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1  | INTRODUC TION

The human periodontal ligament cell (PDL cell) has been described 
as a mesenchymal fibroblast-like cell with multifunctional proper-
ties. The PDL cell can produce collagen, a functional quality typical 
for fibroblasts, but it can also be transformed into an osteoblast-like 
cell with capacity to form bone-like mineralized tissue expressing 
bone marker proteins, suggesting that PDL cells can influence peri-
odontal regeneration and tissue repair.1,2 Human PDL cells have 
successfully been reprogrammed into induced pluripotent stem (iPS) 
cells, and thus, PDL cells may serve as an important source for iPS 

cells.3 Interestingly, the PDL cell has also the capacity to produce 
pro-inflammatory cytokines in response to stimulation with bacte-
rial endotoxins such as lipopolysaccharide (LPS), indicating that PDL 
cells are key players in oral innate immunity.4 The PDL cell produces 
important pro-inflammatory cytokines and chemokines which me-
diate recruitment of white blood cells to the periodontal inflamma-
tion/infection, suggesting that this is indeed an essential cell type 
in the periodontal innate immune reaction. Blood neutrophils and 
monocytes/macrophages can also contribute to increased cytokine 
levels in periodontal inflammation, but one may speculate that the 
PDL cells are mainly responsible for the local cytokine/chemokine 
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Abstract
It is well recognized that human periodontal ligament cells (PDL cells) may represent 
local immune cells of the periodontal tissues. However, it is unclear whether they 
represent “true” immune cells, since they can produce pro-inflammatory cytokines 
not only after stimulation with bacterial lipopolysaccharides but also in response to 
other stimuli such as mechanical stress. Stimulation with bacterial lipopolysaccha-
rides strongly enhances PDL cell production of pro-inflammatory cytokines through 
activation of toll-like receptors and NF-κB signaling. Less information is available re-
garding putative modulators of cytokine production and their mechanisms of action 
in PDL cells. The anti-inflammatory glucocorticoid dexamethasone reduces lipopoly-
saccharide-induced PDL cell production of cytokines. Recent observations show that 
vitamin D and the antimicrobial peptide LL-37 antagonize lipopolysaccharide-stimu-
lated PDL cell production of pro-inflammatory cytokines. Secretory leukocyte pro-
tease inhibitor is endogenously expressed by PDL cells, and this protein negatively 
regulates PDL cell-evoked cytokine production. More information and knowledge 
about the regulation of PDL cell production of cytokines may clarify the role of PDL 
cells in oral innate immunity and their importance in periodontitis.
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production in the acute early phase of periodontal inflammation/
infection, since the vascular endothelium first has to become per-
meable to allow for trans-endothelial transport of immune cells from 
blood to the periodontal tissues, a procedure which probably takes 
time.

Although it is well recognized that human PDL cells are able to 
produce pro-inflammatory cytokines upon stimulation with bacte-
ria and bacterial endotoxins, the modulation of this process and its 
underlying cellular and molecular mechanisms is poorly understood. 
LPS produced by various types of gram-negative bacteria causes a 
rapid and profound stimulation of pro-inflammatory cytokine gene 
expression and protein production.4,5 Vitamin D reduces PDL ex-
pression of pro-inflammatory cytokines probably via activation of 
the intracellular vitamin D receptor (VDR) expressed by human PDL 
cells.6-8 Thus, also an agent like vitamin D which is produced by skin 
keratinocytes and/or taken up from the diet can modulate PDL cell 
pro-inflammatory properties. Under inflammatory/infectious condi-
tions, neutrophils are recruited to the inflamed tissue and they release 
the antimicrobial peptide LL-37. High expression of the peptide has 
been detected in gingival tissues and gingival crevicular fluid from 
periodontitis patients, indicating that LL-37 may have impact on PDL 
cell functional properties in periodontitis.9-12 Interestingly, LL-37 
shows activity against many oral pathogens, suggesting that the pep-
tide may play an important role in the defense against invading oral 
bacteria.13 However, LL-37 not only kills bacteria but it can also modu-
late host defense and innate immunity in multiple ways.14,15 Recently, 
Aidoukovitch et al observed that LL-37 is internalized by human PDL 
cells and that it reduces PDL cell production of the chemokine mono-
cyte chemoattractant protein-1 (MCP-1).16 Hence, LL-37 seems to 
act anti-inflammatory through an intracellular mechanism of action 
in PDL cells. Moreover, the protein secretory leukocyte protease in-
hibitor (SLPI), endogenously expressed by PDL cells, has recently been 
shown to act as a negative regulator of PDL cell pro-inflammatory 
cytokine production, indicating that proteins expressed by PDL cells 
themselves also can modulate their production of cytokines.17

