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Abstract 

Objective: The T helper 17 (Th17) cells have been suggested to have osteoclast 

activating effects while T helper 2 (Th2) cells are considered to have an osteopro-

tective role in periodontitis.  

This study was to compare the markers of Th17 cells (RORC2 and IL-17 genes) 

with that of Th2 cells (IL-4 and GATA-3 genes) between healthy and periodonti-

tis tissues.  

Materials and Methods: The samples were obtained from patients with perio-

dontitis and healthy tissues. The mRNA expression levels of IL-17, RORC2, IL-4 

and GATA-3 were measured in both groups using quantitative RT-PCR. The re-

sults were compared using SPSS 11.0. Correlation coefficient was analyzed by 

Spearman’s rho test. Mann-Whitney was used to measure the difference between 

IL-17 and IL-4 as well as RORC2 and GATA-3. 

Results: In periodontal lesions, the expression levels of all markers were signifi-

cantly higher than the healthy tissue (p≤ 0.001). The results showed a significant 

increase in the number of markers of Th17 (RORC2 and IL-17 genes) compared 

to markers of Th2 (GATA-3, IL-4) in patients with periodontitis compared to con-

trols (p≤0.002). A positive correlation between IL-17 and RORC2 (p≤0.05) and 

between IL-4 and GATA-3 (p≤0.001) was found.    

Conclusion: The results show that expression levels of IL-4, GATA-3, IL-17 and 

RORC2 increase significantly in periodontal lesions compared with the controls. 

In periodontal lesions, IL-17 levels are significantly greater than IL-4, which 

plays a protective role against alveolar bone loss. 

Key Words: TH17 cell;TH2 cell; IL-17F protein; GATA3 factors; Periodontal 

Disease 
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INTRODUCTION 

Periodontitis is an infectious inflammatory 

disease characterized by infiltration of consid-

erable numbers of lymphocytes into periodon-

tal lesions which leads to secretion of different 

cytokines and eventual destruction of the peri-
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odontal tissue as well as alveolar bone loss [1, 

2].Some forms of periodontal disease includ-

ing gingivitis remain stable for years. The sup-

porting tissue of the teeth and bone remain in-

tact and inflammation is limited to gingival 

tissue. Other forms of periodontal disease pro-

gress to periodontitis with consequent loss of 

periodontal attachment, bone and finally tooth 

loss--a process that is inevitable even with 

treatment [3]. In recent years, several surveys 

have been conducted to identify the cause of 

this progress. Although periodontal bacteria 

are the main causative agents in periodontitis, 

host immune response is responsible for pro-

gression into severe forms of this disease [2, 4, 

5]. T-cells play an important role in the im-

mune system. T-helpers originate from naïve 

cells that differentiate to T helper 1 (Th1) in 

the presence of antigen presenting cells and 

IL-12, and to T helper 2 (Th2) under the influ-

ence of IL-4. These cells are involved in the 

cellular and humoral immunity, respectively 

[6]. Past studies have shown that Th1 are the 

dominant cells in gingivitis, while Th2 cells 

are the dominant in periodontitis. This transi-

tion from efficient cellular immunity to im-

paired humoral immunity is called the 

Th1/Th2 paradigm [7, 8]. More recently, con-

tradictory findings about this paradigm have 

emerged in the literature. Some studies 

demonstrate high Th1 activity in periodontitis 

compared to Th2; other studies show an equal 

presence of both these T-cell groups in ad-

vanced periodontitis lesions. These discrepan-

cies made the understanding of the pathogene-

sis of periodontitis nearly impossible until a 

third group of T-cells (that were CD4
+
) were 

recognized that had an established role in in-

flammatory and immune disorders. Their main 

interleukin is IL-17, accordingly they are 

known as “T helper-17” (Th17). Discovery of 

these cells has brought about a radical revision 

in the Th1/Th2 paradigm [1, 9-12].   

There are solid evidences that agree with the 

importance of IL-17 in inflammation and auto-

immunity [1, 12]. Moreover, a remarkable in-

crease in IL-17 has been reported in periodon-

titis tissues of animal models [13]. Although 

IL-17 has a vital role in protecting the body 

from extracellular gram negative and fungal 

pathogens, Th17 cells are considered to have 

harmful roles for developing autoimmune and 

inflammatory responses [13]. Increased ex-

pression of IL-17 is evident in human autoim-

mune diseases such as multiple sclerosis, 

rheumatoid arthritis and psoriasis [14]. 

