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ARTICLE INFO Abstract

Obesity is a nutritional disease characterized by excess of adipose tissue. It is 
recognized as a low-grade chronic inflammation state characterized by increased 
serum levels of acute phase proteins such as interleukins (ILs) and cytokines. IL-6 is 
a proinflammatory cytokine, which is involved in the regulation of lipid metabolism 
associated with obesity and inflammation. It plays numerous proinflammatory roles. 
However, IL-6 may also play an anti-inflammatory role. Matrix metalloproteinases 
(MMPs) participate in several physiological processes such as remodeling of extracellular 
matrix (ECM), healing, angiogenesis and apoptosis. They are regulated by specific tissue 
inhibitors (TIMPs) which block access to the active site of MMPs. A dual role for MMP-8 
has been described under specific conditions: MMP-8 plays a role in the development 
of the inflammatory response but appears to play an anti-inflammatory role during 
recovery and may be crucial for this process.

Aims: To determine the IL-6, MMP-8 and TIMP-1 levels and compare the results 
between 3 groups of individuals (between 26 and 65 years): normal weight (n=8), 
overweight (n=11) and obese (n=22).

Material and Methods: The semi-quantification of IL-6, MMP-8 and TIMP-1 was 
performed through the slot blot technique.

Results: The levels of MMP-8 and IL-6 were higher in the group of overweight 
individuals than in the normal weight group and in the obese group, but the differences 
were not statistically significant. TIMP-1 levels were slightly elevated in the group of 
normal weight individuals and in the group of obese individuals, in relation to the group of 
overweight individuals, however the differences were not statistically significant. There 
was also a moderate positive correlation between glycemic levels and the percentage of 
visceral fat mass (p<0.0001) and between serum levels of MMP-8 and serum levels of 
IL-6 (p<0.05).

Discussion and Conclusion: The significant correlation between IL-6 levels and the 
percentage of visceral fat mass may be related to the fact that adipose tissue is endocrine 
and produce numerous factors contributing to systemic inflammation. The moderate 
positive correlation between serum MMP-8 levels and serum IL-6 levels may indicate 
that these can be stimulated by the same mechanisms in the inflammation process.
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Introduction
Obesity is a nutritional disorder characterized by excess of 

adipose tissue. The development of this disorder is associated with  
coordinated cellular processes, including adipocyte hypertrophy 
followed by recruitment of adipocyte precursors, and new fat 
cell differentiation. These processes are also accompanied by 
neovascularization, which is essential for generation and function 
of the tissue [1]. The development of obesity involves processes 
like adipogenesis and extracellular matrix (ECM) remodeling [2]. 
This disorder is recognized as a low-grade chronic inflammatory 
state, characterized by the increase of serum levels of acute phase 
proteins, such as C-reactive protein (CRP), and other interleukins 
and cytokines [3]. Evidences support that many co-morbidities of 
obesity, including type 2 diabetes mellitus, nonalcoholic fatty liver 
disease, steatohepatitis, asthma, cancer, cardiovascular diseases 
and neurodegenerative diseases, are related to the development 
of this low-grade chronic inflammation [4]. The primary cause of 
inflammation induced by obesity is not yet fully understood. The 
rapid expansion of the adipose tissue may produce intrinsic signals 
which might trigger an inflammatory response. 

These signals include adipocyte death, hypoxia and 
mechanotransduction resulting from cells and ECM interactions 
[4]. Another explanation for this trigger may be endoplasmic 
reticulum stress [4-6]. Adipocyte hyperplasia and hypertrophy 
may cause mitochondrial and endoplasmic stress, which during 
fat overload releases additional inflammatory cytokines that can 
attract macrophages. During adipocyte hypertrophy the expression 
of Tumor Necrosis Factor α, Interleukin 6 (IL-6), Interleukin 1β 
and Prostaglandin E2 are induced, adipocyte die, and neutrophils, 
monocytes and T cells are consistently activated [5]. Out of all 
cytokines deregulated in obesity, IL-6 is one of the most common. 
The high levels of this interleukin are consistently seen in obese rats 
and humans [7]. IL-6 is a proinflammatory cytokine, produced by 
several types of cells, including bone marrow cells and hepatocytes. 
Some of the proinflammatory roles of this cytokine are B and T 
lymphocyte activation, growth and differentiation [8]. However, 
IL-6 may also have an anti-inflammatory role [9]. This cytokine 
is involved in the regulation of lipid metabolism associated with 
obesity and inflammation [10]. 

