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Abstract 

Background: Regulation of the plasminogen activation system (PAS) is a vital component in governing 

proteolytic events within the extracellular matrix (ECM). PAS is believed to play a substantial role in the 

destruction and healing of periodontal tissues. Thus, the current work aimed to study the 

histopathological effect of open flap debridement (OFD) on periodontitis, as well as its effect on tissue 

plasminogen activator (t-PA) and plasminogen activator inhibitor type-1 (PAI-1) gene levels in gingival 

tissues. Methods: A total of 30 subjects were enrolled in the present study. They were divided into two 

groups: Group I (control group) included 10 periodontally healthy volunteers and group II (periodontitis 

group) comprised 20 patients suffering from stage III grade B periodontitis. Gingival tissue samples 

were collected from all periodontitis patients, before and after OFD, and from healthy controls. 

Hematoxylin and eosin (H&E) stained slides were subsequently examined and gene expression levels of 

t-PA and PAI-1 were assessed in the gingiva through quantitative reverse transcription polymerase 

chain reaction (RT-PCR). Results: Gingival tissue samples from periodontitis patients showed dilated 

blood vessels, diffuse hemorrhage, areas of edema, and disorganized collagen fibers together with 

large amounts of inflammatory cells in between.  Following OFD, smaller sized blood vessels, a 

restored collagen fiber distribution, and an obvious decrease in the inflammatory infiltrate were noted. 

Gene expression levels of t-PA and PAI-1 were significantly higher in the periodontitis patients 

compared to the healthy controls. Although their levels showed a significant decrease following OFD in 

the periodontitis group, they were still significantly higher than the control group. Conclusion: OFD 

procedures resulted in down regulation of t-PA and PAI-1 expression levels in the gingiva of 

periodontitis patients, which could signify an important role of these proteins on periodontal disease 

progression.  

Keywords: Tissue plasminogen activator; plasminogen activator inhibitor type-1; gingival tissues; 

periodontitis; open flap debridement. 

Introduction 

Periodontitis is one of the periodontal diseases 

that has been recognized to have a complex 

pathogenesis. It was suggested to be a host 

response to a long-standing bacterial challenge 

leading to progression of this disease due to a 

combination of different factors. These factors 

encompass the existence of periodontopathic 

bacteria and increased levels of 
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proinflammatory cytokines, matrix 

metalloproteinases (MMPs), and prostaglandin 

E2 (PGE2).1-5 Periodontitis is also marked by low 

levels of anti-inflammatory cytokines including 

interleukin (IL)-10, transforming growth factor 

(TGF), and tissue inhibitors of MMPs (TIMPs).5-7 

Nevertheless, the exact molecular mechanisms of 

periodontal destruction are not well identified. 

Therefore, recent research has focused on 

systems that are implicated in connective tissue 

remodeling such as the plasminogen activating 

system (PAS).8 

PAS is a complex enzymatic cascade 

whereby each component activates or 

deactivates the end product of this cascade – 

plasmin. The mechanism by which plasminogen is 

converted to plasmin is initiated by two 

activators, the urokinase plasminogen activator 

(PA) and the tissue-type PA (t-PA). These two 

activators are constrained by PA inhibitor type 1 

(PAI-1) and type 2 (PAI-2).9 Plasmin acts as a 

proinflammatory agent by inducing neutrophil 

aggregation and platelet degranulation, as well 

as by synthesizing and secreting arachidonic 

acid derivatives. It also stimulates the release of 

proinflammatory cytokines including tumor 

necrosis factor (TNF), IL-1α, and IL-1β, which 

directly degrade the extracellular matrix (ECM) 

or contribute to its destruction via the activation 

of MMPs and blocking the effects of TIMPs.10,11 

Therefore, the damaging potential of PAS might 

be vital for the commencement and progression 

of periodontal disease.12 

At present, the conceptual basis for the 

treatment of periodontitis is the elimination or 

adequate suppression of putative pathogens in 

the subgingival microbiota. The main viable and 

dependable strategy for eradication of these 

microorganisms is the mechanical debridement of 

subgingival locations. Hence, the traditional 

therapies for periodontal disease were 

dependent upon scaling and root planing (SRP), 

or upon surgical approaches to achieve this 

goal. Periodontal surgical therapy, including 

open flap debridement (OFD), constitutes a key 

aspect of the treatment of severe periodontitis 

patients. The objectives of OFD are to provide 

access for root debridement, to achieve pocket 

reduction, and to regenerate the lost periodontal 

tissues.13 

Therefore, the objective of the current 

work was to study the effect of OFD surgical 

treatment on the progress of periodontitis. This 

effect was evaluated clinically and 

histopathologically through hematoxylin and 

eosin (H&E) staining. Moreover, quantitative 

reverse transcription polymerase chain reaction 

(qRT-PCR) was used to analyze the expression 

levels of t-PA and PAI-1 mRNAs in the gingival 

tissues in an attempt to investigate whether or 

not the expression of these proteins could be 

involved in the pathogenesis of periodontitis. In 

addition, we aimed to assess the effect that 

applied surgical treatment would have on their 

expression. 

Materials and Methods 

The current clinical trial was registered and 

identified as NCT03803176 at 

ClinicalTrials.gov, which is a resource provided 

by the U.S. National Library of Medicine. 

Written consents approved by the research 

ethics committee were obtained from all 

participating subjects following an explanation 

of the study including the treatment and follow-

up appointments needed. 

