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Summary

In a series of 84 head and neck patients, a statistically significant correlation
was observed between high serum soluble interleukin (IL)-2 receptor alpha
(sIL-2Ra) (P = 0·034) and metalloproteinase-9 (MMP-9) concentrations
(P = 0·036) at diagnosis and a shorter survival of these patients. As MMP-9
has been shown to mediate cleavage of IL-2Ra (CD25) by preactivated T cells,
we looked for a relationship between MMP-9 expression and soluble IL-2Ra
serum concentrations in these cancer patients. We did not find any correlation
between intratumoral expression of MMP-9 or serum MMP-9 concentrations
and serum sIL-2Ra levels. These results led us to reassess the role of MMP-9
in the release of sIL-2Ra. Treatment of Kit225 leukaemic cells with recombi-
nant MMP-9 slightly decreased membrane CD25 expression and was associ-
ated with an increased concentration of sIL-2Ra in the supernatants.
However, using a selective inhibitor of MMP-9 we did not succeed in specifi-
cally inhibiting the release of sIL-2Ra by the Kit225 cell line or by phyto-
haemagglutinin (PHA)-activated peripheral blood mononuclear cells. In
addition, in a preclinical mouse model, basal serum sIL-2Ra concentrations
and sIL-2Ra production by activated cells were not altered in MMP-9-
deficient mice compared to wild-type mice. Interestingly, a broad spectrum
metalloproteinase inhibitor inhibited the release of sIL-2Ra by PHA-
activated peripheral blood mononuclear cells, suggesting that in contrast with
current views concerning the major role of MMP-9 in the cleavage of mem-
brane IL-2Ra, other proteases are involved in the shedding of sIL-2Ra.
MMP-9 and sIL-2Ra appear therefore as independent prognostic markers in
head and neck cancers.
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Introduction

Metalloproteinases (MMPs) are cysteine proteases with zinc-
ion-dependent proteolytic activity [1,2]. To date, more than
20 MMPs have been identified in mammals and they are
currently grouped according to structural features. The
majority of MMPs are secreted into the extracellular matrix
(ECM) and a subset are membrane-bound by virtue of a
transmembrane or phosphatidyl–inositol-linked domain
[3]. MMPs can degrade all components of the ECM, but they

also cleave and regulate the activity of growth factors,
chemokines and cytokines as well as cell surface adhesion
receptors and proteoglycans involved in intercellular com-
munication and tumour cell migration. These properties
explain their direct role in tumour progression and
metastasis.

MMP-9, a member of the MMP family also known as
gelatinase B or 92 kDa type IV collagenase, is the major
structural component of basement membrane. MMP-9 is
released from cells as a 92-kDa latent pro-enzyme that is
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cleaved proteolytically by exogenous proteases to generate
the active 84 kDa form [4,5]. MMP-9 digests type IV col-
lagen (the key component of basement membrane) and pro-
motes tumour angiogenesis in various preclinical models
[6]. In most cases, MMP-9 behaves as a tumour growth-
promoting factor. Transfection of tumorigenic rat cell line
with an MMP-9 expression vector increased the metastatic
dissemination of these cells [7]. In glioma, transfection of
anti-sense MMP-9 inhibited their ability to form tumours in
nude mice [8].

Cancer cells were less able to colonize the lungs of MMP-
9-deficient mice than the lungs of wild-type mice, and
MMP-9 null mice developed fewer cancers than wild-type
mice [9,10].

In two transgenic models of tumour progression, the K14-
HPV16 skin cancer model [11] and the RIPI-Tag2 insuli-
noma model [12], cancer cell proliferation was decreased in
tumours from MMP-9-deficient mice compared to wild-
type mice, indicating that MMP-9 generated a growth-
promoting signal.

