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Abstract

Rationale: Skin cells actively metabolize nutrients to ensure cell proliferation and differentiation.
Psoriasis is an immune-disorder-related skin disease with hyperproliferation in epidermal keratinocytes
and is increasingly recognized to be associated with metabolic disturbance. However, the metabolic
adaptations and underlying mechanisms of epidermal hyperproliferation in psoriatic skin remain largely
unknown. Here, we explored the role of metabolic competition in epidermal cell proliferation and
differentiation in psoriatic skin.

Methods: Bulk- and single-cell RNA-sequencing, spatial transcriptomics, and glucose uptake
experiments were used to analyze the metabolic differences in epidermal cells in psoriasis. Functional
validation in vivo and in vitro was done using imiquimod-like mouse models and inflammatory organoid
models.

Results: We observed the highly proliferative basal cells in psoriasis act as the winners of the metabolic
competition to uptake glucose from suprabasal cells. Using single-cell metabolic analysis, we found that
the "winner cells" promote OXPHOS pathway upregulation by COX7B and lead to increased ROS
through glucose metabolism, thereby promoting the hyperproliferation of basal cells in psoriasis. Also, to
prevent toxic damage from ROS, basal cells activate the glutathione metabolic pathway to increase their
antioxidant capacity to assist in psoriasis progression. We further found that COX7B promotes psoriasis
development by modulating the activity of the PPAR signaling pathway by bulk RNA-seq analysis. We also
observed glucose starvation and high expression of SLC7A11 that causes suprabasal cell disulfide stress
and affects the actin cytoskeleton, leading to immature differentiation of suprabasal cells in psoriatic skin.

Conclusion: Our study demonstrates the essential role of cellular metabolic competition for skin tissue
homeostasis.

Keywords: OXPHOS, Glucose metabolism, Cell competition, Disulfidptosis

Introduction

Psoriasis is one of the most common chronic  global prevalence of 2-3% [1-3]. It is primarily a
immune-mediated skin diseases with an estimated  disease in which the skin barrier is compromised due
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to the destabilization of cell proliferation and
differentiation [4,5]. Increasing evidence reveals that
psoriasis is related to metabolism disorder [6,7].
Abnormalities in amino acid and lipid metabolism
were found in psoriasis patients [8-10]. Dietary
saturated fatty acids can exacerbate skin inflammation
in psoriasis [11], and polyamine production in
keratinocytes can promote psoriasis progression [12].
Nevertheless, in addition to the current medicine with
IL-17 inhibitors that treat psoriasis, inhibition of
glucose transport in keratin-forming cells appears to
be another approach to treating psoriasis [13]. Glucose
is the main source of energy for mammalian cells,
fueling glycolysis and the tricarboxylic acid cycle, and
cells possessing a high proliferative capacity have
consistently demonstrated a high ability to utilize
glucose as a substrate [14]. The preferential utilization
of glucose in tissues correlates with the phenotype of
the cell. For example, increased GLUT1 expression
and glucose utilization promote effector T cell
function in an asthma model [15,16]. The cytological
changes in psoriasis are predominantly hyperproli-
feration of basal epidermal cells which grow
downward to form ridges and marked hyperkeratosis
(Figure 1A). It is reasonable to speculate this is an
energy consumption process.

To ensure tissue fidelity, adaptive cell
populations are constantly renewed through
proliferation or differentiation, while less-fit cells are
actively removed. This renewal is regulated by a
surveillance mechanism of cellular competition,
which can be observed during the development of
organs such as skin, stomach, intestinal tract, and
hematopoietic stem cells [17-21]. When the epidermis
forms a monolayer at the early stages of mouse skin
development, the winner cells can kill and engulf the
neighboring loser cells [22]. In case of an imbalance in
skin homeostasis, cells with decreased COL17A1
expression can be cleared by cells with high COL17A1
expression [23,24]. During cancer progression,
ongoing interactions between cancer and stromal cells
lead to cellular metabolic competition [25]. These
studies suggest that cell competition occurs in
maintaining homeostasis of tissue and organs,
imbalance of which results in tissue abnormalities or
diseases. So, how does energy competition regulate
metabolic adaptations in the psoriatic epidermis?

Here, we found that basal epidermal cells
compete  for glucose in  psoriatic  skin.
Hyperproliferative keratinocytes in psoriasis have
superior glucose uptake ability. Basal cells promote
oxidative phosphorylation (OXPHOS) and COX7B
upregulation through glucose metabolism and
promote reactive oxygen species (ROS) production,
thereby maintaining keratinocyte hyperproliferation

in psoriasis. COX7B promotes psoriasis development
by modulating the activity of the PPAR signaling
pathway. We also found that SLC7A1l is highly
expressed in suprabasal cells that trigger disulfide
stress, leading to shrinkage of the suprabasal cell
skeleton and the inability to further differentiate,
eventually causing hyperkeratosis on the skin surface.
Our study suggests that cellular metabolic
competition keeps a balance of keratinocyte
proliferation and differentiation during psoriasis
progression.

Materials and methods

Mice

The animal experiment protocol has been
approved by the Animal Experiment Ethics
Committee of Chonggqing University. BALB/c mice
(6-8 weeks old male) were purchased from Weitong
Lihua Experimental Animal Technology Co., Ltd.
(Beijing, China). Mice were housed under the
following controlled conditions: a steady temperature
of 25 + 1 °C, a 12 h light/12 h dark cycle [26], with
food and water supply. Mice were randomly assigned
to experimental groups.

