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Background: The skin barrier is the first line of defense of the body, while skin lipids play an important role in the skin permeability 
barrier. Lamellar bodies are also involved in maintaining the stability of the skin permeability barrier. However, the exact origin of 
lamellar bodies remains unclear. Recent studies have suggested that autophagy may participate in the formation of lamellar bodies.
Aim: This study aimed to investigate the role of autophagy in the formation of lamellar bodies in keratinocytes and the regulation of 
keratinocyte lipids.
Methods: Keratinocytes were incubated with autophagy inducer Rapamycin and autophagy inhibitor Bafilomycin A1. The changes in 
autophagy flux were detected by Western blot, and the formation of lamellar bodies was observed by transmission electron 
microscopy. Furthermore, the changes in keratinocytes lipidomics were detected by liquid chromatography-mass spectrometry.
Results: Our research showed that the autophagy inducer promoted autophagy activation and formation of lamellar bodies in 
keratinocytes, while the inhibitor inhibited autophagy signals and the formation of lamellar bodies in keratinocytes. In addition, the 
lipidomics results revealed a significant change in glycerophospholipids after autophagy induction and autophagy inhibition.
Conclusion: These results demonstrate that autophagy may play an essential role in skin lipids via glycerophospholipids pathway.
Keywords: skin barrier, lipid, liquid chromatography-mass spectrometry, rapamycin, Bafilomycin A1, keratinocytes

Introduction
The human skin is composed of multiple barriers, among which the skin permeability barrier composed of lipids is one of 
the most important barrier functions.1 Changes in lipid content, structure and composition affect the skin condition. The 
lipids can be divided into sebaceous gland lipids or intercellular lipids. Sebaceous gland lipids mainly include squalene, 
triglycerides, cholesterol and cholesterol esters, while intercellular lipids mainly include ceramide, free fatty acids, 
cholesterol, etc.2 Lamellar bodies (LBs) in the epidermis are secretory organelles formed during the differentiation of 
keratinocytes (KCs) in the upper spinous layer and granular layer. It can deliver a variety of contents, including lipid 
precursors and enzymes related to the permeability barrier and antimicrobial peptides related to the antimicrobial barrier. 
Loss or dysfunction of LBs can result in a disruption of the skin barrier homeostasis and lead to various skin 
disorders.1,3,4

Autophagy (generally referred to as macro-autophagy) is a lysosomal-associated cellular self-digestion and degrada-
tion pathway present in epidermal KCs and is usually maintained in a relatively stable condition in most tissues.5,6 

Lipophagy is a selective form of autophagy that targets a unique neutral lipid storage organelle called lipid droplets (LDs) 
to regulate abnormalities in lipid storage in the liver, pancreas and adipose tissues. When hunger leads to nutritional 
deficiency in the body, the LDs lipids stored in cells are hydrolyzed into fatty acids in the form of triglycerides to produce 
energy. In addition, starvation also causes a cellular response - inducing autophagy.7–9 Mammalian target of Rapamycin 
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(mTOR), microtubule-associated protein 1 light chain 3 (LC3), autophagy-related protein Sequestosome (SQSTM1, p62) 
are the three most important marker proteins in autophagy.

Lipids regulate cell growth, differentiation and death, participate in the metabolic process in vivo, and affect the 
occurrence and development of various diseases.10 Lipid balance is essential for healthy skin. However, our knowledge 
of lipid channels and functions is still far behind that of genes and proteins due to the diversity and complexity of lipid 
molecular structure as well as the limitations of detection and analysis techniques. Lipidomics can comprehensively 
analyze lipids and their metabolites. In our study, the lipid changes in KCs after promoting and inhibiting autophagy were 
detected for the first time.

Materials and Methods
Cell Culture and Treatments
The immortalized human keratinocyte cell line HaCaT cell from the Institute of Cell (Shanghai, China) was cultured in 
DMEM (Gibco, America) supplemented with 10% fetal calf serum (Life Technologies, America), 1% penicillin and 1% 
streptomycin at standard conditions (37°C, 5% CO2, in a humidified atmosphere). Additionally, Normal Human 
Epidermal Keratinocytes (NHEKs), purchased from PromoCell (Heidelberg, Germany, C-12003), were cultured in the 
company’s supporting medium. 1×105 cells/well were seeded onto six-well plates. The cells were left untreated or treated 
with 50nM Rapamycin (Abcam, UK) for both HaCaT cells and NHEKs, or 100nM Bafilomycin A1 (Abcam, UK) for 
HaCaT cells and 50nM for NHEKs. The cells were then collected according to the indicated period.

