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ABSTRACT: The expression levels and the prognostic impact of urokinase-type plasminogen activator (uPA) and cathepsin
D (CD) were evaluated in patients with locally advanced laryngeal squamous cell carcinoma (LSCC). uPA and CD protein
levels were determined by immunoluminometric or immunoenzymatic assays in the cytosol of paired sets of tumor tissues
and corresponding adjacent normal mucosa (NLM) from 57 patients with stage 111/IV LSCC and were correlated with a
number of clinicobiological parameters of this tumor including anatomical site, tumor grade, nodal status, clinical stage,
DNA ploidy, proliferation rate, and patient outcome. Median uPA levels were significantly higher in LSCC than in NLM
(1.8 ng/mg of protein vs 0.3 ng/mg; p<0.001) whereas median CD levels were not significantly increased in tumor tissue
compared to NLM (24 pmol/mg vs 19 pmol/mg, p=0.063). No significant correlation was observed between uPA and CD
concentrations in tumor tissues (r=-0.1; p=0.4). Furthermore, the distribution analysis of uPA and CD in tumors showed no
correlation between expression levels of these proteinases and the parameters mentioned above including patient out-
come. However, when data were matched according to each parameter examined it was observed that the differences in
uPA content between LSCC and NLM, expressed as uPA tumor/normal tissue ratio (T/M), were more marked in clinically
advanced and/or aggressive forms of LSCC (i.e., node positive, stage 1V, poorly and moderately differentated, aneuploid
multiclonal, low S-phase, subglottis tumors). These data suggest that in such tumors altered regulation of uPA may occur
to a greater extent than in less aggressive and less advanced forms of LSCC. This phenomenon was not observed for CD.
However, in tumors with a high proliferation rate, in stage IV tumors as well as in those located in the supraglottis, CD
levels were significantly higher than those found in the corresponding NLM (p=0.008, p=0.02 and p=0.03, respectively). In
conclusion, uPA is highly expressed in locally advanced LSCC and appears to be implicated in some key events of progres-
sion of this tumor such as local invasion and/or nodal involvement, whereas CD does not seem to have a role in promot-
ing these processes. Nevetheless, neither of these proteinases seem to be prognostically useful in patients with stage 111/IV
tumors. (Int ) Biol Markers, 2001; 16: 245-9)
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INTRODUCTION

Serine proteinase urokinase-type plasminogen activa-
tor (UPA) and lysosomal aspartic proteinase cathepsin D
(CD) have been suggested to promote, in concert with
other proteolytic enzymes, the malignant progression of
neoplastic diseases. In fact, the expression levels of these
proteinases have been shown to be altered in tumor cells
and tissues compared to their normal counterparts. This
phenomenon appeared to be correlated with the onset of

a more malignant tumor phenotype and, consequently,
with a poor clinical prognosis (1, 2). Altered uPA and CD
levels have also been observed in head and neck tumors
including laryngeal squamous cell carcinoma (LSCC) (3-
9), where, additionally, recent in vitro studies have
shown that increased intracellular levels of both en-
zymes were associated with the onset of antitumor drug
resistance (10). However, to our knowledge, specific
studies aimed at investigating the correlation between
uPA tumor levels and some specific clinicobiological pa-
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rameters of LSCC progression and aggressiveness includ-
ing DNA ploidy and proliferation rate (S-phase fraction)
(11, 12) are still lacking, while the prognostic signifi-
cance of uPA in patients with locally advanced LSCC
(stage I1I/IV) remains to be assessed. On the other hand,
several clinical investigations have shown that in patients
with early stage LSCC (stage I/1l) increased CD tumor lev-
els are associated with a poor clinical outcome (7-9). On
the basis of these findings we have undertaken further
studies to determine whether CD and uPA may be useful
as biological markers to identify more aggressive forms
of locally advanced LSCC and to evaluate their prognos-
tic impact in patients with stage I1I/IV tumors.

PATIENTS AND METHODS

Our study included 57 patients with stage 1I/IV LSCC
(56 males, 1 female; mean age 65.0+9.1) whose charac-
teristics are shown in Tables Il and Il1.

None of the patients had distant metastases. The me-
dian follow-up was 30 months (range 4-61). Tumors
were staged according the American Joint Committee on
Cancer Classification (13). DNA ploidy and proliferation
rate (S-phase fraction) were determined as described in
detail elsewhere (11, 12).

