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Abstract

Purpose Despite encouraging results in other cancers, in
renal cell cancer, no consensus exists regarding the diag-
nostic and prognostic relevance of MMP-7. The aim of this
study was to assess the diagnostic and prognostic potential
of serum MMP-7 levels in renal cell cancer. Furthermore,
parallel to the widely used ELISA method, we tested a
new, fluid-phase, fluorescent immunoassay (B.R.A.H.M.S
KRYPTOR®) for the quantitation of MMP-7.

Methods We analyzed the serum samples of 174 indi-
viduals (77 patients and 97 age-matched healthy controls)
by a commercially available sandwich ELISA and by a
novel, automated, fluid-phase immunofluorescent assay
(B.R.A.-H.M.S KRYPTOR®). Results were correlated with
the clinicopathological and follow-up data.

Results MMP-7 concentrations showed a high con-
cordance level (R> = 0.979) between the two methods
(p < 0.001). Serum MMP-7 concentrations were signifi-
cantly higher in patients compared to controls. At a cutoff
value of 3.15 ng/ml, a specificity and a sensitivity of 70 and
82 % for the detection of RCC was found. Patients with
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metastasis had significantly higher MMP-7 levels as those
without metastasis (p = 0.038 by KRYPTOR, p = 0.011 by
ELISA). High MMP-7 levels proved to be independently
associated with shorter overall, disease-specific and metas-
tasis-free survival, regardless of the analytical method.
Conclusions Based on these results, serum MMP-7 levels
have both diagnostic and prognostic potential. The KRYP-
TOR method provided comparable results to the standard
ELISA analysis, with a high concordance level and can
therefore be considered as a surrogate method. Its flexibil-
ity and automated operation make the KRYPTOR MMP-7
assay suitable for routine laboratory use in the daily
practice.

Keywords Metastasis - MMP-7 - Prognosis - Renal cell
cancer - KRYPTOR

Introduction

Renal cell cancer (RCC) accounts for approximately 90 %
of all kidney malignancies [1]. Its worldwide annual inci-
dence is 209.000 and continues to rise at ~2 % each year
[2]. Many RCCs remain asymptomatic even in advanced
tumor stages. As a result, more than 30 % of cases are diag-
nosed at an advanced stage with lymphonodular or distant
metastasis or local invasion to the inferior vena cava [2,
3]. In addition, up to 30 % of patients treated by radical
nephrectomy for localized RCC will relapse [4]. Current
prognostication is mainly based on histological variables
and provides only a limited value. Therefore, molecular
markers for the improvement of preoperative prognostica-
tion are needed. Currently, there are no recommended bio-
markers available for the prediction of RCC.
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Matrix metalloproteinases-7 (MMP-7) has been reported
as a promising tissue and serum marker for the detection of
metastasis and prediction of patients’ outcome in different
malignancies including colorectal, gastric and ovarian can-
cer [5-8]. In accordance, we formerly identified high serum
MMP-7 level as a metastasis marker and an independent
risk factor in urinary bladder and prostate cancer [9-11].
In RCC, MMP-7 tissue protein expression was found to be
correlated with invasive tumor growth, enhanced angiogen-
esis and poor survival [12, 13]. To date, only two studies
have been published concerning the serum levels of MMP-7
in RCC with conflicting results [14, 15]. Sarkissian et al. by
combining proteomics technology with serology, identified
pro-MMP-7 as a potential diagnostic serum marker of RCC.
They found a promising diagnostic value for circulating
MMP-7 levels, while the prognostic value of MMP-7 was
not investigated [13]. In contrast, Ramankulov et al. using
a commercially available particle-based flow cytometric
(Luminex) immunoassay observed similar MMP-7 blood
concentrations in controls and patients with non-metastatic
RCCs. Furthermore, they found MMP-7 levels to be asso-
ciated with the presence of metastasis and poor prognosis
[15]. Despite the clinical importance of these data, no fur-
ther research on the diagnostic and prognostic relevance of
circulating MMP-7 analysis in RCC has been published.

Therefore, we assessed the potential of MMP-7 as (1)
a diagnostic RCC marker, (2) a preoperative marker for
metastasis and (3) an independent risk factor for postopera-
tive metastatic progression and/or survival in patients with
RCC. For this purpose, we measured MMP-7 concentra-
tions by two different immunoassay methods. Results were
correlated with clinical and follow-up data by using both
univariable and multivariable analyses.

