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Abstract 
  

Periodontal disease consists of gingivitis and periodontitis. They occur due to the interaction between bacterial antigens 

and the host tissue hence neutrophil is activated, antibody is produced, and bone resorption is occurred. Enzymatic 

changes to diagnose periodontal disease index (PDI) based on biomarker measurement scale is useful for an accurate 
diagnosis and a successful measurement of periodontal disease therapy. Gingival crevicular fluid (GCF) was selected as 

the biological medium. This research aims to analyze the relationship between neutrophil elastase level and periodontal 

tissue damages at gingivitis and periodontitis. The study involved 66 people as samples with 22 healthy samples, 22 mild 

gingivitis samples and 22 early periodontitis samples. Enzyme level studied was tested using ELISA technique. In this 
cross-sectional study, neutrophil elastase enzyme level was compared between healthy, mild gingivitis and early 

periodontitis sample groups. Data analysis was performed using ANOVA test. The average NE level based on PDI group 

is ± SD 2.65 ng/dl ± 1.28 in healthy sample group. There is an increase by 2.3 times in mild gingivitis sample group 

where NE level is ± SD 6.27 ng/dl ± 1.13.While, the light periodontitis group has NE level of ± SD 9.38 ng/dl ± 1.06 
which equals to 3.5 times increase from the healthy sample group. This research concludes that the rise of neutrophil 
elastase level in gingival crevicular fluid is related to the severity of gingivitis and periodontitis diseases.  
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Abstrak 

 

Penyakit periodontal terdiri dari gingivitis dan periodontitis, yang terjadi karena interaksi antigen bakteri dengan host-

jaringan sehingga mengaktivasi neutrofil, produksi antibodi, dan resorpsi tulang. Perubahan enzimatik Periodontal yang 
memiliki skala ukur yang diharapkan dapat menjadi penanda pada penyakit Periodontal. Media biologis yang dipilih 

yaitu cairan sulkus gingiva (GCF). Pada penelitian ini melibatkan 66 subyek penelitian yaitu dengan 22 orang sehat, 22 

orang gingivitis ringan, 22 orang periodontitis awal. Kadar enzim yang diteliti diuji dengan menggunakan teknik ELISA. 

Pada penelitian cross sectional membandingkan kadar enzim netrofil elastase pada sampel sehat, gingivitis ringan dan 
periodontitis awal pada setiap kelompok. Analisis data dilakukan dengan cara univariat untuk mendeskripsikan masing-

masing variable, untuk melihat distribusi normal (p > 0.05) dilakukan Kolmogorov Smirnof Test. Apabila terdistribusi 

normal dilakukan uji ANOVA. Rata-rata kadar NE berdasarkan kelompok PDI pada kelompok sehat dengan ± SD 2,65 

ng/dl ± 1,28 dan pada gingivitis ringan naik 2,5 kali dibanding kondisi sehat dengan ± SD 6,27 ng/dl ± 1,13, sedangkan 

pada peridontitis ringan naik 3,7 kali  ± SD 9,42 ng/dl ± 1,06. Penelitian ini menyimpulkan bahwa peningkatan kadar 
neutrofil elastase dalam gingival crevicular fluid berhubungan dengan tingkat keparahan penyakit gingivitis dan 
periodontitis. 

 

Kata kunci: Gingivitis, Periodontitis, Neutrofil Elastase 
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INTRODUCTION 
 
Periodontal diseases are defined as diseases in tis-

sues that support the teeth (periodontal) which are 
initiated by bacteria. It is marked with inflammation 

and bone loss. Bacterial infection is a primary 

etiology, but it is not enough to initiate the growth of 
disease. Bacterial factors can stimulate local 

inflammation and activate immune system
1
. 

Interaction between host tissue and bacteria causes 
periodontal disease

2
. The responses from host either 

systemic or local are caused by the interaction bet-
ween bacteria antigen in sulcus region and gingiva 

tissues which activates neutrophil, antibody and the 

loss of alveolar bones
3
. Neutrophil acts as host 

defence to pathogenic bacteria invasion. It is produ- 

ced in the bone marrow and matured when released 

to the circulation which functions as cellular defence 
in the first line

4
. 

