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Abstract In situ hybridization (ISH) of the expressiommatrix, which is degraded by proteolytic enzymes. It is
of matrix metalloproteinase-1 (MMP-1) in areas of locéklieved that matrix metalloproteinases (MMPSs), which
invasion of head and neck tumours was performed. Exe active in the neutral environment and contai#t #n
pression of MMP-1 mRNA was found in stromal inflamtheir active centres, play an important part [20]. MMPs
matory cells adjacent to the tumour nests, apparentiyware first reported in 1986, when Goldberg et al. [10]
eosinophils. MMP-1 mRNA expression was seen only igeentified the primary structure in interstitial collage-
cases with moderate or greater stromal eosinophili@se, matrix metalloproteinase-1 (MMP-1). Several
MMP-1 mRNA was detected in benign papilloma artgtpes of MMPs are known today, which can be classified
verrucous carcinoma. In squamous cell carcinomas, ageording to their primary structure and substrate speci-
pression of the gene was detected only in well-differenficity as follows: the interstitial collagenase group,
ated cases. Expression of MMP-1 mRNA was not relatetiose substrates are the various collagens that form the
to the grade of malignancy, and appeared in stromal ewin component of stroma; the gelatinase group, whose
sinophils, suggesting to us that it is involved in a remoslibstrate is type IV collagen, the main component of
elling process in the reaction of the host to tumour inM@asement membrane; and the stromelysin group, which
sion. ISH examination of the expression of interleukindghows substrate specificity to a wide range of molecules,
(IL-5), the activating factor for eosinophils, was also pencluding fibronectin and laminin; and others. MMP-1
formed. In the tumour, its expression was consistent withlongs to the collagenase group and degrades collagen

the location of eosinophils, as with MMP-1 mRNA, sugypes I, II, Il and X [29]. Collagen types | and Il are
gesting an autocrine mechanism. found in a wide range of connective tissue.

One of the characteristics of the squamous cell carci-
Key words Matrix metalloproteinase - In situ noma, which is the most frequent type of head and neck

hybridization - Eosinophil - IL-5 - Head and neck tur-owarcinoma, is its capacity to infiltrate connective tissue
[4], and the extent of local invasion is an index of its lev-
el of malignancy. We focused on the MMP-1 as a poten-
Introduction tial index of invasion, and evaluated the expression of
MMP-1 using in situ hybridization (ISH) with samples
The polyfunctional molecules that fill the space betweebtained from head and neck tumours. In the course of
cells in biological tissue are known collectively as thbis study, a relationship between the expression of
extracellular matrix and comprise of collagen, elastifMP-1 and eosinophilia was suggested. Thus we evalu-
proteoglycan, fibronectin, laminin and others. In ordeted the expression of interleukin-5 (IL-5), which is in-
for a tumour to spread it must infiltrate the extracellulaolved in the differentiation and the proliferation of eo-
sinophils [6], and examined the interrelation between
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Materials and methods

We took surgical samples of diseased head and neck tissue and cut
out about a 5-mm square from the border between normal and dis-
Y. Otani - Y. Sakurai eased tissue as quickly as possible. It was fixed in a 4% buffered
Department of Surgery, School of Medicine, Keio University, ~ paraformaldehyde solution [0.1 M phosphate-buffered saline
Tokyo, Japa: (PBS, pH 7.4) with 4% paraformaldehyde], embedded in paraffin,



306

Table 1 Expression of MMP-1 mRNA, IL-5 mRNA, and tissue eosinophil&CCsquamous cell carcinoma, eosinophik®-2hpf
(high power field), +3-fpf, ++10-2%pf, +++3CEhpf, expression of MRNA; +positivenegative;

Case Tissue Histology Differentiation Sex Age TNM stage  Eosino- MMP-1  IL-5
philia MRNA mMRNA
1 Tongue SCC Well F 72 32c04 +++ + +
2 Tongue SCC Well M 73 21 03 ++ + +
3 Tongue SCC Moderate M 55 30 03 + - -
4 Tongue SCC Poor M 75 20 02 + - -
5 Floor of mouth SCC Well M 47 20 02 +++ + +
6 Floor of mouth SCC Moderate M 45 31 03 + - -
7 Floor of mouth SCC Moderate M 72 10 01 + - -
8 Buccal SCC Well M 70 31 03 +++ + +
9 Buccal SCC Well M 63 30 03 - - -
10 Buccal SCC Moderate M 82 30 03 - - -
11 Palate SCC Well M 50 43 04 + - -
12 Oropharynx SCC Well M 73 20 02 - - -
13 Hypopharynx SCC Moderate M 78 42c04 + - -
14 Maxillary sinus SCC Poor M 53 30 03 + - -
15 Tongue Verrucous Ca. - M 78 30 03 +++ + +
16 Tongue Papilloma - M 72 - -- ++ + +
17 Turbinate Inflammation - M 44 -— -= ++ - +
18 Maxillary sinus Inflammation - M 69 -— -= +++ - +