Inflammatory skin organoid culture

Organoid culture methods for mouse skin
organoids can be found in our previously published
articles [27-30]. Briefly, dorsal skins of newborn mice
were floated in 0.25% trypsin (#15050057, Gibco,
USA) at 4 °C within 24 h of birth and digested
overnight to isolate dermal and epidermal cells.
Single epidermal cells were obtained by clipping with
scissors, blowing, filtering, and centrifugation.
Dermal cells were digested in 0.35% collagenase I
(#LS004197, Worthington, USA) at 37 °C for 20 min,
then blown, filtered and centrifuged. The isolated
dermal and epidermal cells were mixed at a ratio of
1:9 and dropped into the upper chamber of the
transwell, and 700 pL of DMEM/F12 (#MT10013CV,
Corning, USA) medium containing 10% FBS
(#10099-141C, Gibco, USA) was added to the lower
chamber. Recombinant proteins of 1L22 (#HY-P77969,
MCE, China), IL17 (#HY-P700194AF, MCE, China),
and TNF-a (#HY-P70800, MCE, China) were added to
the medium at a concentration of 2 pg/mL to form an
inflammatory organoid model. The cells were
cultured in an incubator at 37 °C 5% CO» and the
medium was changed every other day. Fluid change:
For the next day's change, tilt the 12-well plate,
aspirate the old culture fluid from the lower layer, and
add 700 pL of fresh culture fluid containing
inflammatory factors. Change solution daily. One
lance tip treats 1 well to avoid cross-contamination.
Three days after changing the inflammatory medium
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to one containing functionally interfering small = were collected on day 7.
molecules, the fluid was changed daily and samples
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Figure 1. Increased glucose metabolism in basal cells of psoriatic lesion. A. Schematic of psoriasis. B. KEGG analysis shows the most active glucose metabolism in
psoriatic lesions. DEG: differentially expressed genes. C. Bulk RNA-seq shows the expression levels of gluconeogenic genes GPI, PFKP, ENO1, and LDHA in human psoriatic
lesions. N=82, ¥**p < 0.0001, ***p < 0.001. D. Spatial transcriptome and immunofluorescence staining of glycometabolic genes show that GPl and ENO| were expressed in the
basal cell layer of the human psoriatic lesion. Scale bar, 100 um. E. Single-cell scoring of the glucose metabolism gene set shows that glucose metabolism is active in human
psoriatic skin: BC > SBC > FBIl > FBI. F. Glucose uptake assay shows the strongest glucose uptake in the basal cell layer in the IMQ-induce psoriasis-like mice. Scale bar, 100 pm.
G. gRT-PCR and single-cell data show that the glucose transporter protein GLUT] is elevated in human psoriatic skin (right) and is predominantly expressed in the basal cell
layer. N=3, **p < 0.01. H. Western blot shows expression levels of GLUT1 in human healthy and psoriatic lesions. N=3, *p < 0.01. L. Spatial transcriptome and
immunofluorescence show the location of GLUT1 expression in human and mouse psoriatic lesion; statistical analysis of GLUT 1+ cells. BC: Basal cells. Scale bar, 100 pm. N=3,
*p < 0.01, ns, no significant. J. Schematic of psoriatic basal cell competition for glucose in suprabasal cells.
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IMQ-induced psoriasis-like mice and PASI
scores

Male BALB/c mice aged 6-8 weeks were
topically applied with 625 mg 5% IMQ cream
(Sichuan Mingxin Pharmaceutical Co., Ltd.) on their
shaved back daily for 7 consecutive days [31]. To
evaluate the severity of skin lesions, the modified
Psoriasis Lesion Area and Severity Index (PASI) [32]
method was used, including three indicators of
erythema, scale, and skin thickness, and scored on a
scale of 0 to 4. After 7 days of imiquimod treatment,
the lesion samples were collected and immediately
fixed in 4% paraformaldehyde solution, or placed at
-80 °C for gRT-PCR and western blot assay.

Baker scores

The histopathological observation of psoriasis
mainly adopts the Baker scores, and the specific
criteria are as follows: 2.0 points for small Munro
abscesses found in the stratum corneum; 0.5 points for
hyperkeratosis; 1.0 points for parakeratosis; 1.0 points
for thinning or disappearance of the granular layer in
the skin layer; Mononuclear or multinucleated cell
infiltration in the dermis was scored as 0.5, 1.0, and 1.5
points according to mild, moderate, and severe,
respectively; the top of the mastoid was 0.5 points;
telangiectasia was 0.5 points [26].

Small molecules perturbation

After smearing 62.5 mg 5% IMQ on the back skin
of mice for 30 min, the mice were subcutaneously
injected with 50 pL of GLUT1 inhibitor (Bay-867, 2
mg/kg, MCE), oxidative phosphorylation inhibitor
(Rotenone, ADT-OH, 2 mg/kg, MCE), reduced
glutathione (GSH), glutathione synthesis inhibitor
(L-Buthionine-(S, R)-sulfoximine, 2 mg/kg, MCE)
disulfide stress reducing agent (2-Methoxyestradiol,
DL-dithiothreitol, 2 mg/kg, MCE), or with the same
amount of normal saline as the control group. The
mice's skin was injected every day for 7 days, and the
samples were collected on the eighth day for H&E
and immunofluorescence to observe skin phenotype
changes, and qRT-PCR and WB to check the
expression changes of related genes and proteins.

BrdU administration

To label mitotic cells, mice were injected
intraperitoneally with BrdU (Beyotime, Sigma) at 50
mg per kg (body weight). Samples were collected 4 h
after the intraperitoneal injection followed by BrdU
immunofluorescence detection.

Mitochondrial Membrane Potential Detection
Probe

After the dorsal skin of the mouse was
harvested, the sample was embedded in a frozen

section embedding medium (#SAKURA-4583,
Biosharp, China) at -80 °C and cut into 10 pm thick
sections with a frozen microtome for probe staining.

For Mito-Tracker Red CMXRos (#C1049B-50pg,
Beyotime, China), Prepare 1 mL of the working
solution and incubate it at 37 °C for 30 min.
Afterward, wash the fixative from the samples with
PBS, add the Mito-Tracker Red CMXRos working
solution, and incubate at 37 °C for 15-30 min. After
discarding the Mito-Tracker Red CMXRos working
solution, the samples underwent a 30-minute
incubation with DAPI at room temperature.
Subsequently, the samples were blocked with an
anti-fluorescent extractant, and the red fluorescence
intensity of the samples was detected using a laser
confocal microscope in the wavelength range of
579-599 nm. Additionally, the first instance of
technical term abbreviation was elaborated.

For Enhanced Mitochondrial ~Membrane
Potential Detection Kit (JC-1, C2003S, Beyotime,
China), Prepare the JC-1 staining solution. Once the
fixative has been washed from the samples, apply the
JC-1 working solution. Incubate the samples at 37 °C
for 20 min. After incubation, wash the samples twice
with JC-1 staining buffer. Apply DAPI for 30 min at
room temperature, seal the slices with an
anti-fluorescent extractant, and observe them under
the laser confocal microscope.

2-NBDG Glucose Uptake Fluorescent Probe

On the eighth day of the psoriasis-like mouse
model, a 6 mM concentration of 2-NBDG (MX4511,
Mokang Biotechnology Co., Ltd., Shanghai) was
injected subcutaneously in the imiquimod-coated area
on the back of the mice, and after 6 h, the skin on the
back of the mice was taken and placed in the direction
of sectioning in the embedding cassettes containing
frozen sectioning embedding agent, and the
embedding agent was rapidly coagulated with liquid
nitrogen, and then it was placed in the refrigerator at
-80 °C for storage and waiting for sectioning.

