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ABSTRACT 

 

Background: Periodontal diseases including gingivitis and periodontitis are among the most frequent 

oral diseases affecting all age groups, which can critically impact the general health. Since periodontal 

disease is both preventable and curable, early intervention will minimize the subsequent destruction of 

periodontal tissues. 

Objective: Is to assess the gingival crevicular fluid level of Macrophage Chemotactic Protein-

1/CCL2 and Interleukin-12 in plaque induced gingivitis patients compared to chronic periodontitis 

patients. 

Methods: This was a cross-sectional study with a sample of 32 healthy female patients obtained from 

the Dental Teaching Hospital, College of Dentistry, Umm Al-Qura University. GCF samples were 

collected using PerioPaper Strips. 

Results: Chronic periodontitis patients showed statistically significant higher mean PD (5.50mm) 

than patients with plaque induced gingivitis (3.06mm). Patients with chronic periodontitis revealed 

greater levels of MCP-1 (0.094pg/ml) in GCF compared to patients with plaque induced gingivitis 

(0.079pg/ml). Moreover, chronic periodontitis patients showed higher levels of IL-12 (0.11pg/ml) 

than plaque induced gingivitis patients (0.101pg/ml). 

Conclusion: In conclusion, within the limits of the present study, IL-12 and MCP-1 may be regarded 

as a reliable biochemical marker for periodontal tissue destruction in CP. Further longitudinal studies 

with larger sample size are recommended to further elucidate the role of these biomarkers in alveolar 

bone resorption in periodontal disease. 

 

Key words: Chemokines and Gingival crevicular fluid, Chronic periodontitis, Cytokines, Plaque 

induced gingivitis, Interleukin-12, Macrophage Chemotactic Protein-1/CCL2. 
 

INTRODUCTION 

Cytokines play a fundamental role in 

inflammation and they are key 

inflammatory mediators in periodontal 

disease. 
[1,2] 

Cytokines bind to specific 

receptors on target cells, and they initiate 

intracellular signaling cascades that result in 

phenotypic changes in the cell via altered 

gene regulation. 
[1,3]

 

Cytokines play a key role at all 

stages of the immune response in 

periodontal disease. 
[4,5] 

They act as 

mediators for both homeostasis and 

immunity. 
[6-8] 

T cells which are the source 

of many cytokines are the dominant cell 

type in periodontitis lesions. 
[4]

 

The prolonged and excessive 

production of cytokines and other 
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inflammatory mediators in the periodontium 

leads to the tissue damage that characterizes 

the clinical signs of the disease. However, 

they also have profound biologic effects that 

lead to tissue damage with chronic 

inflammation. 
[5] 

Interleukin 12 (IL-12) is the major 

cytokine which induces naive T cells into 

Th1 cells. The major effect of IL-12 is the 

production of IFN-γ by Th1 cells and the 

regulation of transition from an early innate 

immune response to an adaptive immune 

response. [9] Interleukin-12 is a 

heterodimeric ligand consisting of 

interleukin-12 p40 and interleukin-12 p35 

subunits. It is produced by myeloid cells and 

affects the T helper 1 differentiation of T-

lymphocytes, and thereby enhances the 

expression of interferon-gamma. 
[10] 

Higher 

levels of IL-12 were found in GCF of 

chronic periodontitis (CP) sites compared to 

gingivitis (G) and healthy sites, it has a 

critical role in determining whether the 

periodontal lesion is stable or progressive, it 

is considered a key for better understanding 

of the immune response to periodontal 

diseases. 
[11]

 

Chemokines are signaling proteins 

produced mainly by myeloid cells that have 

important roles in recruiting specific 

leukocyte subpopulations to sites of ongoing 

tissue damage. 
[12,2,3] 

They’re found in the 

GCF and gingival tissues, and play an 

important role in the immunopathogenesis 

of periodontal disease. Chemokines are 

involved in both the physiology and the 

pathology of bone metabolism. They are 

essential signals for the trafficking of 

osteoblast and osteoclast precursors, and 

consequently they are potential modulators 

of bone homeostasis. 
[13,14]

 

MCP-1/CCL2 is supposed to be the 

major chemoattractant of macrophages in 

periodontal disease. MCP-1/CCL2 activity 

in GCF increased with severity of 

periodontal disease. 
[15]

 

Chemokines play critical roles in 

acute and chronic stages of inflammation 

and regulating the cells chemical flow into 

the site of infection. 
[16] 

They are facilitating 

the migration and activation of specific 

types of leukocytes in response to the 

bacterial infection. 
[17]

 

They are responsible for the 

recruitment and subsequent activation of 

particular leucocytes into inflamed tissues 

sites, and therefore play a central role in the 

final outcome of the immune response by 

determining which subsets of leucocytes 

form the inflammatory infiltrate. 
[18]

 

