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Background and Objective: Human b-defensins (hBDs) have a strong antibacte-

rial action against various microorganisms, especially periodontal pathogens.

The aim of this study was to compare the total levels of hBD-1 and hBD-3 in

the gingival crevicular fluid of healthy patients with gingivitis (HG), healthy

patients with chronic periodontitis (HP), patients with type 2 diabetes mellitus

(DM) and gingivitis (DM2G) and patients with type 2 DM and chronic peri-

odontitis (DM2P).

Material and Methods: A total of 80 patients were included: 20 HG, 20 HP, 20

DM2G and 20 DM2P. The levels of hBD-1 and hBD-3 in gingival crevicular

fluid were measured using ELISA.

Results: The DM2P group had significantly higher periodontal clinical parame-

ters at sites from which gingival crevicular fluid was collected compared with

the other groups. The HG group had significantly lower periodontal clinical

parameters within the gingival crevicular fluid-collected sites than did the HP,

DM2G and DM2P groups. The gingival crevicular fluid of the DM2P group

had significantly higher levels of total hBD-1 and hBD-3 than did that of the

other groups; the hBD-1 and hBD-3 levels were significantly higher in the gingi-

val crevicular fluid of the DM2G group than in that of the the non-DM type 2

groups (HG and HP). The gingival crevicular fluid of the HP group had signifi-

cantly higher levels of total hBD-1 and hBD-3 in comparison with that of the

HG group.

Conclusion: As a result of the observed vascular and cell activity changes that

occur within patients diagnosed with DM, periodontal diseases become more

severe. These changes hinder the migration and the ability of chemotactic fac-

tors and leukocytes to protect periodontal tissues from the effects of micro-
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organisms. In order to eliminate microorganisms, the epithelial cells in patients

with DM may release more hBD-1 and hBD-3 into the gingival crevicular fluid.

Determining the amount of hBD-1 and hBD-3 in the gingival crevicular fluid of

patients with and without DM will help to elucidate the relationship among

hBD-1, hBD-3, DM and periodontal disease.

Introduction

Antimicrobial peptides are compo-

nents of the innate immune system

(1). The most important antimicrobial

peptide group in humans is defensins.

Defensins have the ability to inacti-

vate many bacteria, fungi and proto-

zoa, and some enveloped viruses (2).

In humans, defensins can be subdi-

vided into two families: a-defensins
and b-defensins (3). Periodontal dis-

eases destroy connective tissues as a

consequence of bacteria–host interac-

tions; thus, the amount of supportive

tooth tissue decreases and tooth loss

occurs. The development and the pro-

gression of periodontal disease occur

in equilibrium with a patient’s

immune system and the presence and

type of microorganisms (4). In peri-

odontal tissues, the primary barrier

against infection with microorganisms

is the epithelium. Human b-defensin
(hBD)-1 and hBD-3 play a significant

role in the protection of periodontal

tissues against microbes. Following

contact of microorganisms with gingi-

val epithelial cells, hBD-1, which is

constitutively secreted, is activated by

epithelial cells, which release hBD-3

(5). hBD-3 is expressed from epithelial

cells following stimulation by a vari-

ety of microbial and host factors,

such as periodontal pathogens (6, 7)

or cytokines (8). hBD-1 shows micro-

bicidal activity mainly against gram-

negative bacteria, whereas hBD-3

shows microbicidal activity against

many potentially pathogenic gram-

positive bacteria and Candida albicans

(3). hBD-1 and hBD-3 are thought to

exert their antibacterial effects by

creating permeability of the bacterial

cellular membrane.

Diabetes mellitus (DM) is the com-

mon name for a group of metabolic

diseases characterized by chronic

hyperglycemia, which leads to dys-

function in proteins, fat metabolism-

and carbohydrates as a result of the

absolute deficiency of the release of

insulin and/or its effect (10). DM is

caused by a disorder in the produc-

tion or utilization of insulin and is

categorized into two main groups

according to the type of insulin

dependency (11). DM that is depen-

dent on insulin is known as type 1

DM, and DM that is not dependent

on insulin is named type 2 DM. The

relationship between periodontal dis-

eases and DM has been examined for

many years (12, 13). Generally, it is

known that periodontal diseases show

rapid progress in patients who have

been diagnosed with DM in compari-

son with patients without DM (14). It

is also known that hyperglycemia has

a detrimental effect on the normal

functions of cells, such as chemotaxis,

phagocytosis and the production and

secretion of cytokines, in the peri-

odontal tissues of patients with DM

(15). Patients with DM also develop a

thickening of the basal membrane in

periodontal tissue and experience

changes in vascularity (14). Vascular

changes affect the distribution of

nutrients in the gingival tissue and the

migration of leukocytes. Depending

on this situation, decreases in the

elimination of metabolic waste and in

the diffusion of oxygen occur, thus

increasing the severity of periodontal

diseases and decreasing the wound-

healing capacity (16).

