
Romanian Journal of Oral Rehabilitation 

Vol. 14, No.3 July-August 2022 

 

165 

GINGIVAL FIBROBLAST EXOSOMES MODULATE PRO-B CELLS 

PROGRAMMED DEATH IN VARIOUS EXPERIMENTAL 

CONDITIONS 

Carmen (Amititeloaie) Gentimir1,4, Gabriela Geleţu1,2, Liliana Chelaru1,3*, Marcel 

Costuleanu1,2 
1“Grigore T. Popa" University of Medicine and Pharmacy - Iași, Romania, 2Faculty of Dental 

Medicine, 3Faculty of Medicine 
4Ph. D. Student 

 

*Corresponding author: Gabriela Geleţu, gabigeletu@yahoo.com,  

 

ABSTRACT  

Aim of the study In cancer cells, NUR77/NR4A1 orphan receptors appear at the core of the functional 

picture as an oncogenic survival factor, however, it becomes a potent killer when certain activations of cell 

death phenomena occur. Material and methods The experimental studies we performed included the 

assessment of pro-B lymphocytes programmed death, induced as a result of activation of the NR4A1 orphan 

receptor, when treated with cytosporone A and gingival fibroblast-derived exosomes in the presence of apostatin 

1, R-7050, and urolithin B.  Results The real and distinguishable most important effects on apoptosis of pro-B 

lymphocytes, induced by cytosporone A, when also using exosomes liberated from gingival fibroblasts, were 

associated with the following reagents treatment: urolithin B, and R-7050. On the other hand, apostatin 1 had no 

significant effects when associated with cytospone A treatment.  Conclusions So, inhibition of NF-κB pathway 

and of TNF-α receptors might increase the apoptotic degree induced by activation of NUR77/NR4A1 orphan 

receptors by cytosporone A, as well as the presence of exosomes derived from gingival fibroblasts. Moreover, 

the TRADD inhibition had no effects in the above conditions. The tumoral niche seems to be really of great 

importance when referring to the gingival tissue and leukemia precursors development. 
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INTRODUCTION 

Starting from these considerations above, 

we can say without a doubt that programmed 

cell death, as a biological phenomenon, is 

strictly balanced in the case of healthy adults 

by the processes through which new cells 

appear, which replace the disappeared ones 

relatively quickly, otherwise, body tissues 

may shrink or grow too much. Very recent 

and large-scale studies suggest that various 

types of apoptosis abnormalities could 

otherwise play a key role in neurodegene-

rative diseases such as Alzheimer's disease, as 

well as in cancer, and, last but not least, even 

autoimmune diseases. It has already been 

shown that certain drugs that have been used 

with great success in current chemotherapy 

seem to induce apoptosis in certain types of 

cancer cells. The conclusion we can develop 

further is that programmed cell death does 

indeed play a major role in limiting the 

expansion of the tumor cell population under 

conditions that may be more or less specific 

and certainly before the emergence of 

therapeutic resistance [1, 2]. 

Fibroblasts produce collagen fibers of 

various types, glycosaminoglycans, but also 

reticular and elastic fibers, associating, at the 

same time, a second very important role, that 

of tissue "sentinel" cells, which continuously 

monitor the homeostasis of the connective 

tissue, this being recognized as existing only 

in recent decades [3]. 

Studies of the balance between cell 
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proliferation and apoptosis have shown 

increased proliferation and reduced apoptosis 

in all forms of drug-induced gingival 

overgrowth. The results suggested that 

gingival fibroblasts could survive when 

exposed to LPS in the short term as in 

gingivitis where the damage caused is not 

severe. In this situation, apoptosis no longer 

occurs, which indicates a resistance to 

apoptosis of the gingival fibroblasts [4, 5]. 

Gingival fibroblasts are functionally 

distinct in that they are generated by ecto-

mesenchymal tissue derived from the neural 

crest during development, not from the 

primary mesoderm like most other fibroblasts 

in the body and, moreover, are associated 

with a mucosa-type epithelium (endodermal), 

not with the epidermis, as is the specific case 

of dermal fibroblasts. Although gingival 

fibroblasts share much in common with other 

fibroblast cells, given their specific 

developmental origin and location, they are 

expected to respond distinctly to injury-

induced challenges, allowing them to develop 

optimally, in relation to the special conditions 

within the oral cavity. In the case of 

inflammatory conditions located in the oral 

tissues, such as gingivitis or periodontitis, the 

main causative factor is the dental plaque 

which, through the increased proportion of 

gram-negative and anaerobic bacteria, causes 

the release of endotoxins and bacterial 

residues (including lipopolysaccharide or 

LPS) at the gingival level, elements that 

activate the gingival fibroblast [6,7]. 

The aim of our studies was focused on 

emphasizing the effects of the stimulation of 

the NR4A1/Nur77 orphan receptor, in the 

presence of exosomes released from gingival 

fibroblasts, on the process of apoptosis/ 

programmed cell death of tumoral precursors 

of B lymphocytes, namely pro-B cells, and 

also in the presence of TRADD, TNF-α, and 

NF-κB modulators. 

