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Abstract. No prospective study has specifically examined 
the serum levels of matrix metalloproteinase‑9 (MMP‑9) and 
tissue inhibitor of metalloproteinase‑1 (TIMP‑1) in the early 
shock phase of burn‑injured patients. Thus, we aimed to detect 
early changes, activity dynamics, and the predictive value 
of MMP‑9, TIMP‑1, and the MMP‑9/TIMP‑1 ratio to better 
understand the early repair mechanisms for the development 
of future therapies for patients with thermal burns. Twenty‑five 
patients with a total body surface area (TBSA) affected by 
burn <25%, and 30 healthy subjects were enrolled in the study. 
Serum levels of MMP‑9 and TIMP‑1 were determined by the 

ELISA method. Our results showed that MMP‑9 concentra‑
tions increased immediately after injury and remained on 
a plateau. In contrast, TIMP‑1 showed an upward trend 
throughout the 7‑day study period, and the time course of 
the MMP‑9/TIMP‑1 ratio followed the inverse dynamics of 
TIMP‑1. Analysis of the areas under the receiver operating 
characteristic (ROC) curves (AUC) showed that patients 
with burn wounds tended to have a MMP‑9 value higher 
than 421.5 ng/ml (AUC=0.979), TIMP‑1 value higher than 
231.6 ng/ml (AUC=0.908), and MMP‑9/TIMP‑1 ratio higher 
than 2.31 (AUC=0.959) (P<0.001). Our findings suggest that 
although the variations in the two biomarkers were different 
regarding the time of the initial insult, their ratio is a specific 
and sensitive indicator of burn evolutivity in patients with a 
TBSA affected by a burn <25%.

Introduction

After a severe burn injury, the wound healing response involves 
the dynamic interaction of many pathophysiological processes 
such as inflammation, proliferation, and tissue remodeling (1). 
The first phase consists of releasing a prolonged immune 
response (cytokines and chemokines in the endothelium) that 
activates proinflammatory effector cells at the site of injury and 
increases vasodilation and tissue edema (2). In early inflam‑
mation, increased levels of proinflammatory cytokines bring 
neutrophils and monocytes to the site (3). Further, proteolytic 
enzymes, such as matrix metalloproteinases (MMPs), are 
released from neutrophils (4). MMPs are the main class of 
enzymes responsible for the degradation or resorption of all 
extracellular matrix (ECM) components (5,6).

Consequently, in acute inf lammation, MMPs break 
down the ECM and basement membranes and contribute 
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to vascular permeability in burn injury by stimulating 
remodeling of the connective tissue (7). The ideal tissue 
remodeling after injury requires a balance between MMPs 
and their tissue inhibitors (TIMPs), increasing TIMPs, 
resulting in either the accumulation of ECM or fibrosis. 
Simultaneously, the decrease in TIMPs leads to intense 
matrix proteolysis (5‑8). Virtually, any imbalance between 
MMPs and TIMPs may lead to low healing processes such 
as chronic wounds or excessive healing, including hypertro‑
phic scars and keloids (9).

Several studies have shown that matrix metallopro‑
teinase‑9 (MMP‑9) and its tissue inhibitor (TIMP‑1) are 
increased in plasma after thermal injury (10‑12). MMP‑9 is 
a dynamic marker, which is released from neutrophil granu‑
locytes very early, according to the literature just 1‑3 h after 
the triggering insult (13,14). TIMP‑1 is known to inhibit the 
catalytic activity of MMP‑9 in a 1:1 stoichiometric relation‑
ship (15). Circulating levels of TIMP‑1 are maximal two days 
after a severe burn (11). Unfortunately, the role of MMP‑9 
and TIMP‑1 in early inflammation associated with a burn 
injury is poorly understood.

