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Abstract 

Background:  Type 2 diabetes mellitus (T2DM) and periodontitis are chronic inflammatory diseases with a bidirec‑
tional relationship. The uncontrolled levels of glucose in T2DM patients change the pathophysiology and balance of 
inflammatory mediators. Matrix Metalloproteinase-2 (MMP-2) is a zinc-dependent endopeptidase that is responsible 
for tissue remodeling and degradation of the extracellular matrix in periodontal tissue. Therefore, the uncontrolled 
levels of glucose in T2DM could lead to an imbalance in MMP-2 activity in saliva, favoring the development of 
periodontitis.

Methods:  Ninety-seven T2DM patients from Hospital Dr. Donato Alarcon were included in the study. Following clini‑
cal examination, the patients were classified into four groups according to the presence and degree of periodontal 
disease and glycemic control. Blood and whole saliva samples (WSS) were collected from each patient. Blood samples 
were used for Hba1c and polymorphonuclear cells count determination, while WSS were used to determine MMP-2 
activity, TIMP-1 and nitrite. MMP-2 activity was determined by zymography. TIMP-1 were determined by Western blot‑
ting, and nitric oxide (NO) levels were determined by the Griess method.

Results:  Of the 97 patients with T2DM, 66 had periodontitis of different severities: 18 patients had mild periodontitis, 
15 had moderate and 33 had severe. Salivary MMP-2 activity, HbA1c and TIMP-1 were positively correlated with the 
severity of periodontitis. On the other hand, the increase in HbA1c was negatively correlated with MMP-2 activity and 
quantity of TIMP-1 but was positively correlated with nitrite levels.

Conclusions:  T2DM with glycemic uncontrol conditions, distinct clinical alterations in periodontal tissue were identi‑
fied, including a decrease in the gingival redness, increased the clinical attachment loss and imbalance of MMP-2/
TIMP-1, as the possible causes of disorders promoting the progression of periodontitis. Accelerated periodontitis 
development with poor glycemic uncontrol likely results from the altered response of host defenses and decreased 
activity of polymorphonuclear cells. Taken together, these findings identify MMP-2 as a promising molecular market 
for periodontitis.
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Background
Periodontitis is a chronic infection-induced inflamma-
tory disease that causes tooth loss and is also considered 
a modifying factor of systemic health [1, 2]. Type 2 dia-
betes mellitus (T2DM) is a metabolic disorder charac-
terized by high levels of blood glucose resulting from 
altered insulin secretion or action [3]. Periodontitis and 
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T2DM are chronic, multifactorial and highly prevalent 
diseases [4, 5]. T2DM is considered a major risk factor 
for periodontitis [4]. The mechanisms that link T2DM 
and periodontitis involve immune response, inflam-
mation, neutrophil activity, and cytokine release [6]. 
Moreover, T2DM increases inflammation in periodon-
tal tissues, with high levels of inflammatory mediators 
such as interleukin-1β (IL-1β), tumor necrosis factor-α 
(TNFα), nitrites and increased matrix metalloproteinases 
(MMPs) activity [7, 8]. Furthermore, an increase in the 
levels of glucose in T2DM patients decreases the immune 
response of macrophages and reduces the production of 
collagen by fibroblasts, resulting in delayed tissue recov-
ery and changing the etiopathology of different diseases 
[4, 8].

MMPs are zinc-dependent endopeptidases that are 
responsible for tissue remodeling and degradation of the 
extracellular matrix (ECM) [9, 10]. MMPs are involved 
in crucial events in tissue remodeling both in physi-
ological processes such as reproduction and embryonic 
development, as well as in pathological conditions such 
as arthritis [11] and cardiovascular diseases [12]. MMPs 
regulate the activity of several non-ECM bioactive sub-
strates that affect different cellular functions [13]. These 
substrates are proinflammatory and anti-inflammatory 
cytokines, chemokines, growth factors, serpins, serum 
components, complement components, and cell signal-
ing molecules that modify immune responses [14]. The 
main MMPs present in the oral cavity are interstitial col-
lagenases (MMP-1 and MMP-8), stromelysins (MMP-3 
and MMP-10) and collagenases (MMP-2 and MMP-9). 
MMP-2, MMP-8 and MMP-9 are MMPs in saliva, with 
higher protease activity playing an important role in the 
degradation of periodontal tissues [9, 10].

MMP-2 cleaves type IV collagen and native type I col-
lagen, which are synthesized by fibroblasts, endothelial 
cells and osteoblasts and are abundant components of 
gingival connective tissue and alveolar bone [15]. The 
main sources of MMP-2 found in saliva are polymorpho-
nuclear leukocytes [16]. MMP-2 activity is regulated by 
tissue inhibitors of matrix metalloproteinases (TIMPs) 
[15], mainly TIMP-1, which is an endogenous inhibitor 
of MMP-2 that is produced by periodontal cells, mac-
rophages, and monocytes [17].