Two groups of chemokines are 

functionally characterized within the context 

of inflammatory processes: (1) the CXC 

subgroup, which activates the neutrophils 

and (2) the CC subgroup, which is 

comprised of monocyte chemo attractant 

protein-1 (MCP-1), macrophage 

inflammatory protein-1 alpha (MIP-1α), 

macrophage inflammatory protein-1 beta 

(MIP-1β), and regulated on activation 

normal T cell expressed and secreted 

chemokine (RANTES), CC chemokines are 

chemotactic for monocytes or lymphocytes, 
[19,20] 

which determine the transition from 

the acute inflammation into chronic 

inflammatory process through class 

switching of macrophages (M1-M2). 
[21]

 
 

Macrophage Chemotactic Protein-1 

(MCP-1) 

One of the most investigated and 

disease-associated chemokines is monocyte 

chemoattractant protein-1 (MCP-1), which 

plays a crucial role in the recruitment of 

mononuclear phagocytes to sites of 

inflammation and malignancies (de la Rosa 

et al. 2003; Garlet et al. 2003; Yao et al. 

2006; Buhling et al. 2007; Tsai et al. 2008).  

MCP-1 has been associated with 

gingivitis, periodontitis, and bone 

inflammation secondary to bacterial 

infections in the oral cavity. 
[19] 

Patients 

with chronic periodontitis (CP) and 

aggressive periodontitis (AgP) have been 

reported with high levels of MCP-1 in the 

gingival crevicular fluid (GCF). 
[22,23] 

 

MATERIALS AND METHODS 

Subjects 

Sixteen patients diagnosed as plaque 

induced gingivitis and sixteen patients with 
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moderate to severe chronic periodontitis 

were selected from the screening clinic of 

the Dental Teaching Hospital, College of 

Dentistry, Umm Al-Qura University. 

Patients participating in this study signed an 

informed consent demonstrating the purpose 

of the study. The study proposal was 

reviewed by UQU-DNT Ethical Approval 

Committee 

 

Selected individuals fulfilled the following 

criteria: 

Inclusion criteria: 

1. Patients free from any systemic disease 

as evidenced by health questionnaire 

using health history questionnaire. 

2. Female gender. 

Exclusion criteria: 

1. Patients with history of periodontal 

surgery or antimicrobial therapy for at 

least 4 months prior to the initiation of 

the study. 

2. Pregnant and breast-feeding women. 

3. Smokers. 

 

Participants were divided into two 

groups: 

Group I: Included sixteen moderate to 

severe chronic periodontitis patients with 

clinical attachment loss 3mm. 

Group II: Included sixteen plaque induced 

gingivitis patients. 

 

Clinical examination 

The following measurements were recorded 

for all patients:  

1. Plaque Index (PI). 

2. Bleeding on probing. 

3. Probing Depth (PD). 

4. Clinical attachment level (CAL). 

 

Collection of gingival crevicular fluid 

(GCF): 

Clinical examination, group 

allocation and sampling site selection were 

performed, and then the samples were 

collected on the subsequent day. This was 

done to prevent the contamination of the 

GCF samples with blood associated with the 

periodontal probing of the inflamed sites. 

Gingival Crevicular fluid was 

obtained from each patient by periopaper 

strips (Gingival Fluid Collection Strips, 

ORAFLOW, Smithtown NY 11787, Catalog 

no. 593520) inserted in the gingival crevice 

pocket until mild resistance was felt and left 

in place for 30 seconds after isolation by 

cotton rolls. Then samples were stored in 

Eppendorf tubes until time of analysis. Only 

one site per-subject was selected as the 

sampling site. 

In periodontitis patients, the site 

showing the highest PD and CAL with signs 

of inflammation along with radiographic 

evidence of alveolar bone loss was selected 

for the sampling. 

 

Biochemical assessments of MCP-1/CCL2 

and IL-12 levels: 

GCF samples were collected to 

assess the GCF level of MCP-1/CCL2 and 

IL-12 in plaque induced gingivitis patients 

compared to chronic periodontitis patients. 

The quantitative determination of human 

MCP-1/CCL2 and IL-12 levels in GCF was 

done using Human MCP-1/CCL2 from 

Abcam, UK. MCP-1/CCL2 was measured 

by ELISA according to manufacturer 

instructions and Human IL-12 from Abcam, 

UK. IL-12 was measured by ELISA 

according to manufacturer instructions. 

 

Statistical Analysis: 

The results were processed using SPSS 

program utilizing:  

Independent sample t- test to compare 

plaque index (PI), bleeding on probing 

(BOP) and probing depth (PD) between 

‘Periodontitis’ and ‘Gingivitis’ patients.  

Independent sample t- test to compare 

between ‘Periodontitis’ and ‘Gingivitis’ 

patients regarding IL-12 and MCP-1 GCF 

levels. 

