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ABSTRACT
Summary: Present study suggests that diseased sites of periodontitis with stage 3 grade B and C had
decreased fibroblast cell density, hypoxia-inducible factor (HIF) and vascular endothelial growth factor
(VEGF) expressions while increased inflammatory cell counts compared to both healthy sites of the
periodontitis patients and healthy controls. Collagen maturation enzymes also decreased in the dis-
eased sites.
Objective: The present study aimed at determining markers of hypoxia and collagen crosslinking in
healthy and diseased gingiva from healthy individuals and periodontitis patients.
Methods: Group-1; healthy individuals, Group-2; healthy sites of periodontitis patients-stage 3 grade
B, (H-GradeB) Group-3; diseased sites of periodontitis patients-stage 3 grade B, (D-GradeB). Group-4;
healthy sites of periodontitis patients-stage 3 grade C, (H-GradeC). Group-5; diseased sites of periodon-
titis patients-stage 3 grade C, (D-GradeC). Plaque index (PI), gingival index (GI) and clinical attachment
levels (CALs) were recorded. Gingival biopsies were obtained. Fibroblast and inflammatory cells were
counted. HIF-1a, prolyl hydroxylase (PH), VEGF, lysyl oxidase (LOX) and lysyl hydroxylase (LH) levels
were determined via immunohistochemistry.
Results: Fibroblast cell counts were lower in D-GradeC and D-GradeB than other groups. C group had
highest fibroblast cell counts. Inflammatory cell counts were highest in the D-GradeC and lowest in C
group. HIF-1a levels were highest in C group and decreased in diseased sites. Lowest value was
observed in D-GradeC group. VEGF, PH, and LH levels were higher in the control group compared to
other groups. LOX levels were similar in the groups except for D-GradeC. LOX levels were similar in
the groups except for D-GradeC which is significantly lower than those of the control group and
healthy sites.
Conclusions: The results revealed that diseased sites of periodontitis patients had decreased fibroblast
cells, HIF and VEGF expressions while increased inflammatory cells. Collagen crosslinking tend to
decrease with disease regardless of stage and grade of disease.
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Introduction

Periodontitis is the irreversible destructive disease of the
periodontium which is triggered by dysbiotic oral microbiota.
Development and progress of the disease vary with accom-
panying systemic, genetic or environmental factors [1,2].
Once started, inflammation increases host-derived protei-
nases, and periodontal attachment loss with apical migration
of junctional epithelium and destruction of connective tissue
fibres and alveolar bone occur [2,3]. Clinical manifestation of
the periodontitis and symptoms differ with the age of
the patient and severity, distribution, and the location of the
periodontal lesions [3,4]. The most recent classification of the
periodontitis was established considering the severity, extent,
complexity, future risk and systemic effects of periodontitis
[3]. However, the future risk of periodontal lesion develop-
ment and existing periodontal status of unaffected sites in
periodontitis patients were not clarified.

Periodontal infection and inflammation are commonly
accompanied by other pathologic conditions such as hyp-
oxia, which is the general or local depletion of the oxygen
[5–7]. Hypoxia accelerates periodontal inflammation and
inflammation also causes hypoxic alterations [5,8]. In this
regard, gingival tissues exhibiting inflammation was
reported to be hypoxic while healthy gingiva had normal
oxygen levels [5]. A possible mechanism was suggested to
be the pro-inflammatory pathways including nuclear factor
KB (NF-KB), receptor activator of NF-KB (RANKL), interleukin
(IL)-1b production induced by Porphyromonas gingivalis [5,9].
Along with P. gingivalis, Fusobacterium nucleatum also con-
tributes to local oxygen depletion and mediate hypoxia-
induced inflammation in periodontium by up-regulating HIF,
inducible nitric oxide synthase (iNOS), tumour necrosis factor
(TNF)-a, and IL-1b [10]. In addition to stimulating a pro-
inflammatory response, hypoxia also alters cell behaviour
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with decreased proliferation, migration and differentiation in
the human periodontal ligament and gingival cells [7,11,12].

Hypoxic alterations in tissues occur through the transcrip-
tional regulator protein of hypoxia, hypoxia-inducible factor
(HIF)-1a and vascular endothelial growth factor (VEGF) and
overexpression of HIF-1a is associated with chronic inflam-
matory diseases such as diabetes, rheumatoid arthritis and
periodontitis [8,13,14]. HIF-1a undergoes posttranslational
modifications, hydroxylation, acetylation and phosphorylation
[15]. In normoxic conditions, prolyl hydroxylase (PH) cross-
links proline to HIF-1a and HIF is rapidly degraded by ubiqui-
tin ligase enzymes, however, in hypoxic conditions, PH
cannot transfer proline to HIF and degradation of HIF is pre-
vented allowing HIF to accumulate [13,15]. Therefore, detec-
tion of HIF-1a levels could be an indicator of increased
hypoxic state and inflammation in periodontium [10,16,17].
Accordingly, the HIF-1a and VEGF levels in periodontitis and
gingivitis were found to be elevated while healthy gingiva
had relatively low expressions of HIF-1a and VEGF [17].
Furthermore, Afacan et al. [8] showed increased HIF-1a, VEGF
and TNF-a levels as indicators of periodontitis with different
disease severity and extent.

