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Impact of Blood Sampling on
the Circulating Matrix Metallo-
proteinases 1, 2, 3, 7, 8, and 9

To the Editor:

Matrix metalloproteinases (MMP)
play a crucial role in numerous
pathological processes. Because
cellular changes may be reflected in
body fluids, measurements of
MMP in blood have been recom-
mended as noninvasive tools in di-
agnosis and monitoring of diseases
(1 ). MMP measurements can be
affected by the blood sampling
procedures, as shown for gelatinase
B (EC 3.4.24.25; MMP-9), for
which higher concentrations have
been noted in serum than in
plasma samples (2, 3 ). However,
the impact of the blood sampling
process on measurements of many
other MMPs has not yet been stud-
ied in detail.

Our aim was to demonstrate the
effect of blood sampling on the con-
centrations of collagenase-1 (EC
3.4.24.7; MMP-1), stromelysin-1
(EC 3.4.24.17; MMP-3), matrilysin
(EC 3.4.24.33; MMP-7), and colla-
genase-2 (EC 3.4.24.34; MMP-8)
circulating in blood. Because the
preanalytical impact of blood sam-
pling is well known for gelatinase A
(EC 3.4.24.24; MMP-2) and MMP-9
(4), we measured these substances
for use as comparisons. The study
was performed in accordance with
the ethical standards of the Hel-
sinki Declaration and was ap-
proved by the ethical board of the
hospital. All sample donors re-
cruited on a voluntary basis and in-
formed about the objectives of the
study provided written informed
consent.

During single venipunctures
performed in 10 healthy adults [4
female, 6 male; mean (SD) age, 42
(14) years] venous blood samples
were collected in plastic tubes
(Sarstedt) without additives or
with kaolin-coated granulate as
coagulation accelerator (serum(–)

and serum(�), respectively) and in
tubes coated with lithium heparin,
disodium citrate, or dipotassium
EDTA in that specified sequence
and centrifuged within 30 min af-
ter venipuncture (1600g; 15 min;
4 °C). The supernatants were re-
moved and stored at �80 °C until
analysis. MMP-1, MMP-2, MMP-3,
MMP-7, MMP-8, MMP-9, MMP-
12, and MMP-13 were simulta-
neously measured using the Flu-
orokine MultiAnalyte Profiling
assays (R&D Systems) on a Lumi-
nex 100 Bioanalyzer (Luminex.).
The assays measure pro-, mature,
and tissue inhibitor of metallo-
proteinase (TIMP)-1– complexed
MMPs with �0.5% cross-reactiv-
ity between the MMPs.

Fig. 1 summarizes the differ-
ent MMP concentrations in all
samples examined. MMP-12 and
MMP-13 could not be determined
because the measurements gave

signals below the detection limit.
ANOVA analyses showed signifi-
cant differences for all MMPs be-
tween the serum(�) and serum(–)

samples and among the plasma
samples (P�0.0001). Posthoc pair-
ed Student t-tests were used in
further statistical analysis of the
differences between serum(�) and
serum(–), among the plasma sam-
ples, and between the plasma and
serum(–) samples. We additionally
related the MMP values in serum
and plasma to the results obtained
in citrate-plasma taken as 100%,
because citrate was previously rec-
ommended as anticoagulant of
choice to prepare plasma samples
for MMP-9 measurements (5 ).

The main novel findings of
this study were: (a) MMP-1, MMP-
8, and MMP-9 showed signifi-
cantly higher values in serum(�)

than in serum(–), but there were no
differences for MMP-2, MMP-3,
and MMP-7; (b) with a few excep-
tions, all MMPs were characterized
by higher concentrations in serum
than in plasma samples, particu-
larly for MMP-1, MMP-8, and
MMP-9, which also showed 2- to
4-fold higher concentrations in se-
rum(�) than in serum(–) samples;
(c) MMP-2, MMP-3, and MMP-7
measured in citrate-plasma were
roughly comparable to the 2 se-
rum-type samples and heparin-
plasma, with differences of only
15% for MMP-2 and about 25%
for MMP-3 and MMP-7; (d) MMP
measurement results in EDTA-
plasma samples were more highly
variable than those obtained in ci-
trate- or heparin-plasma samples.