and cut into serial sections. The composition of the samplesnisre dipped in this solution and ice-cooled for 5 min, placed in a
shown in Table 1. There were a total of 18 cases, made up ofda#k box, and then exposed at 4°C for 24-36 h. They were then
cases of squamous cell carcinoma, 1 case each of verrucous cdesieloped at 18°C for 3 min with D-19 (Kodak) and fixed. After
noma, and papilloma, and 2 cases of inflammation. Of the squasing with water, nuclear staining was performed with haema-
mous cell carcinomas, 7 cases were well differentiated, 5 wésgylin, and the specimen was sealed. In each process in this ex-
moderately differentiated and 2 were poorly differentiated. periment, gene expression-positive specimens were used as posi-

For in situ hybridization, the MMP-1 cDNA (1.7-kb) probetive controls. Surrounding non-tumour regions were used as nega-
was established from the cDNA library of cultured fibroblastive controls.
from the human synovium by Saus et al. [28]. The expression of Luna staining [19], which selectively stains eosinophilic gran-
IL-5 was evaluated using human IL-5 oligonucleotide cDNAles, was applied to each section. In accordance with the report
probe (40 bp, Oncogene Science, N.Y.), which has a base mlished by Goldsmith et al. [11], the infiltration was rated by
guence complementary to Exon 1 of human IL-5. These prolegraging the number of infiltrated eosinophils in three fields of
were labelled with-35S] dCTP (New England Nuclear, Bostonyiew under a light microscope at a high magnification (x400,
Mass.) with the specific activity of 39.8 TBg/mmol using an Olikigh-power field,/hpf) and rated; — (absence, 0-2/hpf), + (mild,
golabelling Kit (Pharmacia, Uppsala, Sweden). The specific actB~9/hpf), ++ (moderate, 10-29/hpf) and +++ (severe, 30 or
ity of the probe was set at 2.0 x7ldpmiug DNA. more/hpf; Table 1).

The hybridization procedure used in this study was that of Each section was observed under a light microscope.
Hayashi et al. [14] with a slight modification. The paraffin sec-
tions were deparaffinized in xylene and ethanol. Predigestion was
completed with a 50-mM Tris-HCI solution (pH 7.6) containin esults
5 mM EDTA with proteinase K (Sigma Chemical Co., St. Louis,

Mo.) and left to react on the sections in the humid chamber

10 min. The specimens were washed in PBS containing 2 mg;ﬁhe reSUItS, of ISH and eosinophilia are Show_n in Table
of glycine and PBS, and then re-fixed in 4% paraformaldehyde do-Expression of MMP-1 mRNA was detected in 6 of the

lution for 20 min. The specimens were washed in PBS containih§ cases. Among squamous cell carcinomas, expression
2 mg/ml of glycine and then soaked in 0.1 M triethanolamine bu(jvas detected in 4 of 7 well-differentiated cases (Fig. 1),

er (pH 8.0). Following this procedure, the specimens were pla ; .
in 0.1 M triethanolamine buffer containing 0.25% acetic anhydri was not detected in cases of either moderately or

and left to react for 10 min at room temperature. The specimdorly differentiated tumour. Expression was also detect-
were washed twice in 2 x SSC solution for 5 min each, then deled in verrucous carcinoma (Fig. 2) and benign papillo-

drated and dried in air under sterile conditions. A hybridization sgya. There was no MMP-1 gene expression in the cases

lution composed of Zug/ml labelled cDNA probe, 50Qug/mi ; ; ;
yeast tRNA, 80ug/ml salmon sperm DNA. 50%% formamide,.Of inflammation. In every case, expression was detected

10 mM Tris HCI (pH 7.0), 0.15 M NaCl, 1 mM EDTA (pH 7.0)IN the stroma adja(_:ent to_the tumour nest and was co_nsis—
and 1 x Denhardt's mixture (Sigma) was heated for 3 min at 80tent with the location of inflammatory cells. Expression
to denature the probe DNA and then ice-cooled quickly for 5 miwvas not detected in tumour cells, nor in any cell in the
Between 1211(Ij ar]dh 20pl of thlls solutloln dW_as placed on thed SeChon-tumour area.