I. Study Population 

Thirty subjects in total were enrolled in this 

controlled before-and-after study and were 

divided into two main groups: 

Group I (control group): 10 periodontally 

healthy volunteers who served as control subjects 

(6 males and 4 females; age range: 30-45 

years, with a mean age of 41 years)  

Group II (periodontitis group): 20 patients 

suffering from stage III grade B periodontitis (12 

males and 8 females; age range: 35-50 years, 

with a mean age of 42 years) 

II. Inclusion Criteria 

All participating subjects were selected from the 

Outpatient Clinic at the Department of Oral 

Medicine and Periodontology of the Faculty of 

Dentistry, Cairo University, between February 

2018 and June 2018. They were free of 

systemic diseases according to the modified 

Cornell Medical Index.14 Patients with a probing 

depth (PD) ≥5 mm and a clinical attachment 

level (CAL) ≥5 mm were diagnosed with stage III 

grade B periodontitis, according to the 

classification scheme established at the “2017 

World Workshop on the Classification of 

Periodontal and Peri-Implant Diseases and 

Conditions.”15 The control group included 

systemically healthy subjects who attended the 

same clinic and were scheduled for a crown 

lengthening procedure. They presented with a 

clinically healthy gingiva demonstrating a PD 
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≤3 mm, and a CAL, plaque index (PI), and 

gingival index (GI) of zero. 

III. Exclusion Criteria 

Pregnant females, smokers, and individuals who 

received periodontal therapy within the six 

months prior to recruitment or who have taken 

medication or antibiotics within the three months 

prior to recruitment, were excluded from the 

present study. 

IV. Clinical Parameters 

A thorough clinical examination was completed 

for all periodontitis patients and healthy control 

subjects. Clinical periodontal parameters 

including PD, CAL, PI,16 and GI,17 were recorded 

for all participating subjects. These parameters 

were assessed by a single periodontist (S.H.) at 

six sites per tooth for all teeth: mesiobuccal, 

midbuccal, distobuccal, mesiolingual, midlingual 

and distolingual. Probing depth was measured 

from the free-gingival margin to the base of the 

periodontal pocket and CAL was measured from 

the cemento-enamel junction to the base of the 

periodontal pocket. Measurements were 

approximated to the nearest millimeter utilizing 

the Michigan O probe with Williams’ markings. 

V. Periodontal Therapy 

Following primary examination, all periodontitis 

patients were given comprehensive guidelines on 

self-accomplished plaque control methods 

including the use of a soft toothbrush and 

interdental cleansing devices. Full mouth 

supragingival and subgingival scaling and root 

planing were performed by two periodontists 

(S.H. and G.M). Under local anesthesia, 

subgingival debridement was performed using 

ultrasonic devicesa and universal periodontal 

curettes.b Removal of all subgingival deposits 

was the end point of mechanical debridement 

achieving a smooth surface. After 4 weeks, each 

patient was re-evaluated and individuals 

exhibiting a PD ≥5 mm and a CAL ≥5 mm were 

given appointments for an OFD conventional 

surgical procedure. 

Open flap debridement was carried out 

by two experienced periodontists (G.M. and 

S.H.). Following administration of local 

anesthesia, intrasulcular incisions were made and 

                                                           
a NSK Non-Optic Ultrasonic Scaler, Kanuma-shi, 
Japan 
b HuFriedy Universal Curette; HuFriedy, Chicago, 
USA 

conventional full thickness mucoperiosteal flaps 

were reflected to fully expose the defects.18 

Thorough debridement of the defects was then 

accomplished, and the flaps were repositioned 

and sutured to their original position to attain 

primary closure. No dressing was used. 

Postoperative instructions were clarified to 

patients which included 0.12% chlorhexidine 

gluconate oral rinsec twice daily as an adjunctive 

plaque control measure for two weeks. Three 

weeks following OFD, patients were instructed to 

use the roll technique to gently brush the 

operated area with a soft toothbrush. 

VI. Histopathological Examination of Gingival 

Specimens 

Ten healthy gingival tissue samples (2 mm x 2 

mm) were obtained from the marginal gingiva of 

control subjects during crown lengthening 

procedures, and 20 gingival biopsies (1 mm × 

1 mm) were collected from the marginal gingiva 

of periodontitis patients during the OFD 

procedure as baseline samples. Three months 

following OFD, another 20 biopsies were 

collected from the marginal gingiva of the 

defect. They were dissected away using the tip 

of a sharp curette without disturbing the healing 

phase.19 Thin (5 μ) paraffin sections of tissue 

specimens were stained with H&E and were 

studied under ordinary light microscope to 

monitor the histopathological changes within the 

epithelium and connective tissue throughout the 

study period. 

VII. Quantitative Analysis of mRNA 

Expression for t-PA & PAI-1 Genes in Gingival 

Tissues Through Quantitative Real Time 

Polymerase Chain Reaction (qRT-PCR) 

The relative expression of mRNA for t-PA & PAI-

1 genes was assessed using the SYBR® Green 

methodd via qRT-PCR.e Polymerase chain 

reaction primers were designed using the Gene 

Runner softwaref from RNA sequences taken 

from a gene bank (Table 1). The primer set had 

a calculated annealing temperature of 60°C. 

