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O R I G I N A L  R E S E A R C H
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Background: Acne is a common in昀氀ammatory skin disease, while cannabidiol (CBD) is a representative non-psychoactive phytocannabinoid 
which has been proved to exert universal anti-in昀氀ammatory properties. This study aimed to explore the effect of CBD on acne in昀氀ammation 
induced by Cutibacterium acnes-derived extracellular vesicles (CEVs) in keratinocytes and reveal the underlying mechanisms.
Methods: Normal human epidermal keratinocytes (NHEKs) were stimulated by CEVs in the presence of CBD or vehicle. Interleukin (IL)-6, 
IL-8, and tumor necrosis factor (TNF)-α levels were examined by RT-PCR and ELISA. The expression of cannabinoid type-2 (CB2) receptor 
and transient receptor potential vanilloid type-1 (TRPV1) was detected by Western blotting. TNF-α levels in the presence of CB2 receptor 
antagonist (AM630) or TRPV1 antagonist (Capsazepine) were detected by RT-PCR. The activation of MAPK and NF-κB signaling pathways 
and the nuclear translocation of NF-κB p65 upon CBD treatment were analyzed by Western blotting and immuno昀氀uorescence assay, 
respectively.
Results: The expression of in昀氀ammatory cytokines (IL-6, IL-8 and TNF-α) in CEVs-stimulated NHEKs was suppressed by CBD. CB2 
receptor expression was upregulated by CBD, whereas CEVs-promoted TRPV1 expression was downregulated by CBD. AM630 reversed 
TNF-α levels inhibited by CBD. Capsazepine exerted an inhibitory effect on CEVs-induced in昀氀ammation and had synergistic effect with 
CBD. The phosphorylation of ERK1/2 and NF-κB p65 and nuclear translocation of NF-κB p65 were induced by CEVs but reduced by CBD.
Conclusion: The results indicated that CBD could inhibit in昀氀ammation induced by CEVs in NHEKs, which was mediated by 
activation of CB2 receptor and enhanced by the TRPV1 antagonist, through inactivation of the MAPK and NF-κB signaling pathways. 
CBD might be a potential novel strategy for acne treatment in the future.
Keywords: cannabidiol, acne, in昀氀ammation, Cutibacterium acnes, keratinocytes

Introduction
Acne vulgaris, a chronic in昀氀ammatory skin disease involving the pilosebaceous unit, is one of the most common diseases in 
dermatology that affects 80–85% of individuals globally.1 Some acne lesions may evolve into permanent scarring, which has 
huge impact on patients’ physical and psychological health.2 Four main factors implicated in the pathogenesis of acne are: excess 
sebum production, follicular hyperkeratinization, skin microorganisms such as Cutibacterium acnes (C. acnes) colonization of 
the follicle, in昀氀ammation and immune response.3 C. acnes is a gram-positive anaerobic bacteria found as a part of normal skin 
昀氀ora and plays a crucial role in acne progression.4 C. acnes can increase the expression of in昀氀ammatory cytokines such as 
interleukin (IL)-6, IL-8, tumor necrosis factor (TNF)-α, and promote in昀氀ammation through activating the mitogen-activated 
protein kinase (MAPK) and nuclear factor-κB (NF-κB) signaling pathways, resulting in the innate immune response.5 

Furthermore, recent studies have found that C. acnes produced extracellular vesicles (EVs), which could increase the IL-8 
secretion of keratinocytes, thus contributing to the pathogenesis of acne.6
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Many medications are available for acne, but there are limitations due to the increasing antibiotic resistance and various side 
effects such as abnormal dryness of the skin and mucous membranes caused by isotretinoin, an irritating effect of topical 
medicines.7 Therefore, several alternative treatments especially botanical extracts like Polyphyllin I, Kaempferia parvi昀氀ora 
Extract, Punica granatum Linne, also cannabidiol (CBD), have been investigated and proved to be potential anti-acne agents.8–10 

CBD, extracted from Cannabis Sativa, is one of the most studied phytocannabinoids without psychoactivity or addiction.11 