tions, covered with a cover glass, sealed in a container and reacté : . : o

in an incubator at 45°C for 16-20 h. The coverglass was then re- ccording ,to_ evaluation Of the eosinophilia levels
moved in 2 x SSC, and washed in this liquid three times f8fth Luna staining, 8 cases displayed moderate (++) or
10 min at room temperature, then in 0.5 x SSC for 10 min at 45%&vere (+++) infiltration, and its location in the tumour
then three times in 0.1 x SSC for 10 min at 45°C, after which tfjgsye was limited to the stroma adjacent to the tumour
specimens were dehydrated and dried. NTB2 emulsion (East t in every case. Comparison of cells with MMP-1

Kodak, Rochester, N.Y.) and 0.6 M ammonium sulfate soluti . S .
were mixed at 1:1 under safelight, and the mixture was left BRNA expression under ISH and Luna staining in serial

stand for 10 min at 43°C to form a uniform solution. The sectiosections revealed a characteristic morphology of bilobed



Fig. 1A-D Expression of MMP-1 mRNA in well-differentiated
squamous cell carcinoma (case &), C In situ hybridization
(ISH), B,D Luna staining. Eosinophilic granules are stained red by
Luna staining. Comparison éf andB demonstrates that signal of
MMP-1 mRNA (@rrow) is shown in stroma adjacent to the tumour
nest (*). Marked eosinophilia was seen in the same area with Luna
staining arrow). No signal was seen in the tumour nest. Original
magnification x40.C, D At higher magnification, the signal is
confined to eosinophils, identified by their bilobed nuctargw-
heads3. Original magnification x2C:

Fig. 2 Expression oA MMP-1 mRNA andB IL-5 mRNA, andC
eosinophilia with Luna staining in verrucous carcinoma (case 15).
Comparison of cells with gene expression by ISH and by Luna
staining suggests, on the basis of the characteristic morphology of
bilobed nuclei and their distribution, that these were eosinophils
(arrows). Original magnification x2C:




well-differentiated squamous cell carcinoma (case 8). IL-5 mRINg
signal is seen in stromal cellar(ows) adjacent to the tumor nestu®
(*). Original magnification x3% Y-

Fig. 4 Expression ofA MMP-1 mRNA andB IL-5 mRNA with [
ISH andC eosinophilia with Luna staining in inflammation (infe
rior turbinate, case 17). IL-5 mRNA signal is found only whe
eosinophils are locatedrfows). Original magnification x8:

nucleus and a characteristic distribution that led us to be=*
lieve these cells were eosinophils (Figs. 1, 2). Expression#
was all seen in 6 cases with either moderate or severe eo
sinophilia, and no MMP-1 gene expression was found in
the cases where eosinophilia was mild or absent.
Scanning for the expression of IL-5 mRNA showed
expression in every case in which there was expression
of MMP-1 mRNA, and its location was limited to the
stroma adjacent to the tumour nest in every case (Fig.fiscussion
Expression was not detected in any cell in the non-tu-

mour regions. In comparison with Luna staining, gensince Liotta et al. [18] reported that the metastatic poten-
expressed cells were identified as eosinophils, justtR§ of malignant tissue correlated with degradation activ-
with MMP-1 mRNA (Fig. 2). Expression of IL-5 mRNAity of collagen type IV, there have been many inquiries
was not found in tumour cases from which expressioniafo the relationship between expression of MMPs and
MMP-1 was absent, but in cases with inflammation, ILfamours. However, there is still no consensus about the
mRNA was found alone, consistent with the location gélationship between cells with expression and the level
eosinophils (Fig. 4). of malignancy of a cancer. There are few reports on

MMP-1, and little is known about its relationship with
metastatic activity or its pathological significance [13,
26].
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Different institutions and methodologies have prainophils. In earlier reports, the expression of MMP-1
duced inconsistency in the reporting of MMP expressianRNA in the stromal cells was reported to be in fibro-
Immunohistochemical staining is reported to have relasts and macrophages in many cases [12, 22, 26, 27].
vealed expression of MMP-2 in the cancer cells of orBlhere are, however, some reports that they are found in
and oesophageal squamous cell carcinoma [16, 30] arfthmmatory cells [26] and in the interstitial eosinophils
thyroid carcinoma [5], and ISH examinations are repodf colon cancer [13]. There are also reports that MMP-9
ed to have detected expression of MMP-2 and MMP-9virere found in the stromal eosinophils of squamous cell
cancer cells of hypopharyngeal squamous cell carcinocagicinoma and basal cell carcinoma of the skin [31, 32].
[21] in proportion to the level of malignancy. There is a real possibility that in ISH examination using