Determination of cathepsin D and uPA levels in LSCC

Matched paired sets of LSCC and adjacent NLM
samples (40-200 mg) obtained at surgery as previously
reported (12) and stored at -80°C were thawed, minced
and suspended at 25 mg/mL in a homogenization buffer
(50 mM Tris-HCI, 5 mM EDTA, 0.2% w/v Triton-X-100;
pH 6.9). Samples were homogenized at 2°C and cen-
trifuged at 400g for 10 min at 4°C as described else-
where (12, 14). The post 400g supernatant was then re-
spun at 13,000g for 15 min at 4°C in a preparative ul-
tracentrifuge (Beckman, Model L8-80). The 13,000g su-
pernatant («cytosol») was stored at -80°C until assay.
uPA levels were determined in the cytosol by a com-
mercially available immunoluminometric assay kit (Byk
Sangtec, Cormano, ltaly). The monoclonal antibodies
used bind either to the proenzyme or to the active form

as well as to the enzyme bound to its receptor (UPAR) or
to its endogenous inhibitor (PAI-1). The detection limit
reported by the manufacturer was <0.005 ng/mL. Total
CD content (i.e., the 52 kDa proenzyme + the 34 kDa
mature form of the enzyme) was determined by a com-
mercially available immunoenzymatic assay kit (Triton
EIA CD kit, Ciba-Corning Diagnostic, Alameda, CA,
USA). The detection limit reported was 0.018 pmol/mL.
Cytosol protein content was measured by a commer-
cially available colorimetric micromethod assay kit (Sig-
ma, St. Louis, MO, USA).

Statistical analysis

The median uPA and CD contents in NLM were tak-
en as the cutoff levels. Significant differences between
the median content levels of uPA or CD in matched pairs
of LSCC and NLM were determined by Wilcoxon’s
signed rank test. Correlations between uPA and CD lev-
els in tumor tissues were computed by the nonparamet-
ric Spearman rank correlation test. The nonparametric
Mann-Whitney or Kruskall-Wallis tests were used, where
appropriate, to assess the correlation between uPA or CD
distribution in LSCC and nodal status, clinical stage, tu-
mor grade, DNA ploidy, S-phase fraction and tumor site.
The Kaplan-Meier (log rank) and multivariate Cox analy-
ses were used to analyze survival, while the stepwise lo-
gistic regression analysis was used to evaluate the most
significant independent prognostic parameters. The 0.05
level of probability was taken as significant.

RESULTS
uPA and CD distribution in normal and tumor tissue samples

Median uPA levels were significantly higher in LSCC
than in the corresponding adjacent NLM (1.8 ng/mg pro-
tein vs 0.3 ng/mg protein; p<0.001), while median CD
tumor levels were not significantly different from those
determined in NLM (24 pmol/mg protein vs 19 pmol/mg
protein; p=0.063) (Table 1). No significant correlation
was observed between tumor-specific uPA and CD levels
(r=-0.11; p=0.42, Spearman rank correlation test). Inter-

TABLE | - uPA AND CD CONTENT LEVELS IN LOCALLY ADVANCED LSCC AND PAIRED NORMAL LARYNGEAL MUCOSA (NLM) (n=57)

uPA (ng/mg)

CD (pmol/mg)

Median (Range) Median (Range)
NLM 0.3 (0.1-2.2) 19.8 (0-182.0)
LSCC 1.8* (0.02 -9.6) 24.0° (1.0 - 95.3)
T/Ma 7.9 (0.01 - 200) 1.2 (0.13 - 168)

*P<0.001 and ° P=0.063 vs NLM (Wilcoxon signed rank test)
“T/M = Median Tumor/NLM concentration ratio

246



Leto et al

TABLE Il - PATIENTS CHARACTERISTICS AND uPA TISSUE LEVELS (ng/mg protein) IN LOCALLY ADVANCED LSCC AND IN PAIRED NLM. DIS-
TRIBUTION ACCORDING TO BIOLOGICAL AND CLINICAL PARAMETERS

Parameter No. of patients’ LSCC Pvalue NLM T/M? Pvalue
Anatomical site

supraglottis 16 2.6 (0.27-6.4)* 0.53 (0.01-1.5) 9.8 (1.1-200)

glottis 37 1.9 (0.02-9.6) * N.S.# 0.50 (0.01-2.2) 5.6 (0.01-71.6) N.S.#
subglottis 3 2.4 (1.5-7.1)* 0.38 (0.06-0.58) 12.2 (4.7-23.4)

Clinical stage

Stage IlI 36 2.4 (0.03-9.6)* 0.41 (0.04-2.0) 7.2 (0.01-71.6)

Stage IV 21 1.4 (0.03-9.1)* N.S. 0.31 (0.01-2.2) 11.1 (0.95-200) N.S.
Nodal status

node negative 48 2.0 (0.02-9.6)* 0.32(0.01-2.2) 6.5 (0.01-200)

node positive 8 3.4 (0.2-7.7)* N.S. 0.35 (0.04-0.6) 9.8 (1.8-16.0) N.S.
Tumor grade

