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Background and Objectives: Chronic inflammation of bone tissue often results in bone defects and hazards to tissue 
repair and regeneration. Cannabidiol (CBD) is a natural cannabinoid with multiple biological activities, including an-
ti-inflammatory and osteogenic potential. This study aimed to investigate the efficacy and mechanisms of CBD in 
the promotion of bone marrow mesenchymal stem cells (BMSCs) osteogenic differentiation in the inflammatory 
microenvironment.
Methods and Results: BMSCs isolated from C57BL/6 mice, expressed stem cell characteristic surface markers and pre-
sented multidirectional differentiation potential. The CCK-8 assay was applied to evaluate the effects of CBD on 
BMSCs’ vitality, and demonstrating the safety of CBD on BMSCs. Then, BMSCs were stimulated with lip-
opolysaccharide (LPS) to induce inflammatory microenvironment. We found that CBD intervention down-regulated 
mRNA expression levels of inflammatory cytokines and promoted cells proliferation in LPS-treated BMSCs, also re-
versed the protein and mRNA levels downregulation of osteogenic markers caused by LPS treatment. Moreover, CBD 
intervention activated the cannabinoid receptor 2 (CB2) and the p38 mitogen-activated protein kinase (MAPK) signal-
ing pathway. While AM630, a selective CB2 inhibitor, reduced phosphorylated (p)-p38 levels. In addition, AM630 and 
SB530689, a selective p38 MAPK inhibitor, attenuated the enhancement of osteogenic markers expression levels by 
CBD in inflammatory microenvironment, respectively. 
Conclusions: CBD promoted osteogenic differentiation of BMSCs via the CB2/p38 MAPK signaling pathway in the 
inflammatory microenvironment.

Keywords: Cannabidiol (CBD), Osteogenic differentiation, Inflammatory microenvironment, Cannabinoid receptor 2 (CB2), p38 
MAPK signaling pathway
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Introduction 

  Long-term inflammatory states suppress bone re-
construction (1), controlling inflammation is of foremost 
importance to prevent inflammation-induced bone loss 
(2). During physiological bone healing, bone marrow mes-
enchymal stem cells (BMSCs) develop and differentiate 
into mature functional bone cells under the activation of 
cytokines (3) to maintain bone tissue homeostasis and re-
pair (4). However, differentiation potential and functional 
status of stem cells were suppressed in exaggerated in-
flammatory microenvironment (5, 6). Therefore, agents 
that are characterized by anti-inflammatory property may 
promote osteogenic differentiation of BMSCs in the in-
flammatory microenvironment.
  Cannabinoids have been used for thousands of years 
due to their multiple pharmacological functions, such as 
analgesic and anti-inflammatory effects. But psycho-
activity makes them controversial to use (7). The isomers 
Δ-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) 
are two main cannabinoids (8). Unlike THC, non-psycho-
active property of CBD avoids its abuse and public health 
problems. CBD possesses wide range of pharmacological 
functions including anti-epilepsy, anti-anxiety, anti-tu-
mor, and of note anti-inflammation effects (9), such as 
gastrointestinal inflammation (10), non-alcoholic steatohe-
patitis (11), dermal inflammation (12) and osteoarthritis 
(13). Besides, some clinical studies have also shown that 
CBD promoted healing of non-infectious arthritis (14) and 
took beneficial effect on bone metabolism (15). Based on 
the anti-inflammatory effects of CBD, we hypothesized 
that CBD may present osteogenic potential in inflamma-
tory conditions. 
  Lipopolysaccharide (LPS) is the main toxic factor gen-
erated by bacteria during infectious bone diseases (16). So, 
we applied LPS to induce inflammatory microenviron-
ment, and investigated the osteogenic differentiation ca-
pacity of LPS-impaired BMSCs and related mechanisms 
by CBD treatment.