The samples were sectioned using a freezer
sectioning machine to a thickness of 10 pm. A line was
drawn around the sample with an immuno-
histological paintbrush to prevent spillage of the stain.
The samples were gently placed in PBS to remove the
cryosection embedding agent, and then 4% PFA was
added to the samples to cover the samples and fixed
at room temperature for 10 min. The PFA was washed
away with PBS, and then DAPI was added to the
samples at a dilution ratio and incubated at room
temperature for 15 min. The DAPI has washed away,
and then the slices were sealed with an
antifluorescence quencher and clear nail polish.
Finally, the samples were photographed with a Leica
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laser confocal microscope to observe glucose uptake
in mouse skin tissues.

Glutathione content detection

The skin from mice was collected following
7-day IMQ-induced psoriasis-like mice. The skin was
lysed, homogenized in an ice bath, and centrifuged at
8000 g for 10 min at 4 °C. The supernatant was stored
for measurement at 4 °C. The measurement tube,
standard tube, and blank tube were arranged
according to instructions. Add the corresponding
reagents to each tube. Finally, the spectrophotometer
was preheated for over 30 min. The wavelength was
adjusted to 412 nm, and the absorbance was zeroed
with distilled water. The glutathione content in the
samples was then computed using the appropriate
formula.

Transcriptome analysis

Transcriptome data on human psoriasis was
obtained from the GEO database (GSE 54456) for
analysis. DESeq2 was used to perform a cluster
analysis on the transcriptome data to identify genes
that were differentially expressed between psoriatic
skin and healthy skin tissue of humans. A threshold of
false discovery rate < 0.05 and log2 fold change > 2
was applied to determine significant differences in
gene expression. Gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis were conducted on genes
showing significantly —upregulated expression
between the two groups using the online data analysis
and visualization platform, https://
www.bioinformatics.com.cn. Technical term
abbreviations are clarified upon first use. The
language remains formal, concise, and objective.

The scRNA-seq data for human psoriasis whole
skin (GSE162183) was downloaded from the GEO
database [33-35]. Technical term abbreviations are
explained upon first use. We reanalyzed data from
both healthy and psoriatic full-thickness skin samples
using the statistical software R (version 4.2.0). We
implemented the QC, cell screening, normalization,
identification of hypervariable genes, and linear
dimensionality reduction using the R package Seurat
version 4.1.3. Afterward, we referred to the article's
cell marker genes for group annotation and complete
data preprocessing. For further enrichment analysis of
metabolic pathways, we utilized the R package
scMetabolism version 0.2.1 and the single-cell gene set
scoring method.

The spatial transcriptome data for human
psoriasis whole skin (GSE225475) was downloaded
from the GEO database. We reanalyzed data from
both healthy and psoriatic full-thickness skin samples

using the statistical software R (version 4.2.0).

Statistical analyses

All experimental data were from three
independent repeated experiments, expressed as
mean * standard deviation (SD). All statistical
analyses, including one-way analysis of variance
(ANOVA), multiple comparisons, and t-tests were
performed wusing GraphPad Prism 9 software
(GraphPad Software Inc., version 9.0.0). (*) P < 0.05,
(**) P <0.01, (***) P <0.001, and (****) P < 0.0001 were
considered as the threshold for statistical significance.

Results

Increased glucose metabolism within the basal
epidermal cells of the human psoriatic lesion.

To examine the metabolic changes in psoriatic
skin cells, we performed KEGG enrichment analysis
on the up-regulated differential genes of human
full-thickness skin bulk RNA-sequencing (RNA-seq)
data from psoriasis and healthy groups. The results
showed that glucuronate interconversion pathways
were significantly enriched (Figure 1B). RNA-seq data
showed that the expression of GPI, PFKP, ENO1, and
LDHA related to the glucose metabolism pathway
was significantly increased in the human psoriasis
group compared to the control (Figure 1C). To
examine the spatial localization of these genes, we
scrutinized spatial transcriptome (ST) data of healthy
and psoriatic human whole-layer skin [36]. We
performed dimensionality reduction clustering and
utilized KLK7 and COL17A1 to demonstrate the
spatial position of basal and suprabasal cells (Figure
S1A). ST analysis and immunofluorescence staining
showed that glycogen genes were more highly
expressed in healthy skin basal cells and suprabasal
cells. However, in human psoriatic skin, glucose
metabolism genes such as GPI, ENOI, etc. are
predominantly expressed in proliferating basal cells
compared to the suprabasal cells (Figure 1D and S1B).

To further confirm the active glucose metabolism
in basal cells of psoriatic skin, we analyzed single-cell
sequencing (scRNA-seq) data from both healthy and
psoriatic human skin [33], and scaled-down and
annotated cell subpopulations in the epidermis and
dermis separately. Epidermal cells were separated
into two subclusters (BC, SBC), and dermal cells into
two subclusters (FB I, FB II) (Figure S1C-D). The result
showed that glucose metabolism genes GPI, PFKF,
ENO1, and LDHA were increased in the human
psoriasis group and predominantly expressed in the
basal cell subpopulation (Figure S1E). We then
performed single-cell metabolic scoring of the
different subpopulations to show glucose metabolic
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activities in different subpopulations by the strength
of the glycolytic pathway. We observed a more active
glycometabolism in the epidermal cell population
compared to the dermal cell population, and a higher
glycometabolism score in the basal cells compared to
the suprabasal cells (Figure 1E). Thus, the
glycometabolic activity is basal cell > suprabasal cells
> dermal cells. These results suggest that glucose
metabolism is more active in psoriatic skin cells
compared to the healthy skin, and is more active in
hyperproliferative basal cells compared to suprabasal
cells.

Increased expression of GLUT1 provokes
glucose uptake in basal cells of psoriatic lesions

To directly detect the glucose uptake capacity of
skin cells, we intracutaneously injected the glucose
uptake fluorescent probe 2-NBDG into the mouse
dorsal skin and observed enhanced glucose uptake by
basal cells in the psoriasis group compared to the
healthy group (Figure 1F). It has been reported that
glucose transporter proteins regulate the uptake of
glucose in most tissues. To explore the key genes
mediating glucose uptake in psoriasis, we performed
qRT-PCR and transcriptome analyses of genes from
glucose transporter protein families 1-14. The results
showed that GLUT1 was predominantly increased in
basal cells in the psoriasis group compared to healthy
individuals and controls (Figure 1G and S1F-H). This
was also verified by qRT-PCR and western blotting in
human psoriatic skin (Figure 1G-H).
Immunofluorescence staining and ST analysis showed
that the expression of GLUT1 is significantly
increased in the basal cells in the human psoriasis
group compared to the healthy group (Figure 1I),
consistent with the location of active gluconeogenic
pathway expression (Figure 1E). Therefore, we
propose that the increased GLUT1 expression and
enhanced glucose uptake in basal cells aggravate
psoriasis progression. Therefore, hyperproliferating
basal cells with high metabolic fitness may take up
glucose from surrounding cells and lead to a state of
cellular competition in which cells compete with each
other for the limited glucose metabolic substrates
available in the environment. (Figure 1J).

