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Cutaneous lupus erythematosus (CLE) is a group of autoimmune connective tissue disorders that significantly impact quality of life. Current treatment approaches typically use antimalarial medications, though patients may become recalcitrant. Other treatment options include general immunosuppressants, highlighting the need for more and more targeted treatment options. The purpose of this systematic review was to identify potential compounds that could be repurposed for CLE from natural products since many rheumatologic drugs are derived from natural products, including antimalarials. This study was registered with PROSPERO, the international prospective register of systematic reviews (registration number CRD42021251048). We comprehensively searched Ovid Medline, Cochrane Library, and Scopus databases from inception to April 27th, 2021. These terms included cutaneous lupus erythematosus; general plant, fungus, bacteria terminology; selected plants and plant-derived products; selected antimalarials; and JAK inhibitors. Our search yielded 13,970 studies, of which 1,362 were duplicates. We screened 12,608 abstracts, found 12,043 to be irrelevant, and assessed 565 full-text studies for eligibility. Of these, 506 were excluded, and 59 studies were included in the data extraction. The ROBINS-I risk of bias assessment tool was used to assess studies that met our inclusion criteria. According to our findings, several natural compounds do reduce inflammation in lupus and other autoimmune skin diseases in studies using in vitro methods, mouse models, and clinical observational studies, along with a few randomized clinical trials. Our study has cataloged evidence in support of potential natural compounds and plant extracts that could serve as novel sources of active ingredients for the treatment of CLE. It is imperative that further studies in mice and humans are conducted to validate these findings.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=251048.
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1 INTRODUCTION
Cutaneous lupus erythematosus (CLE) is a spectrum of autoimmune connective tissue disorders that causes a significant health burden. In addition to being a symptom of systemic lupus erythematosus (SLE), CLE can exist as its entity. Patients report negative impacts on mental health, employment, and overall health (Klein et al., 2011; Ogunsanya et al., 2020). CLE can be triggered by exposure to UV light, and photosensitivity can trigger flares both in the skin and systemically. Sun avoidance also impacts the quality of life, and patients often require vitamin D supplementation. Controlling skin disease can prevent SLE flares, providing further evidence of a link between the skin, the immune system, and other organs in the body. The most recent FDA-approved treatments for SLE were Benlysta (belimumab) in 2011 and Saphnelo (anifrolumab-fnia) in 2021. There is a need for more treatment options to address the clinical and immunological heterogeneity of lupus and CLE.
Antimalarial compounds, which are used to treat the majority of CLE patients (Hejazi and Werth, 2016), are plant-derived. Quinine from Cinchona tree (Cinchona officinalis L. [Rubiaceae]) bark extract was used by Peruvian peoples to treat fevers. Europeans determined how to create synthetic derivatives, including chloroquine and hydroxychloroquine (Plaquenil), which are used today to treat systemic and cutaneous lupus patients (Achan et al., 2011). Similarly, other successful treatments for rheumatologic and autoimmune skin conditions, including SLE and CLE, are purified from, or synthetic derivatives of, naturally occurring compounds. Mycophenolate mofetil (CellCept), which is used to treat discoid lupus in addition to several other conditions, is derived from the fungi Penicillium stoloniferum, P. brevicompactum, and P. echinulatum (Allison, 2005). Cyclosporine A is used to treat rheumatoid arthritis and psoriasis, and is produced by fermentation of the fungus Trichoderma polysporum (currently identified as Tolypocladium inflatum) (Kuhn et al., 2011). Tacrolimus (FK 506), a calcineurin inhibitor used to treat skin conditions including CLE, is derived from the soil bacterium Streptomyces tsukubaensis (Sárdy et al., 2009). Figure 1 summarizes the currently used CLE treatments derived from natural products and their targets. Other rheumatologic conditions have been treated with folk medicine (Salmón, 2020), herbalism (Yarnell and Abascal, 2008), and Traditional Chinese Medicine (TCM) (Chang et al., 1997; Ma et al., 2016; Wang Y. et al., 2021).
[image: Figure 1]FIGURE 1 | Current CLE treatments derived from natural compounds. Antimalarials are originally derived from the bark of the Cinchona tree. The active ingredient quinine is a TLR inhibitor that provides relief and maintenance therapy for CLE patients. Cyclosporine A (CsA) is also used to treat CLE, which is derived from the fermentation of the fungus Tolypocladium inflatum and related species. CsA prevents cytokine production (mainly IL-2) and subsequent T cell activation. Mycophenolate mofetil (CellCept) is also fungal-derived from Penicillium species, and its mechanism of action is to deplete guanosine nucleotides preferentially in T and B lymphocytes, which ultimately prevents proliferation, antibody formation, and cell-mediated immunity. Created with BioRender.com.
Based on the previous successes of natural compounds for the treatment of rheumatologic conditions, we hypothesized that other plant extracts and natural compounds could provide active ingredients that could be developed specifically for CLE treatment. To this end, our objective was to perform a systematic review of medicinal plant extracts and natural compounds to identify those with demonstrated efficacy for lupus and/or skin diseases that are not currently used to treat CLE. Our long-term goal is to repurpose these compounds for the treatment of CLE.
2 METHODS
2.1 Protocol and Registration
This study was registered with PROSPERO, the international prospective register of systematic reviews (registration number CRD42021251048), and followed the guidelines set forth by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Liberati et al., 2009).
2.2 Search Strategy
A comprehensive literature search was conducted by a medical librarian on April 27th, 2021, using the following bibliographic databases from inception: Ovid MEDLINE® (ALL-1946 to Present); Cochrane Library (Wiley); and Scopus (Elsevier). No article type, date, or language restrictions were included in the search. Controlled vocabulary and keywords for cutaneous lupus erythematosus; general plant, fungi, and bacteria terminology; selected plants and plant-derived products; selected antimalarials; and JAK inhibitors. We used adjacency searching to ensure that we would still capture relevant studies even if terms were listed in a different order. The latter search terms were included to capture historical literature about antimalarials from Cinchona tree (Cinchona officinalis L. [Rubiaceae]) and JAK inhibitors from green tea (Camellia sinensis (L.) Kuntze), though ultimately manuscripts that only discussed synthetic derivatives were excluded. The entire Ovid MEDLINE search strategy is available in Supplementary Table 1.
2.3 Eligibility Criteria
To be eligible, articles had to meet the following inclusion criteria: 1) studies involving cutaneous lupus erythematosus; 2) studies involving herbalism, plant derivatives, or natural compounds (derived from plants via extraction, expression, or distillation without intentional chemical reaction or modification). Exclusion criteria included: 1) any synthetic products, including any pharmaceutical-grade products that are derivatives of natural products; 2) studies of diseases that were not skin diseases; 3) studies of diseases that were not rheumatologic diseases with related pathogenesis (studies of SLE or related interferonopathies were considered if they met other inclusion criteria); and 4) studies in a language other than English.
Exclusion criteria for full-text review included the following: 1) duplicate article; 2) discusses a natural compound that causes SLE; 3) addressed a natural compound, but not pertinent to CLE or other inclusion criteria; 4) studies involving hydroxychloroquine or related compounds; 5) full article not available in all libraries for interlibrary loan request; 6) full text not in English; 7) did not address specific natural compounds and plant extracts.
2.3.1 Article Types
Article types included from the full-text review were randomized control trials, non-randomized experimental studies, case-control studies, cohort studies, cross-sectional studies, comparative studies, systematic reviews, observational studies, prevalence studies, open-label trials, in vitro experiments, ex vivo studies, and mouse studies. Review articles, editorials, and text/opinion pieces were excluded in the full-text review.
2.3.2 Participant Types
Studies included human participants with CLE/SLE, human peripheral mononuclear cells of CLE/SLE/healthy patients, lupus-prone rodents, and human keratinocyte cell lines (Refer to Table 1). We included a broad range of study types per our PROSPERO registration due to the fact that this is a very under-studied area and we wanted to capture a large list of potential compounds.
TABLE 1 | Synthesized findings for potential bioactive compounds for CLE.
[image: Table 1]2.4 Methodological Quality Assessment
We assessed the risk of bias using the ROBINS-I tool (Sterne et al., 2016). Our quality assessment template included the following metrics: 1) Bias in selection of participants: Was the selection of participants into the study (or into the analysis) based on participant characteristics observed after the start of intervention?; 2) Bias due to deviations from intended interventions: What is the predicted direction of bias due to deviations from the intended interventions?; 3) Bias due to missing data: What is the predicted direction of bias due to missing data?; 4) Bias in measurement of outcomes: What is the predicted direction of bias due to measurement of outcomes?; 5) Bias in selection of the reported result: What is the predicted direction of bias due to selection of the reported result?; 6) Bias in the classification of interventions: What is the predicted direction of bias due to classification of interventions?; 7) Risk of bias due to confounding: is there potential for confounding of the effect of the intervention in this study?; 8) Overall bias - the risk of bias judgment: What is the overall predicted direction of bias for this outcome? (Refer to Supplementary Table S2).
2.5 Data Extraction
Our data extraction template included the following entries for reviewers to complete: 1) study ID; 2) title; 3) country in which the study was conducted; 4) notes; 5) aim or objective of the study; 6) study design (e.g., randomized clinical trial, case report, etc.); 7) publication date; 8) study funding sources; 9) possible conflicts of interests for study authors; (10) participants - population description (mice, humans, cell lines, etc.); 11) inclusion criteria; 12) exclusion criteria; 13) the total number of participants; 14) total number of experimental repeats; 15) plants/compounds/extracts tested; 16) active ingredients tested (if known); 17) controls used (e.g., vehicle, positive controls, negative controls, etc.); 18) primary outcome - cutaneous findings - Was the treatment efficacious (yes/no)? Statistically significant (yes/no)? 19) primary outcome - inflammation - Was the treatment efficacious (yes/no)? Statistically significant (yes/no)? (20) Primary outcome - other organ systems (e.g., kidney, brain, etc.).
Was the treatment efficacious (yes/no)? Statistically significant (yes/no)?
