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ABSTRACT  

Aim of the study We explored the relationships between the gingival fibroblasts and pro-B 

lymphocytes apoptosis in vitro because the current medical literature is lacking such data. Material and methods 

The aim of our study was represented by the effects of gingival fibroblasts on the apoptosis of Nur77 receptors-

activated pro-lymphocytes in vitro, also in the presence of some retinoid derivatives. Gingival fibroblasts were 

obtained from male rats. Pro-B cells of murine type in cultures were used for actual experiments. The apoptosis 

of pro-B cells was induced using a combination of cytosporone B (50 µM) and cyclosporine A (1 µM). The 

apoptotic effects were revealed using the classical flow cytometry techniques. Results We clearly showed that 

pro-B lymphocyte apoptosis induced by the combination of cytosporone B (Nur77 agonist) and cyclosporine A 

in the presence of gingival fibroblasts could be slightly reduced by 13-cis retinoic acid. The inhibitory effects of 

13-cis retinoic acid were powerful than those of tazarotenic acid. The effects of 13-cis retinoic acid and 

tazarotenic acid were evaluated toward the effects of the combination of cytosporone B and cyclosporine A. 

Conclusions The intrinsic pathways of retinoid derivatives remain to be established by further experiments.  
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INTRODUCTION 

During inflammation of the gums, 

resident cells of the periodontium, gingival 

fibroblasts, interact with heterogeneous cell 

populations of the innate and adaptive 

immune system that play a crucial role in 

protecting the host from pathogenic infectious 

agents. There were investigated the effects of 

chronic inflammation, by exposing peripheral 

blood mononuclear cells, peripheral blood 

lymphocyte cultures, and gingival fibroblasts-

peripheral blood mononuclear cells cocultures 

to Toll-like receptor 2 (TLR2) and TLR4 

activators for 21 days and assessed whether 

this influenced leukocyte retention, survival, 

and proliferation. TLR2 agonists doubled the 

T cell proliferation, likely of a selective 

population, given finally the net decrease of T 

cells [1].  
Gingival fibroblasts can participate in the 

immune response and play an immune-

regulatory role. Human gingival fibroblasts 

were stimulated by the Thl cytokine, IFN-

gamma, and lipopolysaccharide (LPS), thus 

Thl stimuli separately or in combination, or 

by Th2 cytokines, IL-4 and IL-13, separately 

or in combination (Th2 stimuli). The results 

showed that gingival fibroblasts can be 

polarized into functionally distinct subtypes, 

immune-activating but tissue-destructive 

gingival fibroblasts 1 or tissue-reparative 

gingival fibroblasts 2, in response to Th1 and 

Th2 stimuli, respectively [2]. 

In periodontitis gingival fibroblasts present 

in the bone-lining mucosa have the capacity 

to activate the formation of osteoclasts, but 

little is known about which local immune 

cells (co-)mediate this process. Lymphocyte 
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retention is likely mediated by lymphocyte-

function-associated antigen-1 expression, 

which was significantly higher in gingival 

fibroblasts-peripheral blood lymphocytes 

cultures compared to gingival fibroblasts -

monocyte cultures. When assessing 

inflammatory cytokine expression, high 

tumour necrosis alpha expression was only 

observed in the gingival fibroblasts-peripheral 

blood mononuclear cell cultures, indicating 

that this tripartite presence of gingival 

fibroblasts, monocytes, and lymphocytes is 

required for such an induction [3]. 

In vitro, mouse gingival fibroblasts 

proliferated and produced large amounts of 

anti-inflammatory cytokines and tissue 

inhibitor of metalloproteinase-1 (Timp-1). 

Gingival fibroblasts deposited on the 

adventitia of abdominal aorta survived, 

proliferated, and organized as a layer 

structure. Furthermore, gingival fibroblasts 

locally produced IL-10, TGF-β, and Timp-1. 

In a mouse elastase-induced abdominal aortic 

aneurysm model, gingival fibroblasts 

prevented both macrophage and lymphocyte 

accumulations, matrix degradation, and 

aneurysm growth. In an angiotensin II/anti-

TGF-beta model of aneurysm rupture, GF 

cell-based treatment limited the extent of 

aortic dissection, prevented abdominal aortic 

rupture, and increased survival. Thus, 

gingival fibroblasts cell-based therapy is a 

promising approach to inhibit aneurysm 

progression and rupture through local 

production of Timp-1 [4]. 

The aim of our study was represented by 

the effects of gingival fibroblasts on the 

apoptosis of Nur77 receptors-activated pro-

lymphocytes in vitro, also in the presence of 

some retinoid derivatives. 

 

MATERIAL AND METHODS 

Gingival fibroblasts were obtained as 

previously described from 6-week-old male 

rats, 150–170 g body weight, from gingival 

explants, and grown up in specific culture 

medium, consisting of DMEM (Dulbecco’s 

Modified Eagle Medium), 10% fetal bovine 

serum (FBS), 100 U/mL penicillin and 100 

mg/mL streptomycin in an atmosphere 

containing 5% CO2 at 37o C [5].  