Based on these reports, hypoxia can be considered as a
contributor or at least modifier for the periodontal disease
[5,7–11,16]. However, while the hypoxic alterations in the dis-
eased tissues have been studied, the tissue changes related
to severe and mild periodontal lesions and changes in the
unaffected sites in periodontitis patients are not yet to be
determined. Therefore, the present study hypothesized that
unaffected sites in periodontitis patients would exhibit
pathologic alterations even though there is no sign of clinical
inflammation. And the present study aimed to evaluate hyp-
oxia and related alterations in both diseased and healthy
sites of periodontitis patients with different severity, extent,
and distribution of periodontal lesions.

Materials and methods

The present study was designed as a cross-sectional clinical
study. The study protocol was approved by the Medical
Ethics Committee of Sivas Cumhuriyet University (#2016/12-
09), and the research was conducted at Tokat
Gaziosmanpaşa University Faculty of Dentistry Department of
Periodontology. Written informed consent was obtained
from all participants. All patients and healthy volunteers had
a detailed oral and radiographic examination.

Forty-five participants were enrolled in the study. The
study population consisted of 15 healthy individuals, 15
patients who were diagnosed as stage 3 grade B periodon-
titis and 15 patients diagnosed as stage 3 grade C
periodontitis.

Group-1; healthy individuals (mean age 36.37 ± 4.53, 11
women, 4 men).

Group-2; healthy sites of periodontitis patients-stage 3 grade
B, (H-GradeB) (mean age 40.37 ± 4.53, 10 women, 5 men).

Group-3; diseased sites of periodontitis patients-stage 3
grade B, (D-GradeB) (mean age 40.37 ± 4.53, 10 women,
5 men).

Group-4; healthy sites of periodontitis patients-stage 3 grade
C, (H-GradeC) (mean age 35.25 ± 1.83, 11 women, 4 men).

Group-5; diseased sites of periodontitis patients-stage 3
grade C, (D-GradeC) (mean age 35.25 ± 1.83, 11 women,
4 men).

All participants were systemically healthy individuals with
no tobacco use, drug use, pregnancy or lactation. Neither of
the individuals had previous antibiotic therapy nor previous
periodontal treatment within six months.

Periodontitis was diagnosed based on the criteria defined
by the 2017 International World Workshop for a Classification
of Periodontal Diseases and Conditions. The grade determin-
ation was based on longitudinal evaluation (evaluation of
the patients over 5 years), evaluation of %bone loss/age, and
the amount of plaque/tissue destruction [3]. Biopsy speci-
mens obtained from participants were collected by gingivec-
tomy or crown lengthening procedure in the routine
treatment protocol or before orthodontically indicated tooth
extraction. All biopsies were obtained from posterior maxil-
lary teeth (#4, #5, #6 and #7).

Periodontal clinical parameters

Full-mouth clinical periodontal measurements were recorded.
Full mouth clinical attachment level (CAL), plaque index (PI)
[18], gingival index (GI) [19] measurements at six sites per
tooth (mesial, middle and distal aspects of both buccal and
lingual/palatal surfaces) were performed. CAL levels were
measured via a Willams-type periodontal probe (Hu-Friedy
Co., Chicago, IL, USA). CAL was calculated as the distance in
millimeters from the cementoenamel junction to the bottom
of the periodontal pocket. One tooth for the affected site
and one tooth for the unaffected site were chosen in each
periodontitis patient. The site selection was based on clinical
measurements. The gingiva around teeth with probing depth
and attachment loss over 6mm were chosen for affected
sites and the sites exhibiting probing depth below 3mm
without attachment loss were considered as unaffected sites.

Collection of gingival samples

Gingival biopsies were collected by either gingivectomy/
crown lengthening procedures from patients with impaired
gingival topography or before tooth extraction indicated for
orthodontic treatment. All samples were taken from the max-
illary posterior region of the individuals. Collected samples
were stored in 10% neutral buffered formalin for 48 hours
and embedded in paraffin for histological analysis.

Histopathological evaluation

All samples went through histological tissue processing.
Firstly, dehydration was performed through ethanol series,
and then tissues were cleared with xylene and embedded in
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paraffin. A single examiner (F.G.) who was unaware of the
identity of the samples performed all histological evaluations.
About 5 mm continuous sections were obtained and hema-
toxylin and eosin (H&E) staining and immunohistochemistry
were performed. All sections were analysed using a light
microscope1. Fibroblast and inflammatory cells were counted
in the H&E stained slides.