3 RESULTS AND CONTEXT OF INCLUDED STUDIES
3.1 Characteristics of Included Studies
Our search was conducted as outlined in the Methods and Supplementary Full Ovid Medline Search Strategy. This yielded 13,970 studies, of which 1,362 were duplicates. We screened 12,608 abstracts, of which 12,043 were irrelevant, leaving 565 full-text studies we assessed for eligibility. Of these, 506 were excluded for the following reasons: 220 were not pertinent to Cutaneous Lupus, 132 addressed a natural compound but not pertinent to cutaneous lupus, 62 full texts not in English, 37 did not address specific natural compounds and plant extracts, 41 full articles and references not available, 11 HCQ, 4 discussed natural compound that causes SLE. A total of 59 studies were included for data extraction. A PRISMA flow diagram outlining our systematic review process is presented in Figure 2.
[image: Figure 2]FIGURE 2 | PRISMA diagram. Summary of our systematic review process and screening. Created with BioRender.com.
3.2 Consensus Risk of Included Studies
The inter-rater reliability, the extent of agreement among data collectors, was assessed using Cohen’s kappa. Cohen’s Kappa, a metric often used to assess the agreement between two raters, was performed during the abstract/title screening and the full-text review (McHugh, 2012). The review of the title/abstract screening conducted by JEL and ASJ resulted in a Cohen’s Kappa of 0.539, indicating moderate agreement (McHugh, 2012). The reviews conducted by JEL and JMR together resulted in a Cohen’s Kappa of 0.454, indicating moderate agreement (McHugh, 2012). In the full-text review, article assessments conducted by JEL and ASJ together produced a Cohen’s Kappa of 0.574. This suggests a moderate agreement between these two reviewers (McHugh, 2012). We assessed the full texts for extraction for low, medium, and high confidence studies. The consensus risk of studies was evaluated using the quality assessment. The overall risk of bias for these studies is presented in Supplementary Table S2, including information about qualitative vs quantitative studies, in column “Overall bias - risk of bias judgment” and column “Overall bias - risk of bias judgment supporting text”.
3.3 Synthesized Findings
We provide Table 1 demonstrating our 59 included studies, breaking down the results by both category and biological effect. This includes information about what these compounds were tested in (people, mice, cells) and the risk of bias as assessed by ROBINS-I in Supplementary Table S2. Below we provide a detailed description of the findings for each compound/family and the effects exerted on skin inflammation or inflammation. We also provide Figure 3 summarizing natural compounds and extracts identified in this systematic review that had positive effects on inflammation and those that had positive effects on skin disease in Figure 4, including a summary of the molecular pathways targeted by these compounds.
[image: Figure 3]FIGURE 3 | Compounds with positive effects on inflammation. Plant extracts and natural compounds identified in our search that had positive effects on inflammation are presented at left. Specific pathways of immune cells targeted by these extracts and compounds are presented at right. Inflammatory processes targeted by natural compounds include generation of Tregs and Bregs, inhibition of lymphocyte activation, proliferation, cytokine signaling, and secretion, reduced TLR expression, and inhibition of JAK/STAT NFkB and IRAK signaling pathways. A detailed list of which compounds provided which effects are provided in Table 1. Created with BioRender.com.
[image: Figure 4]FIGURE 4 | Compounds with positive effects on skin disease. Omega 3 fatty acids and Tripterygium wilfordii Hook. f. demonstrated positive effects on clinical skin disease in CLE and SLE patients. Isodon serra (Maxim.) Kudô, tetra-arsenic tetra-sulfide, and Naja Naja Atra Venom exhibited positive effects on erythema and edema in mouse models of lupus. Illicium verum Hook. f., Pinus pinaster Aiton, and the active compound taxifolin, which can be isolated from these plants, demonstrated positive effects on keratinocyte activation and T cell adhesion in in vitro and in vivo mouse assays. Paeonia lactiflora Pall. demonstrated positive effects on interface dermatitis, and Sairei-to (12-herb formula) prevented lupus band reaction. Last, Curcuma longa L. (curcumin, turmeric) reduced myeloperoxidase activity of granulocytes in the skin. Created with BioRender.com.
3.3.1 Fish Oils
Multiple human studies utilizing oil extracts have shown promising application to CLE. A randomized control trial, which assessed the effect of dietary supplementation with omega-3 fish oils with or without copper on disease activity in systemic lupus erythematosus (SLE), has improved skin findings among the studied patients (Duffy et al., 2004). Specifically, the components of the Systemic Lupus Activity Measure index (SLAM-R) index most affected by fish oil supplementation were the integument, neuromotor, and laboratory domains (Duffy et al., 2004). Additionally, a randomized control trial that observed the clinical effect of dietary supplementation with low-dose w-3-polyunsaturated fatty acids on SLE disease activity reported similar findings with additional disease activity assessments (Wright et al., 2008). There was also a significant reduction in the British Isles Lupus Assessment Group index scores (BILAG) in the general symptoms, cutaneous, musculoskeletal, cardiorespiratory, and vasculitis scores (Wright et al., 2008). In patients receiving fish oil, there was a significant reduction in SLAM-R at 12 weeks and 24 weeks of intervention (Wright et al., 2008). When using the SLAM-R index, there was a marked reduction in the individual scores at 12 weeks for constitutional symptoms and joints, and at 24 weeks, there was a notable reduction in constitutional symptoms, integument, neuromotor and joint scores (Wright et al., 2008). A smaller randomized control trial aimed to assess the efficacy of Seluang fish oil against proinflammatory cytokines, vitamin D levels, and clinical conditions of SLE (Partan et al., 2019). Seluang fish oil was clinically efficacious via the Mexican Systemic Lupus Erythematosus Disease Activity Index (MEX SLEDAI) score compared to placebo (Partan et al., 2019). However, other data suggests that change in Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) did not indicate a significant difference between fish oil treatment and controls (Arriens et al., 2015).
Studies on fish oil supplementation have supported clinical and overall health improvement. When comparing score changes for the energy/fatigue and emotional well-being subscale of the Rand 36-Item Short Form Health Survey (Rand SF-36), there was a trend in improvement for the fish oil group compared to the placebo group (Arriens et al., 2015). Additional data notes that subjective clinical and outcome improvement in all patients receiving fish oil and/or copper compared to placebo (Duffy et al., 2004). Other data shows that fish oil patients improved global disease activity compared to the placebo patients based on the Physical global assessment (Arriens et al., 2015).
These oils can also reduce inflammation in SLE patients, warranting investigation into whether they can be repurposed for CLE. Disease-related inflammatory markers such as ESR have also been shown to be affected by fish oil. Some studies have observed a considerable reduction in the fish oil group compared to the placebo group and placebo (Arriens et al., 2015). Among the cytokines, chemokines, and growth factors, fish oil-treated SLE patients increased IL-13 levels and decreased IL-12 levels (Arriens et al., 2015). Seluang fish oil was specifically able to increase serum vitamin D levels compared with placebo. Seluang fish oil treated lupus patients presented with decreased IL-1, IL-6, and IL-17 levels compared to the placebo group (Partan et al., 2019). In an in vitro study performed on human peripheral blood mononuclear cells (PBMCs) of lupus patients, there is evidence that the phenolic fraction from extra virgin olive oil also has anti-inflammatory properties. The phenolic fraction in cell cultures significantly reduced IL-6, TNF-alpha, IL-10 (Aparicio-Soto et al., 2017). This substance also significantly prevented induced IkappaBalpha degradation and inhibited ERK phosphorylation in healthy donors and lupus patients (Aparicio-Soto et al., 2017).
3.3.2 Vitamins
Numerous studies have tested the level of Vitamin D (cholecalciferol) in CLE patients since many of them experience photosensitivity and therefore practice sun avoidance. Anti-inflammatory properties of vitamin D are thought to be important in autoimmune diseases like Multiple Sclerosis and SLE. A cross-sectional study assessed the association of serum vitamin D levels with CLE disease activity, which revealed that the presence of CLE raised the odds of having vitamin D deficiency (Cutillas-Marco et al., 2014). Age and disease duration were also associated with higher odds of vitamin D deficiency (Cutillas-Marco et al., 2014). The results of a comparative study found that virtually all CLE patients who strictly avoid sun exposure and wear UV-blocking sunscreen to avoid CLE exacerbations suffer from vitamin D deficiency all year round (Heine et al., 2010; Cutillas-Marco et al., 2014). A cohort study details similar findings, noting that vitamin D levels were significantly lower among sun avoiders and daily sunscreen users (Cusack et al., 2008). Significantly higher vitamin D levels were found among those who took cholecalciferol (vitamin D3) supplements (Cusack et al., 2008). Research comparing populations of different skin types and CLE disease status found that skin type also had a significant effect on 25-OH vitamin D levels when controlling for disease status (Word et al., 2012). African Americans had significantly lower levels of 25-OH vitamin D than Caucasians and Hispanics when controlled for CLE disease status and season (Word et al., 2012). Studying the prevalence and risk factors for vitamin D deficiency among Asian patients living in high UV exposure areas, there was a significant positive correlation between hours of sunlight exposure per day and vitamin D levels for the controls but not for the CLE patients (Grönhagen et al., 2016).
Vitamin D supplementation may improve CLE disease severity in some cases, but there is also some evidence to the contrary. A prospective observational study, which aimed to assess the effect of vitamin D supplementation on CLE disease activity, showed clinical improvement in CLE patients taking vitamin D supplementation (Cutillas-Marco et al., 2014). Their data showed significant clinical improvement after one year in the treatment group (Cutillas-Marco et al., 2014) 2014). Cutaneous Lupus Erythematosus Disease Area and Severity Index Activity Score (CLASI A) decreased from 2.7 ± 2.9 to 0.9 ± 1.4 (p = 0.003); however, the Cutaneous Lupus Erythematosus Disease Area and Severity Index Damage Score (CLASI D) did not significantly change in this study population (Cutillas-Marco et al., 2014). In spite of this, there was a trend towards fewer exacerbations per year in the treatment group (Cutillas-Marco et al., 2014). Other data has shown that vitamin D may not contribute to improvement in disease severity. A cohort study did not find a significant inverse correlation between change in the Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) and changes in vitamin D level over a period of 12 months (Yap et al., 2015). Similarly, a cross-sectional study found no correlation between CLASI activity scores and 25-OH vitamin D levels in CLE African American or Caucasian/Hispanic subjects (Word et al., 2012). Additionally, the mean serum vitamin D levels did not differ significantly between those with CLE who took vitamin D supplementation and those who did not (Grönhagen et al., 2016). Other findings on vitamin D and lupus provide evidence on the anti-inflammatory potential of vitamin D in SLE patients; an in vitro and ex vitro study was conducted in which vitamin D treatment was administered to SLE peripheral blood mononuclear cells (PBMC). This study found that Vitamin D downregulated TLR3, decreased the relative expression levels of TLR7 mRNA, and decreased the expression of TLR9 in SLE PBMC compared to healthy controls (Yazdanpanah et al., 2017). Thus, the clinical effects of vitamin D supplementation are controversial, though ex vivo studies point to potential positive effects on disease parameters.
