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saline/bovine serum albumin for 1 h. Immunofluorescence
staining was achieved by incubation with anti-IBA-1 (Wako
Chemicals GmbH, Neuss, Germany) for 1 h, followed by 30
min incubation with secondary Alexa Fluor 488 (Life
Technologies; Thermo Fisher Scientific, Inc., Waltham, MA,
USA)).
Counterstaining was done using 1 μg/ml of DAPI

(Sigma Aldrich) for 10 min before mounting with Aqua-
Poly/Mount (Polysciences, Inc., Warrington, PA, USA).
For negative controls, primary antibodies were omitted.
All incubations were performed at room temperature in
the dark.
The stained slides were observed with Axio Imager

M2 (Carl Zeiss Jena GmbH, Jena, Germany) at 40 x
magnification. Images were taken with 70 ms illumin-
ation time in the green channel and 1ms illumination
time in the DAPI channel.
The mean fluorescence intensity (MFI) for each image

was determined according to the quantitative analysis of
fluorescence staining using ImageJ software [33]. In
brief, images were converted into 8-bit. The regions of
interest (ROI) were selected randomly per cell, analyzing
each cell per image. Then, mean grey values for each cell
were calculated, following determination of the mean
grey value for each image by calculating the ratio total
mean grey value / number of cells per image.

Statistical analysis
One-way ANOVA was applied for comparison be-
tween groups followed by Bonferroni correction. Gene
induction was analyzed with one sample t-test after

application of the 2(−ΔΔ C(T)) method (GraphPad Soft-
ware, San Diego, CA, USA). Results are expressed as
mean ± SEM (n = 6). The level for statistical signifi-
cance was set at p < 0.05 (* p < 0.05, ** p < 0.01, ***
p < 0.001).

Results
AEA deregulates inflammatory cytokine expression
aroused by CII in PDL cells and in microglia
Analysis of transcriptional expression changes for the
key inflammatory markers IL-1ß, IL-6 and TNFa as
much as for CB1 and CB2 receptors was performed
upon challenge with AEA or PEA combined with or
without centrifugation in PDL cells (Fig. 1) and in ESdM
cells (Fig. 2).
In PDL cells, AEA significantly downregulated inflam-

matory cytokines and CB receptors after stimulation for
6 h and 10 h under unstressed conditions.
CII upregulated inflammatory molecules in a time-

dependent manner, which was also evident for CB receptors.
After 10 h, IL-1ß was upregulated 124.8-fold ±19.7, TNFa
155.8-fold ±56, IL-6100.5-fold ±30.2, CB1 43.2-fold ±2.6 and
CB2 44.1-fold ±4.8. Except for IL-6 after 10 h, an additional
significant increase of all target genes was evident for CII
plus PEA. After 10 h, values of 134.9-fold ±33.9 for IL-1ß,
195.6-fold ±74.9 for TNFa, 12.5-fold ±1.6 for CB1 and 12.9-
fold ±1.9 for CB2 could be noted.
Contrarily, CII plus AEA potently inhibited transcrip-

tional increases by CII. After 10 h, values decreased to
18.2-fold ±3.2 for IL-1ß, 24.3-fold ±7.1 for TNFa, 15.5-

Fig. 1 Transcriptional regulation of inflammatory cytokines and CB receptors in PDL cells upon CII and endocannabinoid treatment. Gene
expression analyses were performed for IL-1ß (a), TNFa (b), IL-6 (c), CB1 (d) and CB2 (e) upon challenge with or without AEA (50 μM) or PEA
(50 μM) under serum-free conditions in combination with or without CII of PDL cells for 6 h or 10 h, respectively. Analyses were performed via
qRT-PCR. Values represent the mean ± SEM (n = 6) of the relative differential gene expression (fold of control). * statistically significant compared
to unstimulated control (p < 0.05, one sample t test)

Jäger et al. Head & Face Medicine           (2020) 16:26 Page 4 of 12



fold ±2.9 for IL-6, 45.3-fold ±4.1 for CB1 and 54.6-fold ±
4.9 for CB2.
In ESdM cells, CII plus AEA downregulated inflamma-

tory molecules, but interestingly even stronger under
unstressed conditions both after 6 h and 10 h. Highest
downregulations were seen for AEA after 6 h with 0.003-
fold ±0.0 for TNFa, and 0.088-fold ±0.0 for IL-6. Only
for IL-1ß, expression was higher for CII plus AEA both
after 6 and 10 h compared to CII only. Challenge with
PEA upregulated proinflammatory cytokines with and
without CII. After 10 h PEA challenge plus CII, increases
were 4.9-fold ±1.7 for IL-1ß, 3.4-fold ±2.4 for TNFa and
68.4-fold ±12.3 for IL-6.
Regarding CB receptor-regulation in ESdM cells, tran-

scriptional increase due to CII with or without AEA or
PEA could also be observed analogous to PDL cells, but
to an extent with highest values of 3.0-fold ±1.2 that can
be regarded as methodological variation.

Proliferation of PDL cells and ESdM cells is similarly
modulated by CII and by endocannabinoid treatment
In both cell types, CII reduced cell proliferation in a
time-dependent manner (Fig. 3). In PDL cells, prolifera-
tion decrease correlated with CII duration, with 2635
cells ±182 for uncentrifuged controls, 1379 cells ±191
after 6 h CII and 714 cells ±228 after 10 h CII. In ESdM
cells, the same pattern could be observed, even though
significantly less with 4951 cells ±324 for uncentrifuged
controls, 3953 cells ±105 after 6 h CII and 3831 cells ±
188 after 10 h CII.