Pro-B cells of murine type in cultures 

were used for actual experiments, as 

previously described [6,7]. The apoptosis of 

pro-B cells was induced using a 

combination of cytosporone B (50 µM) and 

cyclosporine A (1 µM), as previously 

established [8-11]. 13-cis retinoic acid and 

tazarotenic acid were administered as 

treatment (1 µM) for 24 h , the same time as 

of cytosporone B and cyclosporine A, the 

inductors of apoptosis in our experiments. 

The absolute apoptosis control was 

represented by valinomycin (1 µM). 
Cytosporone B is the only known activator 

of Nur77 receptors. 13-cis retinoic acid 

represents the principal activator of RARβ 

and RARγ. On the other hand, tazarotenic 

acid is considered to be relatively selective 

and a potent agonist for RARβ and RARγ and 

less for RARα.  

The apoptotic effects, induced through 

chemical triggers, were revealed using the 

classical flow cytometry techniques [12]. The 

control group received no treatment. 

The experimental design involving rats 

were previously approved by the Ethics 

Committee of the Grigore T. Popa University 

of Medicine and Pharmacy - Iaşi.  

 

 

RESULTS AND DISCUSSIONS 

When we statistically analysed the 

experimental data we obtained throughout our 

experiments, we clearly showed that pro-B 

lymphocyte apoptosis induced by the 

combination of cytosporone B and 

cyclosporine A in the presence of gingival 

fibroblasts could be slightly reduced by 13-cis 

retinoic acid (Fig. 1). The inhibitory effects of 

13-cis retinoic acid were powerful than those 
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of tazarotenic acid (Fig. 2). The effects of 13-

cis retinoic acid and tazarotenic acid were 

evaluated toward the effects of the 

combination of cytosporone B and 

cyclosporine A in the above mentioned 

conditions (Fig. 3).  

All the above obtained results are to be 

compared to control group (data not 

shown), in which the natural and culture 

conditions-induced apoptotic proportion for 

pro-B lymphocytes is 10.6±1.81% for 24 

hours. The adding of supplemental DMEM 

medium did not significantly alter the 

proportion of natural apoptotic cells. 

 

  

Figure 1. The proportion of apoptotic 

pro-B lymphocytes in the presence of 

fibroblasts and 1 µM 13-cis retinoic acid 

(7 experiments, representative 

experiment showed) 

The proportion of mouse apoptotic pro-B 

lymphocytes in the presence of fibroblasts 

and 1 µM 13-cis retinoic acid was 

46.23±3.29% for 24 hours. 

On the other hand, apoptotic pro-B 

lymphocytes were found in a proportion of 

60.12±4.85% when were cultured in the 

presence of 1 µM tazarotenic acid and 

fibroblasts for 24 hours. 

 

  

Figure 2. Apoptotic pro-B lymphocytes in 

the presence of fibroblasts and 1 µM 

tazarotenic acid (7 experiments, 

representative experiment showed) 

 

In contrast, the administration of 

cytosporone B (50 µM) and cyclosporine A 

(1 µM) for 24 hours triggered pro-B 

lymphocytes apoptosis in a proportion of 

78.46±5.29%. 

 

  

Figure 3. The treatment for 24 hours 

with cytosporone B (50 µM) and 

cyclosporine A (1 µM) generated an 

enhanced rate of apoptotic pro-B 

lymphocytes (7 experiments, 

representative experiment showed). 

We explored the relationships between the 

gingival fibroblasts and pro-B lymphocytes 

apoptosis because the current medical 

literature is lacking such data. 

MSC-like populations derived from 

induced pluripotent stem cells (iPSC-MSC) 

serve as an alternative stem cell source due to 
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their high proliferative capacity. In this study, 

we assessed the immunomodulatory potential 

of iPSC-MSC generated from periodontal 

ligament (PDL) and gingival (GF) tissue. The 

iPSC-MSC lines exhibited a similar level of 

suppression of mitogen-stimulated peripheral 

blood mononuclear cells (PBMNC) 

proliferation compared to their respective 

parental fibroblast populations in vitro. 

Moreover, iPSC-MSC demonstrated the 

ability to suppress T-cells effector cells, 

Th1/Th2/Th17 populations, and increase 

levels of Treg cells. In order to investigate the 

mechanisms involved, expression of common 

MSC-derived soluble factors known to 

supress lymphocyte proliferation were 

assessed in iPSC-MSC cultured with PBMNC 

with direct cell-cell contact or separated in 

transwells. Real-time PCR analysis of factors 

known to be involved in MSC mediated 

immune regulation, found a general trend of 

elevated IDO1 and IL6 transcript levels in 

iPSC-MSC lines and their respective primary 

cells co-cultured with activated PBMNC, 

with a wide range of gene expression levels 

between the different mesenchymal cell 

types. The results suggest that different iPSC-

MSC may be useful as a potential alternative 

source of cells for future clinical use in 

therapeutic applications because of their 

potent immunosuppressive properties [13]. 