Methods
Clinical samples

MMP-7 concentrations were analyzed in serum samples of
77 RCC patients and 97 age-matched healthy controls. Pre-
operative samples were obtained between 1990 and 1994 at
the Department of Urology, University Hospital of Essen.
Samples were centrifuged at 1500 rpm for 15 min, imme-
diately aliquoted and kept at —80 °C until analyzed. The
criteria for study enrollment were histopathological diag-
nosis of RCC, no history of other tumor. The study was
performed in accordance with the ethical standards of the
Helsinki Declaration and was approved by the ethical board
of the University of Duisburg-Essen. Each case with avail-
able formalin-fixed paraffin-embedded tumor sample was
stained with hematoxylin and eosin and reclassified by a
pathologist according to the 2004 WHO classification [16].
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We calculated survival time as the period between sur-
gical treatment/sample collection and prognostic endpoint.
The endpoints of this study were overall survival, cancer-
specific survival and metastasis-free survival. Cause of
death was obtained from death certificates. The median
MMP-7 concentrations were used as a cutoff (5.0 ng/ml for
KRYPTOR and 4.8 ng/ml for ELISA).

MMP-7 analysis by the ELISA method

Serum MMP-7 levels were quantified in single measure-
ments by a commercially available sandwich-type ELISA
Kit (R&D Systems, Abingdon, UK), according to the
manufacturer’s instructions. The intra-assay variability for
duplicate measurement was 4.3 % while the inter-assay
variability was 7.7 %.

MMP-7 analysis by the KRYPTOR method

MMP-7 levels were measured on the fully automated
B.R.A.HM.S KRYPTOR® instrument (Thermo Scientific
B.R.A.-H.M.S GmbH, Hennigsdorf/Berlin, Germany) using
an advanced homogeneous sandwich prototype fluoroim-
muno-assay (not yet commercialized).

The system is based on the Time Resolved Amplified
Cryptate Emission (TRACE®) technology using a non-
radiative energy transfer between two fluorophores and
detecting the subsequent emission of a specific wavelength
energy [17].

The B.R.A.-HM.S MMP-7 KRYPTOR® immunoassay
is composed of a goat polyclonal and a mouse monoclonal
antihuman MMP-7 antibody, labeled with Europium Cryp-
tate-EuC (Cis Bio International, Bagnols/Ceéze, France)
and Alexa Fluor 647 (Molecular Probes—Life Technolo-
gies, Eugene, USA) as a donor, respectively. Recombi-
nant MMP-7 (R&D Systems Europe) diluted in calf serum
(Trina Bioreactives AG, Ninikon, Switzerland) was used as
calibrator. Pools of serum samples collected from healthy
individuals were used as technical Quality Control samples
(QCs).

Measurements were automatically performed by incu-
bating 50 pl of serum sample with 50 pl of each conju-
gated antibody solution at 37 °C for 29 min. The assay
was calibrated with recombinant human MMP-7 protein
(R&D Systems, Abingdon, UK). Both ELISA and KRYP-
TOR assays were performed blinded to the study endpoint.
The intra-assay variability for duplicate measurement was
4.4 %, while the inter-assay variability was 5.3 %.

Statistical analysis

The nonparametric two-sided Wilcoxon rank sum test
(Mann—Whitney test) was applied for paired group