Determination of fibroblasts and inflammatory cells

For the evaluation of inflammation, an area of 10.000 mm2

connective tissue neighbouring gingival epithelium was
marked, and the total inflammatory cells (neutrophil,
lymphocyte, eosinophil and macrophage cells) within the
frame were counted. The fibroblasts were also counted like-
wise. The measurements were performed from three differ-
ent points, and the mean of these three measurements was
recorded [20].

HIF-1a, VEGF, PH, LH and LOX immunohistochemistry

Three different slides for each parameter were randomly
selected from the sections obtained from every individual.
Immunohistochemistry was performed to indicate hypoxia-
related alterations (Hypoxia-inducible factor [HIF]-1a, PH, and
vascular endothelial growth factor [VEGF]) and collagen
crosslinking enzymes (lysyl oxidase [LOX] and lysyl hydroxy-
lase [LH]). For immunohistochemistry staining, slides were
deparaffinized and dehydrated through ethanol series. After
deparaffinization and dehydration of the sections, antigen
retrieval was performed using 10mM sodium citrate buffer
(pH 6.0) for two h at 70 �C. To suppress endogenous peroxid-
ase activity, slides were treated with 3% hydrogen peroxide.
Then sections were incubated with normal rabbit serum for
30min. After rabbit serum, samples were incubated with pri-
mary antibodies overnight. The antibodies and conditions
used were as follows: goat polyclonal anti-HIF-1a antibody2

(1:250), anti-VEGF antibody3 (1:250), anti-PH antibody4

(1:250), anti-LOX antibody5 (1:250) and anti-LH antibody6

(1:250). After phosphate buffer saline (PBS) wash three times
for 5min (3� 5), the sections were incubated with biotiny-
lated immunoglobulin G for 30min and again washed 3� 5
with PBS and reacted with a streptavidin-horseradish perox-
idase-conjugated reagent for 30min. Following 3� 5 PBS
wash, samples were incubated with AEC chromogen to visu-
alize the immunoreactivity. Sections were counterstained

with haematoxylin and analysed using light micros-
copy7 [16,20].

Immunohistochemical semi-quantitative H
SCORE analysis

Immunohistochemistry evaluation was performed from three
different areas in each section. Stained sections were exam-
ined under 400� magnification. All cells in the selected area
were marked as either ‘unstained,’ ‘slightly stained,’ ‘mild
stained’ or ‘dense stained’ and counted. The H Score formula
(
P

Pi(iþ l)) was used to convert staining density and the
number of stained/unstained cells to a numeric value. The
evaluation was blind and mean of three evaluations were
recorded. In this formula, i shows the staining intensity score
and Pi: indicates the percentage of the stained cells [16,20].

Statistical analysis

A power analysis based on a previous study was performed
before the study and 15 patients in each study group pro-
vided 85% power [20]. Data were presented as mean± SD or
percentage as appropriate. Results and statistical analysis
were performed with digital software8. One sample KS test
was used as a normality test. CAL values, fibroblast, and
inflammatory cell counts, HIF-1a, VEGF, PH, LOX and LH H
score values were evaluated with One-way ANOVA. PI and GI
scores were evaluated with the chi-square test. p< .05 were
considered statistically significant.

Results

The age and gender distribution among the healthy volun-
teers and periodontitis patients were similar (p> .05). PI val-
ues were lower in the healthy group compared to the other
groups (p< .05) and similar in the healthy sites and diseased
sites of the periodontitis patients (p> .05). GI values of the
D-GradeB group were lower than the control group (p< .05)
and the D-GradeC group had higher GI scores compared to
the other groups (p< .05). CAL of the healthy individuals and
healthy sites of the periodontitis patients were lower than
those of the affected sites of the periodontitis patients
(p< .05) (Table 1).

Table 1. Mean age, plaque index, gingival index, clinical attachment levels of the study groups.

Groups/
parameters (mean ± SD) Healthy controls

Healthy sites in stage 3
grade B periodontitis

(H-GradeB)

Affected sites in stage 3
grade B periodontitis

(D-GradeB)

Healthy sites in stage 3
grade C periodontitis

(H-GradeC)

Affected sites in stage 3
grade C periodontitis

(D-GradeC)

Plaque index 0.50 ± 0.25 0.55 ± 0.30 1.89± 0.70a 0.50 ± 0.20 1.92± 0.51a

Gingival index 0.50 ± 0.20 0.55 ± 0.40 1.80± 0.50a 0.50 ± 0.45 2.50± 0.53a,b,c,d

Clinical attachment loss 2.30 ± 0.32 2.55 ± 0.45 7.25± 0.70a,b 2.60± 0.35c 7.62± 0.91a,b,d

Age 36.37 ± 4.53 40.37 ± 4.53 40.37 ± 4.53 35.25 ± 3.88 35.25 ± 3.88
ap< .05 vs. control group.
bp< .05 vs. H-GradeB group.
cp< .05 vs. D-GradeB group.
dp< .05 vs. H-GradeC group.
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Fibroblast and inflammatory cell counts

Fibroblast cell counts were lower in D-GradeC and D-GradeB
groups than those of the other groups (p< .05). The healthy
group had the highest fibroblast cell counts compared to
the other groups (p< .05) and the fibroblast counts in the
healthy sites of the periodontitis patients were significantly
lower than those of the control group (p< .05). However, dis-
eased sites of the periodontitis groups had similar fibroblast
cell counts (p> .05) (Figures 1 and 2, Table 2).