Western Blot Analysis
The cultured HaCaT cells were washed twice with phosphate-buffered saline (PBS) and then lysed with lysis buffer. The 
equivalent protein samples were separated by 12% SDS-PAGE and then transferred from the gel to a nitrocellulose 
membrane. After blocking with 5% non-fat dry milk, the membrane was washed and incubated with primary antibodies 
(rabbit monoclonal anti-mTOR, mouse polyclonal anti-LC3, mouse monoclonal anti-p62, rabbit monoclonal anti- 
Rab11a, or mouse polyclonal anti-β-Actin; Abcam, UK) overnight at 4°C. Subsequently, the membranes were washed 
and incubated with secondary antibodies (anti-rabbit IgG or anti-mouse IgG; Sigma, American) for 2h at room 
temperature. After being washed again, the membranes were placed on an ODYSSEY dual-color infrared laser imaging 
system (LICOR, America). The grayscale value was analyzed, and the ratio of the target protein to β-Actin was 
calculated.

Transmission Electron Microscopy
HaCaT cells were centrifuged and collected after treatments, washed with PBS and fixed in 2.5% glutaraldehyde at 4°C 
for 24h. Then the cells were washed with PBS again and fixed in 1% osmium acid solution for 2h, dehydrated with 
ethanol and embedded in Spurr’s plastic resin. The ultrastructure of the cells was observed by a Hitachi H-7650 
transmission electron microscope in the Bio-ultrastructure Analysis Laboratory of Analysis center of Agrobiology and 
Environmental Sciences (Zhejiang University, China). The expression of LBs was quantified by cytoplasmic regions 
(excluding the nucleus). Referring to the reports of Hariri et al and Lajoie et al, LBs was defined as membrane-bound 
cytoplasmic organelles that present at least three distinct circumferential concentric membrane lamellae.11,12

Cell Absolute Quantitative Lipidomics
NHEKs were treated with 50nM rapamycin and 50nM bafilomycin. The cells were collected, and the lipid components of 
the cells were detected by liquid chromatography-tandem mass spectrometry. A non-targeted lipidomics analysis plat-
form based on the UPLC-Orbitrap mass spectrometry system was used in combination with LipidSearch software 
(Thermo Scientific™). The internal isotope standards of 13 lipid molecules were used for lipid identification and data 
preprocessing.

https://doi.org/10.2147/CCID.S410252                                                                                                                                                                                                                                 

DovePress                                                                                                                    

Clinical, Cosmetic and Investigational Dermatology 2023:16 1570

Geng et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
Statistical analysis was performed using SPSS 21.0. The data were expressed as the mean ± standard deviation (SD). 
Multiple independent samples were compared using Levene’s test for homogeneity of variance; if variances were equal, 
a one-way analysis of variance was used for comparison, followed by the LSD-t-test; if not, the Kruskal–Wallis H rank 
sum test was used, followed by Mann–Whitney U-test. In this study, P<0.05 was considered statistically significant.

Results
Autophagy Inducer Rapamycin Promoted Autophagy Activation and Formation of LBs 
in HaCaT Cells
As shown in Figure 1, autophagy is a continuous dynamic process that begins with the discrete phagophores and 
gradually forms autolysosomes.5 The autophagic flux is an important index to judge the dynamic changes of autophagy.13 

Rapamycin, an autophagy inducer, promotes autophagy by inhibiting mTOR, which is the central molecule of the 
autophagic upstream signal.14 First, the changes of key autophagic biomarkers after Rapamycin treatment were examined 
by Western blot. Compared with the control group, 0h, a significant decrease in mTOR expression at 12h and 24h was 
observed, while the conversion of LC3-I to LC3-II and the expression of LC3-II and p62 were significantly increased. 
The results suggested the activation of the autophagic flux, resulting in a compensatory increase in the number of 
autophagosomes and amphisomes. At 48h, compared with the control group, the mTOR signal was still suppressed, and 
the conversion of LC3-I to LC3-II remained high. Nevertheless, the increase in LC3-II and P62 levels was not 
statistically significant, indicating that the autophagic flux was over-activated and the number of autophagosomes and 
amphisomes decreased relative to the previous stage (Figure 2a and b).