The high-affinity interleukin (IL)-2 receptor (IL-2R) is a
complex of three associated polypeptide chains designated
IL-2Ra (CD25), IL-2Rb (CD122) and IL-2Rg (CD132). Only
the a and b chains can bind to IL-2. Both b and g chains are
required for transduction of proliferative signal. The g chain
is shared by other receptors belonging to this family (IL-4R,
IL-7R, IL-9R, IL-15R, IL-21R, and so on). The heterodimeric
IL-2Rbg complex is expressed constitutively on resting T
cells. Once activated by IL-2, IL-15 or other stimuli, T cells
synthesize IL-2Ra, but up-regulation of IL-2Ra after activa-
tion is a feature of many cell types (for example, natural
killer (NK) cells, B cells, monocytes).

Soluble IL-2Ra is produced by a membrane proteolytic
mechanism [13]. Cleavage of IL-2Ra is observed in parallel
with activation of T cells, and in vitro activated human
T cells release soluble IL-2Ra (sIL-2Ra) in culture
supernatants.

Significantly elevated serum levels of sIL-2Ra and MMP-9
have been found in patients with renal cell carcinoma, B
chronic lymphocytic leukaemia and non-small cell lung car-
cinoma compared to healthy controls [14–19].

High serum concentrations of sIL-2Ra or MMP-9 are
correlated with adverse prognosis in patients with colorectal
cancer, breast cancer and melanoma [20–27].

With respect to head and neck cancer patients, an
elevated serum concentrations of sIL-2Ra and MMP-9 were
found prior to any therapy compared to healthy controls
[28–31]. We have reported previously a correlation between
high serum sIL-2Ra levels at the time of diagnosis and a
high risk of local or regional recurrence and poor survival
in patients with head and neck squamous cell carcinoma
(HNSCC) [32,33]. An overexpression of MMP-9 was
observed in head and neck cancer tissues, with a frequency
ranging from 20% to 52% of cases [34–36] and different
groups found relationships between positive MMP-9

immunostaining or increased intratumoral MMP-9 activity
in head and neck cancers and poor survival rates [35–38].

In this study, we addressed the prognostic value of serum
levels of MMP-9 in head and neck cancer patients and
showed a significant correlation between high MMP-9
serum concentrations and a shorter survival of these
patients. Because it has been shown that MMP-9 mediated
the cleavage of IL-2Ra by preactivated T cells [39], we also
looked for a relationship between these two markers and
reviewed the role of MMP-9 in the cleavage of membrane
IL-2Ra.

Patients and methods

Patients

Eighty-four newly diagnosed untreated patients with
primary histologically proven HNSCC were included in this
prospective study. Patient characteristics are presented in
Table 1.

Each patient’s disease was staged according to the fifth
edition of the International Union Against Cancer/American
Joint Committee on Cancer (UICC/AJCC) system for head
and neck cancer [40].

Treatment modalities consisted of surgery, alone or com-
bined with radiotherapy and chemotherapy. Fifty-eight
patients (69%) received induction chemotherapy before
surgery.

Table 1. Patient characteristics.

Characteristics No. patients

Sex

Male 76

Female 8

Primary tumour site

Oral cavity 14

Oropharynx 20

Hypopharynx 15

Epilarynx 15

Larynx 19

n.d. 1

Tumour (T) staging

T1 9

T2 28

T3 24

T4 23

Lymph node involvement

N0 40

N1 12

N2 29

N3 3

M0 82

M1 2

n.d.: Not determined because of diffuse carcinose.
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This study was conducted in accordance with French law
and after approval by the local ethics committee.

Cells

The human T cell chronic lymphocytic leukaemia-derived,
IL-2-dependent, Kit225 cell line was provided by Dr J. Ber-
toglio (Chatenay Malabry, France) and was established ini-
tially as described [41]. Cells were maintained in RPMI-1640
culture medium containing 2 mM l-glutamine, 0·1 mg/ml
streptomycin, 100 U/ml penicillin, 2% sodium pyruvate,
10% fetal calf serum (FCS), supplemented with 0·5 nM
recombinant human IL-2 (Proleukin; Chiron, Emeryville,
CA, USA).

Mice

MMP-9-deficient mice on a C57BL/6 background and
control littermates were provided by B. Lelongt (Hôpital
Tenon, Paris, France) and were generated as described pre-
viously [42,43].

