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ABSTRACT  

Aim of the study We studied the effects of fibroblasts autophagy on the apoptosis of pro-B murine lymphocytes 

when were co-cultured. Material and methods Study of literature suggested that released autophagy-derived 

metabolites from fibroblasts might affect the apoptotic behavior of lymphocytes when there is a close interaction 

of these cells. The experimental plan of the actual studies was represented by induced effects of the presence of 

gingival fibroblasts in co-culture on NAK-1 receptors-activated pro-lymphocytes B apoptosis. Results We 

clearly showed that murine pro-B lymphocyte apoptosis induced by indol-3-carbinol could be significantly 

enhanced by the presence of gingival fibroblasts in co-culture. Furthermore, the addition of 3-methyl-adenine in 

the medium for 24 hours blocked the enhancing effects induced by fibroblasts on the apoptotic index of pro-B 

lymphocytes. Conclusions So, the enhancing apoptotic effects of fibroblasts on pro-B lymphocytes are related to 

released autophagy-derived metabolites. Their real nature remains to be established through future researches 

involving this complex system.   
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INTRODUCTION 

It has been shown that activated T cells 

rapidly adhered to the fibroblasts when the 

two types of cell were cultured together at 37 

degrees, and that the residency time of 

lymphocyte-fibroblast contact was 

approximately 30 min. Lymphoblast adhesion 

did not require the presence of divalent 

cations, but it was temperature-dependent. 

Although the binding of the lymphocytes was 

not prevented by the presence of 

monosaccharides or by treatment with 

exoglycosidases, it was highly sensitive to 

low concentrations of trypsin. Attachment 

was also inhibited partially in the presence of 

the sulphated fucose polysaccharide, 

fucoidan. These results suggest that at least 

two distinct receptors are involved in 

lymphocyte adhesion to fibroblasts. The 

binding of B lymphoblasts to fibroblasts was 

much greater than that of the activated T 

cells. Resting, non-stimulated, B and T 

lymphocytes both bound only very poorly, 

showing that only mature lymphocytes 

express high levels of functionally effective 

adhesion proteins. Moreover, the results of 

competition experiments suggest that 

different cell surface components mediate the 

interaction of T and B cells with fibroblasts. 

[1].  
During tissue inflammation, infiltrated 

leukocytes may have physical contacts with 

fibroblasts. There was observed that 

neutrophils and B lymphocytes adhered in a 

larger proportion than T cells on cultured 

fibroblasts. Microscopy showed that adhesion 

was also characterized by leukocyte 

engulfment by the fibroblasts. In migration 

assays, only neutrophils and B lymphocytes 

were selectively able to migrate through a 

fibroblast barrier. Adhesion and migration 

were increased by stimulation with tumor 

necrosis factor-alpha (TNF-alpha) and 
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phorbol-12-myristate-13-acetate (PMA). 

Antibodies against ICAM-1/beta2 integrin 

blocked the interaction of neutrophils to 

fibroblasts. For B lymphocytes the couple 

VCAM-1/alpha4 integrin was also involved 

in this interaction. Human skin fibroblasts 

presented similar adhesion characteristics as 

rat cardiac fibroblasts. By measuring the 

distance between the border of migration 

holes and cadherin-positive adherens 

junctions, more than 65% of the holes 

correspond to the transcellular route over the 

paracellular route. Furthermore, vimentin 

staining revealed that the migration holes 

were highly nested by intermediate filaments 

in accordance with the transcellular route. 

The obtained results demonstrated that 

engulfment of neutrophils and B lymphocytes 

by fibroblasts resulted in selective passage by 

a transcellular route [2]. 

The scavenger receptor (SR-A) is 

considered to play a role in host defense by 

scavenging endotoxins, oxidized proteins, and 

denatured or otherwise modified self 

components, which are routed toward 

degradation in macrophages. Recent data 

suggest that SR-A also functions as an 

adhesion molecule. Our previous finding of 

SR-A expression by high endothelial cells of 

venules and on follicular dendritic cells in 

peripheral lymph nodes prompted us to 

investigate whether SR-A can act as an 

addressin for lymphocytes. We describe here 

that activated B cells adhere to CHO cells 

transfected with either the type I or type II 

isoform of SR-A. In contrast, resting B cells 

isolated from peripheral blood did not adhere 

to SR-A transfected CHO cells. Other types 

of leukocytes did not bind to SR-A. The 

adhesive properties of B lymphocytes in 

different stages of activation were further 

explored using lymphoma cell lines of the B 

cell lineage. The in vitro EBV-transformed B 

cell line IARC171 showed enhanced 

adhesiveness to SR-A, whereas the Burkitt 

lymphoma cell lines, BL41, Rael, and Bl16 

did not. The SR-A-dependent adhesion of B-

lymphoblasts occurred both at 37 and 4 

degrees C, suggesting that it was not 

dependent on cell metabolism. The known 

polyanionic ligands for SR-A, fucoidan, and 

acetylated low-density lipoprotein, which 

bind to a positively charged portion of the 

collagen-like domain of SR-A, did not inhibit 

adhesion. This finding suggests that SR-A 

mediates adhesion of activated B 

lymphocytes through a binding site that 

differs from the one that binds polyanionic 

ligands [3]. 