Pearson Correlation coefficient to determine 

the relation between PI, BI, PD and Clinical 

attachment level (CAL) in subjects with 

periodontitis. 

Percentage of mild, moderate and severe 

periodontitis in periodontitis patients. 
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Budget: The study was completely self-funded 

by the principle investigator and costs about 

7100 Saudi Riyals, to cover the expenses of the 

ELISA kits and the perio paper strips. 

 

RESULTS 

 
Table (1): Independent sample t- test to compare PI between 

the gingivitis patients and the periodontitis patients. 

p- 

value  

SD Mean  N  Sample  Variable  

0.001 17.32 43.44 16 Chronic 

Periodontitis 
Plaque 

Index 
15.15 23.03 16 Plaque Induced 

Gingivitis 
 

Table (1) showed that there were 

statistically significant difference in Plaque 

Index between the 2 groups. (p- value is 

<0.05). 
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Fig (1) Mean of Plaque Index 

 
Table (2): Independent sample t- test to Compare Bleeding 

Index between the gingivitis patients and the periodontitis 

patients. 
p- 
value  

SD Mean  N  Sample  Variable  

0.000 19.07 52.30 16 Chronic 

Periodontitis 
Bleeding 

on Probing 
17.67 22.14 15 Plaque 

Induced 

Gingivitis 
 

Table (2) showed that there were 

statistically significant difference in BI 

between the between the 2 groups. (p- value 

is <0.05). 
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Fig (2) Mean ofBleeding Index 

 
Table (3): Independent sample t- test to compare PD between 

the gingivitis patients and the periodontitis patients. 
p- 

value  

SD Mean  N  Sample  Variable  

0.000 
 

1.41 5.50 16 Chronic 
Periodontitis 

Probing 
Depth  

.59 3.06 15 Plaque Induced 

Gingivitis 
 

Table (3) showed that there were 

statistically significant difference in Probing 

Depth between the 2 groups. (p- value is 

<0.05). 
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Fig (3) Mean of Probing Depth (mm) 
 
Table (4): Independent sample t- test to compare IL-12 levels 

in GCF between the gingivitis patients and the periodontitis 

patients. 

P- 

value 

SD Mean   

0.856 .024 .11 Chronic 
Periodontitis 

IL-12 levels in 
GCF 

.030 .101 Plaque Induced 

Gingivitis 
 

Table (4) showed that there were 

statistically significant difference in IL-12 

levels in GCF between the 2 groups (p- 

value is <0.05).  
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Fig (4) Mean of IL-12 in GCF (pg/ml) 

 
Table (5): Independent sample t- test to compare MCP-1 levels 

in GCFbetween the gingivitis patients and the periodontitis 

patients. 
P- 

value 

SD Mean   

0.085 Periodontitis .094 Chronic 
Periodontitis 

IL-12 
levels in 

GCF Gingivitis .079 Plaque 

Induced 

Gingivitis 
 

Table (5) showed that there were 

statistically significant difference in MCP-1 

levels in GCF between the 2 groups (p- 

value is <0.05).  
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Fig (5) Mean of MCP-1 in GCF (pg/ml) 

 

Table (6): Pearson Correlation coefficient to determine the relation between Plaque Index, Bleeding Index, Pocket Depth and CAL 

in periodontitis group 
  Plaque Index Bleeding Index Pocket Depth CAL 

Plaque Index Pearson Correlation 1 .706** .551* .574* 

Sig. (2-tailed)  .002 .027 .020 

 

Bleeding Index 

Pearson Correlation .706** 1 .455 .640** 

Sig. (2-tailed) .002  .077 .008 

Pocket Depth Pearson Correlation .551* .455 1 .709** 

Sig. (2-tailed) .027 .077  .002 

CAL Pearson Correlation .574* .640** .709** 1 

Sig. (2-tailed) .020 .008 .002  

 

With respect to the previous table the results 

of the current study showed that, there was 

statistically significant positive correlation 

relation between Plaque Index, Bleeding 

Index, Pocket Depth and CAL in 

periodontitis group where the p- value was 

(<0.05) and Pearson Correlation was (> 

0.5). 

As evident in the previous table the 

results showed that: there was statistically 

significant differences in Plaque Index, 

Bleeding Index, Pocket Depth between the 

Periodontitis group and Gingivitis where the 

p- value is (<0.05), while there are no 

statistically significant differences in IL-12 

levels in GCF and MCP-1 levels in GCF 

between the Periodontitis group and 

Gingivitis where the p- value was (>0.05). 