Quantitative RT-PCR was performed in duplicate 

in a 50-μl reaction volume consisting of a 2x 

SYBR® Green PCR Master Mix, 2 μl of the 

primers, and 0.5 μl of cDNA. Amplification 

                                                           
c Antiseptol, Kahira Pharmaceuticals Co., Cairo, 
Egypt 
d SYBR® Green PCR Master Mix, Applied 
Biosystems™, Foster City, CA 
e ABI Prism™ 7500 Sequence Detection System, 
Applied Biosystems™, Foster City, CA 
f Hasting Software, Inc., Hasting, NY 
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conditions were 2 minutes at 50°C, 10 minutes at 

95°C, 40 cycles of denaturation for 15 seconds, 

and annealing/extension at 60°C for 10 

minutes. The RT-PCR result was analyzed with the 

StepOne™ Applied Biosystems™ Software. 

Changes in the expression of each target gene 

were normalized relative to the mean critical 

threshold (CT) values of glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) 

housekeeping gene using the ΔΔCt method. The 

actual operation of these quantification methods 

was performed via qRT-PCR software. 

Table 1.  Primer sequence specific for each 

studied gene 

 

t-PA, tissue plasminogen activator; PAI-1, 

plasminogen activator inhibitor type-1; GAPDH, 

glyceraldehyde-3-phosphate dehydrogenase; F, 

forward; R, reverse; T, thymine; A, adenine; C, 

cytosine; and G, guanine. 

VIII. Sample Size Calculation 

The sample size was calculated using the 

G*Power software.20 The calculation was based 

on the mean expression levels of t-PA and PAI-1 

for both study groups. A total of 30 patients 

were divided into 2 groups: group I (control 

group) comprised 10 subjects and group II 

(periodontitis group) comprised 20 subjects, 

which were needed to achieve an 80% power 

test at a significant difference (p≤0.05). 

IX. Statistical Analysis 

 Data acquired from clinical periodontal 

assessment were statistically described as mean 

 standard deviation (SD). Within the 

periodontitis group, the paired t-test was used to 

compare changes in periodontal parameters 

before and after OFD.  Tissue plasminogen 

activator and PAI-1 gene expression levels 

obtained from qRT-PCR analysis were presented 

as median and range. Tissue plasminogen 

activator and PAI-1 gene expression within the 

study groups was compared using the Kruskal-

Wallis test with post hoc multiple two-group 

comparisons. P-values ≤0.05 were considered 

statistically significant. All statistical calculations 

were performed using the computer software 

IBM Statistical Package for the Social Sciences® 

(SPSS) (IBM Corp, Armonk, NY, USA, Release 22 

for Microsoft Windows). 

Results 

I. Clinical Parameters 

Data for clinical periodontal parameters of all 

participating subjects are shown in Table 2. The 

present data shows a statistically significant 

decrease in all clinical parameters in 

periodontitis patients following OFD (p≤0.05).  

 

Table 2.  Clinical periodontal parameters in the study groups (mean ± SD) 
 

Periodontal Parameters Group I (Control Group) Group II (Periodontitis Group) 

Before OFD After OFD 

PD (mm) 1.8 ± 0.32 5.2 ± 0.46 3.33 ± 0.6* 

CAL (mm) 0.7 ± 0.21 6.27 ± 0.61 4.94 ± 0.56* 

PI 0.3 ± 0.12 1.66 ± 0.32 0.63 ± 0.27* 

GI 0.2 ± 0.11 1.92 ± 0.39 0.892 ± 0.45* 

 

SD, standard deviation; PD, probing depth; CAL, clinical attachment level; PI, plaque index; GI, gingival 

index; and OFD, open flap debridement; *statistically significant difference after OFD (p≤0.05).

 

II. Histopathological Results 

Light microscopic examination of the gingivae of 

the control group revealed a normal keratinized 

stratified squamous epithelium separated from 

the underlying lamina propria by a heavily 

undulated basement membrane. The superficial 

lamina propria was loose, with small sized blood 

vessels, while the deeper portion was denser 

with thick collagen fibers arranged in a parallel 

manner and contained fibroblasts and scattered 

inflammatory cells in between (Figure 1). 

 

Gene Primer sequence: 5`- 3` 

t-PA 
F:  GGCCTTGTCTCCTTTCTATTCG 

R:  AGCGGCTGGATGGGTACAG 

PAI-1 
F:  GGCTGACTTCACGAGTCTTTCA 

R:  TTCACTTTCTGCAGCGCCT 

GAPDH 
F: ACAGTCCATGCCATCACTGCC 

R: GCCTGCTTCACCACCTTCTTG 



Perio J – Original Article                 3(1): 7-17   https://doi.org/10.26810/perioj.2019.a2 2019 
 

11 ©2019 The Authors                                                                                     www.perioj.com 
 

Figure 1.  Photomicrographs of the human gingiva of a control patient 
 

 
a. Keratinized stratified squamous epithelium with numerous long, narrow epithelial ridges (arrows) (H&E 

x100) 

b. Basal cell layer (B), prickle cell layer (P), and lamina propria (LP) displaying normal collagen 

distribution and small sized blood vessels (arrow heads) (H&E x400) 

c.  Granular cell layer (G) and keratin layer (K) containing a few nuclear remnants (arrows) (H&E x400) 

 

Examinations of the gingival specimens of 

the periodontitis patients revealed an obvious 

decrease in keratin thickness, together with the 

presence of cytoplasmic vacuolizations in some 

superficial cell layers. The epithelial ridges lost 

their normal configuration as they were broader 

and shorter than those in the control group, with 

discrete areas of loss in the basement membrane 

continuity. Regarding the underlying lamina 

propria, widely dilated blood vessels and 

diffuse hemorrhage were observed. The ECM 

was severely damaged displaying areas of 

edema, especially within the perivascular area. 