Materials and Methods

Cells isolation and culture
  BMSCs were isolated from five-week-old male C57BL/6 
mice (Animal Experimental Center of Chinese People’s 
Liberation Army General Hospital, Beijing). First, we sep-
arated the femur and washed the bone marrow cavity re-
peatedly to collect the cells. Then, cells were inoculated 
in α-minimum essential medium (α-MEM; Gibco, USA) 
containing 10% fetal bovine serum (FBS; Gibco, USA) 

and 1% penicillin/streptomycin in a humidified incubator 
at 37℃ with 5% CO2. An optical microscope (Olympus, 
Japan) was used to daily observe the morphology and 
growth of the cells. Finally, the third to fifth passage cells 
(P3-5) were used for subsequent experiments.

Stem cells identification
  P3 BMSCs were washed for three times, digested and 
collected for the following experiments. First, representa-
tive surface markers were analyzed by flow cytometry. 
After labeled with antibodies of CD11b, CD29, CD31, 
CD34, CD44, CD45, CD73, CD90, and CD105 (BD 
Biosciences, USA), the BMSCs were incubated at 4℃ for 
30 min. After which, cells were washed with PBS, checked 
by flow cytometry (BD Celesta, USA) and finally analyzed 
using CytExpert 2.0 software. 
  Second, P3 BMSCs (2×104 per well) were incubated in-
to 6-well plates. Osteogenesis differentiation was accessed 
using alizarin red staining (Sigma-Aldrich, USA) and adi-
pogenesis induction was determined by oil red O staining 
(Sigma-Aldrich, USA) as previously described (17, 18) af-
ter incubation for 14 days. 

Cell vitality assay
  The effects of CBD on BMSCs’ vitality were assessed 
using CCK-8 assay. BMSCs (2×104 per well) were seeded 
in 24-well plates. After incubation overnight, supernatants 
were replaced with conditional medium containing differ-
ent concentrations of CBD (0.1 μM, 0.5 μM, 2.5 μM, 
5 μM, 10 μM; CATO, USA). Following with culture for 
72 hrs, CCK-8 solution was added (Beyotime, Shanghai, 
China) and incubated for 4 hrs at 37℃. The absorbance 
was measured at 450 nm using microplate tester (Rayto 
RT-6000, USA).

Alkaline phosphatase (ALP) activity 
  After incubated overnight, the culture medium of P3 
BMSCs seeding in 24-well plates was replaced with osteo-
genic induction medium. Then, cells were randomly div-
ided into the following groups: vehicle, LPS (10 μg/ml; 
Sigma-Aldrich, USA), LPS plus CBD (0.5 μM, 2.5 μM, 
5 μM). Each group was provided with 3 secondary wells. 
After culturing for 1, 3, 5, and 7 days, ALP activity was 
measured following instructions of ALP detection kit 
(Sigma-Aldrich, USA). The absorbance at 520 nm was 
measured with microplate reader (Rayto RT-6000, USA).

Quantitative real-time polymerase chain reaction 
(qRT-PCR) 
  P4 or P5 BMSCs were seeded in 6-well plates and cul-

Chiara Nerozzi

Chiara Nerozzi

Chiara Nerozzi



Lin Li, et al: Cannabidiol Promotes Osteogenic Differentiation of BMSCs  407

Fig. 1. Morphology, phenotypic, and 
multidirectional differentiation char-
acteristics of mouse BMSCs. (A) Re-
presentative morphology image of 
passage 2 (P2) BMSCs was visual-
ized by light microscopy (Scale bar, 
100 μm). (B) P3 BMSCs surface 
markers were identified by flow cyto-
metry. (C) Osteogenic differentiation
capacities of isolated BMSCs were 
verified by alizarin red staining after 
incubation for 14 days (n=3; Scale
bar, 100 μm). (D) Adipogenic differ-
entiation capacities of isolated BMSCs
were detected by oil red O staining
after culture for 14 days (n=3; Scale
bar, 100 μm). BMSCs: bone mesen-
chymal stem cells.