Periodontal enzymatic change with a scale of 
measure is expected to be a marker for periodontal 

diseases. This condition can be analyzed to have 

diagnosis based on the severity level of disease. It 
shows whether there are periodontal pathogens, 

gingiva and periodontal inflammations, host immu- 

ne inflammation response to pathogen species and 
periodontal tissue damages. Gingival crevicular fluid 

(GCF) was selected as the biological medium. It is 
found in the V-shape gingival sulcus in the human 

gums which clinically stated as healthy. GCF is 

inflammatory exudates in microcirculation gingiva 
which crosses inflamed periodontal tissues as a local 

inflammation reaction
5
. The fluid acts as a defence 

mechanism that involves washing, protective cells 
and enzyme production. Cytokines pro inflammation 

and anti inflammation is identified in GCF. Its flow 
and the total transmigration of leukocyte will reach 

the maximum from 6 until 12 days after gingivitis 

initial lesion
6,7

. 
Gingival crevicular fluid (GCF) plays a role as a 

defence mechanism which reflects host responses to 

periodontal pathogen antigen bacterial and the 
growth of disease depends on host responses. En- 

zyme level measurement in GCF is a good method 
to diagnose patients with periodontal disease.  

Periodontal disease involves a few enzymes that 

may destroy soft tissues which causes gingival in- 
flammation to bone damages. One of them is 

Neutrophil Elastase (NE). Neutrophil is the main leu 
kocyte in gingiva sulcus due to the response to-

wards bacterial biofilm. The decrease and rise of neu 

trophil affect the condition of periodontal tissue. 
Neutrophil will form NET (Neutrophil Extracellular 

Traps) which is useful to catch pathogen and release 

NE to inflamed region. However, when the equilib- 

rium is disturbed, neutrophil will undergo repetitive 

cycle in which IL-17 is extracted in chronic inflam- 
mation areas to produce Th17 lymphocyte cells. 

This will result in the cumulation of neutrophil in 

that region and cause a prolonged inflammation
27

. 
Foreign materials phagocytosis and degradation pro-

cesses are done by NE. This is aligning with NE 

functions as hydrolytic enzymes. ELA2 is the other 
name for neutrophil elastase. During inflammation 

process, neutrophil elastase is excreted by neutrophil 
and macrophage

4
.  

Neutrophil elastase is also one of antimicrobial 

mechanisms of neutrophil to destroy periodontal 
pathogen bacteria, Neutrophil elastase is excreted in 

neutrophil into phagolysosome in around microorga- 

nism therefore the pathogenic bacteria are des-
troyed

8
. 

High level of neutrophil elastase in saliva can be 
associated with the loss of active periodontal attach- 

ment. Moreover, neutrophil elastase can provide 

clear clinical symptoms of inflammation progress 
and diseases

7
. Neutrophil elastase is an indicator of 

neutrophil activities such as proteinase which is 

excreted from azurophilic granules. NE work opti- 
mally at pH 7 with zinc and magnesium as co- 

factors
4
. NE is inhibited by Serine Leukocyte Pro-

tease Inhibitor (SLPI) and α-antitrypsin which are 

found in the secretion of mucus and salivary gland. 

They affect the activities of NE in sub and supra-
gingival. Epithelial cells in GCF is the main source 

of SLPI as an inhibitor
9
. 

The ability of tissues to stretch and support cells is 
obtained from elastin. Neutrophil elastase works as 

collagen is degrading collagen and elastin fibers 
10, 11, 

12
.  The test of NE level is useful at the early stage of 

inflammation as neutrophil is the major cells that 

migrates in blood circulation to inflamed areas
9
. 

Macroscopically in oral cavity, periodontal disease 

is measured by gingival index, bleeding on proving, 

periodontal disease index and clinical attachment 
loss parameters. However, measurements done by 

using naked eyes parameters tend to create different 
perspectives between one operator and the other. 

Hence, the usage of physiology of body fluids that 

can depict the inflammation severity level, as well as 
tooth and periodontal tissues conditions accurately. 

In this research, GCF was used as the physiology of 
body fluid as it is retrieved around the gum gaps 

around the inflamed gingiva, with neutrophil elastase 

as one of the parameters in GCF. Therefore, this 
study aims to observe the relationship between 

neutrophil elastase and periodontal tissue damages at 

gingivitis and periodontitis.  



