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Abstract

ic abnormalities, and it is important to understand the mechanisms
Psoriasis is considered a systemic disease associated with metabol
by which metabolism affects pathophysiological processes both holistically and systematically. Metabolites are closely related to
disease phenotypes, especially in systemic diseases under multifactorial modulation. The emergence of metabolomics has provided
information regarding metabolite changes in lesions and circulation and deepened our understanding of the association between
metabolic reprogramming and psoriasis. Metabolomics has great potential for the development of effective biomarkers for clinical
diagnosis, therapeutic monitoring, prediction of the efficacy of psoriasis management, and further discovery of new metabolism-
based therapeutic targets.
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Introduction is a promising tool in the research and clinical applications

in psoriasis. Many studies have found that there are close
Psoriasis is currently considered a chronic, inflammatory,
systemic, and autoimmune skin disease.[1] Previously,
studies focusing on the inflammatory immune response
have been centered around T lymphocytes, and very little
research has been conducted regarding the link between
metabolism and psoriasis. Metabolic abnormalities affect
the disease process in terms of occurrence, development,
efficacy, and prognosis, while the inflammatory cascade of
psoriasis can also affect metabolism in the body.[2] Even if
metabolic disorders do not drive disease progression
significantly, the effects of the disease could still trigger
profound changes in metabolism.[3]

The application of various “-omics” techniques (such as
genomics and proteomics technologies) has led to signifi-
cant breakthroughs in the study of the pathogenesis
of psoriasis in terms of inflammation, immunity, and
inheritance.[4,5] With the emergence of metabolomics,
major progress has been made regarding the close
relationship between psoriasis and metabolic reprogram-
ming. Previously, the application of metabolomics in
dermatology was mainly focused in specific biomarkers
for melanoma,[6] basal cell carcinoma,[7] and porphyrin
disease.[8] However, metabolomics has great potential and
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connections between metabolic syndrome and the patho-
genesis, outcome, and treatment of psoriasis.[1-3] In
addition, recent studies have identified many metabolic
diseases as comorbidities of psoriasis, including obesity,
diabetes, and atherosclerosis.[9-11] Furthermore, in con-
trast to genomics and proteomics, metabolomics can also
reveal the effects of exogenous factors, such as diet,
environment, and the microbiome.[12]

In summary, the metabolome represents the ultimate apex
of gene expression, epigenetics, protein function, and
environmental influences[13] because metabolites may
reflect the biochemical processes that occur in a particular
phenotype directly. Moreover, the combination of geno-
mics, proteomics, and metabolomics could further enable
a comprehensive understanding of psoriasis in terms of
systems biology [Figure 1].

Metabolomics analysis was first based on metabolic
profiling using gas chromatography-mass spectrometry
(GC-MS), a technique widely used in laboratory diagnosis
and clinical examinations.[14] The advent of high-perfor-
mance liquid chromatography and nuclear magnetic
resonance (NMR) technologies has allowed the further
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exploration of how drugs are metabolized in the
body.[15-17] Nowadays, liquid chromatography-MS tech-

local areas. The advantage is that this may promote the
integration of metabolite information with local patholog-

Figure 1: Combination of genomics, proteomics, and metabolomics can further enable a
comprehensive and holistic understanding of psoriasis.
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nology has revolutionized metabolomics analyses, leading
to the discovery of new biomarkers.[18] Therefore, our
understanding of systems biology is deepening, and the
recognition of diseases is becoming more holistic.

Metabolomics is a newbranchof systemsbiology that follows
genomics, proteomics, and transcriptomics.[4,18,19] The
advantages are as follows: (1) subtle changes at the gene
and protein expression levels may be amplified at the
metabolite level; (2) there is no need to establish a large
database of expression sequence tags or carry out extensive
whole-genome sequencing; (3) it is now generally accepted
thatmetabolites can effectively reflect the phenotype and state
of an organism, and that metabolites can be not only
functional and signaling molecules but also biomarkers; and
(4) the number of metabolite species is theoretically much
smaller than thenumberofgeneandprotein species.Although
great progress has beenmade inmetabolomics research, there
remain shortcomings that need to be addressed.

Metabolic changes and biomarkers of patients with
psoriasis

Metabolomics studies using skin lesion samples may
provide the most direct and intuitive metabolic changes in
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ical changes, local inflammatory immune responses, and
cell proliferation. Moreover, it may play an important role
in the discovery of new topical therapeutic targets and the
evaluation of the efficacy of existing topical drugs.[20,21]

However, psoriasis is a systemic disease, and its metabolic
changes are not only local but also systemic.Metabolomics
based on peripheral blood can provide an overall picture of
how psoriasis affects metabolic pathways in the body.
Although it can be difficult to determine the specific cause
or final result of the pathogenesis of psoriasis, the
utilization of blood samples has particular advantages in
that it may contribute to the development of a holistic view
of the relationship between psoriasis and metabolism.
Urine is also a useful sample for metabolomics research.
Its advantages lie mainly in convenience of access, non-
invasive collection, and abundant content of in vivo
metabolites and non-cellular products.[20] However, few
metabolomics studies involving psoriasis have adopted
urine as a sample source.

To date, some studies have used metabolomics techniques
for the analysis of peripheral blood, skin lesions, and urine
in patients with psoriasis to determine changes in
carbohydrates, lipids, amino acids, and nucleotides. These
four molecular classes are not only independent of each
other but also interconnected. Nutrient metabolism not
only affects the supply of energy for cell proliferation but is
also involved in a variety of inflammatory and immune
processes in the body. We summarized data into four
categories (glucose metabolism [Supplementary Table 1,
http://links.lww.com/CM9/A392], lipid metabolism [Sup-
plementary Table 2, http://links.lww.com/CM9/A392],
amino acid metabolism [Supplementary Table 3, http://
links.lww.com/CM9/A392], and nucleotide metabolism
[Supplementary Table 4, http://links.lww.com/CM9/
A392]) to demonstrate the overall metabolic network.

Glucose metabolism
The association of psoriasis with abnormal glucose
metabolism has been identified in previous epidemiological
studies and clinical observations.[22] The presence of
insulin resistance as well as the abnormal function of
glucose transporter (GLUT) proteins has been confirmed in
patients with psoriasis, and several genetic psoriasis
susceptibility motifs (PSORS, PSORS2, PSORS3, and
PSORS4) have been found to be associated with
susceptibility loci in multiple metabolic diseases, including
type 2 diabetes.[23] However, the mechanism by which
glucose metabolism (including the tricarboxylic acid cycle,
anaerobic glycolysis, gluconeogenesis, and oxidative
respiratory chain) is involved in the regulation of psoriasis
remains to be further studied.

