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Effect of diabetes on collagen metabolism and hypoxia in human gingival tissue:
a stereological, histopathological, and immunohistochemical study
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Turkey; cHistology and Embryology, Faculty of Medicine, Gaziosmanpaşa University, Tokat, Turkey

ABSTRACT
Diabetes mellitus and periodontitis are chronic inflammatory diseases that disrupt soft tissue
metabolism. The diseases separately or together increase apoptosis in gingival fibroblast cells and
reduce cell renewal. We investigated the effects of diabetes and periodontitis on the composition
and structure of gingival connective tissue. We used gingival biopsies from 16 healthy individuals
(control group, C), 16 type 2 diabetic patients with chronic periodontitis (diabetes + periodontitis
group, D + P) and 16 healthy chronic periodontitis patients (periodontitis group, P). Biopsies were
obtained under local anesthesia. Clinical attachment level (CAL), gingival index (GI) and plaque
index (PI) were measured prior to gingival biopsies. Fibroblast cells were counted stereologically.
Inflammatory cells were counted histomorphometrically. Hypoxia-inducible factor (HIF)-1α, lysyl
hydroxylase (PLOD-2), neutrophil collagenase (MMP-8), and vascular endothelial growth factor
(VEGF) levels were evaluated immunohistochemically. CAL, GI and PI for the C group were lower
than for the other groups (p < 0.05). Fibroblast cell counts were lower for the D + P group than for
the other groups (p < 0.05). Diabetes increased inflammatory cell numbers in the D and D + P
groups compared to the C and P groups. MMP-8 levels were higher for the D + P group than for
the other groups. VEGF was elevated in both the P and D + P groups compared to the C group,
while HIF-1α and PLOD-2 levels were comparable. Diabetes increased tissue destruction and
inflammation, and decreased fibroblast cell numbers without affecting collagen crosslinking and
HIF-1α levels.
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Diabetes mellitus is a complex of metabolic disorders
characterized by altered carbohydrate and
lipid metabolism, increased blood glucose levels and
glucose intolerance (Karima et al. 2005; Mealey and
Ocampo 2007). Hyperglycemia caused by diabetes is
accompanied by numerous complications (Nassar
et al. 2007). The complications include end stage renal
disease, nephropathy, neuropathy and retinopathy; also
impaired wound healing and increased risk of infection
and periodontal diseases are common sequelae
(Shlossman et al. 1990; Loots et al. 1998; Nassar et al.
2007).

Gingival inflammation due to dental plaque is
increased in diabetic patients with poor glycemic
control, and the severity and prevalence
of periodontitis is increased (Tsai et al. 2002; Lal
et al. 2007; Nassar et al. 2007; Gupta et al. 2016;
Seethalakshmi et al. 2016; Pranckeviciene et al.
2017). Also, inflammation caused by periodontitis
affects diabetic control adversely (Xu et al. 2016).
The increased inflammation and production of pro-

inflammatory cytokines including IL-6, interleukin
(IL)-1β, matrix metalloproteinases (MMP) −2 and
−9, receptor activator of nuclear factor kappa-B
ligand (RANKL) and tumor necrosis factor (TNF)-α
are particularly important for development and pro-
gression of periodontitis (Engebretson et al. 2004;
Nishimura et al. 2007; Claudino et al. 2012).
Diabetes increases pro-inflammatory cytokines and
periodontopathogenic bacteria, which increases the
risk of periodontitis (Chiu et al. 2017; Miranda
et al. 2017). It has been suggested that diabetes
could cause periodontal disease even without altering
the microbial population in periodontal tissues
(Claudino et al. 2012).