Increased levels of advanced glyca-

tion end-products (AGEs) in DM

impart detrimental effects on fibro-

blasts and endothelial cells (17). The

numbers of microorganisms increase

as a result of the reduced secretion

and production of leukocytes and

cytokines, and the lower levels of che-

motaxis and phagocytosis, in the peri-

odontal tissues of patients with DM

(14). It is known that higher levels of

b-defensins are released in patients

treated with insulin compared with

patients who are not receiving such

treatment. Additionally, it has been

determined that high levels of hypergly-

cemia reduce the expression and func-

tion of hBD-3 in epithelial cells (18).

However, the roles of hBD-1 and

hBD-3 against microorganisms in

patients diagnosed with both DM and

periodontal diseases are not yet fully

understood. Few studies have ana-

lyzed the relationship among hBDs,

DM and periodontal disease, and

some questions remain unanswered.

Therefore, we hypothesized that

owing to the detrimental effects of

DM on periodontal tissues, antimicro-

bial activity is decreased. For this rea-

son, in patients with DM, increased

amounts of hBD-1 and hBD-3 are

released into the gingival crevicular

fluid by epithelial cells in order to

eliminate microorganisms. The effect

of DM on the release of hBD-1 and

hBD-3 is observed both in patients

with gingivitis and in those with

chronic periodontitis. The aim of this

study was to compare hBD-1 and

hBD-3 levels in the gingival crevicular

fluid of four groups of subjects –
healthy subjects with gingivitis,

healthy subjects with chronic peri-

odontitis, patients with type 2 DM

and gingivitis and patients with type 2

DM and chronic periodontitis – using

an ELISA.

Materials and methods

Patients

The 80 adult study subjects were clas-

sified into the following four groups:

healthy subjects with gingivitis

(n = 20; 11 men and nine women)

(HG); healthy subjects with chronic

periodontitis (n = 20; 10 men and 10

women) (HP); patients with type 2
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DM and gingivitis (n = 20; nine men

and 11 women) (DM2G); and

patients with type 2 DM and chronic

periodontitis (n = 20; nine men and

11 women) (DM2P) (Table 1). All

measurements were performed by a

single calibrated examiner (ASE). The

periodontal status was evaluated by

measuring the plaque index (19), the

gingival index (20), probing depth,

clinical attachment level (CAL) and

bleeding on probing (BOP). Probing

depth was defined, for each tooth, as

the distance from the free gingival

margin to the base of the periodontal

pocket. The probing depth and CAL

measurements were recorded at six

points around each tooth.

The groups of patients with type 2

DM consisted of patients whose con-

ditions are controlled in endocrinol-

ogy clinics and who receive

periodontal treatment in a periodontal

clinic. We ensured that patients in the

type 2 DM study groups had been

diagnosed with DM at least 1 year

before the study, in accordance with

the American Diabetes Association

2009 criteria (21).

The patients with gingivitis and

chronic periodontitis were selected in

accordance with the clinical radio-

graphic criteria proposed by the 1999

International Workshop for a Classifi-

cation of Periodontal Diseases and

Conditions (22). The criteria for

patient selection consisted of the fol-

lowing: no medical complications

(excluding DM in the appropriate

groups); no smoking habits; no use of

medications (excluding DM medica-

tions) that could affect periodontal

status; no antibiotic use for at least

6 mo before the start of sampling; not

pregnant; and at least 20 teeth in

occlusion. The inclusion criteria for

the patients with chronic periodontitis

were as follows: inflammation in gin-

giva; supragingival vs. subgingival cal-

culus and microbial dental-plaque

formation; vertical and horizontal

bone loss in radiographic examination;

probing depth of � 5 mm in at least

six total sites of at least four teeth with

one root; and CAL of � 4 mm

(23,24). The inclusion criteria for the

gingivitis patients were as follows:

