
Citation: Fijałkowska, A.; Wojtania, J.;
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Abstract: Systemic lupus erythematosus (SLE) and psoriasis (Ps) are two clinically distinct diseases
with different pathogenesis. However, recent studies indicate some similarities in both clinical
presentation and pathogenetic mechanisms. The coexistence of both entities is very uncommon and
has not been fully elucidated. Thus, it remains a diagnostic and therapeutic challenge. In fact, drugs
used in SLE can induce psoriatic lesions, whereas phototherapy effective in Ps is an important factor
provoking skin lesions in patients with SLE. The aim of this work is to discuss in detail the common
pathogenetic elements and the therapeutic options effective in both diseases.
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1. Introduction

As the largest organ of the human body, the skin is also one of the most significant
elements of its immune system [1]. It acts as a protective barrier, separating the inside of
the body from the external environment, while also mediating communication between the
two. To achieve this, the skin provides adequate conditions for numerous processes that
ensure the effectiveness of the immune system. However, any disruption of this balance
may induce certain pathological reactions, such as inflammation and autoimmunization,
which underlie various skin diseases [2]. Although the direct cause of autoimmunization is
not fully elucidated, evidence suggests it may be stimulated by non-specific inflammatory
responses [3]. Furthermore, exposure to certain epigenetic factors may induce related
autoimmune diseases, particularly in patients with a genetic predisposition [4,5]. Unfor-
tunately, the molecular mechanisms of such autoimmune diseases remain complex and
obscure, and many are currently incurable. Nevertheless, research is ongoing to explain
these processes [6].

Two inflammatory diseases with an autoimmune background are psoriasis (Ps) and
systemic lupus erythematosus (SLE). Despite different skin manifestations, both diseases
have an increased risk of occurrence in patients with other autoimmune diseases compared
to the general population [7,8]. The two diseases tend to affect the same organs and systems,
such as the skin and the osteoarticular and circulatory systems, and both conditions may
co-occur with secondary metabolic disorders [9–11]. Ps has been reported to coexist
with rheumatoid arthritis (RA), alopecia areata, celiac disease, systemic sclerosis (SSc),
Crohn’s disease, Sjögren’s syndrome (Ss), vitiligo, ulcerative colitis, chronic urticaria,
or giant cell arteritis [8,12–15]. In contrast, SLE tends to occur with other connective
tissue diseases, such as Ss, SSc, RA, dermatomyositis/polymyositis (DM/PM), or mixed
connective tissue disease. Cases of comorbid Ps and SLE are rare, with an estimated
incidence of approximately 0.69% [7,11,16–21].

Psoriasis manifests in about 3% of the general population, and its first symptoms
usually occur in the second decade of life; in such cases, immune dysfunction is dependent
on T lymphocytes [22]. As many as 90% of cases are classed as Ps vulgaris [23]. A key factor
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in its development is the genetic background of the patient. The inheritance is polygenic;
PSORS1-9, CDKAL1, ZNF313, and PTPN22 are all known to increase the predisposition to
Ps, with the PTPN22 gene also being involved in the etiopathogenesis of SLE [24,25].

SLE is a model autoimmune disease with a diverse clinical picture. It often co-occurs
with involvement of the skin, kidneys, central nervous system, and hematopoietic system
(Figure 1) [26]. Young women are most often affected, suggesting that female sex hormones
may be involved in the pathogenesis of SLE [27–32]; no such relationship is observed in
Ps [33–36]. SLE development is also believed to be primarily associated with the production
of antigen-specific polyclonal antibodies: these form immune complexes that are deposited
in the skin and in various organs, resulting in damage [37,38].
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Figure 1. Patient with the coexistence of SLE and psoriasis. Facial erythematous and papular lesions
resembling malar rash in SLE (A). Typical psoriatic lesions of the scalp (B).

Ps and SLE rarely co-occur, and the relationship between these diseases remains un-
clear. However, it has been postulated that the two share a common molecular-level inducer
that drives the development of clinical manifestations and abnormalities [39]. For many
years, it was assumed that Ps was an inflammatory skin disease in which immune disorders
were also present, while SLE has always been categorized as an autoimmune disease, in
which inflammation was identified more as a reaction secondary to immune disorders.
Furthermore, although the same drugs, such as methotrexate (MTX), cyclosporine A (CsA),
and glucocorticosteroids (GCS), have been used for the systemic treatment of both, the two
diseases have never been linked in terms of pathogenesis [39].

Recent studies indicate that in Ps, specific inflammation is provoked secondary to
immune dysfunction, as noted in SLE; however, in Ps, the response is dependent on Th1
and Th17 lymphocytes (Figure 2), while in SLE, it is mainly dependent on Th2 and B
lymphocytes (Figure 3). The pathogenesis of SLE is still being extensively studied, and
existing results indicate that the pathomechanisms are complex and dependent on multiple
mechanisms. Nevertheless, in-depth studies have found that the two to share similar
abnormalities in signaling pathways, in which inflammation depends on cytokines released
by Th1, Th2, Th17, B lymphocytes, and chemokines and abnormal angiogenesis [12,40].
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enhance the migration of inflammatory cells into psoriatic lesions, which induce further keratino-
cyte proliferation and sustain the self-perpetuating inflammatory mechanism. IL-17 increases 
VEGF and IL-8 levels, which stimulate angiogenesis. 
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stimulate proliferation of B lymphocytes, which increase plasma cell levels and the production of 
autoantibodies. The resulting immune complexes induce multi-organ damage. 

The aim of this review is to analyze the existing state of knowledge on the comor-
bidity of Ps and SLE with a particular emphasis on their mutual pathogenetic mecha-
nisms and similarities in the clinical picture. A thorough understanding of the immuno-
pathogenesis of these diseases may contribute to the design of new drugs that would 
provide therapy targeted at the direct cause, making a cure possible. 

  

Figure 2. Cytokine network in the pathogenesis of psoriasis. Activated dendritic cells produce IL-23,
which stimulates Th17 cells to produce inflammatory cytokines, including IL-17, which stimulates
hyperproliferation of keratinocytes. Activated keratinocytes produce chemokines that enhance the
migration of inflammatory cells into psoriatic lesions, which induce further keratinocyte proliferation
and sustain the self-perpetuating inflammatory mechanism. IL-17 increases VEGF and IL-8 levels,
which stimulate angiogenesis.
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Figure 3. Cytokine network in the pathogenesis of systemic lupus erythematosus. IFN-α-activated
myeloid dendritic cells enhance the differentiation and proliferation of naive T cells. Emerging Th1
cells produce IFN-γ, and Th17 cells produce IL-17, IL-21, and IL-22. These inflammatory cytokines
stimulate proliferation of B lymphocytes, which increase plasma cell levels and the production of
autoantibodies. The resulting immune complexes induce multi-organ damage.

The aim of this review is to analyze the existing state of knowledge on the comorbidity
of Ps and SLE with a particular emphasis on their mutual pathogenetic mechanisms and
similarities in the clinical picture. A thorough understanding of the immunopathogenesis
of these diseases may contribute to the design of new drugs that would provide therapy
targeted at the direct cause, making a cure possible.

2. Autoimmune Background

Research has attempted to identify associations between SLE and Ps. Singh et al.
showed that 28.8% of a study population of Ps patients had rheumatoid factor (RF) or
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autoantibodies present, including anti-double-stranded DNA (anti-dsDNA) antibodies.
The presence of the latter is of great diagnostic and prognostic significance in SLE, as
their titers are considered a marker of activity of the disease process, and their presence is
more often observed in patients with renal involvement. Currently, the most important
element in the diagnosis of SLE is the presence of antinuclear antibodies (ANA), and
this is a condition for verification of the diagnosis based on the current ACR/EULAR
2019 classification criteria. However, not all patients presenting ANA will reveal systemic
connective tissue disease [41,42]. Nevertheless, Ps patients have a significantly higher
incidence of circulating ANA compared to the healthy population. Marín-Acevedo et al.
confirmed the presence of ANA in 35 (44.3%) of 79 Ps patients (45 women and 34 men) and
in seven healthy controls (11.5%) [43].

In the case of overlap between SLE and Ps, an important factor in the diagnosis is the
presence of anti-Ro antibodies [39,44]. A positive correlation has been shown between the
occurrence of these antibodies and photosensitivity. UV radiation increases the expression
of Ro antigen on the surface of keratinocytes; therefore, high levels of serum anti-Ro
antibodies can stimulate cytotoxicity and an antibody-mediated immune response [45].
This can result in damage to the basal layer of the epidermis and the appearance of lesions
on the skin, especially in areas of UV exposure. Anti-Ro antibodies are most commonly
detected (70–90%) in patients with subacute cutaneous lupus erythematosus (SCLE). This
lupus variant is characterized by a greater incidence of psoriasis-like skin lesions and more
intense photosensitivity compared to other forms of lupus [46].