In a metabolomics study using NMR spectroscopy, Sitter
et al[21] identified a decrease in glucose levels in psoriatic
lesions that may be related to the need to consume more
glucose for energy supply when the epidermis over-
proliferates.[21] Supplementary Table 1, http://links.lww.
com/CM9/A392 shows that levels of glucose metabolism-
related metabolites are always decreased in psoriatic
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lesions or psoriasis-like inflammation samples. Anaerobic
glycolysis may permanently be in a state of overconsump-

the major alterations in lipid metabolites may occur mainly
through increased lipid synthesis, impaired lipolysis, and

Chinese Medical Journal 2020;133(24) www.cmj.org
tion in lesions. Moreover, reduced levels of the substrates
and products of anaerobic enzymes (such as myoinositol
and lactic acid) have been detected.[21,24] It has been
hypothesized that the reduction of lactic acid in local
lesions may be due to metabolic changes in sweat glands
and keratinocytes or the obstruction of sweat ducts.[24]

Alonso et al[25] applied proton NMR technology to
analyze urine metabolites from patients with psoriasis as
well as patients with several autoimmune diseases, such as
systemic lupus erythematosus, rheumatoid arthritis (RA),
coeliac disease, and ulcerative colitis. Compared with
healthy controls, patients with psoriasis were found to
have lower levels of citrate, alanine, and methylsucci-
nate.[25] The authors also performed a subsequent
clustering analysis of metabolites. The profile of psoriasis
(together with psoriatic arthritis) was different to that of
RA, which may be beneficial for differential diagnosis in
the future.[25]

In contrast with the metabolites detected in lesions and
urine, the levels of the substances involved in glucose
metabolic circulation in peripheral blood demonstrated an
increasing trend. Multivariate analyses showed a higher
level of a-ketoglutaric acid, lactic acid, aspartic acid, and
glutamic acid in patients with psoriasis.[24,26,27] All these
acids could be mobilized into the peripheral circulation due
to the increased energy requirements associated with rapid
protein synthesis and cytokine production under cellular
hyperproliferation. In addition, a-ketoglutarate partici-
pates in the synthesis of proline in downstream reactions,
which is one of the main raw materials for the synthesis of
skin collagen. In contrast, peripheral circulating lactate
levels are significantly elevated, presumably relating to the
provision of a favorable microenvironment for keratino-
cyte proliferation. In the context of the inflammatory
environment and high oxidative stress, asparagine can
spontaneously deamidate and decompose to aspartate in
circulation.[20] Branched-chain amino acids (BCAAs) may
be involved in worsening insulin resistance.[28-30] Further-
more, high intake of BCAAs in a high-fat diet may interfere
with the normal physiological abilities of insulin in the
body.[28]

Lipid metabolism
978
Excess free fatty acids in the circulation can produce
cytotoxic effects on pancreatic b-cells, disrupting their
normal physiological function and leading to insulin
resistance, further affecting the vasodilatory function and
disrupting the vascular endothelial system.[31-33] Adipo-
cytes under prolonged hypoxic conditions can secrete
multiple inflammation-associated cytokines (eg, interleu-
kin 6 [IL-6], tumor necrosis factor alpha [TNF-a], and
plasminogen activator inhibitor-1) to trigger a range of
inflammatory responses.[10] Lipids are not only the main
components that constitute the structure of the bilayer cell
membrane, they are also involved in regulating various
biological processes, such as cell proliferation, apoptosis,
and inflammation.[20] Therefore, some lipid metabolites
may be potential biomarkers. It is currently thought that
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excessive activation of the fatty acid b-oxidation pathway.

A non-targeted lipidomic study based on ultra-perfor-
mance liquid chromatography-MS/MS analyzing plasma
from patients with psoriasis, with validation occurring via
enzyme-linked immunosorbent assay, revealed that the
levels of glycerophospholipid pathway metabolites signifi-
cantly changed (higher lysophosphatidic acid [LPA],
lysophosphatidylcholine [LPC], and phosphatidic acid
levels, and lower phosphatidylinositol and phosphatidyl
choline levels).[34]

Hemolipophosphate family members act as receptor-active
mediators in cell proliferation, differentiation, and apo-
ptosis.[35] LPA and LPC are thought to be inflammatory
lipids associated with multiple immune-mediated dis-
eases.[36-38] LPC exerts proinflammatory effects in inflam-
matory cells through different signaling pathways (eg,
nuclear factor kappa B, protein kinase C, and extracellu-
lar-signal-regulated kinase pathways). Furthermore, LPC
induces the expression of cyclooxygenase-2, a key
proinflammatory mediator.[39] LPA promotes cell growth,
differentiation, and mastocyte proliferation during inflam-
mation [40,41] and is not only involved in constituting the
skeletal structure of the cell membrane, but also acts as a
secondary messenger mediating downstream signaling
pathways.[42-44]

In the serum lipid metabolites of patients with psoriasis,
unsaturated fatty acids show an overall decreasing trend.
Serum levels of crotonic acid, 2-hydroxysebacic acid, and
13-octadecenoic acid also decrease.[27] Unsaturated fatty
acids not only prevent thrombosis by reducing platelet
aggregation and blood viscosity, but also improve the lipid
profile (increasing high-density lipoprotein cholesterol, but
reducing serum triglycerides and total and low-density
lipoprotein cholesterol). Besides, unsaturated fatty acids
may indirectly contribute to the occurrence of chronic
inflammation through their negative effects on the lipid
profile and blood vessels.[45,46]

Studies have also confirmed the upregulation of lipid
peroxidation and reduction of antioxidant markers (such
as glutathione) in plasma. Elevated levels of azelaic acid
(the final product of linoleic acid after peroxidation
decomposition) have been observed in blood sam-
ples.[27,35] However, there remains controversy regarding
whether hydroxynonenal and malondialdehyde can be
used as biomarkers for psoriasis, as very different results
have emerged from different studies.[47,48]

In psoriatic lesions, the levels of unsaturated fatty acids
differ significantly. Of these, all products of lipoxygenase
(LOX) are abundant and involve monohydroxy deriva-
tives from arachidonic acid (5-, 8-, 9-, 11-, 12-, and
15-hydroxyeicosatetraenoic acid [HETE]) and linoleic acid
(9- and 13-hydroxyoctadecadienoic acid [HODE]).[35]

These lipids have specific physiological functions in the
epidermis. For example, 13-HODE is thought to have anti-
inflammatory effects and the ability to maintain normal
keratinogenic cell proliferation.[49,50] 9-HODE promotes
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the release of inflammatory cytokines.[35,51] However, the
amount of 13-HODE produced by the psoriatic epidermis

also in systemic metabolism, it is believed that the elevated
plasma levels of phenylalanine in patients with psoriasis
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is not sufficient to inhibit the hyperproliferation of
keratinocytes. Similarly, 12-HETE is a proinflammatory
chemotactic agent,[52] whereas 15-HETE reduces inflam-
matory cell infiltration. However, 15-HETE is higher in
psoriatic lesions than 12-HETE.[35] LOX oxidation
products are further oxidized to produce epoxides, such
as epoxy octadecadienoic acid and epoxy eicosatrienoic
acid. These epoxides may promote neutrophil infiltration
and inflammation.[53,54]

