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The serum levels of circulating matrix
metalloproteinase MMP‑9, MMP‑2/TIMP‑2
complex and TIMP‑1 do not change significantly
during normal pregnancy: a pilot study
Ritva Nissi*, Markku Santala and Anne Talvensaari‑Mattila

Abstract
Objective: Matrix metalloproteinases (MMPs) are important regulators of vascular and uterine remodeling. They
exhibit proteolytic activity implicating the efficiency of trophoblast invasion to the uterine wall involving marked
hemodynamic and uterine changes. In this pilot study sera of 13 women with normal pregnancy was analyzed to
evaluate the usage of MMPs as diagnostic tool. The concentrations of circulating MMP-9, MMP-2/TIMP-2 complex and
TIMP-1 in different time points during normal pregnancy has not been studied. The serum levels of MMP-9, TIMP-1,
TIMP-2 and MMP-2/TIMP-2 complex were determined by enzyme-linked immunosorbent assay (ELISA). Using the
same method, we have shown that serum MMPs are elevated in spontaneous early pregnancy failure as compared to
normal pregnancy.
Results: The serum levels of MMP-9 and TIMP-1 were stable throughout pregnancy. The level of MMP-2/TIMP-2 com‑
plex was slightly increased after week 15 without statistical significance. For our best knowledge, this is a first study
of the serum levels of MMP-9, MMP-2/TIMP-2 and TIMP-1 on different time points during normal pregnancy. Further
measurements with the correlation to the outcome of the pregnancy are needed.
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Introduction
Matrix Metalloproteinases (MMPs) consists of a large
family of at least 28 proteolytic enzymes. MMPs are
structurally related, zinc-dependent endopeptidases,
which hydrolyze extracellular matrix components collagen being a main substrate. MMPs involves processes
like embryogenesis and implantation, wound healing,
inflammatory states, tumor metastasis, angiogenesis
and various other pathological conditions. MMPs can be
inactivated through tissue inhibitors of metalloproteinases (TIMPs) [1].
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The gelatinases MMP-2 and MMP-9 are especially
involved in successful cytotrophoblast invasion in early
pregnancy as they are considered key enzymes of degradation of basement membrane. Transcription and secretion are thought to increase in preparation for labor,
resulting in cervical ripening, and dilation and subsequent rupture of the fetal membranes [2].
The amount and activity of MMP-2 and MMP-9 are
increased in the aorta of normal pregnant rats, supporting a role of MMPs in pregnancy-associated vascular remodeling [3]. MMP-9 knockout mice shows a
phenotype mimicking preeclampsia [4]. Measurements
of the plasma levels of MMPs have not been consistent in preeclampsia: some studies show an increase in
serum levels of MMP-2 and MMP-9, whereas some
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studies show a decreased MMP-9 level [1]. Serum levels of MMP-2, MMP-9 and their inhibitors do not differ between pregnant woman with glucose intolerance
as compared to healthy controls [5]. Serum imbalances
between matrix metalloproteinases and their inhibitors
have been detected in preterm labor [6]. The changes
in serum levels of MMP-9, MMP-2 and their respective
tissue inhibitors TIMP-1 and TIMP-2 in different time
points has not been studied in normal pregnancy and
measurements of the plasma levels of MMPs have not
been consistent between studies in complicated pregnancies in all studies. In this pilot study we analyzed sera of
13 women with normal pregnancy to evaluate the usage
of MMPs as diagnostic tool in complicated pregnancies.

Main text
Methods

The study was conducted in Oulu University Hospital in the department of Obstetrics and Gynecology. 13
patients were enrolled in this study. The patients who
participate the study come to their first visit to maternity clinic on pregnancy week 10. They are also followed
in weeks 15–16, 26–28 and 36–37. Every visit patient
attended, blood samples were taken to assess matrix metalloproteinases. Venous blood samples were collected
after ultrasound examination. Sera were obtained by centrifugation without using any artificial coagulation activator and stored frozen at − 20 °C until analysis for this
study.