During periodontal tissue inflammation, overexpres-
sion of MMPs leads to an increase in MMP levels in bio-
logical fluids such as saliva and gingival crevicular fluid 
[18, 19]. Previous studies on this topic have found higher 
levels of MMP-2 in saliva from patients with periodon-
titis [20, 21]. Other studies showed contradictory infor-
mation, finding reduced levels of MMP-2 in patients 
with periodontitis [22, 23]. Moreover, clinical correla-
tion studies suggest that high circulating MMP-2 levels 

may correlate with the severity of periodontitis in T2DM 
[24]. Nevertheless, the relationship between uncontrolled 
glycemia and the gelatinolytic activity of MMP-2 in the 
saliva of T2DM patients with periodontitis is unknown 
[25–27]. The main purpose of this study was to describe 
and compare the levels of salivary MMP-2 activity in 
uncontrolled glycemic T2DM patients.

Materials and methods
Study population
Patients with Type 2 diabetes mellitus attending the Dia-
betes Clinic at “Hospital Dr. Donato G. Alarcón” in Aca-
pulco Guerrero, México, were enrolled in the study from 
October to December 2017. All participants provided 
written informed consent. T2DM patients were included 
in the study if the following criteria were met: absence 
of systemic disease other than T2DM that might influ-
ence the course of periodontal disease such as human 
immunodeficiency virus/acquired immunodeficiency 
syndrome (HIV/AIDS) or autoimmune diseases; no anti-
biotic therapy or antioxidant drugs at least 3  months 
prior to the sampling; no history of tobacco smoking or 
alcoholism; no prior periodontal therapy; and having at 
least 20 natural teeth (excluding third molars). Pregnant 
or lactating woman were excluded from the study. This 
observational cross-sectional study was approved by the 
Ethics Committee of Guerrero’s Secretariat of Health 
(Research Committee of the Guerrero State Health Ser-
vices, Number 03301117).

Saliva sample collection
Saliva samples of the patients included in this study met 
the following criteria: no eating, drinking or teeth brush-
ing in the morning before sample collection and prior to 
clinical examination. Whole saliva samples (WSS) were 
collected in sterile tubes by paraffin stimulation and after 
carefully rinsing their mouths with 10  mL of distilled 
water to eliminate exfoliated cells. Approximately 5 mL of 
WSS was immediately centrifuged (700×g for 15 min at 
4 °C) to remove cells without lysis. The supernatant was 
collected and centrifuged at 12,000×g for 10 min at 4 °C 
to remove all suspended insoluble debris. Samples from 
each participant were collected in one session between 9 
and 11 a.m. The samples were stored at − 80 °C without 
thawing until analysis to preserve the integrity of MMP 
activity.

Glycated hemoglobin percentage
After twelve hours of fasting, capillary blood samples 
were collected from patients to obtain HbA1c using the 
A1CNow + kit [28]. Patients were classified as having 
good (HbA1c ≤ 5.9%), regular (HBA1c 6.0–7.9%) or poor 
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control (HBA1c > 8%) based on the parameters of the 
American Diabetes Association [29].

Clinical monitoring
Clinical oral examinations were carried out by two cali-
brated dentists at the Unit of Clinical Innovation and 
Epidemiology of the State of Guerrero (UICyEEG), with 
a Kappa coefficient greater than or equal to 0.85. Clinical 
measurements were taken at six sites per tooth (mesio-
buccal, buccal, disto-buccal, disto-lingual, lingual, and 
mesio-lingual) for teeth present, excluding the third 
molars, (a maximum of 168 sites per person) following 
the method described by Haffajee [30].

Clinical assessment included plaque accumulation (0/1; 
undetected/detected), overt gingivitis (0/1), bleeding on 
probing (0/1), suppuration (0/1), probing pocket depth 
and probing attachment level. Pocket depth and attach-
ment level measurements were taken twice by the same 
examiner at each visit, and the average of the two meas-
urements was recorded to the nearest millimeter using a 
North Carolina periodontal probe (Hu-Friedy, Chicago, 
IL). All measurements for a given subject were per-
formed by the same examiner at each visit. The clinical 
characteristics of the 97 patients are presented in Table 1.

Periodontitis classification
Patients were grouped based on their periodontal health 
status into three groups according to the parameters of 
the American Academy Periodontology (AAP): mild 
(> 3 and < 5 mm probing depths and 1 to 2 mm of clini-
cal attachment loss), moderate (> 5 and < 7  mm probing 
depths and 3 to 4  mm of clinical attachment loss) and 
severe (> 7 probing depths and > 5 mm of clinical attach-
ment loss). Periodontally healthy individuals had fewer 
than three sites with a 3  mm attachment level and no 
sites with a 5 mm attachment level.

Zymography
MMP-2 activity in WSS was assayed by gelatin zymog-
raphy as previously described [31–33]. The gelatinolytic 
activity was detected as clear bands with a dark back-
ground corresponding to nondegraded gelatin. Superna-
tants from cultured MCF7 cells were used as a positive 
control. The lysis bands were quantified using the soft-
ware Fiji (National Institute of Health, Bethesda, MD, 
USA). Resulting values were used as relative arbitrary 
units for MMP activity.