Figure 1 Flow chart of autophagy and lamellar body formation. Autophagy begins with the disperse membrane-like structure, also known as phagophore, which expands to 
form a bowl-shaped substance and eventually forms a vesicle-like structure with a complete bilayer membrane wrapped by continuous extension and fusion. Next, 
autophagosomes or amphisomes which derived from endosome fuse with lysosome to form autolysosome.
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Figure 2 Rapamycin promoted autophagy activation and formation of LBs in HaCaT cell. (a) Western blot detection of autophagy related protein mTOR, LC3 and P62 from 
cultured HaCaT cell treated with 50nM rapamycin at 0h, 12h, 24h, 48h. (b) After the treatment of rapamycin, the value of mTOR, LC3-II and P62. (c) LBs (black small 
arrows) observed under transmission electron microscope after the treatment of rapamycin. Uniform density lipid droplets (large black arrows) can be found around LBs. 
(d) After the treatment of rapamycin, the number of LBs at 48h were significantly higher than 0h, and diameter of LBs has no significant change. *P<0.05, **P<0.01.
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Subsequently, the ultrastructure of the HaCaT cells cytoplasmic area after treatment with Rapamycin was observed using 
transmission electron microscopy (TEM), which is the best way to observe LBs. The LBs displayed a concentric multilamellar 
structure, the station of several LBs had gathered, and round gray lipid droplets of uniform density had accumulated around the 
LBs. Moreover, the peak number of LBs was reached after 48h of Rapamycin exposure. Next, the diameter of LBs was 
analyzed using Image-Pro Plus (IPP), revealing no significant difference among the four periods (Figure 2c and d).

Lipidomics Profiling Reveals the Variety of Lipids After Rapamycin Treatment in 
NHEKs
In order analyze the changes in lipid composition of KCs after rapamycin treatment, we collected KCs after 48 hours of 
treatment for lipidomics analysis. In the study, we purpose to closely observe the lipid expression of epidermal 
keratinocytes regulated by autophagy, we used NHEKs for lipidomics detection. The results showed that a total of 28 
lipid classes and 728 lipid species were detected (Figure 3a and b). Although the content of triglyceride(TG) and 
diglyceride(DG) in glycerolipids are the highest among all lipids in two groups, there was no significant difference 
between the groups. The phosphatidylethanolamine(PE), phosphatidylinositol(PI) in glycerophospholipids were signifi-
cantly higher in the control group than in the Rapamycin treatment (P < 0.05) (Figure 3b). Due to significant differences 
between the test group and the control group, OPLS-DA was used to select the important single lipid species in these 
subclasses (Figure 3c). After OPLS-DA analysis, significant differences were found between the rapamycin-treated group 
and the blank control group in 38 lipid molecules (VIP > 1, P < 0.05) (Table 1). From the table, the three lipid molecules 
with the largest differences were TG(15:0_15:0_20:1)+NH4, PE(16:1_16:1)-H, and PI(32:0)-H. However, only TG 
(15:0_15:0_20:1)+NH4 exhibited higher levels than the control group following Rapamycin treatment, while the other 
lipids showed lower levels. The clustering heatmaps of two sets of samples are shown in Figure 3d. Heat map and 
network diagram of 38 lipid molecules were showed in Figure 3e and f.