Structural features of periodontal connective tissue
including collagen content, fibroblast density and mobility,
and mechanical strength are disrupted by diabetes
(Franzen and Roberg 1995; Loots et al. 1999; Breen et al.
2008). The disruptions are caused by decreased fibroblast
proliferation and increased fibroblast apoptosis (Al-Mashat
et al. 2006; Desta et al. 2010; Gobbo et al. 2012).
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Macro- and microvascular disorders in poorly con-
trolled diabetes can cause altered oxygen-dependent
interactions of polymorphonuclear leukocytes with
bacteria, which results in impairment of peripheral
circulation, relative hypoxia and eventual anaerobic
bacterial growth (Torrella et al. 2015). Hypoxia is an
adaptive response to oxygen depletion, which is coor-
dinated by hypoxia-inducible factor (HIF)-1α and
induces vascular endothelial growth factor (VEGF)
and nuclear factor kappa-B (NF-KB) expression
(Chen et al. 2016). HIF-1α participates in hypoxia-
driven biochemical events including angiogenesis, car-
cinogenesis, cell survival, erythropoiesis, glucose
metabolism, growth and metabolic adaption
(Matsuura et al. 2017). Periodontal inflammation also
increases HIF-1α and therefore NF-KB expression in
periodontal tissues (Gölz et al. 2015). Vasconcelos et al.
(2016) reported that HIF-1α and VEGF synthesis
increased during periodontitis compared to gingivitis
and healthy gingiva. HIF-1α also has been shown to
regulate collagen metabolism by inducing lysyl hydro-
xylase (procollagen-lysine, 2-oxoglutarate, 5-dioxygen-
ase, PLOD) expression and collagen crosslinking in a
hypoxic milieu (Eisinger-Mathason et al. 2013; Song
et al. 2017). In addition to hypoxia, diabetes disrupts
enzymatic crosslinking of collagen (Saito et al. 2006;
Saito and Marumo 2010) and PLOD, which catalyzes
the first step of collagen crosslinking and is crucial for
glucose homeostasis by adjusting adiponectin and insu-
lin metabolism. Diabetes causes defects in adiponectin
production and multimerization, which is affected
directly by lysyl and prolyl hydroxylation. Also, defec-
tive lysyl hydroxylation and glycosylation impairs adi-
ponectin production and multimerization (Zhang et al.
2015).

Both diabetes mellitus and chronic periodontitis
are chronic inflammatory diseases that disrupt soft
tissue metabolism in the gingiva. The diseases, sepa-
rately or together, increase apoptosis in gingival
fibroblast cells and reduce cell renewal.
Consequently, collagen production by fibroblasts
decreases, and the quality and quantity of connective
tissue decreases. Therefore, simultaneous evaluation
fibroblasts, collagenase activity and enzymatic col-
lagen crosslinking might help clarify diabetic compli-
cations in human gingiva. We investigated the effects
of diabetes and periodontitis on gingival connective
tissue composition and structure by counting fibro-
blasts and inflammatory cells, and by measuring lysyl
hydroxylase, VEGF, HIF-1α and MMP-8 levels in
diabetic and nondiabetic human gingiva.

Material and methods

Study design

Our study was conducted in the Department of
Periodontology, Faculty of Dentistry, Gaziosmanpasa
University between January 2015 and January 2017.
The study population consisted of 48 participants com-
prising the following groups: control, 16 systemically
and orally healthy individuals, seven males, nine
females, mean age = 36.62 ± 7.90 years; D + P group
comprising 16 type 2 diabetic patients with chronic
periodontitis, eight males, eight females, mean age
46.87 ± 11.98 years; and P group comprising 16 sys-
temically healthy chronic periodontitis patients, eight
males, eight females, mean age 47.25 ± 10.29 years.
Written informed consent was obtained from all indi-
viduals and the study protocol was approved by the
Medical Ethics Committee of Gaziosmanpasa
University. None of the participants had been smokers.
The diabetic status of all individuals was assessed by the
Department of Endocrinology, Faculty of Medicine,
Gaziosmanpasa University or by the Endocrinology
Department of the Tokat City State Hospital. HbA1c
levels for all participants were determined.

Chronic periodontitis was diagnosed based on the
clinical and radiographic criteria specified by the 1999
International World Workshop for Classification of
Periodontal Diseases and Conditions. Exclusion criteria
included: systemic disease, a condition other than dia-
betes, antibiotic therapy within the previous 3 months,
periodontal treatment within the previous 6 months,
and pregnancy or lactation. Patients diagnosed with
diabetes < 5 years previously also were excluded from
the study.