A plethora of different receptors such as cannabinoid type-1/2 (CB1/2) receptor, transient receptor potential vanilloid type-1 
(TRPV1) and peroxisome proliferator-activated receptor γ (PPARγ) can be activated or antagonized by CBD.12 Accordingly, 
CBD possesses extensive properties and has already been applied to the treatment of epilepsy and multiple sclerosis.13,14 Besides, 
studies in skin diseases suggested the inhibition of in昀氀ammation in keratinocytes by CBD, which might be mediated by CB2 
receptor and TRPV1.15,16 Intriguingly, recent studies highlighted the potential use of cannabidiol (CBD) in acne for its anti- 
in昀氀ammatory properties.17 An in vitro study demonstrated the sebostatic and anti-in昀氀ammatory effects of CBD on sebocytes, 
while a subsequent clinical trial using BTX 1503 (a 5% CBD topical solution) preliminarily con昀椀rmed the therapeutic effect and 
safety of CBD in acne patients.18,19 However, further clinical ef昀椀cacy and related mechanisms of CBD in acne treatment still 
remain to be resolved.

Herein, we established an in vitro acne model in normal human epidermal keratinocytes (NHEKs) irritated by 
C. acnes-derived extracellular vesicles (CEVs). We evaluated the effect of CBD on in昀氀ammation and revealed the 
underlying molecular mechanisms in the context of NHEKs under the acne-like conditions.

Materials and Methods
Ethics
The research was approved by the Ethics Committee of Huashan Hospital Fudan University (Shanghai, China) and 
conducted according to the principles of the Declaration of Helsinki. Written informed consent was signed by all 
participants (acne patients and NHEK donors).

Isolation and Identi昀椀cation of CEVs
The clinical strains of C. acnes were isolated from the lesions of acne patients in the dermatology department of Huashan 
Hospital Fudan University and cultured according to the methods in our previous study.20 CEVs were isolated according to 
literature methods with some modi昀椀cations.6 The cell-free culture supernatant of C. acnes was collected and sequentially 
centrifuged at 2000×g for 10 min and 10,000×g for 30 min at 4°C. The supernatant was 昀椀ltered with a 0.22-μm membrane 
昀椀lter (Merck Millipore, Darmstadt, Germany) and further ultracentrifuged at 100,000×g for 70 min at 4°C (Beckman Coulter, 
Fullerton, CA). The pellet was washed with phosphate buffered saline (PBS), harvested by ultracentrifugation at 100,000×g 
for 70 min at 4°C, 昀椀nally resuspended in PBS and stored at −80°C. The structure and size of CEVs were analyzed by 
transmission electron microscopy (TEM) (JEM 2100, Tokyo, Japan) as previously described.21

Cell Culture and Intervention
NHEKs were isolated from human foreskin tissues according to the method described previously and were cultured in 
Keratinocyte Growth Medium 2 (KGM2) (PromoCell, #C-20011, Heidelberg, Germany) under standard conditions.22 Cells 
were seeded into 6-well culture plates at a cell density of 1×105 cells per well. CBD solution (Sorrento Therapeutics, CA, USA) 
were dissolved in KGM2. CB2 receptor antagonist AM630 (Sigma, #SML0327, MO, USA) and TRPV1 antagonist Capsazepine 
(Sigma, #C191, MO, USA) were dissolved in dimethyl sulfoxide (DMSO). For the CEV group and (CEV+CBD) group, cells 
were treated with either the vehicle or CBD for 18 h, and then stimulated with CEVs. For the (CEV+AM630/Capsazepine) 
group, cells were treated with AM630 or Capsazepine for 20 h, and then stimulated with CEVs. For the (CEV+CBD+AM630/ 
Capsazepine) group, cells were sequentially treated with AM630 or Capsazepine for 2 h, CBD for 18 h, and CEVs for 12 h.