The concentrations of MMP-9, TIMP-1, TIMP-2 and
MMP-2/TIMP-2 complex in the serum of the study
patients were determined by enzyme-linked immunosorbent assay (ELISA). ELISA assays were performed on
8-well EIA/RIA microtiter plates (Corning Inc., Corning,
NY, USA) using standard protocols [7]. Standard samples
were included in every plate and the standard curves were
required to be similar in each lot. All measurements were
performed in duplicate. The wells were coated overnight
at 4 °C with a specific monoclonal antibody provided by
SBA Sciences, Oulu, Finland (code DB-102 for TIMP1, code T2-101 for TIMP-2 and MMP-2/TIMP-2, code
Ge-213 for MMP-9). Following coating, diluted serum
samples and standards for TIMP-1, TIMP-2 and MMP-2/
TIMP-2 complex was incubated for 60 min, or overnight
in the case of MMP-9. Non-specific binding was blocked
with phosphate-buffered saline containing 1% bovine
serum album (BSA-PBS). The wells were washed thoroughly before each stage of the procedure, in the first
phase with PBS and in the later stages with PBST (0.05%
Tween 20 in PBS). The bound proteins were detected
with polyclonal antibodies against each of the analyses
(anti-TIMP-1, code DB-205 for TIMP-2, code DB-202
for MMP-2/TIMP-2 complex, code DB-209 for MMP-9)
(SBA Sciences, Oulu, Finland). A peroxidase conjugated
anti-chicken antibody (Chemicon International, CA,
USA) was used to detect the bound polyclonal antibody,
and an OPD solution (o-phenylenediamine dihydrochloride, P-1526; Sigma, Steinheim, Germany) was used

Fig. 1 Box-plot medians and ranges of MMP-9, TIMP-1 and MMP-2-TIMP-2 complex in maternal serum of different stages of pregnancy

Table 1 Comparison of TIMP-1, MMP-2/TIMP2 and MMP-9 in maternal serum
Protein

n

Pregnancy week 10
(n = 18)

Pregnancy weeks 15–16
(n = 31)

Pregnancy weeks 26–28
(n = 27)

Pregnancy
weeks 36–37
(n = 24)

TIMP-1

33

212 (204–313)

240 (164–288)

208 (151–269)

196 (85–291)

MMP-2-TIMP-2

33

199 (106–269)

191 (89–235)

204 (102–246)

233 (110–329)

MMP-9

34

19 (14–26)

15 (8–26)

Results are expressed as median (range) (ng/ml)

14 (6–42)

14 (8–64)
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to visualize the peroxidase conjugate. The reaction was
stopped with 1.8 M H
 2SO4. Color formation was measured at 492 nm with a microplate reader (Anthos Reader
2001; Anthos Labtec Instruments, Walls, Austria) using
the Windows-based control and evaluation software for
Rosys Anthos microplate readers (Anthos Labtec Instruments). The sensitivity of the assays was 2 ng/mL for
MMP-9, 1 ng/mL for TIMP-1, 2 ng/mL for TIMP-2 and
2 ng/mL for MMP-2/TIMP-2 complex. The laboratory
data was analyzed statistically using Matlab 7.0.4.365 for
Windows using Kruskal–Wallis test (Fig. 1).
Results

Patients median age was 31 (23–40). As shown on
Table 1, median MMP-9 levels were 19 ng/ml on week
10, 15 ng/ml on week 15–16, 14 ng/ml on week 26–28
as well as week 36–37. For MMP-9, no marked changes
were observed. For TIMP-1 median values were 212 ng/
ml on week 10, 240 ng/ml on week 15–16, 209 ng/ml on
week 26–28 and 196 ng/ml on week 36–37. For MMP-2/
TIMP-2 complex, the values were 199 ng/ml on week 10,
191 ng/ml on week 15–16, 204 ng/ml on week 26–28 and
233 ng/ml on week 36–37. An increased TIMP-2 level
on women with a history of recurrent pregnancy loss has
been observed [6].
There are only few studies on MMPs or TIMPs in
maternal serum. Lakowska [8] reported that decreased
MMP-9 levels may be involved on pathological processes
during pregnancy such as fetal growth restriction (FGR)
and preeclampsia, but the results are not matched on
pregnancy week.
Conclusion

Our results show no marked changes when measuring
MMP-9, TIMP-1 and MMP-2/TIMP-2 serum levels on
different time points during normal pregnancy. The levels
of MMP-2/TIMP-2 complex increased from pregnancy
weeks 15–16 forward but the difference was not statistically significant. On the other hand, during pregnancy
the blood volume increases: that may mix the results.
Our observations suggest that cytokine changes during
pregnancy are not reflected in maternal circulation and
alterations in cytokine profiles are strictly compartmentalized and independently regulated.