Table 1. Sequences of primers used for qRT-PCR

Gene Forward primer sequence (5’–3’) Reverse primer sequence (5’–3’)

β-actin CTACCTCATGAAGATCCTGACC CACAGCTTCTCTTTGATGTCAC
TNF-α ATGTCTCAGCCTCTTCTCATTC GCTTGTCACTCGAATTTTGAGA
IL-6 TCTGGAGCCCACCAAGAACGATAG GTCACCAGCATCAGTCCCAAGAAG
Runx2 CCTTCAAGGTTGTAGCCCTC GGAGTAGTTCTCATCATTCCCG
ALP AACCCAGACACAAGCATTCC CCAGCAAGAAGAAGCCTTTG
OCN GGACCATCTTTCTGCTCACTCTGC TCCTGCTTGGACATGAAGGCTTT

qRT-PCR: quantitative real-time polymerase chain reaction, TNF-α: tumor necrosis factor-α, IL-6: interleukin-6, Runx2: runt-related tran-
scription factor 2, ALP: alkaline phosphatase, OCN: osteocalcin.

tured for 7 days under different culture conditions. Total 
RNA extraction, cDNA synthesis, and qRT-PCR proce-
dures were performed with the following conditions: 95℃  
for 3 min. 95℃ for 15 sec, 60℃ for 15 sec, 72℃ for 15 sec; 
40 cycles (17). The 2-ΔΔCt method was adopted to analyze the 
relative gene expression and primers sequences are presented 
in Table 1.

Western blot
  Proteins of P4 or P5 BMSCs for osteogenic differ-
entiation induction after 7 days were extracted. The de-
tailed Western blotting routine was performed as pre-
viously described (18). The primary antibodies used were: 
cannabinoid receptor 1 (CB1; DF4918, dilution: 1：1,000, 
Affinity), cannabinoid receptor 2 (CB2; DF8646, dilution: 
1：1,000, Affinity), phosphorylated p38 (p-p38; #4511, di-
lution: 1：1,000, Cell Signaling Technology), p38 (#8690, 
dilution: 1：1,000, Cell Signaling Technology), Runt-re-
lated transcription factor 2 (Runx2; AF5186, dilution: 1：

1,000, Affinity), ALP (DF12525, dilution: 1：1,000, 
Affinity), osteocalcin (OCN; DF12303, dilution: 1：1,000, 
Affinity) and β-actin (BM0627, dilution: 1：200, Boster, 
China). Blots were quantified using ImageJ software. 

Statistical analysis
  Data are presented as means±standard deviations (SD) 
and were analyzed by GraphPad Prism Software (version 
9.0, USA) and SPSS (version 23.0, USA). The Shapiro- 
Wilk test was used to evaluate the normality of data. 
Homogeneity of variance was tested using Levene’s test. 
One-way analysis of variance (ANOVA) test was used for 
multiple sample comparison. p＜0.05 (two-sided) was con-
sidered statistically significant. 
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Fig. 2. CBD inhibits LPS-induced inflammatory response. (A) BMSCs’ viability was tested by CCK-8 assay after incubating with different 
concentrations of CBD for 72 hrs (n=8). (B) BMSCs were pretreated with LPS (10 μg/ml) for 12 hrs, and added different concentrations 
of CBD (0.5, 2.5, 5 μM) for 12 hrs. Then, BMSCs were harvested for detecting the mRNA expression levels of TNF-α and IL-6. β-actin 
was used as the internal control (n=5). CBD: cannabidiol, LPS: lipopolysaccharide, BMSCs: bone mesenchymal stem cells, CCK-8: cell count-
ing kit-8, TNF-α: tumor necrosis factor-α, IL-6: interleukin-6, ns: no statistical significance. Data are presented as means±SD. *p＜0.05 
compared with the LPS group; #p＜0.05 compared with the LPS plus 0.5 μM CBD group.