BOP of at least 50% of the total gin-

giva; and no vertical or horizontal

bone loss at radiographic examina-

tions (bone crest at > 95% of the

proximal tooth sites and < 3 mm

between the cemento–enamel junc-

tion) (24,25). The Ethics Committee

in Clinical Research of Yuzuncu Yil

University approved the study proto-

cols, including the periodontal exami-

nation and gingival crevicular fluid

sampling (YYU-110411). Each subject

read and signed an informed consent

document and read the Helsinki Dec-

laration before participating in the

study.

Gingival crevicular fluid sampling

Four gingival crevicular fluid samples

were obtained from four Ramfjord

sample teeth (teeth 1.6, 2.4, 3.6 and

4.4; if not in the oral cavity, teeth 1.1

and 4.1) from all patients before peri-

odontal treatment and periodontal

probing were carried out. The gingival

crevicular fluid samples were obtained

from the mesiobuccal site of the tooth.

Following isolation of the site with

cotton rolls to prevent contamination

with saliva, supragingival plaque was

removed, the tooth was air dried and a

30-s gingival crevicular fluid sample

was collected on filter-paper strips

(Periopaper, Interstate Drug Ex-

change, Amityville, NY, USA). The

gingival crevicular fluid samples were

calibrated using a Periotron 8000 (Ora-

flow Inc., Plainview, NY, USA). The

samples were immediately placed in

Eppendorf tubes that contained

500 lL of buffer (50 mM Tris–HCl,

pH 7.4, 200 mM NaCl, 10 mM CaCl2
and 0.02% Triton X-100), transported

to the laboratory and stored at �80°C.

Collection of DM diagnostic data

Venous blood samples were obtained

from all individuals who participated

in the study. The blood samples were

stored at room temperature for

approximately 30 min and then cen-

trifuged. The glycosylated hemoglobin

(HbA1c) and fasting plasma glucose

levels were measuerd to evaluate

glycemic control. Additionally, demo-

graphic information (i.e. age, gender,

measurement of the circumference of

the waist and the hip, and the body

Table 1. Demographic characteristics and clinical periodontal parameters of the study groups

Demographic characteristics

Study groups

Healthy subjects

with gingivitis(HG)

(n = 20)

Healthy subjects with

chronic periodontitis(HP)

(n = 20)

Patients with gingivitis

and diabetes mellitus

type 2(DM2G)(n = 20)

Patients with chronic

periodontitis and diabetes

mellitus type 2(DM2P) (n = 20)

Age (years) 39.42 � 5.24 40.82 � 7.24 42.74 � 6.66 43.47 � 8.75

Gender (female/male) 11/9 10/10 9/11 9/11

Gingival index 1.24 � 0.13bcd 1.91 � 0.19acd 1.6 � 0.11abd 2.35 � 0.24abc

Plaque index 1.51 � 0.20bcd 2.12 � 0.29acd 1.81 � 0.22abd 2.53 � 0.29abc

Probing depth (mm) 1.92 � 0.26bcd 3.42 � 0.19acd 2.31 � 0.33abd 3.85 � 0.41abc

Clinical attachment level (mm) 1.89 � 0.24bcd 3.51 � 0.27acd 2.22 � 0.18abd 3.89 � 0.47abc

Bleeding on probing 67.11 � 4.42bd 82.32 � 6.75ac 72.43 � 5.23bd 91.51 � 4.34ac

Values are given as mean � standard deviation for the study sites in each group, unless indicated otherwise
aSignificantly different from gingivitis, p < 0.05.
bSignificantly different from chronic periodontitis, p < 0.05.
CSignificantly different from gingivitis with diabetes mellitus type 2, p < 0.05.
dSignificantly different from chronic periodontitis with diabetes mellitus type 2, p < 0.05.
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mass index) was recorded for the

entire study group. The HbA1c levels

in the serum samples were measured

using high-performance liquid chro-

matography. The duration of DM for

individuals diagnosed with type 2 DM

was calculated in terms of body mass

index (kg/height in m2). The circum-

ference of the waist and the hip was

measured using the measurement

points for the circumference of the

waist, as proposed by the World

Health Organization, and the data

were recorded.

hBD-1 and hBD-3 ELISAs

The total levels of hBD-1 and hBD-3

in the gingival crevicular fluid samples

were assayed using a hBD-1 and hBD-

3 sandwich ELISA kits (Alpha Diag-

nostic Inc., San Antonio, TX, USA).