Real-Time Quantitative Reverse-Transcription PCR
NHEKs treated as described above were lysed and total RNA was isolated with a quick RNA extraction kit (Zymo Research, 
#TR205, Beijing, China) according to the manufacturer’s instructions. mRNA was reverse-transcribed into cDNA using the 
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PrimeScript RT Master Mix Kit (Takara, Shiga, Japan). Next, qRT-PCR was conducted in ABI Quantstudio 6 Flex system 
(ThermoFisher, CA, USA) using the TB Green Premix Ex Taq II Kit (Takara, Shiga, Japan) as following settings: initial 
denaturation at 95°C for 30s, followed by 40 cycles of 95°C for 5 s, 60°C for 34s. GAPDH was used as the endogenous control. 
All primers were purchased from BioTNT (Shanghai, China) and their sequence were as follows: GAPDH, 5’-GGG AAG GTG 
AAG GTC GGA GT-3’ (forward) and 5’-GGG GTC ATT GAT GGC AAC A-3’ (reverse); IL-6, 5’-AAC AAC CTG AAC CTT 
CCA AAG-3’ (forward) and 5’-CAA ACT CCA AAA GAC CAG TGA-3’ (reverse); IL-8, 5’-CTG TTA AAT CTG GCA ACC 
CTA-3’ (forward) and 5’-GTG AGG TAA GAT GGT GGC TAA-3’ (reverse); TNF-α, 5’-CAG GAC TTG AGA AGA CCT 
CAC-3’ (forward) and 5’-GTC TGG AAA CAT CTG GAG AGA-3’ (reverse).

Western Blotting Analysis
Western blotting analysis was performed according to the previous methods with some modi昀椀cations.23 Brie昀氀y, total 
protein was extracted from NHEKs treated as described above by RIPA lysis buffer (Beyotime, Shanghai, China) and the 
protein contents were determined by BCA protein assay (Solarbio, Beijing, China). Equal amounts of protein were 
separated by 10% SDS-PAGE and transferred onto a nitrocellulose membrane (Merck Millipore, Darmstadt, Germany). 
The membrane was blocked with TBST buffer containing 5% skim milk and then incubated overnight at 4°C with 
primary antibodies listed as follows: IL-6 rabbit antibody, IL-8 rabbit antibody (Abcam, Massachusetts, UK); TNF-α 
mouse antibody, CB2 receptor mouse antibody (Santa Cruz Biotechnology, Dallas, USA); p44/42 MAPK (Erk1/2) rabbit 
antibody, phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) rabbit antibody, NF-κB p65 rabbit antibody, phospho-NF 
-κB p65 (Ser536) rabbit antibody (Cell Signaling Technology, Danvers, USA); β-actin mouse antibody, β-tubulin mouse 
antibody (Abmart, Shanghai, China); TRPV1 mouse antibody (Proteintech, Illinois, USA). Next, the membrane was 
washed with TBST and incubated with the horseradish peroxidase (HRP)-conjugated secondary antibody (Beyotime, 
Shanghai, China) for 1 h at room temperature. Protein bands were visualized on Tanon-5200 Chemiluminescent Imaging 
System (Tanon Science & Technology, Shanghai, China) after adding Immobilon Western Chemiluminescent HRP 
Substrate (Sigma, MO, USA). Intensity of the bands was analyzed and quanti昀椀ed using the ImageJ software.

Enzyme-Linked Immunosorbent Assay
Supernatants of NHEKs treated with CBD or vehicle following CEVs stimulation were harvested through centrifugation 
at 1000×g for 20 min. Human IL-6, IL-8 and TNF-α protein levels in the cell-free supernatant were determined using the 
enzyme-linked immunosorbent assay (ELISA) kit (Multi Sciences, Hangzhou, China) following the manufacturer’s 
instructions. The optical density at 450 nm and 570 nm (the corrected wavelength) were measured using Multiskan GO 
reader (ThermoFisher, CA, USA).

Immuno昀氀uorescence Assay
NHEKs treated with either CBD or vehicle following CEVs stimulation were washed with PBS and 昀椀xed with 4% 
paraformaldehyde for 30 min. Cells were permeabilized with 0.5% Triton X-100 for 30 min and blocked with 5% BSA 
for 1 h at room temperature. After a PBS wash, cells were incubated overnight at 4°C with NF-κB p65 rabbit antibody 
(Cell Signaling Technology, Danvers, USA) (diluted with 5% BSA) and then incubated with goat anti-mouse IgG H&L 
(Alexa Fluor® 488) (Abcam, Massachusetts, UK) for 1 h at room temperature in the dark. Finally, cells were stained with 
DAPI (Beyotime, Shanghai, China) and observed under 昀氀uorescence microscope (NIKON, Tokyo, Japan).