Results

Morphology, phenotypic characterization, and 
multidirectional differentiation capabilities of BMSCs
  First, we identified the stem cells isolated. After cultur-
ing for 3 days, P2 BMSCs presented spindle-like morphol-
ogy (Fig. 1A). The flow cytometry results (Fig. 1B) showed 
that BMSCs highly expressed mesenchymal stem cell sur-
face markers: CD29 (99.48%), CD44 (98.25%), CD73 
(96.87%), CD90 (99.47%) and CD105 (99.11%), but low 
expressed hematopoietic or endothelial stem cell markers: 
CD11b (1.32%), CD31 (0.02%), CD34 (1.56%) and CD45 
(1.19%). Moreover, we performed alizarin red staining and 
Oil red O staining to verify the multidirectional differ-
entiation capabilities of the isolated BMSCs, which are ba-
sis characteristic of stem cell (4). The presence of red cal-
cium nodules after induction for 14 days demonstrated the 
osteogenic differentiation capacity of BMSCs. (Fig. 1C). 
In parallel, lipid droplets were detected after adipogenic 
induction for 14 days, which demonstrated the adipogenic 
potential of the isolated BMSCs (Fig. 1D). Taking togeth-
er, these results indicated that we successfully isolated 
BMSCs.
  Next, we detected the effects of CBD on BMSCs’ 
viability. CCK-8 assay showed no statistical differences 
in absorbance values among different doses of CBD, 
after 72 hrs of administration (Fig. 2A), which indicated 
that CBD took no obviously toxic effects on BMSCs vital-
ity in the tested concentrations.

CBD downregulates LPS-induced inflammatory 
response
  Previous study has demonstrated that CBD inhibits the 

inflammasome in human gingival mesenchymal stem cells 
(19). Here, LPS (10 μg/ml) (20) was applied on BMSCs 
to establish the inflammatory microenvironment, and we 
investigated whether CBD could downregulate LPS-in-
duced inflammatory response of BMSCs. qRT-PCR results 
showed that mRNA expression levels of tumor necrosis 
factor-α (TNF-α) and interleukin 6 (IL-6) were sig-
nificantly increased in LPS-treated BMSCs. As expected, 
CBD pretreatment reversed this increase of afore-
mentioned inflammatory cytokine expression levels (Fig. 
2B). Also, the efficacy of 2.5 and 5 μM of CBD were more 
obvious than 0.5 μM CBD to decrease TNF-α and IL-6 
mRNA expression levels (p＜0.05), and no statistical dif-
ference was observed between 2.5 and 5 μM CBD groups. 
Overall, CBD could effectively decrease LPS-induced in-
flammatory response.

CBD promotes osteogenic differentiation of BMSCs in 
the inflammatory microenvironment
  Subsequently, we wondered whether CBD could pro-
mote osteogenic differentiation of injured BMSCs in 
LPS-induced inflammatory environment. ALP is consid-
ered an important indicator in early osteogenesis (21). 
Thus, we detected the ALP activity of BMSCs after osteo-
genic induction and found that CBD significantly in-
creased ALP activity in a dose-dependent and saturated 
manner. And 2.5 and 5 μM CBD groups were comparable 
at 3, 5 and 7 days (Fig. 3A), so 2.5 μM of CBD were 
selected as the intervention dose in the following experi-
ments. 
  Second, we determined osteogenesis-related protein ex-
pression levels in BMSCs using western blot. The ex-
pression levels of Runx2, an essential transcription factor 
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Fig. 3. CBD promotes osteogenic differentiation of BMSCs in the inflammatory microenvironment. (A) BMSCs were co-treated with LPS
(10 μg/ml) and different concentrations of CBD (0.5, 2.5, 5 μM), as indicated for 1, 3, 5, and 7 days, then ALP activity was detected
(n=5). (B) BMSCs were co-treated with LPS and CBD (0.5, 2.5, 5 μM), as indicated for 7 days. Western blot was performed for detecting
Runx2, ALP, and OCN. β-actin was used as the internal control (n=3). (C) Quantitative analysis of (B). (D) BMSCs were co-treated with
LPS and CBD (0.5, 2.5, 5 μM), as indicated for 7 days. Then, BMSCs were harvested for detecting the mRNA expression levels of Runx2,
ALP, and OCN by qRT-PCR. β-actin was used as the internal control (n=5). CBD: cannabidiol, BMSCs: bone mesenchymal stem cells,
Runx2: runt-related transcription factor 2, ALP: alkaline phosphatase, OCN: osteocalcin, qRT-PCR: quantitative real-time polymerase chain 
reaction. Data are represented as means±SD. *p＜0.05 compared with the LPS group; #p＜0.05 compared with the LPS plus 0.5 μM 
CBD group.