One week after the initial examination, we per-
formed full mouth clinical periodontal measure-
ments. Clinical attachment levels (CAL), gingival
index (GI) and plaque index (PI) were recorded for
six sites/tooth (mesial, middle and distal aspects of
both buccal and lingual/palatal surfaces). Periodontal
examination and diagnosis and all clinical measure-
ments were performed by the same examiner (H.B.
Y.). After the periodontal measurements, gingival
biopsies were obtained from areas without gingival
enlargement or caries. Biopsies were performed on
maxillary single root teeth that were to be extracted
for reasons unrelated to caries, severe periodontal
problems or during crown lengthening for prosthetic
purposes. Gingival biopsies were obtained under local
anesthesia from proximal gingival regions using a
scalpel and scissors.
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Tissue processing

Gingival biopsies were fixed in 4% buffered formalin, pH
7.2, for 48 h, washed, dehydrated through ascending
alcohols, cleared in xylene and embedded in paraffin at
60 °C. Serial sections were cut at 4 μm with a rotary
microtome (Leica RM2135, Wetzlar, Germany), then
stained with hematoxylin and eosin (Bancroft et al.
(1996) for stereological and histopathological analysis.
Tissue sections were analyzed using a light microscope
(Nikon Eclipse, E 600, Tokyo, Japan). Slides were coded
before analysis to avoid observer bias and a single exam-
iner (F.G.), who was unaware of the identity of the
samples, performed all histological evaluations.

Stereological estimation of fibroblast cell density

The numerical density of fibroblasts was determined in
light microscopy images using the physical disector
counting method, which enables counting of microscopic
particles in an unbiased manner in a virtual three-dimen-
sional volume created by two consecutive sections sepa-
rated by a certain distance (Sterio 1984; Partadiredja and
Bedi 2010). One section was selected as the reference
section (Figure 1-I), the other was the look-up section
(Figure 1-II). We counted cells that were visible in the
reference section, but not in the look-up section. To
achieve systematic random sampling for stereology, the
first section pair was chosen randomly (Arslan et al.
2016). Every 10th section of a set of consecutive sections
from each gingival sample was used as a disector pair.
Only the nucleus of a cell observed in the reference sec-
tion, but not in the look-up section, was counted as a
dissector particle (Figure 1) (Sterio 1984; Arslan et al.
2016). The mean of ten section pairs was used to deter-
mine cell number in each gingival tissue.

Because our results are in unit volume, they reflect
numerical density of fibroblasts. The numerical density

of the cells in the gingiva for each sample (Nv) was
computed using the formula:

Nv ¼
X

Q=VðdisectorÞ
where Q is the total number of cells sampled by the
dissector and V (disector) is the disector volume
(Ardalan et al. 2016).

Determination of numbers of inflammatory cells

All inflammatory cells, i.e., eosinophils, lymphocytes,
macrophages and neutrophils, were counted in an area of
11,000 µm2 in 10 gingival tissue sections from each animal.
Counting was from three points: mesial coronal, apical and
distal coronal regions in the periodontal ligament; the
mean of these three measurements was recorded. The
analysis was performed using a computer-assisted light
microscope (Nikon Eclıpse 200; Nikon) with an integrated
camera (Nikon Ds-Fi1; Nikon) and the microscopic views
were transferred to the monitor for analysis using the Nis
element program (Hasp ID:6648AA61; Nikon). The results
are expressed as values/unit area (Figure 4).

HIF-1α, MMP-8, PLOD-2 and VEGF
immunohistochemistry

After deparaffinization and hydration, 4 μm sections of
gingiva were mounted on slides and antigen retrieval was
performed using 10 mM sodium citrate, pH 6.0, buffer
maintained at a sub-boiling temperature for 5 min. The
sections were incubated for 15 min in 3% (v/v) aqueous
hydrogen peroxide to quench endogenous peroxidase
activity, then washed with phosphate buffered saline
(PBS) three times for 5 min each. After incubation with
normal rabbit serum for 30 min at room temperature,
sections were incubated with primary antibodies overnight
at 4 °C in a moist, dark environment. The antibodies and
conditions used were as follows: goat polyclonal anti-

Figure 1. Stereological determination of fibroblast numbers.