To explore the impact of GLUT1 on the
progression of psoriasis, we utilized a psoriasis-like
mice model induced by imiquimod (IMQ) [37] (Figure
S2A). We found that mice treated with GLUT1
inhibitor (BAY-867) had a milder psoriasis-like skin
phenotype compared to the psoriasis-like mice model
induced by IMQ (Figure 2A). PASI scores were
significantly reduced in the GLUT1-inhibited group
compared to the IMQ-treated group (Figure 2A). H&E
staining showed a thinner skin epidermis, fewer

downwardly extending ridges, and lower baker
scores in the GLUT1-inhibited group compared to the
IMQ-treated group (Figure 2B, S2B). qPCR results
showed increased production and secretion of
psoriasis-associated factors in the IMQ-treated group,
including pro-inflammatory cytokines (IL-1p and
IL-6), chemokines (CCL20 and CXCL10), and
antimicrobial peptides (S100A9) (Figure 52C).
Immunofluorescence staining and statistical analysis
showed that the number of PCNA* BrdU+*, and
P63*cells as the markers of proliferating cells, was
significantly decreased in the GLUT1-inhibited group
compared to the IMQ-treated group (Figure 2C-E,
S52D-E). Expression of E-cadherin and K14, marker
genes for epithelial cells, is also decreased after
inhibition of GLUT1 (Figure S2D, F-G). Basal cells and
suprabasal cells marker genes COL17A1, P-cadherin,
and K16 exhibit a decrease in their expression post the
inhibition of GLUT1 (Figure S2D, H-J). Flow
cytometry analysis showed reduced T-cell infiltration
in the GLUT1-inhibited group compared to the
IMQ-treated group, and qPCR results showed
reduced production and secretion of psoriasis-
associated factors in the GLUTIl-inhibited group
compared to the IMQ-treated group (Figure 2F).
These suggest that after GLUT1 inhibition, the
epidermis becomes thinner compared to IMQ-
induced psoriasis-like mice. These results indicate
that GLUT1 can reduce the hyperproliferation of
epidermal cells in psoriasis.

OXPHOS is highly expressed in basal cells in
psoriatic lesions

Glucose is the primary energy source for
mammalian cells, fueling glycolysis and the
tricarboxylic acid cycle [38,39] (Figure S3A). Since
IL17 is an important cytokine mediating psoriasis
development, to investigate the relationship between
IL17 and keratinocyte metabolism, we conducted
KEGG enrichment analysis using differential genes
from IL17RA* basal cells in healthy and psoriatic
conditions. The results indicate a significant
enrichment of oxidative phosphorylation in
epidermal cells (Figure 3A). Meanwhile, to clarify the
specific metabolic molecular mechanisms that drive
glucose metabolism in metabolically competitive
basal cells (“winner cells”) in psoriasis, we extracted
the differentially expressed genes in GLUT1* vs
GLUT1- human basal cells from scRNA-seq of both
healthy and psoriatic datasets for KEGG enrichment
analysis. The results showed that the oxidative
phosphorylation metabolic pathway was significantly
enriched (Figure 3A). The fold change of COX7B
ranks first among the genes involved in the two
KEGG-enriched pathways, suggesting that COX7B
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may be a key target for energy metabolism in basal
cells during psoriasis progression. RNA-seq analysis
and qRT-PCR (Figure 3B) showed that the mRNA
expression of COX7B was significantly increased in
the human psoriatic lesion compared to the healthy

skin. Western blot (Figure S3B) and immunostaining
(Figure 3C) confirmed that the protein level of COX7B
was significantly increased in the human psoriatic
lesion compared to the healthy skin, particularly in
the hyperproliferative basal cell layer.
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Figure 2. The proliferative ability of epidermal cells in the IMQ-induced psoriasis-like mice is attenuated after Bay-867 treatment. A. Macroscopic features
and PASI scores of the back of mice in control, IMQ, and IMQ+Bay-867 groups. iGLUT I: inhibition of GLUT1 expression. Bay-867: inhibitor of GLUT1. N=3, ****p < 0.0001, ***p
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< 0.001. B. Statistical analysis of representative H&E staining and epidermal thickness on the back of mice in control, IMQ, and IMQ+Bay-867 groups. Scale bar, 100 pm. N=3,
R < 0.0001, *¥**p < 0.001. C. Immunofluorescence staining of PCNA and BrdU shows a reduction of proliferating cells in the IMQ mouse model after Bay-867 treatment. Scale
bar, 100 um. D. Statistical analysis of PCNA+ cells in control, IMQ, and IMQ+Bay-867 groups. N=3, ***p < 0.0001, **p < 0.01. E. Statistical analysis of BrdU+ cells in control,
IMQ, and IMQ+Bay-867 groups. N=3, ***p < 0.0001. F. Flow cytometry analysis of T cell infiltration after iGLUT1 (left), and qRT-PCR showing expression levels of
psoriasisassociated inflammatory factors after iGLUT1 (right). N=3, ***p < 0.0001, **p < 0.01, *p < 0.05.
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Scale bar, 100 pm. D. Single-cell metabolic scoring of the OXPHOS gene set; Mitochondrial probes detect OXPHOS activity in human skin basal cells. Scale bar, 100 pm. E.
Statistical analysis of fluorescence intensity of mitochondrial probe for detection of OXPHOS activity in human skin basal cells. N=3, **p < 0.01. F. Inmunofluorescence staining
shows the expression location of the OXPHOS pathway genes ATPSMCI1, NDUFS6, and NDUFS8 in human psoriatic skin. Scale bar, 100 um. G. qRT-PCR shows the expression

level of OXPHOS genes in human psoriatic lesions. N=3, **p < 0.01.