in early osteogenesis (21), were declined in the LPS group, 
while CBD intervention reversed this decrease. Mean-
while, the protein expression levels of ALP were consistent 
with the result of Runx2 protein. In addition, CBD pre-
treatment could also recover the OCN expression levels, 
a crucial marker expressed in late stage of bone formation 
(21) (Fig. 3B and 3C). The original blots are shown in 
Supplementary Fig. S1.
  Last but not least, we detected the mRNA expression 
levels of Runx2, ALP and OCN, the results were con-
sistent with the results of western blot (Fig. 3D). 
Collectively, these findings demonstrated that CBD re-
versed the attenuated osteogenic differentiation of BMSCs 
in the LPS-induced inflammatory microenvironment.

CBD activates the CB2-dependent p38 MAPK pathway 
  To explore the molecular mechanism of CBD admin-
istration on BMSCs osteogenic differentiation, we first de-
tected whether CB1 and/or CB2, essential cannabinoid re-
ceptors expressed in osteocytes and related to bone metab-
olism (22, 23), participated in osteogenesis process of CBD 
administration. We found that both CB1 and CB2 re-
strained when co-treated with LPS (Fig. 4A). While, CBD 
significantly promoted CB2 expression in the inflamma-
tory microenvironment, indicating that CBD might ini-
tiate intracellular effects via the activation of CB2. The 
original blots are shown in Supplementary Fig. S2.
  Mitogen-activated protein kinase (MAPK) family is a 
downstream signaling pathway of cannabinoid receptor, 

Chiara Nerozzi

Chiara Nerozzi

Chiara Nerozzi



410  International Journal of Stem Cells 2022;15:405-414

Fig. 4. CBD activates the CB2-dependent p38 MAPK pathway. (A) BMSCs were pretreated with LPS (10 μg/ml) for 12 hrs, then CBD 
(2.5 μM) were added and cultured for another 12 hrs. Western blots and quantitative analysis were performed for determining CB1 and
CB2. β-actin was used as the internal control (n=3). (B) BMSCs were pretreated with LPS for 12 hrs, then CBD and AM630 (10 μM)
were added as indicated and incubated for another 12 hrs. Western blots and quantitative analysis for p-p38 and p38 were performed. 
β-actin was used as the internal control (n=3). CB1: cannabinoid receptor 1, CB2: cannabinoid receptor 2, p-p38: phosphorylated p38. 
Data are presented as means±SD. *p＜0.05 compared with the LPS group; #p＜0.05 compared with the LPS plus CBD group.

and p38 is an important MAPK isoform associated with 
inflammatory response (23). We found that p-p38 de-
creased in LPS-induced BMSCs, but CBD administration 
increased its expression (Fig. 4B). Furthermore, when in-
hibited CB2 with AM630, a selective antagonist of CB2, 
the effects of CBD activated p38 MAPK signaling pathway 
were blunted. The original blots are shown in Supplemen-
tary Fig. S3. Together, these results suggested CBD acti-
vates the CB2-dependent p38 MAPK pathway. 

CB2-dependent p38 MAPK signaling pathway is 
required for CBD promoting BMSCs osteogenic 
differentiation 
  Next, to confirm the effects of the CB2-p38 MAPK sig-
naling pathway on CBD promoting osteogenic differ-
entiation of BMSCs, we used AM630 co-treated with CBD. 
Then we found that both the protein and mRNA levels 
of Runx2, ALP and OCN decreased compared with CBD 
group, indicating that CBD promoted osteogenic differ-
entiation of BMSCs, at least partially, via CB2.
  Additionally, SB203580, a selective p38 inhibitor, de-
creased both protein and mRNA levels of Runx2, ALP and 
OCN compared with CBD group, indicating that CBD en-