Collagen fibers were highly disorganized with 

large amounts of inflammatory cells throughout 

the lamina propria (Figure 2). Following OFD, 

gingival tissues obtained from surgically treated 

periodontitis patients showed an apparent 

increase in keratin thickness, fewer cytoplasmic 

vacuolizations within the surface epithelial cells, 

and the epithelial ridges were restored to their 

normal configuration to a great extent.  Beneath 

the covering epithelium, the lamina propria 

displayed small sized blood vessels and 

restored collagen fiber distribution with rare 

areas of dissociation. There was an obvious 

decrease in the inflammatory infiltrate 

compared to the presurgical state (Figure 3). 

 

Figure 2.  Photomicrographs of the human gingiva of a periodontitis patient before open flap 

debridement 

 
a. Broader and more flattened epithelial ridges (arrows) (H&E x100) 

b. Discrete areas of basement membrane discontinuity (arrows), widely dilated blood vessels (arrow 

heads), hemorrhage and extravasated red blood cells (stars), and lamina propria (LP) displaying a 

massive chronic inflammatory cell infiltrate  (H&E x200) 

c. Areas of collagen degeneration (stars) and clusters of numerous chronic inflammatory cells between 

collagen fibers (I) (H&E x200) 

d. Apparent decrease in keratin thickness (K) and a granular cell layer (G) showing numerous 

cytoplasmic vacuolizations within its cells (arrows) (H&E x400) 

LP 
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Figure 3.  Photomicrographs of the human gingiva of the treated group 

 

a. Greatly restored configuration of the epithelial ridges (arrows) (H&E x100) 

b. Lamina propria (LP) with mild chronic inflammatory cell infiltrate, rare dissociation of collagen fibers, 

and small sized blood vessels (arrow heads)  (H&E x200) 

c. Obvious increase in keratin thickness with nuclear remnants (K) and fewer cytoplasmic vacuolizations 

within the granular cell layer (G) (arrows) (H&E x400) 

 

III. Quantitative RT-PCR Results 

Quantitative RT-PCR results revealed a 

statistically significant difference between the 

two study groups, for both t-PA and PAI-1 

mRNAs expression (p-value ≤ 0.05). The 

expression of t-PA and PAI-1 mRNAs was 

significantly higher in group II (periodontitis 

group) (median=2.442 and 1.495 respectively) 

compared to group I (control group) 

(median=0.638 and 0.621 respectively). Within 

the periodontitis group, gene expression of both 

proteins was significantly lower after OFD 

(median=1.443 and 0.884 respectively) 

compared to before OFD (median=2.442 and 

1.495 respectively) but was significantly higher 

compared to the control group (Table 3). 

 

Table 3.  t-PA and PAI-1 gene expression within the study groups 

 Group I (Control Group) 
Group II (Periodontitis Group) 

Before OFD After OFD 

t-PA 

Median (Range) 
0.638 (0.632-0.651) 2.442* (2.314-2.521) 1.443*# (1.421-1.766) 

PAI-1 

Median (Range) 
0.621 (0.563-0.653) 1.495* (1.434-1.535) 0.884*# (0.815-0.952) 

 

*Statistically significant difference compared to the control group (p≤0.05); #statistically significant 

difference after OFD (p≤0.05). 

Discussion 

Periodontitis is a microbial and inflammatory 

disease that is mediated by the interaction 

between pathogens and the host immuno-

inflammatory responses. It is characterized by an 

intense inflammatory infiltrate, impaired host 

immune response and destruction of the 

connective tissue attachment. This tissue 

breakdown is thought to be the result of 

activation of host cells by inflammatory 

mediators.21 Due to its high prevalence and 

consequences in dentistry, periodontal disease 

has been implicated as a global public health 

problem.22 In fact, it is well recognized that the 

complex pathogenic mechanism of periodontitis 

involves both the presence of microbial plaque 

and the immune-inflammatory response of the 

host.23 This mechanism is characterized by the 

production of cytokines, free radicals, and 

enzymes in the periodontal tissues which leads to 

advanced gingival inflammation, periodontal 

ligament injury, alveolar bone resorption, and 

ultimately leads to tooth loss.24 Thus, the aim of 

the present study was to investigate the effect of 

OFD surgical treatment on the progress of 

periodontitis. This effect was evaluated clinically, 
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histopathologically through H&E staining, and by 

measuring t-PA and PAI-1 gene expression 

through qRT-PCR. 

In the present study, assessment of the 

clinical parameters (PD, CAL, PI, and GI) 

revealed a significant decrease following a 

surgical OFD procedure. These results support 

those formerly achieved by Hassan et al. who 

reported that performing OFD as a treatment 

modality for chronic periodontitis patients 

resulted in a 38.5% PD reduction, 16.7% CAL 

gain and a significant decrease in all clinical 

parameters compared to untreated chronic 

periodontitis patients.25 

Concerning the histopathological results 

in the present work, gingival tissues of 

periodontitis patients showed widely dilated 

blood vessels and diffuse hemorrhage in the 

lamina propria. The ECM was severely 

damaged displaying intense edema, and 

collagen fibers were highly disorganized. 

Additionally, large amounts of inflammatory 

cells were noted between the collagen fibers. 