Flow cytometry

Kit225 cells were stained with directly labelled anti-CD25
monoclonal antibody (mAb) (Becton Dickinson, Mountain
View, CA, USA) for 30 min at 4°C in the dark and then
resuspended in 1% paraformaldehyde phosphate-buffered
saline (PBS).

Isotype-matched control antibodies were included in each
experiment. The cells were analysed with fluorescence acti-
vated cell sorter (FACScalibur) (Becton Dickinson).

Assays

Plasma was obtained from all patients at the time of diagno-
sis and stored at -80°C prior to assay. No patients received
chemotherapy or anti-inflammatory drugs during the
2 weeks preceding blood sampling. Human MMP-9, sIL-
2Ra and interferon (IFN)-g concentrations were determined
using enzyme-linked immunosorbent assay (ELISA) kits
purchased from R&D Systems Europe (Lille, France),
Beckman Coulter-Immunotech (Marseille, France) and Dia-
clone (Besançon, France), respectively.

As reported previously [32,33], the sIL-2Ra assay mea-
sured both free sIL-2Ra and sIL-2Ra complexed to IL-2. A
cut-off value of 70 pm corresponding to limits outside the
95-percentile ranges in healthy subjects was used to divide
patients into two groups with high or low values.

MMP-9 ELISA allows the determination of both human
active and pro-matrix metalloproteinase 9

A sandwich ELISA was developed to measure mouse sIL-
2Ra based on previous publications [44,45]. Briefly, 96-well

plates were coated with 10 mg/ml of rat IgG1 mAb anti-
mouse CD25 (clone PC61·5; eBioscience, San Diego, CA,
USA) diluted in carbonate buffer (pH = 9·6). Plates were
incubated overnight at 4°C, and washed twice with PBS con-
taining 0·05% Tween 20.

After saturation of wells with PBS 1% bovine serum
albumin for 2 h at room temperature, 50 ml of serum were
added and incubated for 2 h at 37°C. After washings,
biotinylated IgM anti-mouse CD25 (5 mg/ml) (clone 7D4;
BD Biosciences, Franklin Lakes, NJ, USA) was added to
each well and incubated for 2 h at 37°C. After washings,
100 ml/well streptavidin peroxidase (0·15 mg/ml) (Diaclone)
diluted in 0·1% PBS-Tween 20 and 1% bovine serum
albumin was added and the plate was incubated for 20 min
at room temperature. Then, 100 ml of ready-to-use per-
oxidase substrate (TMB) (Diaclone) was added and incu-
bated for 15 min in the dark. Optical density was read at
450 nm.

The standard source of murine soluble IL-2Ra used was
derived from supernatants of murine splenocytes stimulated
with concanavalin A (ConA) for 72 h. An arbitrary value of
1000 was defined for the concentrations of this supernatant.
A serial 1 : 2 dilution was performed to generate a standard
curve.

Effect of recombinant MMP-9 on the cleavage of
IL-2Ra and the release of sIL-2Ra

The Kit225 cell line was treated with 1 mg/ml of recombinant
active MMP-9 (R&D) or MMP-3 (Calbiochem VWR Inter-
national, Fontenay-sous-Bois, France). Supernatants and
cells were collected 6 h after addition of the enzymes.

Effect of MMP-9 inhibitor on the release of sIL-2Ra

The Kit225 cell line was activated or not with IL-2
(0·5 nM) and treated or not with various concentrations of
MMP-9 inhibitor I. Supernatants were collected 24 h after
seeding.

Peripheral blood mononuclear cells (PBMC) were acti-
vated with 10 mg/ml of phytohaemagglutinin (PHA). Six
hours after the start of activation, MMP-9 inhibitor I (Cal-
biochem VWR International) or TAPI-0, a broad-spectrum
metalloproteinase inhibitor (Calbiochem), were added at
various concentrations. Supernatants were collected 24 or
72 h after stimulation.

