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During recent years, the influence of

systemic factors on the pathogenesis of

periodontal disease has been assessed,

and consistent evidence has been pro-

vided establishing both type 1 and type

2 diabetes mellitus as risk factors for

the initiation and progression of peri-

odontal disease. Type 2 diabetes, for-

merly known as noninsulin-dependent

diabetes, represents the most common

type of diabetes, which is caused by

resistance to insulin combined with a

failure to produce enough insulin to

compensate this resistance (1–6). Sev-

eral mechanisms have been proposed to
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Background and Objective: This study evaluated whether the biochemical changes

associated with type 2 diabetes modulate the expression of interleukin-1b, inter-
leukin-6, interleukin-8, and interferon-c in sites with chronic periodontitis.

Material and Methods: Biopsies were harvested and divided into three groups:

group 1, systemically and periodontally healthy subjects (n ¼ 10); group 2, sys-

temically healthy subjects with moderate-to-severe chronic periodontitis (probing

depth > 6 mm) (n ¼ 20); and group 3, type 2 diabetic subjects with periodontitis

(n ¼ 20). Cytokine levels were assessed in the gingival tissues by enzyme-linked

immunosorbent assay analysis.

Results: Data analysis demonstrated that the interleukin-1b, interleukin-6, inter-
leukin-8, and interferon-c levels were higher in the presence of periodontal

inflammation than in the absence of inflammation, regardless of systemic status.

The interleukin-1b and interleukin-6 levels were higher in diabetic subjects (group

3) than in systemically healthy patients with comparable types of periodontitis

(group 2). No difference was observed for the interleukin-8 and interferon-c levels

between groups 2 and 3.

Conclusion: Within the limits of this study, it was concluded that type 2 diabetes

was associated with increased expression of interleukin-1b and interleukin-6 in

periodontally inflamed tissues of diabetic patients, relative to nondiabetic subjects,

and that such overexpression may be involved in the mechanisms by which type 2

diabetes enhances periodontal destruction.
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explain the greater incidence and

severity of periodontal disease in dia-

betic subjects (4–6). These include

polymorphonuclear leukocyte dys-

function (7,8), vascular changes,

altered collagen and glycosaminogly-

can synthesis, deregulated cytokine

production (9), and the formation of

advanced glycation end-products (10).

Advanced glycation end-products,

through their receptors, induce the

expression of pro-inflammatory

cytokines, such as prostaglandin E2,

interleukin-1b, interleukin-6, and

tumor necrosis factor-a (11,12).

Therefore, advanced glycation end-

product–their receptors interaction

amplifies the magnitude of cytokine

expression and response, which may

further amplify the progression and

severity of periodontitis. Even though

some studies have attempted to des-

cribe the role of diabetes mellitus in

periodontal pathological processes, few

have examined the presence of local

expression of inflammatory factors in

the periodontal tissue of type 2 diabetic

patients. Therefore, the aim of this

study was to evaluate whether type 2

diabetes mellitus is associated with al-

tered expression of interleukin-1b,
interleukin-6, interleukin-8, and inter-

feron-c in sites with moderate-to-severe

chronic periodontitis.

Material and methods

Study population

This study was approved by the Insti-

tutional Review Board of the Univer-

sity of Campinas School of Dentistry.

All subjects were submitted to anam-

nesis and to clinical and periodontal

examination (Table 1). Patients with

moderate-to-severe chronic perio-

dontitis were defined as having mul-

tiple sites (at least eight) with a probing

depth of ‡ 6 mm that was associated

with bleeding on probing, and with

bone loss as determined by radio-

graphs. Exclusion criteria included any

systemic disorder that would require

antibiotic prophylaxis or would affect

the periodontitis condition, except for

diabetes, and patients who received

scaling and root planing and/or used

systemic or subgingival antimicrobials

or anti-inflammatory medication with-

in 6 mo prior to baseline examination.

Only patients who had been diagnosed

with type 2 diabetes mellitus for at least

10 years were classified as diabetic. All

patients were nonsmoking, and female

patients were not pregnant, lactating or

using any method of birth control.