  

MATERIAL AND METHODS 

For running our experiments and 

measuring the apoptosis, the pro-B 

lymphocytes were cultured in the presence 

of annexin V (1 μM), coupled with R-

phycoerythrin, and +/- the exosomes 

derived from the gingival fibroblasts 

(exosomes+ and, respectively, exosomes-). 

To help, all the variations of the surface 

fluorescence were finally quantified 

through the use of flow cytometry [8, 9, 

10]. For exosome separation, the culture 

medium of fibroblasts was centrifuged up to 

100,000xg [11].  

For the induction of pro-B cell 

apoptosis, there was used the treatment with 

10 µm cytosporone A, the last one being 

administered in the culture medium for 48 

hours. 

The active chemical reagents we used 

for our detailed experiments and protocols 

were as follows: 1 µM apostatin 1 (a 

TRADD inhibitor); 1 µM R-7050 (TNF-α 

receptor antagonist); and 1 µM urolithin B 

(controls the NF-κB pathway).  

All the experimental data we obtained 

through the above plan were statistically 

evaluated using One WAY ANOVA test, 

supplemented when really necessary with 

the classical Student-Newman-Keuls test. 

 

RESULTS AND DISCUSSIONS 

All experiments demonstrate that there is 

a degree of basal apoptosis, present even in 

control cell cultures, representing 10.15±0.73 

% (n=15, personal data, not shown). 

The degree of induction of pro-B 

exosomes+ type apoptosis was first checked 

by administering cytosporone A (n-amyl ester 

of cytosporone B), at a concentration of 10 

μM for 48 hours in a culture environment. 

This type of result primarily demonstrates the 
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fact that between the apoptosis induced by 

cytosporone A at a concentration of 10 μM in 

the case of exosomes+ pro-B cells there are 

statistically significant differences (the mean 

being 32.17%). This means an increase of 

approximately 221% (p<0.01) when treated 

with cytosporone A.  

Furthermore, the very first series of 

experiments demonstrates that there are no 

statistically significant differences between 

the apoptotic effects of cytosporone A on pro-

B exosomes+ cells, in the presence or absence 

of apostatin 1 (TRADD inhibitor), these 

being only 9.39% on average, the effects 

being somewhat more obvious when 

apostatin 1 is present (p>0.05) (Fig. 1).  

 

 

Figure 1. Effects of apostatin 1 (1 μM) on 

pro-B cells programmed death in the 

presence of gingival fibroblast exosomes 

highlighted through flow cytometry (A) 

and contrast phase microscopy (60x) (B). 

In the second series of experiments, a 

different batch of pro-B exosomes+ and pro-

B exosomes- lymphocytes were treated with a 

concentration of 1 μM R-7050, which is a 

functional inhibitor of TNF-α receptors. Thus, 

it is really important to note that between the 

apoptotic effects of cytosporone A on pro-B 

exosomes+ cells, in the presence or absence 

of R-7050, there are statistically significant 

differences of 39.32% on average, the effects 

being more evident when R-7050 is present 

(p<0.01) (Fig. 2). 

 

 

Figure 2. The degree of apoptotic effects of 

R-7050 (1 μM) on pro-B cells when 

gingival fibroblast exosomes are present, 

emphasized by flow cytometry (A) and 

contrast phase microscopy (60x) (B). 

In the third series of experiments, the 

levels of programmed death induction of pro-

B exosomes+ lymphocytes were quantified 

by administering urolithin B, a functional 

inhibitor of NF-κB pathway, in a 

concentration of 1 μM (Fig. 3). So, between 

the apoptotic effects of cytosporone A on pro-

B exosomes+ cells, in the presence or absence 

of urolithin B, there are statistically 

significant differences of 31.90% on average, 

the effects being more obvious when urolithin 

B is present (p<0.01). 

 

 

Figure 3. The level of programmed pro-B 

cells induced by R-7050 (1 μM) when also 

using gingival fibroblast exosomes, 

evidenced by flow cytometry (A) and 

contrast phase microscopy (60x) (B). 

The cellular and growth characteristics of 

human gingival tissue induced by the 

administration of certain drugs such as 

phenytoin, nifedipine, and cyclosporine, 

respectively, show different characteristics. 

Completely consistent with the observed 
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differences in the balance of inflammation 

and fibrosis in cyclosporin- and phenytoin-

induced gingival overgrowths is the study in 

which the expression of immune modulators 

was investigated as a function of gingival 

fibroblast exposure to toll-like receptors 

(TLRs) [12, 13, 14, 15]. 

Nur77-like orphan receptors are also 

involved in energy and vascular homeostasis. 