In this mini review, I discuss both non-PDL cell-dependent (bac-
terial endotoxins, vitamin D, and LL-37) and PDL cell-dependent (the 
SLPI protein expressed by PDL cells) modulators and mechanisms 
involved in the regulation of PDL cell-evoked cytokine/chemokine 
production. Information source for this mini review is published arti-
cles appearing in PubMed®. More knowledge about the mechanisms 
involved in the modulation of PDL cell production of pro-inflamma-
tory cytokines is necessary in order to understand the immune cell-
like properties of PDL cells and their importance in periodontitis.

2  | RECEPTORS AND SIGNALING IN LPS-
INDUCED STIMUL ATION OF PDL CELL 
PRODUC TION OF PRO -INFL AMMATORY 
CY TOKINES

The bacterial cell wall component LPS is produced by gram-neg-
ative bacteria such as the periodontitis pathogens P gingivalis and 

A actinomycetemcomitans. Notably, stimulation with LPS from differ-
ent types of bacteria shows on the whole powerful stimulation of 
PDL cell production of pro-inflammatory cytokines with similar time 
course and concentration-response patterns, although differences 
in sensitivity to, for example, P gingivalis and E coli LPS have been 
reported.5,18 LPS from E coli is often used to assess cellular cytokine 
production in experimental systems. Although LPS from P gingivalis 
has a different structure compared to E coli LPS, both types of LPS 
induce cytokine mRNA expression in human PDL cells in a similar 
pattern.5 LPS from A actinomycetemcomitans has also been shown 
to enhance PDL cell cytokine expression, and thus, different types 
of bacterial LPS trigger PDL cell cytokine production.19 E coli LPS is 
used in many experimental in vitro studies to stimulate oral cells, 
which may represent a weakness when it comes to in vivo relevance. 
Lipoteichoic acid (LTA) is a bacterial endotoxin produced by gram-
positive bacteria. Although there are reports showing that LTA also 
may enhance PDL cell production of pro-inflammatory cytokines, 
much less information is available regarding LTA-induced produc-
tion of cytokines by PDL cells as compared to the well-documented 
stimulatory effects of LPS on PDL cell cytokine production.20,21 Im 
et al19 show that LTA has no effect on PDL cell expression of IL-8 and 
that LTA, in fact, antagonizes A actinomycetemcomitans LPS-induced 
PDL cell IL-8 expression. LPS acts as an agonist for toll-like receptor 
4 (TLR4), whereas LTA is a TLR2 agonist. Importantly, human PDL 
cells express both TLR2 and TLR4, and upon activation, these re-
ceptors promote cytokine expression mainly through NF-κB activa-
tion.18,22,23 Hence, it can be concluded that agonists for both TLR2 
and TLR4 have an impact on PDL cell-evoked cytokine production. 
Notably, there are findings indicating that human PDL cells may ex-
press higher transcript levels of TLR2 compared to TLR4.18

High expression of IL-6 is observed in diseased periodontal tis-
sues, and polymorphism of the IL-6 gene has been reported to be as-
sociated with periodontitis, strongly suggesting that IL-6 is involved 
in the initiation/progression of the disease.24,25 P gingivalis LPS 
seems to be a weak stimulator of PDL cell IL-6 production compared 
to E coli LPS.18,26,27 Interestingly, dental follicle cells, which are con-
sidered to represent periodontal progenitor cells, show enhanced 
IL-6 gene expression in response to E coli LPS stimulation, whereas 
stimulation with P gingivalis LPS lacks effect on IL-6 transcript ex-
pression in these cells.28 These data suggest that also dental follicle 
cells are more sensitivity to E coli LPS than P gingivalis LPS, when it 
comes to stimulation of IL-6 expression. However, it should be noted 
that there are several studies which clearly show that stimulation 
with both P gingivalis bacteria and P gingivalis LPS enhances PDL cell 
expression of IL-6.6,7,29 P gingivalis LPS has been reported to act as 
an agonist for TLR2 and as a potential antagonist for TLR4, whereas 
E coli LPS preferentially activates TLR4.30,31 Taking into consider-
ation that P gingivalis LPS is an agonist for TLR2 and that PDL cells 
have been reported to express high levels of transcript for TLR2 sug-
gests that the low sensitivity of PDL cells to P gingivalis LPS is due to 
another mechanism than low PDL cell expression of TLR2.18 Hence, 
it is more likely that differences in sensitivity of PDL cells to P gingi-
valis and E coli LPS are associated with LPS subtype-specific signaling 
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downstream of the TLRs. Importantly, we have also to consider that 
differences in sensitivity of PDL cells to LPS from P gingivalis and 
E coli may reflect LPS subtype-specific structural properties and 
variations in purity between batches of LPS.

