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Role and dynamics of matrix metalloproteinase 9 and
tissue inhibitor of metalloproteinase 1 in burn patients
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Abstract. Burn injuries can trigger tissue changes that can
explain the variation in the level of different biochemical
markers that can be recorded both locally or systemically.
Some events observed in burn wounds such as vascular
hyperpermeability have been associated with the release of
matrix metalloproteinases (MMPs) and their tissue inhibi-
tors (TIMPs) after trauma. Because it is unknown whether
the serum levels of MMP-9 and TIMP-1 are a consequence
of these destructions or a local response to thermal damage,
we decided to follow their dynamics. Twenty-five patients
(mean age 49.40+17.55 years) with a total body surface area
(TBSA) affected by a thermal burn of <25% and 30 healthy
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subjects (mean age 49.70+8.04 years) were enrolled in the
present study. Enzyme immunoassays were used to measure
the serum levels of MMP-9 and TIMP-1. Our results showed
that MMP-9 was increased 6.25-fold immediately after
injury compared to the controls and remained on a plateau
throughout the 7-day monitoring period. TIMP-1 showed an
upward trend with an increase of 49.52% on the seventh day
after triggering insult. The time-course of the MMP-9/TIMP-1
ratio followed the inverse dynamics of TIMP-1 starting from
a ratio value measured at admission 3.82-fold higher than the
one observed in the healthy volunteers and a highly statisti-
cally significant correlation between the values measured at
different time-points during the monitoring period (P<0.001).
The results of this retrospective study indicate that the
MMP-9/TIMP-1 ratio may provide information on local
changes over time, starting from the triggering insult, and may
be considered as a predictive biomarker of burn evolutivity.

Introduction

Thermal injury remains a challenging disease and a leading
cause of death. The analysis of the pathological lesions found
in burn wounds showed an increase in vascular permeability
at the site of injury (1). The responsible mechanisms are not yet
well understood and can involve numerous factors (2). Some
authors have described a possible role for matrix metallopro-
teinases (MMPs) in endothelial hyperpermeability (1,3-5). The
effects of MMPs are not necessarily limited to the wound site,
thus it is difficult to assess their precise role in the dynamics
of the burn wound (4).

Wound healing involves complex processes that have been
carefully researched over time. Some studies have described
time-dependent increases in proteinase concentrations in
burn wound fluid (6). High levels of proteinases (MMP-2 and
MMP-9) have been found in wound fluid from chronic wounds
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but not in those produced by other types of injuries (7,8).
Several studies have shown that the plasmatic levels of MMP-9
are higher after burn injuries (7-10). MMP-9 appears early after
burn injury, and its level rises after 48 h (9,11). MMP-2 can
also show higher levels in burn wounds but to a lesser extent
than in other injuries (7,9). In burn wounds, with a typical
chronic evolution, degradation products can be found but it is
not clear which of the tissue proteinases are responsible for
local repair (10). Another possible explanation could be the
degradation of the adhesion molecules and growth factors
by the local proteinases (12-14). Moreover, the expression of
different tissue proteases in burn wounds could influence the
prognosis (15). As a confirmation, some authors have associ-
ated increased MMP-9 concentrations with delayed healing of
burned skin (16).

MMPs cannot be separated from their natural inhibitors
(tissue inhibitors of metalloproteinases or TIMPs) (17). These
maintain a balance that contributes to local tissue homeo-
stasis (18-20). Independent roles for TIMPs have also been
described (21). The inhibitor effect of TIMP-2 on burn-induced
vascular hyperpermeability was demonstrated on some
tissues, even in the presence of high MMP-9 levels (22). Serum
concentrations of TIMP-1 reach a peak 2 days after a severe
burn (23). TIMP-1 is known to inhibit the catalytic activity of
MMP-9 in a 1:1 stoichiometric relationship (24,25).

Since the role of MMP-9 and TIMP-1 in early inflamma-
tion associated with a burn injury is poorly understood, we
aimed to investigate the dynamics of MMP-9, TIMP-1, and the
MMP-9/TIMP-1 ratio in the early shock phase of burn-injured
patients.

Patients and methods

Patients and study protocol. This study included 25 adult
patients with thermal burns (16 males/9 females, mean age
49.40+17.55 years) admitted to the Clinical Emergency
Hospital for Plastic, Reconstructive, and Burns Surgery in
Bucharest, between 2018 and 2019. The study was conducted
respecting the principles outlined in the Declaration of
Helsinki and has been approved by the Clinical Emergency
Hospital for Plastic, Reconstructive, and Burns Surgery Ethics
Committee (approval no. 6627/04.10.2017).