Release of sIL-2Ra by activated mouse splenocytes

Splenocytes derived from wild-type C57BL/6 or MMP-9-
deficient mice were stimulated with ConA (10 mg/ml)
(Sigma-Aldrich, Saint Quentin Fallavier, France). Superna-
tants were collected 72 h after activation, and mouse sIL-2Ra
was assayed by ELISA.
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Statistical analysis

Serum sIL-2Ra concentrations were expressed as
mean � standard deviation (s.d.) in pM units or divided
into two groups (high and low) based on a cut-off value of
70 pM corresponding to limits outside the 95-percentile
ranges in healthy subjects as previously described [33]. As
MMP-9 concentrations were distributed exponentially, they
were expressed as geometric means and their associated con-
fidence intervals in pg/ml or divided into two groups defined
by a cut-off concentration of 95 ng/ml, corresponding to the
median MMP-9 concentration.

Survival functions were estimated by the Kaplan–Meier
method and compared between the low and high sIL-2Ra
and MMP-9 level groups by the log-rank test. To confirm
these analyses performed on derived categorical variables, a
Cox’s proportional hazard model was applied on sIL-2Ra
and MMP-9 concentrations (results not shown when
similar). The same semiparametric model was performed for
multivariate analysis. Overall survival was defined as the
time from initial diagnosis until death or until last follow-up
(right censored data). The median follow-up for the overall
population was 20 months.

Correlations between sIL-2Ra and MMP-9 concentra-
tions were expressed as scatter plots and Pearson’s correla-
tion coefficients. Student’s t-test was used for comparison of
MMP-9 expression and serum sIL-2Ra concentrations.

All analyses were performed with SAS statistical software
(version 8·2). A P-value less than 0·05 was considered to be
significant. All confidence intervals were calculated using the
normal approximation.

The Mann–Whitney U-test was also used to assess
whether two samples of observations come from the same
distribution.

Results

High serum levels of MMP-9 are associated with poor
survival in head and neck cancer patients

High serum MMP-9 concentrations at diagnosis in head and
neck cancer patients were associated statistically with shorter
survival (Fig. 1a,b) Overall survival at 24 months was 73·7%
(95% CI: 52·4–95) in patients with low serum MMP-9 levels.
Survival decreased to 40% (95% CI: 19·2–60·9) for patients
with high serum MMP-9 concentrations (P = 0·036)
(Fig. 1a,b).

Adjusted on tumour classification (T), lymph node
involvement (N) and presence or absence of chemotherapy,
subjects with high serum MMP-9 levels had a 2·2-fold higher
risk of death (95% CI: 0·81–6·01) than subjects with low
serum MMP-9 levels. This is the first study demonstrating a
prognostic value of serum MMP-9 levels in head and neck
cancers.

As expected, high serum sIL-2Ra concentrations at diag-
nosis were also associated with shorter survival (Fig. 1c), and
when adjusted on tumour classification (T) and lymph node
involvement (N), subjects with high serum sIL-2Ra levels
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Fig. 1. Survival of patients with head and neck squamous cell carci-

noma in relation to serum metalloproteinase-9 (MMP-9) (a,b) and

soluble interleukin (IL)-2 receptor alpha (sIL-2Ra) (c) and levels. (b)

Dashed line indicates the upper or lower 95% CI (confidence interval).
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had a 2·1-fold higher risk of death (95% CI: 1·01–4·38) than
subjects with low serum sIL-2Ra levels. Although not statis-
tically significant, a trend towards longer survival (P = 0·06)
and better locoregional control (P = 0·06) was observed in
patients with low sIL2Ra serum levels in a multivariate
analysis, including tumour note metastasis (TNA). No
similar association between MMP-9 concentrations and
clinical outcome was found in this study (data not shown).

As these two parameters overlapped as prognostic
markers in head and neck cancer patients and it has been

shown that MMP-9 mediated the cleavage of IL-2Ra, we
looked for a relationship between these two markers.

