specificity.

For the quantitation of immunoreactions, positivities of
TNF-a and IL-6 were graded as; +, positive cells less than
25%; 2+, 25-50%; 3+, over 50%.

ISH The synthesized DNA oligonucleotide probes are
listed in Table |. Labeling of 4 ug of oligonucleotide with
a biotin moiety was performed in 50 ul of reaction buffer
at 85°C for 30 min using a Universal Linkage System
(ULS) kit (Nichirei).2” After having been rinsed in diethyl-
pyrocarbonate (DEPC)-treated PBS, deparaffinized sec-
tions were digested in 1.0 ug/ml proteinase K (GIBCO
BRL Inc., Gaithersburg, MD) for 20 min at 37°C, fol-
lowed by postfixation in 4% paraformaldehyde and neu-

Tablel. Primersfor PCR and Oligonucleotide Probes for in situ Hybridization (I1SH) Used in the Present Study

Primers for PCR TNF-a 5 primer 5 TAG CCCATG TTG TAG CAA ACCCTCAAGCT 3

3 primer 5 TCA CAG GGC AAT GAT CCC AAA GTA GACCT 3
IL-6 5 primer 5 ATGAACTCCTTC TCCACA AGCGCCTTCZ
3 primer 5 GAT TCT TTG CCT TTT TCT GCA GGA ACT GG 3
B-Actin 5 primer 5 ATG GAT GAT GAT ATC GCC GCG CT 3

3 primer 5 GAC TCC ATG CCC AGG AAG GA 3

Probes for ISH TNF-a 5 CGG GGT TCG AGA AGA TGA TCT GACTGC CTG 3

IL-6 5 CAG GAA CTC CTT AAA GCT GCG CAGAATGA 3
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tralization in 2 mg/ml glycine buffer for 10 min at room
temperature. After immersion in 0.2 N HCl a room
temperature for 20 min, the sections were incubated with
specific oligonucleotide probe labeled with biotin in
hybridization buffer containing 20 pg/ml yeast-tRNA
(Ambion Inc., Austin, TX), 0.02 M TrissHCI (pH 8.0),
0.0025 M EDTA, 1% Denhart's medium, 0.3 M NaCl,
50% formamide, and DEPC-H,O overnight at 42°C. They
were then rinsed with 2x standard saline citrate (SSC) and
50% formamide solution at 42°C. The hybridized sections
were digested with 1 ug/ml RNase dissolved in TNE solu-
tion (0.01 M Tris-HCI, 0.5 M NaCl, 0.001 M EDTA) for
30 min at 37°C. They were washed again in 0.2x SSC fol-
lowed by 2x SSC at 42°C for 20 min. Sections were trans-
ferred in buffer 1 (0.1 M Tris-HCI, 0.15 M NaCl) and
treated with 1.5% blocking reagent (DIG Nucleic Acid
Detection kit, Boehringer Mannheim) in buffer 1. The sec-
tions were then incubated with streptavidin (1:200 dilu-
tion, Vector Inc.,, Camarillo, CA) for 30 min at room
temperature. The hybridized complex was reacted with
biotinylated alkaline phosphatase (1:500 dilution, Vector
Inc.) for 30 min and finally visualized using New Fuchsin
Substrate System (Dako, Carpinteria, CA).

The specificity of reactions was confirmed by blocking
tests involving pretreatment of sections with 10 ug/ml
RNase for 2 h at 37°C before hybridization or hybridiza-
tion of the sections with biotin-labeled sense probes.
RT-PCR Fifteen samples of both NT and PT casesrichin
tumor parenchyma (confirmed by examination of frozen
sections) and 7 lymph node specimens in addition to 7
controls were used for the quantitation of mRNA levels of
TNF-a and IL-6. Total RNA was extracted from each
sample with Isogen (Nippon Gene, Osaka). Complemen-
tary DNA (cDNA) was synthesized from 5 ug of tota
RNA in 25 ul of reactive solution using Moloney murine
leukemia virus RT (Stratagene, Stratascript (TM) RT-PCR
kit, Cambridge, CA). After heat inactivation of RT, 2.5
units of DNA polymerase (Takara Shuzo Co., Kyoto) and
specific primers (Table 1) were added to the above solu-
tion, and cDNA was amplified by PCR using a DNA ther-
mal cycler (RTC-100, Funakoshi Inc., Tokyo). PCR assays
for both cytokines and B-actin were performed in 20 il of
solution using 28 cycles with steps of 94°C for 1 min for
denaturation, 72°C for 2 min for primer extension, 64°C
for 1 min of TNF-a and 63°C for 1 min of IL-6 for
annealing, respectively. The PCR products (10 ul) were
electrophoresed on 2% agarose gel containing 0.5 ul ethid-
ium bromide and visualized with ultraviolet light. The
products of message bands were densitometrically quanti-
fied using the NIH image software (National Institutes of
Health, Bethesda, MD) and values were normalized by the
value of each [3-actin level.