Western blot analysis
Ten micrograms of whole protein extracts were separated 
by 10% SDS-PAGE, transferred to PVDF membranes and 
then incubated with anti-TIMP-1 (1:1000; sc-365905, 
Santa Cruz) primary antibody. Subsequently, anti-mouse 
secondary antibody (1:500; sc-2005, Santa Cruz) was 
added for 30  min in a humidified chamber in the dark 
at room temperature. The membranes were developed 
using an enhanced chemiluminescence detection system 
from Bio-Rad (Hercules, CA, USA). All experiments were 
performed in triplicate and were analyzed with ImageJ 
(National Institutes of Health) [34]. Band intensities were 
quantified using the software Fiji (National Institute of 
Health, Bethesda, MD, USA). Resulting values were used 
as relative arbitrary units for TIMP-1.

Measurement of nitric oxide production
The release of nitrite, a stable product of NO in aqueous 
medium, was measured using the Griess method. Briefly, 
100  μL of 1% sulfanilamide in 5% phosphoric acid was 
added to 100 μL of WWS. After 10 min of incubation at 
23  °C, the absorbance at 550  nm was determined. The 
micromolar concentration of nitrite was calculated using 
a standard curve composed of sodium nitrite as a refer-
ence compound [35].

Polymorphonuclear cell counts in peripheral blood 
samples
Peripheral blood samples were collected from each 
patient. Blood smears were prepared and stained by 
Wright-Giemsa (Beijing Midwest Technology Co, Ltd.) 
for 10  min. The counts were analyzed according to a 
laboratory procedure using a microscope. The first 100 
white cells were counted and classified as mononuclear 
and polymorphonuclear cells [36].

Statistical analysis
Differences in MMP-2 activity, TIMP-1 and the release 
of nitrite were performed by determining the integrated 
optical density of each sample between patient groups. A 

Table 1  Clinical characteristics and  parameters 
of the subject group (N = 97)

Age, missing teeth, are show as mean ± SD and range

Periodontal status are show as percentage of total

Range

Age (years) 58.97 ± 10.7 35–79

Gender (female/male) 72/25

Missing teeth 5.21 ± 2.7 0–8

Periodontal health

 Healthy 31 (32%)

 Mild periodontitis 18 (19%)

 Moderate periodontitis 15 (15%)

 Severe periodontitis 33 (34%)
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Kruskal–Wallis one-way ANOVA with Mann–Whitney 
U test was performed. Values of p < 0.05 were considered 
statistically significant.

HbA1c, polymorphonuclear cell counts, plaque, gingi-
val redness, bleeding on probing, suppuration, probing 
pocket depth and clinical attachment loss were assessed 
by repeated-measures analysis of variance (ANOVA) fol-
lowed by Bonferroni test (Prism 5, GraphPad software 
Inc., San Diego, USA) Values of p < 0.05 were consid-
ered as statically significant. Data are presented as the 
mean ± standard deviation of the mean (SD).

Results
Clinical parameters
Ninety-seven T2DM patients were included in the study, 
72 female and 25 male, and their mean age was 58.97 
(± 10.7 SD). Out of the 97 patients, 66 (68.04%) had peri-
odontitis, and 31 (32%) did not. In those with periodon-
titis, 18 (19%) were mild, 15 (15%) were moderate, and 33 
(34%) were severe (Table 1). Patients were grouped based 
on their periodontal status (periodontally healthy, mild 
periodontitis, moderate periodontitis and severe peri-
odontitis) based on the AAP classification. A significant 
increase in gingival redness (p < 0.016), pocket probing 
depth (p < 0.02), and clinical attachment loss (p < 0.01) 
was observed in patients with severe periodontitis 

compared to those of periodontally healthy individuals 
(Table  2). When grouped according to their glycated 
hemoglobin percentage (good control ≤ 5.9%, regular 
control 6.0–7.9% and poor control > 8% of HbA1c), we 
observed a significant decrease in gingival redness and an 
increase in clinical attachment loss in patients with poor 
glycemic control compared to those with good glycemic 
control (p < 0.01) (Table 3).

Gelatinolytic activity of MMP‑2 and TIMP‑1 in WSS
MMP-2 gelatinolytic activity and TIMP-1 protein in 
WSS were determined as described in “Materials and 
methods”. A representative zymography gel shows the 
gelatinase activity of WSS from periodontally healthy 
individuals, and patients with mild, moderate or severe 
periodontitis had increased activity of MMP-2 that cor-
responded with the severity of periodontal disease 
(Fig. 1). After the zymography assay, the bands relative to 
the gelatinases were detected; more specifically, bands at 
the molecular weights 89 kDa and 72 kDa corresponded 
to pro-MMP-2 and MMP-2, respectively. A significant 
increase in gelatinolytic activity was found in patients 
with severe periodontitis compared to that of periodon-
tally healthy individuals (Fig. 2a, p < 0.05). TIMP-1 were 
significantly higher in patients with mild, moderate and 