Int Urol Nephrol (2016) 48:355-361 357
Table 1 Patient characteristics KRYPTOR—MMP-7 Quantikine ELISA—MMP-7
and MMP-7 levels
n Median (range) )4 n Median (range) p
Age
<65 years 41 4.30 (2.10-20.40) 0.017 41 4.20 (2.00-19.30) 0.076
>65 years 36 5.20 (2.70-28.30) 36 5.20 (2.00-23.00)
Gender
Male 53 5.00 (2.10-21.50) 0.208 53 5.15 (2.50-23.00) 0.176
Female 24 5.00 (2.70-28.30) 24
Stage
T1-T2 47 4.50 (2.20-28.30) 0.034 47 4.60 (2.40-23.00) 0.085
T3-T4 30 6.85 (2.10-21.50) 30 6.35 (2.00-21.10)
Grade
G1-2 69 4.70 (2.10-28.30) 0.181 69 4.70 (2.00-23.00) 0.080
G3 8 6.65 (2.10-17.90) 8 8.15(2.20-14.30)
Fuhrman grade
Gl 10 4.15 (2.20-8.10) 0.227 10 3.90 (2.00-11.50) 0.126
G2 26 5.00 (2.80-28.30) 0.421 26 4.95 (2.40-23.00) 0.441
G3 11 5.20 (2.10-19.50) - 11 5.30 (2.00-19.30) -
G4 2 6.45 (4.60-8.30) 2 5.80 (5.20-6.40)
Not available 28 28
Metastases
NOMO 68 4.65 (2.10-28.30) 0.038 68 4.65 (2.00-23.00) 0.011
N+ or M+ 9 6.60 (2.70-21.50) 9 7.40 (3.40-21.10)
Control 97 2.90 (1.70-5.70) <0.001 - - -
Tumor 77 5.00 (2.10-28.30) 77 4.80 (2.00-23.00)

Significant correlations are presented in bold

comparisons. Univariable overall survival, disease-specific
survival and metastasis-free survival analyses were done
using both Kaplan—Meier log-rank test and univariable Cox
analysis. For multivariable analysis, the Cox proportional
hazards regression model was used. Spearman’s analysis was
performed to determine the correlation between the serum
MMP-7 levels measured by the two assay methods. To deter-
mine the optimal cutoff value with the highest sensitivity and
specificity for the detection of RCC and metastasis, we used
the nonparametric receiver operating characteristics (ROC)
curves. In all tests, a p value of at least 0.05 was consid-
ered to be significant. All statistical analyses were done with
SPSS software package, version 21.0 (Chicago, IL, USA).

Results

Follow-up characteristics

The results are presented in accordance with the report-
ing recommendations for tumor marker prognostic studies

(REMARK) [18]. Forty-two (57 %) of the 77 patients died
during the follow-up period, while 24 (31 %) of them die

due to RCC. The median survival time was 110 months for
all patients and 185 months for survivors. In nine patients,
lymph node or distant metastasis was detected at diagnosis.
In 10 further cases, metastatic progression was detected dur-
ing follow-up. Patients with metastasis at the time of surgery
were excluded from the metastasis-free survival analysis.

Correlation between MMP-7 levels generated by the
KRYPTOR versus ELISA method

Spearman’s correlation analysis comparing MMP-7 lev-
els measured by the ELISA versus KRYPTOR method
revealed a highly significant, linear correlation (R*> = 0.956,
p <0.001) (Supporting figure 1).

MMP-7 serum levels and clinicopathological
parameters

The main characteristics of study population and their cor-
relations with MMP-7 serum levels are shown in Table 1.
MMP-7 concentrations were higher in RCC patients than in
controls and in high-stage (T2-T4) compared to low-stage
tumors (p = 0.034). MMP-7 levels tended to be higher in
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Table 2 Cox univariable and
multivarable analyses

