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Background: Psoriasis is a chronic inflammatory skin disease characterized by erythema, papules, and plaques. Adiponectin 
(ADIPOQ) is an important protein hormone secreted by adipose tissue. Here, we aimed to explore the expression of ADIPOQ in 
psoriasis patients and the moderation effect of histone lactylation on ADIPOQ.
Methods: The GSE78097 data set was downloaded from GEO database to analyze the differentially expressed genes (DEGs) in 
psoriasis. A total of 36 psoriasis patients were recruited to obtain the skin samples. The ADIPOQ protein levels, global lactylation and 
histone lactylation (H3K18lac) levels were detected by Western blot assay. Chromatin immunoprecipitation (CHIP) assay was 
performed to detect the combination between H3K18lac and promoter regions of the ADIPOQ. The receiver operating curve 
(ROC) analysis was used to evaluate the diagnostic value of ADIPOQ in psoriasis.
Results: ADIPOQ was decreased in the skin tissues of psoriasis patients. In addition, the global lactylation and H3K18lac levels were 
significantly decreased in the skin tissues of psoriasis patients. In HaCaT cells, promoting the global lactylation and H3K18lac levels 
increased the ADIPOQ protein levels, while si-LDHA transfection decreased the ADIPOQ protein levels. The CHIP results indicated 
that lactylation promoted the binding of promoter regions of the ADIPOQ and H3K18lac. Finally, the ROC analysis showed that 
ADIPOQ exhibited diagnostic value in psoriasis.
Conclusion: This study demonstrated ADIPOQ was decreased in the skin tissues of psoriasis patients, and ADIPOQ has diagnostic 
value for psoriasis. Furthermore, down-regulation of H3K18lac levels inhibited the transcription of ADIPOQ, which was the key factor 
of decrease of ADIPOQ levels in psoriasis patients.
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Introduction
Psoriasis is a chronic inflammatory skin disease characterized by erythema, papules, and plaques.1 The incidence rate of 
psoriasis is 2%~3%.2 Psoriasis is most commonly occurred in the elbows, knees, scalp, and lower back, seriously 
affecting the patient’s quality of life, and even leading to depression.3 The clinical treatment of psoriasis is difficult and 
prone to recurrence, which seriously endangers the physical and mental health of patients and affects their quality of life.4 

The study of psoriasis pathogenesis has always been a focus and difficulty in dermatology research.
Lactylation is a novel histone modification recently discovered. Research has found that incomplete oxidation of glucose in 

M1 macrophages under hypoxic conditions leads to an increase in the production of metabolite lactate. Lactate can generate 
lactoyl CoA, which provides a lactoyl group to the lysine tail of histones through acyltransferase, resulting in a histone 
modification called lysine lactylation.5 Many studies have demonstrated that histone lactylation participates in various disease 
progression, such as ocular melanoma,6 Alzheimer’s disease,7 lung fibrosis,8 etc. The latest research has found that lactate can 
participate in the regulation of gene expression through epigenetic modifications of histone lactylation.6,9,10 Therefore, the 
discovery of histone lactylation opens up a new window for research on the role of lactate in various pathophysiological 

Clinical, Cosmetic and Investigational Dermatology 2024:17 219–227                                    219
© 2024 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical, Cosmetic and Investigational Dermatology                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 November 2023
Accepted: 18 January 2024
Published: 26 January 2024

C
lin

ic
al

, C
os

m
et

ic
 a

nd
 In

ve
st

ig
at

io
na

l D
er

m
at

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


conditions, including infection and cancer. In psoriasis progression, many studies demonstrated that elevated lactate or lactate 
dehydrogenase levels were key factors.11,12 Therefore, we speculate that in the development of psoriasis, high levels of lactate 
and lactate dehydrogenase may cause histone lactylation to regulate disease progression. However, as far as we know, the role or 
histone lactylation in psoriasis remains unclear.

