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Abstract The distributions of hyaluronan (HA) and itdigh frequency of nodal spreading and metastases. Fur-
CD44 receptor were studied in 24 normal, 27 dysplastiermore, the irregular staining showed a trend towards
samples of laryngeal epithelium and in 172 squamous galbr disease-free survival, suggesting that an altered me-
carcinomas (LSCC), using a specific probe prepared fréaolism of HA is a common feature in LSCC and is as-
cartilage proteoglycan (bHABC, biotinylated hyaluronasociated with an aggressive growth pattern.

binding complex) and a monoclonal antibody (Hermes 3).

HA and CD44 were expressed similarly in all normal arkky words Hyaluronic acid - CD44 receptor - Adhesion -
about 90% of dysplastic and neoplastic laryngeal epitheryngeal neoplasms - Progncsis

lia. In the normal epithelium HA and CD44 were homo-

geneously distributed throughout the epithelium, whereas

the most superficial layers were negative. This was lntroduction

contrast to the picture in dysplastic epithelium and well-

differentiated invasive carcinomas, which were entirelyyaluronan (HA) is an unbranched polysaccharide con-
HA and CD44 positive. Local areas with a low signal faisting of repeating disaccharide units Nfacetyl-glu-

HA and CD44 were present in 11% and 22% of the saocesamine and glucuronic acid [37]. The molecular mass
ples with dysplasia, and in 27% and 28% of those with newly synthesized HA usually exceeds Tin [37].
carcinoma, respectively. The presence of this staininglillike other glycosaminoglycans, which are produced in
regularity was associated with poor differentiation of thke Golgi apparatus, HA is extruded through the plasma
carcinoma, a significantly elevated mitotic index and membrane as it is synthesized [21]. HA is almost ubiqui-
tously distributed in various human tissues. Although
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receptors [24]. CD44 is expressed as different spligeding. The sections were incubated with bHABC (5 pg/ml, di-
variants of the gene, giving rise to a number of core p}@,ted in 1% bovine serum albumin) overnight at 4°C, washed thor-
tein [26] and glycos'ylation [39] isoforms. The Standa@lghly with the buffer, and treated with avidin—biotin—peroxidase

. . ector Laboratories, Irvine, Calif; 1:200 dilution) for 1 h at room
isoform (CD44s) lacking all of the exons from the altefemperature. The sections were washed with the buffer and incu-

natively spliced region [26] is present in almost all nobated in 0.05% DAB (3,3'-diaminobenzidine, Sigma Chemical

mal human tissues and also in a variety of neoplasffs, St Louis, Mo.) and 0.03% hydrogen peroxide in the phos-

[24]. The variant isoforms of CD44 are found prefereﬁbate buffer for 5 min at room temperature. The sections were de-

. . . . . . .~ hydrated and mounted in DPX.
tially in epithelial tissues [11], and their expressmr}/ The specificity of the staining was controlled by predigesting

seems to be upregulated in many tumours [24]. It Wwastions withStreptomyce$iyaluronidase (100 turbidity reducing
originally suggested that the isoforms containing variaitiml 0.1 M sodium acetate buffer, pH 5, for 3 h at 37°C) in the

exons have a reduced capacity to bind HA [32], but tRigsence of protease inhibitors [36]. The digestion experiment also
' InCluded controls incubated under otherwise similar conditions but

affinity for HA is also influenced by the post-translatiopcking the enzyme. Other controls were stained using a probe
nal modifications of the molecule and its cell surface gireincubated with HA oligosaccharides (11-12 disaccharide units)
ganization [17]. In various squamous epithelia HA aradian oligosaccharide/bHABC ratio of 1:3 (W/W), to block the HA

CD44 closely colocalize [35, 42], suggesting that CD&ipding site and reveal the possible nonspecific attachment of the

. . : . probe to the sections (Fig. 1C).
is the major HA receptor in these tissues. _To stain CD44, sections were deparaffinized, rehydrated and

The present study was undertaken to reveal the disffdshed with PBS. Endogenous peroxidase was blocked by 5%
bution of both HA and its CD44 receptor in parallel ihydrogen peroxide for 5 min, followed by washing for 5 min with

normal |aryngea| tissues and primary squamous cell C%_B.S The sections were preincubated in 1% bovine serum albu-
in for 30 min and then incubated overnight at +4°C with the pri-