Statistical analysis Statistical analysis was performed
with Mann-Whitney’s U-test to compare the mean values
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between two groups. If necessary, the Kruskal-Wallis test
was added. The criterion of statistical significance was a P
value of less than 0.05.

RESULTS

ELISA TNF-a protein was undetectable in NC cases
except for one case (14.9 pg/mg). By contrast, OSCC tis-
sues contained high levels of TNF-a and the mean value
was significantly greater in the OSCC (NT) group
(27.0£41.3 pg/mg, mean+SD) than that in NC (2.1+5.7
pg/mg) (P<0.05) (Fig. 1). TNF-a protein was detected in 6
of 13 LN tissues (46%), ranging from 10.1 to 48.3 pg/mg
(17.1+21.7 pg/mg). Levels of IL-6 protein were also ele-
vated in OSCC tissues compared to NC. The mean value
of IL-6 protein was significantly greater in OSCC (NT)
(94.2+112.5 pg/mg) than that in NC (7.8+18.2 pg/mg)
(P<0.05). The mean value of IL-6 was greater in LN
(154.6 £ 220.0 pg/mg) than in NC, but there was no statis-
tically significant difference in the levels of TNF-a
between these two groups.

Levels of IL-6 protein were significantly greater in
larger tumors (124.5+101.1 pg/mg in T3 and T4) com-
pared to those in small-sized tumors (69.9+118.5 pg/mg in
T1 and T2) (P<0.05) (Fig. 2). There was a similar trend
toward a greater value of TNF-a protein in tumors of
larger size, although it was not statistically significant. The
presence of lymph node metastasis did not affect the levels
of cytokine contents in the primary OSCC tissues of NT
group (data not shown). Comparison of TNF-a and IL-6
levels in tissues of the NT group with histological grade of
malignancy did not reveal significant differences between
groups of low and high grades (data not shown).

Effects of preoperative treatment on the cytokine levels
in OSCC tissues of the PT group were then analyzed. The
mean vaue of TNF-a was significantly smaller (P<0.05)
in groups with a higher grade of pretreatment effects
(grade IV, 2.7+4.5 pg/mg, grade Ilb, 5.5£6.2 pg/mg) than
that in a group with a lower grade of pretreatment effects
(grade Ila, 127.9+216.0 pg/mg) (Fig. 3). There was also
significant reduction of IL-6 in a group with a higher
grade of pretreatment effects (grade IV, 41.3+£36.1 pg/mg)
compared to a group with lower grade of pretreatment
effects (grade Ila, 121.7+77.3 pg/mg) (P<0.05).
Immunohistochemistry  Immunoreactive TNF-a was
positive in the perinuclear cytoplasm of OSCC cells
in most cases. Infrequently, strong positive reactions
appeared diffusely in the cytoplasm (Fig. 4A). Strong pos-
itivity (3+) was detected in 3 of 9 cases (33.3%) of a
group with high-grade histological malignancy, but in
none of 6 cases of a group with low-grade histological
malignancy. TNF-a was also positive in tumor cellsin all
LN specimens. Vascular endothelia cells adjacent to the
tumor cells were strongly positive for TNF-a, but the
reaction of stromal cells and normal sguamous cells was
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Fig. 1. Tissue levels of TNF-a (A) and IL-6 (B) in cases of oral squamous cell carcinoma (OSCC) measured by enzyme-linked
immunosorbent assay. Levels of TNF-a and IL-6 were significantly elevated in the OSCC group without preoperative treatment (NT)
compared to normal controls (NC). Metastatic lymph node (LN) also showed greater levels of 1L-6 but not TNF-a compared to NC.
ND, not detectable; [1P<0.05.
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Fig. 2. Relation of tumor size to tissue levels of TNF-a (A) and IL-6 (B) in cases of preoperatively non-treated oral squamous cell
carcinoma. Tumor size was graded based on WHO's TNM classification (1992). Levels of I1L-6 were significantly greater in a group of
T3 and T4 than those in a group of T1 and T2. There was a similar trend in the levels of TNF-a, athough it was not statistically
significant. ND, not detectable; [1P<0.05.
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Fig. 3. Tissuelevels of TNF-a (A) and IL-6 (B) and effects of preoperative treatment in oral squamous cell carcinoma. Effects of treat-
ment were histologically graded based on Shimosato's criteria (1971) (see text), in which grade IV was assigned to a group in whom
pretreatment was effective. The levels of both TNF-a and IL-6 were significantly greater in grade Ila (less effective pretreatment) than

those in grade IV.

equivocal (Table I1). The endothelial reaction appeared to
be weakened in the area remote from the tumor.