Statistical Analysis
All data are presented as mean ± S.E.M. of at least three independent experiments. Statistical analysis between two groups was 
performed by Student’s t-test, and statistical analysis among three or more than three groups was performed by ANOVA using 
GraphPad Prism (version 8.0, GraphPad Software Inc., CA, USA). P<0.05 was considered statistically signi昀椀cant.
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Results
CEVs Induced In昀氀ammatory Response in NHEKs
We 昀椀rst established an ideal in vitro acne model in keratinocytes. We extracted CEVs from C. acnes culture supernatants and 
showed the bilayer spherical morphology of CEVs with TEM (Figure 1A). The size of CEVs ranged from 40 nm to 90 nm. CEVs 

Figure 1 CEVs induced in昀氀ammatory response in NHEKs. (A) The morphology of CEVs (white arrow) was observed by TEM. Scale bar, 200 nm. (B) Cell viability of NHEKs 
24 h after CEVs stimulation at different concentrations (0, 5, 10, 20, 50 μg/mL) was detected by CCK-8 assay. (C and D) mRNA levels of IL-6, IL-8 and TNF-α following 
CEVs stimulation at different concentrations (C) and different time points (D) were detected by RT-PCR. (E–G) Protein levels of IL-6, IL-8 and TNF-α in culture 
supernatants of NHEKs incubated with 10 μg/mL of CEVs for 12 h were detected by ELISA. The data are presented as the mean ± S.E.M. of three independent experiments. 
*P < 0.05; **P < 0.01; ****P < 0.0001. 
Abbreviation: NC, negative control.
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did not in昀氀uence the cell viability of NHEKs at concentrations lower than 20 μg/mL (Figure 1B). Next, we veri昀椀ed the 
immunogenicity of CEVs by monitoring the production of in昀氀ammatory cytokines, which exhibited an increase of IL-6, IL-8 and 
TNF-α in mRNA levels (Figure 1C and D) and in protein levels (Figure 1E–G) in a concentration- and time-dependent manner. 
In particular, IL-8 expression level was remarkably upregulated. Thus, the optimal stimulation condition for establishing an 
in vitro acne model was considered to be the incubation of NHEKs with CEVs at a concentration of 10 μg/mL for 12 h.

CBD Suppressed the In昀氀ammatory Reaction Induced by CEVs in NHEKs
We 昀椀rst con昀椀rmed by CCK-8 assay that the appropriate working concentration of CBD was 0–2 μM (Figure 2A). Next, we 
examined the effect of CBD on the expression of in昀氀ammatory cytokines IL-6, IL-8 and TNF-α, by stimulating NHEKs with 
CBD (0.5, 1 and 2 μM) and CEVs (10 μg/mL) sequentially. Compared with the vehicle, CBD decreased the mRNA levels of 
IL-6, IL-8 and TNF-α in CEVs-stimulated NHEKs, in a concentration-dependent manner (Figure 2B). Similarly, using 
Western blotting analysis and ELISA, we also found that CBD could reduce the protein expression and secretion of IL-6, IL-8 
and TNF-α in a concentration-dependent manner (Figure 2C and D). These 昀椀ndings suggested that CBD exerted an anti- 
in昀氀ammatory effect in CEVs-stimulated NHEKs.

Anti-In昀氀ammatory Action of CBD Mediated by CB2 Receptor and Enhanced by 
TRPV1 Antagonist
Next, we investigated the anti-in昀氀ammatory action of CBD in terms of molecular mechanisms. First, we 
examined the expression of CB2 receptor and TRPV1 in NHEKs. The protein levels of CB2 receptor in 

Figure 2 CBD suppressed the in昀氀ammatory reaction induced by CEVs in NHEKs. (A) Cell viability of NHEKs 24 and 48 h after CBD treatment at different concentrations 
(0, 1, 2, 5, 10, 20 μM) was detected by CCK-8 assay. (B–D) mRNA (B) and protein (C and D) levels of IL-6, IL-8 and TNF-α of CEVs-stimulated NHEKs in the presence of 
vehicle or CBD (0.5, 1 and 2 μM) were detected by RT-PCR (B), Western blotting (C, β-actin was used as the endogenous control) and ELISA (D) respectively. The data are 
presented as the mean ± S.E.M. of three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. 
Abbreviation: NC, negative control.
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NHEKs, although low at baseline, were upregulated in the presence of CBD (Figure 3A and B). In contrast, the 
TRPV1 protein levels increased under CEVs stimulation, yet decreased signi昀椀cantly upon CBD treatment 
(Figure 3A and C).