Table 2  Clinical characteristics of periodontal status

Plaque, gingival redness, bleeding on probing, suppuration, pocket probing depth, clinical attachment loss are show as mean ± SD; all presented

* p values are based on repeated measures ANOVA

Healthy Mild P. Moderate P. Severe P. p-value
n = 31 n = 18 n = 15 n = 33

Plaque (%) 94.39 ± 19.85 87.74 ± 30.14 100 ± 0 90.43 ± 27.63 0.79

Gingival redness (%) 4.68 ± 18.81 5.68 ± 11.58 6.38 ± 11.47 14.68 ± 21.04 < 0.016*

Bleeding on probing (%) 17.72 ± 22.31 19.15 ± 19.17 27.05 ± 30.87 19.93 ± 24.95 0.72

Suppuration (%) 0 0 0.3 ± 1.011 0.43 ± 1.15 0.79

Pocket probing depth (mm) 1.47 ± 0.326 1.52 ± 0.57 1.95 ± 0.55 2.32 ± 0.72 < 0.02*

Clinical attachment loss (mm) 1.12 ± 0.656 1.7 ± 0.8 2.4 ± 0.66 3.4 ± 1.8 < 0.01*

Table 3  Clinical characteristics periodontal

Plaque, gingival redness, bleeding on probing, suppuration, pocket probing depth, clinical attachment loss are show as mean ± SD; all presented

* p values are based on repeated measures ANOVA

HbA1c ≤ 5.9% HbA1c 6—7.9% HbA1c > 8% p-value
n = 29 n = 32 n = 36

Plaque (%) 95.45 ± 21.32 89.69 ± 28.40 92.10 ± 24.36 0.69

Gingival redness (%) 20.45 ± 36.05 9.25 ± 22.72 3.16 ± 9.54 < 0.04*

Bleeding on probing (%) 16.19 ± 24.58 12.96 ± 20.65 18.16 ± 23 0.62

Suppuration (%) 0.19 ± 0.65 0.31 ± 1.04 0.049 ± 0.265 0.17

Pocket probing depth (mm) 1.58 ± 0.65 1.60 ± 0.67 1.54 ± 0.39 0.91

Clinical attachment loss (mm) 2.45 ± 1.03 2.47 ± 1.77 3.66 ± 2.41 < 0.02*
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severe periodontitis compared to those of periodontally 
healthy patients (Fig. 2b, p < 0.05).

Uncontrolled glycemia affects the gelatinolytic activity 
of MMP‑2 in WSS
Based on the percentage of glycosylated hemoglobin, 
patients were classified as having good (HbA1c ≤ 5.9%), 
regular (HBA1c 6.0–7.9%) or poor (HBA1c > 8%) glyce-
mic control. A significant increase in the levels of HbA1c 
in patients with moderate and severe periodontitis com-
pared with that of patients with periodontal health was 
found (Fig.  3a, p < 0.05). Moreover, polymorphonuclear 
cell counts were higher in patients with poor glycemic 
control compared with those of patients with good gly-
cemic control (Fig.  3b, p < 0.05). In contrast, patients 
with poor control of HbA1c levels showed a lower gelati-
nolytic MMP-2 activity compared with good control 
(Fig.  3c, p < 0.05). Moreover, patients with regular and 

poor control of HbA1c showed the lower quantity of 
TIMP-1 compared with good glycemic control (Fig.  3d, 
p < 0.05).

Uncontrolled glycemia increases the release of nitric oxide 
in WSS
The concentration of nitrite was evaluated in WSS from 
patients with T2DM who were grouped according to 
the percentage of glycosylated hemoglobin. The patients 
were classified as having a good (HbA1c ≤ 5.9%), regular 
(HBA1c 6.0–7.9%) or poor (HBA1c > 8%) glycemic con-
trol. A significant increase in nitrite concentration was 
found in patients with poor glycemic control compared 
to that of patients with good glycemic control (Fig.  4, 
p < 0.05).

Discussion
The current study compared and analyzed the peri-
odontal status, HbA1c levels, MMP-2 activity, TIMP-1 
and percentage of polymorphonuclear cells in T2DM 
patients. Clinical periodontal evaluation showed sig-
nificantly more sites with pocket probing depth, clinical 
attachment loss, and reduced activity of MMP-2, and 
these were correlated with the increased levels of glucose 
in T2DM. This study also suggests a sequence of events 
resulting from uncontrolled glycemic-dependent perio-
dontal abnormalities leading to microvascular complica-
tions in periodontal tissue due to an imbalance between 
MMP-2 and TIMP-1.