Choline not only provides the energy needed for cell
growth and division but is also involved in the synthesis of
bioactive lipids. Elevated choline levels in psoriatic lesions
may indicate the local hyperproliferation of epidermal
cells.[21,24] Taurine is abundant in inflammatory cells, such
as leukocytes, and is also abundant in local inflammatory
lesions and oxidative stress tissues.[21,55-57] LPC has
elevated levels in both lesions and serum and is presumably
involved locally in the induction of lymphocyte and
macrophage migration as well as increased production of
proinflammatory cytokines.[34,58]

The level of tetranor-12(S)-HETE is elevated, whereas that
of 12(S)-HETE is reduced in the urine of patients with
psoriasis. 12(S)-HETE is involved in the regulation of skin
homeostasis and affects the growth and differentiation
of keratinocytes. Dermatologic inflammation may also
accelerate beta-oxidation.[59]

Amino acid metabolism
979
The importance of amino acids and their metabolites lies in
providing the rawmaterial for cellular protein biosynthesis,
forming cytoskeletons, and participating in a variety of
bioactive reactions. Glutamine and asparagine levels are
lower in patients with psoriasis than in those without.
However, levels of alpha-ketoglutarate are higher in
patients with psoriasis vulgaris but lower in those with
psoriatic arthritis. This suggests that glutamine consump-
tion may increase due to overactive immune cell prolifera-
tion. However, the decrease in asparagine is due to
spontaneous deamidation and catabolism in an inflam-
matory, oxidative stress environment. a-Ketoglutarate is
involved in the synthesis of proline, a major substrate for
collagen synthesis, and in the oxidative supply of the
tricarboxylic acid cycle as a citric acid cycle intermediate.[60]

Therefore, levels of alpha-ketoglutarate are elevated in
patients with psoriasis but reduced in those with psoriatic
arthritis, presumably due to the excessive proliferation of
keratinocytes and decreased collagen synthesis.

At the same time, patients with psoriasis have more active
urea circulation. During the development of psoriasis,
which is characterized by the hyperproliferation of
keratinocytes, the increased demand for polyamines may
prompt the release of the three intermediates of the urea
cycle (arginine, ornithine, and citrulline) into the periph-
eral circulation.[27,61] Phenylalanine is a raw material that
takes part in synthesizing adrenaline, thyroxine, and
melanin in the body. Since the accelerated metabolism
caused by psoriasis is not only manifested in the skin but
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may be related to increased demand for synthetic neuro-
transmitters and hormones.[27] Keratinization of the
epidermis requires scaffold and supporting proteins (eg,
small proline-rich protein). Additionally, the main amino
acids involved in the synthesis of human collagen 1a are
glycine and proline. Although dermal collagen is not
obviously thickened, there are indications of a higher
collagen conversion rate in patients with psoriasis.[61,62]

BCAAs are involved in extrahepatic oxidative metabolism
(mainly in muscle). BCAAs include leucine (a ketogenic
amino acid), valine (a glycosylated amino acid), and
isoleucine (a glycosylated and ketogenic amino acid).
BCAAs affect metabolism in the following ways: (1)
promoting the release of insulin, insulin-like growth factor-
1, and growth hormone (pro-synthesis); (2) regulating the
metabolism of other amino acids, especially aromatic
amino acids; and (3) participating in cellular peroxidative
damage resistance.[25,63,64] BCAA levels are elevated in the
plasma of patients with diabetes and cardiovascular
disease[65-68] and also in patients with psoriasis.[27,69-71]

Considering the link between psoriasis and its systemic
metabolic comorbidities, the metabolism of BCAAs in
patients with psoriasis deserves further exploration.
Interestingly, BCAAs activate the mammalian target of
rapamycin (mTOR), an atypical serine/threonine kinase
that promotes cell proliferation, survival, protein synthe-
sis, and the growth and proliferation of epithelial cells.
This allows BCAAs to play an important role in tumor
therapy as a potential therapeutic agent.[64,72]

In addition, significant alterations in homocysteine
metabolism have been detected in plasma, and homocys-
teine is an independent risk factor for cardiovascular
events.[73,74] Elevated plasma homocysteine levels in
patients with psoriasis are presumed to be related to
induced oxidative stress and vascular endothelial inflam-
mation.[75] Homocysteine causes the accumulation of
asymmetrical dimethyl arginine (ADMA; a potent endo-
genous nitric oxide synthase [NOS] inhibitor). The
inhibitory effect of ADMA on cutaneous NOS reduces
epidermal nitric oxide (NO), thereby promoting the
hyperproliferation of keratinocytes. This inhibitory effect
on endothelial NOS may lead to increased cardiovascular
risk in patients with psoriasis.[75-78]

Psoriasis is characterized by hyperactive keratinocyte
proliferation and by an increased demand for glutamine
to adapt to higher protein synthesis rates and to promote
more glutamate mobilization locally.[24,26]

Tryptophan and phenylalanine are essential amino acids
that cannot be synthesized in vivo. The production and
accumulation of proinflammatory cytokines, such as
interferon gamma (IFN-Y) and TNF-a, in psoriatic
inflammatory lesions could stimulate the synthesis of
tetrahydrobiopterin, which, as an important cofactor with
phenylalanine, promotes the synthesis of neurotransmit-
ters. This may drive the matching-quantity phenylalanine
to be moved locally.[79] In addition, the phenylalanine-
tyrosine pathway is involved in the production of increased
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melanin in the inflammatory context, which may explain
the local accumulation of phenylalanine in inflammatory

psoriasis may also have an impact on the inflammatory
immune response. The association between metabolites
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lesions.[80]

Themetabolismof theurea cycle in lesions is different to that
in theperipheral circulation. In lesions, the level of ornithine,
as a substrate for polyamine synthesis, increases with the
increase in demand. Meanwhile, the increased ornithine
level upregulates the activity of arginidase, leading to an
excessive consumption of arginine as a substrate.[81,82] At
this point, citrulline levels are also reduced, and this decrease
is most pronounced in the hyperproliferating epidermis.[24]

Moreover, arginidase-1 can compete with inducible NOS
(iNOS) for arginine, further reducing the levels of this amino
acid in skin lesions; at the same time, arginase-1 inhibits
iNOS synthesis of NO, further promoting epidermal
proliferation.[81]

Nucleotide metabolism
Because the epidermis of patients with psoriasis is rapidly
proliferating and differentiating, alterations in nucleotide
metabolism in the peripheral circulation are mainly
manifested in reduced levels of metabolites (ie, aspartic
acid, glutamine, hypoxanthine, pseudouridine, inosine,
guanosine, cystine, cysteine, and phosphoric acid) due to
increasing demand for raw materials, and in product
accumulation due to hypercatabolism of purines and
pyrimidines.[26,27,35,61,62,83]