Administration of AEA did not noticeably modify pro-
liferation compared to controls in ESdM cells, neither
unstressed nor upon CII. Contrarily, AEA was able to
partly inhibit cell reduction by CII in PDL cells. PEA
synergistically reinforced the inhibition seen for CII with
stepwise reduction of PDL cell count to 115 cells ±13
after 10 h. In ESdM cells, PEA reduced the cell count to
values between 130 and 147 cells regardless of whether
CII was added or not.

Microglia marker IBA-1 is inherently expressed in PDL
cells on transcriptional and on protein level and exhibits
signal changes due to CII and AEA
Gene expression analyses of IBA-1 revealed innate
occurrence of this microglia marker molecule in
PDL cells with a basal constitutive expression level
in unstimulated cells of 0.49% in the mean. In
stimulation experiments, challenge with AEA signifi-
cantly downregulated its expression when operating
alone, resulting in a decrease to 0.2-fold ±0.0 after 6
h stimulation and to 0.1-fold ±0.0 after 10 h stimula-
tion. This effect was counteracted when CII was
additionally applied, which is graphically illustrated
in Fig. 4.
Immunofluorescence staining of IBA-1 in PDL cells

evidenced equally distributed cytoplasmatic signal with
additonal brightly stained small granules. Here, immu-
nohistochemical reaction products were present unifor-
mely, and local concentrations were not seen. These
characteristics were typical of controls and after 6 h of
stimulation with AEA or PEA (arrowheads in Fig. 5a-c).

Fig. 2 Transcriptional regulation of inflammatory cytokines and CB receptors in microglia upon CII and endocannabinoid treatment. Gene
expression analyses were performed for IL-1ß (a), TNFa (b), IL-6 (c), CB1 (d) and CB2 (e) upon challenge with or without AEA (50 μM) or PEA
(50 μM) under serum-free conditions in combination with or without CII of Embryonic stem cell-derived microglia (ESdM) cells for 6 h or 10 h,
respectively. Analyses were performed via qRT-PCR. Values represent the mean ± SEM (n = 6) of the relative differential gene expression (fold of
control). * statistically significant compared to unstimulated control (p < 0.05, one sample t test)
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MFI values ranged between 34.7 ± 2.6 and 38.6 ± 1.8.
MFI and number of dotted structures distinctly increased
in all groups by CII (Fig. 5d-f). In the CII group and the
CII plus PEA stimulated group, morphological changes of

cells into roundish structures with loss of spindle-shape
and thus a signal concentration around the nucleus could
be observed (arrowheads in Fig. 5d&f). Furthermore, a
significant cell loss was evoked by CII, and even stronger

Fig. 3 Proliferation of PDL cells and microglia subject to CB receptor agonist modulation in an unstressed versus CII environment. PDL cells (a)
and Embryonic stem cell-derived microglia (ESdM) cells (b) were subjected to AEA (50 μM) or PEA (50 μM) treatment for a total incubation time
of 72 h. Samples were additionally treated with or without CII for the first 6 h or 10 h of the total incubation time. Unstimulated cells served as
control. Readouts were subsequently performed by a WST assay. Values represent the mean ± SEM (n = 6) of the total cell count. Statistical
analyses were done with one-way ANOVA for the comparison between groups followed by Bonferroni correction. The level for statistical
significance was set at p < 0.05 (* p < 0.05, ** p < 0.01, *** p < 0.001)
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by additional PEA challenge. MFI increased to 55.5 ± 3.4 for
CII and 51.5 ± 2.5 for CII plus PEA-treated cells. Conversely,
AEA completely abolished CII-induced effects, as cell
morphology and cell number were equal to controls. More-
over, IBA-1 signal intensity increased to 80.7 ± 2.2 (Fig. 5e).

In PDL controls and in specimens exposed to AEA or
PEA for 10 h, IBA-1 signals manifested the same dotted
structures within the cytoplasm and equal MFI values as
seen after 6 h (arrowheads in Fig. 6a-c). In the CII and
the CII plus PEA-treated group, IBA-1 signals were

Fig. 4 Transcriptional regulation of IBA-1 in PDL cells upon CII and endocannabinoid treatment. Gene expression analyses for IBA-1 were
performed upon challenge with or without AEA (50 μM) or PEA (50 μM) under serum-free conditions in combination with or without CII of PDL
cells for 6 h or 10 h, respectively. Analyses were performed via qRT-PCR. Values represent the mean ± SEM (n = 6) of the relative differential gene
expression (fold of control). The level for statistical significance was set at p < 0.05 (* p < 0.05, ** p < 0.01, *** p < 0.001)

Fig. 5 IBA-1 expression in PDL cells subject to CB receptor agonist modulation with or without CII for 6 h. Immunocytochemical analyses for IBA-
1 (green) after 6 h stimulation revealed inherent expression in cultured PDL cells. The IBA-1 signals were distributed equally in the cytoplasm for
controls and with or without endocannabinoid treatment (arrowheads on Fig. a, b, c), exhibiting dotted structures. IBA-1 MFI values increased in
all groups after CII, although signal distribution concentrated around the nuclei due to changes in cell morphology and loss of cells (arrowheads
on Fig. d, f). However, AEA was able to reverse effects aroused by CII, and even intensified IBA-1 signals. a: Control, b: AEA-treated (50 μM), c:
PEA-treated (50 μM), d: 6 h CII, e: 6 h CII plus AEA-treated (50 μM), f: 6 h CII plus PEA-treated (50 μM). Visualization was performed with Alexa 488
(green) secondary antibody. Nuclei were stained with DAPI (blue). Scale bar is 50 μm
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