The minimum detection limits were

50 pg/mL for both hBD-1 and hBD-3.

All assay procedures were conducted

according to the manufacturer’s

instructions. The ELISA plates were

then immediately assessed at 450 nm

in an ELISA Reader (ChroMate�

Microplate Reader Awareness, Palm

City, FL, USA). The total amounts of

gingival crevicular fluid hBD-1 and

hBD-3 that were collected in 30 s.

Data analysis

The following clinical data were avail-

able for each tooth: visible plaque

index; gingival index; probing depth;

BOP; and CAL. The levels of hBD-1

and hBD-3 were measured in up to

four gingival crevicular fluid samples

per subject and expressed as pg/30 s.

Different groups of patients were

tested using a nonparametric test (the

Mann–Whitney U-test with Bonferroni

correction). The association between

the periodontal parameters and the

levels of hBD-1 and hBD-3 was tested

for all sites by determining Spearman’s

rank correlation test coefficients. The

level of significance was set at p < 0.05

with a 95% confidence interval.

Results

The ages and genders of the subjects

in each study group are shown in

Table 1. There were no significant dif-

ferences in gender or age between the

HG group and the DM2G group or

between the HP group and the DM2P

group (p > 0.05). The periodontal

clinical parameters (plaque index, gin-

gival index, probing depth, BOP and

CAL) of the sites from which gingival

crevicular fluid was collected are

shown in Table 1. These clinical

parameters were significantly higher

in the DM2P group than in the other

groups (p < 0.05) and significantly

lower in the HG group than in the

other groups (p < 0.05). Moreover,

these clinical parameters were signifi-

cantly higher in the DM2G group

than in the HG group, and signifi-

cantly higher in the HP group than in

the DM2P group (p < 0.05).

Figure 1 shows the total gingival

crevicular fluid hBD-1 levels in all

groups. The total concentration of

hBD-1 was measured in the gingival

crevicular fluid samples obtained from

the patients who participated in this

study and was higher than 50 pg/mL

(the minimum detection limit of the

ELISA kit). The DM2P group had

significantly higher levels of hBD-1

compared with the other groups

(p < 0.05). The hBD-1 level was sig-

nificantly higher in the DM2G group

than in the non-type 2 DM groups

(i.e. HG and HP groups) (p < 0.05).

The HP group had significantly higher

levels of hBD-1 in comparison with

the HG group (p < 0.05).

Figure 2 shows the total amount of

gingival crevicular fluid hBD-3 in all

four study groups. The concentration

of hBD-3 was measured in the gingi-

val crevicular fluid samples obtained

from all patients who participated in

this study and was found to be higher

than 50 pg/mL (the minimum detec-

tion limit of the ELISA kit). When

these results were analyzed, the

DM2P group had significantly higher

levels of total hBD-3 in comparison

with the other groups (p < 0.05), as

found for gingival crevicular fluid

total hBD-1 levels. The hBD-3 level

was significantly higher in the DM2G

group than in the non-type 2 DM

groups (i.e. HG and HP groups)

(p < 0.05). The HP group had signifi-

cantly higher levels of total hBD-3 in

comparison with the HG group

(p < 0.05).

In the patients diagnosed with type

2 DM who participated in the study,

the duration of DM was

5.7 � 3.2 years in the DM2G group

and 5.9 � 1.9 years in the DM2P

group; the body mass index in the

DM2G and DM2P groups was

26.0 � 2.0 kg/m2 and 25.0 � 1.8 kg/

m2, respectively; the fasting plasma

glucose level in the DM2G and

DM2P groups was 150.0 � 6.4 mg/

dL and 151.0 � 7.3 mg/dL, respec-

tively; and the glycated hemoglobin

level in the DM2G and DM2P groups

was 7.01% and 7.12%, respectively.

When DM duration, body mass

index, fasting plasma glucose and

HbA1c data were compared between

the DM2G and DM2P groups, no

significant difference was observed

(p > 0.05).

The correlations between periodon-

tal clinical parameters and the total

gingival crevicular fluid hBD-1 and

hBD-3 levels are shown in Table 2.