Inflammatory cell counts were highest in the D-GradeC,
and lowest in the healthy group and the differences among
the groups were significant (p< .05). D-GradeC periodontitis
patients also had higher inflammatory cell counts compared
to the H-GradeC, D-GradeB and H-GradeB groups (p< .05).

Inflammatory cells increased both with the existence of peri-
odontitis and the affected sites (Figures 1 and 2, Table 2).

HIF-1a, VEGF, PH, LOX and LH
immunohistochemistry results

The immunohistochemistry results were presented in Table 2
and Figures 3 and 4. Hypoxia tends to decrease in the
affected sites of the periodontitis, and HIF-1a levels of D-
GradeC were significantly lower than those of the other
groups (p< .05). Also, VEGF expressions also exhibited a simi-
lar pattern, as higher in the healthy groups and lower in the
diseased groups. VEGF levels were the highest in the healthy
controls and the healthy group, and H-GradeB group had

Figure 1. Representative histological images of the study groups. (A) Healthy control group, (B) healthy sites of periodontitis patients-stage 3 grade B, (C) diseased
sites of periodontitis patients-stage 3 grade B, (D) healthy sites of periodontitis patients-stage 3 grade C, (E) diseased sites of periodontitis patients-stage 3 grade
C. Interrupted white arrows indicate inflammatory cells. Ct: connective tissue; Et: Epithelial tissue.

Figure 2. Graphic demonstration of fibroblast and inflammatory cell counts in the study groups. Healthy control group, H-GradeB: healthy sites of periodontitis
patients-stage 3 grade B, D-GradeB: diseased sites of periodontitis patients-stage 3 grade B, H-GradeC: healthy sites of periodontitis patients-stage 3 grade C, D-
GradeC: diseased sites of periodontitis patients-stage 3 grade C.

Table 2. Mean immunohistochemistry values of the HIF-1a, VEGF, PH, LOX and LH in the study groups.

Groups/
parameters (mean ± SD) Healthy controls

Healthy sites in stage 3
grade B periodontitis

(H-GradeB)

Affected sites in stage 3
grade B periodontitis

(D-GradeB)

Healthy sites in stage 3
grade C periodontitis

(H-GradeC)

Affected sites in stage 3
grade C periodontitis

(D-GradeC)

Fibroblast counts 45.00 ± 6.63 25.50± 3.89a 9.00± 7.67a,b 19.75± 7.86a,c 1.25± 1.75a,b,d
_Inflammatory cell counts 1.12 ± 1.35 18.00± 2.80a 82.75± 12.74a,b 43.00± 10.39a,b,c 160.50± 40.80a,b,c,d

HIF-1a 108.35 ± 2.07 106.97 ± 1.41 99.32± 1.87a,b 107.84± 0.75c 91.14± 1.46a,b,c,d

VEGF 122.73 ± 17.37 112.80± 2.18a 98.74± 3.73a,b 102.69± 1.54a 98.25± 4.09a,b

PH 25.14 ± 4.39 9.67± 1.89a 8.59± 7.13a 7.95± 4.10a 3.08± 4.25a,b

LH 22.38 ± 1.82 13.76± 1.39a 12.14± 2.79a 12.80± 2.36a 7.48± 2.13a,b

LOX 7.90 ± 2.15 7.85 ± 2.08 4.76 ± 1.99 7.89 ± 2.94 1.87± 1.58a,b,c,d

ap< .05 vs. control group.
bp< .05 vs. H-GradeB group.
cp< .05 vs. D-GradeB group.
dp< .05 vs. H-GradeC group.
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higher levels than those of the D-GradeB and D-GradeC
groups (p< .05). Likewise, PH expressions were also higher in
the healthy controls, and the values decreased with the
existence of periodontitis lesions (p< .05). The D-GradeC
group had lower PH levels compared to the healthy controls

and H-GradeB group (p< .05). Other comparisons were found
to be insignificant (p> .05).

Regarding LH, the differences among the groups were
similar to those of the PH expressions. The highest value was
in the healthy controls, and the levels decreased with both

Figure 3. Representative Immunohistochemistry images of the HIF-1a, VEGF and PH in the study groups. (A) Healthy control group, (C) diseased sites of periodon-
titis patients-stage 3 grade B, (E) diseased sites of periodontitis patients-stage 3 grade C. HIF-1a: hypoxia-inducible factor-1a, VEGF: vascular endothelial growth fac-
tor, PH: prolyl hydroxylase, Ct: connective tissue, Et: Epithelial tissue.