Univariable analysis

Multivariable analysis

Overall survival

Overall survival

HR 95 % C1

p HR 95 % CI p
Age > 65 1.771 0.959-3.270 0.068 - - -
Gender male 0.835 0.439-1.587 0.582 - - -
Stage T3-T4 1.555 0.845-2.862 0.156 1.002 0.538-1.866 0.994
Grade G3 3.994 1.603-9.951 0.003 1.166 0.538-2.527 0.698
Metastasis M+/N+ 2.370 1.047-5.365 0.038 1.186 0.484-2.905 0.708
Kr-MMP-7 cont. 1.169 1.104-1.239 <0.001 1.162 1.089-1.240 <0.001
Qu-MMP-7 cont. 1.220 1.140-1.305 <0.001 1.217 1.129-1.312 <0.001
Kr-MMP-7 > 5.0 ng/ml 2.454 1.321-2.454 0.005 2.022 1.032-3.959 0.040
Qu-MMP-7 > 4.8 ng/ml 3.203 1.696-6.053 <0.001 2.756 1.389-5.467 0.004
Disease-specific survival Disease-specific survival
Age > 65 1.296 0.581-2.890 0.527 - - -
Gender male 1.264 0.501-3.185 0.620 - - -
Stage T3-T4 2.989 1.304-6.848 0.010 1.470 0.645-3.352 0.359
Grade G3 2.718 0.784-9.419 0.115 1.140 0.417-3.114 0.798
Metastasis M+/N+ 3.680 1.452-9.326 0.006 1.844 0.646-5.262 0.253
Kr-MMP-7 cont. 1.174 1.094-1.259 <0.001 1.134 1.039-1.237 0.005
Qu-MMP-7 cont. 1.221 1.125-1.326 <0.001 1.177 1.067-1.298 0.001
Kr-MMP-7 > 5.0 ng/ml 2.667 1.162-6.120 0.021 1.665 1.160-4.200 0.280
Qu-MMP-7 > 4.8 ng/ml 4.083 1.683-9.908 0.002 2.755 1.052-7.213 0.039
Metastasis-free survival Metastasis-free survival
Age > 65 0.538 0.139-2.082 0.370 - - -
Gender male 0.970 0.251-3.758 0.965 - - -
Stage T3-T4 2.671 0.753-9.470 0.128 1.118 0.368-3.399 0.844
Grade G3 3.623 0.761-17.249 0.106 2.947 0.702-12.374 0.140
Kr-MMP-7 cont. 1.128 1.010-1.259 0.032 1.111 0.979-1.261 0.102
Qu-MMP-7 cont. 1.165 1.035-1.312 0.012 1.147 0.998-1.318 0.054
Kr-MMP-7 > 5.0 ng/ml 3.998 1.032-15.494 0.045 3.170 0.785-12.806 0.105
Qu-MMP-7 > 4.8 ng/ml 3.928 1.011-15.258 0.048 3.127 0.774-12.629 0.109

HR hazard ratio, CI confidence interval

Significant correlations are presented in bold

high-grade (G3) tumors. Also, MMP-7 serum levels were
higher in elderly patients both in the RCC and control
group. Finally, MMP-7 concentrations were significantly
higher in metastatic compared to non-metastatic tumors
(table 1, Supporting figure 2).

ROC analysis revealed an optimal cutoff value of
3.15 ng/ml at which the diagnostic specificity was 82 %
while the sensitivity was calculated as 70 %. The AUC
(area under the curve) value of 0.85 was significantly
higher than the reference of 0.50 (p < 0.001) (Supporting
figure 3a).

A further ROC analysis was performed to calculate the
metastasis detection accuracy of MMP-7. At an optimal
cutoff value of 5.05 and 5.50 ng/ml for the KRYPTOR and
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ELISA method, respectively, the AUCs of 0.76 and 0.71
were significantly higher compared to the reference AUC
of 0.50 (»p = 0.039 and p = 0.011, respectively). At this
cutoff, the sensitivity and specificity values were of 59 and
89 % for KRYPTOR and 62 and 89 % for ELISA (Support-
ing figure 3b and 3c).

Univariable and multivariable survival analyses

Results of univariable and multivariable analyses and prog-
nostic endpoints (overall survival, disease-specific survival
and metastasis-free survival) are listed in Table 2. Patients’
age and gender did not significantly influence overall sur-
vival, disease-specific survival or metastasis-free survival
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months after surgery

(Table 2). Advanced tumor stage (T3-T4) was significantly
associated with disease-specific survival but not overall
or metastasis-free survival. Tumor grade 3 was associated
with overall survival but not disease-specific survival or
metastasis-free survival. The presence of metastasis was
correlated with poor disease-specific and overall survival
(p < 0.001 both). MMP-7 levels above the median (5.0 ng/
ml for KRYPTOR and 4.8 ng/ml for ELISA) or as continu-
ous variables proved to be strongly associated with over-
all survival, disease-specific survival and metastasis-free
survival (Table 2; Fig. 1). These correlations remained

months after surgery

significant also in multivariable models (Table 2) where
MMP-7 proved to be an even stronger prognostic factor as
tumor stage, grade or the presence of metastasis.