Autophagy Inhibitor Bafilomycin A1 Inhibited the Autophagy Signal and the Formation 
of LBs in HaCaT Cells
As shown in Figure 1, the combination of lysosomes with autophagosomes or amphisomes to form autolysosomes is an 
essential stage in autophagy. Bafilomycin A1, a general lysosomal inhibitor, blocks the degradation of autophagosomes 
or amphisomes to form autolysosomes, resulting in the accumulation of LC3-II protein.14 To further assess the role of 
autophagy degradation on LBs expression, HaCaT cells were also cultured with Bafilomycin A1 and then detected by 
Western blot. Compared to the absence of Bafilomycin A1, no significant change in mTOR expression was observed, 
while the expression of LC3 and p62 changed with time. At 12h, 24h and 48h, the conversion of LC3-I to LC3-II 
decreased, and the expression of LC3-II and p62 increased compared to the control group. These changes were attributed 
to Bafilomycin A1 blocking the autophagic flux and the degradation of autolysosome (Figure 4a and b).

Subsequently, the ultrastructural changes of LBs were observed by TEM. Treatment of HaCaT cells with Bafilomycin 
A1 for 48h induced the accumulation of autophagosomes and amphisomes, with the disappearance of LBs. Besides, the 
morphology of LBs was abnormal, and the lamellar outline became blurred and significantly decreased compared with 
the previous Rapamycin-treated group. The number of LBs decreased after 24h (Figure 4c). Furthermore, the LBs 
exposed to Bafilomycin A1 for 24h were significantly smaller than the untreated control group (Figure 4d).

Lipidomics Profiling Reveals the Variety of Lipids After Bafilomycin A1 Treatment in 
NHEKs
As with rapamycin treatment, we used NHEKs for detection of more accurately model the altered lipid expression in real 
epidermal keratinocytes. A total of 28 lipid classes and 728 lipid species were detected by LC-MS (Figure 5a and b). 
Although the total amount of triglyceride(TG), diglyceride(DG), and phosphatidylethanolamine(PE) was also higher, 
there was no statistically significant difference between the two groups (Figure 5b). OPLS-DA analysis is shown in 
Figure 5c. 24 significant differences lipid molecules were observed between the Bafilomycin A1-treated group and the 
blank control group (VIP > 1, P < 0.05) (Table 2). Among those 24 lipids molecules, the three molecules with the most 
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Figure 3 The multivariate data analysis and statistical analysis of lipids keratinocytes after the Rapamycin treatment. (a) Composition diagram of lipid subclasses in blank 
control group (Crl) and rapamycin treatment group (Rap). The proportion of each lipid subclass is expressed by the size of the color block area, and the specific percentage 
value is shown in the legend on the right side of the figure. (b) Histogram of lipid subclass content in blank control group (Crl) and rapamycin treatment group (Rap). 
*P<0.05, **P<0.01. (c) OPLS-DA score map of blank control group (Crl) and rapamycin group (Rap). (d) Heat map of 38 lipid molecules (VIP > 1, P < 0.05). (e) Lipid-lipid 
correlation matrix of 38 lipid molecules (VIP > 1, P < 0.05). (f) Network diagram of 38 lipid molecules (VIP > 1, P < 0.05).
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Table 1 Information Table of Different Lipid Metabolites in the Rapamycin Group and Control Group