The severity of the burn trauma is given by the burn depth
and burn size. Burn size has been estimated by reference to
the total body surface area (TBSA). Inclusion criteria were:
i) Thermal burns with a TBSA affected by the burn of <25%;
ii) deep second-degree and third-degree burns; iii) patient age
over 18 years. All patients received routine treatment. They
were investigated upon admission and after 2 and 7 days.
Exclusion criteria were as follows: i) Patients with age under
18 years; ii) chronic heart failure or renal failure; iii) cancer;
iv) primary and secondary immunodeficiency diseases;
v) previously treated with systemic corticosteroids affecting
the body's inflammatory response to burns; vi) treatment with
doxycycline, known as an MMP inhibitor (3).

In addition, 30 healthy subjects (19 males/11 females, mean
age 49.70+8.04 years) were randomly selected from the indi-
viduals who volunteered for general routine health evaluation.
The exclusion criteria that were applied to the patients with
thermal burns were also used to select the volunteers. Written

consents were obtained from patients or their legal representa-
tives and volunteers.

Blood sample collection and processing. Blood was drawn
into BD Vacutainer® SST™ serum separation tubes purchased
from Becton, Dickinson and Company as soon as possible
after the admission of patients with burn wounds at the
emergency department and in the following 2 and 7 days. The
serum samples were obtained by blood clotting for 30 min at
room temperature and centrifugation at 2,500 x g for 15 min.
Serum samples were then immediately aliquoted into labelled
cryo-vials and frozen at -70°C until analysis.

Detection of serum MMP-9 and TIMP-1 by ELISA. The quan-
titative determination of human MMP-9 (cat. no. DMP900)
and TIMP-1 (cat. no. DTM100) was performed using ELISA
kits purchased from R&D Systems Inc. Because contamination
may lead to falsely elevated serum concentrations due to the
MMP-9 and TIMP-1 presence in saliva, protective measures
were required to prevent contamination during the test. Three
samples of known concentration were tested 20 times on
one plate to assess intra-assay precision and in40 separate assays
to assess inter-assay precision. The values of the inter-assay
imprecision study were similar to those of the intra-assay
study with CVs ranging from 2 to 6.9%. The within CVs for
MMP-9 were 2.0% at a mean concentration of 83.3 ng/ml and
2.9% at a mean concentration of 1,100 ng/ml (for low- and
high-concentration patient samples). CVs for the TIMP-1 were
~4.5%. The MMP-9/TIMP-1 ratio was calculated according to
the following formula: MMP-9 (ng/ml)/TIMP-1 (ng/ml). All
assays were performed in duplicate according to the manu-
facturers' recommendations and in such a way minimized any
effects of repeated freeze-thaw cycles.

Statistical analysis. Patient data processing was performed
using Microsoft Office Excel 2007 SP2 (including Data
Analysis Tools). Statistical analysis was conducted using SPSS
version 25 software (IBM Corp.). The difference between
the serum concentrations measured in dynamics for MMP-9
and TIMP-1 was analyzed by one-way ANOVA test with
Bonferroni correction, comparing their evolution during the
7-day monitoring period from the initial burn injury. The
Anderson-Darling, Shapiro-Wilk, and Kolmogorov-Smirnov
tests were also used to verify the data obtained after prelimi-
nary analysis and to check the consistency of the group. The
correlation between investigated biomarkers was assessed
using Spearman's correlation coefficient for TIMP-1 with data
that did not have a normal distribution and Pearson's correla-
tion coefficient for MMP-9 and MMP-9/TIMP-1 ratio with
normally distributed data. For all tests, the significance level
for statistical analysis was set at P-values <0.05.

Results

After a post-injury accelerated increase, MMP-9 remains at the
same serum level. Data from the analysis of the sera collected
from patients with burn injury, at different time intervals,
compared to the healthy controls are summarized in Table I.
Highly significant differences in the levels of MMP-9, TIMP-1,
and MMP-9/TIMP-1 ratios were observed among patients
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Table I. Serum biomarkers in patients with skin burn injury (N=25) and healthy controls (N=30).

Patients with burn injuries

Variables P1 P2 P3 Control P-value® P-value®  P-value®
MMP-9 (ng/ml)* 1,744.2+811.9 1,659.6+521.4 1,744 9+677.1 279.3+72.4 <0.001¢ <0.001¢ <0.001¢
TIMP-1 (ng/ml)* 269.9+93.6 386.8+334.9 534.7+381.2 166.7+45.5 <0.001¢ <0.001¢ <0.001¢
MMP-9/TIMP-1* 6.5+2.6 5.5+2.6 4.1+2.2 1.7+0.3 <0.001¢ <0.001¢ <0.001¢

“Data are expressed as mean = standard deviation; °P1 vs. Control; °P2 vs. Control; ‘P3 vs. Control; “Statistically significant. MMP-9, matrix
metalloproteinase 9; TIMP-1, tissue inhibitor of metalloproteinase-1; P1: admission; P2: 2 days after; P3: 7 days after.

with burn wounds and healthy controls. The circulating level
of MMP-9 was significantly higher throughout the 7-day moni-
toring period compared with the healthy controls (P<0.001).
MMP-9 increased immediately post-injury (a 6.25-fold increase
compared to the controls) and remained on a plateau throughout
the monitoring period as shown in Table I.