Figure 4. Representative Immunohistochemistry images of the LH and LOX evaluations in the study groups. (A) Healthy control group, (C) diseased sites of peri-
odontitis patients-stage 3 grade B, (E) diseased sites of periodontitis patients-stage 3 grade C. Straight black arrows indicate cells with immunostaining. LH: lysyl
hydroxylase; LOX: lysyl oxidase; Ct: connective tissue; Et: Epithelial tissue.
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grade B and Grade C diseases regardless of the site in the
GradeB periodontitis patients. However, the diseased site of
the Grade C periodontitis patients exhibited lower LH levels
compared to the healthy sites of the Grade B periodontitis
patients (p< .05). In terms of LOX levels, healthy controls,
and the healthy sites of the grade B and C periodontitis
patients had similar expressions, and the diseased site of the
Grade C periodontitis patients had slightly lower levels, but
the difference did not reach significance (p> .05).
Additionally, D-GradeC group had lower LOX levels com-
pared to the healthy controls and the healthy sites of the
grade B and C periodontitis patients (p< .05).

Discussion

The present study is a histological cross-sectional study
which evaluated the hypoxia and collagen crosslinking
enzymes in stage 3 grade B and C periodontitis patients and
healthy individuals. Both unaffected and affected sites of the
periodontitis patients were examined, and the results
revealed that fibroblast and inflammatory cell counts of the
unaffected sites were different than those of the healthy
controls were more evident in the unaffected sites of the
grade C patients. HIF-1a expressions were lower in the dis-
eased sites, and the decrease in the D-Grade C group was
more visible. VEGF, PH and LH expressions followed a similar
pattern as higher in the healthy samples and lower in the
diseased samples while LOX levels only decreased in D-
GradeC group.

Periodontitis can be considered as a site-specific disease;
however, it certainly has systemic effects such as an up-regu-
lated constant low-level inflammation and changes in the
cytokine and growth factor levels [21]. The higher the sever-
ity of the periodontitis lesion the higher the tissue destruc-
tion and inflammation [3] and decreased number and
function of gingival fibroblasts were also evident [22].
Apoptosis also contributes to the reduced fibroblast cell
counts in periodontal inflammation [23]. Therefore, the
lesions with severe inflammation and tissue destruction tend
to have lower fibroblast cell density and higher inflammatory
cell infiltration [22,24]. The fibroblast cell count results of the
present study revealed that healthy individuals had the high-
est cell counts while D-GradeC group had the lowest fibro-
blast cell, counts. As for D-GradeB group, the cell counts
were higher than those of the D-GradeC group and lower
than the healthy sites of the diseased groups. Inflammatory
cell counts exhibited an inverse pattern as the highest
inflammatory cell counts were observed in the D-GradeC
patients while the lowest cell counts were found in the
healthy controls. The fibroblast and inflammatory cell counts
were site-specific, and the gingival tissue samples of the
grade C periodontitis patients had increased inflammatory
cell counts compared to the equivalent grade B patients.
Another major factor affecting the composition of gingiva is
the aging process which alters certain matrix metalloprotei-
nases (MMPs) and growth factors [25,26]. The proliferation,
differentiation, and migration of the fibroblast cells were also
reported to decrease with age [27]. However, there was no

significant age difference among the groups, and the immu-
nohistochemistry results indicated no associations which
could be related to the age difference.

Hypoxia and its main regulator HIF-1a are involved in vari-
ous chronic inflammatory diseases and infections either as
the result or the cause of the pathology, and periodontitis is
one of the diseases which hypoxia has been recently shown
to participate in [7,10,13–15,17,28–31]. Hypoxia induces pro-
inflammatory cytokines such as IL-1b and cytokines, in
return, increase hypoxic state and accelerates existing inflam-
mation, as observed in rheumatoid arthritis and periodontitis
[7,12,30,31]. NF-KB and RANKL which are significant players
in the inflammation contribute to hypoxia-induced periodon-
tal inflammation and tissue destruction as well [9,12,32].
Even though hypoxia is strongly related to pathologic mech-
anisms, its main regulator, HIF-1a is still detectable in healthy
gingiva even there is no sign of visible inflammation, which
might indicate a persistent subclinical inflammation in
healthy periodontium [5,8,20,31,33]. Recently Afacan et al. [8]
demonstrated increased HIF-1a, VEGF and TNF-a levels in
gingival crevicular fluid and saliva of periodontitis patients
associated with the severity of the periodontal inflammation
and attachment loss. In contrast, in a previous study of ours,
there was no difference in HIF-1a expressions in gingival
samples of patients with either periodontitis or diabetes and
periodontitis [20]. However in the present study, in contrast
to Afacan et al. [8] diseased sites of the grade B and C peri-
odontitis patients (formerly chronic and aggressive periodon-
titis) had lower HIF-1a expressions compared to equivalent
healthy sites. Healthy sites of the periodontitis patients had
similar HIF-1a levels with healthy controls indicating that HIF
expressions were not site-specific unlike Afacan et al.’s [8]
report. However, evaluation of HIF-1a alone could be mis-
leading; therefore VEGF, the mediator of HIF-1a-related alter-
ations, and PH, an inhibitor of HIF-1a, levels were also
determined. VEGF and PH were both decreased in the D-
GradeB and D-GradeC groups, but the differences were not
site-specific instead decreased with the existence of peri-
odontitis lesions. The pathways and mediators play roles in
periodontal inflammation might result in these decreased
levels as the presence and activity of HIF-1a occurs through
NF-jB pathway which also regulates other mechanisms such
as apoptosis and inflammation [34]. Furthermore, PH is an
oxygen-dependent inhibitor of HIF-1a which is also affected
by iron levels [35], and there are several other oxygen-
dependent and independent factors which could either trig-
ger or inhibit HIF-1a [36].