LipidIon IonFormula CalMz FC P value Class

CerP(d40:3+2O)+HCOO C41 H77 O10 N1 P1 774.529 0.466 0.027 CerP

PC(16:1_14:0)-CH3 C37 H71 O8 N1 P1 688.492 0.595 0.000 PC

PC(16:0_16:1)-CH3 C39 H75 O8 N1 P1 716.524 0.641 0.000

PC(16:1_18:1)-CH3 C41 H77 O8 N1 P1 742.539 0.665 0.001

PC(30:0)+H C38 H77 O8 N1 P1 706.538 0.724 0.003

PC(32:0)+H C40 H81 O8 N1 P1 734.569 0.626 0.000

PC(22:0_10:1)+H C40 H79 O8 N1 P1 732.554 0.681 0.005

PE(17:1_17:1)-H C39 H73 O8 N1 P1 714.508 0.595 0.000 PE

PE(36:1)-H C41 H79 O8 N1 P1 744.555 0.685 0.001

PE(16:1_16:1)-H C37 H69 O8 N1 P1 686.477 0.460 0.000

PE(32:1)+H C37 H73 O8 N1 P1 690.507 0.595 0.000

PE(34:1)+H C39 H77 O8 N1 P1 718.538 0.609 0.000

PE(34:2)+H C39 H75 O8 N1 P1 716.522 0.577 0.000

PE(41:2)+H C46 H89 O8 N1 P1 814.632 0.694 0.001

PI(38:4)-H C47 H82 O13 N0 P1 885.550 0.605 0.015 PI

PI(32:1)-H C41 H76 O13 N0 P1 807.503 0.534 0.000

PI(32:0)-H C41 H78 O13 N0 P1 809.519 0.407 0.002

PI(34:1)-H C43 H80 O13 N0 P1 835.534 0.540 0.001

PI(36:1)-H C45 H84 O13 N0 P1 863.566 0.646 0.007

PI(17:1_17:1)-H C43 H78 O13 N0 P1 833.519 0.646 0.012

PS(36:1)+H C42 H81 O10 N1 P1 790.559 0.727 0.012 PS

PS(18:1_18:1)+H C42 H79 O10 N1 P1 788.544 0.716 0.010

TG(15:0_15:0_20:1)+NH4 C53 H104 O6 N1 850.786 1.597 0.046 TG

MG(18:3e)+H C21 H39 O3 339.289 0.517 0.011 MG

DG(34:3e)+H C37 H69 O4 577.519 0.618 0.023 DG

DG(34:3e)+H C37 H69 O4 577.519 0.579 0.002

DG(34:3e)+H C37 H69 O4 577.519 0.604 0.001

DG(34:4e)+H C37 H67 O4 575.503 0.528 0.001

DG(34:4e)+H C37 H67 O4 575.503 0.582 0.011

DG(34:4e)+H C37 H67 O4 575.503 0.626 0.032

DG(34:4e)+H C37 H67 O4 575.503 0.620 0.030

DG(36:3e)+H C39 H73 O4 605.550 0.667 0.019

(Continued)
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significant increase were MG(18:3e)+H, PC(10:0_24:1)+Na, and PI(38:3)+NH4 (FC>2.4); while the three with the most 
significant reduction are WE(2:0_20:2)+NH4, LPC(16:0)+HCOO, LPC(16:0)+H (FC>10.3). The clustering heatmaps of 
two sets of samples are shown in Figure 5d. Heat map and network diagram of 25 lipid molecules were showed in 
Figure 5e and f.

Discussion
Autophagy is a cellular self-digestion process involved in the degradation of organelles. A growing number of reports 
have shown that autophagy participates in epidermal differentiation. Skin lipids play an essential role in the skin barrier, 
and LBs is considered an important component of lipids in KCs and lipid transport.1 Therefore, we speculated that 
autophagy is associated with the formation of LBs in the epidermis.

In psoriasis, the epidermal granular layer is thinned or even absent, resulting in impaired skin barrier.6,15,16 The 
amount and function of LBs in epidermal granular KCs determines the composition and secretion of extracellular lipids 
and plays an important role in the skin barrier.1 A study found that mTOR, the upstream signal of autophagy, is over- 
activated in the basal layer of the epidermis. In contrast, the expression of LC3, usually highly expressed in the granular 
layer of the epidermis, is down-regulated in psoriasis lesions.15 Meanwhile, the expression of p62 was increased.6 

Therefore, autophagy may be related to the stability of the skin KCs. In our study, we found that a large number of LC- 
3-labeled autophagosomes or amphisomes were formed after treatment with Rapamycin, and the number of LBs 
increased. After 48h, the number of autophagosomes or amphisomes showed a relative decrease, while LBs was the 
most abundant. The results suggested that LBs might be formed after autolysosome formation. In order to confirm this 
hypothesis, Bafilomycin A1 was used to block the formation of autolysosomes. After 48h of treatment, autolysosome 
formation was blocked, and LBs disappeared, which was similar to the results of Burger et al, 2017. Thus, we 
conjectured this might be the normal metabolism process of LBs.