Experimental design and biopsy
collection

Prior to biopsy collection, selected sites

were dichotomously assessed for

supragingival plaque and bleeding on

probing. In addition, probing depth

and attachment loss measurements

were also obtained from sample sites

(Table 2). Gingival biopsies were har-

vested from single teeth from subjects

undergoing periodontal surgery for

disease-related and nondisease-related

reasons (e.g. esthetics). Following

block anesthesia, tissues on tooth sur-

faces where periodontal pockets were

evaluated were incised to include the

entire soft tissue walls of the pockets to

be investigated. The entire pocket and

junctional epithelia, as well as the

adjacent connective tissue, were care-

fully removed with a surgical blade.

Biopsies were restricted to one or more

sites around a randomly selected tooth

and divided into three different groups

according to their periodontal and

systemic status, as follows.

Group 1 — Systemically and perio-

dontally healthy subjects. These sub-

jects had a high standard of oral

hygiene with no bleeding on probing,

and a probing depth of £ 3 mm in the

selected sites (n ¼ 10).

Group 2 — Subjects who were system-

ically healthy and clinically diagnosed

with moderate-to-severe chronic perio-

dontitis (e.g. probing depth ‡ 6 mm and

bleeding on probing) (n ¼20).

Group 3 —Type 2 diabetic subjects

(actual fasting serum glucose levels <

120 mg/dL) clinically diagnosed

with moderate-to-severe chronic perio-

dontitis (n ¼ 20).

Enzyme-linked immunoabsorbent
assay (ELISA)

ELISA was performed as detailed in a

previous report (13). Briefly, biopsies

were stored at )20�C and homogenized

in a solution of phosphate-buffered

saline containing 0.4 M NaCl, 0.05%

Tween 20, 0.5% bovine serum albumin,

0.1 mM phenylmethylsulfonyl fluoride,

0.1 mM benzotonic chloride, 10 mM

EDTA, and 20 KIU/mL aprotinin

(Sigma Chemical Co., St Louis, MO,

USA). The samples were centrifuged

(12,350 g, 15 min, 4�C) and the superna-
tant was used to evaluate the concen-

trations of interleukin-1a, interleukin-

Table 1. Demographic clinical characteristics of the study populations for the three experi-

mental groups (mean ± SD)

Group 1

(n ¼ 10)

Group 2

(n ¼ 20)

Group 3

(n ¼ 20)

Age (years) 39.57 ± 2.85 37.50 ± 4.11 40.86 ± 3.37

% male subjects 40.00 33.33 40.00

Probing depth (mm) 1.95 ± 0.45 7.65 ± 0.57 7.69 ± 0.43

Glycemic level (mg/dL) – – 110.13 ± 5.99

Duration of diabetes (years) – – 14.06 ± 5.52

Table 2. Mean values (± SD) of clinical parameters of sampling sites for the three experi-

mental groups

Group 1

(n ¼ 10)

Group 2

(n ¼ 20)

Group 3

(n ¼ 20)

Probing depth (mm) 1.35 ± 0.90 7.60 ± 0.86 7.45 ± 1.42

Attachment loss (mm) 1.25 ± 0.62 8.50 ± 0.92 8.15 ± 1.47

Plaque (%) 0 100 100

Bleeding on probing (%) 0 100 100
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6, interleukin-8, and interferon-c in the

gingival tissues. Polystyrene high-bind-

ing 96-well microtiter plates (Nunc-

Immuno Plate; Maxisorp, Rochester,

NY, USA) were coated with capture

antibody, polyclonal rabbit anti-inter-

leukin-1a (3 lg/mL; Pharmingen, San

Diego, CA, USA), anti-interleukin-6

(1 lg/mL; Pharmingen), anti-inter-

feron-c (1 lg/mL; Pharmingen), and

anti-interleukin-8 (1 lg/mL; Pharmin-

gen), diluted in phosphate-buffered

saline coating buffer. After overnight

incubation at 4�C, the plates were

washed (as in subsequent steps) with

phosphate-buffered saline containing

0.05% Tween 20 and 0.4 M NaCl and

then incubated in dilution buffer

(phosphate-buffered saline containing

1.0% bovine serum albumin; 100 lL
per well) for 2 h at room temperature to

block nonspecific binding. After wash-

ing, samples (100 lL per well), or the

serially diluted standards of interleu-

kin-1b (5000 pg/mL; Pharmingen),

interleukin-6 (2000 pg/mL; Pharmin-

gen), interferon-c (2000 pg/mL;