In contrast to SLE patients, one of the most commonly used treatments in Ps patients
is phototherapy. UV radiation inhibits the Th1/Th17 lymphocyte-dependent inflammatory
response, induces T-cell apoptosis in the epidermis and dermis, and suppresses the activity
of Langerhans cells, thus suppressing the immune response [47]. Psoriatic lesions are
rarely exacerbated by exposure to the sun (5–20%), and the mechanism of this phenomenon
remains unclear [48]. Nevertheless, a study conducted in 1983 showed that patients with
Ps and overlapping SLE may be at increased risk of photo-induced skin eruptions due to
the higher prevalence of anti-Ro antibodies. However, due to the relatively small study
group of 4 patients with Ps and overlapping SLE, further research is necessary to explain
this correlation [49].

3. Cytokines in Psoriasis
3.1. IL-17/IL-23/TNF-α

IL-17 is a pro-inflammatory cytokine produced by activated Th17 lymphocytes and,
to a lesser extent, by Th1 lymphocytes. The cytokine is crucial in the pathogenesis of
many autoimmune diseases, such as Ps, psoriatic arthritis (PsA), multiple sclerosis, and
inflammatory bowel diseases [50–53]. The involvement of IL-17 in the acute inflammatory
response has been well documented; in addition, it is believed to play a role in CRP protein
synthesis, which confirm its influence in the development of chronic inflammation [54].

In Ps patients, certain drugs, infection, or stress can affect keratinocytes and stimulate
the production of pro-inflammatory cytokines, i.e., interferon-α (IFN-α), interferon-γ (IFN-
γ), and tumor necrosis factor-α (TNF-α). These cytokines stimulate dendritic cells (DCs)
responsible for T-lymphocyte activation and influence their differentiation into Th1 and
Th17 cells. These migrate into the skin, where in the presence of IL-23, Th17 releases IL-17
(A-F), IL-21, IL-22, and IL-23, while in the presence of IL-12, Th1 increases TNF-α and
IFN-γ levels [12,55–59].

Overactivity of the IL-17/IL-23/TNF-α axis and overproduction of IL-12, IL-21, IL-22,
and IFN-γ play important parts in the development of Ps. These initiate a self-perpetuating
inflammatory mechanism, resulting in the abnormal proliferation and differentiation of
keratinocytes and thus the formation of typical psoriatic lesions on the skin [59–63]. IL-17A
also stimulates keratinocytes to produce IL-19 and the release of keratinocyte growth factor
by fibroblasts. Moreover, IL-17A enhances the synthesis of inflammatory chemokines
CXCL1 and CXCL8 involved in neutrophil recruitment and CCL20 production. Chemokine
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CCL20, also known as liver and activation-regulated chemokine (LARC) and macrophage
inflammatory protein-3 (MIP3A), is a protein belonging to the CC chemokine family. It
shows a strong chemotactic effect on lymphocytes and a lesser one on neutrophils [64].
Hyperreactivity of the CCL20/CCR6 axis has been shown to sustain inflammation in
Ps [65,66].

Ps patients demonstrate high plasma levels of IL-21 and IL-22, which contribute to
epidermal barrier dysfunction and promote increased epidermal cell differentiation [12,58].
Furthermore, IL-21 is also thought to stimulate the proliferation of Th17 cells through a
feedback mechanism, consequently increasing IL-17 levels in the blood [58]. IL-23 promotes
the differentiation of naive T cells to Th17 and their survival. It also shows a positive
correlation with disease activity in the course of Ps, with the concentration increasing in
skin lesions during active disease and decreasing during effective therapy [58]. However,
no significant relationship has been noted between plasma IL-23 levels and the severity of
the disease assessed using the Psoriasis Area and Severity Index (PASI) or with the affected
body surface area (BSA) [67].

3.2. IL-2

The gene encoding IL-2, which is located on chromosome 4q27, has been found to
house polymorphisms that are associated with various autoimmune diseases, including
SLE, Ps, RA, ulcerative colitis, diabetes, and asthma. This suggests that these diseases
share a similar genetic predisposition [58,68]. IL-2 has a specific role in regulating immune
processes. At high concentrations, it stimulates the proliferation and differentiation of
naive T cells, while at low concentrations (low-dose IL-2), it can activate Treg cells, which
are involved in the development of immune tolerance [69]. IL-2 deficiency or abnormal
IL-2 activity results in reduced Treg cell count and dysfunction, which predisposes to the
development of an autoimmune response [70]. The significance of IL-2 in the etiopatho-
genesis of Ps has not been thoroughly elucidated. However, the cytokine is produced by
activated Th1 and Th17 cells, which play a key role in the pathogenesis of Ps [71].

One study on Ps attempted to restore the proper Treg/Th17 ratio using a regimen
based on therapeutic low-dose IL-2. Briefly, 45 patients with Ps received 7.5 mg MTX
once a week for 12 weeks. From week 13 of treatment, this was supplemented with daily
low-dose IL-2 at a dose of 0.5 million international units (IU) by subcutaneous injection for
two consecutive weeks, followed by a two-week break [72]. Such modified therapy was
continued until week 24. After the end of treatment, significant reductions in inflammatory
markers were noted in peripheral blood compared to baseline; these included leukocyte
and neutrophil counts, ESR, CRP, and the neutrophil-to-lymphocyte ratio (NLR). However,
lymphocyte and platelet counts as well as the platelet-to-lymphocyte ratio (PLR) did not
change. A two-fold increase in the percentage of Tregs in the peripheral blood was observed
together with increased concentrations of the anti-inflammatory cytokines IL-4 and IL-
10 [72]. Another study by Wang et al. found low-dose IL-2 therapy to achieve similar
results to immunosuppressive drugs, such as prednisone, ameliorating the course of PsA
without causing side effects [73].

Despite its benefits, IL-2 is highly toxic, and its use requires an experienced medical
team and close adherence to the strict qualification criteria; as such, unlike anti-IL-17 or
anti-TNF, it has not yet been widely used in therapy. The most common side effect of
IL-2 immunotherapy is vascular leak syndrome associated with increased blood vessel
permeability and fluid accumulation in the extracellular space, which may result in multiple
organ dysfunction [74,75].

3.3. TNF-α

TNF-α is also involved in the pathogenesis of many autoimmune disorders, including
Ps and SLE. However, it has dual biological function. It has been found to have pro-
apoptotic and pro-inflammatory activity at high concentrations but anti-apoptotic and anti-
inflammatory activity at low concentrations [12,26,76–78]. It stimulates the proliferation and
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differentiation of T and B lymphocytes and increases the number of dendritic cells [12,79]. It
is both a regulator of apoptosis and one of the most important pro-inflammatory cytokines;
it upregulates the production of a range of pro-inflammatory molecules including CRP,
prostaglandins, leukotrienes, platelet-activating factors, nitric oxide, and reactive oxygen
species [80]. By increasing the synthesis of IL-6 and IL-1, it contributes to the activation of
lymphocytes [79,81]. While TNF-α expression has been found to be elevated in the upper
layers of the epidermis in both Ps and SLE patients [12,78,82–85], its involvement in the
pathogenesis of these disorders remains unclear and controversial [12,78,86].

In Ps, TNF-α stimulates the proliferation and differentiation of both CD4+ and CD8+ T
cells. It also contributes to the increased production of IL-17 by Th17 lymphocytes and IL-22
by Th1, Th17, and Th22 lymphocytes. IL-17 and IL-22 activate keratinocytes and enhance
their proliferation. Moreover, IL-17 stimulates keratinocytes to produce TNF-α and the
chemokine CCL20, which increase neutrophil migration into the affected epidermis [71,87].

4. Cytokines in SLE

SLE is a complex heterogenous disease with various cytokines involved in its patho-
genesis; of these, IFN-α appears to play the most important role in the pathogenesis of SLE.
Studies have found IFN-α to stimulate production of IL-17, and an exaggerated Th17 re-
sponse has been noted in lupus patients together with elevated IL-17 sera levels. Although
IL-17 and IL-23 inhibition was found to be effective in treating Ps, Th-17 targeted therapy
did not demonstrate any therapeutic potential in lupus patients [88].