LBs can secrete extracellular lipid precursors through exocytosis, including phospholipids, glucosylceramide, sphin-
gomyelin and cholesterol, to form lamellar membranes. The lipid precursors are released into the intercellular space 
between the granular layer and the stratum corneum.1 Studies have shown that lipid metabolism is related to autophagy, 
and Scarlatti et al showed that sphingolipid ceramide could regulate the autophagy of HT-29 cells.17 Lajoie et al believed 
that phospholipids were transported to late lysosomes by autophagy to promote the expression of LBs and that LBs were 
a form of autolysosomes.12 In our study, more LDs were found after treatment with the autophagy inducer Rapamycin, 
which are considered autophagy-specific organelles for unique neutral lipid storage.7–9 Studies have shown that in the 
prophase of fatty liver, autophagy mainly relieves steatosis by degrading intracellular LDs, while in the late stage, 
excessive autophagy activation can also induce cell death and aggravate the disease.18

Table 1 (Continued). 

LipidIon IonFormula CalMz FC P value Class

DG(36:3e)+H C39 H73 O4 605.550 0.581 0.012

DG(36:3e)+H C39 H73 O4 605.550 0.665 0.006

DG(36:5e)+H C39 H69 O4 601.519 0.630 0.008

DG(36:5e)+H C39 H69 O4 601.519 0.537 0.000

DG(38:5e)+H C41 H73 O4 629.550 0.706 0.014

DG(34:4e)+H C37 H67 O4 575.503 0.478 0.001

Abbreviations: CerP, Ceramides phosphate; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PI, phosphatidylinositol; PS, 
phosphatidylserine; TG, triglyceride; MG, monoglyceride; DG, diglyceride.
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Figure 4 Bafilomycin A1 inhibited autophagy signal and the formation of LBs in HaCaT cell. (a) Western blot detection of autophagy related protein mTOR, LC3, P62 and β- 
actin from cultured HaCaT cell treated with 100nM Bafilomycin A1 at 0h, 12h, 24h, 48h. (b) After the treatment of Bafilomycin A1, the value of mTOR, LC3-II and P62. (c) 
LBs (black arrows) observed under the transmission electron microscope after the treatment of Bafilomycin A1. A large number of monolayers of amphisomes (largest black 
arrow) can be found in cells cultured with Bafilomycin A1 for 12h, 24h and 48h. (d) After the treatment of Bafilomycin A1, the number of the number of LBs at 24h and 48h 
were significantly lower than 0h, especially in 48h, and the diameter of LBs at 12h and 24h were significantly smaller than 0h. (Explanation: because there was only one 
lamellar body found after the treatment of Bafilomycin A1 with 48h, which was not included in the statistics of the lamellar body diameter.)*P<0.05, **P<0.01.
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Figure 5 The multivariate data analysis and statistical analysis of lipids keratinocytes after the Bafilomycin A1 treatment. (a) Composition diagram of lipid subclasses in blank 
control group (Crl) and Bafilomycin A1 treatment group (Baf). The proportion of each lipid subclass is expressed by the size of the color block area, and the specific 
percentage value is shown in the legend on the right side of the figure. (b) Histogram of lipid subclass content in blank control group (Crl) and Bafilomycin A1 treatment 
group (Baf). *P<0.05, **P<0.01. (c) OPLS-DA score map of blank control group (Crl) and Bafilomycin A1 group (Baf). (d) Heat map of 24 lipid molecules (VIP > 1, P < 0.05). 
(e) Lipid-lipid correlation matrix of 24 lipid molecules (VIP > 1, P < 0.05). (f) Network diagram of 24 lipid molecules (VIP > 1, P < 0.05).
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Lipidomics refers to the comprehensive analysis and identification of lipids and their metabolites, investigating the 
function and metabolic regulation of lipids to reveal lipid metabolic pathways, networks and their relationship with 
physiological and pathological processes of the body. This field is of great significance in clinical medicine and life 
science research and has gained popularity in recent years.10 In general, lipids have three functions: cell membrane 
components, energy storage and signal molecules. Basically, all polar lipids (such as PC, PE, PI, PS, PA, etc.) are 
components of the cell membrane. The lipid membrane plays an important role in maintaining cell structure and function. 
In addition, changes in membrane lipid content and composition affect the permeability of the membrane to small neutral 
molecules (such as water) and small ions. The composition and function of membrane proteins (such as ion channels), 
cell communication and the microenvironment of ion distribution in cells are also affected by membrane lipids. In this 

Table 2 Information Table of Different Lipid Metabolites in the Bafilomycin A1 Group and Control Group