Absence of relationship between serum levels of soluble
IL-2Ra and MMP-9

As observed in the scatter plot, no significant linear relation-
ship was observed between serum sIL-2Ra and MMP-9 con-
centrations (P = 0·35) (Fig. 2). When sIL-2Ra was selected
as a discrete variable, MMP-9 concentrations were not sig-
nificantly different between the two groups with high or low
sIL-2Ra concentrations, as the geometric mean serum
MMP-9 concentrations in the group of patients with high
serum sIL-2Ra was 121·6 pg/ml (95% CI: 76–128), while
this value decreased to 98·7 pg/ml (95% CI: 76·1–194·3) in
the group with low sIL-2Ra values (P = 0·4). We also found
no correlation between serum sIL-2Ra concentrations and
MMP-9 expression in tumour (data not shown).

Effect of MMP-9 on cleavage of IL-2Ra

These results led us to reassess the role of MMP-9 in the
cleavage of membrane CD25. The human T cell chronic
lymphocytic leukaemia-derived, IL-2-dependent Kit225 cell
line spontaneously expresses and releases CD25.

Treatment of the Kit225 cell line with recombinant
MMP-9 slightly decreased membrane CD25 expression
(Fig. 3). This effect was not observed when cells were treated
with recombinant MMP-3 (Fig. 3). This down-regulation of
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membrane CD25 in the presence of MMP-9 was associated
with an increased concentration of sIL-2Ra in the superna-
tants compared to untreated or MMP-3-treated cells (Fig. 3).
This activity was observed only at high MMP-9 concentra-
tions (1 mg/ml) and the activity was not increased at 3 mg
(data not shown).

Inhibition of MMP-9 did not block release of soluble
IL-2 receptor

Using a selective inhibitor of MMP-9, we were unable to
inhibit specifically the release of soluble IL-2 receptor in two
different models.

Incubation of the Kit225 cell line with high concentra-
tions of MMP-9 inhibitor did not influence the basal release
of sIL-2Ra in the supernatants (Fig. 4a). Similar negative
results were observed when cells were stimulated with IL-2
during the experiments (data not shown). In line with these
results, no change in sIL-2Ra release was observed when
PBMC were stimulated with PHA in the presence or absence
of the MMP-9 inhibitor (Fig. 4b).

The inhibitory concentration (IC50) of the MMP-9 inhibi-
tor used was 5 nM and no change in the sIL-2Ra concentra-
tion in the supernatant was observed with doses of up to
100 mM. To control the activity of the MMP-9 inhibitor used
in these experiments, we showed that it was able to inhibit
the increase of sIL-2Ra released by Kit225 treated with
recombinant active MMP-9 (Fig. 4c).

In the various models, the presence of MMP-9 inhibitor
did not affect CD25 membrane expression levels by the
Kit225 cell line or by stimulated PBMC (data not shown).

Interestingly, we demonstrated a strong and almost com-
plete inhibition of sIL-2Ra release when PHA-stimulated
PBMC were treated with TAPI-0, a broad metalloproteinase

inhibitor (Fig. 4d, left). To control the absence of toxicity of
this inhibitor, we showed that the secretion of IFN-g was not
decreased in the presence of this inhibitor (Fig. 4d, right).
TAPI-0 also inhibited the release of sIL-2Ra by the Kit225
cell line (data not shown).

Baseline serum sIL-2Ra concentrations and sIL-2Ra
production by activated T cells were not altered in
MMP-9-deficient mice compared to wild-type mice

Murine serum sIL-2Ra concentrations were measured by
ELISA in wild-type or MMP-9-deficient mice. The median
baseline serum sIL-2Ra concentrations was 1248 units in
wild-type mice and 1798 units in MMP-9-deficient mice.
Therefore, in contrast to expected results, MMP-9-deficient
mice did not exhibit decreased serum sIL-2Ra concentra-
tions (Fig. 5a).