In nucleotide metabolism, one carbon unit is synthesized
and transferred. Serine, glycine, histidine, and tryptophan
are sources of carbon units required for purine and
pyrimidine synthesis. Elevated levels of these amino acids
in patients with psoriasis may be associated with overactive
cell proliferation. The one-carbonunitmetabolism inhibitor
methotrexate can block DNA synthesis by inhibiting the
cycle of the one-carbon unit transporter tetrahydrofo-
late.[84-86] The methionine cycle provides methyl groups,
where S-adenosylmethionine is the direct donor and N5-
CH3-FH4 is the indirect donor. Methyl groups are involved
in the methylation of DNA, RNA, and histones, which
regulate gene expression at the epigenetic level and influence
disease phenotypes. Methyl groups are also involved in
other metabolic pathways, such as lipid synthesis and
protein synthesis pathways.[87] Reduced levels of methio-
nine in theperipheral bloodofpatientswithpsoriasismaybe
associated with an increasing demand for raw materials in
the activation of the methionine cycle.[83] Physiological
functions of cystine and cysteine include the production of
active sulfate (30-phosphoadenosine 50-phosphosulfate),
which is involved in biological transformation, and the
production of glutathione, which is involved in detoxifica-
tion and antioxidant reactions in vivo, which may also be
associated with psoriasis-induced inflammation and oxida-
tive stress. Furthermore, since methionine is converted into
cystine and cysteine, it cannot be synthesized in vivo, which
further reduces its levels.[84,87]

Role of metabolites in the pathogenesis of psoriasis
980
Psoriasis is an inflammatory skin disease centered on T cell
immunity. Metabolic abnormalities in patients with
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and psoriasis is not limited to energy generation, storage,
and transmission, or to the synthesis and assembly of the
cytoskeleton and its components, but is also reflected in the
activation of several genes and the regulation of their
expression. This association is also detected in the
regulation of components of diverse signal transduction
pathways.[88,89]

Survival, activation, and proliferation of T cells
Different from T effector (Teff) cells, T memory (Tm) cells
do not absorb extracellular palmitate but initiate de novo
synthesis of fatty acids instead.[90] Moreover, the fatty acid
catabolism algebraic approach differs for different T cell
subtypes, with Tm cells utilizing lysosomal acidic lipase
(LAL)-dependent fatty acid b-oxidation. The loss of LAL
activity only reduces the survival rate of Tm cells and does
not affect Teff cells.[90] It also provides useful information
regarding the importance of fatty acid metabolism in
producing immune memory.

Fatty acids also regulate the activation of immune cells and
binding to specific receptors. The activation of T cell
receptors is accompanied by the upregulation of genes
related to the fatty acid and cholesterol biosynthesis
process regulated by sterol regulatory element binding
protein.[91]

After stimulation by IFN and toll-like receptor 7 (TLR7)
ligands, spermidines are reduced and metabolism shifts
from oxidative phosphorylation to glycolysis. Supplemen-
tation with arginine inhibits glycolysis both in vivo and in
vitro, prevents IFN-induced dendritic cell (DC) over-
activation, and reduces inflammation.[92]

Differentiation of T cells
Short- and medium-chain fatty acids can affect the
differentiation of T helper (CD4+) cells in T helper type
1 (Th1) and Th17 cells by downregulating histone
deacetylase activity and activating the mTOR pathway.[93]

Fatty acids and their metabolites activate different cell
signal transduction pathways by binding peroxisome
proliferator-activated receptors (PPARs), which are im-
portant for the differentiation of several T cell subsets,[94]

particularly in the regulation of CD4+ cell differentiation in
Th17 or T regulatory (Treg) cells.[95] In addition, PPARs
are critical for the activity of adipose tissue-associated Treg
cells.[96]

Teff and Treg cells exhibit different metabolic preferences
during differentiation, with Teff cells preferring glycolytic
action, whereas Treg cells are more dependent on lipid
oxidation.[97]

Migration of immune-associated cells
Direct exposure to palmitate leads to a change in the
differentiation of CD4+ cells, resulting in an abnormal
expansion of the proinflammatory effector and memory
lymphocyte population in patients with obesity.[98] These
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abnormal T lymphocytes migrate to non-lymphoid
inflammatory sites and maintain chronic inflammation

In addition, short-chain fatty acids have therapeutic
potential for psoriasis. Topical application of short-chain
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for a long time.

Unsaturated fatty acids (eicosapentaenoic acid [EPA] and
docosahexaenoic acid [DHA]) can reduce the number of
effector and memory CD4+ cells, prevent T cell polariza-
tion and ras-related C3 botulinum toxin substrate 1
activation, and inhibit the migration of CD4+ cells to the
inflammation sites.[99] Besides, EPA and DHA increase the
infiltration of CD4+ and cytotoxic T cells in the skin under
ultraviolet exposure.[100]

In addition, sphingol-1-phosphate (S1P) is associated with
T cell migration. Each of the five different S1P receptors
plays a unique role in proliferation, convergence, efflux,
and transportation. S1P receptor 1 (S1PR1) can down-
regulate iNOS signals and enhance the formation of anti-
inflammatory phenotypes in macrophages. S1PR2 and
S1PR3 are necessary for macrophage recruitment.[101]

Moreover, S1P can inhibit 12-O-tetradecanoylphorbol
13-acetate-induced T cell proliferation.[102,103] One of
the unique pathological manifestations of psoriasis is the
aggregation of neutrophils in the epidermis (namely,
Munro microabscesses). Ceramides can monitor neutro-
phil function by inhibiting superoxide production, partic-
ularly controlling the response to TNF-a, and can block
respiratory bursts in neutrophils caused by N-formylme-
thionine-leucyl-phenylalanine stimulation.[104,105]

Influence on the inflammation-associated signaling
pathway

LPC can activate transcription factors through a combi-
nation of G protein-coupled receptors and TLRs. LPCmay
then increase the expression of target genes to activate
inflammatory signaling pathways and increase inflamma-
tory factor release. In addition, LPC is involved in inducing
apoptosis and promoting reactive oxygen species produc-
tion to enhance oxidative stress.[58,106]

Ceramide plays an important role in DC activation. First, it
induces DC apoptosis by downregulating survival signal-
ing pathways, such as NF-kB and protein kinase B
(PKB).[106] In addition, ceramides may participate in the
induction of DC maturation and promote the production
of major histocompatibility complex class I molecules and
the secretion of proinflammatory cytokines, such as IL-12
and TNF-a.[107] Moreover, S1P has anti-inflammatory
effects by reducing the production of IL-12 and IL-23 by
the shared p40 subunit in DCs, thereby inhibiting DC
crosstalk with activated keratinogenic cells.[108]