Both LPS-induced production of IL-6 and chemokine (C-X-C 
motif) ligand 1 (CXCL1, also named GROα) by PDL cells are antag-
onized by the glucocorticoid dexamethasone, suggesting that PDL 
cell production of pro-inflammatory cytokines in periodontitis can 
be counteracted by treatment with glucocorticoids.18,32 Notably, 
glucocorticoids are thought to abolish inflammation via inhibition of 
NF-κB signaling leading to reduced production of pro-inflammatory 
cytokines, but their exact mechanism of action is still not completely 
understood.33

The concentration-response relationship for E coli LPS-stimulated 
PDL IL-6 production shows that stimulation with 0.5 and 10 μg/mL 
LPS for 24 hours enhances IL-6 protein production 3 and 9 times, 
whereas a lower concentration (0.1 μg/mL) of LPS has no effect.34 
Notably, researchers do not normally use higher concentrations 
of LPS than 10 μg/mL, since they may produce unspecific effects. 
Stimulation with 10 μg/mL LPS for a longer time (72 hours) increases 
IL-6 protein by about 10 times, indicating that LPS-stimulated IL-6 
production reaches a plateau within this time frame. Hence, it seems 
that E coli LPS causes a long-term and powerful activation of IL-6 
production by PDL cells.

LPS/TLR4 signaling involves different adaptor proteins such as 
myeloid differentiation factor 88 (MyD88). LPS-induced activation of 
TLR4 may cause either MyD88-dependent or MyD88-independent 
downstream signaling.30 For the MyD88-dependent pathway, the 
LPS/TLR4/MyD88 complex binds and activates downstream adap-
tor proteins leading to activation of PI3K/Akt and NF-κB. Besides 
activation of PI3K/Akt and NF-κB, MyD88-dependent signaling 
also involves activation of MAPKs such as ERK, JNK, and p38. The 
functional effects of NF-κB are associated with transcriptional ac-
tivation of multiple pro-inflammatory genes such as IL-1, IL-6, and 
TNFα, whereas PI3K/Akt, ERK, JNK, and p38 activation is coupled 
to inflammatory pathways but also cell proliferation/cell survival and 
apoptotic signaling. Activation of the MyD88-independent pathway 
causes activation and nuclear translocation of NF-κB and IRF3 tran-
scription factors leading to transcription of genes belonging to the 
interferon family of cytokines. MyD88 plays a critical role also for 
TLR2-induced activation of NF-κB and production of cytokines. In 
human PDL cells, knockdown of MyD88 prevents both P gingivalis 
LPS-induced and synthetic TLR2 agonist-induced IL-6 and IL-8 tran-
script expression, indicating that MyD88 is necessary for TLR2 ago-
nist-evoked PDL cell cytokine production.35

3  | NOT ONLY LPS BUT AL SO OTHER 
STIMULI TRIGGER PDL CELL PRODUC TION 
OF PRO -INFL AMMATORY CY TOKINES

It is well recognized that mechanical loading can induce expression 
of cytokines associated with inflammation in cultured human PDL 

cells.36,37 PDL cells subjected to mechanical force show increased 
IL-6 gene expression and also enhanced IL-6 protein production 
compared to untreated control cells, and these effects seem to 
be reduced by heat shock protein 70.37 Up-regulation of PDL cell 
pro-inflammatory cytokine expression by mechanical/orthodontic 
stress may also involve TLR4 signaling, suggesting that mechanical 
forces induce PDL cell cytokine expression through multiple path-
ways.38 Thermal stress has also been reported to induce IL-6 and 
IL-8 gene expression in human PDL cells, indicating that PDL cells 
may respond to many different types of stimuli with elevated cy-
tokine expression.39 Hence, classical infection/inflammation media-
tors, such as LPS, stimulate PDL cell production of pro-inflammatory 
cytokines, but also other forms of stimuli, which are not primarily 
related to infections and infectious agents, can enhance production 
of cytokines in PDL cells.