Some studies show moderate to high levels of 

IL-17 in periodontal lesions which is the main 

cytokine secreted by Th17. This cytokine can 

affect the bone loss process both locally and 

systematically. Some studies reported that 

Th17 cells have a key role in osteoclast for-

mation in the bone marrow cell culture envi-

ronment which suggests the bone destructive 

role of these cells. On the other hand these 

studies demonstrated an inhibitory effect for 

IL-4 in bone destruction mentioning it as a 

protective interleukin against bone loss [15, 

16]. However, it should be considered that 

other cells such as natural killer (NK) cells and 

neutrophils can secrete IL-17 as well. Hence, it 

is difficult to say that increasing levels of IL-

17 alone are equal to more infiltration of Th17 

cells into the tissue [17]. Regarding Th17 cell 

development, retinoic acid-related orphan nu-

clear receptor-C2 (RORC2) is the specific and 

key transcription factor that orchestrates Th17 

cell differentiation. Over-expression of 

RORC2 induces IL-17 production by these 

cells [18-26]. 

Th2 cells are known as the main leaders of 

humoral immune responses, especially against 

parasitic infections. They are also known as 

the cells which prevent and attenuate inflam-

matory responses of Th1 cells. It has been 

suggested that Th2 cells have a protective role 

in the immune balance of periodontitis as well 

as protecting effects against bone loss by in-

hibiting osteoclast activity [15, 16]. It has been 

established that the transcription factor 

GATA-3 is necessary and sufficient for Th2 

cytokine gene expression making this gene an  
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excellent marker for the Th2 cell assessment 

[27]. In this study, we compared the expres-

sion levels of main characteristic factors of 

both Th17 and Th2 between periodontitis and 

healthy tissue.  

 

MATERIALS AND METHODS  

Patients and biopsies 

In this case-control study, 27 patients with 

generalized moderate to severe chronic perio-

dontitis were chosen as the case group. They 

were randomly selected from the Dental 

School of Isfahan University of Medical Sci-

ences.  

The control group included 26 orthodontic pa-

tients with normal gingival tissue. The study 

was completely clarified for subjects and in-

formed consent was signed by them. The pa-

tients were selected on the basis of loss of at-

tachment equal or greater than 3 mm in clini-

cal examination and radiographic findings in-

dicating bone loss. Patients with systemic dis-

orders with affected immune systems were ex-

cluded. After primary periodontal treatment by 

oral hygiene instruction (OHI) and scaling-

root planning (SRP), the interdental   papilla   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was used from areas with positivebleeding on 

probing (BOP) for sampling during the flap 

surgery. Samples were obtained one month 

after SRP.  

Gingival tissues were obtained by making re-

verse bevel incisions from the interproximal 

papilla that contained complete sulcular epi-

thelium, junctional epithelium and connective 

tissue. Healthy tissue samples were obtained 

from extracted tooth sites.  

The samples were immediately placed in auto-

claved DNase free microtubes containing 

RNAlater solution. 

RNA isolation and real-time quantitative PCR 

The tissue was excised finely into small pieces 

using a needle, then placed in RNAlater solu-

tion and kept in the refrigerator. Total RNA 

was extracted using RNeasy mini kit (Qiagen, 

Milan, Italy) and cDNA was synthesized by 

QuantiTect reverse transcription kit (Qiagen 

Milan, Italy) as instructed by the manufacturer. 

The resulting transcripts were then quantified 

by real time quantitative PCR on a Rotor-Gene 

6000 real time DNA amplification system 

(Corbett Life Science, Sydney, Australia) with 

QuantiFast SYBR Green PCR kit (Qiagen, Va 

 

Fig 1. Gene expressions in periodontal lesions and healthy tissue  
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lencia, CA, USA). Pre-designed primers 

(QuantiTect Primer Assay; Qiagen, Valencia, 

CA, USA) specific for RORC2, IL-17, GATA-

3 and IL-4 genes were used.  

For each sample, transcript quantity was nor-

malized to the amount of beta-actin (ACTB) 

expression. First, the PCR reaction was carried 

out at 95°C for 5 minutes followed by 40 cy-

cles of denature time at 95°C for 10 seconds 

and a combined anneling/extention step at 

60°C for 30 seconds. The results were then 

analyzed using 2
-∆∆ct

 method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical Analysis 

Clinical and experimental data were analyzed 

using SPSS 11.0 for Windows (SPSS Inc., 

Chicago, Illinois, USA). The difference among 

the mRNA expression of the analyzed tran-

scription factors and cytokines were deter-

mined analyzing the ∆Ct data and using Mann-

Whitney U test.  