3.3.3 Plant Extracts
Artemisia annua L. [Asteraceae]
Artemisia annua L. [Asteraceae] has widely been used to treat rheumatic autoimmune diseases such as lupus erythematosus and rheumatoid arthritis in China and is known for its antioxidant characteristics and high nutritional value in amino acids and vitamins. Other pharmacological activities of this plant include immunosuppression and anti-inflammation (Das, 2012). These characteristics, which form the basis of treatment, were demonstrated in the immune and pro-inflammatory pathways of most reviewed articles in this study—however, the cutaneous effects of the plant were not explicitly stated.
In a controlled in vitro mouse study, Musallam et al. evaluated the immunosuppressive potential of an ethanol extract of Artemisia annua on mouse splenocyte proliferation (Musallam et al., 2009). In addition, the authors sought to identify specific antibodies and cellular immune responses in the ovalbumin (OVA) immunized mice (Musallam et al., 2009). EEAA significantly reduced Concanavalin A (Con A) and lipopolysaccharide (LPS)-stimulated splenocyte proliferation in vitro. Furthermore, the study provides evidence that EEAA reduces the levels of OVA-specific serum IgG, IgG1 and IgG2b antibodies in mice that have been immunized with OVA (Musallam et al., 2009). Although the researchers did not use vehicle controls in this study, they did include both positive controls and objective readouts.
In an in vivo study by Wu et al., the lifespan of murine lupus models and systemic features such as lymphadenopathy improved when treated with the artemisinin analog SM934 (Wu et al., 2016). SM934 significantly reduced serum levels of anti-nuclear antibodies (ANAs), along with interleukins 6, 10, and 21 (IL-6, IL-10, and IL-21) (Wu et al., 2016). This study also found that SM934 increased the number of quiescent B cell numbers and effectively restored the B-cell compartment in the spleen of MRL/lpr mice. Additionally, the number of activated B cells was reduced in the experimental group (Wu et al., 2016). B cells, T cells, and cytotoxic T cells dysregulation in CLE pathogenesis have been established by several studies (Garelli et al., 2020), and recent gene expression studies of canine CLE by our group revealed a high cell-type score for B cells, T cells, and cytotoxic T cells (Garelli et al., 2021) (Amudzi et al. in press), indicating a potential use of artemisinin derivatives for veterinary medicine.
Wu et al. also examined the effect of artemisinin derivatives on human peripheral blood mononuclear cells (PBMCs). The production of plasma cells (PC) was hindered, whereas SM934 triggered activation and proliferation of B cells and antibody secretion ex vivo (Wu et al., 2016). Furthermore, SM934 downregulated Toll-like receptor (TLR) 7 and 9 mRNA expression, MyD88 protein expression, and NFκB phosphorylation, thereby interfering with the B-cell intrinsic signaling pathways (Wu et al., 2016). We posit that topical formulations of artemisia species may elicit a similar response based on these results, thereby reducing inflammation and autoimmunity and eventually improving cosmesis and quality of life for CLE patients.
Bupleurum smithii var. parvifolium R. H.Shan and Y. Li [Apiaceae]
Bupleurum smithii var. parvifolium R. H. Shan and Y. Li [Apiaceae] (BP) is a member of a large plant genus with 150 known species (Neves and Watson, 2004). Evidence from previous studies shows BP’s immunomodulatory function on macrophages (Jiang et al., 2012). In this study, BP extract was effective in lengthening the life span of MRL/lpr mice in a non-randomized experimental study (Jiang et al., 2012). This outcome was a function of reduced autoantibodies, improved kidney function, and delayed lymphadenopathy in the mice models (Jiang et al., 2012). Furthermore, BP extract demonstrated an inhibitory effect on the complement and macrophages activation and suppression of interferon-gamma (IFN-γ) and IL- 6 gene expression in the kidney (Jiang et al., 2012). Considering that both SLE and CLE are interferon-dependent disorders, BP may be effective for both conditions.
Camellia sinensis (L.) Kuntze [Theaceae]
Camellia sinensis (L.) Kuntze [Theaceae], commonly known as green tea, has been widely studied for beneficial health effects. Many of these beneficial health effects have been ascribed to one of the most potent compounds called epigallocatechin-3-gallate (EGCG), which is fairly safe in animals and humans. Epigallocatechin-3-gallate (EGCG) is a JAK inhibitor (Tedeschi et al., 2002; Ning et al., 2015; Hamed et al., 2018) and a potent antioxidant (Tsai et al., 2011) effective in various illnesses, including autoimmune diseases. Our search yielded a study by Otton et al., who found that green tea extract could reduce the expression of miR-335 in adipose tissue in response to TNF (Otton et al., 2018). The anti-inflammatory properties of EGCG on adipose tissue in obese mice were observed while examining miR-335 changes. The results from their study suggest an increased energy expenditure of high-fat diet-fed mice, decreased weight gain, consequently resulting in a reversal of metabolic complications and attenuation of inflammation.
Since metabolic complications contribute to increased morbidity and mortality in SLE patients, as mentioned in a study by Szabo et al., where 30% of SLE patients at the time of diagnosis were found to have dyslipidemia with elevations in total cholesterol (TC), low-density lipoprotein (LDL), triglyceride (TG), and apolipoprotein B (ApoB) (Szabó et al., 2017), safe and efficacious compounds that mitigate the metabolic complications of lupus erythematosus will be ideal. In an in vitro study, EGCG was found to inhibit fibroblast growth and collagen production in a keloid model (Park et al., 2008).
Additionally, EGCG has been found to increase regulatory T cells that exert a crucial role in immune function, modulate cytokine production, and suppress autoimmune disease (Wu et al., 2021). Given that high TNF expression in CLE patients predicts poor response to hydroxychloroquine (Zeidi et al., 2019), it is possible that EGCG could provide an additive benefit for patients currently treated with hydroxychloroquine. A further investigation is necessary to determine which JAK/STAT pathway primarily drives the CLE response. In the future, green tea extract may serve as a promising treatment for CLE.
Curcuma longa L. [Zingiberaceae]
Turmeric, scientifically known as Curcuma longa L. [Zingiberaceae], is a medicinal spice widely known for its anti-inflammatory and antioxidant effects. The active ingredient, curcumin (diferuloylmethane), has a broad range of bioactive compounds that are safe and effective against various diseases, including autoimmune diseases. From our searches, curcumin shows several mechanisms of action that could be beneficial for CLE. Zhao et al. demonstrated that curcumin reduces proteinuria, renal inflammation, serum anti-dsDNA antibodies, splenomegaly, and NLRP3 inflammasome activation in MRL/lpr mice in vitro and in vivo assays (Zhao et al., 2019). While it was not explicitly studied, the authors acknowledged curcumin’s potential use for cutaneous lesions.
Kurien et al. demonstrated a significant reduction in binding of autoantibodies to their cognate antigens by turmeric up to 70% in SLE patients, though this inhibition was not specific to autoimmunity (Kurien et al., 2010). In their study, the authors also examined preparations of curcumin and turmeric to enhance bioavailability. They also observed a 12-fold increase in the solubility of curcumin and a 3-fold increase in the solubility of turmeric by applying heat to them in water for 10 min. However, there was a 43% inhibition of Ro60 antigen-antibody binding by heat-solubilized curcumin compared with a 65% inhibition with heat-solubilized turmeric using sera from SLE patients, suggesting that higher inhibition can be achieved with turmeric extract than with purified curcumin. Since a significant setback of turmeric or curcumin’s full pharmacologic effects in experimental studies is their inability to dissolve in an aqueous medium, heated turmeric, which maintains the spices’ safety and efficacy, might be a better therapeutic approach when considering topical formulations for CLE. In addition, heat-solubilized Tumeric was found to bind to a wide range of protein receptors (Ro273 MAP), suggesting its ability to affect multiple signaling pathways, including cytokines and chemokines: type 1 interferons, CXCL10, JAK-STAT, and PRR signaling (Kurien et al., 2010; Wenzel, 2019). Though anti-SSA/Ro60 has been independently associated with SLE compared with Sjögren’s syndrome (SS) and other systemic autoimmune diseases, it is more frequently specific for CLE (Menéndez et al., 2013).
Castangia et al. examined curcumin, and quercetin-loaded nanovesicles and their effects counteracting phorbol ester 12-O-tetradecanoylphorbol-13-acetate (TPA) induced skin inflammation in a mouse model both in vitro and in vivo (Castangia et al., 2014). Quercetin liposomes (59%) and curcumin liposomes and polyethylene glycol (PEG)-PEVs (∼68%) inhibited myeloperoxidase activity. PEG-PEVs provided an extensive re-epithelization of TPA-damaged skin. Quercetin is further discussed in the next section.