Discussion
The present study confirms the diagnostic and independent
prognostic value of MMP-7 in RCC. In addition, we tested

a novel, rapid automated immunofluorescent assay for the
detection of MMP-7, which was developed to meet the
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needs of the everyday clinical routine. While the prognostic
value of MMP-7 in other urological malignancies has been
clearly demonstrated, the two available studies in RCC pro-
vided conflicting results. Sarkissian et al. analyzing MMP-7
serum levels in 30 healthy donors, 40 control patients and
30 RCC patients found MMP-7 to be significantly elevated
in RCC patients compared to both healthy controls and
control patients. In addition, no significant difference in
the MMP-7 levels was found between RCC patients with
and without metastasis. Based on these, MMP-7 has been
suggested as a potential diagnostic marker for RCC [14].
Ramankulov et al. using a commercially available particle-
based flow cytometric (Luminex) immunoassay analyzed
the circulating MMP-7 concentrations in 97 RCC patients
and 50 healthy controls. They found similar MMP-7 levels
in controls and patients with non-metastatic RCCs, while
MMP-7 serum concentrations were significantly elevated
in metastatic (NIMO or M1) RCCs. Furthermore, high
MMP-7 levels were independently associated with shorter
disease-specific survival. Based on these, the authors sug-
gested MMP-7 as a marker of metastasis and as an inde-
pendent prognostic but not as a diagnostic marker [15]. The
conflicting data between the two studies were suggested to
be related to different blood sampling methods, differences
in epitope recognition sites between the two assays and dif-
ferent study design regarding sample/patient selection [19].
Our data are in line with those of Sarkissian et al. regard-
ing the diagnostic relevance of MMP-7 in RCC. However,
this finding has to be handled with caution since the sample
collection time for patients and controls were largely differ-
ent and MMP-7 levels are not specific for RCC.
Furthermore, our data in contrast to those of Sarkissian
et al. but in line with those of Ramankulov et al. revealed
significantly elevated serum levels in metastatic compared
to non-metastatic RCC cases. However, a direct compari-
son of MMP-7 concentrations between our data and those
of Ramankulov is not possible. The median values in meta-
static RCCs found by Ramankulov et al. are lower as in the
present study (3.34 vs. 6.60 ng/ml) [15]. This difference
is related to different sampling methods as we recently
observed consistently lower MMP-7 levels in plasma sam-
ples than in corresponding sera (unpublished data). Our
data provided higher sensitivities (89 vs. 76 %) but lower
specificities (60 vs. 72 %) for the detection of metastasis
as those of Ramankulov. However, in our study, the speci-
ficity for metastasis detection might be substantially higher
as calculated, since metastatic progression was observed in
7 of 10 RCC patients who had high preoperative MMP-7
levels but were initially diagnosed as non-metastatic dis-
ease. It can therefore be assumed that these patients already
had (micro) metastases at the time of surgery. This is also
underlined by the fact that the metastatic progression in
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these cases was observed typically within only 24 months.
These patients may benefit from early administration of tar-
geted therapies.

In the last years, several promising serum markers have
been identified for the prediction of RCC including car-
bonic anhydrase IX, VEGF, IL-6 and CRP [20-23]. One
of the major limitations of using these markers is that they
are in developmental stage, since standardized methods and
validation in large independent patient cohorts are missing.
A further obstacle to the implementation of these markers
in daily routine is the lack of automated and flexible meth-
ods for their reliable quantitation. Here, we could firmly
confirm the independent prognostic relevance of preopera-
tive MMP-7 in an independent RCC cohort. Furthermore,
comparing the MMP-7 values determined by the KRYP-
TOR method with those measured by ELISA, we found
excellent correlations. Therefore, we concluded that the
KRYPTOR method provides comparable performance to
the most commonly used sandwich ELISA. There are, how-
ever, two important advantages of the KRYPTOR method
compared to ELISA. First, the KRYPTOR platform pro-
vides more flexibility regarding variations in sample num-
bers in a given period as the ELISA method. Second, the
KRYPTOR method is fully automated and therefore less
sensitive to intra-examiner variability. A prospective, multi-
centre clinical testing of this assay is proposed to assess its
performance in the daily routine. Larger studies should also
address the interesting question whether there is a differ-
ence in MMP-7 levels between different subtypes of RCC.

In conclusion, this study confirms both the diagnos-
tic and independent prognostic relevance of circulating
MMP-7 levels in RCC. Therefore, preoperative MMP-7
analysis may help to identify high-risk RCC patients before
surgery and may influence therapy decisions. In addition,
we present here, for the first time, an automated immunoas-
say for the quantitative determination of MMP-7 in RCC.
The validation and the development of an MMP-7 assay
tailored to the needs of the clinical routine is an important
step toward the implementation of MMP-7 as a marker in
the daily clinical routine.
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