What about the relative importance of PDL cell production of 
cytokines vs. that of classical immune cells in periodontitis? This is a 
complicated and challenging question to answer. To my knowledge, 
there are no reports published addressing this interesting issue. It is 
definitely a big challenge to establish an experimental system where 
both the total amounts and concentrations of all relevant cytokines/
chemokines produced by PDL cells in response to different inflam-
mation promoters are compared to those of neutrophils, monocytes, 
and macrophages.

In this context, it should be mentioned that bacterial endotox-
ins such as P gingivalis LPS and E coli LPS trigger pro-inflammatory 
cytokine expression also in human gingival fibroblasts.40,41 Thus, 
different types of periodontal tissue fibroblast-like cells may con-
tribute to cytokine production in periodontitis. It is difficult to assess 
the pathophysiological importance of cytokines produced by PDL 
cells compared to that of cytokines produced by gingival fibroblasts, 
since these cell types show different anatomical location and total 
cell number. Importantly, PDL cells are present in the interface be-
tween the root cementum and the alveolar bone tissue and thus very 
close to the osteoblasts of the bone tissue, arguing that PDL-evoked 
cytokine production is indeed important.

4  | VITAMIN D AT TENUATES PDL CELL 
PRODUC TION OF PRO -INFL AMMATORY 
CY TOKINES

Pro-vitamin D is produced by skin epithelial cells via a UV light-
dependent process. The keratinocytes release the pro-hormone 
vitamin D3 which then undergoes metabolic transformation to 
biologically active 1α,25-dihydroxyvitamin D3 in the liver and kid-
neys.42,43 Besides the endogenous synthesis of pro-hormone vita-
min D3 by keratinocytes, humans can get the pro-hormones vitamin 
D2 and D3 from the diet. Dietary vitamin D is taken up by intestinal 
epithelial cells and transported to the liver and kidneys where it is 
processed to 1α,25-dihydroxyvitamin D3. In this review, vitamin D 
refers to biologically active 1α,25-dihydroxyvitamin D3. The main 
functional responses of vitamin D involve regulation of calcium and 
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phosphorus uptake from the gut, and hereby the hormone plays an 
important role in bone formation and bone metabolism, but vitamin 
D has also been shown to modulate the immune system.43,44 Vitamin 
D is lipophilic and thus can diffuse over the plasma membrane and 
bind to its intracellular vitamin D receptor (VDR). The vitamin D/VDR 
forms a complex with retinoid X receptors, and this complex then ac-
tivates or inactivates target genes.43 Importantly, all transcriptional 
effects of vitamin D are regarded to be mediated via VDR.43

Treatment with vitamin D, at a concentration which corresponds 
to a high plasma concentration of the vitamin, reduces E coli LPS-
induced IL-6 and CXCL1 but not IL-1β and MCP-1 transcript expres-
sion in human PDL cells, suggesting that vitamin D differentially 
affects LPS-stimulated pro-inflammatory cytokine/chemokine 
expression in PDL cells.8 Andrukhov et al have also reported that 
vitamin D affects LPS-induced pro-inflammatory cytokine produc-
tion differentially in human PDL cells.7 These authors show that 
vitamin D attenuates P gingivalis LPS-stimulated IL-8 and MCP-1 
production but has no effect on IL-6. Thus, vitamin D can reduce 
LPS-stimulated PDL cell production of pro-inflammatory cytokines, 
but this effect seems to be dependent on experimental conditions 
such as the type of LPS used for stimulation of cytokine production. 
For E coli LPS-stimulated IL-6 expression in PDL cells, also protein 
production is down-regulated by vitamin D (3-300 ng/mL), indicat-
ing that vitamin D3-induced anti-inflammatory effects involve local 
attenuation of IL-6 production in the periodontal tissues.8 Human 
PDL cells express VDR protein and transcript, indicating that vita-
min D-induced attenuation of cytokine expression is mediated via 
activation of VDR.7,8 Moreover, Andrukhov et al have demonstrated 
that knockdown of VDR with siRNA abolishes vitamin D-induced 
down-regulation of PDL cell cytokine production, providing strong 
evidence that VDR indeed mediates the anti-inflammatory effects 
of vitamin D.7 Presumably, the vitamin D/VDR-induced attenuation 
of pro-inflammatory cytokine production in PDL cells involves direct 
transcriptional mechanisms, but vitamin D/VDR-evoked modula-
tion of post-transcriptional events cannot be completely excluded 
(Figure 1).