As no prospective study has specifically examined the 
serum levels of MMP‑9 and TIMP‑1 in the early shock phase 
of burn‑injured patients, we aimed to detect early changes, 
activity dynamics, and predictive value of MMP‑9, TIMP‑1, 
and the MMP‑9/TIMP‑1 ratio to better understand the early 
repair mechanisms for the development of future therapies for 
patients with thermal burns.

Patients and methods

Patients and study protocol. This prospective study enrolled 
25 patients with burn wounds (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. All cases had domestic 
accidents and among the reported comorbidities, high blood 
pressure was present in 4 patients. No history of diabetes or 
allergic reactions were reported.

The severity of burn trauma is represented by the burn 
depth and burn size. Burn size can be estimated by reference 
to the total body surface area (TBSA) using several methods 
[palms rule (16), nines rule (16), Lund and Browder chart (17), 
and mobile applications  (17)]. Inclusion criteria included 
thermal burns with a TBSA affected by the burn <25% and 
patients over 18 years of age. All burn patients were clinically 
assessed and presented with second‑ and third‑degree burns. 
According to the updated guidelines for burn care (European 
Practice Guidelines for Burn Care), the treatment strategies 
for patients were carried out (18) and local protocols were 
followed. All patients were examined at admission and after 
2 and 7 days. Exclusion criteria were as follows: i) patients of 
age under 18 years; ii) patients presenting with known cancer 
disease; iii) patients presenting with chronic heart failure or 
renal failure; iv) patients presenting with primary or secondary 
immunosuppressive disorders; v) patients receiving previous 
treatment with immunosuppressive drugs affecting the body's 
inflammatory response to burns (systemic corticosteroids); 
vi) patients receiving antibiotics from the tetracycline group, 
especially doxycycline (known as an MMP inhibitor) (19).

In addition, 30 healthy subjects (19 males/11 females, mean 
age 49.7±8.04 years) were randomly selected and were similar 
in regards to the age and sex of the cases.

The study conformed to the principles outlined in the 
Declaration of Helsinki and was approved by the Clinical 
Emergency Hospital's Ethics Committee for Plastic, 
Reconstructive, and Burns Surgery. Written informed consent 
was obtained from enrolled patients or their legal representa‑
tives and volunteers.

Blood sample collection and processing. Blood samples were 
collected by venous puncture into BD Vacutainer® SST™ 
Tubes (purchased from Becton, Dickinson and Company) 
as soon as possible after admission of the patients with burn 
wounds at the emergency department and following that 
at 48 h and 7 days. The serum samples were obtained by 
centrifugation at 2,500 x g for 15 min after 30 min of clotting 
time at room temperature. Serum samples were then imme‑
diately aliquoted into labelled cryo‑vials and stored at ‑70˚C 
until further analysis.

Detection of serum MMP‑9 and TIMP‑1 by ELISA. The 
quantitative determination of serum MMP‑9 and TIMP‑1 
concentrations was performed using ELISA kits purchased 
from R&D Systems Inc. for human MMP‑9 (cat. no. DMP900) 
and TIMP‑1 (cat. no. DTM100), according to the manufac‑
turer's instructions. Contamination may lead to falsely high 
serum concentrations. As MMP‑9 and TIMP‑1 are present 
in saliva, protective measures were taken to prevent contami‑
nation during the test. For both MMP‑9 and TIMP‑1, three 
serum samples of known concentration were tested 10 times 
on one plate to assess intra‑assay precision and in 20 separate 
assays to assess inter‑assay precision. The intra‑assay preci‑
sion values were identical to those of the inter‑assay study with 
coefficients of variation (CVs) ranging from 2 to 7.9%. The 
within CVs for MMP‑9 were 1.9% at a mean concentration of 
204 ng/ml and for TIMP‑1 were 3.9% at a mean concentration 
of 127 ng/ml. The MMP‑9/TIMP‑1 ratio was calculated using 
the following formula: MMP‑9 (ng/ml)/TIMP‑1 (ng/ml). All 
assays were performed in duplicate and in such a way, this 
minimized any effects of repeated freeze‑thaw cycles.