Our data demonstrate that in
blood the measured concentrations
of not only the gelatinases but also of
other MMPs are strongly influenc-
ed by the sampling procedure.
Our study is the first detailed inves-
tigation of simultaneous measure-
ments of multiple MMPs in serum
with and without clot activator, and
in citrate-, EDTA-, or heparin-
plasma. Our findings highlight the
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important differences between the
MMP concentrations in serum col-
lected with and without clot activa-
tor as well as the differences among
both serum types and plasma sam-
ples. It is noteworthy that MMPs
such as MMP-1, MMP-8, and
MMP-9 are abundantly expressed in
platelets and leukocytes. Increased

MMP concentrations in serum may
be due both to their release during
coagulation and to their secretion,
which is induced by the clot activator
itself, as has been shown for MMP-9
(3, 4).

In conclusion, each MMP to
be analyzed as a circulating bio-
marker in blood requires careful

consideration of the preanalytical
effects of blood collection meth-
ods. Despite the currently available
knowledge base, some studies per-
formed on gelatinases and collag-
enases in serum do not address the
concerns raised by reports of pit-
falls and misinterpretations linked
to preanalytical aspects of blood pro-
cessing. Our results indicate that the
use of serum should be avoided for
measurement of MMP-1, MMP-8,
and MMP-9. In contrast, MMP-2,
MMP-3, and MMP-7 measurements
showed comparable values among
citrate- and heparin-plasma and the
2serumtypes.Citrate-plasmaseemsto
be the sample of choice for the mea-
surement of all MMPs.

Grant/Funding Support: This study
was partly funded by the Sonnenfeld
Foundation (to K.J.).
Financial Disclosures: None de-
clared.
Acknowledgments: We thank an
unknown reviewer for his helpful
comments to improve the manu-
script.

References

1. Zucker S, Doshi K, Cao J. Measurement of matrix
metalloproteinases (MMPs) and tissue inhibitors
of metalloproteinases (TIMP) in blood and urine:
potential clinical applications. Adv Clin Chem
2004;38:37–85.

2. Jung K, Meisser A, Bischof P. Blood sampling as
critical preanalytical determinant to use circulat-
ing MMP and TIMP as surrogate markers for
pathological processes. Int J Cancer 2005;116:
1000–1.

3. Mannello F, Tonti GA, Tanus-Santos JE, Gerlach
RF. Silicate increases the release of MMP-9
forms in peripheral blood: why gelatin zymogra-
phy differs significantly in citrate plasma and
serum obtained with or without clot activators.
Clin Chem 2007;53:1981–2.

4. Mannello F, Tonti GA. Gelatinase concentrations
and zymographic profiles in human breast cancer:
matrix metalloproteinases circulating in plasma are
better markers for the subclassification and early
prediction of cancer: the coagulation/fibrinolysis
pathways alter the release, activation and recovery
of different gelatinases in serum. Int J Cancer 2007;
121:216–8.

5. Makowski GS, Ramsby ML. Use of citrate to
minimize neutrophil matrix metalloproteinase-9
in human plasma. Anal Biochem 2003;322:
283–6.

Fig. 1. Box-and-whisker plots of MMP-1, MMP-2, MMP-3, MMP-7, MMP-8,
and MMP-9 concentrations in serum and plasma samples of 10 healthy
adults.

All samples were prediluted 10-fold with diluent, except MMP-9, which was
prediluted 100-fold. All samples were analyzed in duplicate by Fluorokine Multi-
Analyte Profiling assays (R&D System) on a Luminex 100 Bioanalyzer, according
to manufacturer’s instructions. Percentage CVs calculated from duplicate values
were 5.9%, 7.3%, 3.4%, 5.8%, 8.8%, and 9.7% for MMP-1, MMP-2, MMP-3,
MMP-7, MMP-8, and MMP-9, respectively. Boxes represent the lower and upper
quartile values with medians, whiskers illustrate the 10th to 90th percentiles of
the samples. The P-values denote the statistical significance of MMP concentra-
tion differences between the various sample types. Letters on the whiskers of the
plasma samples indicate significant differences to MMP concentrations deter-
mined in serum(–) samples, with a corresponding to P �0.05, b to P �0.01, and
c to P �0.001. Serum(�) and serum(–) correspond to serum samples prepared in
plastic tubes with and without clot activator, respectively.
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