BIOTECHNIC & HISTOCHEMISTRY 3



MMP-8 antibody (Abcam, Cambridge, UK) diluted with
antibody diluent (ScyTek, West Logan, UT) 1:100, goat
anti-PLOD-2 antibody (Abcam) diluted 1:100, goat anti-
VEGF antibody (Abcam) diluted 1:100, goat anti-HIF anti-
body (Abcam) diluted 1:100 (ScyTek Laboratories, Inc.).
After washing three times with PBS for 5min each, sections
were incubated with biotinylated goat immunoglobulin G
for 30min, washed three timeswith PBS for 5min each and
treated with streptavidin-horseradish peroxidase conju-
gated reagent for 30 min in a dark humidified atmosphere.
After further washing three times with PBS for 5 min each,
samples were incubated with aminoethylcarbazole (AEC,
ScyTek Laboratories Inc.) chromogen to visualize immu-
noreactivity. Sections were counterstained with hematoxy-
lin and after washing weremounted under a coverslip in an
aqueousmount (Invitrogen, Carlsbad, CA). PBS was added
to the sections instead of a primary antibody as a negative
control; the other steps were identical (Figure 5, NC
column).

Immunohistochemical semiquantitative-score analysis

Five randomly selected areas were analyzed by light micro-
scopy using at 400 x to identify the immune reactive cells in
each section. Counting of the cells within was according to
their immunostaining intensity scores as follows: (-) no
staining; (+) detectable weak staining; (++) medium inten-
sity staining; and (+++) intense staining. The H-score is a
semiquantitative evaluation system that is calculated as the
sum of the proportion of cells in each staining intensity
category times the weighed intensity score as:

H� score¼
X

Pi Iþ lð Þ
where I is the staining intensity score and Pi is the
percentage of stained cells

During the counts, both the number of cells that
exhibited immunoreactivity and the intensities of
immunoreaction of these cells were considered
(Godbole et al. 2007).

Statistical analysis

Statistical analysis was performed using SPSS v.20.00 soft-
ware package (SPSS Inc., Chicago, IL). Data are means
± SD or percentages as appropriate. The one sample
Kolmogorov-Smirnov test was used to test normality.
Based on the one sample Kolmogorov-Smirnov test, the
numbers of fibroblasts, CAL values, HIF-1α, MMP-8 and
H-scores were evaluated using the Mann-Whitney U and
Kruskal Wallis tests. Numbers of inflammatory cells,
H-scores for PLOD and VEGF expressions, age and
HbA1c levels were evaluated using ANOVA followed by

Tukey test for pair-wise comparisons. GI and PI scores
were evaluated using the chi-square test. Values for
p ≤ 0.05 were considered statistically significant.

Results

We found no significant difference in age of members
among the study groups. CAL, GI and PI values for the
control group were lower than for the P and D + P
groups (p < 0.05). Mean CAL, GI and PI values for the
C, D + P and P groups are given in Table 1. HbA1c
levels of the C, D + P and P groups were 4.88 ± 0.32,
8.05 ± 0.65 and 4.73 ± 0.46 respectively (Table 1).

Numerical density of fibroblast cells

Fibroblast density in the gingival samples of the dia-
betic patients was significantly lower than those of the
periodontitis patients and healthy individuals (p < 0.05)
(Figures 2, 3). A representative photomicrograph of
fibroblast cells from each group is shown in Figure 3.

Numbers of inflammatory cells

The lowest number of inflammatory cells in gingival
tissues were found in group C, while the greatest num-
ber was found in the D + P group; the difference was
statistically significant (p < 0.05) (Figure 3).
Representative images of inflammatory cells for gingi-
val tissue in each group are shown in (Figure 4).