Circulating levels of 25-hydroxyvitamin D have been reported 
to be lower in chronic periodontitis patients compared to healthy 
controls, suggesting that low plasma levels of vitamin D are asso-
ciated with the disease.45 However, other systematic review stud-
ies cannot unambiguously show that low plasma concentrations of 
vitamin D are associated with periodontitis.46 In patients with se-
vere periodontal disease, a higher proportion of individuals has been 
reported to be vitamin D deficient compared to healthy controls.47 
Interestingly, no correlation between serum vitamin D concentra-
tions and the clinical parameters bleeding on probing, clinical attach-
ment level, and periodontal probing depth is observed in the group 
of patients with periodontal disease, indicating that low concentra-
tions of vitamin D in serum are associated with the initiation of the 
disease.47 Thus, supplementation with vitamin D may has beneficial 
anti-inflammatory effects in periodontitis through down-regulation 
of PDL cell production of pro-inflammatory cytokines. However, 
it has to be considered that positive effects of vitamin D on peri-
odontal health may also be coupled to the well-documented vitamin 
D-induced stimulation of bone formation.

5  | THE HUMAN ANTIMICROBIAL 
PEPTIDE LL-37 REGUL ATES PDL CELL 
PRODUC TION OF MCP-1

LL-37 is the only human member of the cathelicidin family of antimi-
crobial peptides. Neutrophils and epithelial cells synthesize and se-
crete the protein hCAP18 which is a pro-form of LL-37.15,48 hCAP18 
is processed to LL-37 in an extracellular reaction catalyzed by either 
serine protease 3 or kallikrein 5, for neutrophils and epithelial cells, 
respectively.49,50 LL-37 has been detected in whole saliva of both 
adults and children.51-54 Notably, LL-37 is detected in both isolated 
parotid and submandibular/sublingual saliva, indicating that the pep-
tide is produced by cells of the major salivary glands.55 Hence, sali-
vary LL-37 may originate from the major salivary glands, but it can 
also be derived from oral epithelial cells and/or from neutrophils of 

F I G U R E  1   Modulation of LPS-induced pro-inflammatory cytokine production in human PDL cells. Vitamin D/VDR presumably attenuates 
cytokine production at the transcriptional level. The antimicrobial peptide LL-37 can bind and neutralize LPS extracellularly, but it may 
also interact with the synthesis of cytokines downstream of NF-κB, leading to reduced cellular cytokine production. Secretory leukocyte 
protease inhibitor (SLPI) is a protein expressed in PDL cells, and it seems to act as a negative regulator of cytokine production via interaction 
with TLR4 expression and NF-κB activity. Glucocorticoids (GC) reduce PDL cell production of pro-inflammatory cytokines probably through 
inhibition of NF-κB activity. Please, note that TLR4 is a plasma membrane receptor
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the gingival tissues and gingival crevicular fluid. Indeed, high con-
centrations of LL-37 are reported in gingival tissues and gingival 
crevicular fluid of periodontitis patients.9-12 Thus, it is reasonable to 
suggest that PDL cells in periodontitis patients probably face high 
concentrations of LL-37.

LL-37 shows activity against both gram-positive and gram-neg-
ative bacteria including many oral pathogens.13 The peptide exerts 
its antimicrobial activity via different mechanisms. LL-37 has high 
affinity for bacteria, and it can form pores in their cell walls lead-
ing to bacterial cell lysis.56-58 Besides LL-37-induced permeabiliza-
tion of bacteria, LL-37 may also bind and neutralize bacterial LPS 
and LTA.59,60 Importantly, LL-37 does not only show antibacterial 
activity, but it also modulates the host defense and innate immune 
system.14,15