TIMP-1 is constantly increased. In contrast to MMP-9, the
biomarker TIMP-1 showed a steady increase during the study
period. Thus, after 2 days from burn injury TIMP-1 increased
by 30.04% and after 7 days by 49.52% (Table I). On the other
hand, the increase in serum TIMP-1 concentration immedi-
ately post-injury was not as high as that of MMP-9 (1.62-fold
vs. 6.25-fold).

MMP-9/TIMP-1 ratio linearly decreases. Furthermore,
the time course of MMP-9/TIMP-1 followed the inverse
dynamics of TIMP-1, starting from a value of the ratio
measured at admission 3.82-fold higher than the one observed
in the healthy volunteers. The MMP-9/TIMP-1 ratio decreased
during the monitoring period as follows: 2-days post-injury by
15.38% and 7-days post-injury by 36.92%.

Pearson correlations between serum levels of MMP-9
measured in dynamics. To check the consistency of the statis-
tical analysis, a Pearson or a Spearman test was performed for
consecutive harvest time. Pearson test was chosen for normally
distributed data (MMP-9 and MMP-9/TIMP-1 ratio), while the
Spearman test was chosen for the abnormal ones (TIMP-1).
As shown in Fig. 1A and B, the serum MMP-9 concentrations
measured immediately post-injury were positively correlated
with the values recorded two days later (r=0.605, P=0.0013),
values which in turn were positively correlated with those
measured 7 days post-injury (r=0.407, P=0.04).

Spearman correlations between serum levels of TIMP-1
measured in dynamics. The Spearman test showed a significant
correlation between TIMP-1 concentrations at different times
after burn injury (admission vs. 2 days post-injury: 1p,_p,=0.59,
P=0.0017 and 2 days post-injury vs. 7 days post-injury:
Ipy.p3=0.39, P=0.04) (Fig. 2A and B).

Pearson correlations between MMP-9/TIMP-1 ratios calcu-
lated in dynamics. Furthermore, comparing the ratio of the
two biomarkers measured at different time post-injury, the

Pearson's correlation coefficient was as follows: Admission
vs. 2 days post-injury (rp;p,=0.63, P=0.0006) and 2 days
post-injury vs. 7 days post-injury (rp, p;=0.56, P=0.0035)
(Fig. 3A and B).

Discussion

The main findings of the present study are: i) MMP-9 increased
immediately post-injury (a 6.25-fold increase compared to
controls) and remained on a plateau throughout the monitoring
period; ii) TIMP-1 showed a steady increase during the study
period: 2 days post-injury by 30.04% and 7 days post-injury
by 49.52%; iii) the MMP-9/TIMP-1 ratio followed the inverse
dynamics of TIMP-1 with a steady decrease: 2 days post-injury
by 15.38% and 7-days post-injury by 36.92%; iv) the dynamics
of MMP-9, TIMP-1 and the MMP-9/TIMP-1 ratio was demon-
strated by the correlation between the values measured at
different time-points after burning injury.

The MMP-9 and TIMP-1 biomarkers were investigated in
dynamics over 7 days. We considered that the study interval
of 7 days is enough to detect both ascending and descending
inflammatory responses, the 7-day period being the time
interval during which the post-injury systemic inflammatory
response syndrome usually occurs (11,12,26,27). It should be
noted that none of the patients enrolled in our study had septic
complications during the monitoring period.