HIF-1α, MMP-8, PLOD-2, and VEGF
immunohistochemistry

The MMP-8 expression was lower for group C than for
the D + P and P groups. The P group exhibited lower
MMP-8 levels than the D + P group (p < 0.05) (Figure 5).
No statistically significant difference was found for lysyl
hydroxylase and HIF-1α expressions among the groups.
VEGF expression was stronger for the D + P and P groups
than for the C group (p < 0.05), while the D + P and P
groups were similar (Figure 5). The mean values of the
H-scores are presented in Table 2.

Table 1. Clinical attachment levels, gingival index, HbA1c levels
and plaque index.

C group D + P group P group

Clinical attachment levels
(mm)

2.00 ± 0.53 6.87 ± 0.64* 6.62 ± 0.74*

Gingival index 0.12 ± 0.35 2.62 ± 0.51* 2.50 ± 0.53*
HbA1c (%) 4.88 ± 0.32 8.05 ± 0.68* 4.73 ± 0.46†

Plaque index 0.37 ± 0.50 2.50 ± 0.53* 2.37 ± 0.51*

C, control; D, diabetes; P, periodontitis. *p < 0.05 vs. control group,
†p < 0.05 vs. D + P group.
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Discussion

We found that diabetes decreased the number of fibro-
blasts and increased inflammatory cell infiltration and
neutrophil collagenase activity in human gingiva with-
out affecting HIF-1α or lysyl hydroxylase expression.
Moreover, VEGF levels were increased in both the P
and D + P groups. Our findings are consistent with the
understanding that diabetes can play a role in period-
ontal inflammation.

Diabetes causes structural alterations including
ischemic injury, macro- and microvascular disorders,
and vascular dysfunction by disrupting angiogenesis
and endothelial function (Howangyin and Silvestre
2014). The biochemical profile of the affected tissues
also is changed by diabetes. Increased cytokine levels
and persistent inflammation have been found in the
gingiva in cases of diabetes (Engebretson et al. 2004;
Lalla et al. 2000; Liu et al. 2006; Naguib et al. 2004).
Franzen and Roberg (1995) reported that elastic fibers
and the cellular density of connective tissue were
affected by diabetes. Loots et al. (1999) also reported
that diabetes caused decreased numerical density,

decreased proliferation rate and abnormal morphology
of fibroblasts. Desta et al. (2010) reported that the
number of apoptotic fibroblasts and neutrophils
increased while the number of normal fibroblasts,
fibroblast density and connective tissue volume
decreased in diabetic gingival connective tissue. In
addition to decreased numbers of fibroblasts, increased
inflammatory cell number and decreased wound heal-
ing rate have been reported in diabetes (Breen et al.
2008). We found that both diabetes and periodontitis
decreased the numerical density of fibroblasts com-
pared to healthy individuals. In addition, the effect of
diabetes was greater than the effect of periodontitis on
the number of fibroblasts.

Connective tissue volume is regulated in part by
collagenase activity. Kumar et al. (2006) reported that
MMP-8 and MMP-9 levels were elevated with gingival
inflammation and periodontal tissue destruction in dia-
betic patients. Şurlin et al. (2014) reported that MMP-7,
−8, −9 and −13 expressions were elevated in the gingiva
of diabetic patients and Elburki et al. (2017) reported
that the inflammatory markers, IL-1β and IL-6, and

Figure 2. Fibroblast numbers in the study groups. *p < 0.05 vs.
control group, †p < 0.05 vs. diabetes and periodontitis group. C,
control group; D + P, diabetes and periodontitis group; P,
periodontitis group.

Figure 3. Representative examples of H & E stained gingiva. A) Control group. B) Diabetes and periodontitis group. C) Periodontitis
group. Black arrows indicate fibroblast cells and dotted red arrows indicate inflammatory cells. 1,000 x.