Figure 3 The anti-in昀氀ammatory action of CBD was mediated by CB2 receptor and enhanced by the TRPV1 antagonist. (A–C) Protein levels of CB2 receptor and TRPV1 in 
the presence or absence of CEVs (10 μg/mL) and CBD (1 μM) were detected by Western blotting. β-actin was used as the endogenous control. (D) Cell viability of NHEKs 
co-stimulated with CBD (1 μM) and different concentrations (0, 1, 2, 5, 10, 20 μM) of AM630 or Capsazepine for 24 h was detected by CCK-8 assay. (E) TNF-α mRNA 
levels of NHEKs in the presence of AM630 or Capsazepine (0.01, 0.1, 1 and 5 μM) were detected by RT-PCR. The data are presented as the mean ± S.E.M. of three 
independent experiments. *P < 0.05; ****P < 0.0001 vs NC group; ##P < 0.01; ###P < 0.001 vs CEV group; &P < 0.05 vs CEV+CBD group. 
Abbreviation: NC, negative control.
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To further con昀椀rm the roles of the two receptors, CB2 receptor antagonist AM630 and TRPV1 antagonist 
Capsazepine were used in our study. There was no signi昀椀cant difference in cell viability between NHEKs co- 
stimulated with CBD (1 μM) and different concentrations (0~10 μM) of AM630 or Capsazepine (Figure 3D). We 
investigated the effects of AM630 and Capsazepine on TNF-α levels in CEVs-stimulated NHEKs in the presence or 
absence of CBD. Compared with the CEV group, no effect was observed on TNF-α levels when CEVs-stimulated 
NHEKs were treated with AM630. However, TNF-α levels initially reduced by CBD were increased after co-stimulation 
with CBD and low concentrations of AM630 (Figure 3E), indicating that the anti-in昀氀ammatory effect of CBD on CEVs- 
stimulated NHEKs was mediated by CB2 receptor.

On the other hand, Capsazepine alone exerted a statistically signi昀椀cant inhibition of TNF-α in CEVs-stimulated 
NHEKs. Consistent with this result, we found that compared with the group of CEVs-stimulated NHEKs treated with 
CBD, co-stimulation with CBD and Capsazepine further downregulated TNF-α levels (Figure 3E). It suggested that 
Capsazepine had synergistic effect with CBD, and CBD might act as a TRPV1 antagonist similar to Capsazepine in the 
anti-in昀氀ammatory process.

Inhibitory Effect of CBD on MAPK and NF-κB Signaling Pathways
To investigate whether MAPK and NF-κB signaling pathways are involved in the anti-in昀氀ammatory effect of CBD, the 
expression of ERK1/2 MAPK and NF-κB p65 proteins in CEVs-stimulated NHEKs in the presence of CBD or vehicle 
were detected. In the MAPK signaling pathway, CEVs increased the level of phosphorylated ERK1/2, whereas CBD 
treatment prior to CEVs stimulation prevented ERK1/2 phosphorylation (Figure 4A and B). However, CBD resulted in 
only slight changes in total ERK1/2 levels in CEVs-stimulated NHEKs. Similarly in the NF-κB signaling pathway, 
phosphorylated NF-κB p65 level was signi昀椀cantly increased by CEVs and then decreased concentration-dependently by 
CBD (Figure 4A and C). Total NF-κB p65 levels were also increased by CEVs, but its inhibition by CBD was not as 
signi昀椀cant until the concentration reached 2μM. In addition, immuno昀氀uorescence staining was performed to examine the 
location of NF-κB p65 in NHEKs. We found that NF-κB p65 of the negative control group was mainly distributed in 
cytoplasm and shifted into the nuclei upon CEVs stimulation. While the nuclear translocation was dramatically 
suppressed by CBD (Figure 4D). These data suggested that the inhibitory effect of CBD on CEVs-induced in昀氀ammation 
might involve inactivation of the MAPK and NF-κB signaling pathways.