OSCC showed positive immunoreactions for IL-6 in the
cytoplasm of tumor cells and stromal cells. Strong reac-
tions were found in particular in the tumor cells around the
keratin pearls (Fig. 4B). In non-neoplastic tissues, weakly
positive reactions were found in the prickle cell layer of
the squamous epithedlia and submucosa inflammatory
cells. There was no obvious positive reaction in the corni-
fied layer. Control sections showed no reactions to TNF-a
or IL-6 (Fig. 4C).

ISH TNF-a mRNA was expressed as dot-like or diffuse
signals in the cytoplasm of tumor cells (Fig. 4D). Some
tumor cells with marked nuclear polymorphism were
strongly positive for TNF-a mRNA. Stromal cells includ-
ing infiltrating macrophages and fibroblasts were aso pos-
itive for TNF-a mRNA, whereas there was no apparent
positive reaction in endothelial cells of vessels in the
tumor area. IL-6 mRNA was localized diffusely in the
cytoplasm of tumor cells (Fig. 4E). Macrophages, fibro-
blasts and endothelial célls in stroma were weakly posi-
tive. Control sections were completely negative (Fig. 4F).

RT-PCR Strong signals of both TNF-a and IL-6 were
detected in most of the examined tumor samples (Fig. 5).
TNF-a mRNA levels were elevated nearly 47 fold in
OSCC tissues of NT and PT groups compared to the levels
of NC (P<0.05 vs. NC for both) (Fig. 6). By contrast, the
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expression levels were not high in most LN cases. IL-6
MRNA levels were similarly elevated 3-6 fold in OSCC
tissues of the NT and PT groups (P<0.05 vs. NC for both).
There was no significant increase in IL-6 mRNA levelsin
LN compared to NC.

DISCUSSION

In the present study, TNF-a and IL-6 levels in the
homogenates from OSCC tissues detected by ELISA were
significantly higher than the levels in norma mucosa
Immunohistochemical staining revealed the localization of
these cytokines in the tumor cells, some stroma macro-
phages and fibroblasts in the sections of OSCC. RT-PCR
demonstrated augmented transcript (MRNA) levels of both
TNF-a and IL-6 in the tumor tissues and ISH also demon-
strated the presence of enhanced transcript signals in
tumor cells. These findings are in keeping with the previ-
ous observation that tumor cells in HNSCC were positive
for immunoreactive TNF-0%239 and further suggest for
the first time the possibility that tumor cells in OSCC
themselves produce TNF-a and IL-6 in vivo.

It is not known why some tumor cells actively produce
cytokines, as in HNSCC or OSCC detected in this study,
whereas others such as breast cancer,'” colorectal cancer™
or renal cell carcinoma® do not express them. Ohno et
al.’® found increased TNF levels in the serum and portal
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Fig. 4. Expression of cytokines and their mRNAS detected by immunohistochemistry and in situ hybridization. Both immunoreactive
TNF-a (A, x200) and IL-6 (B, x200) were localized in tumor cells as well as in some stromal macrophages. Endothelial cells were also
strongly positive for TNF-a. Pretreatment of antibodies with excessive antigens diminished the reactions to TNF-a (C) and IL-6 (not
shown). In situ hybridization gave positive signals of TNF-a mRNA (D, x200) and I1L-6 mRNA (E, x200). Endothelial cells were
negative for TNF-a mRNA. Control section pretreated with anti-sense probe showed negative reactions to TNF-a mRNA (not shown)
and IL-6 mRNA (F, x100).