To further clarify where oxidative phospho-
rylation metabolism is present in psoriasis, we did a
single-cell metabolic gene set scoring for the oxidative
phosphorylation pathway, which showed significant
enrichment in the basal cell layer of the psoriasis
group (Figure 3D). We also used a mitochondrial
fluorescent probe to characterize the oxidative
phosphorylation activity in human skin tissue (Figure
3D-E). Consistent with the single-cell metabolic
analysis, the results showed that the oxidative
phosphorylation pathway was more active in the
basal cells than in the suprabasal cells. In addition to
COX7B, western blot, bulk RNA-seq, scRNA-seq, and
ST analysis data showed that other oxidative
phosphorylation pathway-related genes ATP5SMC1,
NDUFS6, and NDUFS8 were also increased in the
human psoriasis group and predominantly expressed
in the basal layer (Figure S3B-E). Immunofluorescence
staining showed that the oxidative phosphorylation
pathway genes were mainly expressed in basal cells of
the human psoriasis group (Figure 3F). qRT-PCR
showed that the expression of oxidative
phosphorylation pathway genes was significantly
up-regulated in the human psoriasis group compared
to the healthy group (Figure 3G). The qRT-PCR
results showed reduced expression of genes
associated with OXPHOS in the GLUT1-inhibited
group compared with the IMQ-treated group (Figure
S3F).

To illustrate that oxidative phosphorylation
metabolism is most active in basal cells, KEGG
enrichment analyses were performed using
differentially expressed genes in suprabasal cells from
the human psoriasis group and control, or in all
epidermal cells. The results showed that none of the
oxidative phosphorylation metabolic pathways were
significantly enriched (Figure S3G). These results
suggest that basal cells in psoriasis are mainly
supplied with energy through the glucose-oxidative
phosphorylation pathway.

Enrichment analysis was performed to identify
differentially expressed genes in GLUT1* basal cells
from healthy and psoriatic individuals and identified
significant pathways including the regulation of ATP
synthase activity and antioxidant activity pathways
(Figure S3H). The above results indicate that the
oxidative phosphorylation pathway is present in the
metabolically active basal cells, which is consistent
with the GLUT1 expression in the skin tissues of
psoriasis. This suggests that the glucose metabolism
(GLUT1)-oxidative = phosphorylation = metabolism

(COX7B) axis may promote the hyperproliferation of
basal cells.

Suppression of energy metabolism alleviates
psoriasis symptoms

To investigate the effects of COX7B on psoriasis
progression, we did functional perturbation on the
OXPHOS pathway. We observed that mice treated
with COX7B inhibitors (ADT-OH) had a milder
psoriasis-like ~ phenotype  compared to the
IMQ-induced psoriasis-like mice, and the PASI scores
were significantly reduced in the rotenone treat-mice
compared to the psoriasis-like mice (Figure 4A). H&E
staining showed a thinner epidermis, fewer
downward extending ridges, and lower baker's score
in the ADT-OH-treated mice and rotenone-treated
mice compared with the psoriasis-like mice (Figure
4B, S4A). Immunofluorescence staining showed that
the number of BrdU*, PCNA*, P63+, and COL17A1+*
cells was significantly decreased in the ADT-OH-
treated skin compared to the psoriasis-like mice
(Figure 4C). The expression of K14, E-cadherin,
P-cadherin, and K16, marker gene of epithelial cells,
was decreased in the ADT-OH-treated mice
compared with the psoriasis-like mice, suggesting a
decrease in epidermal thickness (Figure S4B). Flow
cytometry analysis showed reduced T-cell infiltration
in the ADT-OH-treated group compared to the
IMQ-treated group, and qPCR results showed
reduced production and secretion of psoriasis-
associated factors in the ADT-OH-treated group
compared to the IMQ-treated group (Figure 4D).
Functional = perturbation of the  oxidative
phosphorylation pathway using rotenone also
validated these results (Figure S4C).

To gain insight into the impact of oxidative
phosphorylation metabolism on inflammatory
cutaneous cells, we created a mouse organoid culture
model in which epidermal cells, dermal cells, and
immune cells were included (Figure S4D) [27]. Double
staining of K14 and Vimentin showed that the
inflammatory organoid had intact dermal and
epidermal structures (Figure S4E). Treatment with
inflammatory cytokines dramatically increased the
production and secretion of psoriasis-related factors
in inflammatory skin organoids, including
proinflammatory cytokines (IL-1p and IL-6),
chemoattractant proteins (CCL20 and CXCL10), and
antimicrobial peptide S100A9  (Figure S4F).
Immunofluorescence  and  statistical  analyses
indicated a reduction in the expression of COL17A1
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and P63 in organoids following administration of the = the ADT-OH-treated group of organoid cultures
ADT-OH-treated group (Figure 4E), consistent with  (Figure S4G). These results suggest that inhibition of
the in vivo results. K14 and K16 immunostaining  OXPHOS attenuates epidermal cell hyperproliferation
showed that the differentiated keratin is increased in  in psoriasis-like mice.
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To investigate the specific =~ molecular
mechanisms by which COX7B promotes psoriasis
progression,  transcriptome  sequencing  was
performed on psoriasis-like mouse samples with
suppressed COX7B expression in this study. The
results showed that the peroxisome proliferator-
activated receptor (PPAR) signaling pathway was
significantly enriched by KEGG enrichment analysis
of up-regulated genes after inhibition of COX7B
(Figure 5A). The qRT-PCR results showed that the
expression of all the relevant genes of the PPAR
signaling pathway was significantly elevated after
inhibition of COX7B, and bulk RNA-seq showed the
same results (Figure S5A). The above results suggest
that COX7B promote psoriasis progression by
modulating PPAR signaling pathway activity.

Mitochondrial hyperrespiration activates
glutathione metabolism in psoriasis

A considerable amount of ROS is produced due
to the excessive proliferation of psoriatic skin cells. To
prevent the toxic damage caused by ROS, the cells
activate the glutathione metabolic pathway to
maintain redox homeostasis and promote the
progression of psoriasis [40]. KEGG enrichment
analysis on differentially expressed genes in GLUT1*
human basal epidermal cells from both healthy and
psoriatic datasets revealed that ROS is significantly
enriched in the GLUT1* cells (Figure 3A). Single-cell
metabolism analysis verified that the glutathione-
related anabolic pathways such as glutathione
metabolism, cysteine metabolism, glycine
metabolism, glutamine metabolism, etc. were
significantly upregulated in the human psoriasis
group compared to the control (Figure 5B). Moreover,
glutathione-related metabolism was more
significantly upregulated in the basal layer in the
psoriasis group compared with the healthy group
(Figure 5B). qRT-PCR and western blot showed that
glutathione synthesis genes such as SLC7A11, GCLC
and GSS were significantly upregulated in the human
psoriasis group compared to the control (Figure
5C-D). To determine if the expression sites of genes
associated with glutathione metabolism align with the
expression sites of active genes related to oxidative
phosphorylation = metabolism, we  performed
scRNA-seq analysis and found that glutathione
synthesis-related genes SLC7A11l, GCLC, and GSS
were significantly upregulated in the basal cells of the
human psoriasis group compared to the control
(Figure 5E). Immunofluorescence staining showed
that the expression of SLC7A11, GCLC, and GSS was
mainly increased in the basal cells of human psoriasis
group compared with the control (Figure 5F). Skin
tissues in the IMQ-induced psoriasis-like mouse

model demonstrated a comparable pattern of
expression (Figure S5B-C) Glutathione content assay
revealed significant upregulation of GSH content in
the IMQ-induced psoriasis-like lesion compared to
control (Figure 5G). The qRT-PCR results showed
reduced expression of genes related to glutathione
synthesis after inhibition of OXPHOS metabolism
(Figure S5D). The above results indicate that
glutathione is mainly upregulated in the basal cells of
psoriatic skin. In the process of energy metabolism-
promoted cell hyperproliferation, glutathione may
balance the cellular redox state and keep the
pathological proliferation of psoriatic skin cells.