68  dentika Dental Journal, Vol 20, No. 2, 2017: 66-71 

MATERIAL AND METHOD 

 
The research type used in this study was Cross 

Sectional Comparative Study where dependent and 
independent variables are analyzed at the same time. 

The study was conducted in Padang City Hospital, 

West Sumatra. There were three sample groups with 
age between 19 and 30 years old. They are healthy 

patients and patients with mild gingivitis and pe-

riodontitis. Total sample was 66 people with 22 
people in each group. Sample was taken following 

consecutive sampling technique based on the ex-
clusion and inclusion criteria. Exclusion criteria is 

sample who has consumed antibiotic and anti-

inflammation for the last 3 months, smoking, preg- 
nant, on menstruation cycle, having systemic abnor -

malities like diabetes mellitus, and having periodon-

tal treatment for the last 3 months.  
The first periodontal tissue examination used Pe-

riodontal Disease Index according to Russel. Gin-
gival crevicular fluid was collected by using an ab-

sorbent paper and stored at -20˚C. The reagent used 

was elastase, human, kit, HK319-02, product assays, 
quantity 2x96 seconds, standard range 0.4 – 25 

ng/ml, detection 0.4 ng/ml and working volume of 

100 µl/well. 
The time when GCF is retrieved should be paid 

attention to as there is Cicardian Periodicity of GCF, 
which means that there is a gradual increase of total 

GCF at 6 a.m. to 10 p.m. and it is decreasing after-

wards.  
Gingival crevicular fluid was collected at 08.00 

a.m. GMT +7 following circadian periodicity. The 

area where GCF was extracted had to be cleaned 
from plaque. To equalize the condition and mini-

mize the involvement of oral bacteria, the patients 
were instructed to gargle 2% chlorhexidine solution. 

Next, the lips were retracted and isolated by using 

cotton rolls. Then absorbent paper was inserted 
using a technique from superficial intracervical and 

left for 3 minutes and collected. Then it was put into 

an Eppendorf tube which had been filled with phos-
phate buffer solution. The specimen was labelled, 

and sample retrieved would be analyzed by ELISA 
and stored at -20˚C. 

The data analysis was conducted using a statistic 

program. The total of Neutrophil Elastase was tabu-
lated and verified statistically by using Kolmogorov 

Smirnov Test to test the normal distribution of data. 
Then the relationship between neutrophil elastase 

and periodontal disease index was analyzed by using 

ANOVA test.  
According to Russel, Periodontal Disease Index 

test was done by using 6 tooth regions measurement 

criteria (16, 21, 24, 36, 41 and 44). Should there is 

one missing tooth from these 6 regions, and then it 

can be substitute by the adjacent tooth.  
 

RESULTS 
 

Samples were 65% female and 35% male. Each 

group consists of healthy, mild gingivitis and mild 
periodontitis samples. The average age of female is 

lower than the male, such as 21.57 ± 4.19 versus 

24.13 ± 2.18. This difference is statistically insig-
nificant in which the ages between male and female 

groups are equal (Table 1).  
 

Table 1. Average age of research subjects based on gender 

 
Age Gender n % Average SD p 

 Male 23 35% 24.13 2.18 0.13 

 Female 43 65% 21.57 4.19  

 

There is a difference of neutrophil elastase average 

level based on PDI group. The highest level was 
obtained at mild periodontitis with average of 9.38 ± 

1.06 ng/dl and it is significant. The table below 

shows that mild gingivitis patients are 2.3 times at 
risk of NE level elevation compared to healthy pa-

tients. Whereas at mild periodontitis case, the risk is 
higher by 3.5 times than the risk at healthy condition 

(Table 2).  