G1(well differentiated) 8 2.2(1.4-5.4)* 0.56 (0.2-1.1) 3.4 (2.0-13.9)
G2(moderately differentiated) 39 1.2 (0.03-9.6)* N.S. 0.41 (0.01-0.64) 9.2 (0.01-200) N.S.
G3(poorly differentiated) 10 1.2 (0.02-6.4)° 0.22 (0.01-0.64) 8.9 (1.8-24.5)

DNA ploidy

diploid 18 2.1 (0.21-7.7)* 0.32 (0.01-0.75) 8.4 (1.0-200)

aneuploid monoclonal 32 1.7 (0.02-9.6)* N.S. 0.39 (0.01-2.2) 4.7 (0.01-30) N.S
aneuploid multiclonal 7 5.6 (1.4-7.1)° 0.49 (0.08-0.92) 12.2(2.7-71.6)

S - phase fraction?

<13.9% 29 2.2 (0.03-9.6)* 0.10 (0.01-1.1) 9.1 (0.95-200)

>13.9% 27 1.6 (0.03-9.1)° N.S. 0.42 (0.01-2.2) 5.4 (0.01-24.5) N.S.

Data are shown as median and range. 'Due to some missing sample number of patients for each parameter may vary
’T/M = Median Tumor/NLM ratio concentration. * Cut-off level = median S-Phase value in LSCC
°P<0.05 and *P<0.01 vs NLM (Wilcoxon signed rank test).
“N.S.=No significant correlation was observed between uPA tumor levels or T/M ratio values and the parameters considered

(Mann-Witney or Kruskall Wallis nonparametric tests)

TABLE 111 - PATIENTS CHARACTERISTICS AND CD TISSUE LEVELS (pmol/mg protein) IN LOCALLY ADVANCED LSCC AND PAIRED NLM. DISTRI-
BUTION ACCORDING TO BIOLOGICAL AND CLINICAL PARAMETERS

Parameter No. of patients' LSCC Pvalue NLM /M2 Pvalue
Anatomical site

supraglottis 18 22.9 (11.8-95.3)* 16.7 (0-34.1) 1.2 (0.75-5.8)

glottis 36 21.0 (1.0-42.9) N.S.# 20.0 (0-182) 1.2 (0.13-168) N.S*
subglottis 3 31.9 (22.4-33.7) 37.7 (28.8-92.2) 0.68 (0.36-0.84)

Clinical stage

Stage Il 36 22.4(1.6-95.3) 19.3 (0.1-182) 1.2 (0.13-168)

Stage IV 21 23.3 (1.0-41.5)° N.S. 15.8 (0.0-37.7) 1.1 (0.21-29.0) N.S
Nodal status

node negative 48 23.8 (1.0-95.3) 19.3 (0-182) 1.1 (0.12-168)

node positive 8 19.0 (2.3-40.2) N.S. 17.6 (0-26) 1.3 (0.49-2.5) N.S.
Tumor grade

G1 (well differentiated) 8 25.3 (15.9-47.6) 22.4 (15.1-34.1) 1.1 (0.75-1.7)

G2 (moderetely differentiated) 39 21.0(1.0-63.8) N.S. 17.3 (0.0-182) 1.1 (0.13-163) N.S
G3 (poorly differentiated) 10 31.4 (15.2-95.3) 17.6 (1.7-62.1) 1.3 (0.64-17.1)

DNA ploidy

diploid 18 26.4 (10.5-68.3) 18.3 (0-182) 1.0 (0.37-2.6)

aneuploid monoclonal 32 23.1 (1.0-95.3) N.S. 19.2 (0.0-92.2) 1.2 (1.2-163) N.S.
aneuploid multiclonal 7 16.8 (12.5-32.9) 19.3 (0.1-26) 0.84 (0.79-168)

S -phase fraction®

<13.9% 29 24.7 (1.0-95.3) 18.6 (0-182) 1.1 (0.21-29)

>13.9% 27 22.1 (1.6-47.9)*° N.S. 18.9 (0-34.1) 1.2 (0.13-163) N.S.

Data are shown as median and range. 'Due to some missing sample number of patients for each parameter may vary
’T/M = Median Tumor/NLM ratio concentration. * Cut-off level = median S-Phase value in LSCC
* P=0.008, °P=0.02 and P=0.03 vs NLM (Wilcoxon signed rank test).
“N.S.=No significant correlation was observed between CD tumor levels or T/M ratio values and the parameters considered