863



Jpn. J. Cancer Res. 90, August 1999

bl X XY 1—822bp Bactin

[ — 488 bp IL-6
|
——428 bp TNF-a

LI

Fig. 5. Detection of mRNAs of TNF-a and IL-6 by RT-PCR.
There was amplified expression of mRNA levels of TNF-a (428
bp) and IL-6 (488 bp) in tissues from ora sguamous cell carci-
noma of the preoperatively non-treated group (NT; lanes 2 and 6)
and treated group (PT; lanes 3 and 7), as well as metastatic
lymph node (LN; lanes 4 and 8), compared to those in normal
mucosa (NC; lanes 1 and 5). Upper bands are of 3-actin mRNA.
M stands for marker. Lanes 14, IL-6 mRNA; lanes 5-8, TNF-a.

blood in patients with gastric cancer, but they could not
detect production of TNF in the tumor tissues. They con-
cluded that circulating macrophages were responsible for
the TNF production. Naylor et al.? reported in admost 75%
of cases of ovarian cancer the expression of TNF genes
and a close correlation between TNF protein levels and
histological grade of malignancy. In their studies, TNF-a
mMRNA was found in macrophages and some epithelia
tumor cells, but TNF receptors were not uniformly distrib-
uted in tumor cells. It is known that TNF-a synthesis is
upregulated in cultured tumor cells when they lose their
receptors for TNF on the cell membrane, resulting in resis-
tance to the cytotoxicity.? The resistant tumor cells with
augmented TNF production activate stromal macrophages
to release metalloproteases, thus perhaps promoting tumor
cel invasion.®

Table Il. Results of Immunohistochemical Reactions of Tumor Necrosis Factor-a (TNF-a) and Interleukin-6 (IL-6) in Ora
Squamous Cell Carcinoma (OSCC)
] Grade of Tumor cell?
Antibody malignancy N o -
TNF-a Low (n=6) 4.6 (66.7) 26 (33.3) 0/6 ( 0)
High (n=9) 5.9 (55.6) 19 (11.1) 39 ( 333)
LN® (n=10) 4.10 (40 ) 5.10 (50 ) 1.10 ( 10 )
IL-6 Low (n=6) 0/6 (0) 0.6 (0) 6.6 (100 )
High (n=9) 29 (22.2) 19 (11.1) 7.9 ( 66.7)
LN® (n=10) 1.10 (10 ) 0.10 (0) 9.10 (9 )

() Percentage of positive cases.

a) Results of TNF-a and IL-6 staining were graded into +, 2+, 3+ as —25%, 25-50%, 50-100% of positive cells.

b) Lymph node with metastasis.
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Fig. 6. Densitometric analysis of mRNA levels of TNF-a (A) and IL-6 (B) by RT-PCR. The scale shows the values of cytokine mRNA
normalized with respect to -actin levels. The levels of TNF-a and 1L-6 were significantly greater in oral squamous cell carcinoma of
the non-treated (NT) and preoperatively treated (PT) groups compared to those in norma mucosa (NC). By contrast, the levels in meta
static lymph node (LN) were not elevated. ND, not detectable; [1P<0.05.
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We found strong signals of IL-6 mRNA in tumor cells,
but weak signals in macrophages and stromal fibroblasts.
Since squamous cells are activated to produce cytokines in
vitro under stimulation with inflammatory cells,*? or when
they are obtained from patients with lichen planus,3 39
radicular cyst® or psoriasis®® it may be reasonable to
consider that tumor cells in OSCC are active for IL-6 syn-
thesis. Cellular interaction between tumor cells and stro-
mal components may therefore be a possible determinant
of cytokine production in tumor cells. The intensified
expression of immunoreactive TNF-a and IL-6 in the
front area of OSCC may be ascribed to strong cellular
interactions between tumor cells and stromal cells.

In the present study, the elevated levels of tissue cyto-
kines were associated with increased tumor size, but not
with lymph node metastasis. These results suggest that
cytokine production in OSCC is not regulated by circulat-
ing macrophages or immune reactions in response to
lymph node metastasis, but is largely dependent on the
local tumor growth of the primary lesion. This contention
is consistent with the findings that TNF-a and IL-6 levels
were significantly decreased in cases with effective preop-
erative treatment (grade 1V).

Cytokines have an affinity for endothelial cells, which
contain abundant receptors of these cytokines? TNF-a
induces expression of cell adhesion molecules to recruit
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tumor cells to vessels, promoting metastatic processes.'¥
In the present study, TNF-a protein was strongly
expressed in endothelial cells in microvessels within the
tumor, whereas the mRNA was not detected on the ves-
sels, indicating attachment or uptake of TNF-a by endo-
thelial cells, and not production of this cytokine. By
contrast, transcripts of 1L-6 were weakly detected on the
vessel walls. The difference of transcript expression
between IL-6 and TNF-a may suggest the tissue-specific
production of these cytokines in OSCC tissues. In addi-
tion, dissociation between the location of cytokines and
their transcripts may reflect topographic differences of
cytokine production, binding and degradation. Further
studies are required to elucidate the role of cytokines in
the biological behavior of OSCC.
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