 
Table 2. The difference of neutrophil elastase averages 

level (ng/dl) in gingival crevicular fluid with periodontal 

disease based on PDI 

 
Enzyme 

Type 

PDI 
f Average 

Standard 

deviation 
p 

Elastase Healthy 22 2.65 1.28 0.00 

 Mild 

Gingivitis 
22 6.27 1.13 

 

 Mild 

Periodontiti

s  

22 9.38 1.06 

 

 Total 66 6.01 3.47  

 
In order to see the differences between the groups, 

the study was proceeded with Post-Hoc Bonferroni 

test. Significant differences of neutrophil elastase 
average level between healthy – mild gingivitis and 

healthy – mild periodontitis as well as mild gingivitis 
– mild periodontitis groups were obtained (p < 0.05) 

(Table 3).  
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Table 3. The result of Post-Hoc Bonferroni test for neu-

tronphil elastase enzyme level between PDI group 
 

NE Level 

PDI Health Mild 

Gingivitis 

Mild 

Periodontitis  

Healthy - 0.000 0.000 

Mild 

Gingivitis 
0.000 - 0.000 

Mild 

Periodontitis  
0.000 0.000 - 

 

DISCUSSION 
 

This study shows that there is a meaningful rela- 

tionship between neutrophil elastase level in gingival 
crevicular fluid and periodontal diseases (p < 0.05).  

44 samples tested were observed to have an in- 

crease in neutrophil elastase level in inflamed areas 
compared to healthy subjects. This condition indi-

cates that neutrophil elastase level in GCF is a risk 
factor for periodontitis as well as the progressive rise 

of alveolar bone loss
13

.  

NE activities are significantly related with the 
depth of probing. NE level increases with the seve-

rity of inflammation. There is a relationship bet-

ween NE level and the depth of the pocket, NE level 
will increase as the periodontal pocket gets deeper. 

Averagely NE level is based on PDI groups in which 
mild gingivitis has 2.3 times increase from the heal-

thy groups, whereas mild periodontitis increases by 

3.5 times. The rise of neutrophil elastase in GCF 
aligns with the severity of periodontal diseases. 

There are meaningful relationships between neu- 

trophil elastase (NE) level and tissue damages in 
periodontal cases.  

Periodontitis is a chronic inflammation reaction 
which is triggered from pathogenic microorganisms. 

In a severe periodontitis, ulcerated epithelium causes 

bacteria invasion. Therefore, many immune com- 
petent cells are recruited to lamina propria in sulcular 

epithelium as a response to inflammation
14

. 

Due to periodontal inflammation, there is an incre- 
ase of enzymatic molecules which describe the seve- 

rity of diseases. Periodontal diseases index diagnosis 
is based on the measurement scale from biomarker 

that is useful for an accurate diagnosis and a success- 

ful measurement of periodontal disease therapy. The 
measurement of this enzyme shows whether there 

are periodontal pathogens, gingiva and periodontal 
inflammations, host-immune inflammation response 

to pathogen species and periodontal tissue damages. 

Gingival crevicular fluid (GCF) was selected as the 
biological medium. It has been used to detect or 

diagnose active diseases and predict patients with 

risks of periodontal diseases
15,24

. GCF consists of 

enzymatic and non-enzymatic compositions. The 
enzymatic components come from the host or bac- 

teria. One of the components detected is neutrophil 
elastase (NE)

9,24
. 

Neutrophil elastase is in the main group of super-

family chymotrypsin serine protease which is ex-
creted from as much as 3pg per cells from azuro-

philic granules. In healthy periodontal tissues, this 

protein is surrounded by collagen fibres to protect it 
from collagenases activities

24
. This enzyme is also 

found in a small amount in monocytes and mast 
cells. NE can degrade extracellular matrix proteins 

including elastin, collagen (type I – IV), fibronectin, 

laminin and proteoglycans. Moreover, it can break 
coagulation factors (fibrinogen and factors V, VII, 

XII, XIII), plasminogen, IgG, IgA and IgM, C3 and 

C5 complement and receptor factors, antigen leuko-
cyte, thrombin receptors and gp120 also proteins of 

HIV. NE also breaks another protease in neutrophil 
granules

8
. It induces the released of proinflammatory 

cytokine like IL-6, IL-8 and granulocyte macro-

phage colony stimulating factor (GM-CSF). There-
fore it prolongs the inflammation process.  