Correlation coefficient was obtained analyzing 

the RQ data and using Spearman’s rho test. A 

statistically significant difference was consid-

ered when p-value≤ 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Fig 2. Correlation between gene expression of IL-17 

and RORC2 in the periodontitis affected tissue 

(p≤0.001) 

Fig 3. Correlation between gene expression of IL-4 and 

GATA-3 in the periodontitis affected tissue (p≤0.001) 

 

 

Case Group Control Group 

 
Mean SD (min, max) Mean SD (min, max) P-Value 

IL-17 32.18 1.88 (29.51,35.62) 4.86 
3.36 

 
(0.34,14.32) <0.001 

RORC2 36.14 1.87 (32.08,39.02) 1.84 
1.21 

 
(0.19,5.83) <0.001 

IL-4 36.74 2.63 (33.73,45.00) 2.65 
1.90 

 
(0.02,7.36) <0.001 

GATA-3 29.67 1.77 (25.53,33.43) 1.83 
1.57 

 
(0.51,6.22) <0.001 

 

Table 1. Comparison Between the Expression Levels of IL-17, RORC2, IL-4 and GATA-3 in the Periodontitis and Control Group  
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RESULT 

A total of 53 participants (27 cases and 26 

control patients) with a mean age of 40.1± 8.6 

completed the study. The expression of IL-17, 

RORC2, IL-4, and GATA-3 was detectable in 

all case and control samples. Different levels 

of these markers were detectable in tissue 

samples. However, the mean mRNA level of 

IL-17 in the case group was approximately 

5.08 fold greater than that of the control group 

demonstrating a significant difference 

(p≤0.001) (Table 1). The mean mRNA level of 

IL-4 in the case group was about 2.56 fold 

greater than that of the normal control samples 

(p≤0.001) (Fig 1). The difference between the 

increase of these two markers in periodontal 

lesion was significant (p≤ 0.002) (Fig 1). IL-

17 was the highest over-expressed cytokine 

detected within periodontal lesion within RQ 

of 5.08 (Fig 1).The expression of RORC2 was 

2.35 fold higher in the periodontitis group 

compared to the control samples (p≤ 0.005) 

(Fig 1). The expression of GATA-3 was 1.90 

fold higher in the case group compared to the 

control group, but the difference between the 

increase of these two markers in periodontal 

lesion was not significant (p≤0.42) (Fig 1). 

Analyses of correlation between gene expres-

sion of IL-17 and RORC2 in periodontal le-

sion yielded a significant positive correlation 

(r = 0.508, p≤0.001) (Fig 2), and also a signifi-

cant positive correlation was observed be-

tween gene expression of IL-4 and GATA-3 (r 

= 0.602, p≤0.001) (Fig 3). 

 

DISCUSSION     

This study showed an increased expression of 

IL-17, RORC2, IL-4 and GATA-3 in perio-

dontal lesions compared with the control sites. 

The levels of expression of IL-17 are higher 

than the others. These findings suggest that IL-

17 in comparison to IL-4 is more stimulated in 

periodontal lesions, although additional indi-

viduals should be examined to confirm this. 

Recently, we demonstrated the elevation of 

this cytokine in the saliva of patients with per-

iodontitis [28]. 

The existence of different T-lymphocyte popu-

lation leads to different immune responses dur-

ing the course of an infection. IL-17 is a pro-

inflammatory cytokine that induces other cy-

tokines and tissue-degrading enzymes, includ-

ing IL-6 and matrix metalloproteinases. This 

cytokine is also involved in osteoclastogenesis 

by inducing RANKL expression on osteoblasts 

[29]. In the present study, we found signifi-

cantly higher levels of IL-17A expression in 

periodontal lesions than in the control sites, 

consistent with previous reports [11, 12]. 

Moreover, in the present study, we also 

demonstrated that mRNA expression level of 

IL-17 was higher than IL-4 at the sites with 

attachment loss and bone destruction. Several 

studies implicated an increased level of B cells 

and plasma cells in periodontitis and a T cell 

mediated response in the gingivitis lesion. On 

the basis of traditional Th1/Th2 model conver-

sion of gingivitis to periodontitis involved a 

switch from T cells to B cells and plasma cells. 