As the release of soluble IL-2Ra may be different at
homeostasis or during immune stimulation, we activated
splenocytes from wild-type or MMP-9-deficient mice with
ConA. Non-stimulated splenocytes did not release detect-
able levels of sIL-2Ra (data not shown), whereas sIL-2Ra
release was demonstrated in the supernatants of both wild-
type and MMP-9-deficient mice (Fig. 5b). The mean level
of sIL-2Ra secreted in the supernatants of ConA-
stimulated splenocytes was 771 units in wild-type mice and
1280 units in MMP-9-deficient mice. Using the Mann–
Whitney U-test, no significant correlation (P < 0·05) was
found between the wild-type and MMP-9-deficient mice
for both serum IL-2Ra concentrations and IL-2Ra concen-
trations in supernatants from activated splenocytes. When
rIL-2 was administered to mice, a similar increase of
sIL-2Ra was also observed in wild-type and MMP-9-
deficient mice (data not shown).

Fig. 4. Metalloproteinase-9 (MMP-9)-specific

inhibitor did not influence the release of soluble
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The Kit225 cell lines or (b) 6 h PHA stimulated
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at various concentrations. Supernatants were
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phytohaemagglutinin-stimulated PBMC were

incubated or not with TAPI-0 (10 mg/ml).

Supernatants were collected after 24 h and

sIL-2Ra (left) or interferon-g (right) were
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To exclude any bias in the interpretation of these results,
we confirmed the absence of detection of MMP-9 in serum
and supernatants of activated cells derived from MMP-9-
deficient mice (data not shown).

On the basis of these results obtained in MMP-9-deficient
mice, MMP-9 does not appear to be essential for sIL-2Ra
release.

Discussion

This study confirms and extends previous reports about the
prognostic value of serum sIL-2Ra in head and neck cancer
[32,33] and reports, for the first time, the association
between low MMP-9 serum concentrations prior to therapy

and longer survival of head and neck cancer patients
(Fig. 1a,b). However, although various arguments (cleavage
of membrane IL-2Ra by MMP-9 [39] (Fig. 3), increased
concentrations of serum sIL-2Ra or intratumoral CD25 and
MMP-9 in the same group of cancer patients [14–19,46] and
also in asthmatic patients [47] the overlapping role of the
two parameters as prognostic factors in cancer patients
[20,21,26,27]) has suggested a possible link between expres-
sion of MMP-9 and release of sIL-2Ra into serum, we did
not find any relationships between these two factors.

Various parameters have to be taken into consideration in
the interpretation of our results. Our ELISA method mea-
sured both the active and precursor forms of MMP-9 and it
may be that only active MMP-9 levels are related to the
release of sIL-2Ra. However, antibodies able to discriminate
the pro-enzyme and the active form are not yet available.
However, the bias due to the absence of discrimination
between the active and zymogen forms of MMP-9 may be
more theoretical than real, as Ikebe et al. have demonstrated
that zymography-detected gelatinolytic activity of MMP-9
was correlated significantly with the degree of total MMP-9
detected in frozen sections of the same biopsy specimens
[48]. The active form of MMP-9 in serum is difficult to
detect because it is present at very low concentrations, but a
correlation has been demonstrated between the concentra-
tions of active and inactive forms of MMP-9 [49].

Furthermore, the presence of active MMP-9 does not
inevitably mean that this MMP-9 mediates proteolysis of its
substrates, as MMP-9 activity is balanced by the presence of
specific inhibitors of MMP-9 such as the tissue inhibitor of
MMP (TIMP-1) [50] or reversion-inducing cysteine-rich
protein with kazal motifs (RECK) [51,52] and by the broad-
spectrum protease inhibitor a2-macroglobulin [3]. While
a2-macroglobulin is the primary regulator of MMPs in the
fluid phase, TIMPs and RECK are considered to be key
inhibitors in tissue [53]. In addition, in some cases, MMP-9
is also complexed to the neutrophil gelatinase-associated
lipocalin (NGAL), which protects them from degradation
and consequently enhances the MMP-9 activity [54]. The
ratio between MMP-9 and its inhibitors or regulators may
therefore be more relevant to assess accurately the potential
activity of MMP-9. In the follow-up of steroid therapy in
asthmatics, the serum MMP-9 : TIMP-1 ratio has been
shown to be a more useful indicator of responsiveness than
the determination of MMP-9 alone [55]. As discussed above,
an ELISA test to detect free active MMP-9 in serum is not yet
available and if biochemistry techniques could be applied to
characterize proteins complexed to MMP-9 in situ, they
would be unsuitable for quantitative analysis.