4.1. IL-17/IL-23/TNF-α

Studies indicate that the IL-17/IL-23/TNF-α axis activity plays a key role in the
development of the inflammatory response and secondary organ damage in SLE [88]. IL-17
promotes the differentiation of B lymphocytes, and increased levels of IL-17 and IL-23
have been demonstrated in renal parenchymal biopsy specimens from patients with lupus
nephritis compared to healthy subjects [89,90]. The importance of IL-17 in the pathogenesis
of SLE has been confirmed by various other studies involving humans and animals [91–94].
Wong et al. report a significant increase in IL-17 levels and Th17 lymphocyte number in
the plasma of SLE patients compared to healthy volunteers [91], and Tang et al. indicate
a positive correlation between IL-17 level in blood and the severity of the disease course
based on the SLEDAI scale [95].

Elevated serum IL-17A levels have been noted in patients with different types of
lupus, such as SLE, discoid lupus erythematosus (DLE), and subacute cutaneous lupus
erythematosus (SCLE). Also, a significant correlation was found between the number of
Th17 lymphocytes in SCLE-type skin lesions and serum anti-Ro antibody titers [95–98].
Similar correlations were also observed among SLE patients with coexisting Ps [39,44]. A
study using a mouse model of lupus with a genetic defect that blocks IL-17 production
by Amarilyo et al. showed that ANA was not present in circulation in animals, and
anti-dsDNA, anti-single-stranded DNA (anti-ssDNA), anti-ribonucleoprotein (RNP) and
anti-chromatin antibodies were also not present [94].

Data suggest that IL-17 has a pathogenic role in the development of SLE. Indeed, the
therapeutic use of anti-IL-17 inhibitors has been found to inhibit the clinical activity of SLE
in the human population based on the SLEDAI scale. IL-17 antagonists are commonly used
to treat moderate to severe Ps due to their efficacy [98]; however, there is no recognized
treatment strategy for anti-IL-17 drugs in SLE. While these drugs have been found to be
effective in a mouse model of lupus, human studies are required to establish their long-term
safety and efficacy in SLE [97].

4.2. IL-2

IL-2 deficiency has been observed in various autoimmune diseases, including type 1
diabetes, RA, and SLE [98–100]; however, the mechanism explaining these reduced IL-2
levels is not fully understood. Reduced levels of IL-2 have been noted in the blood of SLE
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patients, and this has been associated with impaired transcription of the appropriate genes
in T lymphocytes [101–103]. In addition, the level may be decreased by IL-23, the levels of
which has been shown to be elevated in the plasma of SLE patients compared to controls.
Higher IL-23 levels have also been correlated with SLE activity [104,105]. IL-2 Corrected as
indicatedinhibits the differentiation of follicular T cells, the main function of which is to
promote the proliferation and differentiation of B lymphocytes. Decreased IL-2 levels in
SLE patients lead to elevated production of autoantibodies by B lymphocytes [106,107].

In SLE, the physiological role of the Treg/IL-2 axis is impaired [108]. The efficacy and
good safety profile of low-dose IL-2 (aldesleukin) has been confirmed in a single-center
clinical trial initiated in 2014; the study group comprised 12 patients with active SLE not re-
sponding to treatment with at least two classic drugs, such as corticosteroids, antimalarials,
azathioprine, or mycophenolate mofetil [109]. IL-2 was administered subcutaneously daily
in five-day cycles with a subsequent nine-day wash-out phase between cycles one and two,
and a 16-days phase between cycles two and three, and cycles four and five. The dose of
IL-2 in cycle one was 1.5 million IU and was increased by 1.5 million IU in each subsequent
cycle. The results showed that in addition to selectively increasing the number of Tregs,
IL-2 injections also reduced the number of CD19+ B lymphocytes. In 10 out of 12 patients
(83%), disease activity decreased as assessed by the Safety of Estrogens in Lupus National
Assessment-Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI)
scale; in addition, no severe exacerbations were noted during treatment. A reduction in SLE
activity correlated with an increase in Treg counts. However, a modification of IL-2 dosing
based on five-day cycles separated by a nine- to sixteen-day interval was associated only
with a transient increase in Treg counts [109]. Another randomized, placebo-controlled
study found low-dose IL-2 to elicit a reduction in SLE activity according to the SLEDAI
score, which was also associated with a reduction in anti-dsDNA antibody titers [110].

4.3. TNF-α

At high concentrations, TNF-α induces cell apoptosis. This may lead to exposure
to autoantigens, production of autoantibodies, and, eventually, to the development of an
autoimmune process [26]. A study on a group of 204 Indian female SLE patients by Mahto
et al. found that the presence of the TNF-α gene polymorphisms G-238A and G-308A on
chromosome 6 increase the risk of developing SLE compared to controls [111]. However,
the large number of reports examining TNF-α levels in the serum of SLE patients have
yielded contradictory results, with some reporting elevated TNF-α levels in the active
phase of SLE and others indicating higher levels [81,112–114].

While the inhibition of TNFα production theoretically may be used to treat both SLE
and Ps, reports indicate that therapeutic use exacerbated SLE symptoms. In addition, it
has been shown that approximately 0.5–1% of patients receiving anti-TNFα treatment will
develop lupus-like syndrome and 2–5% will develop paradoxical psoriasis [115–120]. More-
over, increased titers of anti-dsDNA and cardiolipin antibodies have also been observed in
those treated with anti-TNFα [12].

5. Angiogenesis-Dependent Pathogenesis

Pathological processes can be indicated by the presence of angiogenesis, i.e., the pro-
cess of forming new blood vessels on the basis of pre-existing vessels. Under physiological
conditions, it occurs sporadically during wound healing, endometrial regeneration during
the menstrual cycle, and embryogenesis. However, it also plays an important role in the
development of various pro- or anti-angiogenic diseases. In any case, the process is believed
to be influenced by a number of factors. Increased neovascularization is a hallmark of
many chronic inflammatory, autoimmune, and neoplastic processes, including SLE and
Ps [121]. Ps is characterized by a number of pro-inflammatory factors such as increased
numbers of blood vessels in the papillae of the dermis, their elongation, and enhanced
permeability [121]. In SLE, angiogenesis can be enhanced by the deposition of immune
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complexes in the wall of blood vessels in various organs, including the skin; these damage
the vascular endothelium and thus stimulate vessel growth [122].

5.1. Vascular-Endothelial Growth Factor

Among the most potent stimulators of angiogenesis is vascular-endothelial growth
factor (VEGF). Its concentration is elevated in both Ps and SLE compared to the general
population [123]. While IL-17 plays an important pro-inflammatory role in both diseases, it
has also been shown to stimulate vascular proliferation by directly increasing the release
VEGF and IL-8, a potent chemotactic and angiogenic chemokine [124]. Skin biopsy speci-
mens obtained from active psoriatic lesions have indicated higher expression of VEGF-A
compared to healthy skin of Ps patients and the skin of healthy people [121]. In addition,
plasma VEGF levels have been found to be elevated in Ps patients compared to healthy
subjects, with these levels correlating positively with disease severity, as assessed by the
PASI scale [125–127].

Psoriatic lesions have been found to harbor elevated levels of TNF-α produced by
lymphocytes and keratinocytes. TNF-α increases the expression of VEGF-R on the surface
of endothelial cells, thereby promoting angiogenesis [121]. Similarly, in a study of 75 SLE
patients, Liu et al. found plasma VEGF levels to be significantly higher in subjects with
active SLE (SLEDAI > 4) compared to healthy controls and patients with inactive SLE
(SLEDAI ≤ 4). The association between plasma VEGF levels and disease activity has also
been repeatedly confirmed in other studies [128–133]. Moreover, studies have found higher
plasma VEGF levels in SLE patients with renal involvement, with the levels correlating
with the severity of renal impairment [123,134].

Interestingly, both the gene encoding VEGF and the susceptibility genes for Ps and
SLE are located on the short arm of chromosome 6 [135–139]. In Ps, the best known
susceptibility locus is PSORS1, whereas in SLE, the most significant are the HLA class II
(HLA-DR2 and HLA-DR3) and class III (MSH5 and SKIV2L) gene polymorphisms. All of
the aforementioned loci are located in the 6p21.3 region [135,140–146].

Patients with SLE have also been found to demonstrate elevated serum TNF-α levels
compared to controls [123]. TNF-α has also been shown to induce an increase in the ex-
pression of receptors for various proangiogenic factors, such as VEGF, IL-8, basic fibroblast
growth factor (bFGF), angiopoietin (Ang), and Tie-2 receptor [147].