hanced osteogenic differentiation of BMSCs, at least part-
ly, via p38 MAPK signaling pathway. Interestingly, we al-
so found that the decreases of ALP and Runx2 protein and 
mRNA expression levels in the AM630 group were more 
obvious than the SB203580 group (Fig. 5A∼C). The origi-
nal blots are shown in Supplementary Fig. S4. Moreover, 
alizarin red staining (Fig. 5D) and semi-quantitative anal-
ysis (Fig. 5E) showed that the application of CBD in-
creased the deposits of calcium nodules compared with 
LPS-injured BMSCs, while co-treated with AM630 or 
SB203580 reduced the formation of calcium nodules, dem-
onstrating that at the final stages of differentiation, CBD 
promotes osteogenic differentiation of BMSCs in the in-
flammatory microenvironment via the CB2-dependent p38 
MAPK signaling pathway.

Discussion

  The result of our study, for the first time demonstrated 
that CBD could promote osteogenic differentiation of 
BMSCs in LPS-induced inflammatory microenviron-
ments. The major findings are: (1) CBD intervention 
down-regulated TNF-α and IL-6 expression levels and 
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Fig. 5. CB2-dependent p38 MAPK signaling pathway is required for CBD promoting osteogenic differentiation of BMSCs. BMSCs were 
pretreated with LPS (10 μg/ml) for 12 hrs. Then CBD (2.5 μM), AM630 (10 μM), and SB203580 (20 μM) were added as indicated
and co-cultured with LPS for 7 days. (A) Western blots were performed for detecting the protein expression levels of Runx2, ALP, and
OCN. β-actin was used as the internal control (n=3). (B) Quantitative analysis of (A). (C) BMSCs were harvested for measuring the mRNA
expression levels of Runx2, ALP, and OCN using qRT-PCR. β-actin was used as the internal control (n=5). BMSCs were co-treated with
these agents for 14 days and then alizarin red staining was performed. Representative images (D) and semiquantification (E) of alizarin
red staining after incubation for 14 days (Scale bar, 100 μm). Data are presented as means±SD. *p＜0.05 compared with the CBD plus
LPS group. #p＜0.05 compared with the CBD plus AM630 group.

up-regulated osteogenesis-related gene and protein levels, 
and enhanced calcium nodules formation in LPS-im-
paired BMSCs; (2) CBD intervention promoted osteo-
genesis of BMSCs via the CB2/p38 MAPK signaling 
pathway (Fig. 6). 
  Appropriate pro-inflammatory signaling is necessary in 
the early stage of fracture healing. However, chronic in-
flammation hazards to the osteogenic environment (24). 
Thus, inhibiting inflammation is essential to improve the 
osteogenic differentiation environment for BMSCs. Recent 

studies found that CBD, which is already approved by the 
FDA for refractory epilepsy treatment in children (25), 
could promote stem cells odontogenic and osteogenic dif-
ferentiation (26, 27). Additionally, scaffolds combined 
CBD enhanced mesenchymal stem cell recruitment and 
regeneration of critical-sized bone defect (28) in non-in-
flammatory environment. Our study further demonstrated 
that CBD promoted BMSCs osteogenic differentiation in 
LPS-induced inflammatory environment based on the fol-
lowing results: 1) CBD intervention enhanced ALP activ-
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Fig. 6. Schematic diagram of CBD 
intervention. 