Statistical analysis. Statistical analysis was conducted by 
using SPSS version 25 software (IBM Corp.). The differ‑
ence between MMP‑9 and TIMP‑1 serum concentrations 
measured in dynamics was analyzed by one‑way ANOVA 
test, 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 preliminary analysis and to 
check the group's consistency. The diagnostic power of the 
MMP‑9 and TIMP‑1 biomarkers was assessed by calculating 
the areas under the receiver operating characteristic (ROC) 
curves (AUC). The ROC curves were plotted using as a vari‑
able the value of MMP‑9, TIMP‑1, or MMP‑9/TIMP‑1 ratio for 
patients admitted to the emergency department compared to 
the healthy controls, and as a classification criterion, the TBSA 
burn <25%. The AUC is an overall summary of diagnostic 
accuracy as follows: AUC >0.9, excellent diagnostic accuracy; 
AUC between 0.7 and 0.9, good diagnostic accuracy; AUC 
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between 0.5 and 0.7, poor diagnostic accuracy; AUC <0.5, lack 
of diagnostic value of the biomarker (20). ROC curves have 
determined cut‑off values for optimal sensitivity and speci‑
ficity. For all tests, the significance level for statistical analysis 
was set at P‑values <0.05.

Results

Dynamics of MMP‑9, TIMP‑1, and MMP‑9/TIMP‑1 ratio. 
Fig.  1 depicts the dynamics of MMP‑9, TIMP‑1, and the 
MMP‑9/TIMP‑1 ratio in patients with burn injury compared 
to the healthy control group.

Serum MMP‑9 concentrations upon admission (P1) and 
on days 2 (P2) and 7 (P3) were significantly higher in the 
burn patients than that in the healthy control group (C) (P1, 
1,744.19 ng/ml; P2, 1,659.62 ng/ml; P3, 1,744.95 ml vs. C, 
279.36  ng/ml, P<0.001). Basically, MMP‑9 levels were 
maintained at a plateau throughout the trial period of 
7 days (Fig. 1A).

TIMP‑1 showed an increasing tendency during the 
entire study period (P1, 269.92 ng/ml; P2, 385.86 ng/ml; P3, 
534.71 ng/ml vs. C, 166.68 ng/ml, P=0.023), its levels being 
significantly higher on days 2 to 7 compared to admission 
levels (Fig. 1B).

The time course of the MMP‑9/TIMP‑1 ratio followed the 
inverse dynamics of TIMP‑1. MMP‑9/TIMP‑1 ratios were 
significantly higher in the burn patients at all time points of 
the study (regardless of harvest time) compared to the healthy 
controls (P1, 6.51; P2, 5.58; P3, 4.008 vs. C, 1.68, P<0.001), 
following a continuous decrease from the day of admission 
until the end of the 7‑day study interval (Fig. 1C).

Analysis of the ROC curves for MMP‑9, TIMP‑1, and 
MMP‑9/TIMP‑1 ratio. The second objective of the present 
study was to compare the predictive value of MMP‑9 with 
TIMP‑1 and the MMP‑9/TIMP‑1 ratio in patients with burn 
injuries. The analysis of the ROC curves was performed to 
test the predictive value of the three biomarkers. AUC usually 
ranges from 0.5 to 1, with values close to 1 indicating a high 
discriminatory ability. As shown in Fig. 2, all biomarkers had 
a very high AUC of over 0.90; the P‑value being statistically 
significant in all analyzed cases.

The largest AUC was for MMP‑9 (0.979); MMP‑9 demon‑
strating an excellent accuracy for patients with TBSA affected 

by the burn <25% (Fig. 2A). The ROC curve showed that 
these patients tended to have an MMP‑9 value higher than 
421.5 ng/ml. This cut‑off point was calculated for a sensitivity 
of 96% and a specificity of 100%.