Although leukocytes adhere in arteries in 

various vascular diseases, to date no 

endogenous proinflammatory molecule has 

been identified to initiate leukocyte adhesion 

in the arterial vasculature. This study was 

undertaken to assess angiotensin II (Ang II)-

induced leukocyte adhesion in arterioles in 

vivo. Rats received intraperitoneal injections 

of Ang II; 4 hours later, leukocyte recruitment 

in mesenteric microcirculation was examined 

using intravital microscopy. Ang II (1 nM) 

produced significant arteriolar leukocyte 

adhesion of mononuclear cells. Using 

function-blocking monoclonal antibodies 

(mAbs) against different rat cell adhesion 

molecules (CAMs), we discovered that this 

effect was dependent on P-selectin and 

beta(2)-integrin. In postcapillary venules, 

Ang II also induced leukocyte infiltration, 

which was reduced by P-selectin and by 

beta(2)- and alpha(4)-integrin blockade. 

Interestingly, neutrophils were the primary 

cells recruited in venules. Although beta(2)-

integrin expression in peripheral leukocytes 

of Ang II-treated animals was not altered, it 

was increased in peritoneal cells. 

Immunohistochemical studies revealed 

increased P-selectin, E-selectin, intercellular 

cell adhesion molecule-1 (ICAM-1), and 

vascular cell adhesion molecule-1 (VCAM-1) 

expression in response to Ang II in arterioles 
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and venules. These findings provide the first 

evidence that Ang II causes leukocyte 

adhesion to the arterial endothelium in vivo at 

physiologically relevant doses. Therefore, 

Ang II may be a key molecule in 

cardiovascular diseases in which leukocyte 

adhesion to the arteries is a characteristic 

feature [4, 5]. 

The goal of the actual studies was 

represented by induced effects of the presence 

of gingival fibroblasts in co-culture on NAK-

1 receptors-activated pro-lymphocytes B 

apoptosis.  

 

MATERIAL AND METHODS 

The experimental studies involved 

gingival fibroblasts, obtained and grown as 

described [6]. Pro-B lymphocytes of murine 

origin were also used as previously 

mentioned [7,8]. The apoptosis of pro-B 

lymphocytes was induced using a indol-3-

carbinol (25 µM) and measured in 

accordance with others previous studies [9-

14]. The absolute apoptosis control was 

represented by valinomycin (1 µM). The 

control group received no treatment. 

3-indol-3-carbinol is a well-known 

activator of NAK-1 receptors. The 

involvement of presumed autophagy 

processes was assesed using 3-methyl-

adenine as pharmacologic inhibitor and 

potent tool in some experiments.  

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 the obtained data were statistically 

analysed, there was clear evidence that pro-B 

lymphocytes’ apoptosis might be induced by 

the NAK-1 receptors activation by 25 µM 

indol-3-carbinol (Fig. 1). Some stimulatory 

effects were further observed when gingival 

fibroblasts were co-cultured with pro-B 

lymphocytes (Fig. 2). These enhancing 

effects were blocked by concomitant addition 

of 1 µM 3-methyl-adenine in the culture 

medium (Fig. 3).  

All the above-mentioned results were to 

be analyzed in comparison with those 

obtained in control group of pro-B cells 

(data not shown), apoptosis index being 

12.46±1.69% for 24 hours.  

  

Figure 1. Murine Pro-B lymphocytes 

apoptosis index when treated with 25 µM 

indol-3-carbinol (5 experiments, 

representative experiment showed) 

The apoptosis index of pro-B 

lymphocytes when treated with 25 µM indol-

3-carbinol for 24 hours was 53.71± 4.96%. 

Furthermore, the apoptotic pro-B murine 

cells were found to be in a proportion of 

78.29±5.11% when were cultured in the 

presence of fibroblasts and 25 µM indol-3-

carbinol for 24 hours. 

In contrast, the administration of 3-methyl-

adenine (1 µM) for 24 hours, when 

fibroblasts were co-cultured, triggered pro-B 

lymphocytes apoptosis in a proportion of 

57.76±4.99%. 
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Figure 2. Pro-B lymphocytes apoptosis 

index when treated with 25 µM indol-3-

carbinol in the presence of fibroblasts co-

culture (5 experiments, representative 

experiment showed) 

 

  

Figure 3. Pro-B lymphocytes apoptosis 

index when treated with 25 µM indol-3-

carbinol and 1 µM 3-methyl-adenine in 

the presence of fibroblasts co-culture (5 

experiments, representative experiment 

showed) 

 