 

 

 
Table (7): Independent sample t- test to compare between 

‘Periodontitis’ and ‘Gingivitis’ in IL-12 levels in GCF 
P- value SD Mean   

0.856 .024 .11 Chronic 
Periodontitis 

IL-12 
levels in 

GCF .030 .101 Plaque Induced 

Gingivitis 

0.085 .032 .094 Chronic 
Periodontitis 

MCP-1 
levels in 

GCF 

 
.008 .079 Plaque Induced 

Gingivitis 

0.001 17.32 43.44 Chronic 
Periodontitis 

Plaque 
Index 

15.15 23.03 Plaque Induced 

Gingivitis 

0.000 19.07 52.30 Chronic 
Periodontitis 

Bleeding 
Index- 

17.67 22.14 Plaque Induced 

Gingivitis 

0.000 1.41 5.50 Chronic 
Periodontitis 

Pocket 
Depth) 

.59 3.06 Plaque Induced 

Gingivitis 

 

DISCUSSION 

Periodontitis is a chronic 

inflammatory disorder caused by specific 
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periodontal pathogens, such as 

Porphyromonas gingivalis, Tannerella 

forsythia and Aggregatibacter 

actinomycetemcomitans. The two main forms 

of periodontitis namely; chronic (CP) and 

aggressive (AgP) are characterized by 

attachment loss and bone destruction. 
[24-26]

 

An orchestrated cytokine and 

chemokine network regulates homeostasis 

in the periodontium. Chemokines mediate 

recruitment of inflammatory cells in 

response to microbial and mechanical 

stimuli maintaining healthy levels of cell 

populations. 
[27,28] 

Chemokines enhance the 

migration and activation of leukocytes in 

response to bacterial infection 
[29] 

and play a 

crucial role in chronic inflammation via 

regulating the chemical flow of cells into 

the site of infection. 
[30]

 

Chemokines are proteins that serve 

as leukocyte chemoattractants in a variety of 

inflammatory diseases. 
[31,32] 

They affect 

divergent biological activities that include 

cell migration to sites of disease and 

inflammation, leukocyte activation, 

leukocyte secretions, and microbial 

activities. 
[33-37]

 

The results of our study were in 

accordance with Sa´nchez-Herna´ndez et al., 

(2011) 
[38] 

who reported that IL-12 levels in 

gingival tissues and serum were higher in 

patients with aggressive periodontitis than 

in patients with CP or healthy gingiva; and 

in CP than in healthy subjects, suggesting 

that IL-12 may be involved in the immuno-

inflammatory response observed in the most 

destructive form of periodontal disease. In 

this regard, it has been reported that GCF 

IL-12 levels were higher in CP patients than 

those in HS. 
[39,40] 

Moreover, an elevated IL-

12p35 gene expression in CP lesions 

compared with those in gingivitis lesions or 

healthy control sites was also reported. 
[41,42,38]

 
Within the limits of the present 

study, it can be concluded that there were 

statistically significant differences in plaque 

index, bleeding on probing and probing 

depth between the plaque induced gingivitis 

patients and the chronic periodontitis 

patients. Moreover, the GCF levels of IL-12 

and MCP-1 were higher in the chronic 

periodontitis patients compared to the 

plaque induced gingivitis patients but with 

no statistically significant difference. 

Furthermore, there was strong and positive 

statistically significant correlation between 

plaque index, bleeding on probing, probing 

depth and CAL in the chronic periodontitis 

group where the p- value was (<0.05) and 

Pearson Correlation was (> 0.5).  

When the mean IL-12 level in GCF 

was compared between both chronic 

periodontitis and gingivitis groups, 

significant difference was reported, being 

higher in periodontitis patients than in 

gingivitis patients. This might suggest a 

potential cellular hyperactivity that may 

favor periodontal destruction in CP. 

In conclusion, the results of this 

study w serve as preliminary data 

suggesting that MCP-1 and IL-12 could play 

a profound role in periodontal inflammation. 

Within the limits of the present study, IL-12 

may be regarded as a biochemical marker 

for periodontal tissue destruction in chronic 

periodontitis patients. Longitudinal studies 

with large sample size are recommended to 

further elucidate the role of IL-12 and MCP-

1 in periodontal tissue destruction and 

alveolar bone resorption. 

In addition, it would be interesting to 

investigate the Th1, Th2, and Th17 profile 

cytokines in both chronic and aggressive 

periodontitis to understand their pathogenic 

mechanisms and to identify potential 

therapeutic targets.  

 

CONCLUSION 

In conclusion, it can be concluded 

that there were statistically significant 

differences in Plaque Index, Bleeding Index 

and Probing Depth between the plaque 

induced gingivitis patients and the chronic 

periodontitis patients. Moreover, the GCF 

levels of IL-12 and MCP-1 were higher in 

the chronic periodontitis patients compared 

to the plaque induced gingivitis patients but 

with no statistically significant difference.  
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Furthermore, there was strong and 

positive statistically significant relation 

between Plaque Index, Bleeding Index, 

Probing Depth and CAL in the chronic 

periodontitis group where the p- value was 

(<0.05) and Pearson Correlation was (>0.5). 
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