Collagen is the major ECM component of the 

gingiva and its degradation is considered the 

main marker of periodontal disease 

progression.26 Heidari et al. suggested that 

decreased collagen fiber density might be 

related to disease severity. Several recent 

studies have demonstrated alterations in the 

ECM and collagen of gingival tissues of chronic 

periodontitis patients.27 For instance, Almeida et 

al. reported ECM disorganization, with altered 

collagen fiber distribution, and large amounts of 

inflammatory cells dispersed throughout the 

gingival tissues of chronic periodontitis patients, 

indicating a chronic inflammation.28 Golijanin et 

al. found a gradual loss of the gingival 

fibroblastic population which in turn, was related 

to a significant loss of collagen fibers in severe 

chronic periodontitis patients.29 

Regarding the vasodilatation and 

hemorrhage observed in the present study, this 

could be explained through the findings of Boşca 

et al. who induced experimental periodontitis in 

rats and monitored its progression.30 Their results 

demonstrated lysis of the gingival ECM and its 

replacement by inflammatory cells, edema, and 

diffuse hemorrhage. The authors clarified that 

gingival edema was the result of vasodilatation 

and enhanced vascular permeability, while 

hemorrhage was the consequence of capillary 

fragility.  Recently, Sheibak et al. found that the 

increased number and diameter of blood vessels 

is possibly beneficial to allow for the infiltration 

of immune agents from the plasma to the 

inflammatory sites, where they can control tissue 

damage.31 

The surgical approach to the treatment 

of periodontitis is a modality used in an attempt 

to increase the efficacy of root debridement, 

especially at sites with deep probing depths or 

furcation involvement; this provides better access 

for the removal of etiologic factors, reduces 

deep probing depths, and regenerates or 

reconstructs periodontal tissues.32 To achieve 

these goals, OFD was performed in the present 

study on patients with severe periodontitis and 

the results revealed an obvious improvement in 

the histological features of the gingival tissues 

represented by the absence of edema, the 

appearance of highly organized collagen fibers, 

the regression of inflammatory cell infiltration to 

a great extent, and the presence of small sized 

blood vessels. 

Plasmin as a final cascade product for 

PAS was first regarded as a key enzyme in 

removing fibrin clots and preventing 

pathological blood clot formation due to its high 

affinity to fibrin but, it may also play a dual role 

in infectious diseases as plasminogen is used by 

some bacteria to invade the host by degrading 

the ECM. On the other hand, plasmin may be 

important for host defense against infection.33 

Thus, the main point of interest of the present 

work was to investigate, through qRT-PCR, the 

gene expression of t-PA and PAI-1 mRNAs – two 

important elements of PAS – in the gingival 

tissues of periodontitis patients before and after 

being subjected to OFD procedures in order to 

explore their involvement in disease progression 

and tissue homeostasis. 

In the present investigation, qRT-PCR 

results revealed a highly significant increase in 

the expression levels of both t-PA and PAI-1 in 

the gingival tissues of periodontitis patients 

compared to those of healthy control samples. 

Tissue plasminogen activators and its inhibitors 

are the principal components of PAS in 

periodontal tissues. Plasmin, as a pro-

inflammatory mediator, could contribute to tissue 

destruction indirectly by converting latent MMPs 

into their active forms. In addition to the high 

proteolytic activity of MMPs, they can degrade 

non collagenous proteins of the ECM. Thus, it was 

hypothesized that increased t-PA levels in 

chronic periodontitis could contribute significantly 

to the connective tissue destruction associated 

with periodontitis, and consequently – together 

with other mediators – it plays an important role 



Perio J – Original Article                 3(1): 7-17   https://doi.org/10.26810/perioj.2019.a2 2019 
 

14 ©2019 The Authors                                                                                     www.perioj.com 
 

in the pathogenesis of periodontitis.34 

Plasminogen activator inhibitor type-1 inhibits t-

PA and has been identified to inhibit the activity 

of MMPs that are involved in tissue remodeling. 

However, it causes destruction of connective 

tissue during chronic inflammation.35 Thus, the 

presented results of higher levels of t-PA and its 

inhibitor in diseased periodontal tissues 

compared to healthy controls could be attributed 

to these postulations. 

The present results are consistent with 

previous studies on t-PA and PAI-1 in 

periodontally affected patients. Precisely, 

Kardesler et al. evaluated gingival crevicular 

fluid (GCF) levels of IL-1β, PGE2, t-PA, and PAI-

2, in a diabetic periodontitis group, a 

systemically healthy periodontitis group, and a 

systemically and periodontally healthy group. 

The authors demonstrated an increased t-PA 

concentration in both periodontitis patients and 

diabetic periodontitis patients compared to 

healthy controls.36 Moreover, Pamuk et al. 

demonstrated significantly higher t-PA levels in 

the GCF of chronic and aggressive periodontitis 

samples compared to controls.37 They also 

reported higher PAI-1 levels in gingival biopsies 

of patients with periodontal disease when 

compared to healthy individuals. These relatively 

high concentrations of those activators and 

inhibitors in GCF indicate that these proteins are 

produced locally in gingival tissues.34 The 

demonstrated higher gene expression levels of 

PAI-1 in the present investigation were in 

accordance with a former study where Akman et 

al. suggested that serum PAI-1 could be an 

important marker in periodontal disease where 

increased PAI-1 level was accompanied with 

increased inflammation.38 These findings could 

explain the present histological signs of tissue 

destruction in periodontitis tissue samples 

including lysis of the ECM and collagen 

destruction, edema, and intense inflammatory 

cell infiltrate. 

On the other hand, the present qRT-PCR 

results revealed a statistically significant 

decrease in the expression levels of both t-PA 

and PAI-1 in the gingival tissues of periodontitis 

patients following OFD surgical treatment. 