A possible link between hypoxia and periodontal inflam-
mation occur through LPS, and Toll-like receptors which are
associated with dysbiotic microbiota and directly up-regulate
HIF-1a and HIF-1b leading an increase in HIF-mediated bio-
logical activities even in the normoxic conditions and sup-
pression of HIF-1a activity attenuates inflammation
[9,10,32,37,38]. HIF-1a activity and related hypoxic alterations
in the periodontium was regulated by PH which was
reported to be under control of the TGFb/Smad pathway
[39]. G€olz et al. [9] reported up-regulated IL-1b, NF-KB, and
MMP-1, -2, and -9 and cyclooxygenase (COX)-2 levels
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accompanying increased HIF-1a and VEGF expressions in
response to hypoxia. The severity of the tissue destruction
was suggested to be correlated with hypoxia [5,7,8,38]. Song
et al. [40] also demonstrated increased apoptosis and
autophagy of PDL cells along with elevated MMP-8 and IL-1b
levels. As for the present results, HIF-1a, VEGF and PH levels
were found to be lower in the affected sites of the periodon-
titis patients. Hypoxia is a multifaceted concept that may be
affected by many other factors and studies reported, and
studies do not provide much information on hypoxia, except
its contribution to periodontal disease
[7,9,13,15,28,30,32,33,40]. HIF-1a, its mediator and inhibitor
were all decreased in the presence of the disease. The lower
levels of HIF-1a observed might result from the microbiota
or inflammatory cytokines which were not evaluated in the
present study.

Hypoxia can alter the homeostasis and composition of the
connective tissue as reported in the previous studies
[5,31,33,37,38] and a possible mechanism of hypoxia to do
so was suggested to be the LOX enzyme [41]. Alterations in
LOX levels induced by hypoxia and HIF-1a were associated
with altered collagen crosslinking and fibrosis [42,43].
Covalent collagen crosslinking occurs via three enzymes, PH,
LH and LOX and along with PH and LOX, the activity of LH is
also affected by hypoxia indicating a direct modulation of
collagen maturation by hypoxia [39,42–46]. However, the
effect of hypoxia on these three enzymes are different as PH
inhibits HIF-1a and related biochemical events, while LOX is
down-regulated to cause fibrosis and LH is up-regulated to
increase metastases risk of cancers [39,42–44,46]. Collagen
crosslinking and hypoxia are relatively novel issues in peri-
odontal research; however, Watanabe et al. [39] reported
that PH2 elevation induced by TGF-b1 suppressed HIF-1a
transcription and hypoxic changes in PDL cells. In a previous
study of ours, LH2 and HIF-1a expressions in diabetic and
non-diabetic periodontitis patients and healthy individuals
were found to be similar [20]. In terms of LOX, though not
related to hypoxia, LOX levels were reported to increase with
inflammation [47,48]. All parameters evaluated in the present
study tend to decrease with inflammation. Healthy controls
exhibited higher expressions of PH and LH while the lowest
expression was observed in the D-GradeC group. The differ-
ences were not site-specific. As for LOX, D-GradeC group had
significantly lower expressions compared to the other
groups. Decreased values in the study might be considered
as a decrease in anabolic activity with periodontal inflamma-
tion in the collagen crosslinking.