cinomas of the larynx (LSC.C)' In addition, the pmgn.ogary antibody Hermes 3 [13] (kindly donated by Prof. S. Jal-
tic significance of changes in HA and CD44 expressioshen, University of Turku, Finland) diluted 1:100 in PBS with
was evaluated in 172 LSCC patients with a long-term bovine serum albumin, washed twice with PBS, and incubated
follow-up. for 30 min with a biotinylated secondary antibody in PBS. The
sections were washed three times in PBS for 5 min, incubated for
40 min in a preformed avidin—biotin peroxidase complex, washed
. twice for 5 min with PBS, and the colour developed with DAB
Materials and methods and HO, as described above. The sections were dehydrated,
cleared and mounted in DPX. Samples of normal human skin
Representative samples of primary tumours were obtained frarere used as positive controls. In negative controls the antibody
172 patients with LSCC diagnosed between 1975 and 1995. The&s omitted.
were fixed in 10% buffered formalin immediately after removal, Volume-corrected mitotic index (M/V) was measured from
maintained in formalin overnight and embedded in paraffin alcaematoxylin-eosin-stained sections by the method and formula
cording to a standard procedure. In addition, samples of norrmaginally introduced by Haapasalo et al. [8]. The M/V index ex-
(n=24) and dysplasticnE27) epithelia were obtained from laryn-presses the number of mitotic figures per square millimetre of neo-
gectomy specimens. The material consisted of 44 well, 85 modgastic epithelium in the microscope. Mitotic figures were counted
ately and 43 poorly differentiated tumours using the WHO clasgi- 10 consecutive fields of the invasion front areas with highest
fication [29]. The clinical stage and exact location of the primamjitotic frequency. Counting was done using an objective magnifi-
tumours were evaluated by the same otorhinolaryngologist (Jugtion of 40x (field diameter 400 um). Areas of inflammation, ne-
according to the TNM classification [30]. Only patients with histazrosis and dysplastic epithelia without distinct invasion were
logically verified lymph node metastases were considered to haweided. The M/V indexes were already available from the data-
a node-positive disease (pN1-3). base used in our previous work [10].

The median and mean age of the patients was 64 years (rang&he localization of HA and CD44 was evaluated in the normal
31-85). There were 7 (4%) women in the study cohort. Curatiegithelium in addition to dysplasias and invasive carcinomas. The
radiotherapy with a median dose of 66 Gy was given to 82 patiedistribution of the staining was scored as homogeneous if all areas
(48%), while twenty-two patients (13%) underwent surgical reseshowed the same staining intensity, and irregular if the staining in-
tion as the only treatment. Combined radiotherapy and surg&gsity varied inside the sample. The intensity of the homogeneous
were given to 66 patients (38%), including 7 who received neoathinings was scored in four categories ranging from negative to
juvant chemotherapy; 2 patients did not receive any treatment. strongly positive (—/+/++/+++). The strong staining of either nor-

The biotinylated hyaluronan-binding region and link proteimal or dysplastic epithelium was used as an internal control in the
complex (bHABC), used as an HA-specific probe, was prepargection.
from bovine articular cartilage as previously described [36, 42]. The association between the HA and CD44 staining and the
Proteoglycans were extracted from bovine knee articular cartilagdimicopathological variables were tested using Chi-square and ex-
with 4 mol/l guanidium chloride. After dialysis against water thegct tests as appropriate. The differences in M/V indexes between
were allowed to reassociate with HA and were digested with trythe groups with different staining patterns was assessed using the
sin. The trypsin-resistant ternary complex between the HA-bindlann-Whitney U test. The patterns of overall survival (OS) and
ing region of aggrecan, link protein, and HA was purified usirdjsease-free survival (DFS) were estimated by means of the prod-
sequential hydroxyl apatite and size exclusion chromatograpbgt-limit method (Kaplan-Meier). Corrected survival rates were
The proteins in the complex were then biotinylated and separatseéd; that is to say only deaths caused by LSCC were taken as out-
from HA using dissociative gel filtration in 4 mol/l guanidiumcome events and all other deaths were censored events. Multivari-
chloride, and dialyzed. Polyacrylamide gel electrophoresis of thie analyses were performed using a Cox proportional hazards
probe showed only bands corresponding to the HA-binding regimodel and likelihood ratio tests. All variables in the models were
of aggrecan and link protein [36]. considered as categorical variables by means of the Wald back-

The sections were deparaffinized and rehydrated according wad method.
standard procedure. After being washed with PBS (pH=7.2), the The research plan was approved by the Research Ethics Com-
sections were incubated with 0.3%,@®3 in 30% methanol for mittee of Kuopio University and Kuopio University Hospital. For
10 min to block tissue peroxidases, washed with 0.1 M Na-ph@scess to data held by the Finnish Cancer Registry, the study was
phate buffer, (pH=7.4) and incubated in 1% (w/v) bovine seruapproved by the Finnish Ministry Social and Health (permission
albumin in the phosphate buffer for 30 min to block nonspecifi¢R 117/07/95).
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Fig. 2 All cell layers are posi-
tively stained folA HA andB
CD44 in dysplastic laryngeal
epithelium.Arrowsindicate the
location of basement mem-
brane andrrowheadsthe sur-
face of the epithelium. x4(:0