5.2. Angiopoietins

Another group of proangiogenic cytokines that have been analyzed in the pathogenesis
of various diseases is the angiopoietins (Angs), comprising Ang-1 to Ang-4; of these Ang-1
and Ang-2 are crucial in angiogenesis. Upon binding to the endothelial tyrosine kinase
receptor, known as Tie2, Ang-1 initiates the processes responsible for vascular maturation
and stability, ensuring endothelial cell homeostasis [121]. In contrast, Ang-2 as a competitive
antagonist of the Tie2 receptor promotes instability, increased permeability, and structural
abnormalities in the blood vessels [148]. Among the Angs, Ang-2 plays a leading role
in the pathogenesis of vascular abnormalities in both Ps and SLE, in which the cytokine
acts synergistically with VEGF-A to stimulate neovascularization. The Ang/Tie2 complex,
in association with VEGF-A, has been shown to co-initiate vascular proliferation in the
psoriatic plaque [127,149].

Angiopoietins are believed to be involved in the pathogenesis of Ps, as indicated
by a study by Koroda et al. The research was designed to assess whether improvement
in psoriatic lesions is associated with changes in the expression of Angs and Tie2. Thus,
seven patients who received effective antipsoriatic therapy, five patients treated with
PUVA therapy, and two patients treated with topical tazarotene were included in the study
group [150]. After eight weeks of treatment, visible clinical improvement was achieved in
each subject. Histopathological findings demonstrated a significant reduction in Ang-1,
Ang-2, and Tie-2 levels in the involved skin following treatment compared to baseline [150].
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Similarly, in SLE, elevated plasma Ang-2 levels were reported compared to healthy
volunteers, with the concentration correlating positively with SLE activity and the risk of
lupus nephritis [151]. Negative correlations with C3 and C4 concentrations and with eGFR
and flow mediated dilatation (FMD) were also reported. Ang-2 has been shown to increase
the sensitivity of endothelial cells to the pro-inflammatory effects of TNF-α, contributing
to vascular inflammation and facilitating the formation of an inflammatory infiltrate by
neutrophils and monocytes [151].

5.3. Fibroblast Growth Factor

The fibroblast growth factor (FGF) family also plays an important role in angiogenesis.
Several studies have found plasma FGF-23 levels to be elevated in SLE patients, particularly
in cases of lupus nephritis. However, a study of 60 patients with SLE found no significant
difference in plasma FGF-23 levels between patients with renal involvement and those with-
out (106.49 ± 88.2 vs. 93.84 ± 74.67 pg/mL, p = 0.56), and similar plasma FGF-23 levels were
noted in SLE patients and healthy controls (99.6 ± 79.86 vs. 139 ± 12.3 pg/mL, p > 0.05).
Hence, further studies are recommended to better understand these mechanisms [152].

Studies have also noted higher FGF-23 concentrations in Ps patients compared to
healthy subjects, as well as an association between elevated FGF-23 concentrations and a
higher prevalence of insulin resistance, dyslipidemia, and atherosclerosis [153–156].

6. Clinical Features

SLE and Ps are both incurable autoimmune diseases characterized by a chronic and
relapsing course. Data from the literature indicate that the prevalence of SLE in the course of
Ps is 0.69%, while Ps is detected with a frequency of 1.1% in patients previously diagnosed
with SLE [20]. The literature also suggests that Ps is usually detected before SLE. Millns
et al. reported that Ps precedes the first symptoms of SLE by at least five years; in cases
when SLE is confirmed earlier, the diagnosis of Ps is made approximately 2.2 years later [9].
Establishing a correct diagnosis based on the clinical presentation of skin lesions is often
difficult, as they may demonstrate similar morphology. Although these are two separate
disease entities, each with their own characteristic clinical picture, diagnostic problems can
still occur, especially in situations when they coexist. In these cases, further diagnostics are
necessary to avoid errors in choosing the appropriate therapy [157].

Skin lesions in lupus can be subdivided into acute, subacute, and chronic forms [46].
Among the different subtypes of SLE, SCLE is characterized by a milder course. Its lesions
also bear the closest clinical resemblance to psoriatic lesions; however, unlike Ps, SCLE is
characterized by a marked sensitivity to UV radiation. Although arthritis is quite common
in SCLE, lupus nephritis, neurological symptoms, and vasculitis are rare according to the
literature, with an estimated frequency of around 10% [39]. SCLE can be observed as either
psoriasiform or annular forms. In both, the skin lesions are most commonly located on the
trunk (especially the upper back) and extensor parts of the arms and forearms, similar to
Ps [158]. However, SCLE lesions can also appear on the lower extremities and the scalp, and
in the case of psoriasiform lesions, they may be accompanied by the Koebner phenomenon,
which is characteristic of the active phase of Ps [158,159].

The clinical picture in Ps is usually characteristic, with the lesions being located in
typical areas; hence, diagnosis does not present any serious problems (Figure 2). The
primary lesions present as inflammatory papules with scales on the surface, merging
into erythematous and exfoliative foci, resembling psoriasiform lesions in SCLE. A key
differentiating feature is the frequent involvement of the nail plates and genital areas in Ps
and the lack of such in SCLE. In cases where the skin lesions do not affect these locations,
the differential diagnosis should be based on the histopathological picture. Regardless of
the clinical evidence, these histopathological findings are also key to distinguishing the
two diseases [160].

There are few reports in the available literature describing cases of coexistence of both
diseases, and little information exists regarding the clinical picture of skin lesions in such
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cases (Figure 4). Millns et al. report that patients first diagnosed with SLE present with
skin lesions typical of Ps, such as papules and erythemato-exfoliating foci, in areas exposed
to UV radiation. This picture may indicate photoprovocation of Ps in a patient with SLE,
in whom UV hypersensitivity is one of the primary symptoms of lupus. In typical Ps, UV
radiation is used in the therapy of the disease and rarely provokes its exacerbation. Patients
with both diseases typically demonstrate high sensitivity to UV radiation, much more so
than when these diseases occur alone. Millns et al. observed photosensitivity in 23 out of
27 patients diagnosed with SLE and Ps (85.2%) [160].
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bridge of the nose with a silver lip symptom in the course of SLE (A). Psoriatic lesions, erythematous
papules covered with silvery scales, on the trunk and upper and lower limbs (B,C). Psoriasis-like
lesions in the upper trunk typical of SCLE (D).

Data from the literature indicate that UV hypersensitivity occurs in 5.5% of patients
with chronic Ps [161] and around 60% of patients with SLE, i.e., 63% in SCLE and 45% in
DLE [162]. Tselios et al. report no statistically significant difference in the frequency of
SLE exacerbations before and after the diagnosis of Ps, based on an analysis of 63 cases
of Ps. In addition, Ps did not appear to have any influence on increased medical burden
in patients with SLE, manifested as the incidence of cardiovascular events and venous
thromboembolic disease [16]. It is common that an exacerbation of one disease is associated
with a worsening of the other. The typical basal lesions of Ps, i.e., papules covered with
silvery scales, can be observed in both diseases, and only thorough diagnostics, including
a careful analysis of the clinical picture supported by the result of the histopathological
examination, can provide a definitive diagnosis [9].

Arthropathy can also pose diagnostic difficulties in cases where the coexistence of Ps
and SLE is suspected. Psoriatic arthritis (PsA) manifests as seronegative inflammation with
a heterogeneous spectrum of symptoms that can evolve over the course of the disease, even-
tually leading to severe and irreversible damage and disability. PsA can affect peripheral
joints and the spine and can precede the onset of skin lesions, complicating the diagnosis
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of Ps. Patients with PsA tend to be characterized by a mild severity of skin lesions. Joint
involvement is common in both Ps and SLE. Diagnosis of PsA is usually based on the
Classification Criteria for Psoriatic Arthritis (CASPAR), imaging studies, and laboratory
tests. The prevalence of PsA in the group of patients with SLE and Ps is significantly higher
than in patients with only Ps, reaching 4.5% [163].

Arthritis is very common in SLE, occurring even up to 95% of patients in some studies.
It is a seronegative condition but characterized by a variety of symptoms characteristic
of various types of arthropathy in the course of SLE. It is often accompanied by other
symptoms, such as general weakness and myalgia. The variety of forms and severity of
symptoms can cause diagnostic difficulties, similar to those seen in Ps [164].

Both Ps and SLE can contribute to kidney damage. Although lupus nephropathy
is more commonly described in the literature, Ps has also been associated with the risk
of kidney damage that may lead to chronic kidney disease requiring dialysis. The term
psoriatic nephropathy encompasses a number of forms of nephritis associated with Ps,
including membranous glomerulonephritis, IgA nephropathy, and mesangial glomeru-
lonephritis [165–167]. Proteinuria as a manifestation of renal disease is increasingly com-
mon in patients with Ps, especially in those with diagnosed PsA [168]. There are also case
reports suggesting that hemodialysis therapy is a risk factor for the development of Ps. No
similar risk is observed in PsA [169].