Fagopyrum tataricum (L.) Gaertn. [Polygonaceae]
Quercetin is a plant polyphenol with many biological properties that include anti-inflammatory, antiviral, antiplatelet aggregation, and capillary permeability in vitro and in animals (Li Y. et al., 2016). This study demonstrates that quercetin derived from Tartary buckwheat (Fagopyrum tataricum (L.) Gaertn. [Polygonaceae]) can reduce the number of serum antibodies, CD4+ T cell activation, and the expression levels of T-bet, GATA-3, and selected cytokines in female DBA/2 mice with SLE-like presentation (Li W. et al., 2016). The proposed mechanism of action involves the inhibition of CD4 T cell activation and anti-inflammatory effects on macrophages (Li W. et al., 2016). This ability of quercetin to inhibit CD4 T DNA demethylation in SLE and SCLE CD4 (+) T cells contributes to overexpression of the cytotoxic effector molecule perforin (Luo et al., 2009). Considering the inhibitory activity on CD4 T cells, LPS-induced cytokines, and the phosphorylation of ERK, p38 MAPK, and JNK in Raw264.7 cells (Li W. et al., 2016), quercetin proves to be a potent immunomodulator that can be useful in targeting CLE. However, the bioavailability of quercetin in humans is low (0–50%) with a half-life of 1–2 h (Graefe et al., 1999), warranting further development of derivatives and second-generation compounds.
Epimedium alpinum L. [Berberidaceae]
Icaritin (ICT), extracted from Epimedium alpinum L. [Berberidaceae] and other members of this family, has been used in TCM for a long time. Liao et al. examined the effect of ICT on human SLE peripheral blood mononuclear cells (PBMC) and MRL/lpr mice and found that this extract inhibited CD4 (+) T cell overactivity, promoted FoxP3-IL17a balance, and enhanced Treg cell suppression (Liao et al., 2016). The observed Foxp3/IL17a balance in ICT treatment was postulated to be a factor of the increase in STAT5b expression and through histone methylation modification (Liao et al., 2016). ICT’s effect on IL-17 suggests it may have a far-reaching effect on lupus immunomodulation because IL-17 is upregulated in SCLE patients and increases inflammatory cytokines and chemokines, neutrophil recruitment, stimulates T cells, and increases the production of autoantibodies (Méndez-Flores et al., 2016). In vivo, ICT conferred immunosuppressive action in MRL/lpr mice by reducing Th1/Th2 cytokines, and by interfering with the activation of T cells by increasing NF-AT luciferase activity in Jurkat-NF-AT-luc T cells (Li et al., 2012). Lastly, considering that Th1-biased inflammatory immune response can recruit CXCR3-expressing T-lymphocytes to the skin (Wenzel et al., 2005), ICT action on Th1 shows its potential to be beneficial in CLE therapy.
Garcinia mangostana L. [Clusiaceae]
In this study, Li et al. demonstrated the medicinal potential of isogarcinol extract from Garcinia mangostana L. [Clusiaceae]. Treatment of DBA/2 mice resulted in significantly reduced proteinuria, decreased the number of serum antibodies, and lowered the renal histopathology score (Li et al., 2015). Isogarcinol also decreased the expression of inflammatory genes and cytokines in the kidneys and peritoneal macrophages and alleviated the abnormal activation of CD4 T cells (Li et al., 2015). It was determined that Isogarcinol confers a significant immunosuppressive effect on SLE (Chen et al., 2017), and works by regulating abnormal activation of CD4 T cells, which cause inflammation (Li et al., 2015). A different study demonstrated that Isogarcinal prevented abnormal T cell distribution and inhibited CD4+T cell differentiation into Th17 cells in mouse spleens (Chen et al., 2017). Treatment with isogarcinol significantly inhibited aberrant proliferation and differentiation of keratinocytes and inhibition of the expression of genes involved in the IL-23/Th17 axis, TNF-α, IL-2, and IFN-γ in the skin of mice (Chen et al., 2017). Furthermore, Chen et al. found that isogarcinol strongly inhibited inflammatory factor expression in lipopolysaccharide (LPS)-stimulated HaCaT cells (Chen et al., 2017). These combined findings provide evidence of the immunomodulatory activity of isogarcinol systemically and specifically on the skin, thereby proving the potential application of this extract in CLE treatment.
Hypericum perforatum L. [Hypericaceae]
Astiblin from Hypericum perforatum L. [Hypericaceae] (St. John’s wort) proved effective in significantly reducing the serum level of IFN-g, IL-17A, IL-1b, TNF-a, and IL-6 in lupus-prone mice (Guo et al., 2015). This study shows that the extract induced the development of splenic CD44 hi CD62L lo T cells and subsequently reduced CD138+B220- plasma cells (Guo et al., 2015). Additionally, IVE treatment decreased mitochondrial membrane potential in activated T cells and decreased expression of the co-stimulatory molecules CD80 and CD86 in LPS-stimulated B cells (Guo et al., 2015). According to these results, astilbin inhibits disease development in lupus-prone mice by reducing the functionality of activated T and B cells (Guo et al., 2015). This mechanism is particularly relevant to CLE, which requires both T and B lymphocytes (Prinz et al., 1996; Kansal et al., 2019; Mougiakakos et al., 2021).
Illicium verum Hook.f. [Schisandraceae]
This study investigated the anti-inflammatory effects and regulatory mechanisms of Illicium verum Hook. f. [Schisandraceae] extract (IVE) in the human keratinocyte cell line HaCaT. IVE significantly inhibited IFN-γ-induced mRNA and protein expression of ICAM-1 in HaCaT cells (Sung and Kim, 2013). IVE also inhibited IFN-γRα, pJak2, and pSTAT1 and upregulated the expression of SOCS1 (Sung and Kim, 2013). Furthermore, the study determined that IVE and its constituents (p-anisaldehyde and trans-anethole) inhibited the adhesion of Jurkat T cells to HaCaT cells via ICAM-1 (Sung and Kim, 2013). These anti-inflammatory findings of IVE can directly impact the treatment of IFN-γ-dependent elements of CLE through the demonstrated influence on keratinocyte-T cell interactions (Sung and Kim, 2013).
Isodon serra (Maxim.) Kudô [Lamiaceae]
We included two studies that examined the effects that the compounds enmein and oridonin derived from Isodon serra (Maxim.) Kudô [Lamiaceae] conferred on lupus-like Balb/C mice. Zhang et al. investigated the effect of four ent-kaurene diterpenoids (enmein, nodosin, lasiodonin, and epinodosin) on the proliferation of murine lymphocytes (Zhang et al., 2005). In this study, the diterpenoids suppressed murine splenic lymphocyte overproduction resulting from Concanavalin A exposure, and more specifically, enmein showed enhanced potency by also interfering with DNA replication in the G1-S stage (Zhang et al., 2005). This study was extended to include the xylene-induced mice tumescence model, which provided further evidence of enmein’s potency by showing cutaneous findings exhibited by depressing swelling in the ear of the murine model and also reducing the expression of IL-2 (Zhang et al., 2005).
Zhou et al. reported that oridonin regulates B-cell activating factor (BAFF) and ameliorates the manifestations of SLE in MRL/lpr mice (Zhou et al., 2013). In vitro, oridonin significantly inhibited BAFF expression by suppressing the transcriptional activation of BAFF’s promoter (Zhou et al., 2013). This study concluded that oridonin alleviates SLE symptoms by down-regulating BAFF and reducing the rate of B-cell maturation and differentiation (Zhou et al., 2013). The down-regulation of BAFF is an important finding because BAFF is expressed significantly high in lesional keratinocytes of CLE patients (Wenzel et al., 2018). Although the mechanism by which enmein reduced ear swelling is not discussed, isodon serra demonstrates beneficial medicinal value in CLE therapeutics.
Nelumbo nucifera Gaertn. [Nelumbonaceae]
This study examined the effect of (S)-Armepavine, an extract of Nelumbo nucifera Gaertn. [Nelumbonaceae] (lotus), on T cell proliferation in MRL/MpJ-lpr/lpr mice (Liu et al., 2006). The extract suppressed T-cell proliferation and conferred an ameliorative effect on SLE manifestations by inhibiting splenocyte proliferation and suppressing the expression of IL-2, IL-4, IL-10, and IFN-γ (Liu et al., 2006). Furthermore, (S)-Armepavine reduced glomerular hypercellularity, immune complex deposition, proteinuria, and anti-ds DNA autoantibody production in the murine model (Liu et al., 2006). Considering that Th type 2 cells and local IFN-γ interaction may affect the severity of CLE (Stein et al., 1997), and that (S)-armepavine impaired IL-2/IFN-γ transcripts in human PBMCs (Liu et al., 2006), then a CLE therapeutic can potentially be designed from this compound and exploit a similar mechanism of action.
Olea europaea L. [Oleaceae]
Olive oil, a product of Olea europaea L. [Oleaceae], is a widely used ingredient in food preparation. ROS-related diseases and inflammatory processes can be treated with olive leaf extract since it has anti-inflammatory, immunomodulatory, and antioxidant properties (Castejón et al., 2020). A number of phytochemicals derived from olive trees, such as secoiridoids, contain important medicinal properties (Castejón et al., 2020). Moreover, acyl derivatives of natural phenols have shown considerable potential due to their excellent hydrophilic/lipophilic balance, making them potentially beneficial pharmaceutical CLE drug delivery design components (Castejón et al., 2020). These factors combined warrant further research to take advantage of olive oil as a medicine.
Paeonia lactiflora Pall. [Paeoniaceae]
Previous studies have demonstrated that Paeoniflorin (PF) from Paeonia lactiflora Pall. [Paeoniaceae] (peony) confer anti-allergic and anti-inflammatory effects. This study found that PF suppressed the activation of human T lymphocytes by inhibiting IFN-γ production and the signaling pathway for NF-κB/IκBα and p38 MAPK in mice models with allergic contact dermatitis (ACD) (Wu et al., 2021). The immunosuppressive and anti-inflammatory findings suggest that PF can potentially be used to treat T cell-mediated inflammatory conditions, and these findings can also be translated to the treatment of CLE. A different approach was taken by Wang et al. who studied the impact of PF on the regulation of cytokine production in a murine model of ACD. The study found that PF significantly inhibited cutaneous inflammation and decreased the proliferation of thymocyte (a T cell precursor) in mice with ACD (Wang et al., 2013). Furthermore, PF increased the expression of IL-4 and IL-10 in the serum, as well as thymocyte and splenocyte culture supernatants (Wang et al., 2013). The researchers observed an increase in the severity of dermatitis with an increase in IL-2 and IL-17 expression levels and a decrease in the severity of dermatitis with a decrease in the expression of IL-4 and IL-10 expression levels (Wang et al., 2013). These findings suggest that PF may exert anti-inflammatory effects by regulating cytokine imbalances (Wang et al., 2013) and mitigate the CLE disease process as it is characterized by IFN-regulation of proinflammatory cytokines that orchestrate the B- and T-cell mediated lesional inflammation (Klaeschen and Wenzel, 2016).