Analysis of the ROC curve for the TIMP‑1 biomarker 
showed that patients with TBSA affected by the burn <25% 
tended to have a TIMP‑1 value greater than 231.6 ng/ml; the 
cut‑off point calculated for a sensitivity of 68% and a speci‑
ficity of 100% (Fig. 2B). The AUC for TIMP‑1 was very large 
(0.908) (P<0.001).

Considering the MMP‑9/TIMP‑1 ratio, AUC was extremely 
large (0.959) (P<0.001). Patients with a TBSA affected by the 
burn <25% tended to have an MMP‑9/TIMP‑1 ratio greater 
than 2.31; the cut‑off point calculated for a sensitivity of 96% 
and a specificity of 96.67% (Fig. 2C).

Discussion

The main findings of the current study were the following: 
i) MMP‑9 serum levels were increased immediately after 
injury and remained at a plateau, while TIMP‑1 showed 
an upward trend throughout the study period and the time 
course of MMP‑9/TIMP‑1 followed the inverse dynamics 
of TIMP‑1; ii) the relationship between the MMP‑9‑TIMP‑1 
system and the extent of the injury was highly statistically 
significant (P<0.001); iii) analysis of the ROC curves showed 
that patients with a TBSA affected by the burn <5% tended to 
have an MMP‑9 value higher than 421.5 ng/ml (AUC=0.979), 
a TIMP‑1 value higher than 231.6 ng/ml (AUC=0.908), and an 
MMP‑9/TIMP‑1 ratio higher than 2.31 (AUC=0.959).

The most common complications after burns are sepsis 
and respiratory, cardiac, and kidney failure, with the leading 
causes of death being heart failure (67%) and respiratory failure 
(33%) (13). None of the patients enrolled in the study had septic 
complications, but our case series included patients in a good 
health state and without a history of major non‑communicable 
diseases, such as diabetes, which could influence the evolu‑
tion of the burns (21). Although most studies have investigated 
MMP‑9 or TIMP‑1 immunohistochemical reactivity (4,22), 
we decided to measure the serum level of biomarkers. Our 
decision was based on the following arguments: i) MMP‑9, 
or TIMP‑1 immunohistochemical reactivity may not corre‑
spond to in vivo enzymatic activity (12); ii) the study group 
was compared with the control group of healthy volunteers, 

Figure 1. Dynamics of (A) MMP‑9 serum concentrations, (B) TIMP‑1 serum concentrations, and (C) MMP‑9/TIMP‑1 ratios during the study period in patients 
with skin burn injuries (P1, upon admission; P2, after 2 days; P3, after 7 days) in comparison to the control group. C, control group; MMP‑9, matrix metal‑
loproteinase‑9; TIMP‑1, tissue inhibitor of metalloproteinase‑1.
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without thermal injury. Moreover, the MMP‑9 and TIMP‑1 
biomarkers were analyzed concerning the clinical variables 
and the outcome at 48 h and 7 days after injury. We hypoth‑
esized that the 7‑day study interval opens a wide window 
of time that may be sufficient to detect both ascending and 
descending inflammatory responses; the 7‑day period being 
the time interval in which the systemic inflammatory response 
syndrome post‑injury usually occurs (14).

Starting with the idea that MMP‑9 and TIMP‑1 are 
dynamic biomarkers released very early after the triggering 
insult, we considered it useful to measure the changes in 
their serum concentrations, depending on the evolution of 
inflammation for one week. Dynamic changes in circulating 
levels of MMP‑9 and TIMP‑1 demonstrate their involve‑
ment in the early response after thermal injury. A moderate 
increase in MMP‑9 serum concentration is beneficial 
because the epithelialization rate is partially dependent on 
the presence of collagen. However, when the physiological 
balance between protease and their inhibitors is broken, the 
patient outcome is unfavorable (9). Our results showed an 
early increase in the MMP‑9 level, most likely due to its rapid 
release from neutrophil granulocytes, over minutes to a few 
hours after the triggering insult (P1, 1744.19 ng/ml vs. C, 
279.36 ng/ml, P<0.001). Other studies described a signifi‑
cantly lower level of MMP‑9 on days  4  to  6  (14,23). In 
contrast to these studies, in the present study, MMP‑9 levels 
were maintained at a plateau throughout the trial period of 
7 days, which may lead us to the hypothesis that an early 
increased expression of MMP‑9 (cut‑off, 412.5 ng/ml) could 
be associated with a better‑quality scar and the mainte‑
nance/decrease in MMP‑9 serum concentrations may be an 
indicator for better survival.