Figure 4. Inflammatory cell numbers in study groups; p < 0.05
vs. control group, †p < 0.05, vs. diabetes and periodontitis
group. C, control group; D + P, diabetes and periodontitis
group; P, periodontitis group.
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destructive enzymes, MMP-2, −8 and −9, increased
with diabetes. Consistent with earlier reports, we
found that MMP-8 levels in diabetic gingival samples
were increased compared to nondiabetic groups.
Numbers of inflammatory cells also were higher in
diabetic patients than normal individuals. Increased
MMP-8 levels are consistent with increased inflamma-
tory cell infiltration, which mainly consists of neutro-
phils. The larger number of neutrophils is plausible,
because MMP-8 is neutrophil collagenase that cleaves
the triple helical domain of interstitial collagens.
Although neutrophil collagenase activity was higher in
the diabetic group, we found no significant decrease in
collagen maturation as determined by PLOD-2
expression.

The pathogenic processes of both diabetes and
periodontitis require a series of events and biological
signal molecules, such as up-regulation of HIF-1α,
interleukins and other cytokines, and of VEGF
(Polverini 1995; Chung et al. 2010; Claudino et al.
2012; Wu et al. 2013; Zimna and Kurpisz 2015).

Peripheral angiopathy in diabetes alters polymorpho-
nuclear leukocyte function owing to oxygen defi-
ciency, which in turn leads to local hypoxia in
tissues (Torrella et al. 2015). VEGF is responsible
for vascular alterations in the diabetic gingiva
(Gyurkovics et al. 2016) and it is crucial for cell
survival in a hypoxic milieu (Howangyin and
Silvestre 2014). Shao et al. (2016) reported that
HIF-1α and VEGF levels were elevated in the serum
of type 2 diabetic patients and were related to dia-
betic complications. By contrast, Sunkari et al. (2015)
found that HIF-1α levels were decreased in diabetic
wounds in mice and that hyperbaric oxygen therapy
restored HIF-1α levels and improved wound healing.
Matsuura et al. (2017) reported that HIF-1α expres-
sions decreased while numbers of apoptotic cells
increased in diabetic atherosclerotic lesions in
rabbits.

Huang et al. (2011) reported that experimental
periodontitis with stress stimulation caused increased
HIF-1α expression in rats. Furthermore, periodontal

Table 2. Mean H-scores for HIF-1α, MMP-8, PLOD-2 and VEGF expression.
C group D + P group P group

HIF-1α 3.36 ± 7.01 9.95 ± 10.17 3.70 ± 2.90
MMP-8 19.93 ± 11.37 277.27 ± 210.33* 145.56 ± 21.58* †

PLOD-2 91.66 ± 48.23 108.77 ± 61.05 137.90 ± 60.22
VEGF 93.29 ± 51.07 218.13 ± 66.88* 219.72 ± 30.48*

C, control group; D + P, diabetes and periodontitis group; P, periodontitis group.
*p < 0.05 vs. control group, †p < 0.05 vs. D + P group.

Figure 5. Representative samples of MMP-8, PLOD-2 and VEGF stained gingiva. A) Control group. B) Diabetes and periodontitis
group. C) Periodontitis group.Dotted red arrows indicate inflammatory cells. 1,000 x.
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ligament cells exposed to hypoxia exhibited increased
transcription and expression of HIF-1α and VEGF
(Wu et al. 2013; Li et al. 2014). We found that
VEGF levels were similar in diabetes and periodonti-
tis patients, and higher than in healthy individuals.
On the other hand, HIF-1α and PLOD-2 expression
was similar among all groups. Our findings support
the involvement of VEGF in periodontitis and
diabetes.

We found that both diabetes and periodontitis
alter human gingival connective tissue composition,
but that the changes are more evident in diabetes.
More collagenase activity, greater inflammatory cell
infiltration, higher VEGF expression and fewer fibro-
blast cells were detected in the diabetic human gin-
giva. We found also that lysyl hydroxylase activity
and collagen maturation were unchanged in both
diabetes and periodontitis. HIF-1α expressions also
were similar among groups.

Our investigation had limitations. First, ours was a
histological study that did not explore biochemical
alterations and pro-inflammatory and/or anti-inflam-
matory cytokines in the gingiva. Second, we did not
include diabetic patients with healthy gingivae. Third,
we did not evaluate tissue inhibitors of MMPs. Further
investigation is required to determine possible effects of
diabetes and periodontitis on collagen maturation and
the relation between hypoxia and the periodontium.
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