Renal involvement is also a common manifestation of SLE and is therefore included in
the classification criteria [23]. Indeed, kidney disease is a major risk factor in the course of
SLE. Histopathology indicates six classes of lupus glomerulopathy: class I with minimal
changes, class II with proliferative changes in the mesangium accompanied by deposits,
class III with focal proliferative changes in the glomeruli, class IV with extensive prolifera-
tive changes in the glomeruli involving at least 50% of the glomeruli, class V membranous
glomerulonephritis, and class VI advanced glomerular sclerosis. This classification has
significance for diagnosis, treatment, and prognosis [170].

The key tool for differentiating between certain disease entities with similar clinical
presentations is histopathological examination. Cutaneous lupus erythematosus is charac-
terized by interface dermatitis with lymphocytic infiltration and keratinocyte necroptosis
at the dermo-epidermal junction [171]. A psoriatic plaque usually includes parakeratosis,
Munro’s microabscesses formed by neutrophils migrating from the dermis to the epidermis,
and elongation of the dermal papillae together with minor swelling of the papillary dermis.
Ps on the other hand is characterized by tortuous dilated vessels, highlighting the important
contribution of angiogenesis. It can be seen that SLE and Ps demonstrate characteristic
histopathological features, allowing an accurate diagnosis to be made [172].

7. Treatment

Different local and systemic therapeutic approaches are used in the treatment of Ps
and SLE, which can pose many problems (Table 1). In cases where both Ps and SLE
coexist, treatment is more likely to be unsuccessful. There are numerous cases described
in which SLE treatment paradoxically induced Ps and, conversely, Ps therapy led to the
manifestation of SLE or the development of lupus-like syndrome. For example, the UVA
and UVB phototherapy commonly used to treat Ps induces or exacerbates SLE symptoms; as
such, photoprotection is recommended for all patients [9,49,173]. Conversely, antimalarials,
such as hydroxychloroquine and chloroquine, the gold standard in SLE treatment, may
exacerbate concomitant Ps or trigger drug-induced psoriasis-like lesions [12,39,174].

An effective systemic therapeutic agent for both Ps and SLE is the folic acid analogue
methotrexate (MTX). MTX inhibits dihydrofolate reductase, reducing the synthesis of
pyrimidines and purines and ultimately inhibiting the division of rapidly dividing cells,
such as keratinocytes and bone marrow cells. In addition to its antiproliferative effect,
MTX has anti-inflammatory and immunosuppressive activity (Table 1) [175,176]. MTX is
an effective drug in moderate to severe plaque Ps, as well as in other forms of Ps, such
as erythroderma psoriasis, generalized pustular psoriasis, nail psoriasis, palmoplantar Ps,
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and PsA [176]. In Ps, MTX not only normalizes keratinocyte proliferation, but also prevents
the migration of inflammatory cells into the skin by reducing the levels of the endothelial
adhesion proteins ICAM1 and E-selectin. In addition, the drug inhibits angiogenesis, inter-
feres with antigen presentation by dendritic cells, and reduces the number of autoreactive
T lymphocytes expressing cutaneous lymphocyte antigen (CLA); it also has a cytotoxic
effect on T lymphocytes mediated by free oxygen radicals and reduces plasma TNF-α
levels. These processes and mechanisms are key pathogenetic elements in both Ps and SLE.
Clinically, the drug’s efficacy in arthritis makes it the first choice for joint involvement in
both diseases [177].

Table 1. Comparison of treatment methods in SLE and Ps.

Systemic Lupus Erythematosus Psoriasis

Topical treatment

Glucocorticosteroids Glucocorticosteroids
Calcineurin inhibitors (tacrolimus, pimecrolimus) Calcineurin inhibitors (tacrolimus, pimecrolimus)

Vitamin D derivatives (calcipotriol, tacalcitol)
Agents with salicylic acid or urea
Tar preparations
Cygnoline

Phototherapy

Not applicable, photoprotection recommended UVA-PUVA, UVB-NB

Systemic treatment

Glucocorticosteroids Glucocorticosteroids
Methotrexate
Cyclosporine A
Mycofenolate mofetil
Azathioprine
Antimalarial drugs (hydroxychloroquine, chloroquine)

Methotrexate
Cyclosporine A
Mycofenolate mofetil
Acitretin

Biological treatment

Human monoclonal antibody to the type 1
interferon receptor (anifrolumab)
Human monoclonal antibody that inhibits B-cell activating factor
(belimumab)

Blockers of tumor necrosis factor-α
Interleukin 12 and 23 (IL-12/23) inhibitors
IL-17 inhibitors
IL-23 inhibitors

Fan et al. showed that MTX reduced tissue infiltration by TNF-a, IL-6, and IL-23 in
mice with collagen-induced arthritis (CIA); it also inhibited B-lymphocyte differentiation,
restored the balance between the regulatory B cells (Bregs) and dendritic cell populations,
and enhanced the production of the anti-inflammatory cytokine IL-10 [177]. MTX also
contributes to an increase in complement components C3 and C4 and a decrease in antibody
titers, including anti-dsDNA. MTX can therefore be used successfully in Ps and SLE, despite
the diseases having quite different cellular pathways [178].

A classical immunosuppressive drug used to treat both diseases is the calcineurin
inhibitor CsA. Although this drug shows nephrotoxicity, it is approved for the treatment
of lupus nephritis during the period of proper renal function. CsA is preferred in young
and middle-aged patients with stabilized blood pressure. Calcineurin inhibitors suppress
IL-2 production, representing a well-established treatment for various immune diseases.
The agents also inhibit T-lymphocyte proliferation and the production of pro-inflammatory
cytokines, including IL-1, IL-2, IL-3, IL-4, IL-5, GM-CSF, TNF-α, and IFN-γ

As Ps and SLE have an immune and inflammatory background, calcineurin inhibitors
have been used in both diseases. Although CsA is one of the classic systemic treatments for
both diseases, tacrolimus is also used off-label in Ps therapy as an effective form of topical
treatment for sensitive areas such as the face, genitals, and excoriation regions [179].
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Recently biologic drugs have aroused considerable interest as treatments. They are
believed to offer greater efficacy, less frequent dosing, and less toxicity than conventional
treatments. The drugs are proteins that act selectively on specific elements of the immune
system and thus have a good safety profile and limited side effects when used in targeted
therapy. While certain drugs are known to be effective for both SLE and Ps alone, their
effectiveness against the two together remains unknown [180].

The anti-CD20 monoclonal antibody rituximab has been evaluated for the treatment
of SLE and Ps. The CD20 molecule is expressed on the surface of B lymphocytes, and
its blockage inhibits B-cell proliferation and activation, thus suppressing autoantibody
production [12]. Rituximab reduces plasma levels of the pro-inflammatory cytokine IL-22
and decreases the number of activated Th17 lymphocytes. Hence, it appears that it may be
an alternative therapeutic option for the treatment of concurrent SLE and Ps in cases where
other therapies have failed [12,180].

However, few reports have described the clinical improvement of psoriatic skin lesions
and joint complaints in PsA after treatment with rituximab [181–183]. Chang et al. present a
case report of a woman with palmoplantar psoriasis (PPP), in whom phototherapy, topical
corticosteroids, leflunomide, MTX, CsA, and etanercept treatment was ineffective; in this
case, rituximab administration resulted in a six-month clinical improvement [181]. When
commonly employed treatments are ineffective, rituximab can be included. Rituximab
treatment was also found to induce an improvement in SLE patients, expressed as a
reduction in disease activity according to the SLEDAI-2K scale after only three months.
Treatment was also associated with a reduced risk of subsequent exacerbations. The mean
time from initiation of therapy to complete remission was 20 months. In addition, treatment
yielded a reduction in anti-dsDNA titers, an increase in platelet counts, but no significant
difference in C3 and C4 concentrations [184].

As rituximab is a potent inhibitor of B-lymphocyte activity, it is used in the manage-
ment of a wide variety of diseases, including autoimmune diseases and certain cancers.
As SLE and Ps are both autoimmune disorders, the inclusion of anti-CD20 drugs seems
reasonable; however, the efficacy of anti-CD20 drugs in both diseases is not confirmed. In
addition, some studies report that the therapeutic use of anti-CD20 drugs in SLE patients
induced the development of Ps or psoriasis-like lesions [12,185–189].

Currently, a wide group of biological drugs with good safety profiles have been proven
to be effective in Ps therapy [190]; however, such regimens are not standard methods for
treating SLE. Some biologics have been used in the treatment of SLE, including anifrolumab,
a human monoclonal antibody directed at subunit 1 of the type 1 interferon receptor, and
belimumab, an inhibitor of B-cell stimulator protein; however, these are not recommended
for treating Ps due to the lack of a satisfactory therapeutic effect or a lack of confirmation in
clinical trials [191–194].