Consistent with the current findings, previous 

studies evaluating changes in t-PA in relation to 

periodontal treatment, including the study 

performed by Kurgan et al., reported that a 

significant reduction in t-PA levels was found in 

chronic periodontitis patients following 

mechanical nonsurgical periodontal therapy 

which was associated with reduced local 

inflammation.39 More recently, Pamuk et al. 

found a significantly reduced GCF t-PA and PAI-

1 levels following low-level laser therapy 

together with scaling and root planing in chronic 

periodontitis subjects.37 Again, these findings 

indicate a possible role that t-PA and PAI-1 may 

play in periodontal tissue destruction. 

In contrast to our findings, Tuter et al. 

demonstrated no significant reduction in GCF t-

PA levels following periodontal treatment.40 This 

may be attributed to the different treatment 

modality used where the authors performed non-

surgical periodontal treatment only, while in the 

current study, OFD was performed. 

Based on the present observations, the 

significant reduction in the expression of t-PA 

following an OFD procedure could reflect the 

decreased tissue inflammation achieved through 

this treatment modality as the strict control of t-

PA is important for maintaining the integrity of 

periodontal tissues. In addition, it could be 

suggested that PAI-1 controls t-PA and 

consequently tissue destruction in periodontal 

disease. This regulatory effect may, in turn, be 

supported by the decreased t-PA and PAI-1 

expression following surgical OFD procedures. 

Conclusively, the significantly higher t-PA 

and PAI-1 levels in the gingival tissues of 

periodontitis patients compared to periodontally 

healthy controls provide further evidence for the 

implication of these biomolecules in the 

pathophysiology of periodontal disease. 

Moreover, following surgical therapy, the overall 

expression profile of the studied genes was 

down regulated. This may implicate that PAS is 

largely involved in the deterioration of the 

periodontal status and that periodontal therapy 

resulted in a strong reduction of the bacterial 

component, hence regulating the inflammatory 

immune responses and hindering the progression 

of periodontal destruction. However, comparing 

the treated patients with the healthy controls, a 

significantly higher expression of the studied 

genes was found. This forces us to focus our 

attention on the possible presence of potential 

sites for disease activity. Thus, the surgically 

treated sites need further supportive periodontal 

therapy for proper maintenance in order to 

prevent tissue deterioration for a longer time. 

Interestingly, the results of the present 

study revealed a strong association between the 

evaluated clinical, histopathological, and protein 

expression parameters during the progression of 

periodontitis and following surgical intervention. 
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Within the limitations of the present study, we 

can conclude that OFD results in a 

downregulation of t-PA and PAI-1 expression in 

the gingival tissues of periodontitis patients, 

highlighting the crucial role of these two 

biomarkers in the pathophysiology of the 

disease. Hence, we recommend that further 

studies be performed to explore new modalities 

for treating periodontitis through the biologic 

inhibition of t-PA and PAI-1. 

Acknowledgments: 

The authors thank all laboratory workers that 

were involved in the practical work of this study. 

References 

1. Castillo DM, Sa´nchez-Beltra´n MC, 

Castellanos JE, et al. Detection of specific 

periodontal microorganisms from 

bacteraemia samples after periodontal 

therapy using molecular-based 

diagnostics. J Clin Periodontol. 2011; 

38:418–427. 

https://doi.org/10.1111/j.1600-

051X.2011.01717.x 

2. Dahan M, Nawrocki B,  Elkaïm R, et al. 

Expression of matrix metalloproteinases 

in healthy and diseased human gingiva. J 

Clin Periodontol. 2001 Feb; 28(2):128–

136. 

3. Van Dyke TE, Kornman KS. Inflammation 

and factors that may regulate 

inflammatory response. Review. J Clin 

Periodontol. 2008 Aug; 79(8 

Suppl):1503–07. 

https://doi.org/10.1902/jop.2008.080

239 

4. Kiecolt-Glaser JK, Preacher KJ, 

MacCallum RC, Atkinson C, Malarkey 

WB, Glaser R. Chronic stress and age-

related increases in the proinflammatory 

cytokine IL-6. Proc Natl Acad Sci USA. 

2003 Jul 22; 100(15):9090–95. 

https://doi.org/10.1073/pnas.1531903

100 

5. Liu GY, Lerner UH, Teng YT. Cytokine 

responses against periodontal infection: 

protective and destructive roles. 

Periodontol 2000. 2010 Feb; 52(1):163–

206. https://doi.org/10.1111/j.1600-

0757.2009.00321.x 

6. Larsson L, Thorbert-Mros S, Rymo L, 

Berglundh T. Interleukin-10 genotypes of 

the -1087 single nucleotide 

polymorphism influence sp1 expression in 

periodontitis lesions. J Periodontol. 2001; 

82(9):1376-82. 

https://doi.org/10.1902/jop.2011.100

623 

7. Charles K, Honibald EN, Reddy NR, 

Palani A, Ramamurthy RD, 

Sankaralingam T. Role of matrix 

metalloproteinases (MMPS) in 

periodontitis and its management. J 

Indian Acad Dent Spec Res. 2014; 

1(2):65-69. 

https://doi.org/10.4103/2229-

3019.148262 

8. Akcali A, Huck O, Tenenbaum H, 

Davideau JL, Buduneli N. Periodontal 

diseases and stress: a brief review. J 

Oral Rehabil. 2013; 40(1):60-68. 

https://doi.org/10.1111/j.1365-

2842.2012.02341.x 

9. Rakic JM, Maillard C, Jost M, et al. Role 

of plasminogen activator-plasmin system 

in tumor angiogenesis. Cell Mol Life Sci. 