In the clinical periodontal evaluation in the present 
study, T2DM patients with poor glycemic control exhib-
ited significantly fewer sites with gingival redness and 
more sites with clinical attachment loss. Moreover, in 
previous studies, bleeding on probing and suppuration 

Fig. 1  Representative zymography image of gelatinolytic activity 
of MMP-2 in saliva; lane 1 (Periodontally Healthy), lane 2 (Mild 
Periodontitis), lane 3 (Moderate Periodontitis), lane 4 (Severe 
Periodontitis) and lane 5 (MCF7 cell line supernatant positive control)

Fig. 2  Gelatinolytic activity detected by zymography assay in WSS. a Increased MMP-2 gelatinolytic activity was found in Severe Periodontitis in 
comparison to that of Healthy individuals (*p < 0.05). b TIMP-1 were detected by Western blot assay in WSS, and a higher quantity was found in 
Severe Periodontitis compared to that of healthy individuals (*p < 0.05)



Page 6 of 8Arreguin‑Cano et al. Diabetol Metab Syndr          (2019) 11:113 

were indicators of periodontal disease risk and severity in 
T2DM [5, 37]. The damage to periodontal tissue due to 
uncontrolled glycemic is caused by thickening of the cap-
illary basement membrane, and the appearance of micro-
aneurysms are a morphological hallmark of diabetic 
microvascular complications [38]. These results suggest 
that poor glycemic control could develop changes mor-
phological in periodontal tissue which increases the pos-
sibility to trigger periodontitis in T2DM.

The increase levels of glucose in the blood and changes 
in inflammatory molecules cause alterations in the 
periodontal tissue [36], thereby modulating the activa-
tion of different kinases and proteases involved in the 
development of periodontitis [16]. Recent studies have 
demonstrated an association between MMP-2 and peri-
odontitis in patients without diabetes [9, 11, 12, 19, 39]. 
Nevertheless, the relationship between periodontitis and 
the gelatinolytic activity of MMP-2 in T2DM patients 
is contradictory [23, 24]. In the present study, MMP-2 
showed increased activity in severe periodontitis com-
pared to periodontally healthy, but in mild and moderate 

Fig. 3  Levels of HbA1c negatively correlate with the activity of MMP-2 and TIMP-1 in WSS. a There was a higher percentage of HbA1c in increased 
Severe Periodontitis in comparison to that of healthy individuals (*p < 0.05). b The total count of polymorphonuclear cells increased in patients 
with HbA1c > 8% compared with that of patients with good control < 5.9% (*p < 0.05). c Activity of proMMP2 and MMP-2 decreased in the WSS of 
patients with a higher percentage of HbA1c (> 8%) compared to that of patients with good glycemic control (< 5.9) *p < 0.05. d TIMP-1 in the WSS of 
patients with T2DM compared with that of patients with different percentages of HbA1c (*p < 0.05)

Fig. 4  Levels of nitrite in WSS correlate with HbA1c. Micromolar 
concentrations of nitrite were calculated from the standard curve 
constructed with sodium nitrite as a reference compound. The data 
are representative of three independent experiments; (*p < 0.05) 
significantly different between poor glycemic control (> 8% HbA1c) 
and good glycemic control (< 5.9% HbA1c)
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periodontitis did not differ significantly from the healthy 
group. Moreover, TIMP-1 values were elevated in these 
lower stages of periodontitis severity. These results sug-
gest that the process of inhibition of MMP-2 activity by 
TIMP-1 is working in mild and moderate periodontitis, 
being lost in severe periodontitis by other factors which 
could be the chronic glycemic uncontrol into develop-
ment the periodontitis in T2DM.

T2DM and periodontitis have recently been found to 
have a bidirectional relationship [8] in which the presence 
of periodontitis negatively affects glycemic control and 
the presence of diabetes increases the risk of developing 
periodontitis, including abnormalities that involve multi-
ple and synergistic adverse events on the severity of peri-
odontal disease such as advanced glycation end-products 
[40], polymorphonuclear dysfunctions [41], increased 
inflammation [42], oxidative stress [43] and loss of blood 
supply [44]. In the present study, the number of poly-
morphonuclear cells increased with poor glycemic con-
trol, contrary to the decrease in MMP-2 activity in poor 
control and TIMP-1 in patients with regular and poor 
control. These results suggest that poor control glycemic 
in T2DM patients generates increased levels of polymor-
phonuclear in the blood, but those cells lack the ability 
to defend against and the activity of MMP-2/TIMP-1, 
where TIMP-1 is more susceptible to a change in glyce-
mic control in periodontal tissue, developing an unbal-
ance in relating MMP-2/TIMP-1 to develop periodontitis 
[45, 46].

Oxidative stress is the basis of T2DM, chronic inflam-
mation and how it modifies the pathogenesis of different 
diseases are currently not well understood [47]. Sev-
eral studies have found that oxidative stress in T2DM 
increases salivary reactive oxygen species, lipid per-
oxidation, nitric oxide, and nitrites [48–50]. Our results 
showed an increasing concentration of nitrites in WSS 
from patients with poor glycemic control. These findings 
might be due to chronic stress caused by high glucose 
levels in the blood and could be a factor promoting the 
development of periodontitis.