LipidIon Ion Formula CalMz FC P value Class

DG(34:4e)+H C37 H67 O4 575.503 0.603 0.031 DG

DG(38:4e)+H C41 H75 O4 631.566 0.672 0.036

DG(38:5e)+H C41 H73 O4 629.550 0.505 0.001

DG(38:6e)+H C41 H71 O4 627.535 0.643 0.005

DG(32:2e)+H C35 H67 O4 551.503 2.215 0.047

DG(34:4e)+H C37 H67 O4 575.503 0.603 0.031

LPC(18:1)+HCOO C27 H53 O9 N1 P1 566.346 9.168 0.000 LPC

LPC(16:0)+HCOO C25 H51 O9 N1 P1 540.331 17.841 0.000

LPC(16:1)+HCOO C25 H49 O9 N1 P1 538.315 6.668 0.000

LPC(16:0)+H C24 H51 O7 N1 P1 496.340 18.119 0.000

LPC(16:1)+H C24 H49 O7 N1 P1 494.324 6.554 0.000

LPI(18:0)-H C27 H52 O12 N0 P1 599.320 0.626 0.012 LPI

MG(18:3e)+H C21 H39 O3 339.289 0.243 0.001 MG

PC(10:0_24:1)+Na C42 H82 O8 N1 P1 Na1 782.567 0.333 0.001 PC

PC(8:1e_10:0)+H C26 H53 O7 N1 P1 522.355 7.422 0.001

PE(32:1)+H C37 H73 O8 N1 P1 690.507 1.413 0.022 PE

PE(39:2e)+H C44 H87 O7 N1 P1 772.621 0.644 0.014

PE(41:2)+H C46 H89 O8 N1 P1 814.632 0.789 0.046

PE(9:0_24:0)+Na C38 H76 O8 N1 P1 Na1 728.520 0.548 0.012

PI(30:1)-H C39 H72 O13 N0 P1 779.472 2.567 0.025 PI

PI(32:1)-H C41 H76 O13 N0 P1 807.503 1.902 0.013

PI(32:0)-H C41 H78 O13 N0 P1 809.519 3.101 0.011

PI(38:3)+NH4 C47 H89 O13 N1 P1 906.607 0.414 0.011

WE(2:0_20:3)+H H39 C22 O2 335.294 8.923 0.034 WE

WE(2:0_20:2)+NH4 H44 C22 O2 N1 354.337 10.317 0.008

Abbreviations: DG, diglyceride; LPC, lysophosphatidylcholine; LPI, lysophosphatidylinositol; MG, monoglyceride; PC, phosphatidylcholine; 
PE, phosphatidylethanolamine; PI, phosphatidylinositol; WE, wax esters.
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study, glycerophospholipids in cells changed significantly after autophagy inducer and inhibition treatment, which play 
an important role in protein recognition and signal transduction in cell membranes. Autophagy may regulate membrane 
lipids and change the content and composition of intracellular and extracellular lipids. Studies have shown that glycolysis 
can promote Th17 cell differentiation through the mTOR and HIF signaling pathways.19 Saccharides are important raw 
materials for the synthesis of glycerophospholipids. Zeng et al collected and analyzed plasma samples from 45 patients 
with psoriasis and 45 healthy people. LC-MS analysis showed that LPA, lysoPC and PA increased significantly in 
patients with psoriasis, while PC and PI decreased.19

Conclusion
Skin lipids are an important component of the skin barrier. Although autophagy affects the changes in glyceropho-
spholipids in KCs in our study, the specific mechanism of autophagy on the dynamic changes of skin lipids remains 
unclear, as autophagy is a dynamic equilibrium process. In addition, whether autophagy causes the dissolution of the lipid 
components after phagocytosis through LBs needs further study.

Abbreviations
LBs, Lamellar bodies; KCs, keratinocytes; LDs, lipid droplets; NHEKs, Normal Human Epidermal Keratinocytes; 
mTOR, mammalian target of Rapamycin; LC3, microtubule-associated protein 1 light chain 3; SQSTM1, p62, autop-
hagy-related protein Sequestosome; TEM, transmission electron microscopy.
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