Results (Fig. 2A, B). Localized areas with reduced signal for HA
and CD44 were observed in some of the dysplasias. This

Normal epithelium showed a strong staining for HAregular staining pattern of HA was seen in 3 of 27 sam-
(Fig. 1A) in all 24 samples studied. A homogeneoyes (11%), and in 5 of 23 samples (22%) stained for
staining pattern was present in all layers of the epitheli-
um except the most superficial layers, which were negay. 3 A squamous cell carcinoma with intense homogeneous
tive. The staining pattern of CD44 was identical to thstaining pattern foA HA andB CD44. The staining patterns are
of HA (Fig. 1B). m?re varlable,_wm; zg:reﬁz shgvgrngAfod:[h stroagaws) and We?k

In dysplastic epithelium a distinct difference from thig'i3 BPE290 08 25,200 00 T S e mour Note
normal staining pattern was evident: the strong HA a gf

AN 9 0 that stromac(osed circlesn C, D) is positively stained fo€
CD44 positivity extended up to the most superficial lay8A andD CD44, whereas no stroma is seeiandB. x20C
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CD44. In four sample blocks there was no representati@ble 1 Association between clinicopathological features and ho-

dysplastic epithelium left for immunodemonstration dfogeneous and irregular staining patterns of HA and CD44 in la-
CD44 ryngeal squamous cell carcinoma. Numbers of patients in different

. . . roups are showrHomog homogeneoudyreg irregular staining
There was a representative area of invasive LS(gg%em;,

available from 161 patients for the demonstration of HA= — —
The staining was distributed throughout all layers of theature CD44 staining HA staining
epithelium. An irregular staining pattern (Fig. 3C) of HA

was seen in 43 tumours (27%) and a homogeneous stain-
ing pattern (Fig. 3A) in 118 tumours (73%). Most of theumour stage

Homog. Irreg. Homog. Irreg.

homogeneously stained tumours showed either strondlier 2 0 1 1
moderate staining intensity (66% and 32% of cases, fé- gé %g gg 1%
spectively), while only 2% showed weak positivity ang 34 1 34 11
none was totally negative. T4 22 ) 21 9
Sections with representative invasive LSCC were P=0.4 P=0.72

available from 160 patients for the immunodemonstrgodal status

tion of CD44. Irregular staining of CD44 (Fig. 3D) wasl- 99 32 105 27
seen in 45 of the tumours (28%). In homogeneou$i+ 16 13 13 16

P=0.0% P<0.000%

stained tumours (Fig. 3B) 73% showed strong, 24% _
moderate and 3% weak staining intensity. No tumouRistant metastasis
were totally negative for CD44. M- 113 40 1L 87

CD|2490% q; ca;sesl thg} st%intingh patterns for E—IG,g(ya)rW P=20.02 > P:Jé,ooza °

were identical, either both homogeneous 0 :

both irregular (22%). In 10% of the tumours irrggul@r%atgéoglcal grgge 2 39 1

staining for either HA or CD44 was detected while th®rade 2 58 21 63 17

other stained homogeneously. Grade 3 19 22 16 25
The irregular staining pattern of HA and CD44 was P<0.000%  P<0.000%

associated with poor histological differentiation gy ¢t test
(P<00005 for bOth), presence of nodﬁl<00005 and b Chi-square test
0.03, respectively) and distant metasta$&=0(002 and

0.02). However, no association between tumour stage (T) 100 -+
and HA or CD44 staining was seen (Table 1). In addi- !
tion, irregular staining pattern for HA was seen more fre- gg fL-]

quently in patients with supraglottic tumours (35%) thap R N HOMOGENEOUS

in patients with glottic tumours (19%p=0.02. A simi- Z . b
lar trend was noticed in CD44 staining: 35% vs 21%, rg- 60

spectively P=0.05). z e (JRREGULAR

The median M/V index for tumours with irregula@ 40
staining of HA was 20.7 (range 0-67.5), and that for ty-
mours with homogeneous staining was 14.2 (0-103.9) ¢
(P=0.003, Mann-Whitney U-test). Similarly, the median
M/V index was 20.2 (range 0-103.9) for tumours with ir-

regular CD44 staining and 13.4 (0-60.0) for those with 0 60 120 180 240
homogeneous staining§£0.004).
The median length of follow-up was 66.7 months DISEASE-FREE SURVIVAL (MONTHS)

(range 1-241). The follow-up was complete in all cases.

At the end of follow-up 42 (24%) patients were alive ariig. 4 Disease-free survival is poorer in patients with irregular
58 (34%) had died of LSCC. No difference in OS wd=55) ex_pr_ession of\HA than in patients with homogeneous
noticed in patients with different staining patterns féf=/2) staining £=0.02

HA (P=0.09) or CD44p=0.31).