Discussion
Acne vulgaris is a multifactorial in昀氀ammatory skin disease. In昀氀ammation is observed in the onset, development and 
resolution stages of acne.24 C. acnes, by secreting a series of in昀氀ammatory stimulators, can trigger the local in昀氀ammatory 
reaction and systemic immune response.25 It has been reported that various conventional C. acnes extracts were used to 
induce acne-like phenotypes, but their preparing process was complicated.26 While CEV is a new type of C. acnes extract 
isolated from the culture supernatant of C. acnes. We found that NHEKs displayed a time- and concentration-dependent 
increase in the levels of in昀氀ammatory cytokines IL-6, IL-8 and TNF-α following stimulation with CEVs. Notably, the 
effect on IL-8 was particularly robust. Our results are in perfect agreement with the changes in gene expression, 
especially the strong increase in IL-8 gene in in昀氀ammatory acne lesions that have been described in a gene array 
study.27 Previous studies also showed that IL-6, IL-8 and TNF-α were detected in the serum and skin lesions of acne 
patients, and the expression levels were much higher than those in healthy individuals.28,29 These results veri昀椀ed the 
immunogenicity of CEV and its role in establishing an in vitro acne model.

CBD is a representative phytocannabinoid which has been proved to exert universal anti-in昀氀ammatory effects on 
several cell types such as microglia and synovial 昀椀broblasts. Consequently, CBD may antagonize the progression of 
in昀氀ammation in Parkinson’s disease, rheumatoid arthritis and diabetes.30–32 Besides, CBD can also inhibit skin in昀氀am-
mation. The in昀氀ammatory cytokines levels could be downregulated by CBD in an in vitro allergic contact dermatitis 
(ACD) model which was established by poly-(I:C)-irritated HaCaT cells (an immortalized keratinocyte cell line).16 IL-8 
release induced by TNF-α in HaCaT cells could also be reduced by CBD.15 In this study, we aimed at investigating 
whether CBD could inhibit acne in昀氀ammation in keratinocytes. We found that CBD strongly downregulated both mRNA 
and protein levels of in昀氀ammatory cytokines IL-6, IL-8 and TNF-α induced by CEVs in NHEKs in a concentration- 
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dependent manner, which was consistent with previous studies describing the anti-in昀氀ammatory effect of CBD on 
keratinocytes in other skin disease models. Our results suggested that the in昀氀ammatory cascade in acne might be 
alleviated by CBD through the inhibition of in昀氀ammatory cytokines.

Next, we draw attention to the molecular mechanisms of the pharmacological reduction of acne in昀氀ammation by 
CBD. It is well known that CBD exhibits various properties at multiple target receptors including CB1/2 receptor, 
TRPV1, PPARγ and 5-hydroxytryptamine (5-HT)1A.33 A study in ACD revealed that CBD exerted the anti- 
in昀氀ammatory property through CB2 receptor activation and TRPV1 regulation.16 In a hypoxic ischemic brain injury 
model, CB2 receptor antagonists reversed the inhibition of IL-1 levels by CBD.34 In a separate study, CBD-induced 
suppression in liver in昀氀ammatory response was found to be dependent on TRPV1.35 On the other hand, studies have 
shown that TPRV1 activation caused release of in昀氀ammatory cytokines, while CB2 receptor activation prevented 
local and systemic immune response.36,37 These earlier studies prompted us to focus on the roles of CB2 receptor and 
TRPV1 in the anti-in昀氀ammatory action of CBD. In our study, the expression of CB2 receptor and TRPV1 in 