Excess circulating amino acids may stimulate the mTOR/
S6 kinase (S6K) pathway and inhibit serine phosphory-
lation of insulin receptor substrate 1, resulting in impaired
glucose tolerance and inhibition of insulin-mediated
gluconeogenesis.[109] Insulin resistance plays an inducing
and exacerbating role in the chronic inflammatory state of
psoriasis. The increased levels of circulating amino acids
observed by metabolomics suggest that the mTOR/S6K
pathway may contribute to the development and mainte-
nance of chronic inflammation.[110]
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fatty acids reduces imiquimod-induced inflammation by
downregulating IL-17 and inducing the transcription of
IL-10 and forkhead box P3. Short-chain fatty acids can
also normalize the reduced Treg inhibitory activity in
peripheral blood isolated from patients with psoriasis and
reduce the number of Tregs in psoriatic lesions.[111]

Effects of metabolite transporters
Transporters are proteins responsible for transporting
metabolic substrates across cell membranes, which can
affect metabolite levels, metabolic balance, and immunity.
Transportation-mediated uptake, utilization, and catabo-
lism of metabolites can greatly affect the function, balance,
activation, and differentiation of immune cells.[112]

Immune metabolism is essential for immunity and immune
responses, and metabolite transporter proteins may be
suitable targets for regulating the metabolic phenotype of
immune cells.

GLUT1 is the major GLUT in T cells and plays a
regulatory role in their activation and differentiation.[113]

The transport of glucose via GLUT1 is considered to
be a rate-limiting step in the glucose metabolism of
T cells. T cell activation leads to increased energy
demand, and GLUT1 and GLUT3 mediate increased
glucose uptake, thereby enhancing glycolysis to maintain
T cell activation and promote differentiation.[112] In
addition, GLUT can influence the selection of T cell
differentiation profiles. Transgenic expression of GLUT1
promotes the activation of T cells and the generation
of memory phenotype-like T cells that are prone to
activation.[97]

In addition to glucose metabolism, T cells use glutamine
breakdown to meet their considerable energy and
biosynthetic needs. The expression of glutamine trans-
porter protein and glutamine catabolic components
induces T cell activation via an MYC-dependent path-
way.[114]

Increased expression of L-type amino acid transporter 1
(LAT1) was detected in keratinocytes and lymphocytes
in psoriatic lesions. Inhibition of LAT1 prevents the
proliferation of human gammadelta T cells and inhibits
the secretion of IL-17. In addition, inhibition of LAT1
effectively controls IL-23- and IL-1b-induced phosphati-
dylinositol 3-kinase/PKB/mTOR activation.[115]

Limitations and expectations
Potential for clinical application

Rapid developments in metabolomics have upended the
traditional view of metabolites as simply energy sources.
Indeed, metabolites can act as signaling molecules,
immunomodulators, and stress sensors, and play an
important role in the onset and development of psoriasis.
Metabolomics not only provides a more unified and
holistic understanding of physiological metabolism and
pathophysiology, but also demonstrates new potential for
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clinical applications in psoriasis (eg, diagnosis, treatment,
and prognosis).

Limitations
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The increased levels of amino acids in the urea cycle
(ornithine, arginine, and citrulline) and collagen synthesis
(proline and hydroxyproline) in serum, and glutamate and
choline in psoriatic lesions are considered to be associated
with the severity of psoriasis.[21,61] Moreover, hydroxy-
proline may be a new indicator of psoriatic arthritis.[61]

Sitter et al[21] compared metabolite profiles between
patients with normal skin, psoriatic lesions, and lesions
treated with external corticosteroids. After topical treat-
ment with corticosteroids, glucose, inositol, glycerophos-
phate choline, and glycine levels increased in the lesions,
while choline levels decreased. The levels of metabolites
were comparable to those of the normal control, which
demonstrated its good therapeutic effect.

Plasma concentrations of glutamine, threonine, ornithine,
arginine, methionine, glycine, citrulline, and proline in
patients with psoriasis can reach normal levels in healthy
individuals after etanercept treatment, reversing most of
the circulating metabolite trends.[61] Kapoor et al[116]

analyzed different changes in the urinary metabolic profile
of patients with psoriatic arthritis and rheumatoid arthritis
(RA) treated with infliximab or etanercept. The levels of
citrate and lactate in the urine of patients treated with
infliximab were elevated, whereas patients receiving
etanercept therapy had elevated choline and creatine
levels. The elevated choline levels suggest that etanercept
may regulate lipid metabolism in vivo.[116] Although both
infliximab and etanercept have been considered primary
targets of TNF-a, the differences in this study suggest that
there may still exist a different mechanism between the two
biological agents in terms of their effects. The results of a
study by Madsen et al[83] suggest that psoriasis and RA
have unique metabolite profiles, although they share
common inflammatory cytokines and signal transduction
pathways. Metabolomics is of great clinical value for
psoriasis diagnosis and treatment, including its application
in developing individualized therapeutic plans and pre-
dicting efficacy.

Recently, non-targeted metabolomics has shown that (R)-
salbutamol can alleviate psoriasis-like inflammation by
affecting three different metabolic pathways, including
glycerophospholipid, sphingolipid, and arachidonic acid
metabolism, modulating Th17 and Treg responses, which
may provide new directions for developing treatments.[117]

Oral dimethyl fumarate (DMF) has been approved by the
European Union for the treatment of psoriasis. DMF post-
inhibits NF-kB through glutathione depletion and converts
the involved cytokines from the Th1/Th17 proinflamma-
tory to the Th2 anti-inflammatory mode.[118]

The type of fatty acid substrate determines the direction of
T cell differentiation and can be used to develop clinical
interventions aimed at controlling the pathogenicity of
abnormal T cells under inflammatory conditions.[119] This
is crucial for the balance between Th17 and Treg cells.
PPAR stimulation may be a suitable strategy for blocking
the Th17 pathway.[120,121]

2

Currently, the challenges of metabolomics research can be
summarized in several points.[122-127] (1) Compound
identification: the poor and slow identification of metab-
olites (ie, low number of annotatedmetabolites) is a pivotal
problem that cannot be ignored. The complexity of
biological samples and metabolites means metabolomics
places high demands on the sensitivity, resolution,
dynamic range, and flux size of analytical techniques.
Therefore, in-depth studies must rely on evolving analyti-
cal techniques. (2) Expansion of the metabolome space:
this is mainly reflected in inadequate coverage (ie, low
sensitivity and matrix effects). The development of
metabolomics is somewhat constrained by the continued
lack of functional metabolite databases and uniform
common research standards for metabolomics. (3) The
link between metabolomics data and biomedicine is easily
confused. Some metabolites are often associated with
different types of diseases, which can create confusion and
mistrust of metabolomics data and hinder the development
of metabolomics in other fields. (4) Some biomarkers are
generic for inflammation-related diseases. Research should
focus on exploring biomarkers specific for psoriasis. (5)
The clinical application of metabolomics still requires
validation by orthogonal analysis techniques.