Conclusions

Diseased sites of periodontitis patients with stage 3 Grade B
and C had decreased fibroblast cell density, HIF and VEGF
expressions while increased inflammatory cell counts.
Collagen crosslinking markers tend to decrease with disease
regardless of the stage and grade of the disease. Unaffected
sites in periodontitis patients were not as healthy as the con-
trol group and might be considered as at risk for further dis-
ease development. Findings of this study should be

interpreted by considering the current limitations of the
study. Firstly, the present study is a histological study which
evaluated markers of hypoxia and collagen crosslinking.
Examination of different signal molecules and pathways with
further biochemical analysis could provide a better explan-
ation of the mechanism involved in hypoxia and collagen
metabolism in gingival tissues.
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[8] Afacan B, €Ozt€urk V€O, Paşalı Ç, et al. Gingival crevicular fluid and
salivary HIF-1a, VEGF, and TNF-a levels in periodontal health and
disease. J Periodontol. 2018. DOI:10.1002/JPER.18-0412

[9] G€olz L, Memmert S, Rath-Deschner B, et al. Hypoxia and P. gingi-
valis synergistically induce HIF-1 and NF-jB activation in PDL cells
and periodontal diseases. Mediators Inflamm. 2015;2015:1.

[10] Mendes RT, Nguyen D, Stephens D, et al. Hypoxia-induced endo-
thelial cell responses–possible roles during periodontal disease.
Clin Exp Dent Res. 2018;4:241–248.

[11] Song Z, Li S, Dong J, et al. Enamel matrix proteins regulate hyp-
oxia-induced cellular biobehavior and osteogenic differentiation
in human periodontal ligament cells. Biotech Histochem. 2017;92:
606–618.

[12] Yu X-J, Xiao C-J, Du Y-M, et al. Effect of hypoxia on the expres-
sion of RANKL/OPG in human periodontal ligament cells in vitro.
Int J Clin Exp Pathol. 2015;8:12929.

[13] Gonzalez FJ, Xie C, Jiang C. The role of hypoxia-inducible factors
in metabolic diseases. Nat Rev Endocrinol. 2018;15:21–32.

606 M. M. TASKAN ET AL.

https://doi.org/10.1002/JPER.18-0412


[14] Ikeda E. Cellular response to tissue hypoxia and its involvement
in disease progression. Pathol Int. 2005;55:603–610.

[15] Lee J-W, Bae S-H, Jeong J-W, et al. Hypoxia-inducible factor (HIF-
1)alpha: its protein stability and biological functions. Exp Mol
Med. 2004;36:1

[16] Toker H, Balci Yuce H, Lektemur Alpan A, et al. Morphometric
and histopathological evaluation of the effect of grape seed
proanthocyanidin on alveolar bone loss in experimental diabetes
and periodontitis. J Periodont Res. 2018;53:478–486.

[17] Vasconcelos RC, Costa ALL, Freitas RA, et al. Immunoexpression
of HIF-1a and VEGF in periodontal disease and healthy gingival
tissues. Braz Dent J. 2016;27:117–122.

[18] Silness J, L€oe H. Periodontal disease in pregnancy II. Correlation
between oral hygiene and periodontal condition. Acta Odontol
Scand. 1964;22:121–135.

[19] L€oe H, Silness J. Periodontal disease in pregnancy I. Prevalence
and severity. Acta Odontol Scand. 1963;21:533–551.

[20] Balci Yuce H, Karatas €O, Tulu F, et al. Effect of diabetes on colla-
gen metabolism and hypoxia in human gingival tissue: a stereo-
logical, histopathological, and immunohistochemical study.
Biotechnic Histochem. 2019;94:65–73.

[21] Hasturk H, Kantarci A. Activation and resolution of periodontal
inflammation and its systemic impact. Periodontol 2000. 2015;69:
255–273.

[22] Cekici A, Kantarci A, Hasturk H, et al. Inflammatory and immune
pathways in the pathogenesis of periodontal disease. Periodontol
2000. 2014;64:57–80.

[23] Golberg A, Bei M, Sheridan RL, et al. Regeneration and control of
human fibroblast cell density by intermittently delivered pulsed
electric fields. Biotechnol Bioeng. 2013;110:1759–1768.

[24] Zhao X, Liu L, Li R, et al. Hypoxia-inducible factor 1-a (HIF-1a)
induces apoptosis of human uterosacral ligament fibroblasts
through the death receptor and mitochondrial pathways. Med Sci
Monit. 2018;24:8722.

[25] Domon H, Tabeta K, Nakajima T, et al. Age-related alterations in
gene expression of gingival fibroblasts stimulated with
Porphyromonas gingivalis. J Periodont Res. 2014;49:536–543.

[26] Kim S, Ahn SH, Lee J-S, et al. Differential matrix metalloprotease
(MMP) expression profiles found in aged gingiva. PloS One. 2016;
11:e0158777.

[27] C�aceres M, Oyarzun A, Smith P. Defective wound-healing in aging
gingival tissue. J Dent Res. 2014;93:691–697.

[28] Greijer A, Van der Wall E. The role of hypoxia inducible factor 1
(HIF-1) in hypoxia induced apoptosis. J Clin Pathol. 2004;57:
1009–1014.

[29] Ziello JE, Jovin IS, Huang Y. Hypoxia-inducible factor (HIF)-1 regu-
latory pathway and its potential for therapeutic intervention in
malignancy and ischemia. Yale J Biol Med. 2007;80:51.