Some studies have shown an increased expres-

sion of Th1 cytokines compared to Th2 cyto-

kines in the periodontitis lesion, [30, 31]. Oth-

er studies have shown equal expression of both 

Th1 and Th2 cytokines in advanced periodon-

titis [9, 32, 33]. Recently, a new subset of 

CD4+ T cells which has been named Th17 

based on secretion of proinflammatory cyto-

kine IL-17 has been discovered. Some studies 

indicate that Th17 cytokines participate in per-

iodontitis and chronic periapical lesion and 

may have a role in immunoregulation of peri-

odontal disease [10-12, 34]. The key transcrip-

tion factors driving Th17 differentiation are of 

the orphan nuclear receptor ROR (retinoic acid 

receptor) [21, 35]. Immunohistochemical anal-

ysis showed the presence of IL-17 in periodon-

titis lesion, suggesting a potential role in path-

ogenesis [10,11, 36]. IL-17 regulates matrix 

metalloproteinases and inflammatory cyto-

kines in gingival fibroblasts [37], and P. gingi-
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valis can stimulate IL-17 production from T-

cells in vitro [38]. Prostaglandin E2 (PGE2), 

which has been associated with periodontal 

tissue destruction enhances IL-23 expression 

and hence may contribute to Th17 develop-

ment [39, 40]. 

In this study, the gene expression of interleu-

kins and their transcription factors were ob-

tained by qRT-PCR. As a number of cells oth-

er than Th17 are also reported to secret IL-17; 

using this method to assess RORC2 strength-

ens the probability of Th17 cells being the 

main source of IL-17 in our study. There were 

significant correlations between IL-17 and 

RORC2 as well as between IL-4 and GATA-3. 

However, there was no significant difference 

between RORC2 and GATA-3 in the healthy 

compared to periodontal tissue.  

In 2008, Yamazaki et al. showed that the IL-17 

level in periodontitis affected tissue was sig-

nificantly higher than that of healthy tissue [4]. 

Accordingly, in 2009, Dutzan et al. indicated 

that the IL-17 level is remarkably higher in 

active periodontitis affected tissue compared 

to its non-active form. They reported the corre-

lation coefficient of 0.96 between IL-17 and 

RORC2, and the significant correlation coeffi-

cient of 0.602 between IL-4 and GATA-3 [16]. 

The findings of all the above studies agree 

with our results, yet from these studies only 

the latter was conducted on human subjects.  

However, Takahashi et al. showed that the 

level of the IL-17 protein is moderate in the 

cultured cell-free environment of periodontitis 

affected tissue [11]. This different finding 

could be due to using different methods, as we 

used qRT-PCR to measure the expression of 

genes, whereas in the mentioned study, the IL-

17 protein was measured by western blot 

method. In the current paper, the expression 

level of IL-4 increased significantly in perio-

dontitis compared to healthy tissue which is 

predictable as many studies consider IL-4 to 

have protecting effects against bone loss by 

inhibiting the osteoclast activity [1, 41]. 

According to Pradeep and Toroko in 2008, the 

IL-4 concentration in gingival cervicular fluid 

is decreased significantly in the periodontitis 

affected areas and suggests that IL-4 has a pro-

tecting role for alveolar bone [41]. In 2008, 

Gaffen showed that mice that were unable to 

produce Th2 cytokines had more destruction 

due to P. gingivalis [1].  

Sato et al. showed that Th-17 cells are im-

portant subsets of CD4
+

 T-cells which have a 

key role in osteoclast formation in T-cell and 

bone marrow cell cultured environments, but 

demonstrate an inhibitory effect for IL-4 [15].   

In our study, the relation between IL-4 and 

GATA-3 was also significant. This relation-

ship seems to be predictable since the Th2 

cells are known as the main source of IL-4. 

The significant relation between IL-17 and 

RORC2 is in accordance with the findings of 

Gaffen et al. and Bettelli et al., where Th17 

cells were introduced as the main producers of 

IL-17 [1, 14]. Although the significant rela-

tionship between IL-17 and RORγt (The tran-

scription factor for IL-17 in mice) has been 

suggested, our study and the study conducted 

by Dutzan support this relationship in human 

subjects. In our study, there was no significant 

difference between RORC2 and GATA-3 in 

the affected tissues, indicating that the changes 

in these two genes, which represent different 

cell lines, are independent.  

 

CONCLUSION 

The current study showed an increased expres-

sion of IL-17, RORC2, IL-4 and GATA-3 in 

periodontal lesions compared with control 

sites. The levels of expression of IL17 are 

higher than the other measured factors. More-

over, our study revealed a significant increase 

in IL-17 levels compared to IL-4 in periodonti-

tis tissue. The domination of IL-17 with 

known inflammatory and alveolar bone de-

structive effects can lead to more inflammation 

and higher alveolar bone destruction in perio-

dontal tissues to the extent that IL-4 fails to 

compensate by its protective effects. 

This research is another step toward under-

standing the unknown immunopathogenesis of 

periodontitis. 
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