2003 Mar; 60(3):463-73. 

10. Syrovets T., M. Jendrach, A. Rohwedder, 

A. Schüle, T. Simmet. Plasmin-induced 

expression of cytokines and tissue factor 

in human monocytes involves AP-1 and 

IKKβ-mediated NF-κB activation. Blood. 

2001; 97:3941–50. 

https://doi.org/10.1182/blood.V97.12.

3941 

11. Kucharewiczk I, Kowal K, Buczkow W, 

Bodzenta-Lukaszyk A. The plasmin system 

in airway remodeling. Thromb Res. 2003; 

112(1-2):1-7. 

https://doi.org/10.1016/j.thromres.200

3.10.011 

12. Kamio N, Hashizume H, Nakao S, 

Matsushima K, Sugiya H. Plasmin is 

involved in inflammation via protease-

activated receptor-1activation in human 

dental pulp. Biochem Pharmacol. 2008 

May; 75(10):1974-80. 

https://doi.org/10.1016/j.bcp.2008.02.

018 

13. Paul GT, Hemalata M, Faizuddin M. 

Modified Widman flap and non-surgical 

therapy using chlorhexidine chip in the 

treatment of moderate to deep 

periodontal pockets: A comparative 

study. J Indian Soc Periodontol. 2010 

Oct; 14(4):252-6. 

https://doi.org/10.4103/0972-

124X.76932 

14. Abramson JH. The cornell medical index 

as an epidemiological tool. Am J Public 

Health Nations Health. 1966 Feb; 

56(2):287-98. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Elka%C3%AFm%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11168737


Perio J – Original Article                 3(1): 7-17   https://doi.org/10.26810/perioj.2019.a2 2019 
 

16 ©2019 The Authors                                                                                     www.perioj.com 
 

15. Tonetti, MS, Greenwell, H, Kornman, KS. 

Staging and grading of periodontitis: 

framework and proposal of a new 

classification and case definition. J 

Periodontol. 2018 Jun; 89 Suppl 

1:S159– S172. 

https://doi.org/10.1002/JPER.18-0006 

16. Silness J, Löe H. Periodontal disease in 

pregnancy. II. Correlation between oral 

hygiene and periodontal condition. Acta 

Odontol Scand. 1964 Feb; 22: 121-35. 

17. Löe H. The Gingival Index, the Plaque 

Index and the Retention Index Systems. J 

Periodontol. 1967 Nov-Dec; 

38(6):Suppl:610-6. 

18. Reddy S. Principles of periodontal 

surgery. In: Essentials of clinical 

periodontology and periodontics, ed. 

Plaque Control. 2nd ed. New Delhi: 

Jaypee. 2008: 291-315. 

19. Pritlove-Carson S, Palmer RM, Floyd PD, 

Morgan PM. Immunohistochemical 

analysis of tissues regenerated from 

within periodontal defects treated with 

expanded poly-tetrafluoroethylene 

membranes. J Periodontol. 1994 Feb; 

65(2):134-138. 

https://doi.org/10.1902/jop.1994.65.2.

134 

20. Faul F, Erdfelder E, Lang A, Buchner A. 

G*Power 3: A flexible statistical power 

analysis program for the social, 

behavioral, and biomedical sciences. 

Behavior Research Methods. 2007 May; 

39(2):175-191. 

https://doi.org/10.3758/BF03193146 

21. Tatakis DN, Kumar PS. Etiology and 

pathogenesis of periodontal diseases. 

Dent Clin North Am. 2005 Jul; 49(3): 

491-516, v. 

https://doi.org/10.1016/j.cden.2005.0

3.001 

22. Pihlstrom BL, Michalowicz BS, Johnson 

NW. Periodontal diseases. Lancet. 2005 

Nov; 366(9499):1809-20. 

https://doi.org/10.1016/S0140-

6736(05)67728-8 

23. Preshaw PM. Host response modulation in 

periodontics. Periodontol 2000. 2008; 

48: 92-110. 

https://doi.org/10.1111/j.1600-

0757.2008.00252.x 

24. Deo V, Bhongade ML. Pathogenesis of 

periodontitis: role of cytokines in host 

response. Dent Today. 2010 Sep; 

29(9):60-2, 64-66; quiz 68-9. 

25. Hassan SH, El-Refai MI, Ghallab NA, 

Kasem RF, Shaker OG. Effect of 

periodontal surgery on osteoprotegerin 

levels in gingival crevicular fluid, saliva, 

and gingival tissues of chronic 

periodontitis patients. Dis Markers. 2015; 

2015:341259. 

https://doi.org/10.1155/2015/34125

9 

26. Lorencini M, Silva JA, Almeida CA, Bruni-

Cardoso A, Carvalho HF, Stach-Machado 

DR. A new paradigm in the periodontal 

disease progression: gingival connective 

tissue remodeling with simultaneous 

collagen degradation and fibers 

thickening. Tissue Cell. 2009 Feb; 

41(1):43-50. 

https://doi.org/10.1016/j.tice.2008.07.

001 

27. Heidari Z, Mahmoudzadeh-Sagheb H, 

Hashemi M, Rigi-Ladiz MA. Quantitative 

analysis of interdental gingiva in patients 

with chronic periodontitis and 

transforming growth factor-β1 29C/T 

gene polymorphisms. J Periodontol. 2014 

Feb; 85(2):281-289. 

https://doi.org/10.1902/jop.2013.130

087 

28. Almeida T, Valverde T, Martins-Júnior P, 

Ribeiro H, Kitten G, Carvalhaes L. 