[30] Thornton RD, Pamela L, Borghaei RC, et al. Interleukin 1 induces
hypoxia-inducible factor 1 in human gingival and synovial fibro-
blasts. Biochem J. 2000;350:307–312.

[31] Ng KT, Li JP, Ng KM, et al. Expression of hypoxia-inducible factor-
1a in human periodontal tissue . J Periodontol. 2011;82:136–141.

[32] Hirai K, Furusho H, Hirota K, et al. Activation of hypoxia-inducible
factor 1 attenuates periapical inflammation and bone loss. Int J
Oral Sci 2018;10:12.

[33] Ebersole JL, Novak MJ, Orraca L, et al. Hypoxia-inducible tran-
scription factors, HIF1A and HIF2A, increase in aging mucosal tis-
sues . Immunology 2018;154:452–464.

[34] Fratantonio D, Cimino F, Speciale A, et al. Need (more than) two
to Tango: multiple tools to adapt to changes in oxygen availabil-
ity. BioFactors 2018;44:207–218.

[35] Agis H, Watzek G, Gruber R. Prolyl hydroxylase inhibitors increase
the production of vascular endothelial growth factor by peri-
odontal fibroblasts. J Res. 2012;47:165–173.

[36] Koh MY, Spivak-Kroizman TR, Powis G. HIF-1 regulation: not so
easy come, easy go. Trends Biochem Sci. 2008;33:526–534.

[37] Li JP, Li FY, Xu A, et al. Lipopolysaccharide and hypoxia-induced
HIF-1 activation in human gingival fibroblasts. J Periodontol.
2012;83:816–824.

[38] Kim YS, Shin SI, Kang KL, et al. Nicotine and lipopolysaccharide
stimulate the production of MMPs and prostaglandin E2 by hyp-
oxia-inducible factor-1a up-regulation in human periodontal liga-
ment cells. J Res. 2012;47:719–728.

[39] Watanabe T, Yasue A, Tanaka E. Inhibition of transforming growth
factor b1/Smad3 signaling decreases hypoxia-inducible factor-1a
protein stability by inducing prolyl hydroxylase 2 expression in
human periodontal ligament cells. J Periodontol. 2013;84:
1346–1352.

[40] Song ZC, Zhou W, Shu R, et al. Hypoxia induces apoptosis and
autophagic cell death in human periodontal ligament cells
through HIF-1a pathway. Cell Prolif. 2012;45:239–248.

[41] Gong C, Gu R, Jin H, et al. Lysyl oxidase mediates hypoxia-
induced radioresistance in non-small cell lung cancer A549 cells.
Exp Biol Med (Maywood). 2016;241:387–395.

[42] L�opez B, Gonz�alez A, Hermida N, et al. Role of lysyl oxidase in
myocardial fibrosis: from basic science to clinical aspects. Am J
Physiol Heart Circ Physiol. 2010;299:H1–H9.

[43] Xia X-D, Lee J, Khan S, et al. Suppression of phosphatidylinositol
3-Kinase/Akt signaling attenuates hypoxia-induced pulmonary
hypertension through the downregulation of lysyl oxidase. DNA
Cell Biol. 2016;35:599–606.

[44] Okumura Y, Noda T, Eguchi H, et al. Hypoxia-induced PLOD2 is a
key regulator in epithelial-mesenchymal transition and chemore-
sistance in biliary tract cancer. Ann Surg Oncol. 2018;25:
3728–3737.

[45] Myllyharju J, Kivirikko KI. Collagens, modifying enzymes and their
mutations in humans, flies and worms. Trends Genet. 2004;20:
33–43.

[46] Wielockx B, Grinenko T, Mirtschink P, et al. Hypoxia pathway pro-
teins in normal and malignant hematopoiesis. Cells 2019;8:155.

[47] Trackman P, Graham RJ, Bittner HK, et al. Inflammation-associated
lysyl oxidase protein expression in vivo, and modulation by FGF-
2 plus IGF-1. Histochem Cell Biol. 1998;110:9–14.

[48] Milward M, Chapple I, Wright H, et al. Differential activation of
NF-jB and gene expression in oral epithelial cells by periodontal
pathogens. Clin Exp Immunol. 2007;148:307–324.

ACTA ODONTOLOGICA SCANDINAVICA 607


	Abstract
	Introduction
	Materials and methods
	Periodontal clinical parameters
	Collection of gingival samples
	Histopathological evaluation
	Determination of fibroblasts and inflammatory cells
	HIF-1α, VEGF, PH, LH and LOX immunohistochemistry
	Immunohistochemical semi-quantitative H SCORE analysis
	Statistical analysis

	Results
	Fibroblast and inflammatory cell counts
	HIF-1α, VEGF, PH, LOX and LH immunohistochemistry results

	Discussion
	Conclusions
	Notes
	Disclosure statement
	References