Tissue damages in periodontal diseases are mainly 

caused by hydrolase enzyme which is released by in-
flammation, fibroblast and epithelial cells followed 

by their activities. Many studied enzymes, like colla- 
genase, gelatinase, elastase and β-glucuronidase, are 

indicators to periodontal health. Neutrophil elastase 

(NE) plays a role in tissue damages during perio- 
dontal inflammation. NE level in GCF and saliva is 

correlated with periodontal status, and then it will go 

back to normal level during recovery
16

. 
Neutrophil is a major cell that is migrated in blood 

circulation to inflamed areas. The increase of NE can 
be detected in periodontal ligament in chronic perio-

dontal diseases than in healthy cases. Healthy perio-

dontal ligament contains collagen fibres that are 
covered by 110 kDa acidic glycoprotein non colla- 

genous fibres degraded by elastase. Among pro- 

teinase found in periodontal ligament (neutrophil 
elastase, plasminogen and metalloproteinase-9 

matrix), only NE that can degrade non-collagenous 
protein in periodontium.  

Ujiie et al (2008) study stated that NE causes the 

degradation of oxytalan fibres. It also supports blood 
flow and lymphatic to teeth and degrades inter -

fibrillar substantiation in periodontal ligament that 
causes the weakening of mechanical strength in 

periodontal ligament to support the tooth
17

. NE de-

gradation activity can be observed since the early 
lesion periodontitis hence NE level measurement 

can be beneficial and be done at that stage
18

. 
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Neutrophil elastase is the most destructive enzyme 

in the body with its ability to degrade extracellular 
matrix proteins (including collagen, proteoglycan, 

fibronectin, platelet and complement receptors, 
thrombomodulin, pulmonary surfactant and cadhe- 

rins) also plasma proteins (including complement 

actor, immunoglobulin, several proteases and the 
inhibitor). In physiology condition, protease inhi- 

bitor, like alpa1-antitrypsin, can regulate NE active 

ties
4
. 

In physiology state, antiprotease (NE inhibitor, α-1 

antitrypsin) prevents NE destructive effect because 
the level is higher than NE. Hence “antiprotease 

screen” is formed. NE concentration in on neutrophil 

is more than 5mM. High elastase concentration is 
regulated by the division of compartments in 

azurophilic granules. Antiprotease enzyme like α 

anti-trypsin and SLPI arrange NE proteolytic 
activities secreted by the neutrophil. Neutrophil has 

got a short lifespan, as much as 250 mg of NE must 
be eliminated each day, which is why the total of NE 

and its inhibitors must be balanced
8
. 

In pathological condition, antiprotease is degraded 
by the oxide compounds from bacteria phagocytosis 

like O2
−
, H2O2, OH and OCl

−
. Consequently, NE 

concentration is higher than the inhibitor and results 
in the damages of tissues

19
. Pro-inflammatory cyto- 

kines such as interleukin (IL)-6 and IL-8 activate 
neutrophil functions and migration to inflamed tis-

sues. With the increase of neutrophil in inflamed tis-

sues, NE increases and damages occur in the tis-
sues

20
. 

In periodontal diseases, inflammation is caused by 

bacteria invasion which causes neutrophil phago-
cytosis of microbes then following apoptosis process 

which is known as “phagocytosis-induced cell 
death”. Such process in benefiting the host as neu-

trophil elimination that consists of microbes took 

place. At several pathogenic bacteria like P. Gingi- 

valis, such process can be inhibited. The pathogen 
induces cells to produce IL-8 to attract more 

neutrophil to migrate to inflamed periodontal tissue 
areas. As a result NE level increases, inflammation is 

prolonged and tissues are damaged
25,26

. The 

destruction of elastin is caused by the increase of 
chemotaxis, immune cell proliferation and gingiva 

degradation in epithelium cells due to the rise of 

neutrophil elastase level activated by IL-8, IL-6 and 
PGE

15,21
. The study done by Geraghty stated that the 

tissue location with high elastase level indicated the 
progressing increase to the risk of alveolar bone loss.  

Neutrophil elastase also causes the damages in 

alveolar bones. This process occurs due to the mecha 
nism from Del-1 and IL-17. The two molecules act 

as inhibitors to each other. Del-1 is as one of the 

inhibitors to neutrophil; this molecule inhibits the 
migration of neutrophil as well as IL-17 production. 