Future integrated “-omics” approaches
Understanding the effects of metabolism alterations on
patients with psoriasis at a holistic level requires the
integration of metabolomics and other “-omics,” such as
proteomics and genomics.[69,128] The integration of high
precision, high throughput “-omics” techniques and
bioinformatics allows the consideration of genetic,
environmental, inflammatory, diet, immune, and microbi-
al influences on the disease process at multiple lev-
els.[129,130] New models have been developed, such as
mergeomics,[131,132] which aims to integrate multidimen-
sional data for exploring meaningful biological pathways
and signal networks,[133] and skinomics, which uses
microarrays as the primary technical means.[134] These
new algorithms and models emphasize the concept of
“systematic” and “holistic” in psoriasis research.[12,135]

The efficacy and safety of targeted biomarker-based
treatments have been well established, and metabolomics
may assist with developing new therapeutic tar-
gets.[131,136-138] The correlation between psoriatic disease
severity and metabolite level suggests that metabolic
changes may reflect the trajectory of disease progression,
indicating an important role in monitoring and predicting
efficacy.[61] In addition, metabolomics continues to
evolve with the emergence of new technologies. At
present, metabolites can be analyzed in single cells.[139]

In addition, metabolic pathways can be monitored with
stable isotope tracers to further clarify metabolic networks
in disease.[140,141]

Conclusions
There is currently a growing interest in the use of
metabolomics techniques in developing treatments for
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psoriasis. The levels of metabolites in body fluids or skin
tissues are considered to reflect the functional state of the

14. Bujak R, Struck-Lewicka W, Markuszewski MJ, Kaliszan R.
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cells, providing markers for assessing disease activity and
predicting disease progression. Metabolomics has great
potential for assisting in the understanding of altered
cellular functions, exploring complex signaling pathways,
and discovering emerging drug targets. In addition,
psoriasis is a genetically related, multifactorial, and
systemic autoimmune disease. As each patient’s genetic
information and metabolic profile are different, strategies
for integrating metabolomics with other technologies may
be beneficial for developing individualized therapies.
Metabolomics provides in-depth information regarding
the association between metabolic state and disease,
providing strong support for developing individualized
management plans for patients with psoriasis. As metab-
olomics technology continues to evolve and our under-
standing of metabolic disorders also deepens, it is
reasonable to expect that more diagnostic and therapeutic
targets will emerge and be translated into clinical practice.
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80. Zinkevičiene A, Kainov D, Girkontaite I, Lastauskiene E,
Kvedariene V, Fu Y, et al. Activation of tryptophan and
phenylalanine catabolism in the remission phase of allergic contact
dermatitis: a pilot study. Int Arch Allergy Immunol 2016;170:262–
268. doi: 10.1159/000450789.

81. Abeyakirthi S, Mowbray M, Bredenkamp N, van Overloop L,
Declercq L, Davis PJ, et al. Arginase is overactive in psoriatic skin.
Br J Dermatol 2010;163:193–196. doi: 10.1111/j.1365-2133.
2010.09766.x.

82. Bruch-Gerharz D, Schnorr O, Suschek C, Beck KF, Pfeilschifter J,
Ruzicka T, et al. Arginase 1 overexpression in psoriasis: limitation
of inducible nitric oxide synthase activity as a molecular
mechanism for keratinocyte hyperproliferation. Am J Pathol
2003;162:203–211. doi: 10.1016/s0002-9440(10)63811-4.

83. Madsen RK, Lundstedt T, Gabrielsson J, SennbroCJ, Alenius GM,
Moritz T, et al. Diagnostic properties of metabolic perturbations
in rheumatoid arthritis. Arthritis Res Ther 2011;13:R19. doi:
10.1186/ar3243.

84. Bai J, Gao Y, Chen L, YinQ, Lou F,WangZ, et al. Identification of
a natural inhibitor of methionine adenosyltransferase 2A regulat-
ing one-carbon metabolism in keratinocytes. EBioMedicine
2019;39:575–590. doi: 10.1016/j.ebiom.2018.12.036.

85. Locasale JW. Serine, glycine and one-carbon units: cancer
metabolism in full circle. Nat Rev Cancer 2013;13:572–583.
doi: 10.1038/nrc3557.

86. Ducker GS, Rabinowitz JD. One-carbon metabolism in health
and disease. Cell Metab 2017;25:27–42. doi: 10.1016/j.cmet.
2016.08.009.

87. Murray B, Antonyuk SV, Marina A, Van Liempd SM, Lu SC,
Mato JM, et al. Structure and function study of the complex that
synthesizes S-adenosylmethionine. IUCrJ 2014;1:240–249. doi:
10.1107/s2052252514012585.

88. Calder PC. Long chain fatty acids and gene expression in
inflammation and immunity. Curr Opin Clin Nutr Metab Care
2013;16:425–433. doi: 10.1097/MCO.0b013e3283620616.

89. Kendall AC, Pilkington SM, Massey KA, Sassano G, Rhodes LE,
Nicolaou A. Distribution of bioactive lipid mediators in human
skin. J Invest Dermatol 2015;135:1510–1520. doi: 10.1038/
jid.2015.41.

90. O’Sullivan D, van derWindt GJ, Huang SC, Curtis JD, Chang CH,
Buck MD, et al. Memory CD8(+) T cells use cell-intrinsic lipolysis
to support the metabolic programming necessary for development.
Immunity 2014;41:75–88. doi: 10.1016/j.immuni.2014.06.005.

2

for the metabolic programming of effector T cells and adaptive
immunity. Nat Immunol 2013;14:489–499. doi: 10.1038/ni.2570.

92. Li G, Ding H, Yu X, Meng Y, Li J, Guo Q, et al. Spermidine
suppresses inflammatory DC function by activating the FOXO3
pathway and counteracts autoimmunity. iScience 2020;23:
100807. doi: 10.1016/j.isci.2019.100807.

93. Park J, Kim M, Kang SG, Jannasch AH, Cooper B, Patterson J,
et al. Short-chain fatty acids induce both effector and regulatory T
cells by suppression of histone deacetylases and regulation of the
mTOR-S6K pathway. Mucosal Immunol 2015;8:80–93. doi:
10.1038/mi.2014.44.

94. Choi JM, Bothwell AL. The nuclear receptor PPARs as important
regulators of T-cell functions and autoimmune diseases. Mol Cells
2012;33:217–222. doi: 10.1007/s10059-012-2297-y.