The immunosuppressive properties of PF have also been studied in regard to interleukin-1 receptor-associated kinase 1 (IRAK1), which has been associated with the development of SLE in humans (Ji et al., 2018). Specifically, the study investigated the effect of PF on LPS-triggered macrophage activation and the effect of LPS-induced IRAK1-nuclear factor κB (NF-κB) signaling pathways (Ji et al., 2018). Ji et al. found that PF decreased the phosphorylation of IRAK1 and its downstream proteins induced by LPS and inhibited the expression of TNF-α and IL-6 in the MRL/lpr mice (Ji et al., 2018). This study proposed that PF inhibits LPS-induced cell activation by inhibiting the IRAK1-NF-κB pathway in MRL/lpr mouse macrophages, thereby showing potential as a treatment of SLE (Ji et al., 2018) and CLE by extension. This is further supported by research showing IRAK1 as an important component in auto-inflammation processes (Nanda et al., 2016).
Paeonia anomala subsp. veitchii (Lynch) D. Y. Hong and K. Y. Pan [Paeoniaceae] and Paeonia lactiflora Pall. [Paeoniaceae]
Radix paeoniae rubra (RPR) is an anti-inflammatory and immune-modulating compound obtained from Paeonia lactiflora and Paeonia veitchii (Lin et al., 2016). This study found that Prednisone and RPR successfully suppressed the amount of infiltrating inflammatory cells and reduced proteinuria, ergo reducing renal pathology (Wang et al., 2020). Similarly, prednisone and RPR significantly lowered the mRNA expression levels of ICAM-1 and VCAM-1 (Wang et al., 2020). Wang et al. concluded that RPR was as effective as prednisone at reducing ICAM-1, VCAM-1, and PECAM-1 expression in MRL/LPR lupus mice (Wang et al., 2020). These findings reveal the therapeutic potential of RPR in treating SLE and CLE because the expression of adhesion molecules on vascular endothelial cells controls the flow of leukocytes into tissues during an inflammatory response (Malik and Lo, 1996), thus, in order for leukocytes to interact with keratinocytes, ICAM-1 must be involved. ICAM-1 is upregulated by inflammatory cytokines resulting in inflammatory dermatoses characteristic of CLE (Bito et al., 2000) (Wang et al., 2020), and RPR has proven effective in suppressing this process.
Pinus pinaster Aiton [Pinaceae]
Pycnogenol, an extract of Pinus pinaster Aiton [Pinaceae] (maritime pine), was examined as a treatment option for patients with SLE in a pilot study. In this study, pycnogenol significantly reduced ROS production, apoptosis, p56 (lck) specific activity, erythrocyte sedimentation rate, and also SLEDAI scores (Stefanescu et al., 2001). In a different study, HaCaT cells were used to study the molecular mechanisms underlying Pycnogenol’s effects on T cells and keratinocytes (Bito et al., 2000). Bito et al. found that pycnogenol significantly inhibited IFNγ-induced T cell adhesion (Bito et al., 2000). Additionally, Pycnogenol was shown to significantly inhibit the IFNγ-induced expression of ICAM-1 in HaCaT cells and the IFNγ-mediated activation of STAT1 (Bito et al., 2000). These results suggest that this extract regulates the transcription of inducible ICAM-1 expression (Bito et al., 2000). Pycnogenol may be useful in the development of CLE therapy as an anti-inflammatory.
Mentha × Piperita L. [Lamiaceae] + Resveratrol
Pannu and Bhatnagar investigated the effects of Resveratrol and piperine (Mentha × piperita L. [Lamiaceae]) as a treatment and also in prophylactic applications in lupus-like Balb/c mouse models. Resveratrol is a phytoalexin with several pharmacological properties (Pannu and Bhatnagar, 2020a). The polyphenolic compound resveratrol has pharmacological effects and can be found in peanuts, grapes, red wine, and some fruits (Baell and Walters, 2014). The researchers combined resveratrol with piperine (as a bio-enhancer) to treat Balb/c mice, and they found that this led to reductions in IFN-α, IL-6, and TNF-α expression (Pannu and Bhatnagar, 2020a). Furthermore, this treatment reduced proteinuria, creatinine in the urine, and oxidative stress (Pannu and Bhatnagar, 2020a). These findings led to the conclusion that this treatment combination can reduce some measures of lupus morbidity.
Pannu and Bhatnagar further examined whether prophylactic treatment with resveratrol and piperine can prevent lupus-like manifestations in the BALB/c mice (Pannu and Bhatnagar, 2020b).
They found that prophylactic resveratrol and prophylactic piperine were equally efficient in mitigating oxidative stress (enzyme activity of catalase, superoxide dismutase, glutathione peroxidase, and level of reduced glutathione, lipid peroxidation, and reactive oxygen species) (Pannu and Bhatnagar, 2020b). These compounds reduced levels of IL-6 and TNF-α, and piperine administered alone significantly reduced urine creatinine level and proteinuria (Pannu and Bhatnagar, 2020b). Additionally, piperine prophylactic treatment enhanced liver and lung histopathology and decreased pulmonary immune complexes (Pannu and Bhatnagar, 2020b). The study reports that resveratrol decreased the susceptibility of developing a lupus-like disease in the mice, and its effect was not enhanced by piperine (Pannu and Bhatnagar, 2020b). These findings have potential applications in the treatment of CLE as the effect of Resveratrol mimics the inhibition of proinflammatory cytokines such as TNF-α and IFN-α seen in the antimalarials that are currently used in treating SLE and CLE (Alves et al., 2017).
Sophora flavescens Aiton [Fabaceae]
This study examined the effect of Sophorae Radix (SR) likely from Sophora flavescens Aiton [Fabaceae] on SLE in the NZB/w mice (Ko et al., 2007). SR treatment significantly reduced proteinuria and anti-dsDNA antibodies in serum and glomerular capillaries (Ko et al., 2007). Additionally, SR reduced the expression of IFN-γ in splenocyte culture without affecting IL-4 secretion, leading the researchers to propose that SR can correct deviated Th1/Th2 imbalances in murine models (Ko et al., 2007). This finding suggests SR could be beneficial in treating CLE, considering that CLE is associated with a systemic type I IFN-induced imbalance of Th1/Th2 by shifting towards a Th1-associated chemokine receptor profile (Freutel et al., 2011).
Tripterygium wilfordii Hook. f. [Celastraceae]
Tripterygium wilfordii Hook. f. [Celastraceae] (TW) has many pharmacological applications due to reported anti-inflammatory, immune modulation, antiproliferative and proapoptotic activity (Liu, 2011). These features make TW effective in treating autoimmune diseases like lupus (Liu, 2011). In this review, we examine three studies using celastrol and tryptolide derived from TW to treat lupus. In one study, Yu et al. investigated whether celastrol can inhibit the formation of neutrophil extracellular traps (NET) induced by inflammatory stimuli associated with SLE (Yu et al., 2015). This study found that celastrol can completely inhibit neutrophil oxidative burst and NET formation induced by TNFα, ovalbumin:anti-ovalbumin immune complexes (Ova IC), and immunoglobulin G (IgG) (Yu et al., 2015). This study also found that celastrol can downregulate the SYK-MEK-ERK-NFkB signaling cascade, thereby inhibiting neutrophil oxidative burst and NET formation induced by different inflammatory stimuli (Yu et al., 2015). In a different study using Trex1−/− mice, celastrol inhibited interferon regulatory factor 3 (IRF3) activation leading to a reduction of the interferon response triggered by cytosolic nucleic acids, autoantibody production, and excessive T-cell activation (Liu et al., 2020).
Our search revealed two studies examining the effects of triptolide. One study focused on the effects on MRL/lpr mice (Huang X. et al., 2018), and another study examined the effect of triptolide on the expression of P40 gene in APCs (Zhang and Ma, 2010). Triptolide treatment improved skin damage, decreased serum levels of IFN-γ and IL-10, improved renal histopathologic characteristics of the mice, and downregulated the mRNA level of TLR9, TLR4, and NF-κB (Huang X. et al., 2018). The investigation by Zhang and Ma into the molecular mechanism of triptolide inhibitory effect on the expression of the p40 gene in APCs revealed that Triptolide could activate the transcription of C/EBPalpha, and phosphorylation of Ser21 and Thr222/226, which are critical for C/EBPalpha inhibition of p40 (Zhang and Ma, 2010). Additionally, this study found that the activation of C/EBPalpha by triptolide is affected by upstream kinases ERK1/2 and Akt-GSK3beta (Zhang and Ma, 2010). This is an important finding considering celastrol can downregulate the signaling cascade of the SYK-MEK-ERK-NFkB (Yu et al., 2015), and the downregulation of IL-12 p40 (which correlates negatively with lupus SLE activity), which ultimately contributes to excessive IL-10 (positively correlated with lupus pathology) (Liu et al., 1999). The implications of these findings are profound in that TW’s extracts triptolide and celastrol collectively confer broad immunomodulatory effects. These extracts in treatment involve neutrophils, NETs, TLRs, and IFN-dependent pathways that have a direct effect on SLE and CLE disease process.
Aconitum lamarckii Rchb. ex Spreng. [Ranunculaceae]
Aconitum lamarckii Rchb. ex Spreng. [Ranunculaceae] (Wolf’s-bane’s) main ingredient, aconitine, has immunomodulatory properties that have applications in treating autoimmune diseases (Li et al., 2017). Li et al. explored the effect and mechanisms of aconitine on the treatment of pristane-induced murine model of SLE. This study found that aconitine decreased elevated blood leukocyte counts, prostaglandin E2 (PGE2), IL-17a, IL-6, serum anti-dsDNA antibody, and IgG deposit in glomerular (Li et al., 2017). Li et al. concluded that aconitine could inhibit autoimmune disease progression and ameliorate lesions characteristic of SLE pathology (Li et al., 2017). It is known that PGE2 is an important mediator of inflammation based on its inhibition of the activation of T cells (Sakata et al., 2010). PGE2 can also trigger Th1 and Th17 differentiation in certain circumstances through the elevation of cAMP via PGE receptors EP2 and EP4 (Sakata et al., 2010). This is important because Th1 and Th17 cells are among the adaptive immune cells involved in the pathology of CLE (Achtman and Werth, 2015). Aconitine’s ability to disrupt the action of PGE2 suggests its potential as a CLE therapeutic.