Vice versa, IL-17 inhibits Del-1 expression and 
stimulates neutrophil infiltration. In case of chronic 

inflammation, IL-17 sends a signal which causes the 

continuous migration from neutrophil elastase. The 
high IL-17 will stimulate the expression of RANKL 

and induce resorption process
27

.  

The important bone resorption component is albu-
min matrix degradation which is influences by pro-

teolytic enzyme that work at optimum pH. In al-
veolar bones atrophy, the most destructive enzyme is 

NE at pH 6.5
22

. According to Loss (2000), the mea-

surement of NE at early stage of inflammation is 
very advantageous as neutrophil migrates in the 

blood to inflamed locations
9,23

.  

It can be concluded that neutrophil elastase level in 
gingival crevicular fluid is related to the level of da-

mage in tissues at gingivitis and periodontitis. NE 
usage onwards can be recommended as one of the 

parameters to measure periodontal diseases.  

 
REFERENCE 

 
1. Di Benedetto A, Gigante I, Colucci S, Grano M. 

Periodontal disease: linking the Primary Inflam-

mation to bone loss. Clin Dev Immunol 2013; 2013: 

1-7 
2. Nagase H, Visse R, Murphy G. Structure and 

function of matrix metalloprotease and TIMP. Car-

diovasc Res 2006; 69(3): 562-7. 

3. Teng YT. The role of acquired immunity and perio-
dontal disease progression. Crit Rev Oral Biol Med 

2003; 14(4): 237-52. 

4. Belaaouaj A, Kim KS, Shapiro SD. Degradation of 

outer membrane protein A in Escherichia coli killing 
by neutrophil elastase. Science 2000; 289(5482): 

1185–8.  

5. Lamster IB, Ahlo JK. Analysis of gingival crevicular 

fluid as applied to the diagnosis of oral and systemic 

diseases. Ann N Y Acad Sci 2007; 1098: 216-29. 

6. Lindhe J, Hamp S, Löe, H. Experimental perio-
dontitis in the beagle dog. J Periodontal Res 1973; 

8(1): 1–10. 

7. Carcuac O, Abrahamsson I, Alboury JP, Linder E, 

Larsson L, Berglundh T. Experimental periodontitis 
and peri-implantitis in dogs. Clin Oral Implants Res 

2013; 24(4): 363–71 

8. Carroll TP, Greene CM, Taggart CC, McElvaney 

NG, O'Neill SJ. Interleukin1, neutrophil elastase, and 
lipopolysaccharide: key pro inflammatory stimuli re-

gulating inflammation in cystic fibrosis. Curr Respir 

Med Rev 2005; 1(1):43-67 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Teng%20YT%5BAuthor%5D&cauthor=true&cauthor_uid=12907693
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lamster%20IB%5BAuthor%5D&cauthor=true&cauthor_uid=17435131
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahlo%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=17435131
http://www.researchgate.net/profile/Tomas_Carroll
http://www.researchgate.net/profile/Tomas_Carroll
http://www.researchgate.net/profile/Tomas_Carroll


Kasuma: The Relationship Between Neutrophil Elastase Level and Periodontal Tissue Damages at   71 
Gingivitis and Periodontitis 

9. Cox SW, Rodriguez-Gonzalez EM, Booth V, Eley 

BM. Secretory leukocyte protease inhibitor and its 
potential interactions with elastase and cathepsin B 

in gingival crevicular fluid and saliva from patients 

with chronic periodontitis. J Periodontal Res 2006; 

41(5): 477-85 
10. Uitto VJ, Overall CM, McCulloch C. Proteolytic 

host cell enzymes in gingival crevice fluid. Perio-

dontal 2000 2003; 31: 77-104 

11. Daamen WF, Verkamp JH, van Hest JCM, van 
Kuppervelt TH. Elastin as biomaterial for tissue 

engineering. Biomaterials 2007; 28(30): 4378-98 

12. Almine JF, Bax DV, Mithieux SM, Nivison-Smith 

L, Rnjak, J, Waterhouse A, et al. Elastin-based 
materials. Chem Soc Rev 2010; 39(9): 3371-9 

13. Ramseier CA, Kinney JS, Herr AE, Braun T, Sugai 

JV, Shelburne CA, et al. Identification of pathogen 

and host-response markers correlated with perio-
dontal disease. J Periodontol 2009; 80(3): 436-46. 