As recommended, we have measured MMP-9 in plasma
and not in serum, because MMP-9 measurement in serum
reflects primarily release of proteases by leucocytes during
the clotting process in the blood collection tube [56,57]. Our
tubes were stored at – 80°C before MMP-9 assay. However,
the stability of MMP-9 at -80°C is a matter of debate [58,59].
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Fig. 5. Basal murine serum soluble interleukin (IL)-2 receptor alpha

(sIL-2Ra) concentrations or soluble IL-2Ra release after concanavalin

A (ConA) stimulation are not decreased in metalloproteinase-9

(MMP-9)-deficient mice compared to wild-type mice. (a) Serum

IL-2Ra concentrations were measured by enzyme-linked

immunosorbent assay (ELISA) in wild-type C57BL/6 mice or

MMP-9-deficient mice in a C57BL-6 background. (b) Splenocytes

from wild-type or MMP-9-deficient mice were stimulated with ConA

(10 mg/ml). Seventy-two hours after activation supernatants were

collected and mouse sIL-2Ra concentrations were measured by

ELISA. Using the Mann–Whitney test no significant correlation

(P < 0·05) was found between the wild-type and MMP-9-deficient

mice for both serum IL-2Ra concentrations and IL-2Ra
concentrations in supernatants from activated splenocytes.
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With respect to the measurement of sIL-2Ra, our assay
was able to detect both free sIL-2Ra and sIL-2Ra complexed
to IL-2 [32].

Although a number of biases could explain the absence of
correlation between serum MMP-9 and sIL-2Ra concentra-
tions, we decided to conduct functional assays to confirm
preliminary data concerning the direct role of MMP-9 in
cleavage of membrane IL-2Ra. Recombinant MMP-9 pro-
motes cleavage of IL-2Ra, as reflected by down-regulation
of membrane CD25 and increased release of sIL-2Ra after
incubation of cells with MMP-9. This activity was observed
only at high MMP-9 concentrations (1 mg/ml), confirming
previous results [39]. However, in two models, a leukaemic
cell line which expressed and spontaneously released CD25
and PBMC activated by PHA, we failed to demonstrate a
physiological role of MMP-9 in the cleavage of IL-2Ra
using a specific inhibitor of MMP-9 at doses up to 800
times the IC50 of the inhibitor. A previous study by Jung-
hans et al. also reported that zinc chelators known to inhibit
metalloproteinase activity [60] did not influence shedding
of sIL-2Ra [61]. The absence of change in sIL-2Ra release
in MMP-9-deficient mice also supports these results, as
although it does not formally exclude a physiological role of
MMP-9 in the regulation of sIL-2Ra, it demonstrates that
other proteases may replace MMP-9 for cleavage of sIL-
2Ra. We have indeed demonstrated that a broad metallo-
proteinase inhibitor inhibited the release of sIL-2Ra
(Fig. 4d). Although we reproduced some of the data
reported by Sheu et al. [39], our results do not appear to
support the main role of MMP-9 in the cleavage of IL-2Ra.
However, even in the pioneer paper, the efficiency of the
cleavage by MMP-9 was low, as high doses of MMP-9 had to
be added to observe this effect compared to other studies
[62,63]. MMP-9 had only a partial effect on cleavage and
high doses of MMP-9 inhibitor were also required to inhibit
this cleavage.

Overall, this study demonstrates a predictive value of
serum sIL-2Ra and MMP-9 concentrations for the survival
of patients with head and neck cancers. However, we did not
find any correlation between MMP-9 and sIL-2Ra concen-
trations. The partial effect of MMP-9 on the release of sIL-
2Ra shown by Sheu et al. [39], the dramatic inhibition of
sIL-2Ra release by a broad spectrum metalloproteinase and
the normal production of sIL-2Ra observed in MMP-9-
deficient mice suggest strongly that other proteases are
involved in the shedding of sIL-2Ra.
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