3.3.4 Fungi-Ganoderma lucidum (LZ)
We identified one study of Ganoderma lucidum (LZ), a relative of Reishi mushroom, with San-Miao-San (SMS) extract, a “four marvels” herbal powder comprised of 33.3% Yi Yi Ren, 16.6% Cang Zhu, 16.6% Huai Niu Xi, and 33.3% Huang Bai. Cai et al. tested LZ extract with SMS in MRL/lpr mice. LZ-SMS significantly reduced concentrations of anti-dsDNA antibodies, induced Treg and Breg formation, reduced IL-21, IL-10, and IL-17A in serum, and increased IL-2 and IL-12p70 in serum (Cai et al., 2016). It is unclear how much of this effect was due to LZ versus SMS.
3.3.5 Bacteria
Lactobacilli
Similar to regulating the gut microbiota, lactobacilli have the potential to modulate immune responses. An in vivo study evaluated the effects of lactobacillus species on Th17 cells and their related mediators in a pristane-induced BALB/c mice model of SLE (Mardani et al., 2019). Subjects that were assigned the probiotics and prednisolone treatment groups had delayed onset of SLE with a significant reduction in antinuclear antibody (ANA), anti-double-stranded DNA (anti-dsDNA), anti-ribonucleoprotein (anti-RNP), and severity of lipogranuloma lesions compared to positive controls (Mardani et al., 2019). The results also revealed a significant reduction in IFN-γ and IL-17 levels among the same treatment groups (Mardani et al., 2019). Furthermore, there was a significant decrease in the CD4+IL*17+, CD4+IFN+, and CD8+IFN*+ populations in groups that received probiotics or prednisolone (Mardani et al., 2019). The study was rated a medium risk of bias and was conducted on mice, which limits its applicability to humans. Despite this, the presenting data suggest that probiotics may be useful as adjunctive therapy for reducing SLE severity.
3.3.6 Herbal Formulas
Two studies were performed using herbal formulas to treat SLE patients (formulation information for herbal formulas is provided in Supplementary Table S3). Zhong et al. performed a single-blind randomized control study of Zi Shen Qing (ZSQ), which is a mixture of Radixastragali, Rehmannia glutinosa libosch, Fructus Corni, Paeonia lactiflora, Herba Hedyotis Diffusae, and Cortex Moutan Radicis. ZSQ preparation was used to treat SLE patients with SLEDAI of 5–14. The authors reported a significant reduction in SLEDAI-2000, improved tapering of corticosteroids, and reduced incidence of flare in treated patients (Zhong et al., 2013). Liao et al. performed a double-blind, randomized controlled trial of Dan-Chi-Liu-Wei combination (DCLWC) as an add-on therapy with prednisolone to treat SLE patients with SLEDAI of 2–12. Adding-on DCLWC to conventional therapy was safe and had a borderline effect in decreasing disease activity, but it was not possible to taper the steroid dosage after 6 months (Liao et al., 2011). These studies had a low risk of bias owing to being randomized controlled trials.
An additional five studies performed experiments testing herbal formulas on MRL/lpr mice. Virtually all of these studies were conducted in one cohort of animals, leading to a moderate to high risk of bias. Two of these studies specifically impacted skin disease. Kanauchi et al. tested Sairei-to, also called Kampo, which is an herbal formula consisting of the following 12 ingredients: bupleuri radix, pinelliae tuber, scutellariae radix, ginseng radix, glycyrrhizae radix, zizyphi fructur, zingiberis rhizoma, atractylodis lanceae rhizoma, polypourus, alismatis rhizoma, hoelen and cinnamoni cortex. Mice treated with this formula exhibited reduced IgG deposition at the dermo-epidermal junction (DEJ) in the skin, as well as reduced titers of anti-DNA antibodies, rheumatoid factor, and reduced lymphoproliferation (Kanauchi et al., 1994). Zhu et al. tested Naja Naja Atra Venom (NNAV), which contains cobra venom factor, cardiotoxins, and neurotoxins. NNAV protected against skin erythema and proteinuria, and reduced glutamate pyruvate transaminase, creatinine kinase, circulating globulin, anti-dsDNA antibody, and inflammatory cytokines IL-6 and TNF-α (Zhu et al., 2014). Lymphadenopathy and renal injury were also reduced in MRL/lpr mice treated with NNAV. Serum C3 levels were increased, indicating disease improvement via less consumed C3 (Ricker et al., 1991). C3 level measurement in SLE patients is a complicated biomarker (Birmingham et al., 2010), potentially warranting further study into potential detrimental effects of increased C3 production, as opposed to reduced C3 consumption, following NNAV.
Three studies demonstrated improvement of inflammation in MRL/lpr mice following treatment with herbal formulas. Lee et al. used Longdan Xiegan Tang (LXT) formula, which is comprised of 10 ingredients: Gentiana rigescens Franch, Scutellaria baicalensis Georgi, Gardenia jasminoides Ellis, Alisma orientalis (Sam.) Juzep, Clematis Montana Buch.-Ham., Plantago asiatica L, Angelica sinensis (Oliv.) Diels, Rehmannia glutinosa Libosch, Bupleurum chinense DC, and Glycyrrhizae uralensis Fisch. Treatment with LXT reduced IFNg, TNF, anti-ds DNA antibody, and increased splenic regulatory T cell populations (Lee and Chang, 2010). In addition, LXT improved kidney glutathione levels and decreased oxidative stress in MRL/lpr mice. The remaining two studies tested Jieduquyuziyin prescription (JP). JP is comprised of the following ten herbs: Rehmanniae glutinosa (radix), Trionycis carapax, Scleromitrion diffusum, Hedyotis diffusa, Paeonia anomala subsp. Veitchii, Centella asiatica, Paeonia × suffruticosa Andrews, Citrus medica L., Actaea cimicifuga L. (syn. Cimicifuga foetida L.), Glycyrrhiza uralensis Fisch. Ex DC. Ji et al. tested both Sprague Dawley rats in addition to MRL/lpr mice. Ji et al. found that JP treatment inhibited phosphorylation of IRAK1 and its downstream proteins induced by LPS (Ji et al., 2019b, 2020). JP also inhibited the expression of TNF and IL-6 and reduced peritoneal macrophage activation. A second study by Shui et al. found that JP treatment in MRL/lpr mice reduced Th17 cell responses, including inhibition of IL-17 and RORgT expression, and inhibited CaMK4 expression (Shui et al., 2015).
Studies using herbal formulas provide challenges to data interpretation for several reasons. First, compounds can have interactions that are additive, synergistic, negative, or null. Second, it may be that a compound’s metabolite that is generated in the body following processing or degradation provides the therapeutic benefit. JP can lead to the generation of 13+ metabolites (Ding et al., 2014). Future studies for these herbal formulas are warranted, particularly for identifying potential synergistic combinations of compounds that minimize unwanted side effects.
3.3.7 Other Natural Formula-Toxins
Zhu et al. tested Naja Naja Atra Venom (NNAV), which contains cobra venom factor, cardiotoxins, and neurotoxins in MRL/lpr mice. NNAV protected against skin erythema and proteinuria, and reduced glutamate pyruvate transaminase, creatinine kinase, circulating globulin, anti-dsDNA antibody, and inflammatory cytokines IL-6 and TNF-α (Zhu et al., 2014). Lymphadenopathy and renal injury were also reduced in MRL/lpr mice treated with NNAV. Serum C3 levels were increased, indicating disease improvement via less consumed C3 (Ricker et al., 1991). C3 level measurement in SLE patients is a complicated biomarker (Birmingham et al., 2010), potentially warranting further study into potential detrimental effects of increased C3 production, as opposed to reduced C3 consumption, following NNAV.
3.3.8. Compounds
Macro, Nutraceuticals, and Micronutrients
A systematic review evaluated the clinical and preclinical scientific evidence of diet and dietary supplementation that either ameliorate or exacerbate SLE symptoms (Islam et al., 2020). Islam et al. reported that a diet high in fiber, polyunsaturated fatty acids, vitamins, minerals, and polyphenols contain sufficient macronutrients, and micronutrients can modulate inflammation and the immune system of SLE patients (Islam et al., 2020). While the scope and conclusions of this study are rather broad, they are applicable to CLE since it is a manifestation of SLE and can develop without systemic involvement. In fact, in a study by Berthier et al., there were no major transcriptional differences between CLE only and SLE-associated CLE lesions (Berthier et al., 2019).
Taxifolin
Bito et al. investigated the effect of plant flavonoids on intercellular adhesion molecule-1 (ICAM-1) expression in human keratinocytes. Taxifolin was selected for its potency and its potential to inhibit IFNγ-induced ICAM-1 protein and mRNA expression in human keratinocytes (Bito et al., 2002). The study found that taxifolin inhibited the activation of STAT1 and the phosphorylation of JAK1, thereby affecting the expression of ICAM-1 at the transcriptional level (Bito et al., 2002). Furthermore, taxifolin inhibited the expression of ICAM-1 induced by IFN-γ in an experimental human skin, suggesting that taxifolin may have therapeutic potential in pathological skin conditions caused by enhanced adhesion and inflammation (Bito et al., 2002). The study concluded that the JAK-STAT pathway might be the site of molecular action for taxifolin (Bito et al., 2002), and by extension, a potential pathway that a CLE therapeutic can be designed to exploit.