Adiponectin (ADIPOQ) is an important protein hormone secreted by adipose tissue.13 Initial research showed that ADIPOQ 
was expressed in adipocytes. Subsequent studies found that ADIPOQ was also expressed in other nonadipose cells such as skeletal 
muscle cells, salivary gland epithelial cells, muscle cells, myofibroblasts, etc.14 Recently, ADIPOQ has been demonstrated to 
exhibit biological effects in various aspects such as anti-inflammatory,15 lipid-lowering, hypoglycemic,16 and insulin 
sensitization.17 In psoriasis development, researches have shown that the levels of ADIPOQ in psoriasis patients with metabolic 
diseases are significantly reduced compared to healthy individuals, and are correlated with the severity of psoriasis.18 However, 
the mechanism of ADIPOQ reduction in psoriasis patients is not yet clear, and whether ADIPOQ expression is regulated by 
histone lactylation has aroused our interest.

Therefore, this study was performed to explore the relationship between histone lactylation and ADIPOQ levels in 
psoriasis progression, and the diagnostic value of ADIPOQ in psoriasis. We hypothesized that low levels of histone 
lactylation inhibited the pomoter transcription of ADIPOQ, which resulted in the decrease of ADIPOQ expression.

Material and Methods
Bioinformatic Analysis
The GSE78097 data set was downloaded from GEO database (http://www. ncbi.nlm) and analyzed using R software. The 
differentially expressed genes (DEGs) were expressed as volcano and heat maps. In addition, KEGG enrichment analysis of 
DEGs was performed using online tools from the ConsonsusPathDB database (http://cpdb.olgen.mpg.de/), with P<0.05 as the 
standard for screening. The String (Search Tool for the Retrieval of Interaction Genes) database (http://string.db.org/) was 
applied to analyze the protein interaction of DEGs, and hub gene was selected using Cytoscape’s plugin (Cytohubba).

Clinical Tissue and Blood Samples Collection
A total of 36 psoriasis patients, visited our hospital, were recruited in this study. All skin tissue samples of psoriasis patients 
were taken from the excised material of skin biopsy surgery. In addition, 36 patients undergoing plastic surgery were recruited 
and excess skin tissue removed during the surgery was collected, which was used as normal control samples.

For blood sample collection, venous blood samples were drawn from the participants between 09:00 and 11:00 hr 
following a 12-hr fasting period. Following centrifugation of the blood samples at 1500 g for 15 min, plasma was 
collected for ADIPOQ levels determination by ELISA kit (Human Leptin Quantikine Elisa Kit, COINO BIO, Shanghai, 
China) according to the manufacturer’s instructions in duplicate.

The characteristics of study participants were showed in Table 1. The collection and use of all samples were approved 
by the Medical Ethics Committee of Suzhou Kowloon Hospital, Shanghai Jiao Tong University School of Medicine. The 
informed consent form signed by the patient was obtained. The samples were stored at −80 °C for further analysis.

Cell Culture and Treatment
HaCaT cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cells were cultured 
in a complete medium (DMEM; Invitrogen, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS, Invitrogen), 
100 U/mL penicillin, and 100 μg/mL streptomycin (Invitrogen) for 24 h. The cultivation conditions are set to 37 °C and 5% CO2. 
For lactate treatment, the medium was added with 20 mM Lactate and the cells were cultured for 24 h. For cell transfection, the 
lactate dehydrogenase A (LDHA) knockout siRNA (si-LDHA) and negative control (si-nc) were synthesized by Genepharma 
(Shanghai, China). The si-LDHA and si-nc was transfected into cells using Lipofectamine 3000 (Invitrogen, USA) following the 
instructions. Twenty-four h later, the culture medium was changed to normal complete medium, and the cells were used for further 
experiments.
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Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR)
Total RNA from skin samples and/or HaCaT cells was extracted by TRIzol reagent (Invitrogen, USA). Then, RNAs were 
reverse transcribed into cDNA using the PrimeScript RT kit (Takara, Dalian, China). The qPCR amplification experiment was 
performed using the Taq Pro Universal SYBR qPCR Master Mix kit (Takara) with the reaction conditions: 95°C, 30 sec; 95°C, 
10 sec, 40 cycles; 60°C, 30 sec; 95°C, 15 sec; 60 °C, 60 sec; 95°C, 15 sec. The relative gene expressions were calculated using 
2−ΔΔCT method. Primers used in this study are synthesized by Sangon Biotechnology Co., LTD (Shanghai, China) and listed as 
follows: ADIPOQ, forward, 5′-AACATGCCCATTCGCTTTA-3′ and reverse, 5′-TCTCCTTCCCCATACACCTG-3′; 
GAPDH, 5′-GACTCATGACCACAGTCCATGC-3′ and reverse, 5′-AGAGGCAGGGATGATGTTCTG-3′.