Conclusions
In conclusion, in T2DM with glycemic  uncontrol con-
ditions, distinct clinical alterations in periodontal 
tissue were identified, including a decreased in the gin-
gival redness, increased the clinical attachment loss 
and imbalance of MMP-2/TIMP-1, as the possible 
cause of disorders promoting the progression of peri-
odontitis. Accelerated periodontitis development in 
T2DM with uncontrol glycemic likely results from the 
altered response of host defenses and decreased activ-
ity of polymorphonuclear cells. Therefore, these findings 

identify MMP-2 as a promising molecular marker for 
periodontitis.

Acknowledgements
The authors thank Dalina Rendon Alvarez and Ricarda Garcia de la Cruz for 
excellent medical support, also health Secretary Dr. Carlos de la Peña Pintos for 
the excellent head of the Secretariat of the health of Guerrero.

Informed consent
All participants provided written informed consent.

Authors’ contributions
JAAC, GLD, NNT and GGV conceived and designed the study; BAN and ATS 
performed data collection and preliminary analysis; ADM, EVA, EBR, NBG, and 
EVM performed statistical analysis; JAAC and GLD wrote the draft manuscript. 
All authors read and approved the final manuscript.

Funding
This research was supported by [SEP-CONACYT] under Grant [CB-2014-01-
239870] awarded to N. N.-T; and Dirección General de Asuntos del Personal 
Académico (DGAPA), Universidad Nacional Autónoma de México (UNAM) 
PAPITT-IN201816.

Availability of data and materials
All data generated and/or analyzed during this study is available from the cor‑
responding author upon reasonable request.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Guerrero’s Secretariat of 
Health (Research Committee of the Guerrero State Health Services, Number 
03301117).

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1 Unit of Clinical and Epidemiological Innovation of the State of Guerrero, Sec‑
retary of Health of the State of Guerrero, Av. Juan R. Escudero No. 158 Col. C.D. 
Renacimiento, 39715 Acapulco, Guerrero, Mexico. 2 Laboratory of Biochem‑
istry, School of Dentistry, National Autonomous University of Mexico, Mexico 
City, Mexico. 3 Laboratory of Cellular Biology of Cancer, School of Chemical 
Sciences‑Biological, University Autonomy of Guerrero, Chilpancingo, Guerrero, 
Mexico. 4 Intelligent Computing Laboratory, Computer Research Center, 
Polytechnic Institute in Computing, Mexico City, Mexico. 

Received: 29 July 2019   Accepted: 20 December 2019

References
	1.	 Holmer J, Eriksdotter M, Schultzberg M, et al. Association between peri‑

odontitis and risk of Alzheimer’s disease, mild cognitive impairment and 
subjective cognitive decline: a case-control study. J Clin Periodontol. 
2018;45(11):1287–98.

	2.	 Shearer DM, Thomson WM, Cameron CM, et al. Periodontitis and multiple 
markers of cardiometabolic risk in the fourth decade: a cohort study. 
Community Dent Oral Epidemiol. 2018;46(6):615–23.

	3.	 Sacerdote A, Dave P, Lokshin V, Bahtiyar G. Type 2 diabetes mellitus, 
insulin resistance, and vitamin D. Curr Diab Rep. 2019;19(10):101.

	4.	 Dhir S, Wangnoo S, Kumar V. Impact of glycemic levels in type 2 diabetes 
on periodontitis. Indian J Endocrinol Metab. 2018;22:672–7.

	5.	 Sanz M, Ceriello A, Buysschaert M, et al. Scientific evidence on the links 
between periodontal diseases and diabetes: consensus report and 
guidelines of the joint workshop on periodontal diseases and diabetes 



Page 8 of 8Arreguin‑Cano et al. Diabetol Metab Syndr          (2019) 11:113 

by the International diabetes Federation and the European Federation of 
Periodontology. Diabetes Res Clin Pract. 2018;137:231–41.

	6.	 Deshpande K, Jain A, Sharma RK, et al. Diabetes and periodontitis. J 
Indian Soc Periodontol. 2010;14:207–12.

	7.	 Mesia R, Gholami F, Huang H, et al. Systemic inflammatory responses in 
patients with type 2 diabetes with chronic periodontitis. Open Diabetes 
Res Care. 2016;8(4):1.

	8.	 Grover HS, Luthra S. Molecular mechanisms involved in the bidirectional 
relationship between diabetes mellitus and periodontal disease. J Indian 
Soc Periodontol. 2013;17:292–301.

	9.	 Sapna G, Gokul S, Bagri-Manjrekar K. Matrix metalloproteinases and peri‑
odontal diseases. Oral Dis. 2014;20:538–50.

	10.	 Verma RP, Hansch C. Matrix metalloproteinases (MMPs): chemical–bio‑
logical functions and (Q)SARs. Bioorg Med Chem. 2007;15:2223–68.

	11.	 Kobus A, Bagińska J, Łapińska-Antończuk J, et al. Levels of selected matrix 
metalloproteinases, their inhibitors in saliva, and oral status in juvenile idi‑
opathic arthritis patients vs. healthy controls. Biomed Res Int. 2019. https​
://doi.org/10.1155/2019/74203​45.