Limitations
There are only few studies how serum levels of matrix
metalloproteinases and their tissue inhibitors change
during normal pregnancy. The contribution of reproductive tract tissue to serum levels of MMPs and TIMPs during pregnancy is unknown. The main limitations in this
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study is our small sample size and lack of comparison
group. Future studies are needed.
Abbreviations
MMPs: Matrix metalloproteinases; MMP-9: Matrix metalloproteinase 9; MMP-2:
Matrix metalloproteinase 2; TIMP-1: Tissue inhibitor of matrix metalloprotein‑
ase 1; TIMP-2: Tissue inhibitor of matrix metalloproteinase 2; FGR: Fetal growth
restriction.
Acknowledgements
Not applicable.
Authors’ contributions
ATM designed study, MS conducted the research and RN analyzed the data
and wrote the article. All authors read and approved the final manuscript.
Funding
The laboratory costs were covered by Oulu University internal EVO (govern‑
ment based) funding (Grant Number 223451). Otherwise, no funding.
Availability of data and materials
All data generated in the present study is available from the authors on
reasonable request.
Ethics approval and consent to participate
The Ethical Committee of North Ostrobothnia´s Hospital (PPSHP, 3358298)
has approved this study. Samples were taken in accordance with the Hel‑
sinki Declaration. Before participation, written informed consent was taken
from all patients.
Consent for publication
Not applicable.
Competing interests
Authors declare no competing interest.
Received: 6 September 2020 Accepted: 6 January 2021

References
1. Chen J, Khalil R. Matrix metalloproteinases in normal pregnancy and
preeclampsia. Prog Mol Biol Transl Sci. 2017;148:87–165.
2. Nissi R, Talvensaari-Mattila A, Kotila V, Niinimäki M, Järvelä I, Turpeen‑
niemi-Hujanen T. Circulating matrix metalloproteinase MMP-9 and
MMP-2/TIMP-2 complex are associated with spontaneous early preg‑
nancy failure. Reprod Biol Endocrinol. 2013;11:2.
3. Yin Z, Sada A, Reslan OM, Narula N, Khalil RA. Increased MMPs expres‑
sion and decresased concentration in the rat myometrium during
pregnancy and in response to prolonged stretch and sex hormones.
Am J Physiol Endocrinol Metab. 2012;303:55–70.
4. Plaks V, Rinkenberer J, Dai J, Flannery M, Sund M, Kanasaki K, Ni W,
Kalluri R, Werb Z. Matrix metalloproteinase-9 deficiency phenocopies
features of preeclampsia and intrauterine growth restriction. PNAS.
2013;110:11109–14.
5. Stojanovic N, Lewandowski K, Salata I, et al. Serum levels of matrix
metalloproteinases MMP-2 and MMP-9 and their inhibitors in women
with glucose intolerance in pregnancy and normal controls. Gynecol
Endocrinol. 2010;26:201–7.
6. Tency I, Verstraelen H, Kroes I, Holtappels G, Verhasselt B, Vaneechou‑
ette M, Verhelst R, Temmermar M. Imbalances between matrix metallo‑
proteinases (MMPs) and tissue inhibitor of metalloproteinases (TIMPs)
in Maternal Serum during Preterm Labour. PLoS ONE. 2012;7:11–4.
7. Ylisirniö S, Höyhtyä M, Turpeenniemi-Hujanen T. Serum matrix metal‑
loproteinases −2, -9 and tissue inhibitors of metalloproteinases-1 and
-2 in lung cancer—TIMP-1 as a prognostic marker. Anticancer Res.
2000;20:1311–6.

Nissi et al. BMC Res Notes

8.

(2021) 14:31

Lakowska M. Altered maternal serum matrix metalloproteinases MMP-2,
MMP-3, MMP-9, and MMP-13 in severe early and late-onset preeclampsia.
Biomed Res Int. 2017;643:2426. https://doi.org/10.1155/2017/6432426.

Page 4 of 4

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