ity; 2) up-regulated osteogenesis-related gene expression 
levels of BMSCs; 3) increased the expression levels of os-
teogenesis-related proteins. 
  It has been established that endogenous cannabinoid 
system is a key modulator of bone mass (29, 30). For ex-
ample, CB1 or CB2 knockout mice developed osteoporosis 
and low bone mass phenotype (31). It was reported that 
inflammatory environments reduced cannabinoid re-
ceptors expression in stem cells (32), which might be asso-
ciated with impaired cell function. Our results showed 
that LPS administration decreased both CB1 and CB2 ex-
pression, while CBD intervention reversed the down-regu-
lation CB2, but took no effects on CB1 expression, thus 
excluding the possibility of CBD promoting osteogenic 
differentiation in inflammatory environment via CB1. 
However, research has implied that CB1 enhanced the os-
teo/dentinogenic differentiation ability of periodontal liga-
ment cells (32). One possible explanation for this discrep-
ancy is that we used the different type of stem cells. In 
fact, CB1 mainly expresses in central nervous systems, 
while CB2, mainly expressed in peripheral tissues, in-
volves in regulating bone volume (15). Also, CB2 receptors 
are more densely distributed in osteocytes than CB1 (23, 
29). Furthermore, CB2 has a higher affinity than CB1 to 
CBD and plays crucial effects in CBD promoted bio-
mineralization (33). In fact, CB2 activation increases the 
expression levels of Runx2, ALP and bone sialoprotein 
(BSP) of osteocytes in non-inflammatory microenviron-
ments (21). In our study, when applied AM630, a specific 
CB2 inhibitor, the effects of CBD on promoting osteo-
genic differentiation of BMSCs in LPS-induced in-

flammatory microenvironments were blunted. Collectively, 
these data indicated CBD promoted BMSCs osteogenic 
differentiation in inflammatory microenvironments via 
CB2. 
  The MAPK family includes three isoforms: extracellular 
signaling regulatory kinase (ERK), c-jun amino-terminal 
kinase (JNK), and p38 kinase (p38 MAPK), which are in-
volved in inflammatory processes (32). In our findings, 
LPS inhibited the activation of p38 MAPK signaling path-
way, while CBD activated p38 MAPK signaling pathway 
in an inflammatory environment, which was consistent 
with previous studies showed that CBD promoted MG-63 
cells osteogenesis differentiation through p38 MAPK path-
ways in non-inflammatory microenvironment (34). Canna-
binoids and their correspondent receptors could activate 
downstream MAPK isoforms (35). It was reported that 
overexpression of CB2 in osteoporosis increases p38 phos-
phorylation and mineralized extracellular matrix deposi-
tion (36). In contrast, when blocking CB2 with AM630 or 
siRNA targeted CB2, MAPK signaling pathway was sup-
pressed (26, 31). We also found that p38 MAPK was re-
strained after CB2 inhibition using AM630, indicating that 
downstream p38 MAPK is effect-dependent on CB2. 
Further, p38 MAPK directly regulates downstream osteo-
genesis-related important target genes, such as Runx2 and 
osterix (37). Meanwhile, enhanced ALP activity and osteo-
genesis-related target genes expression of MSCs were also 
associated with MAPK activation in non-inflammatory en-
vironment (26, 27). We found that CBD intervention acti-
vated p38 and increased osteogenesis-related mRNA and 
protein expression levels in inflammatory environment. 
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Moreover, when co-treated with p38 MAPK selective in-
hibitor, SB203580, the effects of CBD-promoted notably os-
teogenic differentiation of BMSCs diminished. Taking to-
gether, CBD promoted osteogenic differentiation of BMSCs 
in inflammatory microenvironment via the CB2-dependent 
p38 MAPK pathway.
  This study also has some limitations. First, although we 
concluded that CB2 was the primary receptor in CBD-pro-
moted osteogenesis, however, CB2 specific inhibitors did 
not completely inhibit CBD osteogenesis effects, indicat-
ing that CBD may also promote osteogenesis through oth-
er mechanisms. G protein-coupled receptor 55 (GPR55) is 
another important cannabinoid receptor, also participates 
in CBD-mediated bone mass regulation (38). So, other 
mechanisms, such as GPR55 signaling pathway, could not 
be elucidated. Second, the concrete experimental data 
linking osteogenesis differentiation of BMSCs with CB2 
dependent p38 MAPK signaling activation remain 
unclear. Finally, we did not perform in vivo experiments. 
Further in vivo researches should be performed to clarify 
the osteogenesis potential of CBD in inflammatory micro-
environments. 
  Overall, we verified the efficacy of CBD to promote os-
teogenic differentiation of BMSCs in the LPS-induced in-
flammatory microenvironment via the CB2-dependent p38 
MAPK pathway. As a natural active drug with anti-in-
flammation property, CBD could be considered as a po-
tential strategy for treating inflammatory bone diseases.
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