Western Blot
Skin samples and/or HaCaT cells were lysed using the RIPA lysis buffer on ice to extract proteins. After detecting protein 
concentration using a BCA kit (Beyotime, Shanghai, China), 30 μg of proteins were loaded on 10% sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis for separation. Then, the proteins were transferred onto PVDF membranes. The mem
branes were incubated with primary antibodies (Anti-L-Lactyl Anti-L-Lactyl-Histone H3, anti-ADIPOQ, anti-LDHA and 
anti-GAPDH) at 4°C for one night, followed by with secondary antibody at room temperature for 1 h. A SuperPico ECL 
Chemiluminescence kit (Vazyma) was used to expose the protein bands.

Chromatin Immunoprecipitation (CHIP) Assay
A CHIP kit was purchased from Invitrogen. HaCaT cells were fixed in 1% formaldehyde (Sigma, USA) and crosslinked 
for 15 min. Crosslinked chromatin was ultrasonically fragmented. Anti-IgG and anti-Anti-L-Lactyl-Histone H3 were 
incubated with protein A/G, respectively, to make the antibody-beads complex. The DNAs were incubated with the 
antibody-bead complex for 6 h. The enrichment of H3K18lac on ADIPOQ DNA fragments was assessed using RT-PCR.

Statistical Analysis
Each experiment is conducted independently three times. Data analysis was performed using GraphPad Prism 7 software and is 
expressed as mean ± Standard Deviation. Student’s t-test or one-way analysis of variance was used for two groups or multiple 
group comparisons, respectively. Additionally, the receiver operating curve (ROC) analysis was used to analyze the area under the 

Table 1 Baseline Characteristics of Study Participants in Normal Group and 
Psoriasis Group

Normal (n=36) Psoriasis (n=36) P-valve

Demographics

Age (years) 41.03±8.62 42.22±6.16 0.5009

Sex (male,%) 18 (50.00) 23 (63.89) 0.2340
Weight (kg) 64.75±9.77 63.69±9.04 0.6358

Height (cm) 167.56±6.22 169.17±5.42 0.2453

Haematological test
Haemoglobin (g/dl) 13.67±0.82 14.21±1.00 0.0142*

Leucocytes count (×103/μL) 7.14±1.74 8.61±1.81 0.0008**
Eosinophils count (/μL) 218.39±118.09 324.22±122.96 0.0004**

Creatinine (μmol/L) 75.3±11.86 81.43±12.09 0.0334*

Glucose (mmol/L) 5.13±0.59 5.53±0.67 0.0092**
Cholesterol (mmol/L) 3.41±1.11 4.16±0.88 0.0021**

Triglycerides (mmol/L) 1.09±0.37 1.14±0.31 0.5660

TNF-α (pg/mL) 5.30±2.42 8.58±2.12 <0.0001**
IL-23 (pg/mL) 25.39±6.25 29.01±5.29 0.0098**

IL-1β (pg/mL) 6.07±2.24 11.03±3.94 <0.0001**

IL-6 (pg/mL) 4.89±2.66 13.55±5.06 <0.0001**

Note: *P<0.05, **P<0.01.
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curve (AUC) of ADIPOQ, in order to evaluate the diagnostic value of ADIPOQ in psoriasis. Statistical significance was set at 
P < 0.05.

Results
ADIPOQ Was Down-Regulated in the Psoriasis Patients
Through the GSE78097 data set, we found that there were 382 DEGs in the psoriasis patients, of which 49 were 
upregulated and 333 were downregulated. The DEGs were expressed as Volcano (Figure 1A) and heat maps (Figure 1B). 
Then, the DEGs were used for KEGG pathway analysis. The results showed that the ADIPOQ was enriched in PPAR, 
Adipocytokine and AMPK signaling pathway, which was closely related to psoriasis progression (Figure 1C). In 
addition, the PPI diagram showed that among the DEGs, ADIPOQ was the Hub gene in psoriasis (Figure 1D). 
Therefore, ADIPOQ was selected for the next experiments. In the plasma of psoriasis patients ADIPOQ levels were 
significantly decreased compared with healthy person (Figure 1E). In the skin samples of psoriasis patients, the mRNA 
(Figure 1F) and protein (Figure 1G) levels of ADIPOQ was significantly decreased compared with healthy person.