14. Boşca AB, Miclăuş V, Raţiu C, Melincovici C. Mat-

rix metalloproteinase-8 - a salivary diagnostic bio-

marker related to soft tissue destruction in chronic 
periodontitis. Annals of RSCB 2012; 251-7 

15. Carranza FA. The periodontal pocket. In: Newman 

MG, Takei HH, Klokkevold PR, Carranza FA. Eds. 

Clinical Periodontology. 10th ed., St. Louis, 
Saunders-Elsevier, 2006: 434-51. 

16. Pauletto NC, Liede K, Nieminen A, Larjava H, Uitto 

VJ. Effect of cigarette smoking on oral elastase 

activity in adult periodontitis patients. J Periodontol 
2000; 71(1): 58-62. 

17. Ujiie Y, Shimada A, Komatsu K, Gomi K, Oida S, 

Arai T, Fukae M. Degradation of noncollagenous 

components by neutrophil elastase reduces the me-
chanical strength of rat periodontal ligament. J 

Periodontal Res 2008; 43(1): 22-31 

18. Ujiie Y, Oida S, Gomi K, Arai T, Fukae M. 

Neutrophil elastase is involved in the initial destruct-
tion of human periodontal ligament. J Periodontal 

Res 2007; 42(4): 325-30.  

19. Taggart CC, Cryan SA, Weldon S, Gibbons A, 

Greene CM, Kelly E, et al. Secretory leucoprotease 
inhibitor binds to NF-kappaB binding sites in 

monocytes and inhibits p65 binding. J Exp Med 

2005; 202(12): 1659-68. 

20. Matsuse H, Yanagihara K, Mukae H, Tanaka K, 
Nakazato M, Kohno S. Association of plasma neu-

trophil elastase levels with other inflammatory me-

diators and clinical features in adult patients with 

moderate and severe pneumonia. Respir Med 2007; 
101(7):  1521–8 

21. Geraghty P, Rogan MP, Greene CM, Boxio RM, 

Poiriert T, O’Mahony M, et al. Neutrophil elastase 

up-regulate cathepsin B and matrix metalopro-
teinase-2 expression. J Immunol 2007; 178(9): 5871-

8 

22. Kolesnik KA, Denga O, Makarenko OA. Changes 

of hard dental and bone tissue of alveolar process in 
rats on the orthodontic tooth movement on the back-

ground of an experimental goiter. ROMJ 2014; 3(1): 

1-5 

23. Loss BG, Tjoa S. Host derived diagnostic markers 
for periodontitis: do they exist in gingival crevice 

fluid? Periodontol 2000 2005; 39: 53-72 

24. Gora-Nedzi M, Kostrzewa-Janicka J, Górska R. 

Elastase and metalloproteinase-9 concentration in sa-

liva in patients with chronic periodontitis. Centr Eur 
J Immunol 2014; 39 (3): 357-64 

25. Rosales C, Uribe-Querol E. Neutrophil role in perio-

dontal disease. In: Abbas M. Role of neutrophils in 

disease pathogenesis. London: Intech Open, 2017: 
67-88 

26. Kobayashi SD, Malachowa N, Deleo FR. 

Neutrophils and bacterial immune evasion. J Innate 

Immun 2018; 10(5-6): 432–41. 
27. Cortes-Vleyr R, Rosales C, Uribe-Querol E. 

Neutrophil functions in periodontal homeostasis. J 

Immunol Res 2016; 2016: 1-10 

 

 
 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cox%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=16953825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Gonzalez%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=16953825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Booth%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16953825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eley%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=16953825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eley%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=16953825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eley%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=16953825
http://www.ncbi.nlm.nih.gov/pubmed/16953825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pauletto%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liede%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nieminen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Larjava%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uitto%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uitto%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uitto%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=10695939
http://www.ncbi.nlm.nih.gov/pubmed/10695939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ujiie%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Komatsu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gomi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oida%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arai%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fukae%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18230103
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.resmedjournal.com/issue/S0954-6111%2807%29X0186-0