Hence, in cases where both conditions are present, particular care should be taken
when choosing a biological drug. There is therefore a need to conduct further research
aimed at explaining the exact pathogenetic mechanisms of both these diseases [9]. A
comparison of treatment methods for both diseases is presented in Table 1.

8. Conclusions

PS and SLE are autoimmune diseases in which chronic inflammation is a key fac-
tor in their pathogenesis. Despite presenting seemingly different etiopathogeneses, in
both cases, inflammatory mechanisms are stimulated by the same immune cells and in-
flammatory cytokines. Ps and SLE rarely co-occur, and such cases can pose numerous
diagnostic and therapeutic challenges. As standard treatment methods for each of these
diseases may induce lupus-like syndrome or psoriasis-like skin lesions, current research is
focused on developing therapeutic strategies targeting the shared pathogenetic pathways
of both diseases.
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131. Robak, E.; Sysa-Jȩdrzejewska, A.; Robak, T. Vascular Endothelial Growth Factor and Its Soluble Receptors VEGFR-1 and VEGFR-2
in the Serum of Patients with Systemic Lupus Erythematosus. Mediat. Inflamm. 2003, 12, 293–298. [CrossRef]

132. Zhou, L.; Lu, G.; Shen, L.; Wang, L.; Wang, M. Serum Levels of Three Angiogenic Factors in Systemic Lupus Erythematosus and
Their Clinical Significance. BioMed Res. Int. 2014, 2014, 627126. [CrossRef] [PubMed]

https://doi.org/10.1038/s41577-022-00693-5
https://doi.org/10.3389/fimmu.2021.648408
https://doi.org/10.1016/S2665-9913(19)30018-9
https://doi.org/10.1136/annrheumdis-2019-215396
https://doi.org/10.1038/s41598-019-48182-5
https://www.ncbi.nlm.nih.gov/pubmed/31409832
https://doi.org/10.1016/j.semarthrit.2003.11.002
https://www.ncbi.nlm.nih.gov/pubmed/15190525
https://doi.org/10.1007/s10067-006-0531-8
https://www.ncbi.nlm.nih.gov/pubmed/17235653
https://doi.org/10.1093/rheumatology/35.11.1067
https://www.ncbi.nlm.nih.gov/pubmed/8948291
https://doi.org/10.3389/fimmu.2018.02746
https://www.ncbi.nlm.nih.gov/pubmed/30555460
https://doi.org/10.1177/1756284821997794
https://www.ncbi.nlm.nih.gov/pubmed/33747126
https://doi.org/10.1016/S0025-6196(11)60668-X
https://www.ncbi.nlm.nih.gov/pubmed/19880688
https://doi.org/10.1016/j.jaad.2008.10.060
https://www.ncbi.nlm.nih.gov/pubmed/19628303
https://doi.org/10.1111/imj.13637
https://doi.org/10.1007/s10620-018-4921-y
https://doi.org/10.3390/ijms222112035
https://www.ncbi.nlm.nih.gov/pubmed/26662133
https://doi.org/10.1177/0961203314556293
https://doi.org/10.1038/srep16053
https://www.ncbi.nlm.nih.gov/pubmed/26524953
https://doi.org/10.1242/dev.121.6.1845
https://www.ncbi.nlm.nih.gov/pubmed/7600998
https://doi.org/10.1006/dbio.1996.0259
https://www.ncbi.nlm.nih.gov/pubmed/8873772
https://doi.org/10.1111/j.1468-3083.2009.03181.x
https://www.ncbi.nlm.nih.gov/pubmed/19309427
https://doi.org/10.1007/s10067-009-1308-7
https://www.ncbi.nlm.nih.gov/pubmed/19907914
https://doi.org/10.1191/0961203302lu199oa
https://doi.org/10.1080/09629350310001619726
https://doi.org/10.1155/2014/627126
https://www.ncbi.nlm.nih.gov/pubmed/24511540


J. Clin. Med. 2024, 13, 4361 19 of 21

133. Gómez-Bernal, F.; Fernández-Cladera, Y.; Quevedo-Abeledo, J.C.; García-González, M.; González-Rivero, A.F.; de Vera-González,
A.; Martín-González, C.; González-Gay, M.; Ferraz-Amaro, I. Vascular Endothelial Growth Factor and Its Soluble Receptor in
Systemic Lupus Erythematosus Patients. Biomolecules 2022, 12, 1884. [CrossRef] [PubMed]

134. Tang, W.; Zhou, T.; Zhong, Z.; Zhong, H. Meta-Analysis of Associations of Vascular Endothelial Growth Factor Protein Levels and
-634G/C Polymorphism with Systemic Lupus Erythematosus Susceptibility. BMC Med. Genet. 2019, 20, 46. [CrossRef] [PubMed]

135. Fan, X.; Yang, S.; Huang, W.; Wang, Z.M.; Sun, L.D.; Liang, Y.H.; Gao, M.; Ren, Y.Q.; Zhang, K.Y.; Du, W.H.; et al. Fine Mapping
of the Psoriasis Susceptibility Locus PSORS1 Supports HLA-C as the Susceptibility Gene in the Han Chinese Population. PLoS
Genet. 2008, 4, e1000038. [CrossRef]

136. Yamazaki, Y.; Morita, T. Molecular and Functional Diversity of Vascular Endothelial Growth Factors. Mol. Divers 2006, 10, 515–527.
[CrossRef] [PubMed]

137. Selvaraja, M.; Chin, V.K.; Abdullah, M.; Arip, M.; Amin-Nordin, S. HLA-DRB1*04 as a Risk Allele to Systemic Lupus Erythemato-
sus and Lupus Nephritis in the Malay Population of Malaysia. Front. Med. 2021, 7, 598665. [CrossRef] [PubMed]

138. Wakeland, E.K.; Liu, K.; Graham, R.R.; Behrens, T.W. Delineating the Genetic Basis of Systemic Lupus Erythematosus. Immunity
2001, 15, 397–408. [CrossRef] [PubMed]

139. Shen, N.; Tsao, B.P. Current Advances in the Human Lupus Genetics. Curr. Rheumatol. Rep. 2004, 6, 391–398. [CrossRef]
140. Lee, H.S.; Chung, Y.H.; Kim, T.G.; Kim, T.H.; Jun, J.B.; Jung, S.; Bae, S.C.; Yoo, D.H. Independent Association of HLA-DR and FCγ

Receptor Polymorphisms in Korean Patients with Systemic Lupus Erythematosus. Rheumatology 2003, 42, 1501–1507. [CrossRef]
141. Hong, G.H.; Kim, H.Y.; Takeuchi, F.; Nakano, K.; Yamada, H.; Matsuta, K.; Han, H.; Tokunaga, K.; Ito, K.; Park, K.S. Association of

Complement C4 and HLA-DR Alleles with Systemic Lupus Erythematosus in Koreans. J. Rheumatol. 1994, 21, 442–447. [PubMed]
142. Barcellos, L.F.; May, S.L.; Ramsay, P.P.; Quach, H.L.; Lane, J.A.; Nititham, J.; Noble, J.A.; Taylor, K.E.; Quach, D.L.; Chung, S.A.;

et al. High-Density SNP Screening of the Major Histocompatibility Complex in Systemic Lupus Erythematosus Demonstrates
Strong Evidence for Independent Susceptibility Regions. PLoS Genet. 2009, 5, e1000696. [CrossRef] [PubMed]

143. Fernando, M.M.A.; Stevens, C.R.; Sabeti, P.C.; Walsh, E.C.; McWhinnie, A.J.M.; Shah, A.; Green, T.; Rioux, J.D.; Vyse, T.J.
Identification of Two Independent Risk Factors for Lupus within the MHC in United Kingdom Families. PLoS Genet. 2007, 3,
e192. [CrossRef] [PubMed]

144. Deng, Y.; Tsao, B.P. Genetic Susceptibility to Systemic Lupus Erythematosus in the Genomic Era. Nat. Rev. Rheumatol. 2010, 6,
683–692. [CrossRef] [PubMed]

145. Nair, R.P.; Henseler, T.; Jenisch, S.; Stuart, P.; Bichakjian, C.K.; Lenk, W.; Westphal, E.; Guo, S.W.; Christophers, E.; Voorhees,
J.J.; et al. Evidence for Two Psoriasis Susceptibility Loci (HLA and 17q) and Two Novel Candidate Regions (16q and 20p) by
Genome-Wide Scan. Hum. Mol. Genet. 1997, 6, 1349–1356. [CrossRef]