The total gingival crevicular fluid

hBD-1 and hBD-3 levels were posi-

tively correlated with the periodontal

clinical parameters of the gingival cre-

vicular fluid-collected sites (i.e. gingi-

val index, plaque index, probing

depth, BOP and CAL).

Discussion

Studies that evaluate antimicrobial

peptides in patients with periodontal

disease and/or DM are available in

the literature (26,27). However, there

is a paucity of information about

hBD-1 and hBD-3 expression in DM.

The present study hypothesized that

DM could play an important role in

the secretion of hBD-1 and hBD-3

from the epithelial tissue to gingival

crevicular fluid within patients who

have gingivitis and chronic periodon-

titis. This is the first study to compare

the hBD-1 and hBD-3 levels in gingi-

val crevicular fluid with clinical peri-

odontal parameters in patients with

and without DM.

In this study, the hBD-1 and hBD-

3 levels in the DM groups (DM2G

and DM2P) were significantly higher

than in the non-DM groups (HG and
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HP). These study results support our

hypothesis. However, some limitations

of the present study should be consid-

ered. The first limitation was the

number of patients who participated

in it: 80 in total (i.e. four groups of

20 patients). The reason why the

patient numbers in the study were so

low is that the inclusion criteria were

very restrictive. According to the cri-

teria, only nonsmoking patients were

included in the study as cigarette

smoking decreases the protective

effect of the epithelium against micro-

organisms. Furthermore, the migra-

tion of inflammatory cells decreases,

and hBD-1 and hBD-2 release is

increased (28,29), in individuals who

smoke. It has been found that the

expression of hBD-1 and hBD-2 is

higher in smokers than in nonsmokers

(28,30). Another criterion for inclu-

sion in this study was that patients

with DM must have their condition

under control as periodontal diseases

are more severe in patients whose

DM is not controlled than in patients

whose DM is under control (14).

Moreover, colonization of periodon-

topathogenic microorganisms in the

periodontal pocket is higher in

patients who do not have their DM

under control than in those with con-

trolled DM (31,32). The cytokine

expression levels are higher in the gin-

giva in patients who do not have their

DM under control than in those with

controlled DM (32). The second limi-

tation of the present study was that

the patients in the present study did

not have any systemic diseases, except

for those associated with DM (i.e.

hypertension, cardiovascular disease

and kidney diseases). Systemic dis-

eases both increase the severity of

periodontal diseases and affect the

amount of biomarkers in the gingival

crevicular fluid (33). In addition to

these criteria, patients who were not

pregnant and had at least 20 teeth in

occlusion were selected to participate

in the study. We believe that restric-

tive inclusion criteria are important in

studies that compare subjects with

and without DM. It is difficult to find

patients who comply with the afore-

mentioned criteria, which is why the

number of study participants was lim-

ited to 80.

This study used gingival crevicular

fluid samples instead of saliva when
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Fig. 1. Human b-defensin-1 level in the gingival crevicular fluid of gingivitis, chronic peri-

odontitis, type 2 diabetus mellitus gingivitis and type 2 diabetus mellitus chronic periodon-

titis measured with ELISA-technique. *The groups are statistically different from each

other, p < 0.05.
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Fig. 2. Human b-defensin-3 level in the gingival crevicular fluid of gingivitis, chronic peri-

odontitis, type 2 diabetus mellitus gingivitis and type 2 diabetus mellitus chronic periodon-

titis measured with ELISA-technique. * The groups are statistically different from each

other, p < 0.05.

Table 2. Correlations between the levels of

human b-defensin-1 and human b-defen-
sin-3 in the gingival crevicular fluid and

the clinical periodontal parameters (in the

sample sites) of the study groups

Clinical

periodontal

parameters

Human

b-defensin-1
(pg/30 s)

Human

b-defensin-3
(pg/30 s)

Gingival index

r 0.712 0.703

p 0.000 0.000

Plaque index

r 0.665 0.621

p 0.005 0.007

Probing depth

r 0.699 0.701

p 0.000 0.000

Clinical attachment

level

r 0.703 0.689

p 0.000 0.000

Bleeding on

probing

r 0.729 0.699

p 0.009 0.012

r, correlation coefficient; p, statistical sig-

nificance. Correlation was significant at the

0.05 level.
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evaluating hBD-1 and hBD-3. Gingi-

val crevicular fluid is an exudate that

passes from the microcirculation in

connective tissue through inflamed

periodontal tissues to the gingival sul-

cus. Gingival crevicular fluid contains

tissue-damaging enzymes, cytokines

and bacterial- and tissue-destruction

products (34).