Burn injuries can trigger tissue changes that can explain the
variation in the level of different biochemical markers that can
be recorded both locally or systemically. Some events observed
in burn wounds such as vascular hyperpermeability have been
associated with matrix metalloproteinase (MMP) release after
trauma (1,3,6,7,9,27). Because it is unknown whether the serum
level of MMP-9 is a consequence of these destructions or a local
response to thermal damage, we decided to follow its dynamics.
In line with Héstbacka et al (26), our results showed an accel-
erated increase in MMP-9 serum concentration immediately
post-injury. Serum MMP-9 level was 6.25-fold higher than that
measured for the healthy controls, probably due to the rapid
release of MMP-9 from neutrophil granulocytes within minutes
to hours after the triggering insult (11). In contrast to other publi-
cations (11,23) describing a decrease between days 4 to 6, in our
study, after the early increase, the MMP-9 level maintained on
a plateau throughout the monitoring period. If the correlation
between the values measured at the patients' admission and after
2 days was highly statistically significant (r=0.605, P=0.0013),
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Figure 1. Pearson correlation between serum MMP-9 concentrations measured at different time-points of the monitoring period: (A) (P1: Admission; P2: 2 days
after admission); (B) (P2: 2 days after admission; P3: 7 days after admission). MMP-9, matrix metalloproteinase 9.
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Figure 2. Spearman correlation between serum TIMP-1 concentrations measured at different time-points of the monitoring period: (A) (P1: Admission;
P2: 2 days after admission); (B) (P2: 2 days after admission; P3: 7 days after admission). TIMP-1, tissue inhibitor of metalloproteinases 1.
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Figure 3. Pearson correlation between MMP-9/TIMP-1 ratios calculated at different time-points of the monitoring period: (A) (P1: Admission; P2: 2 days after
admission); (B) (P2: 2 days after admission; P3: 7 days after admission). MMP-9, matrix metalloproteinase 9; TIMP-1, tissue inhibitor of metalloproteinases 1.

the one calculated between the measured values after 2 and
7 days did not have the same statistical power (r=0.407,
P=0.04). It is obvious, that MMP-9 does not occur as a simple
local response to thermal damage. It is more than that. In burn
trauma, the physiological balance is disturbed. The statistical

power decrease after 7 days post-injury can be explained by
the imbalance between MMP-9 and its tissue inhibitor, MMP-9
staying on a plateau, and TIMP-1 having an upward trend. Our
results showing an increasing trend for TIMP-1 are in contrast
to other studies (11,23) that have found significantly higher
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TIMP-1 concentrations in the plasma of patients with TBSA
affected by a burn of <20% relative to healthy controls, with a
median time to peak TIMP-1 concentration at 2.09 days. Given
that a moderate increase in the MMP-9 serum concentration is
beneficial, the epithelialization rate being partially dependent
on the presence of collagen (13,16), MMP-9 levels remaining
constant during the 7-day monitoring period could be associ-
ated with a better-quality scar. Because none of the patients
enrolled in our study had septic complications during the 7-day
monitoring period, the maintaining/decrease of MMP-9 serum
levels may be an indicator for better survival.

Dynamic changes in circulating levels of MMP-9 and
TIMP-1 demonstrate their involvement in the early response
after thermal injury. As can be seen from Table I, at all-time
points the differences between serum MMP-9 and its inhibitor
TIMP-1 concentrations in the study group compared to the
control group were statistically significant. The time-course
of the MMP-9/TIMP-1 ratio followed the inverse dynamics
of TIMP-1 starting from a ratio value measured at admission
3.82-fold higher than the one observed in the healthy volun-
teers. The constant linear decrease in the MMP-9/TIMP-1 ratio
during the 7-day monitoring period (decrease by 14.28% in
2 days and decrease by 38.43% in 7 days from the measured
value from admission) may represent an indicator of an effec-
tive healing process without hypertrophic scars and keloids
for patients with a TBSA affected by the thermal burn <25%.
As a confirmation, the comparison of the MMP-9/TIMP-1
ratio in dynamics showed a statistically significant correlation
both between the values measured at hospitalization and those
measured after 2 days (r=0.63, P=0.0006) and between those
measured after 2 and 7 days, respectively (r=0.56, P=0.0035),
much better than those obtained for MMP-9 and TIMP-1
individually.

Healing processes after thermal burn evolve, as evidenced
by clinical practice. The factors that influence local changes
are not fully known, but our results have shown that serum
proteinases may be responsible for tissue remodeling. In this
regard, monitoring of the MMP-9/TIMP-1 ratio may provide
information concerning local changes over time, starting from
the moment of the triggering insult, ultimately indicating the
need for surgery or other therapeutic approaches.

The most apparent weakness of our study is related to the
small number of patients included. Despite the small sample
size, three aspects need to be mentioned: i) The study group
matched the control group in terms of number, sex distribu-
tion, and age; ii) all the patients included in the study had a
TBSA affected by the thermal burn <25%; and iii) none of the
patients enrolled in our study had septic complications during
the monitoring period.

In conclusion, the results of the present study demonstrated
the MMP-9 and TIMP-1 involvement in the early response after
thermal injury. Our findings suggest that the MMP-9/TIMP-1
ratio may provide information on local changes over time,
starting from the triggering insult, and may be considered a
predictive biomarker of burn evolutivity. Further investiga-
tions are needed to confirm these findings.
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