Matrix metalloproteinases (MMPs) are zinc and calcium 
dependent endopeptidases, which participate in several 
physiological processes such as ECM remodeling, wound repair, 
angiogenesis and apoptosis. MMPs are able to increase matrix 
plasticity, enabling adipose tissue remodeling and/or adipocyte 
hypertrophy [1]. They are secreted by various types of cells, such 
as inflammatory, neoplastic and epithelial cells, in the form of 
proenzymes, which require activation by proteolysis. This process 
is controlled by MMPs specific tissue inhibitors (TIMPs) [11]. TIMPs 
block access to the MMPs activation site. There are 4 known TIMPs 
(TIMP -1, -2, -3 e -4), that share similar structural characteristics 
and have an inhibitory specificity capable of inhibiting most of 
human MMPs [12]. ECM degradation, in addition to enabling cell 

migration, also leads to the release of signaling molecules such as 
chemokines, cytokines and growth factors. It has become widely 
accepted that MMPs play a central role in the direct activation of 
signaling molecules, which shows that MMPs also contribute to 
various aspects of immunity [13]. 

Recent data suggest that MMPs play an important role in 
inflammation and the regulation of the immune response. MMPs 
have been proposed as inflammation regulators, through proteolysis 
of chemokines, growth factors, receptors and their binding 
proteins, proteases and protease inhibitors, as well as intracellular 
multifunctional proteins, resulting in pro- or anti-inflammatory 
functions leading to tissue homeostasis or to pathology [14]. 
MMP-8, also known as collagenase-2 or neutrophils collagenase, 
plays different roles in regulating of inflammatory response. This 
MMP is quickly released when neutrophils are activated, in order 
to ensure their availability in inflammatory sites. A dual function 
has been described for MMP-8 under specific conditions: it plays a 
role in the development of the inflammatory response, but it seems 
to play an anti-inflammatory role during recovery and seems to be 
crucial to this process [13]. MMP-8 deficient mice showed delayed 
in the beginning and a slow clearance of local inflammatory 
infiltrates. Several immunological mediators, such as Macrophage 
Inflammatory Protein 1α, Interleukin 10 and Lipopolysaccharide-
Induced Cytokine, were involved in that characteristic pattern and 
showed to be substrates of MMP-8 [15].

Material and Methods

Study Population

The individuals participating in this study are aged between 
26 and 65 years. They were grouped according to their percentage 
of fat mass in standard weighted individuals (female: <33%; 
male: 8-19%), overweight individuals (female: ≥ 33-39%; male: 
≥ 19-25%), and obese individuals (female: > 39%; male: > 25%) 
[16]. All participants in this study were non-smokers and had 
no symptoms of inflammation or any other chronic disease. The 
percentage of total fat mass and abdominal fat was determined 
by Dual-Energy X-ray Absorptiometry (DEXA). DEXA’s procedure 
consisted in positioning the patient in General Eletrics equipment, 
model Lunar iDXA encore 2011, in supine position, within the field 
defined by the equipment, around 6 to 12 minutes. The individuals, 
while still, were submitted to low energy X-rays. After attenuation 
of the X-rays, and their capture by the equipment detectors, the 
body composition values were obtained. Blood samples were also 
collected to the participants, obtaining a total of 41 samples: 8 
samples of standard weighted individuals, 11 samples of overweight 
individuals and 22 samples of obese individuals. The data of the 
study population (individual characteristics, body composition and 
biochemical markers) are shown on Table 1. The blood collection 
was carried out in Biomedical Laboratory Science’s laboratory, 
Then, the samples were processed and stored in the freezer at -800C 
until analysis. This study respects the principles of the Helsinki 
declaration and all participants gave their informed consent.

http://dx.doi.org/10.26717/BJSTR.2020.25.004229
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Table 1: Characterization of the study population.