There have been successive reports of expressiomagfioisotopes, emulsion particles may interfere with cell
MMPs detected in stromal cells within tumour tissu@entification. But the use of serial sections and Luna
Polette et al. [27] have reported that MMP-1 and MMBtaining and performance of comparative studies may be
10 (stromelysin 2) in head and neck squamous cell camipected that to allow clarification of the relationship be-
noma is expressed principally in the fibroblasts in tiheeen MMPs and eosinophils in the future.
stroma and have observed that the production and the adeosinophilic infiltration is common in areas of in-
tivation of MMPs occur as an interaction between télammation, cancers and wound healing. In particular,
mour cells and stromal cells. Gray et al. [12] have fourdsinophilia of tumour tissue (tumour-associated tissue
MMP-1 mRNA in stromal fibroblasts of oral squamoueosinophilia; TATE) was recognized 100 years ago [34].
cell carcinoma and cite the following possible mech@ihe presence of collagenase activity in eosinophils was
nisms: an increase in tensile forces generated by the doat reported by Bassett et al. [1] in 1976 when they dis-
tinued expansion of a growing tumour mass, factors movered it in the eosinophils of rats. Hibbs et al. [15] re-
leased by the local inflammatory response, and factprted that eosinophils in the abdominal cavity of guinea
released by tumour cells themselves. Gray et al. [J8§s contained metalloprotein which selectively degrad-
have also observed gene expression of MMP-1 in eosiad-collagen types | and Ill. In 1984, Davis et al. [7] re-
phils, fibroblasts and endothelial cells in their examinperted that human eosinophils also contain collagenase,
tion of colonic adenocarcinomas and observed that tal that they degrade collagen types | and Ill at approxi-
the level of expression seems to be correlated with thately the same ratio as eosinophils in guinea pigs. It
degree of inflammatory infiltration and to show no obvian be concluded that eosinophils also produce MMP-1
ous correlation with the depth of tumour invasion or tin head and neck tumours.
mour stage. Ohtani et al. [25] have observed expressiorit is conceivable that various cytokines are factors in-
of MMP-2 mRNA abundantly in the “reactive fibrougegulation of the production of MMPs in tumour tissues.
zone” surrounding the invasive margin of cancer. BB-1 [17], TNF-a [24], and TGFea [9] have previously
cause its expression is similar to that of non-neopladtieen reported as factors facilitating the production of
fibrous granulation tissue and MMP-2 appears during thBMP-1. In this study, however, since MMP-1 is being
healing process of wounds, it has been postulated §atduced in eosinophils, we focused on IL-5, which is
MMP-2 has a role as a turnover enzyme for the extracelsponsible for their maturation and activation, and ex-
lular matrix. Ohtani et al. pointed out the possibility thamined the expression of IL-5 mRNA. The expression
it might be involved in the remodelling process inducédund was consistent with the location of eosinophils,
by cancer cell invasion. Okada et al. [23] observed thast as with MMP-1 mRNA, suggesting an autocrine
membrane-type metalloproteinase (MT-MMP) trammechanism in which the eosinophil itself facilitates its
scripts were detected only in stromal cells of carcinomasn activity. IL-5 mRNA production by eosinophils in
as wound healing occurred and postulated that MT-MMopic dermatitis [33], bronchial asthma [3], and coeliac
contributed to the tissue remodelling process associatézbase [8] has already been reported. The expression of
with the formation of both stroma and granulation tissulk.-5 mRNA is also conceivable in TATE, but these are

In this study, the expression of MMP-1 mRNA wathe first reported cases of IL-5 mRNA expression in
seen in verrucous carcinoma and benign papilloma.TWTE of head and neck tumours. Expression of IL-5
squamous cell carcinoma it was observed only in thlRNA was also detected in inflammation, but expres-
well-differentiated tumour tissue. In every case expreson of MMP-1 mRNA was not detected, which suggests
sion was seen in the inflammatory cells adjacent to thalifference in the mechanism of the activated eosino-
tumour. Verrucous carcinoma is known to have a hegyils and warrants further study.
inflammatory reaction in the stroma adjacent to the tu- It is possible that other MMPs and tissue inhibitors of
mour [2], and this is where MMP-1 mRNA was foundnetalloproteinases (TIMPs), as well as the various cyto-
Thus, as with MMP-2 and MT-MMP, the pattern of exines, are intricately involved in the response to head and
pression hints at the possibility that the enzyme is imeck tumours. It is hoped that by clarifying the details of
volved in the remodelling process, as a part of the re#lis network, the whole picture of the metabolism of the
tion of the host against the tumour invasion. extracellular matrix of the head and neck tumour inva-

From examination of the morphology of the cellsion will be revealed.
showing expression and the Luna staining of the serial
sections, we conclude that the cells observed were eo-
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