Modulation of glutathione metabolism
regulates psoriasis progression

To investigate the effect of glutathione
metabolism on basal cell proliferation in psoriasis, we
intracutaneously injected Reduced Glutathione
synthesis inhibitors (BSO) or GSH peptides into the
dorsal skin of IMQ-induced psoriasis-like mouse. We
found that IMQ + BSO-treated group had a more
severe psoriasis-like phenotype and a significantly
higher PASI scores compared to IMQ-treated group
(Figure 6A). In contrast, the GSH peptide-treated
group had a milder psoriasis-like phenotype and a
reduced PASI scores compared to the IMQ-treated
group and IMQ + BSO-treated group (Figure 6A).
H&E staining showed that the epidermis of the IMQ +
BSO-treated group was thickened, with increased
downward-extending ridges and a higher baker's
scores, compared to the IMQ-treated group (Figure
6B). Whereas the IMQ + GSH-treated group displayed
a reduced epidermal thickness, fewer downward-
extending ridges, and lower Baker scores, compared
to the IMQ-treated group and IMQ + BSO-treated
group (Figure 6B).

To examine the effect of GSH on cell
proliferation, we performed immunofluorescence
staining for BrdU*, PCNA*, and KI67* in these mouse
skin samples. The result showed that the number of
proliferating cells was significantly increased in the
IMQ + BSO-treated group, compared to the IMQ- or
IMQ + GSH-treated groups (Figure 6C, S6A). The
expression of K14, COL17A1, and K16 is decreased in
the IMQ+GSH-treated groups and increased in the
IMQ + BSO-treated groups (Figure S6B).
Immunofluorescence and statistical analyses showed
that the expression of COL17A1 and P63 was reduced
in the IMQ + GSH-treated group, and was increased
in the IMQ + BSO-treated group in organoid culture
(Figure 6D), consistent with the in vivo results.
Epidermal proliferation is significantly decreased in
the IMQ + GSH-treated groups but increased in the
IMQ + BSO-treated groups (Figure S6C). These results
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suggest that GSH can negatively regulate the  proliferation of epidermal cells in psoriasis-like mice.

A RNA-seq analysis in iCOX7B vs IMQ
KEGG of upregulation DEG in iCOX7B vs IMQ RNA-seq of iCOX7B vs IMQ qPCR of PPAR pathway in iCOX7B vs IMQ
African trypsomiasis ®| 260 Down Up _
: . O IMQ EiCOX7B
PPAR signaling pathway { 2.4+
Malaria { ] %
FoxO signaling pathway o _5 1.81
— [
Cholesterol metabolism| @ (Hmges2 | | 8
140 mgcs2 19} |
Proximal tubule| T ‘[E % 12
i 2
Growth hormone synthesis| @ S X m é 06-
Mitophagy| ® % | > / R
- Y 4 |Angptld || £
Butanoate metabolism| « b= s X is” gl l
2 & l' rd 2. O .
P53 signaling pathway|e® T w)‘r _______ " xs N
3 4 5 0 T T T Q<§ (\({o @Qc' >
-logyo(pvalue) -6 -4 0 4 8 o & R
B " log2(FoldChange)
Increased GSH metabolism in human psoriatic lesion WB of GSH genes in human psoriatic lesion
Healthy Psoriasis Healthy Psoriasis o M Healthy O Psoriasis
>
Glycine metabolism-| ‘Y MK ) [ ) (G5 [N —
Glutathione metabolism | ) " X ) Py
) ) GCLC | s S >
Glutamine metabolism- °® °
>
Cysteine metabolism-+ @ @ O : SLC7A11 _ 2
lowmssmmmHigh & @~ L & S8 2
§ & & § &  cADH — S—

Value - e 0 0@
0 1

D E
qRT-PCR of GSH genes in human psoriatic lesion ScRNA-seq of GSH genes in human psoriatic lesion
LGTAT1 GO v il GSS:-
_ 69 MEHealthy O Psoriasis _ SLR . LY P Ty R
o 2 BC = SBC
5 ©
2
19)
a
3
E é T E 5
3 5 s SREY 5B
Low mmemmmmm High
F . N .
Increased GSH genes in BC of human psoriatic lesion Increased GSH in human

psoriatic lesion by GSH assay kit
GSH genes* cells (#)

I B Healthy O Psoriasis I
$ 4500 )
T *xk L
| g *
3000 ey o 2 ]
(%]
g
o
Suprabasal cells 1500 Kk 3 1
o ! 8
& 7
0 £ o
3 N ¢ o
A ® © & g
O NS o0
24 Q

Figure 5. Glutathione metabolism is significantly up-r egulated in basal cells of psor iasis. A. Bulk RNA-seq analysis of the downstream pathway of COX7B (left); gRT-PCR
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Metabolic reprogramming of epidermal cells
regulates the immature differentiation of
suprabasal cells

Next, we investigated the molecular mechanisms
that lead to changes in the suprabasal cells with low
glucose metabolic activity in psoriasis. We conducted
a GO analysis of differentially expressed genes in
human suprabasal cells from the psoriasis group and
control. The molecular functions revealed that
pathways, including cadherin binding and structural
constituent of the cytoskeleton, were significantly
enriched in these groups (Figure 7A). To examine the
epidermal cytoskeletal changes in psoriasis, we
conducted immunofluorescence staining to label the
cytoskeletal protein F-actin. The results indicate a
reduction and disordered expression of F-actin in the
human suprabasal cells of psoriasis compared to the
control, psoriasis-like mouse models show the same
results (Figure 7B, S7A). We used the barrier molecule
KLK7 to show the location of upper basal cell
expression in the skin (Figure S1B).