Pharmingen) or interleukin-8 (2000 pg/

mL; Pharmingen), were added to the

plates and incubated overnight at 4�C.
After washing the plates, 100 lL of bi-

otinylated sheep polyclonal antihuman

interleukin-1b (0.2 lg/mL; Pharmin-

gen), interleukin-6 (1 lg/mL; Pharm-

ingen), interferon-c (1 lg/mL;

Pharmingen) or interleukin-8 (1 lg/
mL; Pharmingen) was added to each

well and the plates were incubated for

1 h at room temperature. Color

was developed by the use of peroxidase-

conjugated streptavidin (1 : 200;

100 lL per well) (DAKO Corp.,

Carpinteria, CA, USA) for 30 min

and, after washing, the chromogen,

o-phenylenediamine-2HCL (Sigma)

was incubated for 15 min. The reac-

tions were quenched with 150 lL of

1.0 M sulphuric acid. The absorbance of

each well was read in a microplate

spectrophotometer at 490 nm, and

the concentration of cytokines was

calculated from a standard curve and

expressed as pg/mg of tissue.

Statistical analysis

Data from ELISA analysis were aver-

aged and an intergroup comparison

was performed by one-way analysis

of variance (a ¼ 0.05). If statistical

difference was detected, a pairwise

multiple comparison test (Bonferroni

t-test) was used to identify the differ-

ence among the groups.

Results

Clinical observations

The mean values (± standard devi-

ation) for the clinical parameters in

the selected population, demographic

data, and glycemic data in diabetic

and nondiabetic subjects, and clinical

parameters of sampling sites for all

the three experimental groups are

given in Tables 1 and 2, respectively.

With respect to the sampling sites,

group 1 showed no signs of inflam-

mation (e.g. bleeding on probing) and

the absence of dental biofilm, whereas

for both groups 2 and 3, inflammation

and dental biofilm were always pre-

sent. In addition, groups 2 and 3

showed a comparable type of perio-

dontitis with respect to its type

(chronic periodontitis) and severity

(moderate to severe probing depth ‡
6 mm).

ELISA analysis

The mean concentrations and standard

deviation of interleukin-1a, interleu-

kin-6, interleukin-8, and interferon-c
levels in the gingival tissues for all the

experimental groups are shown in

Fig. 1. Data analysis demonstrated

that interleukin-1a, interleukin-6,

interleukin-8, and interferon-c levels

were significantly increased by perio-

dontal inflammation (groups 2 and 3),

compared with the control group

(group 1), regardless of systemic sta-

tus (p < 0.001). In addition, inter-

leukin-1a and interleukin-6 levels were

found to be higher in the gingival

tissues harvested from periodontal

sites in diabetic patients (group 3)

compared to sites with a comparable

type of periodontitis in the non-

diabetic subjects (group 2) (p < 0.05).

Finally, no significant difference was

detected for interleukin-8 and inter-

feron-c levels between groups 2 and 3

(p > 0.05).