Figure 1 ADIPOQ was up-regulated in the psoriasis patients. The DEGs in the psoriasis patients were expressed as Volcano (A) and heat maps (B). (C) The KEGG 
enrichment of DEGs in the psoriasis patients. (D) PPI diagram of DEGs in the psoriasis patients. (E) The ADIPOQ contents in the plasma of psoriasis patients were detected 
by ELISA kit. The mRNA (F) and protein (G) levels of ADIPOQ in the skin samples of psoriasis patients were detected by RT-qPCR and Western blot assays.
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Lactylation Level Was Up-Regulated in the Psoriasis Patients
Next, we performed the Western blot using Anti-L-Lactyl. The results showed that compared with the skin samples of 
healthy person, the global lactylation levels were significantly decreased in the skin samples of psoriasis patients 
(Figure 2A). In addition, through using the Anti-L-Lactyl-Histone H3, we found that the Histone lactylation 
(H3K18lac) levels in the skin samples of psoriasis patients were significantly decreased compared with the skin samples 
of healthy person (Figure 3A).

H3K18la Induced the Lactylation of ADIPOQ in HaCaT Cells
In the HaCaT cell, after lactate treatment, the lactylation of ADIPOQ, global lactylation and H3K18lac levels were 
significantly increased (Figure 4A). After si-LDHA transfection, the ADIPOQ levels, global lactylation and H3K18lac 
levels were significantly decreased (Figure 4B). In addition, the CHIP assay indicated that si-LDHA transfection 
inhibited the binding of promoter regions of the ADIPOQ and H3K18lac, while lactate treatment promoted it 
(Figure 4C).

ROC Curve Analysis of ADIPOQ in Psoriasis
Finally, we used ADIPOQ to detect psoriasis and plotted ROC curves for analysis (Figure 5A). The results showed that 
AUC value of ADIPOQ was 0.865, and 95% CI was 0.782–0.948. This result indicated that ADIPOQ has diagnostic 
value in psoriasis.

Figure 2 Lactylation level was up-regulated in the psoriasis patients. The global Lactylation levels in the skin samples were detecting by Western blot assay using Anti- 
L-Lactyl.

Figure 3 H3K18lac level was up-regulated in the psoriasis patients. The H3K18lac levels in the skin samples were detecting by Western blot assay using Anti-L-Lactyl- 
Histone H3.
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Discussion
Here, ADIPOQ was confirmed to be down-regulated in the psoriasis patients. In addition, global lactylation and 
H3K18lac levels were also down-regulated in the skin samples of psoriasis patients. Enhancement of lactylation levels 
of HaCaT cells increased the lactylation of ADIPOQ, which further promoted the combination of promoter regions of the 
ADIPOQ and H3K18lac and induced the ADIPOQ transcription.

ADIPOQ has been demonstrated to be involved in regulating various inflammatory response processes.19 In vitro experiments 
have confirmed that high levels of ADIPOQ reduces the production of interleukin-6 (IL-6), TNF-α, and interferon γ (IFN-γ), and 
increase the level of tissue inhibitors of metalloproteinases in macrophages by inducing IL-10 expression.20 ADIPOQ can also 
inhibit the production of IL-8 and the adhesion between monocytes and endothelial cells, thereby inhibiting the transduction of the 
NF-κB signaling pathway.21 Recently, accumulating researches have demonstrated that low levels of ADIPOQ are a key factor in 
psoriasis progression.18,22,23 Clinical research on psoriasis patients showed that the reduction of ADIPOQ was the main features, 
followed by decrease of IL-17 levels.24 The low level of ADIPOQ in blood and skin tissues aggravated the severity of skin lesions 
in psoriasis patients.25 However, there is some controversy over ADIPOQ expression in immune system diseases. Previous 

Figure 4 H3K18la induced the lactylation of ADIPOQ in HaCaT cells. The ADIPOQ, global lactylation and H3K18lac levels of the HaCaT cells were detected by Western 
blot after Lactate treatment (A) and si-LDHA transfection (B). (C) CHIP assay for detecting binding of H3K18lac to the promoter region of ADIPOQ gene.