95. Wohlfert EA, Nichols FC, Nevius E, Clark RB. Peroxisome
proliferator-activated receptor gamma (PPARgamma) and immu-
noregulation: enhancement of regulatory T cells through PPAR-
gamma-dependent and -independent mechanisms. J Immunol
2007;178:4129–4135. doi: 10.4049/jimmunol.178.7.4129.

96. Cipolletta D, Feuerer M, Li A, Kamei N, Lee J, Shoelson SE, et al.
PPAR-g is a major driver of the accumulation and phenotype of
adipose tissue Treg cells. Nature 2012;486:549–553. doi: 10.1038/
nature11132.

97. Michalek RD, Gerriets VA, Jacobs SR, Macintyre AN, MacIver
NJ, Mason EF, et al. Cutting edge: distinct glycolytic and lipid
oxidative metabolic programs are essential for effector and
regulatory CD4+ T cell subsets. J Immunol 2011;186:3299–
3303. doi: 10.4049/jimmunol.1003613.

98. Mauro C, Smith J, Cucchi D, Coe D, Fu H, Bonacina F, et al.
Obesity-induced metabolic stress leads to biased effector memory
CD4(+) T cell differentiation via PI3K p110d-Akt-mediated
signals. Cell Metab 2017;25:593–609. doi: 10.1016/j.cmet.
2017.01.008.

99. Cucchi D, Camacho-Muñoz D, Certo M, Niven J, Smith J,
NicolaouA, et al. Omega-3 polyunsaturated fatty acids impinge on
CD4+ T cell motility and adipose tissue distribution via direct and
lipid mediator-dependent effects. Cardiovasc Res 2020;116:1006–
1020. doi: 10.1093/cvr/cvz208.

100. Kendall AC, Pilkington SM, Murphy SA, Del Carratore F,
Sunarwidhi AL, Kiezel-Tsugunova M, et al. Dynamics of the
human skin mediator lipidome in response to dietaryv-3 fatty acid
supplementation. Faseb J 2019;33:13014–13027. doi: 10.1096/
fj.201901501R.

101. Weigert A, Olesch C, Brüne B. Sphingosine-1-phosphate and
macrophage biology-how the sphinx tames the big eater. Front
Immunol 2019;10:1706. doi: 10.3389/fimmu.2019.01706.

102. Molino S, Tate E, McKillop WM, Medin JA. Sphingolipid
pathway enzymes modulate cell fate and immune responses.
Immunotherapy 2017;9:1185–1198. doi: 10.2217/imt-2017-
0089.

103. Xiong Y, Piao W, Brinkman CC, Li L, Kulinski JM, Olivera A,
et al. CD4 T cell sphingosine 1-phosphate receptor (S1PR)1 and
S1PR4 and endothelial S1PR2 regulate afferent lymphatic
migration. Sci Immunol 2019;4:eaav1263. doi: 10.1126/sciimmu-
nol.aav1263.

104. Katayama H. Development of psoriasis by continuous neutrophil
infiltration into the epidermis. Exp Dermatol 2018;27:1084–1091.
doi: 10.1111/exd.13746.

105. Espaillat MP, Kew RR, Obeid LM. Sphingolipids in neutrophil
function and inflammatory responses: mechanisms and implica-
tions for intestinal immunity and inflammation in ulcerative
colitis. Adv Biol Regul 2017;63:140–155. doi: 10.1016/j.
jbior.2016.11.001.

106. Boche�nska K, Gabig-Cimi�nska M. Unbalanced sphingolipid
metabolism and its implications for the pathogenesis of psoriasis.
Molecules 2020;25:1130. doi: 10.3390/molecules25051130.

107. Pritzl CJ, Seo YJ, Xia C, Vijayan M, Stokes ZD, Hahm B. A
ceramide analogue stimulates dendritic cells to promote T cell
responses upon virus infections. J Immunol 2015;194:4339–4349.
doi: 10.4049/jimmunol.1402672.

108. Arlt O, Schwiebs A, Japtok L, Rüger K, Katzy E, Kleuser B, et al.
Sphingosine-1-phosphate modulates dendritic cell function: focus
on non-migratory effects in vitro and in vivo. Cell Physiol Biochem
2014;34:27–44. doi: 10.1159/000362982.

http://www.cmj.org


109. Millsop JW, Bhatia BK, Debbaneh M, Koo J, Liao W. Diet and
psoriasis, part III: role of nutritional supplements. J Am Acad

tutorials and training, and analysis tools. Nucleic Acids Res
2016;44:D463–D470. doi: 10.1093/nar/gkv1042.

Chinese Medical Journal 2020;133(24) www.cmj.org
Dermatol 2014;71:561–569. doi: 10.1016/j.jaad.2014.03.016.
110. Tremblay F, Krebs M, Dombrowski L, Brehm A, Bernroider E,

Roth E, et al. Overactivation of S6 kinase 1 as a cause of human
insulin resistance during increased amino acid availability.
Diabetes 2005;54:2674–2684. doi: 10.2337/diabetes.54.9.2674.

111. Schwarz A, Philippsen R, Schwarz T. Induction of regulatory T
cells and correction of cytokine disbalance by short-chain fatty
acids: implications for psoriasis therapy. J Invest Dermatol 2020.
Published ahead of print. doi: 10.1016/j.jid.2020.04.031.

112. Song W, Li D, Tao L, Luo Q, Chen L. Solute carrier transporters:
the metabolic gatekeepers of immune cells. Acta Pharmaceutica
Sinica B 2020;10:61–78. doi: 10.1016/j.apsb.2019.12.006.

113. Cretenet G, Clerc I, Matias M, Loisel S, Craveiro M, Oburoglu L,
et al. Cell surface Glut1 levels distinguish human CD4 and CD8 T
lymphocyte subsets with distinct effector functions. Sci Rep
2016;6:24129. doi: 10.1038/srep24129.

114. Wang R, Dillon CP, Shi LZ, Milasta S, Carter R, Finkelstein D,
et al. The transcription factor Myc controls metabolic reprogram-
ming upon T lymphocyte activation. Immunity 2011;35:871–882.
doi: 10.1016/j.immuni.2011.09.021.

115. Cibrian D, Castillo-González R, Fernández-Gallego N, de la
Fuente H, Jorge I, Saiz ML, et al. Targeting L-type amino acid
transporter 1 in innate and adaptive T cells efficiently controls skin
inflammation. J Allergy Clin Immunol 2020;145:199–214.e11.
doi: 10.1016/j.jaci.2019.09.025.

116. Kapoor SR, Filer A, Fitzpatrick MA, Fisher BA, Taylor PC,
Buckley CD, et al. Metabolic profiling predicts response to anti–
tumor necrosis factor a therapy in patients with rheumatoid
arthritis. Arthritis Rheum 2013;65:1448–1456. doi: 10.1002/
art.37921.