Discussion

The findings of the current study

demonstrate that elevated levels of

interleukin-1b, interleukin-6, inter-

leukin-8, and interferon-c are more

significantly associated with sites

showing periodontal inflammation in

comparison with noninflamed sites. In

addition, data analyses suggest that an

Fig. 1. Mean concentrations and standard

deviations of interleukin-1b, interleukin-6,

interleukin-8, and interferon-c (pg/mg of

tissue), as determined by enzyme-linked

immunosorbent assay, in gingival biopsies

harvested from healthy periodontal sites

(group 1), from systemically healthy subjects

with moderate-to-severe chronic perio-

dontitis (group 2), and from sites with

comparable types of periodontitis in type 2

diabetic subjects (group 3). Different letters

indicate statistical differences, as determined

by an intergroup analysis using one-way

analysis of variance (a ¼ 0.05), followed by

a pairwise multiple comparison test (Bon-

ferroni t-test), to identify the difference

among the groups. IL, interleukin; IFN,

interferon.
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overproduction of the pro-inflamma-

tory cytokines interleukin-1a and

interleukin-6 in the local area may be

involved in the type 2 diabetes modu-

lation of periodontal destruction

induced by the dental biofilm, whereas

interleukin-8 and interferon-c may not

be directly involved. Interleukin-1b is a

bone-resorptive cytokine that also

mediates soft-tissue destruction by sti-

mulating the production of prosta-

glandin E and collagenase (14). It has

been previously demonstrated that

human gingival crevicular fluid from

diabetic patients may contain higher

levels of both prostaglandin E2 and

interleukin-1a than the gingival cre-

vicular fluid from healthy subjects (11).

Furthermore, monocytes isolated from

periodontal patients with type 1 dia-

betes produce significantly greater

amounts of tumor necrosis factor-a,
interleukin-1a, and prostaglandin E2 in

response to lipopolysaccharide com-

pared with nondiabetics (15). The

findings of the present study suggest

that, similarly to type 1 diabetes, type 2

diabetes mellitus may also be associ-

ated with locally elevated levels of

interleukin-1a at periodontal sites.

These data corroborate those of Bulut

et al. (16), who also observed that

interleukin-1a levels in the gingival

crevicular fluid of type 2 diabetic

patients were significantly higher than

those in healthy individuals with and

without periodontitis.

Interleukin-6 plays an important role

in many chronic inflammatory diseases,

being involved in leukocyte recruit-

ment, apoptosis, and T-cell activation

(17,18). In addition, a combination of

interleukin-6 and its soluble receptor

induce bone resorption either by

increasing receptor activator of neclear

factor-jB ligand (RANKL) or by

directly acting on osteoclast formation

(19–21). In the present study, data

analysis suggests that high levels of

interleukin-6 at the periodontal sites

from diabetic patients may be relevant

for type 2 diabetes modulation of perio-

dontal disease. In line with the findings

of this investigation, previous studies

have demonstrated increased levels of

interleukin-6 associated with periodon-

tal sites in type 2 diabetic subjects

(22,23).

Interleukin-8 plays a key role in the

host defense mechanism in inflamma-

tory diseases, including periodontitis,

through neutrophil or nonleukocytic

cell chemoattraction and activation

(24–26). Interferon-c is another key

inflammatory mediator that is involved

in T-cell-mediated activation of macro-

phages and bone remodeling (21,27,28).

Furthermore, a recent clinical study

suggested that the high level of expres-

sion of interferon-c in salivary samples

from type 2 diabetic patients may

be associated with severe, but not

with moderate, periodontitis (29). The

results of the present study demonstra-

ted that both interleukin-8 and inter-

feron-c levels were higher in the

inflamed vs. noninflamed tissues,

regardless of the diabetic state. There-

fore, based on these data, although

interleukin-8 and interferon-c locally

delivered in the gingival tissues play a

relevant role in the pathogenesis of

periodontal disease, they may not be

directly involved in the mechanisms by

which periodontal bone destruction is

modulated in type 2 diabetic patients. In

conclusion, within the limits of the pre-

sent study, it may be concluded that

overexpression of interleukin-1b and

interleukin-6 play a relevant role in the

increased periodontal breakdown seen

in individuals with type 2 diabetes

mellitus. If these findings are confirmed

by other studies, they may be helpful in

designing more mechanistic approaches

in order to minimize the negative effect

of type 2 diabetes mellitus on perio-

dontal destruction.
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