	12.	 Sorsa T, Tervahartiala T, Leppilahti J, et al. Collagenase-2 (MMP-8) as a 
point-of-care biomarker in periodontitis and cardiovascular diseases. 
Therapeutic response to non-antimicrobial properties of tetracyclines. 
Pharmacol Res. 2011;63:108–13.

	13.	 Collazos J, Asensi V, Martin G, et al. The effect of gender and genetic 
polymorphisms on matrix metalloprotease (MMP) and tissue inhibitor 
(TIMP) plasma levels in different infectious and non-infectious conditions. 
Clin Exp Immunol. 2015;18(2):213–9.

	14.	 Heikkinen AM, Kettunen K, Kovanen L, et al. Inflammatory mediator 
polymorphisms associate with initial periodontitis in adolescents. Clin 
Exp Dent Res. 2016;2:208–15.

	15.	 Bataiosu M, Taisescu CI, Pisoschi CG, et al. Effects of therapy with two 
combinations of antibiotics on the imbalance of MMP-2/TIMP-2 in 
chronic periodontitis. Rom J Morphol Embryol. 2015;56:77–83.

	16.	 Woessner JF Jr. Matrix metalloproteinases and their inhibitors in connec‑
tive tissue remodeling. FASEB J. 1991;5(8):2145–54.

	17.	 Costa Fernandes CJD, Zambuzzi WF. Fibroblast-secreted trophic factors 
contribute with ECM remodeling stimulus and upmodulate osteocyte 
gene markers in osteoblasts. Biochimie. 2019;168:92–9.

	18.	 Lira-Junior R, Öztürk VÖ, Emingil G, et al. Salivary and serum markers 
related to innate immunity in generalized aggressive periodontitis. J Peri‑
odontol. 2017;88(12):1339–47.

	19.	 Barreiros D, Nelson Filho P, Paula-Silva FWG, et al. MMP2 and MMP9 are 
associated with apical periodontitis progression and might be modu‑
lated by TLR2 and MyD88. Braz Dent J. 2018;29:43–7.

	20.	 Gonçalves PF, Huang H, McAninley S. Periodontal treatment reduces 
matrix metalloproteinase levels in localized aggressive periodontitis. J 
Periodontol. 2013;84:1801–8.

	21.	 Pozo P, Valenzuela MA, Melej C, et al. Longitudinal analysis of metallopro‑
teinases, tissue inhibitors of metalloproteinases and clinical parameters in 
gingival crevicular fluid from periodontitis-affected patients. J Periodontal 
Res. 2005;40:99–207.

	22.	 Rai B, Kharb S, Jain R, et al. Biomarkers of periodontitis in oral fluids. J Oral 
Sci. 2008;50:53–6.

	23.	 Maeso G, Bravo M, Bascones A. Levels of metalloproteinase-2 and -9 and 
tissue inhibitor of matrix metalloproteinase-1 in gingival crevicular fluid 
of patients with periodontitis, gingivitis, and healthy gingiva. Quintes‑
sence Int. 2007;38:247–52.

	24.	 Kocher T, König J, Borgnakke WS, et al. Periodontal complications of 
hyperglycemia/diabetes mellitus: epidemiologic complexity and clinical 
challenge. Periodontol 2000. 2000;2018(78):59–97.

	25.	 Geisinger ML, Morris AB, Kaur M, et al. Glycemic control among patients 
with physician-managed type 2 diabetes. Gen Dent. 2018;5:52–5.

	26.	 Esteves Lima RP, Cota LO, Silva TA, et al. Periodontitis and type 2 diabetes 
among women with previous gestational diabetes: epidemiologi‑
cal and immunological aspects in a follow-up of three years. Oral Sci. 
2017;25(2):130–9.

	27.	 Abreu BJ, de Brito Vieira WH. Metalloproteinase changes in diabetes. Adv 
Exp Med Biol. 2016;920:185–90.

	28.	 Knaebel J, Irvin BR, Xie CZ. Accuracy and clinical utility of a point-of-care 
HbA1c testing device. Postgrad Med. 2013;125:91–8.

	29.	 American Diabetes Association. Classification and diagnosis of diabetes 
Standards of Medical Care in Diabetes. 2017 (5). https​://doi.org/10.2337/
dc18-s002.

	30.	 Haffajee AD, Socransky SS, Lindhe J. Comparison of statistical methods 
of analysis of data from clinical periodontal trials. J Clin Periodontol. 
1983;10:247–56.

	31.	 Gerlach RF, Uzuelli JA, Souza-Tarla CD, et al. Effect of anticoagulants on 
the determination of plasma matrix metalloproteinase (MMP)-2 and 
MMP-9 activities. Anal Biochem. 2005;344:147–9.

	32.	 Souza-Tarla CD, Uzuelli JA, Machado AA, et al. Methodological logical 
issues affecting the determination of plasma matrix metalloproteinase 
(MMP)-2 and MMP-9 activities. Clin Biochem. 2005;38:410–4.