We next asked what causes the alterations in the
suprabasal cytoskeleton in psoriatic skin. Our study
suggests that the glucose content of suprabasal cells is
reduced in psoriasis and that GLUTI1-mediated
uptake of glucose by basal cells may further reduce
the glucose content of suprabasal cells (Figure 1]). We
also observed increased expression of SLC7A11l in
suprabasal cells in psoriatic skin (Figure 5E-F, S5B).
This may lead to the accumulation of intracellular
cystine, causing disulfide stress and ultimately
resulting in cell death [41]. To provide additional
evidence that incomplete maturation of psoriatic
suprabasal cells is caused by oxidative stress, we
analyzed the disulfite death dataset [41] using
scRNA-seq data from the human healthy and
psoriatic cohorts, and found that the disulfite death
scores for suprabasal cells were higher in the psoriatic
group than the control (Figure 7C, S7B). We proposed
that the incomplete differentiation of suprabasal cells
might be caused by disulfide stress triggered by low
glucose  metabolism  materials, resulting in
cytoskeletal contraction and a subsequent change in
the cellular state (Figure S7C). Since the conditions for
disulfidptosis to occur intracellularly are high
expression of SLC7A11 in cells and decreased
expression of glucose and NADPH. The source of
intracellular NADPH is the pentose phosphate
pathway (PPP), and analysis of the spatial
transcriptome results indicates that key genes of the
PPP pathway are minimally expressed in the
suprabasal cells of psoriatic tissues (Figure S7D).
These results suggest that the supply of NADPH in
psoriatic upper basal cells is insufficient to satisfy the
intracellular process of reducing cystine to cysteine,

resulting in disulfide stress and ultimately leading to
aberrant cell differentiation or death.

By injecting a reducing agent that prevents
disulfide stress (2ME) into the dorsal skin of the
IMQ-induced psoriasis-like mice, we found that IMQ
+ 2ME-treated mice had milder psoriasis-like
phenotype and a lower PASI score compared to the
IMQ-treated group (Figure S7E). H&E staining
revealed that the epidermis of IMQ + 2ME-treated
mice was thinner, with fewer ridges extending
downwards and lower baker's scores compared to the
IMQ-treated group (Figure S7F). Flow cytometry
analysis showed reduced T-cell infiltration in the IMQ
+ 2ME-treated group compared to the IMQ-treated
group, and qPCR results showed reduced production
and secretion of psoriasis-associated factors in the
IMQ + 2ME-treated group compared to the
IMQ-treated group (Figure 7D). Immunofluorescence
staining of COL17A1 and P63 revealed a decrease of
proliferating cells within the IMQ + 2ME-treated mice
group (Figure S7G). Immunofluorescence staining
and statistical analysis revealed higher and more
organized levels of F-actin expression in the IMQ +
2ME-treated group in comparison with the healthy
mouse group (Figure 7E). Epidermal thickness
increased in the inflammatory organoids model after
K14 and K16 treatments, suggesting a better
epidermal cell state after 2ME treatment. (Figure 7F).
Immunofluorescence staining and statistical analysis
showed that F-actin expression was significantly
increased and more ordered in suprabasal cells in the
GLUT1-inhibited group compared with the
IMQ-treated group (Figure S7H). To explore the
molecular alterations after inhibition of disulfide
stress, we performed transcriptome sequencing
analyses on samples after 2ME treatment. We did a
Reactome enrichment analysis of down-regulated
genes after treatment using 2ME, and the results
showed that the immune system and innate immune
response pathways were significantly enriched.
Moreover, the expression of disulfide death-related
genes was significantly decreased after 2ME
treatment (Figure 7G-H). The above results indicated
that psoriasis disulfide stress and immune response
were reduced after using a disulfide reducer, and
finally, leading to alleviated symptoms of psoriasis.
These results suggest that preventing disulfide stress
can also alleviate psoriasis symptoms.

Discussion

The main characteristics of psoriasis are
hyperproliferation of basal cells, parakeratosis or
hyperkeratosis of keratinocytes [42]. It takes about 28
days for normal skin epidermal cells to shed from
newborn to death, while the metabolic cycle of
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patients with psoriasis is greatly shortened to 4-5
days. Therefore, metabolic disorders exacerbate
psoriasis progression. From a perspective of metabolic
competition, this study is the careful mapping of the
metabolism status of basal and suprabasal cells in
normal and psoriatic skin and shows that the highly
adaptive basal cells with high energy demand take up

glucose from surrounding suprabasal cells, leading to
the hyperproliferation and thickening of the
epidermis in psoriatic skin. Moreover, the suprabasal
cells express a high level of SLC7A11, resulting in
cytoskeleton shrinkage and immature differentiation.
Together, these cause psoriasis progression.
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Figure 7. Disulfide stress mediates immature differentiation of upper basal cells in psoriasis. A. Molecular functional enrichment analysis of differential genes in upper basal cells
from human healthy and psoriatic skin. B. Immunofluorescence of F-actin reveals cytoskeletal changes in cells from human healthy and psoriatic skin. C. Single-cell scoring of the
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disulfide death gene set shows active disulfide stress in upper basal cells in psoriasis. D. Flow cytometry analysis of T cell infiltration after inhibition of disulfide stress (left), and
qRT-PCR showing expression levels of psoriasis-associated inflammatory factors after inhibition of disulfide stress (right). N=3, ***p <0.0001, ***p < 0.001, **p < 0.01, *p < 0.05.
E. Immunofluorescence staining of F-actin in control, IMQ, and IMQ+2ME groups shows cytoskeletal changes; Statistical analysis of fluorescence quantification of F-actin staining
in control, IMQ, and IMQ+2ME groups. N=3, **p < 0.001, **p < 0.01. Scale bar, 100 pm. F. Immunofluorescence staining of K14 and K16 in planar inflammatory skin organoids
to show epidermal thickness changes after 2ME treatment. Scale bar, 50 um. G. Bulk RNA-seq analysis of the downstream pathway of disulfide poisoning. H. Clustered heatmaps

show reduced expression of the disulfidptosis gene set after 2ME.