Cox’s multivariate analysis included tumour stagern for CD44 was 62% (95% confidence interval
(T1-T4), nodal status (NO-pN+), distant metastas#s-75%) and 71% (61-78%) for homogeneous staining
(MO-M+), histological differentiation grade (grade$P=0.04). Similarly, 55% (38-69%) and 72% (62—-80%)
1-3), site of primary tumour (glottic, supraglottic, sulsf patients with irregular and homogenous staining for
glottic or transglottic), HA (homogeneous vs irregularlJA had no relapse after 5 yeaP=0.02; Fig. 4).
and CD44 staining (homogeneous vs irregular). Signifi- In Cox’s multivariate analysis, including tumour
cant predictors of OS were tumour stafe@.001) and stage, nodal status, histological differentiation grade, site
presence of distant metastages(q.00005). of primary tumour, and HA and CD44 staining, the only

Relapses of LSCC were detected in 55 cases (33%ynificant independent predictor of survival was nodal
The 5-year DFS for patients with irregular staining pagtatus (pNf<0.00005).
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also expressed in head and neck tumours [19, 20], can
cleave off the extracellular domain of CD44 [5] and
The present study shows that HA and its cell surface cause shedding of CD44 and associated HA. Soluble,
ceptor, CD44, are localized in a similar pattern in all nguerhaps shed, forms of CD44 have been detected in the
mal and about 90% of dysplastic and neoplastic samm@esum of cancer patients [22].
of laryngeal epithelia. In addition, while in the normal A general decrease of CD44 level has been reported
epithelium their distributions are homogeneous, malimr tumours of squamocellular origin [12, 23, 25, 27, 28,
nant transformation is associated with focal reductions3ff], a finding in line with the current results. Reduced
both HA and its receptor. Furthermore, the loss of H&pression of CD44 in endometrial carcinoma favours
and CD44 in LSCC was associated with poor differentidne release of cells from the tumour into the lymph vas-
tion and increased mitotic index, and showed a four-faldlar space [7]. Adhesive functions of CD44 in cell—cell
enrichment in a subgroup with nodal or metastatmd cell-matrix (HA) interactions may be important in
spread. maintaining the normal architecture of the stratified epi-
The HA staining pattern of the normal laryngeal epihelia, and down-regulation of CD44 may allow the cell
thelium with a strong pericellular signal in the basal amad detach from its surroundings and invade.
spinous cell layers and absence in the most superficialnterestingly, the irregular staining of HA and CD44
cell layers corresponds to that seen in other stratified epas significantly associated with mitotic activity. In ac-
thelia, such as epidermis [34], gingiva [35], and oesopltardance with the present data, a more proliferative state
gus [41]. The pattern of CD44 expression was similaritbassociated with reduced expression of CD44 in epider-
that of HA, and it corresponds to the pattern of CD44 imal [27] and oesophageal [6] heoplasms. However, simi-
earlier reports [9, 31]. During embryonic developmentlar unanimous correlation between proliferative activity
reduction in HA level often indicates the cessation of calhd HA expression has not been found in epithelial cells
movements and the onset of normal cytodifferentiati¢®, 33].
[38]. The continued expression of HA and CD44 in the This is the first study to demonstrate the association
most superficial cell layers of all dysplastic epithelia iletween focally reduced expression of HA and CD44 in
dicates that failure to reduce HA and CD44 levels is BBCC and general aggressiveness, as judged by histolog-
inherent feature of the differentiation defect in dysplézal grade and M/V index. The irregular staining pattern
sias. was also a significant, unfavourable prognostic factor for
The focal decrease in HA and CD44 staining detectB&S in univariate analysis. From the clinical point of
in more than a quarter of the LSCC was particulanyew, the presence of nodal and distant metastases re-
prevalent in poorly differentiated tumours, but also omained superior to the molecular markers in predicting
curred in dysplasias. This suggests that the focal rediihe outcome of head and neck neoplasms. However,
tion of HA and CD44 level is a common and often eariyarkers in primary tumours, such as irregular HA and
event in the set of properties that LSCC adopts during@®44 staining, predicting an increased likelihood of me-
development. Our results indicate that this property is #&sstases, might have some clinical importance in the pre-
sociated with nodal and metastatic spreading of the caeatment staging of LSCC and in the follow-up of pa-
cer, and thus, with an unfavourable prognosis. tients.
During dedifferentiation and the metastatic cascade
Some MallgIant Clones o 0 @ e ey 5 aoibocy and Scin Eckenan and Kot
low HA p_roductlon [15, 40]. The locally reduced Conterﬁotikgmpu for technical help. 'Iyﬁe study #as been supported by
of HA might also result from enhanced uptake of HAvo funding from Kuopio University Hospital.
and lysosomal degradation, or from activation of enzy-
matic [18] or nonenzymatic [1] extracellular degradation
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