	33.	 Buduneli E, Mantyla P, Emingil G. Acute myocardial infarction is reflected 
in salivary matrix metalloproteinase-8 activation level. J Periodontol. 
2011;82:716–25.

	34.	 Navarro-Tito N, Soto-Guzman A, Castro-Sanchez L, et al. Oleic acid pro‑
motes migration on MDA-MB-231 breast cancer cells through an arachi‑
donic acid-dependent pathway. Int J Biochem Cell Biol. 2010;42:306–17.

	35.	 Gutiérrez-Venegas G, Ventura-Arroyo JA, Arreguín-Cano JA. Flavonoids 
inhibit iNOS production via mitogen activated proteins in lipoteichoic 
acid stimulated cardiomyoblasts. Int Immunopharmacol. 2014;21:320–7.

	36.	 Hu G, Guan R, Li L. Nucleated red blood cell count in maternal peripheral 
blood and hypertensive disorders in pregnant women. Clin Investig. 
2016;351:54–5.

	37.	 Cutler CW, Machen RL, Jotwani R. Heightened gingival inflammation and 
attachment loss in type 2 diabetics with hyperlipidemia. J Periodontol. 
1999;70:1313–21.

	38.	 Nitta H, Katagiri S, Nagasawa T, et al. The number of microvascular com‑
plications is associated with an increased risk for severity of periodontitis 
in type 2 diabetes patients: results of a multicenter hospital-based cross-
sectional study. J Diabetes Investig. 2017;8(5):677–86.

	39.	 López del Valle LM, Ocasio-López C, Steffen M. Comparison of levels of 
salivary cytokines in diabetic and nondiabetic Puerto Rican children: a 
case-control pilot study. Pediatr Dent. 2015;37(1):30–4.

	40.	 Takeda M, Ojima M, Yoshioka H, et al. Relationship of serum advanced 
glycation end products with deterioration of periodontitis in type 2 
diabetes patients. J Periodontol. 2006;77:15–20.

	41.	 Manouchehr-Pour M, Spagnuolo PJ, Rodman HM, et al. Comparison of 
neutrophil chemotactic response in diabetic patients with mild and 
severe periodontal disease. J Periodontol. 1981;52:410–5.

	42.	 Mealey BL, Rose LF. Diabetes mellitus and inflammatory periodontal 
diseases. Curr Opin Endocrinol Diabetes Obes. 2008;15:135–41.

	43.	 Monea A, Mezei T, Popsor S, et al. Oxidative stress: a link between diabe‑
tes mellitus and periodontal disease. Int J Endocrinol. 2014;2014:917631.

	44.	 Katagiri S, Nitta H, Nagasawa T, et al. Effect of glycemic control on peri‑
odontitis in type 2 diabetic patients with periodontal disease. J Diabetes 
Investig. 2013;4:320–5.

	45.	 Collin HL, Sorsa T, Meurman JH, et al. Salivary matrix metalloproteinase 
(MMP-8) levels and gelatinase (MMP-9) activities in patients with type 2 
diabetes mellitus. J Periodontal Res. 2000;35:259–65.

	46.	 Burrow JW, Koch JA, Chuang HH, et al. Nitric oxide donors selectively 
reduce the expression of matrix metalloproteinases-8 and -9 by human 
diabetic skin fibroblasts. J Surg Res. 2007;40:90–8.

	47.	 Bolesta D, Hościłowicz PD, Knaś M, et al. Diabetes mellitus-related 
oxidative stress and its parameters in saliva. Pol Merkur Lekarski. 
2013;209(35):300–4.

	48.	 Maritim AC, Sanders RA, Watkins JB. Diabetes, oxidative stress, and anti‑
oxidants. J Biochem Mol Toxicol. 2003;1(17):24–38.

	49.	 Park KP, Kim HD. Association between periodontitis and salivary nitric 
oxide metabolites among community elderly Koreans. J Periodontol. 
2013;6(84):776–84.

	50.	 Negrato CA, Tarzia O. Buccal alterations in diabetes mellitus. Diabetol 
Metab Syndr. 2010;15:2–3.

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

https://doi.org/10.1155/2019/7420345
https://doi.org/10.1155/2019/7420345
https://doi.org/10.2337/dc18-s002
https://doi.org/10.2337/dc18-s002

	MMP-2 salivary activity in type 2 diabetes mellitus patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study population
	Saliva sample collection
	Glycated hemoglobin percentage
	Clinical monitoring
	Periodontitis classification
	Zymography
	Western blot analysis
	Measurement of nitric oxide production
	Polymorphonuclear cell counts in peripheral blood samples
	Statistical analysis

	Results
	Clinical parameters
	Gelatinolytic activity of MMP-2 and TIMP-1 in WSS
	Uncontrolled glycemia affects the gelatinolytic activity of MMP-2 in WSS
	Uncontrolled glycemia increases the release of nitric oxide in WSS

	Discussion
	Conclusions
	Acknowledgements
	References