There was used immunohistochemistry to 

quantify and compare the expression of Toll-

like receptor 2 (TLR2) and cluster of 

differentiation 14 (CD14) in gingival tissues 

of both healthy individuals and patients with 

chronic periodontitis. There was also 

correlated the expression of TLR2 and CD14 

with the histological grades of chronic 

periodontitis. There were examined 30 

gingival specimens from chronic periodontitis 

patients and 10 from healthy individuals. 

Tissues from both groups were 

immunostained with antibodies against TLR2 

and CD14. TLR2 and CD14 were expressed 

by endothelial cells, fibroblasts, lymphocytes 

and plasma cells. The immunohistochemical 

expression of TLR2 and CD14 was 

significantly greater in inflammatory cells of 

the chronic periodontitis group than in 

healthy individuals. Expression of these 

molecules was greater in the inflammatory 

cells of connective tissue adjacent to pocket 

epithelium in both groups. The expression of 

TLR2 and CD14 was greatest in the 

periodontitis group that was classified as 

severe grade, followed by moderate and mild 

grades, which suggests a role of TLR2 and 

CD14 in the pathogenesis of chronic 

periodontitis. The positive correlation of 

TLR2 and CD14 expression levels with the 

severity grades of chronic periodontitis 

suggests that they are correlated also with 

disease severity; therefore, they may be 

useful for predicting disease progression. The 

findings are consistent with the possibility 

that CD14 acts as a coreceptor for TLR2 [14]. 

Lipopolysaccharide signaling induced in 

host cells involves Toll-like receptor 4 

(TLR4) accessory molecules, including LPS-

binding protein (LBP), cluster of 

differentiation 14 (CD14) and lymphocyte 

antigen 96 (MD-2). However, expression of 

these innate defense molecules in various 

compartments of the human periodontium is 

unclear. The aim of this study was to 

investigate the expression profile of TLR4 in 

human gingiva. TLR4 immunoreactivity was 

found in healthy gingival epithelium and 

periodontitis tissue, and appeared to be lower 

in junctional epithelium. Fibroblasts and 

inflammatory cells stained more strongly for 

TLR4 in diseased periodontal tissues. Three 

TLR4 splicing variants, two MD-2 splicing 

variants and one CD14 mRNA were 

expressed by gingival keratinocytes and 

fibroblasts. Expression of TLR4, CD14 and 

MD-2 proteins was detected in keratinocytes 

and fibroblasts in vitro. TLR4 protein from 

gingival keratinocytes and fibroblasts could 
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be co-immunoprecipitated with CD14 or MD-

2, suggesting an association between the 

related molecules in vivo. LBP transcript was 

detected in gingival biopsies, but not in 

primary cultures of gingival keratinocytes or 

fibroblasts. TLR4, CD14 and MD-2, but not 

LBP, are expressed in human gingival 

keratinocytes and fibroblasts. The TLR4 

expression level in the junctional epithelium 

appeared to be lowest within the periodontal 

epithelial barrier [15]. 

CC chemokine ligand 20 (CCL20) is 

involved in the recruitment of Th17 cells and 

thus in the exacerbation of periodontal 

disease, but the effect of simultaneous 

interleukin (IL)-22 and IL-1 beta stimulation 

on CCL20 production in human gingival 

fibroblasts (HGFs) is uncertain. In this study, 

we investigated the mechanisms of IL-1 beta- 

and/or IL-22-induced CCL20 production in 

HGFs. A single stimulation of IL-22 could 

not induce CCL20 production. On the other 

hand, IL-22 could increase CCL20 production 

from IL-1 beta-stimulated HGFs in a dose-

dependent manner. C-Jun N terminal kinase 

(JNK) and inhibitor of nuclear factor kappa B 

(I kappa B)-alpha phosphorylation were 

increased in IL-1 beta- and IL-22-stimulated 

HGFs. An inhibitor of nuclear factor (NF)-

kappa B decreased IL-1 beta- and IL-22-

induced CCL20 production, though an 

inhibitor of JNK did not modulate CCL20 

production. These data suggest that IL-1 beta 

in cooperation with IL-22 could increase 

Th17 cell accumulation in periodontally 

diseased tissues to enhance CCL20 

production in HGFs [16]. 

 

CONCLUSIONS 

We explored the relationships between the 

gingival fibroblasts and pro-B lymphocytes 

apoptosis because the current medical 

literature is lacking such data. 

We clearly showed that pro-B lymphocyte 

apoptosis induced by the combination of 

cytosporone B (Nur77 agonist) and 

cyclosporine A in the presence of gingival 

fibroblasts could be slightly reduced by 13-cis 

retinoic acid. The inhibitory effects of 13-cis 

retinoic acid were powerful than those of 

tazarotenic acid. The effects of 13-cis retinoic 

acid and tazarotenic acid were evaluated 

toward the effects of the combination of 

cytosporone B and cyclosporine A. The 

intrinsic pathways of retinoid derivatives 

remain to be established by further 

experiments.  
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