N-Acetylcysteine
Studies show that microbiome composition and function have effects on the pathogenesis of autoimmune diseases (ADs). Wang et al. examined the role of the gut microbiome and host responses in SLE pathogenesis using female C57BL/6, MRL+/+, and MRL/lpr mouse models with varying levels of disease progression (Wang H. et al., 2021). The researchers found that N-acetylcysteine treatment decreased the Rikenellaceae population; increased the population of Akkeransiaceae, Erysipelotrichaceae, and Muribaculaceae; and improved Turibaculaceae attenuation. This increase in gut microbiota dysbiosis was linked to an increase in the oxidative stress of the gut, barrier dysfunction, inflammatory responses, and systemic autoimmunity (Wang H. et al., 2021). The skin microbiota is not well-studied, though one study has reported increased Staphylococcus aureus in CLE lesions (Sirobhushanam et al., 2019). We can posit that if systemic autoimmunity is correlated with a disruption in gut microbiota and correction of dysbiosis can have a positive impact on disease course, then cutaneous manifestations of autoimmunity can be mitigated or reversed with skin pre- or probiotics to restore the microbiome.
Sodium Butyrate
Gut microbiota dysbiosis strongly influences the onset and development of systemic lupus erythematosus (SLE). Several studies have demonstrated microbiota-derived butyrate’s effectiveness in ameliorating SLE (He et al., 2020). This study used MRL/lpr lupus-prone mice to examine the roles of butyrate on gut microbiota in SLE (He et al., 2020). The researchers found that Butyrate supplementation ameliorated gut microbiota dysbiosis and renal histopathologic changes in lupus-prone MRL/lpr mice, therefore showing potential as SLE treatment (He et al., 2020). Based on this data, it is clear that the gut microbiome and host interactions influence SLE disease manifestation, which can be applied to CLE, given their similarities. This study had an overall low risk of bias; however, more research in this area is needed to identify the role of gut microbiome dysbiosis in CLE.
Arsenic Trioxide and Tetra-Arsenic Tetra-Sulfide
Arsenic trioxide (ATO), used for treating acute promyelocytic leukemia, has shown the potential to treat lupus-like disease processes in animal models (Hamidou et al., 2021). In a phase IIa clinical study, researchers evaluated the efficacy and safety of intravenous ATO treatment for patients with active SLE (Hamidou et al., 2021). The outcome of this study shows that ATO as a complementary treatment resulted in a decrease in corticosteroid dosage from 11.25 mg/day at baseline to 6 mg/day at week 24 (Hamidou et al., 2021). The researchers concluded that ATO offers a good safety profile and is efficacious in treating patients with SLE (Hamidou et al., 2021).
Zhao et al. cited the findings of the ATO clinical study by Hamidou et al. in their decision to explore the compound Tetra-arsenic tetra-sulfide (As4S4). Tetra-arsenic tetra-sulfide (As4S4) is used in TCM and mainstream medical oncology in treating acute promyelocytic leukemia with milder side effects than ATO (Zhao et al., 2013; Zhu et al., 2013). This study examined As4S4 to determine the side effects and inflammatory parameters affected by As4S4 on the lupus-prone BXSB mice model (Zhao et al., 2013). As4S4 treatment conferred improvement on monocytosis in the spleen and decreased serum levels of IL-6 (Zhao et al., 2013). Several improvements in systemic findings were also identified, i.e., the model mice’s skin, liver, and renal disease (Zhao et al., 2013). As4S4 treatment also suppressed immune complex deposition, mesangial proliferation, and infiltration of inflammatory cells in kidneys and livers (Zhao et al., 2013). This study concluded that As4S4 selectively suppresses cutaneous lupus in BXSB mice (Zhao et al., 2013). The cutaneous-related findings in this study suggests direct application of As4S4 to CLE treatment, though further experimentation is necessary to clarify these findings.
Ethyl Pyruvate
Several mesenchymal stem cell (MSC) defects have been observed in SLE patients, including impaired growth, senescence phenotype, and immunomodulatory functions (Ji et al., 2019a). Treatment with ethyl pyruvate (EP) improved the clinical signs associated with lupus nephritis in MRL/lpr mice and elongated the survival of the mice (Ji et al., 2019a). This study found that targeting HMGB1 reverses the senescent phenotype exhibited by bone marrow stromal cells in the model mice (Ji et al., 2019a). In support of this study, MSCs have been shown to synthesize trophic mediators, such as growth factors, cytokines, macrophage colony-stimulating factor, IL-6, IL-11, IL-15, stem cell factor, and VEGF-involved in hematopoiesis regulation, cell signaling, and immunity modulation (Cras et al., 2015). Together, these features indicate that MSCs may be used to treat autoimmune and autoinflammatory symptoms associated with SLE and CLE.
4 FUTURE DIRECTIONS
Plant-derived antimalarials and immunosuppressants are currently used in CLE treatment regimens. This study sought to identify potential compounds derived from plants and natural products that could be repurposed for CLE treatment. Although the studies included in this review are not conclusive and require further research, we can propose that the findings have ethnopharmacological relevance on the development of CLE prophylactics, treatment, and disease managing medications. Different formulations, including topical treatments, of existing therapies that have proven clinical significance in the treatment of SLE, could be developed for skin-limited lesions or as adjuncts for the existing CLE therapies. Topical treatments generally have better safety profiles and could ameliorate the toxicity concerns of some of the reviewed compounds by limiting systemic absorption.
Nutrition has long been recognized in improving the course of lupus erythematosus. Macro and micronutrients, including flavonoids and polyphenols derived from plants and diets rich in polyunsaturated fatty acids, significantly impact lupus patients’ quality of life, suggesting a beneficial or synergistic effect of diet in symptom management. We identified vitamin D as a potentially important bioactive molecule for CLE patients through our search. It is important to note that synthetic vitamin A derivatives (retinoids) and vitamin B/folic acid analogs (metformin) are also used to treat rheumatic diseases, including CLE (Kuhn et al., 2011). Patients self-report improved symptoms or symptom management with improved diet (Charoenwoodhipong et al., 2020). Future studies examining potential additive or synergistic effects of vitamins/diet on CLE disease damage and activity in combination with anti-inflammatories are warranted.
Certain compounds and extracts demonstrated efficacy specifically for skin disease. These included Tripterygium wilfordii Hook. f., fish oil, and aconitine, Tween-20 Perna, vitamin D. Other compounds we identified were anti-inflammatory and exerted effects on pathways previously targeted in lupus, such as IFN-dependent and signaling pathways for cytokines, JAK-STAT, B cell intrinsic signaling, NFkB/lkBa, and P38 MAPK. These compounds included extracts from Tripterygium wilfordii Hook. f., Camellia sinensis (L.) Kuntze, Artemisia annua L., Curcuma longa L., and Paeonia lactiflora Pall. These findings are promising because closely related plants may confer similar effects, therefore impacting the availability of viable raw materials. Further research will be beneficial in verifying this proposition.
Ji et al.’s study of JP and PF- mediated inhibition of IRAK1 is of particular interest to our group, as we recently identified IRAK1 as a potential treatment target in CD45+ immune cells in discoid lupus erythematosus (DLE) lesional skin using spatial transcriptomics (Haddadi et al. submitted, GSE182825). Therefore, we posit that active ingredients from JP and PF that target IRAK1 may be promising for further pharmaceutical development.
Certain compounds we identified are notably toxic at high doses, including arsenic derivatives. Tripterygium wilfordii Hook. f. can also be detrimental to patients when its safety is not properly controlled during preparation. This is because it has a narrow therapeutic index and may result in unavoidable side effects (Ru et al., 2019). Methotrexate is also genotoxic, serving as a chemotherapeutic that limits lymphocyte proliferation. Dosing for toxins, including NNAV would need to be performed carefully to avoid unwanted side effects. Allergies are another potential, though this is a risk with virtually any drug, food, or biologic medication.
Patient education is another important component of utilizing herbal supplementation, TCM, and other approaches, as these active compounds may interact with a patient’s current medication list. The efficacy and safety of medicinal extracts are influenced by their purity and concentration of active ingredients relative to the excipients during preparations; when much attention is not paid to these factors, a lack of clinical response or side effects ranging from mild symptoms to life-threatening ones can occur.
We would like to highlight that ancient cultures and indigenous peoples have used natural compounds to treat various ailments, passing down traditional wisdom through generations (Salmon, 1996). This wisdom may be missing from the peer-reviewed scientific literature. Cultural appropriation has monetized these approaches to produce pharmaceutical-grade medications ultimately. It is understood that the development of pharmaceuticals requires a certain level of funding for purification/synthesis, preclinical and clinical testing to prove mechanism, safety, dose, and superiority to previous standards of care. Furthermore, given that patients can have severe disease that is not fully controlled through herbalism, patients may ultimately need a stronger or more purified compound to achieve disease control or remission. In our modern society, patients are exposed to a myriad of environmental triggers through climate change and pollution, contributing to their disease severity. Thus, we would encourage future research into the plant extracts and natural compounds we identified as potential novel CLE treatments, but to caution scientists to do so in a way that will not decimate the land of the people who cultivate medicinal plants, not make the end product unaffordable to patients, and not disregard the work of traditional healers.
4.1 Limitations
The main challenge of this project was producing an exhaustive list of plant extracts and natural products in our search strategy. For instance, we included all general plant terms and then those we suspected would yield usable data, but we could not feasibly account for all plant names, extracts, and products in the search. Our search strategy yielded many studies regarding synthetic immunomodulators, such as JAK inhibitors. The studies focused on components that were not directly in line with our inclusion criteria, i.e., the sourcing criteria and the respective use in the treatment of lupus. Nonetheless, we were successful in discovering medicinal plant extracts and natural compounds we had not yet considered as potential novel treatments.
Additionally, several studies we extracted lacked mechanistic experimentation, which could contribute to bias in the interpretation of efficacy and reported results. Many mouse studies that used MRL/lpr mice were only conducted once; this is likely because the mice need to be aged to test lupus disease states. However, experimental n of 1 confers a high risk of bias, as it is unclear whether the results hold true over time. Studies using herbal formulas provide challenges to data interpretation for several reasons. First, compounds can have interactions that are additive, synergistic, negative, or null. Second, it may be that a compound’s metabolite that is generated in the body following processing or degradation provides the therapeutic benefit. JP can lead to the generation of 13+ metabolites (Ding et al., 2014), underscoring the need for further research to discern how metabolites impact lupus disease. Future studies for these herbal formulas are warranted, particularly for identifying potential synergistic combinations of compounds that minimize unwanted side effects.