Standard Weight Overweight Obese

Individual Characteristics

Genre (n)
7 (87,50 %) 9 (81,82 %) 11 (50,00 %)

Female

Male 1 (12,50 %) 2 (18,18 %) 11 (40,00 %)

Age (years) 40,88 ± 9,48 48,00 ± 10,50 46,95 ± 9, 61

Body Composition

Total fat mass percentage (%) 26,70 ± 5,288 33,65 ± 5,629 38,46 ± 7,149 ¥

Visceral fat mass percentage (%) 18,73 ± 5,875 33,44 ± 6,180 43,77 ± 8,017 § ¥

Biochemical Markers (mg/dl)

Fasting glycemia 81,40 ± 6,43 87,40 ± 7,89 94,26 ± 14,66 #

Total cholesterol 187,40 ± 28,65 203,00 ± 28,65 190,20 ± 37,14

HDL cholesterol 62,10 ± 13,84 62,00 ± 18,70 53,88 ± 16,10

LDL cholesterol 107,30 ± 23,27 126,40 ± 33,30 117,50 ± 35,48

Triglycerides 77,73 ± 36,10 73,08 ± 15,15 94,30 ± 60,36

Albumin 4,473 ± 0,2501 4,511 ± 0,3274 4,501 ± 0,2433

Total proteins 6,579 ± 0,3639 6,615 ± 0,3935 6,524 ± 0,2642

ALAT 16,83 ± 8,263 24,54 ± 13,68 29,95 ± 15,51 ¥

ASAT 17,86 ± 3,574 19,88 ± 5,265 19,65 ± 6,501

Creatinine 0,6788 ± 0,1766 0,6436 ± 0,1428 0,9057 ± 0,8386

Urea 34,41 ± 8,185 33,36 ± 6,751 34,66 ± 10,02

Note: The data for the individual characteristics are presented as mean ± standard deviation;

(*p ≤ 0,05; **p ≤0,01; ***p ≤0,001; § = *overweight vs obese; # = ** standard weight vs obese; ¥ = ***standard weight vs obese.

Sample Treatment

Biochemical Characterization of the Population: The 
measurement of glucose, total cholesterol, high density lipoprotein 
cholesterol (HDL), low density lipoprotein cholesterol (LDL), 
triglycerides, albumin, creatinine, alanine aminotransferase 
(ALAT), aspartate aminotransferase (ASAT), total proteins and 
urea was determined in the automated clinical analyzer Prestige 
24i, using Cormay kits: Prestige 24i GLU, Prestige 24i CHOL, Prestige 
24i HDL Direct, Prestige 24i TG, Prestige 24i ALBUMIN, Prestige 24i 
CREATININE, Prestige 24i ALAT, Prestige 24i ASAT, LQ total Protein, 
Prestige 24i UREA (PZ Cormay S. A., Poland).

Slot-Blot: Slot-blot analysis was carried out according to 
Caseiro, et al. [17]. The serum samples were diluted on a buffered 
saline solution with Tris (TBS) (10 mM Tris, 200 mM NaCl), with the 
objective of obtaining a final protein concentration of 0,02 µg/ µL 
and applying a volume of 100 µL, except in samples to semi-quantify 
IL-6, in which was used a final protein concentration of 0,04 µg/ µL. 
Nitrocellulose membranes - Hybond ECL Nitrocellulose Membrane 
(GE Healthcare, Pittsburgh, USA) were blocked with a 5% (m/v) 
solution of skimmed milk powder in TBS-Tween (TBS-T). They 
were then incubated for one and a half hours at room temperature 
with constant shaking, with primary antibody anti-MMP-8 (Clone 
100619 MAB 9021; from R&D systems, Minneapolis, USA) or primary 
antibody anti-IL6 (ab9324, from abcam, Cambridge, UK), or 
primary antibody anti-TIMP-1 (Clone 63515; MAB 970 from R&D 
systems, Minneapolis, USA), diluted to 1:1000. 

Afterwards, all membranes were washed three times, for 10, 15 
and 10 minutes, respectively, with TBS-T and incubated for an hour 
and a half with secondary antibody (Horseradish Peroxidase conju-
gated goat anti mouse, GE Healthcare, Pittsburgh, UK), at a dilution 
of 1:1000. The detection was performed using Amersham ECL start 
Western Blotting Detection Reagent kit (GE Healthcare, Pittsburgh, 
UK) and exposed to a photographic film Kodak BioMax Light Film 
(Carestream Health, Rocherter, USA) in a cassette (Kodak® X-OMAT 
Casset, Carestream Health, Rocherter, USA) for 3 minutes. The analy-
sis of the optical density of the bands was carried out using the im-
age acquisition system GELDOCTM XR+ (Bio-Rad Hercules, USA) and 
the software ImageLab® Verion 3.0 (Bio-Rad Hercules, USA).