(Mann-Witney or Kruskall Wallis nonparametric tests)
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estingly, when data were matched according to each
single parameter considered, the difference in uPA
concentrations between tumor tissue and normal tis-
sue, expressed as tumor/normal tissue ratio (T/M),
was more marked in some clinically advanced and/or
more aggressive forms of LSCC (Table I1). In fact,
while in aneuploid multiclonal tumors uPA levels
were 12.2-fold higher (T/M=12.2) than those mea-
sured in the corresponding NLM, in aneuploid mono-
clonal and in diploid tumors uPA levels were 4.7 and
8.4-fold higher than in NLM (Table I1). Similarly, this
phenomenon was present in tumors with a low S-
phase fraction (i.e., less susceptible to chemotherapy
or radiotherapy) (T/M=9.1 vs T/M=5.4 in high S-
phase tumors), in stage IV tumors (T/M=11.1 vs
T/M=7.2 in stage Ill tumors), in node-positive tumors
(T/M=9.8 vs T/M=6.5 in node-negative tumors), in
moderately or poorly differentiated tumors (T/M=9.2
and T/M=8.9 vs T/M=3.4 in well differentiated tu-
mors) and in tumors located in the subglottis
(T/M=12.2 vs T/M=5.6 and T/M=9.8 of tumors locat-
ed in the glottis and the supraglottis, respectively)
(Table II). These phenomena were not observed for
CD (Table Il1). On the other hand, significant differ-
ences in CD content between tumor tissue and NLM
were observed in highly proliferating tumors
(p=0.008), in stage IV tumors (p=0.02) and in tumors
located in the supraglottis (p=0.035) (Table Il). How-
ever, the distribution analysis of uPA and CD showed
no statistically significant correlation between tumor-
specific levels of both these proteinases and tumor
site, nodal status, clinical stage, tumor grade, DNA
ploidy and S-phase fraction (data not shown). Similar
results were obtained when T/M values were evaluat-
ed (data not shown).

Univariate and multivariate analysis

Univariate analysis showed that neither uPA nor
CD tumor levels were prognostically relevant for dis-
ease-free survival (p=0.23 for uPA and p=0.62 for
CD) and overall survival (p=0.95 for uPA and p=0.76
for CD). In addition, Cox’s multivariate analysis did
not evidence any statistically significant impact of
these enzymes either on disease-free survival (uPA:
relative risk = 0.59; 95% confidence interval ClI
0.23-1.53; p=0.28; CD: relative risk = 0.76, 95% Cl
0.28-1.88; p=0.52) or overall survival (uPA: relative
risk = 1.22; 95% CI 0.36-5.18, p=0.75; CD: relative
risk = 1.22; 95% Cl 0.39-3.82; p=0.73).

DISCUSSION
The present results show that a different pattern

of expression of uPA and CD may be observed in lo-
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cally advanced LSCC. In fact, unlike the CD levels,
median uPA levels were significantly increased in
LSCC compared to its normal counterpart. These
findings confirm previous observations by other au-
thors (3-6) who demonstrated that uPA is upregulated
in laryngeal tumors. In addition, our results show
that this phenomenon is more marked in more ag-
gressive and advanced forms of this tumor. These ob-
servations strongly support the hypothesis that uPA
may be involved in some key events of LSCC pro-
gression such as local invasion and/or nodal involve-
ment. On the other hand, unlike the results reported
in other studies (15), our data failed to show any sig-
nificant impact of uPA on the clinical outcome of
these patients. These conflicting results may be ex-
plained in part by different patient selection in these
studies as well as by the different numbers of pa-
tients used (15). Furthermore, our results did not evi-
dence any significant correlation between tumor CD
levels and clinicobiological parameters of LSCC pro-
gression.

These findings partially agree with those ob-
served by other investigators (15-17), who reported,
in patients with head and neck tumors including
LSCC, a lack of correlation between CD expression
levels and some of the parameters considered in this
study as well as patient survival. However, when the
data were matched according to each parameter in-
vestigated it was observed that in tumors with a high
proliferation rate as well as in stage IV tumors and in
tumors located in the supraglottis, CD levels were
significantly higher in tumor tissues than in the cor-
responding NLM, thus suggesting that an altered reg-
ulation of this enzyme may occur in these specific
cases.

These results support the concept that CD is like-
ly to facilitate events upstream of LSCC progression
such as tumor cell proliferation and malignant trans-
formation (18-20), and may also partly account for
the significant correlation demonstrated by other
studies between tumor CD levels and poor prognosis
in patients with early stage (I/1l) LSCC (7-9). Interest-
ingly, recent in vitro studies have shown that some
drug-resistant human laryngeal tumor cell lines ex-
press higher levels of both uPA and CD than their
parental tumor cell counterparts (10). These findings
further indicate that altered intracellular levels of
these enzymes seem to be associated with the onset
of more malignant tumor phenotypes (3, 4, 10).
Therefore uPA, in concert with other well-estab-
lished prognostic factors (11, 12, 17, 21), may be po-
tentially useful as a biological marker to identify
groups of patients with more aggressive forms of lo-
cally advanced LSCC being at risk of recurrence and
resistance to clinical treatments. Further clinical
studies are warranted by the present results.
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