Several authors found significantly higher TIMP‑1 concen‑
trations in the plasma of TBSA <20% burn patients relative to 
healthy controls, with a median time to peak TIMP‑1 concen‑
tration at 2.09 days (10,11,14). In contrast to these studies, our 
results showed that TIMP‑1 presented an increasing tendency 
during the entire study period, its levels being significantly 
higher on days 2 to 7 compared to admission levels. According 
to the findings of Ulrich et al (11), TIMP‑1 serum expression 
has been correlated with the TBSA% of injury; patients with 
TBSA affected by the burn <25% tending to have a TIMP‑1 

value greater than 231.6 ng/ml. The high response of TIMP‑1 
to burns could explain the lower serum levels of MMP‑9 than 
expected in our study.

As shown in Fig. 1, at all‑time points of the study, the 
differences between serum concentrations of MMP‑9 and its 
inhibitor TIMP‑1 in the study group compared to the control 
group were statistically significant, with the time‑course of 
the MMP‑9/TIMP‑1 ratio following the inverse dynamics of 
TIMP‑1. The constant decrease in the MMP‑9/TIMP‑1 ratio 
throughout the trial period of 7 days (decrease in 14.28% 
at 2 days and decrease in 38.43% at 7 days from the value 
measured from admission) indicates that the patients with a 
TBSA affected by the burn <25% have an effective healing 
process without hypertrophic scars and keloids.

Monitoring the levels of MMP‑9 was not the most accurate 
indicator of the time elapsed from the initial injury. TIMP‑1 
proved to be better in this respect, and the MMP‑9/TIMP‑1 
ratio showed the best sensitivity and specificity.

Healing processes evolve, as clinical practice demon‑
strates, after necrotic tissues fall off. The factors influencing 
local changes are not entirely known, but we can hypothesize 
that local proteinases can be responsible for tissue remodeling. 
In this respect, MMP‑9 or TIMP‑1 monitoring could prove to 
be useful markers for local changes over time, indicating the 
need for eventual surgery or other therapeutic approaches.

The main limitation of our work is related to the small 
number of patients included. However, despite the small 
sample size, we used a homogenous population because none 
of the patients enrolled in our study had septic complications.

In summary, our study found a significant increase in 
serum levels of MMP‑9 and TIMP‑1 in patients with a TBSA 
affected by the burn <25%, compared to unaffected controls. 
Although the variations in the two biomarkers were different 
regarding the time of the initial insult, their ratio is a specific 
and sensitive indicator of burn evolutivity. Further investiga‑
tions comparing local and general protease responses after 
such trauma may provide new insights into the mechanism 
involved in burn wound healing. Detailed studies are needed 
to elucidate the exact sequence of local events that occur 
in the first 7 days after severe burn injury to better predict 
when local inflammation triggers systemic inflammatory 
processes.

Figure 2. The receiver operating characteristic (ROC) curves for discriminating patients with a TBSA affected by the burn <25% from healthy controls based 
on (A) MMP‑9 serum concentrations, (B) TIMP‑1 serum concentrations, and (C) MMP‑9/TIMP‑1 ratios. P1, upon admission; MMP‑9, matrix metallopro‑
teinase‑9; TIMP‑1, tissue inhibitor of metalloproteinase‑1; TBSA, total body surface area.
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