146. Trembath, R.C.; Clough, R.L.; Rosbotham, J.L.; Jones, A.B.; Camp, R.D.R.; Frodsham, A.; Browne, J.; Barber, R.; Terwilliger, J.;
Lathrop, G.M.; et al. Identification of a Major Susceptibility Locus on Chromosome 6p and Evidence for Further Disease Loci
Revealed by a Two Stage Genome-Wide Search in Psoriasis. Hum. Mol. Genet. 1997, 6, 813–820. [CrossRef] [PubMed]

147. Scott, B.B.; Zaratin, P.F.; Colombo, A.; Hansbury, M.J.; Winkler, J.D.; Jackson, J.R. Constitutive Expression of Angiopoietin-1 and -2
and Modulation of Their Expression by Inflammatory Cytokines in Rheumatoid Arthritis Synovial Fibroblasts. J. Rheumatol. 2002,
29, 230–239. [PubMed]

148. Wang, J.M.; Xu, W.D.; Yuan, Z.C.; Wu, Q.; Zhou, J.; Huang, A.F. Serum Levels and Gene Polymorphisms of Angiopoietin 2 in
Systemic Lupus Erythematosus Patients. Sci. Rep. 2021, 11, 10. [CrossRef] [PubMed]

149. Xue, Y.; Liu, Y.; Bian, X.; Zhang, Y.; Li, Y.; Zhang, Q.; Yin, M. MiR-205-5p Inhibits Psoriasis-Associated Proliferation and
Angiogenesis: Wnt/β-Catenin and Mitogen-Activated Protein Kinase Signaling Pathway Are Involved. J. Dermatol. 2020, 47,
882–892. [CrossRef]

150. Kuroda, K.; Sapadin, A.; Shoji, T.; Fleischmajer, R.; Lebwohl, M. Altered Expression of Angiopoietins and Tie2 Endothelium
Receptor in Psoriasis. J. Investig. Dermatol. 2001, 116, 713–720. [CrossRef]

151. El-Banawy, H.S.; Gaber, E.W.; Maharem, D.A.; Matrawy, K.A. Angiopoietin-2, Endothelial Dysfunction and Renal Involvement in
Patients with Systemic Lupus Erythematosus. J. Nephrol. 2012, 25, 541–550. [CrossRef]

152. Abdulazim, D.O.; Husein, S.A.; Saraya, M.E.; ElSharkawy, M.M.; Fayed, A.; Sharaf El Din, U.A.; Eesa, N.N. Fibroblast Growth
Factor-23 in Systemic Lupus Erythematosus Patients: Is There a Correlation with Interleukin-6 and Left Ventricular Mass? Egypt.
Rheumatol. 2022, 44, 233–237. [CrossRef]

153. Wojcik, M.; Janus, D.; Dolezal-Oltarzewska, K.; Drozdz, D.; Sztefko, K.; Starzyk, J.B. The Association of FGF23 Levels in Obese
Adolescents with Insulin Sensitivity. J. Pediatr. Endocrinol. Metab. 2012, 25, 687–690. [CrossRef]

154. Garland, J.S.; Holden, R.M.; Ross, R.; Adams, M.A.; Nolan, R.L.; Hopman, W.M.; Morton, A.R. Insulin Resistance Is Associated
with Fibroblast Growth Factor-23 in Stage 3-5 Chronic Kidney Disease Patients. J. Diabetes Complicat. 2014, 28, 61–65. [CrossRef]

155. Hanks, L.J.; Casazza, K.; Judd, S.E.; Jenny, N.S.; Gutiérrez, O.M. Associations of Fibroblast Growth Factor-23 with Markers of
Inflammation, Insulin Resistance and Obesity in Adults. PLoS ONE 2015, 10, e0122885. [CrossRef]

156. Okan, G.; Baki, A.M.; Yorulmaz, E.; Dogru-Abbasoglu, S.; Vural, P. Fibroblast Growth Factor 23 and Placental Growth Factor in
Patients with Psoriasis and Their Relation to Disease Severity. Ann. Clin. Lab. Sci. 2016, 46, 174–179. [PubMed]

157. Walling, H.; Sontheimer, R. Cutaneous Lupus Erythematosus: Issues in Diagnosis and Treatment. Am. J. Clin. Dermatol. 2009, 10,
365–381. [CrossRef] [PubMed]

https://doi.org/10.3390/biom12121884
https://www.ncbi.nlm.nih.gov/pubmed/36551311
https://doi.org/10.1186/s12881-019-0783-1
https://www.ncbi.nlm.nih.gov/pubmed/30902069
https://doi.org/10.1371/journal.pgen.1000038
https://doi.org/10.1007/s11030-006-9027-3
https://www.ncbi.nlm.nih.gov/pubmed/16972015
https://doi.org/10.3389/fmed.2020.598665
https://www.ncbi.nlm.nih.gov/pubmed/33644084
https://doi.org/10.1016/S1074-7613(01)00201-1
https://www.ncbi.nlm.nih.gov/pubmed/11567630
https://doi.org/10.1007/s11926-004-0014-3
https://doi.org/10.1093/rheumatology/keg404
https://www.ncbi.nlm.nih.gov/pubmed/7911834
https://doi.org/10.1371/journal.pgen.1000696
https://www.ncbi.nlm.nih.gov/pubmed/19851445
https://doi.org/10.1371/journal.pgen.0030192
https://www.ncbi.nlm.nih.gov/pubmed/17997607
https://doi.org/10.1038/nrrheum.2010.176
https://www.ncbi.nlm.nih.gov/pubmed/21060334
https://doi.org/10.1093/hmg/6.8.1349
https://doi.org/10.1093/hmg/6.5.813
https://www.ncbi.nlm.nih.gov/pubmed/9158158
https://www.ncbi.nlm.nih.gov/pubmed/11838839
https://doi.org/10.1038/s41598-020-79544-z
https://www.ncbi.nlm.nih.gov/pubmed/33420149
https://doi.org/10.1111/1346-8138.15370
https://doi.org/10.1046/j.1523-1747.2001.01316.x
https://doi.org/10.5301/jn.5000030
https://doi.org/10.1016/j.ejr.2021.12.009
https://doi.org/10.1515/jpem-2012-0064
https://doi.org/10.1016/j.jdiacomp.2013.09.004
https://doi.org/10.1371/journal.pone.0122885
https://www.ncbi.nlm.nih.gov/pubmed/27098624
https://doi.org/10.2165/11310780-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/19824738


J. Clin. Med. 2024, 13, 4361 20 of 21

158. Okon, L.G.; Werth, V.P. Cutaneous Lupus Erythematosus: Diagnosis and Treatment. Best Pract. Res. Clin. Rheumatol. 2013, 27,
391–404. [CrossRef] [PubMed]

159. Boehncke, W.H.; Schön, M.P. Psoriasis. Lancet 2015, 386, 983–994. [CrossRef]
160. Millns, J.L.; Muller, S.A. The Coexistence of Psoriasis and Lupus Erythematosus: An Analysis of 27 Cases. Arch. Dermatol. 1980,

116, 658–663. [CrossRef]
161. Ros, A.M. Photosensitive Psoriasis. Semin. Dermatol. 1992, 11, 267–268. [CrossRef] [PubMed]
162. Kuhn, A.; Sonntag, M.; Richter-Hintz, D.; Oslislo, C.; Megahed, M.; Ruzicka, T.; Lehmann, P. Phototesting in Lupus Erythematosus:

A 15-Year Experience. J. Am. Acad. Dermatol. 2001, 45, 86–95. [CrossRef] [PubMed]
163. Bonilla, E.; Shadakshari, A.; Perl, A. Association of Psoriasis and Psoriatic Arthritis with Systemic Lupus Erythematosus.

Rheumatol. Orthop. Med. 2016, 1, 1–3. [CrossRef]
164. Zoma, A. Musculoskeletal Involvement in Systemic Lupus Erythematosus. Lupus 2004, 13, 851–853. [CrossRef]
165. Jiao, Y.; Xu, H.; Li, H.; Li, X. Mesangial Proliferative Glomerulonephritis with or without IgA Deposits: The Morphological

Characters in Psoriasis Vulgaris. Nephron Clin. Pract. 2008, 108, 221–225. [CrossRef]
166. Ahuja, T.S.; Funtanilla, M.; De Groot, J.J.; Velasco, A.; Badalamenti, J.; Wilson, S. IgA Nephropathy in Psoriasis. Am. J. Nephrol.