Regarding the vascular system, NR4As are 

expressed at the level of atherosclerotic 

lesions, exerting important roles in the 

regulation of genes involved in vascular 

remodeling processes, such as proliferation 

and inflammation. Nur77 appears to play a 

protective role in cardiovascular disease, as a 

number of laboratory studies have shown that 

mice fed a high-fat diet experienced decreases 

in atherosclerotic plaque formation, 

inflammation, and liver lipid deposition in 

response to Nur77 overexpression. Swelling 

is a physiologically crucial protective reaction 

of tissues against the action of external hostile 

variables. During this procedure, a number of 

immune mediators are attracted to the 

inflammatory site to eliminate potentially 

unsafe stimuli, as well as to recover the 

normal framework and characteristics of the 

tissue. In general, inflammation can be 

thought of as a discrepancy between pro-

inflammatory and also anti-inflammatory 

variables. Inflammatory stimuli such as death 

factor α, Toll-like receptor ligands, as well as 

oxidized lipids have been shown to cause 

nuclear expression of Nur77, thus supporting 

its role in inflammatory reactions. In addition, 

studies have suggested the potential of Nur77 

to alleviate various inflammatory diseases 

and launched the idea that Nur77 may 

represent a target for inflammatory disease 

therapies [16, 17, 18, 19]. 

Until recently, no physiological ligand for 

Nur77 has been identified. Artificial agonists 

of Nur77 (DIM-arenes) affect its activation in 

a structure-dependent manner. However, 

DIM-arenes are not specific agonists for 

Nur77. It was recently discovered that a 

natural compound isolated from Dothiorella 

sp. HTF3, called cytosporon B (or Csn-B), 

can directly bind and activate Nur77, leading 

to apoptosis by translocating it to 

mitochondria [20]. Csn-B is specific for 

Nur77. However, as happens with natural 

resources, those of Csn-B are also limited due 

to the low concentrations of active principles 

extracted through bacterial fermentation. 

Attempts were made to obtain synthetic 

analogues similar to Csn-B, but with 

increased ability to bind and activate Nur77. 

Analyzing these analogs, a unique molecule 

capable of binding and activating Nur77 was 

identified. Furthermore, it was observed that 

Csn-B analogs promote the antitumor activity 

of Nur77 through a novel interference 

between Nur77 and a protein expressed by 

the brain and reproductive organs, namely 

BRE (subunit of the BRCA-1 complex). 

BRE, a protein associated with the death 

receptor, specifically regulates death 

receptor-mediated apoptosis by inhibiting the 

activation of the mitochondrial apoptotic 

pathway [21]. Csn-B analogues decrease the 

transcriptional activity of the BRE protein 

through a process mediated by Nur77. The 

results obtained so far clearly indicate that the 

newly obtained Nur77 agonists could be used 

as therapeutic agents in the treatment of 

cancer and other pathological conditions [22]. 

Cancer-associated fibroblasts and also 

polarized M2-like macrophages (tumor-

associated macrophages, TAMs), which can 

be induced by tumor-derived factors (eg, 

TGF-β, FGF, or PDGF, to name a few), help 

to develop tumors, to angiogenesis, modeling, 

and remodeling of the extracellular matrix, as 

well as to the epithelial-mesenchymal 

transition (EMT), by releasing a multitude of 

pro-tumorigenic proteases, cytokines, and 
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growth factors. For example, EGF, produced 

by TAM, participates in a paracrine signaling 

loop through a tumor-secreted colony-

stimulating factor (CSF-1). VEGF, CXCL12, 

and IL-8 produced by CAFs or TAMs 

communicate with their corresponding 

receptors expressed by endothelial cells and 

promote tumor angiogenesis. As tumors 

expand, immunosuppressive cells, consisting 

of myeloid-derived suppressor cells as well as 

T regulatory cells (Tregs), profoundly alter 

specific cell development to disrupt immune 

security through multiple systems consisting 

of inhibiting antigen-associated recognition 

tumors by DC, T, and B cell functionality, 

NK cell cytotoxicity, as well as blocking the 

M1 macrophage phenotype. Furthermore, the 

massive development of solid tumors is 

linked to increased Th2 cells, which further 

produce immunosuppressive molecules such 

as IL-4, IL-10, and also TGF-β. Mast cells, 

neutrophils, and also eosinophils are fully 

engaged at the tumor site, where they produce 

proliferative and pro-angiogenic 

amplifications [23, 24, 25, 26]. 

 

CONCLUSIONS 

In cancer cells, NUR77/NR4A1 appears 

at the core of the functional picture as an 

oncogenic survival factor, however, it 

becomes a potent killer when certain 

activations of cell death phenomena occur, 

causing its translocation to the mitochondria, 

where it binds to Bcl-2 and causes the release 

of cytochrome c and finally apoptosis. 

The real and distinguishable most 

important effects of increasing apoptosis of 

pro-B lymphocytes, induced by cytosporone 

A when using exosomes liberated from 

gingival fibroblasts, were associated with the 

following reagents treatment: urolithin B 

(functional inhibitor of NF-κB pathway), and 

R-7050 (functional inhibitor of TNF-α 

receptors).   On the other hand, apostatin 1 

had no significant effects when associated 

with cytospone A (TRADD inhibitor). 
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