Figure 5 ROC curve analysis of ADIPOQ in psoriasis.
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studies have suggested that plasma C-reactive protein (CRP) levels are negatively correlated with plasma ADIPOQ levels, which 
was also observed in adipose tissue.26,27 On the contrary, recent research demonstrated that ADIPOQ levels were positively 
correlated with the CRP levels,28,29 which was somewhat puzzling. We speculated that the expression of ADIPOQ may be related 
to the severity of the disease, leading to compensatory phenomena and changes in its expression. Previously, the relationship of 
ADIPOQ and CRP in psoriasis progression was unclear. However, it is confirmed that plasma ADIPOQ decreases and CRP 
increases as metabolic diseases progress nowadays.30,31 Therefore, the decrease of ADIPOQ is closely related to the psoriasis 
occurrence. Here, through the analysis of GSE78097 data set, ADIPOQ was found to be decrease in the psoriasis patients, which 
was further verified in the skin samples of psoriasis patients. In addition, the ROS analysis indicated that ADIPOQ has diagnostic 
value for psoriasis. These findings suggested that the expression of ADIPOQ may be a promising diagnostic biomarker for 
psoriasis patients. As reported by previous studies, the promotion of ADIPOQ expression alleviated the development of 
psoriasis.18,22 Combining with our findings, in future, developing drugs that can promote ADIPOQ expression may be 
a promising approach for treating psoriasis.

Recently, lactylation modification has been confirmed by increasing research to be involved in the progression of multiple 
diseases.32,33 Histone lactylation modification, a newly identified epigenetic modification, has been demonstrated to modulate 
the transcription of target gene through adding a lactoyl group to the lysine residue of the target gene.5,34 In the progress of 
immunoregulation, histone lactylation activates the endogenous lactate clock and enhances reparative gene levels, thereby 
promoting immune homeostasis.35 The regulatory roles of histone lactylation has been demonstrated in many diseases, such as 
myocardial infarction,33 cell renal cell carcinoma,36 pulmonary hypertension37 and other immune-related pathological 
conditions.38 These researches demonstrated that histone lactylation participated in the disease progression through modulat
ing the GCN5, PDGFRβ, HIF-1α, etc. However, the function of histone lactylation in psoriasis remains unclear. In this study, 
we found that the global lactylation and histone lactylation (H3K18lac) levels were significantly decreased in the skin samples 
of psoriasis patients. Through the in vitro experiments, we further confirmed that inducing H3K18lac can increase ADIPOQ 
protein levels, and inhibiting H3K18lac exhibited an opposite effect. Through the CHIP assay, we further confirmed that 
lactylation modification promoted the combination of promoter regions of the ADIPOQ and H3K18lac. These results 
indicated that inducing the H3K18lac levels might promote the transcription of ADIPOQ, which eventually enhanced the 
ADIPOQ levels. Thus, it can be seen that promoting the H3K18lac is a promising method for increasing ADIPOQ expression. 
In the future, the availability of therapeutic drugs for psoriasis patients can focus on regulating histone lactate. However, 
further research is needed to explore how to increase the level of lactylation without affecting normal metabolism in the body.

However, there were still some limitations in this study. We did not conduct animal experiments to further explore the 
role of ADIPOQ in psoriasis. Whether increasing the expression of ADIPOQ through H3K18lac modification can 
alleviate the development of psoriasis is our future research focus.

In conclusion, this study demonstrated ADIPOQ was decreased in the skin tissues of psoriasis patients, and ADIPOQ has 
diagnostic value for psoriasis. Furthermore, down-regulation of H3K18lac levels inhibited the transcription of ADIPOQ, 
which was the key factor of decrease of ADIPOQ levels in psoriasis patients. This study provides new ideas for the diagnosis 
and treatment of psoriasis in the future.
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