1998, 18, 425–429. [CrossRef]
167. Sakemi, T.; Hayashida, R.; Ikeda, Y.; Baba, N.; Nishihara, G.; Kohda, H. Membranous Glomerulonephropathy Associated with

Psoriasis Vulgaris. Nephron 1996, 72, 351–352. [CrossRef] [PubMed]
168. Khan, A.; Haider, I.; Ayub, M.; Humayun, M. Psoriatic Arthritis Is an Indicator of Significant Renal Damage in Patients with

Psoriasis: An Observational and Epidemiological Study. Int. J. Inflam. 2017, 2017, 5217687. [CrossRef]
169. Wang, C.C.; Tang, C.H.; Huang, K.C.; Huang, S.Y.; Sue, Y.M. Increased Risk of Incident Psoriasis in End-Stage Renal Disease

Patients on Chronic Hemodialysis: A Nationwide Population-Based Cohort Study. J. Dermatol. 2018, 45, 1063–1070. [CrossRef]
170. Aringer, M.; Costenbader, K.; Daikh, D.; Brinks, R.; Mosca, M.; Ramsey-Goldman, R.; Smolen, J.S.; Wofsy, D.; Boumpas, D.T.;

Kamen, D.L.; et al. 2019 European League Against Rheumatism/American College of Rheumatology Classification Criteria for
Systemic Lupus Erythematosus. Arthritis Rheumatol. 2019, 71, 1400–1412. [CrossRef]

171. Fetter, T.; Braegelmann, C.; de Vos, L.; Wenzel, J. Current Concepts on Pathogenic Mechanisms and Histopathology in Cutaneous
Lupus Erythematosus. Front. Med. 2022, 9, 915828. [CrossRef] [PubMed]

172. Ferreli, C.; Pinna, A.L.; Pilloni, L.; Tomasini, C.F.; Rongioletti, F. Histopathological Aspects of Psoriasis and Its Uncommon
Variants. G. Ital. Dermatol. Venereol. 2018, 153, 173–184. [CrossRef] [PubMed]

173. Dowdy, M.J.; Nigra, T.P.; Barth, W.F. Subacute Cutaneous Lupus Erythematosus during Puva Therapy for Psoriasis: Case Report
and Review of the Literature. Arthritis Rheum. 1989, 32, 343–346. [CrossRef] [PubMed]

174. Kalia, S.; Dutz, J.P. New Concepts in Antimalarial Use and Mode of Action in Dermatology. Dermatol. Ther. 2007, 20, 160–174.
[CrossRef] [PubMed]

175. Drach, M.; Papageorgiou, K.; Maul, J.T.; Djamei, V.; Yawalkar, N.; Häusermann, P.; Anzengruber, F.; Navarini, A.A. Effectiveness
of Methotrexate in Moderate to Severe Psoriasis Patients: Real-World Registry Data from the Swiss Dermatology Network for
Targeted Therapies (SDNTT). Arch. Dermatol. Res. 2019, 311, 753–760. [CrossRef] [PubMed]

176. Carretero, G.; Puig, L.; Dehesa, L.; Carrascosa, J.M.; Ribera, M.; Sánchez-Regaña, M.; Daudén, E.; Vidal, D.; Alsina, M.; Muñoz-
Santos, C.; et al. Guidelines on the Use of Methotrexate in Psoriasis. Actas Dermosifiliogr. 2010, 101, 600–613. [CrossRef]
[PubMed]

177. Law, J.H.; Koo, B.; Koo, J.Y.M. Methotrexate Update: Mechanism of Action in Psoriasis Therapy. Psoriasis Forum 2008, 14, 17–28.
[CrossRef]

178. Miyawaki, S.; Nishiyama, S.; Aita, T.; Yoshinaga, Y. The Effect of Methotrexate on Improving Serological Abnormalities of Patients
with Systemic Lupus Erythematosus. Mod. Rheumatol. 2013, 23, 659–666. [CrossRef] [PubMed]

179. Silny, W.; Czarnecka-Operacz, M. Efficacy and Safety of Topical Calcineurin Inhibitors in the Treatment of Atopic Dermatitis.
Dermatol. Rev. 2009, 96, 99–103.

180. Van De Veerdonk, F.L.; Lauwerys, B.; Marijnissen, R.J.; Timmermans, K.; Di Padova, F.; Koenders, M.I.; Gutierrez-Roelens, I.;
Durez, P.; Netea, M.G.; Van Der Meer, J.W.M.; et al. The Anti-CD20 Antibody Rituximab Reduces the Th17 Cell Response. Arthritis
Rheum. 2011, 63, 1507–1516. [CrossRef]

181. Chang, Y.S.; Lee, H.T.; Chen, W.S.; Hsiao, K.H.; Chen, M.H.; Tsai, C.Y.; Chou, C.T. Treatment of Psoriasis with Rituximab. J. Am.
Acad. Dermatol. 2012, 66, 184–185. [CrossRef] [PubMed]

182. Singh, F.; Weinberg, J.M. Partial Remission of Psoriasis Following Rituximab Therapy for Non-Hodgkin Lymphoma. Cutis 2005,
76, 186–188. [PubMed]

183. Cohen, J.D. Successful Treatment of Psoriatic Arthritis with Rituximab. Ann. Rheum. Dis. Ann. Rheum. Dis. 2008, 67, 1647–1648.
[CrossRef] [PubMed]

184. Sans-Pola, C.; Danés, I.; Bosch, J.À.; Marrero-Álvarez, P.; Cortés, J.; Agustí, A. Off-Label Use of Rituximab in Patients with
Systemic Lupus Erythematosus with Extrarenal Disease Activity: A Retrospective Study and Literature Review. Front. Med. 2023,
10, 1159794. [CrossRef] [PubMed]

185. Rodionovskaya, S.; Nikishina, I.; Tsymbal, I.; Lavrentieva, I. A Case of Generalized Psoriasis-like Skin Lesions Caused by
Rituximab Use in a 14-Years Patient with Systemic Lupus Erythematosus. Pediatr. Rheumatol. Online J. 2011, 9, 249. [CrossRef]

https://doi.org/10.1016/j.berh.2013.07.008
https://www.ncbi.nlm.nih.gov/pubmed/24238695
https://doi.org/10.1016/S0140-6736(14)61909-7
https://doi.org/10.1001/archderm.1980.01640300046015
https://doi.org/10.1016/S0190-9622(87)70258-8
https://www.ncbi.nlm.nih.gov/pubmed/1493089
https://doi.org/10.1067/mjd.2001.114589
https://www.ncbi.nlm.nih.gov/pubmed/11423840
https://doi.org/10.15761/ROM.1000105
https://doi.org/10.1191/0961203303lu2021oa
https://doi.org/10.1159/000119716
https://doi.org/10.1159/000013388
https://doi.org/10.1159/000188882
https://www.ncbi.nlm.nih.gov/pubmed/8684567
https://doi.org/10.1155/2017/5217687
https://doi.org/10.1111/1346-8138.14531
https://doi.org/10.1002/art.40930
https://doi.org/10.3389/fmed.2022.915828
https://www.ncbi.nlm.nih.gov/pubmed/35712102
https://doi.org/10.23736/S0392-0488.17.05839-4
https://www.ncbi.nlm.nih.gov/pubmed/29249124
https://doi.org/10.1002/anr.1780320318
https://www.ncbi.nlm.nih.gov/pubmed/2649111
https://doi.org/10.1111/j.1529-8019.2007.00131.x
https://www.ncbi.nlm.nih.gov/pubmed/17970883
https://doi.org/10.1007/s00403-019-01945-6
https://www.ncbi.nlm.nih.gov/pubmed/31396693
https://doi.org/10.1016/j.ad.2010.04.002
https://www.ncbi.nlm.nih.gov/pubmed/20858386
https://doi.org/10.1177/247553030814a00105
https://doi.org/10.3109/s10165-012-0707-9
https://www.ncbi.nlm.nih.gov/pubmed/23011357
https://doi.org/10.1002/art.30314
https://doi.org/10.1016/j.jaad.2010.08.007
https://www.ncbi.nlm.nih.gov/pubmed/22507592
https://www.ncbi.nlm.nih.gov/pubmed/16268262
https://doi.org/10.1136/ard.2007.085290
https://www.ncbi.nlm.nih.gov/pubmed/18854517
https://doi.org/10.3389/fmed.2023.1159794
https://www.ncbi.nlm.nih.gov/pubmed/37305139
https://doi.org/10.1186/1546-0096-9-S1-P249


J. Clin. Med. 2024, 13, 4361 21 of 21

186. Alahmari, H.S.; Alhowaish, N.Y.; Omair, M.A. Rituximab-Induced Psoriasis in a Patient with Granulomatosis with Polyangitis
Treated with Adalimumab. Case Rep. Rheumatol. 2019, 2019, 5450863. [CrossRef]
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