When fibroblasts were not co-cultured 

with oro-B murine lymphocytes, the 

addition of 3-methyl-adenine in the culture 

medium had no significant effects on 

apoptosis index induced by indol-3-

carbinol.   
Cancer and stromal cells, which include 

(cancer-associated) fibroblasts, adipocytes, 

and immune cells, constitute a mixed cellular 

ecosystem that dynamically influences the 

behavior of each component, creating 

conditions that ultimately favor the 

emergence of malignant clones. Ovarian 

cancer cells release cytokines that recruit and 

activate stromal fibroblasts and immune cells, 

so perpetuating a state of inflammation in the 

stroma that hampers the immune response 

and facilitates cancer survival and 

propagation. Further, the stroma vasculature 

impacts the metabolism of the cells by 

providing or limiting the availability of 

oxygen and nutrients. Autophagy, a 

lysosomal catabolic process with homeostatic 

and prosurvival functions, influences the 

behavior of cancer cells, affecting a variety of 

processes such as the survival in metabolic 

harsh conditions, the invasive growth, the 

development of immune and chemo 

resistance, the maintenance of stem-like 

properties, and dormancy. Further, autophagy 

is involved in the secretion and the signaling 

of promigratory cytokines. Cancer-associated 

fibroblasts can influence the actual level of 

autophagy in ovarian cancer cells through the 

secretion of pro-inflammatory cytokines and 

the release of autophagy-derived metabolites 

and substrates. Interrupting the metabolic 

cross-talk between cancer cells and cancer-

associated fibroblasts could be an effective 

therapeutic strategy to arrest the progression 

and prevent the relapse of ovarian cancer 

[15]. 

Periodontitis, the most prevalent chronic 

inflammatory disease, has been related to 

cardiovascular diseases. Autophagy provides 

a mechanism for the turnover of cellular 

organelles and proteins through a lysosome-

dependent degradation pathway. The aim of 

this research was to study the role of 

autophagy in peripheral blood mononuclear 

cells from patients with periodontitis and 

gingival fibroblasts treated with a lipopoly-

saccharide of Porphyromonas gingivalis. 

Autophagy-dependent mechanisms have been 

proposed in the pathogenesis of inflammatory 

disorders and in other diseases related to 

periodontitis, such as cardiovascular disease 
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and diabetes. Thus, it is important to study the 

role of autophagy in the pathophysiology of 

periodontitis. There were found increased 

levels of autophagy gene expression and high 

levels of mitochondrial reactive oxygen 

species production in peripheral blood 

mononuclear cells from patients with 

periodontitis compared with controls. A 

significantly positive correlation between 

both was observed. In human gingival 

fibroblasts treated with lipopolysaccharide 

from P. gingivalis, there was an increase of 

protein and transcript of autophagy-related 

protein 12 (ATG12) and microtubule-

associated protein 1 light chain 3 alpha LC3. 

A reduction of mitochondrial reactive oxygen 

species induced a decrease in autophagy 

whereas inhibition of autophagy in infected 

cells increased apoptosis, showing the 

protective role of autophagy [16]. 

Lipopolysaccharide (LPS) is a major 

component of cell wall in gram-negative 

bacteria and has been proved to be a 

predominant pathogenic factor in 

periodontitis. Porphyromonas gingivalis (P.g) 

was abundant in patients with periodontitis 

and was associated with patient clinic-

pathological characteristics. Furthermore, 

autophagy is a potential mechanism in 

inflammatory disease. In this study, we 

hypothesized that LPS from P.g may affect 

the physiological functions of human gingival 

fibroblasts (HGFs) through activating cellular 

autophagy. However, it remains unclear what 

molecular basis related to LPS-induced 

autophagy in HGFs. Analysis of these data 

implicates that LPS from P.g has a significant 

impact on the autophagy of HGFs by 

suppressing PI3K/Akt/mTOR signaling 

pathway [17]. 

It is known that periodontal tissues heal 

faster that skin, and gingiva in particular heal 

without scar formation. The mechanisms 

regulating this behaviour are still unclear. The 

aim of our work was to compare wound 

healing in oral mucosa and gingiva, 

investigating the role of α-smooth muscle 

actin (αSMA)-expressing myofibroblasts and 

autophagy. The elucidation of the differential 

regulation of autophagy in periodontal tissues 

and its correlation with myofibroblast 

differentiation and fibrotic outcome could 

allow the identification of new molecules 

involved in periodontal healing and the 

development of new surgical approaches for 

periodontal treatment that could improve the 

outcome of postoperative wounds [18]. 

 

CONCLUSIONS 

The study of literature suggested that 

released autophagy-derived metabolites from 

fibroblasts might affect the apoptotic 

behavior of lymphocytes when there is a 

close interaction of these cells.  

Thus, we studied the effects of fibroblasts 

autophagy on the apoptosis of pro-B murine 

lymphocytes when were co-cultured.  

We clearly showed that murine pro-B 

lymphocyte apoptosis induced by indol-3-

carbinol could be significantly enhanced by 

the presence of gingival fibroblasts in co-

culture. Furthermore, the addition of 3-

methyl-adenine in the medium for 24 hours 

blocked the enhancing effects induced by 

fibroblasts on the apoptotic index of pro-B 

lymphocytes. So, the enhancing apoptotic 

effects of fibroblasts on pro-B lymphocytes 

are related to released autophagy-derived 

metabolites. Their real nature remains to be 

established through future researches 

involving this complex system.   
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