Human PDL cells show no endogenous expression of LL-37, 
but they rapidly internalize extracellular LL-37, suggesting that the 
peptide can have intracellular actions.16 Thus, LL-37 produced by 
salivary gland cells, oral epithelial cells, and/or neutrophils may 
be imported by PDL cells and thereby affect PDL cell function 
through a paracrine mechanism. In PDL cells incubated with exog-
enous LL-37, immunoreactivity for LL-37 is mainly observed in the 
cytoplasm.16 Treatment with LL-37 at a concentration (1 μmol/L) 
similar to that observed in the gingival crevicular fluid of periodon-
titis patients abolishes E coli LPS-induced MCP-1 production in 
PDL cells.12,16 The LL-37-evoked reversal of LPS-stimulated MCP-1 
production is probably associated with intracellular actions of LL-
37, since pre-incubation with LL-37 for 60 minutes followed by 
stimulation with LPS for 24 hours in the absence of LL-37 prevents 
LPS-evoked up-regulation of MCP-1 production.16 The mechanism 
behind LL-37-induced down-regulation of PDL cell MCP-1 produc-
tion seems not dependent on interactions with NF-κB activation 
but may instead involve effects downstream of NF-κB such as 
LL-37-induced transcriptional and/or post-transcriptional effects 
(Figure 1). However, although LL-37 presumably reduces PDL cell 
production of cytokines via intracellular actions, the peptide has 
probably also anti-inflammatory effects in PDL cells through ex-
tracellular binding and neutralization of LPS. Hence, LL-37 pro-
duced by neutrophils in the inflamed gingival tissues may have 
a local anti-inflammatory effect in PDL cells via these different 
mechanisms. Interestingly, vitamin D is a very strong inducer of 
LL-37 (CAMP) gene activity in different types of human cells, and 
thus, vitamin D may exert both antibacterial and anti-inflamma-
tory effects through stimulation of LL-37 production.61,62

6  | HUMAN PDL CELL S E XPRESS SLPI AND 
CELLUL AR LE VEL S OF SLPI NEGATIVELY 
CORREL ATE TO IL- 6 AND MCP-1 
PRODUC TION

Secretory leukocyte protease inhibitor is produced by human 
oral and bronchial epithelial cells and also by human skin HaCaT 
keratinocytes, and the protein is detected in human saliva and 

nasal secretion.63-67 The SLPI protein may thus show both in-
tracellular and extracellular distribution. Intracellular SLPI has 
been shown to translocate from cytoplasm to nucleus and in-
teract with NF-κB signaling in monocytes.68 We have shown 
by immunocytochemistry and Western blot that PDL cells ex-
press SLPI, although PDL cells show much lower expression of 
the protein compared to HaCaT cells.17 E coli LPS increases both 
IL-6 and MCP-1 mRNA in PDL cells, whereas it has no effect in 
HaCaT cells, and thus, expression levels of SLPI negatively cor-
relate with pro-inflammatory cytokine expression.17 Knockdown 
of PDL cell SLPI gene activity by siRNA enhances both basal and 
LPS-stimulated IL-6 and MCP-1 expression, providing further 
evidence that SLPI indeed is a negative regulator of PDL cell pro-
duction of pro-inflammatory cytokines.17 Treatment with SLPI 
siRNA increases expression of mRNA for both TLR2 and TLR4, 
and moreover, it also enhances phosphorylated NF-κB p105 lev-
els in PDL cells, suggesting that SLPI is a negative regulator of 
TLRs expression and NF-κB activity.17 Hence, the mechanisms 
behind the regulation of PDL cell cytokine production by SLPI 
probably involve SLPI-induced regulation of both TLRs expres-
sion and NF-κB activity (Figure 1). Strong evidence thus suggests 
that cellular SLPI is a negative regulator of PDL cell production 
of pro-inflammatory IL-6 and MCP-1. Reduced PDL cell expres-
sion of SLPI would probably make the cells more sensitive to 
bacterial endotoxins. However, to the best of my knowledge, 
there is no information available regarding alterations in PDL cell 
SLPI expression in response to bacteria and/or in periodontitis 
vs. healthy conditions.

7  | CONCLUSIONS

Much data and many reports show that human PDL cells can pro-
duce pro-inflammatory cytokines in response to stimulation with 
bacterial endotoxins and thus act as local immune cells. However, 
little information is available regarding the regulation of PDL cell 
production of pro-inflammatory cytokines. The well-known anti-
inflammatory glucocorticoid dexamethasone reduces LPS-induced 
cytokine production in PDL cells. Vitamin D and LL-37 antagonize 
LPS-stimulated PDL cell production of cytokines and thus rep-
resent two modulators of PDL cell-evoked cytokine production. 
Further, SLPI, which is a protein endogenously expressed by PDL 
cells, negatively regulates PDL cell production of cytokines. More 
information and knowledge about modulators and regulatory 
mechanisms involved in PDL cell production of pro-inflammatory 
cytokines is warranted, since it may clarify the role of PDL cells in 
periodontitis.
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