Metabolic competition maintains
hyperproliferation of epidermal cells in
psoriasis

In psoriasis, it has been shown that external
antigen triggers innate immunity and activates
plasmacytoid dendritic cells, which produce IL-23
and TNF-alpha to differentiate naive T cells into Th17
cells. Then Th17 cells produce IL-17 to promote
epidermal proliferation [1-3]. The basal cell responds
to IL-17 stimuli for proliferation and differentiation to
produce a thickened epidermis. Here, the
inflammatory cytokines may tilt the balance toward
the psoriatic basal cell states. Metabolic competition
and symbiosis occur due to the continuous interaction
between cancer cells and stromal cells during highly
proliferative tumourigenesis [25]. Cellular
competition mechanisms have also been used to
explain the heterogeneity of immune cells in tumors,
and there is also nutrient competition between tumor
cells and immune cells, where tumors inhibit the
function of tumor-infiltrating T-cells by competitive
uptake of glucose [43], where the dominant tumor
clones with unique metabolic profiles (possibly
glycolysis) escape killing by T-cells, and tumor cells
without such metabolic adaptation tumor cells
become loser clones and are eliminated by T cells [43].
The current theory is that dominant clones with
higher glycolytic activity express lower levels of IRF1
and CXCL10 immunostimulatory molecules, thereby
allowing them to avoid recognition by T cells. A
possible explanation for the phenomenon of skin
hyperproliferation observed in psoriasis is then a loss
of control of cell competition mechanisms triggered
by metabolic reprogramming. The '"obese cell
hypothesis" (i.e., cells that have gained a competitive
advantage through metabolic alterations can survive
and reproduce in cell populations) has been widely
described in tumor biology studies [44]. In the context
of psoriasis, this phenomenon may also be applicable,
suggesting that basal cells in diseased skin win the
competitive  environment due to metabolic
advantages, leading to rapid renewal and increased
thickness of the skin surface.

The present study showed that psoriasis has a
significantly higher expression of GLUT1 in basal cells
compared to the suprabasal cells. GLUT1 translocates
a significant amount of glucose to basal cells, wherein
glucose acts as a crucial substrate for protein
biosynthesis, implying a higher protein synthesis rate

in these cells. In Drosophila, cells that overexpress
MYC demonstrate greater adaptability than wild-type
cells. These MYC-overexpressing cells prompt the
elimination of wild-type cells in mixed-population
organisms, establishing them as “super-competitors”
[45]. One could speculate that this can promote the
adaptation of the basal cells towards becoming
"super-competitors" of glucose.

Additionally, cellular competitive behavior
correlates with energy metabolism. In the Madin-
Darby canine kidney cell culture, the peripheral
wild-type cells were eliminated to remove the
oncogenic mutant form of RasG12V. Cells expressing
RasG12V show reduced mitochondrial oxidative
phosphorylation, which is hindered by pyruvate
dehydrogenase kinase 4 (PDK4). Reducing PDK4 in
RasG12V cells slowed down their elimination,
indicating a  potential role of oxidative
phosphorylation in controlling cellular competition
[46]. The present study revealed that metabolically
adapted basal cells regulate their highly proliferative
behavior through the sugar-oxidative phospho-
rylation axis. These findings suggest that cellular
competition mechanisms are not only relevant to the
developmental homeostasis of normal organs but also
to the cellular plasticity and pathological homeostasis
of the cellular environment. It also provides new ideas
to explain the progression of psoriasis from the
perspective of cellular competition.

Disulfide stress-mediated disulfide death is
involved in the immature differentiation of
suprabasal cells in psoriasis

The suprabasal cells within psoriatic skin acting
as the loser cells for metabolic competition may lack
adequate  nutrients, resulting in premature
differentiation and the formation of scaly and white
patches on the skin surface. Our investigation
revealed that the suprabasal cells in psoriasis show an
altered cellular state characterized by reduced and
disorganized F-actin expression and cytoskeletal
contraction. What are the molecular mechanisms
responsible for the changes observed in the
suprabasal cells? To begin with, suprabasal cells that
fail in metabolic competition, exhibit a reduction in
glucose levels, and reduced expression of key genes of
the PPP. This results in a decrease in the levels of
NADPH within the cells. We observed a higher
expression of SLC7A11 in suprabasal cells than in
basal cells of psoriatic skin. This facilitates the entry of
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disulfides (such as cystine) into the suprabasal cells.
In cells, NADPH reduces disulfides during crucial
moments to ensure the adequate survival of the cells.
It has been shown that glucose-deficient cancer cells
expressing high levels of SLC7A11 accumulate large
amounts of disulphide molecules. This leads to
abnormal disulphide bonding between the actin
cytoskeletal proteins, resulting in the collapse of the
actin network and cell death [41]. Our study also
revealed abnormalities in the suprabasal cell actin
cytoskeleton in psoriasis. The addition of disulphide
inhibitor prevented disulfide stress and successfully
restored the cytoskeletal abnormalities and the
psoriasis phenotype. It is likely that this cell death
co-mediates the formation of cytopathic states in
psoriasis.

The subtle balance of redox maintains the
progression of psoriasis

In living organisms, superoxide anion, hydrogen
peroxide produced by mitochondrial respiration, is
the main source of ROS [47]. The present study also
confirmed that basal cells in psoriasis show enhanced
oxidative phosphorylation activity, indicating that
mitochondria are in a highly active respiratory state.
In the body, a delicate balance between normal ROS
production and the cellular antioxidant defense
system allows the body to function properly [48].
Once this balance is disrupted, the harmful
accumulation of ROS will put the body in a state of
oxidative stress [49]. This in turn leads to a variety of
adverse effects, including cell and tissue damage [50].
On the other hand, ROS is gradually being shown to
play a dual role in certain diseases, even though too
much of it can cause multiple damages to the body. It
is considered to have broad therapeutic potential in
anti-cancer and regenerative medicine [51].

In psoriasis models, aberrant accumulation of
ROS increases antioxidant depletion in vivo, leading to
an imbalance in the body's oxidative defense system
and further exacerbating the pathological progression
of psoriasis. In the context of the present study, the
observed elevation of glutathione levels may be a
natural response to ROS accumulation by activating
glutathione metabolic pathways to counteract the
increase in ROS in vivo. The ability to slow down the
progression of psoriasis, as demonstrated by
glutathione supplementation in this study, suggests
an important role for antioxidants in maintaining
redox balance and preventing the onset of oxidative
stress. Furthermore, it has also been found that high
levels of ROS can prevent imiquimod-induced
psoriasis-like symptoms by promoting the function of
regulatory T cells (Treg) [52]. Thus, a delicate balance
of redox should be maintained in psoriasis to sustain

normal disease progression. Such findings may
provide new perspectives for psoriasis-rated therapy,
especially in the application of antioxidant strategies.

In conclusion, our study uncovered that cellular
competition triggers a metabolic-molecular cascade
response, promoting the pathological hyperprolife-
ration of epidermal cells in psoriasis. This study
innovated the understanding of the significance of cell
competition to the metabolic regulation of tissues and
organs during disease progression. Furthermore, this
study presents a novel mode of cell death in psoriasis,
referred to as disulfide death in regulating suprabasal
cell differentiation in psoriasis. This offers new
avenues for further research and even psoriasis
treatment.
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