Statistic: Statistical calculations were performed using Graph-
Pad Prism version 5.0 for Windows (GraphPad Software, San Diego, 
California, EUA). The normality of data distribution was assessed 
using the test Shapiro-Wilk. Values are presented as mean ± stan-
dard deviation and values for optical density (OD) are expressed 
in arbitrary units. Regarding the differences between the optical 
density measurements of the sample groups, they were determined 
using the ANOVA - 1 Factor and Kruskall Wallis. The correlation be-
tween variables was assessed using the correlation coefficient Rho 
of Spearman or R of Pearson, depending on the normality of the 
results obtained. The differences/correlation between the groups 
were considered statistically significant, when a random error p ≤ 
0,05 was assumed with a confidence level of 95%.
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Results
Regarding blood glucose, higher levels were found in the group 

of obese individuals (94,26 ± 14,66 mg/dl) when compared to 
the group of overweight individuals (87,55 ± 7,889 mg/dl) and 
standard weighted individuals (81,40 ± 6,433 mg/dl). There were 
statistically significant differences between the groups of obese 
and standard weighted individuals (p≤0,01) (Figure 1). The MMP-8 
levels were higher in the group of overweight individuals (13350 
± 8273), in relation to the group of standard weighted individuals 
(9856 ± 7773) and the group of obese individuals (9586 ± 4192), 
however the differences did not present statistical significance 
(Figure 2). The IL-6 levels were slightly higher in the group of 
overweight individuals (84329 ± 35718), when compared to the 
group of standard weighted individuals (73872 ± 44865) and 
the group of obese individuals (76005 ± 24852), however the 
differences did not present statistical significance (Figure 3). 

Figure 1: Assessment of serum glucose levels (**p ≤ 0,01).

Figure 2: Assessment of serum MMP-8 levels by slot blot.

Figure 3: Assessment of serum IL-6 levels by slot blot.

The evaluation of TIMP-1 showed slightly higher levels in the 
group of standard weighted individuals (9960 ± 4189) and in the 
group of obese individuals (9235 ± 3169), in relation to the group 
of overweight individuals (8374 ± 4128), however the differences 
did not present statistical significance (Figure 4). The evaluation of 
the correlation between glucose levels, IL-6 and the percentage of 
visceral fat (or android) displayed a moderate positive correlation 
between glucose levels and the percentage of visceral fat mass (r = 
0,6112; p ≤0,0001) (Figure 5). There was no statistically significant 
correlation between IL-6 levels and the percentage of visceral fat 
mass (r = 0,2887; p = 0,0832) (Figure 6). The evaluation of the 
correlation between the levels of MMP-8 and IL-6 presented a 
moderate positive correlation was found between MMP-8 and IL-6 
serum levels (r= 0,4510; p≤0.05), being the results statistically 
significant (Figure 7).

Figure 4: Assessment of serum TIMP-1 levels by slot blot.

http://dx.doi.org/10.26717/BJSTR.2020.25.004229
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Figure 5: Analysis of blood glucose levels and visceral fat 
mass percentage correlation.

Figure 6: Analysis of IL-6 serum levels and visceral fat 
mass percentage correlation.

Figure 7: Analysis of serum MMP-8 and IL-6 levels 
correlation.

Discussion
Obesity is considered as a state of inflammation, in which 

adipose tissue and the liver are the main sources of cytokines 
and inflammatory proteins. This inflammation is local and is 
usually triggered and secondary to metabolic changes [18]. 

Expansion of adipose cells involves adipogenesis, angiogenesis 
and ECM remodeling. This remodeling is carried out by MMPs, 
which are regulated through gene expression levels, by activating 
proenzymes and by TIMPs [19]. MMPs, in addition to playing their 
role in the degradation of ECM, are also considered inflammation 
markers [1,14]. Regarding the study population, participants were 
grouped according to body fat mass percentage. The group of obese 
individuals had a higher percentage of fat mass compared to normal 
weighted individuals, this difference being statistically significant 
(p ≤ 0,001). In relation to visceral fat mass percentage, the group 
of obese individuals had a higher percentage of visceral fat mass 
compared to individuals with excess weight, this difference being 
statistically significant (p < 0,05). This difference was even more 
significant between obese individuals and standard weighted 
individuals (p ≤ 0,001). 