Figure 4 CBD inhibited activation of the MAPK and NF-κB signaling pathways. (A–C) The levels of MAPK- and NF-κB-related proteins of CEVs-stimulated NHEKs in the 
presence of vehicle or CBD (0.5, 1 and 2 μM) were detected by Western blotting. β-tubulin was used as the endogenous control. (D) Nuclear translocation of NF-κB p65 in 
CEVs-stimulated NHEKs in the presence of vehicle or CBD (1 μM) was detected by immuno昀氀uorescence staining. Scale bar, 100 μm. The data are presented as the mean ± 
S.E.M. of three independent experiments. *P < 0.05. 
Abbreviation:NC, negative control.
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keratinocytes was con昀椀rmed and the effects of antagonists of the two receptors were studied. Our results showed that 
CBD promoted the expression of CB2 receptor and might act as a CB2 receptor agonist in keratinocytes. AM630 had 
no effect on CEVs-induced in昀氀ammatory response in the absence of CBD. But AM630 signi昀椀cantly reversed the 
inhibitory effect of CBD on TNF-α expression in CEVs-stimulated NHEKs. On the contrary, we found that CBD 
downregulated TRPV1 expression induced by CEVs in keratinocytes. The TRPV1 antagonist Capsazepine was able 
to suppress in昀氀ammation in CEVs-stimulated NHEKs in the absence of CBD. As expected, Capsazepine further 
enhanced the inhibitory effect of CBD on in昀氀ammation. These results suggested that (1) the inhibitory effect of CBD 
on in昀氀ammation was mediated by activation of CB2 receptor, since the effect could be abrogated by the CB2 receptor 
antagonist AM630; (2) the TRPV1 antagonist Capsazepine had synergistic effect with CBD in the anti-in昀氀ammatory 
process; (3) CBD might act as a TRPV1 antagonist and inhibit acne in昀氀ammation through the inhibition of TRPV1, 
which remains to be proved by further experiments.

On the other hand, the MAPK and NF-κB signaling cascades are classic pathways involved in acne in昀氀ammation. 
MAPK phosphorylation, activated by C. acnes, enables the translocation of different transcription factors into the 
nucleus, while the NF-κB protein migrates into the nucleus and acts as a transcription factor.38 These transcription 
factors lead to the expression of various in昀氀ammatory cytokines. We investigated the levels of MAPK- and NF- 
κB-related proteins in the presence of CBD or vehicle, to determine whether they were related to the anti- 
in昀氀ammatory property of CBD. Indeed, the CEVs-induced phosphorylation of ERK1/2 MAPK and NF-κB p65 
were both prevented by CBD pretreatment in a concentration-dependent manner. The decrease of phosphorylated 
ERK1/2 was more remarkable than that of phosphorylated p65. Meanwhile, we found that CBD prevented the nuclear 
translocation of NF-κB p65 which was activated by CEVs. The results indicated that CBD inhibited the CEVs- 
induced in昀氀ammation via inactivation of the MAPK and NF-κB signaling pathways. Interestingly, studies have found 
that CB2 receptor agonists could inactivate both NF-κB and ERK1/2 signaling pathways.39,40 TRPV1 inhibition was 
also able to decrease capsaicin-induced NF-κB transcriptional activity and ERK1/2 phosphorylation.41,42 Taken 
together, our data, along with the intriguing literature 昀椀ndings, indicated that CBD might inactivate the MAPK and 
NF-κB signaling pathways through CB2 receptor or TRPV1. In brief, in the CEVs-stimulated NHEKs, CBD could 
promote the expression of CB2 receptor and inhibit the expression of TRPV1, and suppress the activation of the 
MAPK and NF-κB signaling pathways, thus reducing the production of in昀氀ammatory cytokines (Figure 5).

Figure 5 Mechanisms underlying the inhibitory effect of cannabidiol on acne in昀氀ammation induced by Cutibacterium acnes-derived extracellular vesicles in keratinocytes. 
Abbreviations: CB2 receptor, cannabinoid type-2 receptor; TRPV1, transient receptor potential vanilloid type-1; ERK, extracellular regulated protein kinase; MAPK, 
mitogen-activated protein kinase; NF-κB, nuclear factor-κB.
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Conclusion
In conclusion, our results provided the evidence that CBD exerted an inhibitory effect on acne in昀氀ammation in 
keratinocytes induced by CEVs, which was mediated by CB2 receptor and through inactivating the MAPK and NF- 
κB signaling pathways. The TRPV1 antagonist Capsazepine had synergistic effect with CBD, but whether TRPV1 
directly mediated the anti-in昀氀ammatory action of CBD still remains to be con昀椀rmed. Besides, the regulatory effect of 
CB2 receptor and TRPV1 on the MAPK and NF-κB signaling pathways in the acne model should also be further 
unraveled. Despite several limitations above, our study proposes the anti-acne property of CBD and a potent novel 
therapeutic approach for acne.
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