117. Liu F, Wang S, Liu B, Wang Y, Tan W. (R)-Salbutamol improves
imiquimod-induced psoriasis-like skin dermatitis by regulating the
Th17/Tregs balance and glycerophospholipid metabolism. Cells
2020;9:511. doi: 10.3390/cells9020511.

118. Blair HA. Dimethyl fumarate: a review in moderate to severe
plaque psoriasis. Drugs 2018;78:123–130. doi: 10.1007/s40265-
017-0854-6.

119. Cucchi D, Camacho-Munoz D, Certo M, Pucino V, Nicolaou A,
Mauro C. Fatty acids - from energy substrates to key regulators of
cell survival, proliferation and effector function. Cell Stress
2019;4:9–23. doi: 10.15698/cst2020.01.209.

120. Klotz L, Burgdorf S, Dani I, Saijo K, Flossdorf J, Hucke S, et al. The
nuclear receptor PPAR gamma selectively inhibits Th17 differen-
tiation in a T cell-intrinsic fashion and suppresses CNS
autoimmunity. J Exp Med 2009;206:2079–2089. doi: 10.1084/
jem.20082771.

121. Berod L, Friedrich C, Nandan A, Freitag J, Hagemann S,
Harmrolfs K, et al. De novo fatty acid synthesis controls the fate
between regulatory T and T helper 17 cells. Nat Med 2014;
20:1327–1333. doi: 10.1038/nm.3704.

122. Matthews H, Hanison J, Nirmalan N. “Omics”-informed
drug and biomarker discovery: opportunities, challenges and
future perspectives. Proteomes 2016;4:28. doi: 10.3390/pro-
teomes4030028.

123. Rocca-Serra P, Salek RM, Arita M, Correa E, Dayalan S,
Gonzalez-Beltran A, et al. Data standards can boost metabolomics
research, and if there is a will, there is a way. Metabolomics
2016;12:14. doi: 10.1007/s11306-015-0879-3.

124. Sud M, Fahy E, Cotter D, Azam K, Vadivelu I, Burant C, et al.
Metabolomics workbench: an international repository for metab-
olomics data and metadata, metabolite standards, protocols,
2986
125. Ferreira JD, Inácio B, Salek RM, Couto FM. Assessing public
metabolomics metadata, towards improving quality. J Integr
Bioinform 2017;14:20170054. doi: 10.1515/jib-2017-0054.

126. Wishart DS. Advances in metabolite identification. Bioanalysis
2011;3:1769–1782. doi: 10.4155/bio.11.155.

127. Jiang S, Hinchliffe TE, Wu T. Biomarkers of an autoimmune skin
disease—psoriasis. Genom Proteom Bioinf 2015;13:224–233. doi:
10.1016/j.gpb.2015.04.002.

128. Rinschen MM, Ivanisevic J, Giera M, Siuzdak G. Identification of
bioactive metabolites using activity metabolomics. Nat Rev Mol
Cell Biol 2019;20:353–367. doi: 10.1038/s41580-019-0108-4.

129. WangWM, JinHZ. Skin microbiome: an actor in the pathogenesis
of psoriasis. Chin Med J 2018;131:95–98. doi: 10.4103/0366-
6999.221269.

130. Radenkovic S, Vuckovic I, Lanza IR. Metabolic flux analysis:
moving beyond static metabolomics. Trends Biochem Sci
2020;45:545–546. doi: 10.1016/j.tibs.2020.02.011.

131. Pang Z, Chong J, Li S, Xia J. MetaboAnalystR 3.0: toward an
optimized workflow for global metabolomics. Metabolites 2020;
10:186. doi: 10.3390/metabo10050186.

132. van der Hooft JJJ, Mohimani H, Bauermeister A, Dorrestein PC,
Duncan KR, Medema MH. Linking genomics and metabolomics
to chart specialized metabolic diversity. Chem Soc Rev 2020;
49:3297–3314. doi: 10.1039/d0cs00162g.

133. Arneson D, Bhattacharya A, Shu L, Mäkinen V-P, Yang X.
Mergeomics: a web server for identifying pathological pathways,
networks, and key regulators via multidimensional data integra-
tion. BMC Genomics 2016;17:722. doi: 10.1186/s12864-016-
3057-8.

134. Blumenberg M. Skinomics: past, present and future for diagnostic
microarray studies in dermatology. Expert Rev Mol Diagn
2013;13:885–894. doi: 10.1586/14737159.2013.846827.

135. Kerkhofs M, Haijes HA, Willemsen AM, van Gassen KLI, van der
Ham M, Gerrits J, et al. Cross-omics: integrating genomics with
metabolomics in clinical diagnostics. Metabolites 2020;10:206.
doi: 10.3390/metabo10050206.

136. Li J, Xu W, Liang Y, Wang H. The application of skin
metabolomics in the context of transdermal drug delivery.
Pharmacol Rep 2017;69:252–259. doi: 10.1016/j.pharep.
2016.10.011.

137. Everett JR. From metabonomics to pharmacometabonomics: the
role of metabolic profiling in personalized medicine. Front
Pharmacol 2016;7:297. doi: 10.3389/fphar.2016.00297.

138. Lu C, Deng J, Li L, Wang D, Li G. Application of metabolomics on
diagnosis and treatment of patients with psoriasis in traditional
Chinese medicine. Biochim Biophys Acta 2014;1844:280–288.
doi: 10.1016/j.bbapap.2013.05.019.

139. Zenobi R. Single-cell metabolomics: analytical and biological
perspectives. Science 2013;342:1243259. doi: 10.1126/sci-
ence.1243259.

140. Schrimpe-Rutledge AC, Codreanu SG, Sherrod SD, McLean JA.
Untargeted metabolomics strategies-challenges and emerging
directions. J Am Soc Mass Spectrom 2016;27:1897–1905. doi:
10.1007/s13361-016-1469-y.

141. Johnson CH, Gonzalez FJ. Challenges and opportunities of
metabolomics. J Cell Physiol 2012;227:2975–2981. doi: 10.1002/
jcp.24002.

How to cite this article: Lian N, Shi LQ, Hao ZM, Chen M. Research
progress andperspective inmetabolismandmetabolomics of psoriasis. Chin
Med J 2020;133:2976–2986. doi: 10.1097/CM9.0000000000001242

http://www.cmj.org

	Research progress and perspective in metabolism and metabolomics of psoriasis
	Introduction
	Metabolic changes and biomarkers of patients with psoriasis
	Glucose metabolism
	Lipid metabolism
	Amino acid metabolism
	Nucleotide metabolism

	Role of metabolites in the pathogenesis of psoriasis
	Survival, activation, and proliferation of T cells
	Differentiation of T cells
	Migration of immune-associated cells
	Influence on the inflammation-associated signaling pathway
	Effects of metabolite transporters

	Limitations and expectations
	Potential for clinical application
	Limitations
	Future integrated ``-omics'' approaches

	Conclusions
	Conflicts of interest
	References