Although little is known about the biological effects of 
MMP-8, some studies have shown elevated levels of MMP-8 in 
atherosclerosis, childhood obesity and metabolic syndrome [20-22]. 
In the study by Andrade et al. lower serum MMP-8 levels were found 
in a population of obese women without comorbidities compared 
to the control group (19). Another study established evidence that, 
through its negative regulation, MMP-8 may have a protective or 
anti-inflammatory potential in human inflammatory diseases 
[23]. Lauhio et al. presented serum levels of MMP-8 significantly 
elevated in relation to standard weighted individuals [24]. In 
this study, MMP-8 levels were higher in the group of overweight 
individuals, compared to the group of standard weight and the 
group of obese individuals (Figure 2). These discrepant results 
suggest that there are different mechanisms of ECM remodeling 
that can be activated in different diseases [19]. Proinflammatory 
cytokines, such as IL-6, can influence adipocyte function, lipid 
metabolism, homeostasis, blood pressure and insulin sensitivity, 
therefore they play an important role in the development of 
diabetes, atherosclerosis and cardiovascular diseases [3]. Studies 
on obesity-associated inflammation are generally conducted in 
groups of older individuals, but there are some studies conducted 
in younger groups and adolescents that show similar results with 
high levels of proinflammatory cytokines, such as tumor necrosis 
factor alpha, IL-1 and IL-6 [5]. 

In this study, IL-6 levels were higher in the group of overweight 
individuals, in relation to the group of standard weighted 
individuals and to the group of obese individuals (Figure 3). MMPs 
activity is regulated by gene expression, by activating pro-enzymes 
and by endogenous inhibitors, TIMPs. In this study, TIMP-1 levels 
showed a slight decrease in the overweight group, compared to 
the standard weighted and obese individuals (Figure 4). TIMP-1 
is described as an adipokine and the increase in its expression is 
related to obesity, so it was expected a significant increase in its 
expression in the group of obese individuals, which was not verified 
[25]. This contradiction shows that different mechanisms may be 
involved in the regulation of TIMP-1 expression [26]. Total adipose 
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tissue and visceral adipose tissue have been shown to be associated 
differently with glucose-insulin metabolism in standard weight and 
obese individuals. While total adipose tissue is the best predictor 
of insulin sensitivity in normal weighted individuals, visceral 
adipose tissue is the parameter that correlates most strongly 
with the variables related to glucose-insulin metabolism in obese 
individuals [27]. A study of obese Caucasian and African women 
showed that visceral adipose tissue was the strongest predictor of 
changes in glucose metabolism [28]. 

The moderate positive correlation between serum glucose 
levels and visceral fat mass percentage (r = 0,6112; p ≤0,0001) 
(Figure 5) is in line with the study by Ross et al., who showed an 
association between visceral fat mass and blood glucose [27]. 
Park et al. showed a significant correlation between IL-6 levels 
and visceral fat mass percentage [29]. In the study by Ghoski, et 
al. IL-6 mRNA expression in mouse models with polycystic ovary 
syndrome was increased in visceral adipose tissue compared to the 
control group [30]. In this study, a weak correlation was observed 
between IL-6 levels and visceral fat mass percentage (r = 0,2887; 
p = 0,0832) (Figure 6). These results may be related to the fact 
that adipose tissue is endocrine and produces numerous factors 
that contribute to systemic inflammation [29]. Gonçalves et al. 
showed high levels of MMP-8 in patients with metabolic syndrome, 
compared to the control group. This change was associated with 
increased concentrations of some inflammatory mediators, such 
as IL-6 [21]. In this study, a moderate positive correlation was 
observed between the serum levels of MMP-8 and the serum levels 
of IL-6 (r= 0,4510; p≤0.05) (Figure 7). This may indicate that they 
can be stimulated by the same mechanisms in the inflammation 
process.

Conclusion
MMP-8 remains a little-known metalloproteinase and its 

results are not very clear. There seem to be different mechanisms 
of ECM remodelling involving MMP-8, which can be activated in 
different diseases. The correlation between IL-6 and visceral fat 
mass percentage may be due to the fact that the adipose tissue 
is endocrine and produces numerous factors that contribute 
to systemic inflammation. The moderate positive correlation 
between serum MMP-8 and IL-6 levels may indicate that they 
can be stimulated by the same mechanisms in the inflammation 
process. Despite the results obtained, further studies with a larger 
number of participants are needed. The fact that the total number 
of individuals studied is low may not show more tenuous relations 
between IL-6, MMP-8 and TIMP-1 in obesity.
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