In the literature, there are studies

that have examined the relationship

between hBD-1 and/or hBD-3 and

periodontal diseases; however, in

these studies the hBD-1 and/or hBD-

3 values in patients with periodontitis

and compromised periodontal health

were compared using different meth-

ods, and inconsistent results were

obtained. When such studies were

examined, the levels of hBD1 and/or

hBD3 mRNAs within the gingival

biopsy samples were found to be

lower than or similar to the levels in

inflamed tissues compared with

healthy tissues (4,35–38). Despite

these results, some investigators have

found higher levels of hBD-1 and/or

hBD-3 in gingival biopsies of patients

with periodontitis compared with per-

iodontally healthy patients (39–41). In
the present study, the gingival crevicu-

lar fluid hBD-1 level was found to be

significantly higher in the HP group

than in the HG group. We found that

the hBD-3 levels in gingival crevicular

fluid were significantly higher in

patients with HP than in those with

HG, and in those with DM2P than in

those with DM2G. One reason why

the results of the present study resem-

ble or differ from those previously

published could be that instead of uti-

lizing gingival tissue samples, we ana-

lyzed gingival crevicular fluid;

therefore, some bacteria might have

developed resistance to hBD-1 and

hBD-3. Furthermore, the levels of

hBD-1 and hBD-3 may vary in the

gingival crevicular fluid (42), and

genetic polymorphisms (4) may have

occurred.

Although there is currently no

explanation for all the effects related

to DM, type 1 DM is an autoimmune

disease (43), and chronic inflamma-

tion is an effective mechanism in the

pathogenesis of type 2 DM (44).

Therefore, it was thought that the

relationship between periodontal dis-

eases and type 2 DM would be stron-

ger than the relationship between

periodontal diseases and type 1 DM.

Consequently, we believed that it

would be more appropriate to include

patients with type 2 DM in the pres-

ent study, and we excluded patients

with type 1 DM. The primary treat-

ment target seeks to prevent the organ

damage caused by DM and other pos-

sible complications and to provide

glycemic control (45). In order to pro-

vide and maintain glycemic control,

the HbA1c levels of patients with DM

have to be measured. The HbA1c

level is an indicator that is used in

evaluating the 2- to 3-mo metabolic

glycemic control, and this indicator

has been proven to be reliable (45).

For good metabolic control, the

HbA1c level should be below 7%

(21,45). The serum HbA1c levels of

the patients with type 2 DM who par-

ticipated in the present study were

measured and the results were

included. When the HbA1c level and

other values that are related to DM

were compared for the two groups of

patients with type 2 DM in the pres-

ent study (i.e. DM2G and DM2P), no

statistically significant differences were

found. Thus, it is possible to compare

the hBD-1 and hBD-3 levels of the

two groups. DM and periodontal dis-

eases affect each other.

The excessive increase in blood glu-

cose levels can form compounds that

are not enzymatically degraded within

blood cells and tissues. As a result,

AGEs are formed in tissues (46).

When the concentrations of AGEs

increase in the serum, more AGEs are

secreted into the gingival crevicular

fluid (14). AGEs usually form a mac-

romolecule on collagen. This macro-

molecule sticks to the peripheral walls

of the veins and causes the basal

membrane to thicken and the vein

lumen to become narrower. As a

result, the feeding of tissue deterio-

rates. AGEs also lead to increased

production of polymorphonuclear

neutrophil superoxide (47,48). The

polymorphonuclear neutrophils of

patients with DM have been noted to

have increased adherence to the endo-

thelium and spontaneous activation

that may render them ineffective to a

microbial challenge. Hyperglycemia

has been shown to be associated with

reduced polymorphonuclear neutro-

phil degranulation (49), but not

always with reduced polymorphonu-

clear neutrophil chemotaxis (50). In

addition, the decrease in collagen pro-

duction in the presence of hyperglyce-

mia, the increase of collagenase

activity and the formation of AGEs

weakens the defense system of the

periodontal tissue (10,46,51). More-

over, in the presence of hyperglyce-

mia, increased apoptosis is observed

of cells (e.g. fibroblasts and osteo-

blasts) that are responsible for the

formation of the matrix between tis-

sues (52). When apoptosis is triggered

on the surface of monocytes, the sig-

nalling within the cell changes (i.e.

oxidative stress and activation of the

transcription factor, nuclear factor-

kappa B, increases), which causes the

monocyte/macrophage to produce

more proinflammatory cytokines (53).