Morphological and quantitative study of 

collagen fibers in healthy and diseased 

human gingival tissues. Rom J Morphol 

Embryol. 2015; 56(1):33-40. 

29. Golijanin R, Kujundžić B, Milosavljević Z, 

et al. Morphometric analysis of collagen 

and inflammatory cells in periodontal 

disease. Vojnosanit Pregl. 2015; 

72(3):219-224. 

https://doi.org/10.2298/VSP1306270

76G 

30. Boşca AB, Miclăuş V, Ilea A, et al. Role of 

nitro-oxidative stress in the pathogenesis 

of experimental rat periodontitis. Clujul 

medical. 2016; 89(1):150-59. 

https://doi.org/10.15386/cjmed-529 

31. Sheibak N, Heidari Z, Mahmoud zadeh-

Sagheb H. Quantitative Parameter of 

Interdental Gingiva in Chronic 

Periodontitis Patients with IFN-γ Gene 

Polymorphism. Prague Medical Report. 

2017 Jan; 118(1):37-48. 

https://doi.org/ 

10.14712/23362936.2017.4 

32. Gojkov-Vukelic M, Hadzic S, Pasic E. 

Evaluation of Efficacy of Surgical 

Periodontal Therapy with the Use of 



Perio J – Original Article                 3(1): 7-17   https://doi.org/10.26810/perioj.2019.a2 2019 
 

17 ©2019 The Authors                                                                                     www.perioj.com 
 

Bone Graft in the Treatment of 

Periodontal Intrabony Defects. Med Arch. 

2017 Jun; 71(3):208-211. 

https://doi.org/ 

10.5455/medarh.2017.71.208-211 

33. Guo Y, Li J, Hagstrom E, Ny T. Protective 

effects of plasminogen in a mouse model 

of Staphylococcus aureus-induced 

arthritis. Arthritis Rheum. 2008 Mar; 

58:764-72. 

https://doi.org/10.1002/art.23263 

34. Kinnby B. The plasminogen activating 

system in periodontal health and disease. 

Biol Chem. 2002; 383(1):85‐92. 

https://doi.org/10.1515/BC.2002.008 

35. Strongin AY. Proteolytic and non-

proteolytic roles of membrane type-

1matrix metalloproteinase in malignancy. 

Biochim Biophys Acta. 2010 Jan; 

1803(1):133-41. 

https://doi.org/10.1016/j.bbamcr.2009

.04.009 

36. Kardesler L, Buduneli N, Biyikoglu B, 

Cetinkalp S, Kutukculer N. Gingival 

crevicular fluid PGE2, IL-1beta, t-PA, 

PAI-2 levels in type-2 diabetes and 

relationship with periodontal disease. 

Clin Biochem. 2008 Jul; 41(10-11):863-

8. 

https://doi.org/10.1016/j.clinbiochem.2

008.04.013 

37. Pamuk F, Lütfioğlu M, Aydoğdu A, 

Koyuncuoglu CZ, Cifcibasi E, Badur OS. 

The effect of low-level laser therapy as 

an adjunct to non-surgical periodontal 

treatment on gingival crevicular fluid 

levels of transforming growth factor-beta 

1, tissue plasminogen activator and 

plasminogen activator inhibitor 1 in 

smoking and non-smoking chronic 

periodontitis patients: A split-mouth, 

randomized control study. J Periodont 

Res. 2017 Oct; 52(5): 872-82. 

https://doi.org/10.1111/jre.12457 

38. Akman PT, Fentoglu O, Yilmaz G, Arpak 

N. Serum plasminogen activator inhibitor-

1 and tumor necrosis factor-alpha levels 

in obesity and periodontal disease. J 

Periodontol. 2012 Aug; 83(8):1057‐62. 

https://doi.org/10.1902/jop.2011.110

548 

39. Kurgan Ş, Önder C, Balcı N, et al. 

Gingival crevicular fluid tissue/blood 

vessel-type plasminogen activator and 

plasminogen activator inhibitor-2 levels 

in patients with rheumatoid arthritis: 

effects of nonsurgical periodontal 

therapy. J Periodontal Res. 2017 Jun; 

52(3):574-81. 

https://doi.org/10.1111/jre.12425 

40. Tuter G, Ozdemir B, Kurtis B, Serdar M, 

Yucel AA, Ayhan E. Short term Effects of 

non-surgical periodontal treatment on 

gingival crevicular fluid levels of tissue 

plasminogen activator (t-PA) and 

plasminogen activator inhibitor 2 (PAI-2) 

in patients with chronic and aggressive 

periodontitis. Arch Oral Biol. 2013 April; 

58(4):391‐96. 

https://doi.org/10.1016/j.archoralbio.2

012.08.008 

Conflicts of interest: The authors declared no 

conflicts of interest related to this work. 

Corresponding author: 

Dr. Sandy Shabaan Hassan 

Lecturer, Department of Oral Medicine, 

Periodontology, and Oral Diagnosis 

Faculty of Dentistry 

Fayoum University 

8 Batal Elsalam, Bahary 

Fayoum, Egypt 

E-mail: Shs111@fayoum.edu.eg 

Phone: +20 100 5296655 

This is an open access article distributed under 

the Creative Commons Attribution-

Noncommercial-NoDerivatives 4.0 International 

(CC BY-NC-ND 4.0) License.

 

mailto:Shs111@fayoum.edu.eg