It has been noted that the presence of

high levels of AGEs in periodontal

tissue leads to a decrease in the pro-

duction of collagen and glycosamino-

glycans (54). As a result of the

changes in the oral microflora, a

decrease in the production of collagen

and an increase in collagenase activity

occurs, which leads to an increase in

periodontal tissue destruction (55).

The tissue changes found in patients

with DM as a result of metabolic

instability decrease the ability of the

host to cope with plaque pathogens,

leading to severe gingival inflamma-

tion, which is not proportional to the

amount of plaque present (51). Thus,

tissue-production functions decrease

as necrosis increases, which causes

greater periodontal destruction in

patients diagnosed with DM (14).

Our study hypothesis was that the

total concentration of hBD-1 and

hBD-3 would be higher in the gingival

crevicular fluid of patients with DM

than in patients without DM, and

that the increased the total concentra-

tion of hBD-1 and hBD-3 are caused

by complications within the periodon-

tal tissues of DM patients. The results

of the present study support this

hypothesis. The reasons why the total
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concentration of hBD-1 and hBD-3

were higher in the gingival crevicular

fluid of patients diagnosed with DM

were determined to be caused by the

deterioration of the vascular structure

as a result of the increased accumula-

tion in AGEs in the periodontal tis-

sues. Furthermore, cells, such as

polymorphonuclear neutrophils, are

unable to function properly and thus

are incapable of mounting a sufficient

defense against microorganisms. Cor-

respondingly, there is an increase in the

number of microorganisms within the

dental plaque and increased amounts

of hBD-1 and hBD-3 could have been

released from the gingival tissue in

order to prevent such an increase.

There are no studies in which the

levels of hBD-1 and hBD-3 have been

compared. Most studies have been

conducted primarily on animal models.

Page and Malik (56) found that the

high mRNA levels of rat b-defensin 1

(rBD-1) are elevated in diabetic rats vs.

Wistar control rats. In another study

in which the expression levels of rBD-1

were compared between groups in

which diabetic rats were treated with

insulin, low expression levels of rBD-1

were found in the insulin-treated rats

(57). Lan et al. (18) determined the

molecular effects of a high-glucose

environment on hBD-3 expression in

their skin-lesion models; in their

results, they found that treating kerati-

nocytes with glycation end-products

significantly decreased the levels of

hBD3 produced, although hyperglyce-

mic conditions inhibited constitutive

expression of hBD-3 on keratinocytes

and resulted in inadequate up-regula-

tion of hBD-3 upon stimulation. Hirat-

suka et al. (58) found that the levels of

rBD-1 mRNA were significantly lower

in the kidneys of several diabetic

rodent models than they were among

their lean littermates. In the present

study, the gingival crevicular fluid sam-

ples from patients were compared. The

varied results obtained in different

studies are probably a result of the dif-

ferent types of models employed.

Therefore, within the limits of the

present study, the decrease in new tis-

sue formation within the periodontal

tissues of patients with DM, and the

tendency of such tissues to deterio-

rate, as well as the decrease in the

defense system of periodontal tissues

and vascular changes in patients with

type 2 DM, may lead to the secretion

of higher levels of hBD-1 and hBD-3

into the gingival crevicular fluid.

Determining the total concentration

of hBD-1 and hBD-3 in the gingival

crevicular fluid of patients with differ-

ent periodontal prognoses will help to

define the response of soft tissues to

periodontally important pathogenic

microorganisms and elucidate the

treatment prognosis. In addition, the

present data support the concept that

the pathogenesis of chronic periodon-

titis and that of diabetes-related peri-

odontitis are distinct. Future studies

will be directed toward the examina-

tion of the relevance of chronic peri-

odontitis and DM, as well as the use

of specific drugs that may moderate

the host response to periodontal dis-

ease in patients with DM.
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