Another important consideration is that different compounds may be more efficacious for specific clinical subtypes of CLE, and for CLE that exists with or without systemic involvement. This would need to be assessed further through preclinical studies and clinical trials, and is therefore beyond the scope of this systematic review at this time.
4.2 Potential Impacts on Photosensitivity
It is important to note that Hypericum perforatum L. [Hypericaceae] (St. John’s wort), which we identified in our study, and Ginko biloba L., which was not captured in our search but is a commonly used herbal supplement, are photosensitizers. These may have a negative impact on CLE disease if patients use these supplements and are exposed to UV light without proper photoprotection (Levine 1990 from Wisconsin Department of Public Health). Other compounds identified in our search that could cause photosensitivity include quercetin, which was shown to be phototoxic in vitro in HaCaT cells (Rajnochová Svobodová et al., 2017), and SMS preparation, which includes components from Phellodendron amurense Rupr. [Rutaceae]. Rutaceae used in perfumes, flavoring, and spices can cause photosensitivity (Levine 1990 from Wisconsin Department of Public Health).
However, antimalarials, which are mainline therapies used to treat CLE, and synthetic vitamin A derivatives (retinoids), which are used to treat rheumatic diseases, can also cause photosensitivity (Moore and Hemmens, 1982; van Weelden et al., 1982; Blakely et al., 2019). Further, pharmaceutical agents synthetic and naturally derived alike may interact with each other to cause photosensitivity. Therefore, counseling patients on sun avoidance and protection as well as disclosure of all medications and supplements used is paramount in management of CLE. Another option may be to find safe combinations of treatments to control photosensitivity, for example by combining a photoprotective supplement like Phlebodium aureum (L.) J. Sm. [Polypodiaceae] extract (Alonso-Lebrero et al., 2003; Prado et al., 2018; Segars et al., 2021) with an anti-inflammatory agent as was performed in a case report of subacute CLE (Breithaupt and Jacob, 2012).
Of the remaining compounds we identified, some exhibit evidence of photoprotection including fish oils and fatty acids (Rhodes et al., 1995; Rhodes and White, 1998; Pilkington et al., 2011; Huang TH. et al., 2018). Tripterygium wilfordii Hook. f. exhibited photosensitizing activity against bacteria and fungi, but has no reported evidence of photosensitizing activity in mammalian cells (Alam et al., 2021). This may be a beneficial aspect that should be studied in the context of CLE disease: dysbiosis occurs in CLE (Sirobhushanam et al., 2019) and targeting microbial cells but sparing the host cells could be beneficial. Curcuma longa L. (curcumin, turmeric) is also being examined for anti-microbial photosensitization (Yang et al., 2020), however there is evidence of potential negative impacts on mammalian cells, as people can experience pigmentation differences following UV exposure (Napolitano, 2019). Last, several compounds we identified are sensitive to oxidation and degradation caused by exposure to UV light, including olive oil (derived from Olea europaea L. [Oleaceae]), Epimedium alpinum L. [Berberidaceae] extracts, and resveratrol, potentially making extraction and storage of active compounds difficult (Khan and Shahidi, 1999). Notably, olive oil itself does not impact phototherapy and is unlikely to cause photosensitivity by itself (Fetil et al., 2006; Zeb et al., 2008; Akarsu et al., 2018).
5 CONCLUSION
It is clear that more clinical and immunologically heterogeneous therapies are needed for lupus and CLE. Historically, plant-derived compounds have been a source of inspiration for the development of cutaneous disease treatment, like immunosuppressants and antimalarials. In this systematic review, we analyzed a number of experimental and epidemiological studies concerning natural compounds/plant extracts in order to assess their effectiveness and immunological effects. Despite the lack of conclusive evidence in many of these studies, it remains clear that many of these substances have anti-inflammatory and immunomodulatory properties that may be applied to CLE treatment. There was an improvement in inflammatory markers, cytokine levels, immunological pathways, skin lesions severity, assessment scores, and patient quality of life in several studies identified in our literature search. As scientists continue to look for better ways to treat CLE, the compounds we have identified in this systematic review warrant further studies for the possibility of harnessing new active ingredients for the treatment of CLE.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
AUTHOR CONTRIBUTIONS
JL and JR designed the study, BN conducted the literature search. JL, AJ, AA, KH, and JR conducted the data extraction and analysis. JL, AJ performed the data interpretation, and KH provided helpful comments. JL and JR reviewed the data, managed conflicts, and supervised the study. JL, AJ, AA, BN, and JR drafted the manuscript. All authors contributed to and approved the final manuscript.
FUNDING
JL is supported by a Diversity Research Supplement Award from the Lupus Research Alliance, JR is supported by a Women’s Health Career Development Award from the Dermatology Foundation, and a Target Identification in Lupus Award from the Lupus Research Alliance.
AUTHOR DISCLAIMER
The views presented are the authors and do not reflect the opinions of the funders.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
The authors thank Sergey Savinov for his insightful comments.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.802624/full#supplementary-material
REFERENCES
 Achan, J., Talisuna, A. O., Erhart, A., Yeka, A., Tibenderana, J. K., Baliraine, F. N., et al. (2011). Quinine, an Old Anti-malarial Drug in a Modern World: Role in the Treatment of Malaria. Malar. J. 10, 144. doi:10.1186/1475-2875-10-144
 Achtman, J. C., and Werth, V. P. (2015). Pathophysiology of Cutaneous Lupus Erythematosus. Arthritis Res. Ther. 17, 182. doi:10.1186/s13075-015-0706-2
 Akarsu, S., Fetil, E., Ozbagcivan, O., and Gunes, A. T. (2018). Blocking or Enhancing Effects of Some Basic Emollients in UVA Penetration. Bras. Dermatol. 93, 238–241. doi:10.1590/abd1806-4841.20186869
 Alam, S. T., Hwang, H., Son, J. D., Nguyen, U. T. T., Park, J. S., Kwon, H. C., et al. (2021). Natural Photosensitizers from Tripterygium Wilfordii and Their Antimicrobial Photodynamic Therapeutic Effects in a Caenorhabditis elegans Model. J. Photochem. Photobiol. B 218, 112184. doi:10.1016/j.jphotobiol.2021.112184
 Allison, A. C., and Eugui, E. M. (2005). Mechanisms of Action of Mycophenolate Mofetil in Preventing Acute and Chronic Allograft Rejection. Transplantation 80 (Suppl. 1), S181–S190. doi:10.1191/0961203305lu2109oa10.1097/01.tp.0000186390.10150.66
 Alonso-Lebrero, J. L., Domínguez-Jiménez, C., Tejedor, R., Brieva, A., and Pivel, J. P. (2003). Photoprotective Properties of a Hydrophilic Extract of the Fern Polypodium Leucotomos on Human Skin Cells. J. Photochem. Photobiol. B 70, 31–37. doi:10.1016/s1011-1344(03)00051-4
 Alves, P., Bashir, M. M., Wysocka, M., Zeidi, M., Feng, R., and Werth, V. P. (2017). Quinacrine Suppresses Tumor Necrosis Factor-α and IFN-α in Dermatomyositis and Cutaneous Lupus Erythematosus. J. Investig. Dermatol. Symp. Proc. 18, S57–S63. doi:10.1016/j.jisp.2016.11.001
 Aparicio-Soto, M., Sánchéz-Hidalgo, M., Cárdeno, A., Lucena, J. M., Gonzáléz-Escribano, F., Castillo, M. J., et al. (2017). The Phenolic Fraction of Extra virgin Olive Oil Modulates the Activation and the Inflammatory Response of T Cells from Patients with Systemic Lupus Erythematosus and Healthy Donors. Mol. Nutr. Food Res. 61. doi:10.1002/mnfr.201601080
 Arriens, C., Hynan, L. S., Lerman, R. H., Karp, D. R., and Mohan, C. (2015). Placebo-controlled Randomized Clinical Trial of Fish Oil's Impact on Fatigue, Quality of Life, and Disease Activity in Systemic Lupus Erythematosus. Nutr. J. 14, 82. doi:10.1186/s12937-015-0068-2
 Baell, J., and Walters, M. A. (2014). Chemistry: Chemical con artists foil drug discovery. Nature 513, 481–483. doi:10.1038/513481a
 Berthier, C. C., Tsoi, L. C., Reed, T. J., Stannard, J. N., Myers, E. M., Namas, R., et al. (2019). Molecular Profiling of Cutaneous Lupus Lesions Identifies Subgroups Distinct from Clinical Phenotypes. J. Clin. Med. 8. doi:10.3390/jcm8081244
 Birmingham, D. J., Irshaid, F., Nagaraja, H. N., Zou, X., Tsao, B. P., Wu, H., et al. (2010). The Complex Nature of Serum C3 and C4 as Biomarkers of Lupus Renal Flare. Lupus 19, 1272–1280. doi:10.1177/0961203310371154
 Bito, T., Roy, S., Sen, C. K., and Packer, L. (2000). Pine Bark Extract Pycnogenol Downregulates IFN-Gamma-Induced Adhesion of T Cells to Human Keratinocytes by Inhibiting Inducible ICAM-1 Expression. Free Radic. Biol. Med. 28, 219–227. doi:10.1016/s0891-5849(99)00229-4
 Bito, T., Roy, S., Sen, C. K., Shirakawa, T., Gotoh, A., Ueda, M., et al. (2002). Flavonoids Differentially Regulate IFN Gamma-Induced ICAM-1 Expression in Human Keratinocytes: Molecular Mechanisms of Action. FEBS Lett. 520, 145–152. doi:10.1016/s0014-5793(02)02810-7
 Blakely, K. M., Drucker, A. M., and Rosen, C. F. (2019). Drug-Induced Photosensitivity-An Update: Culprit Drugs, Prevention and Management. Drug Saf. 42, 827–847. doi:10.1007/s40264-019-00806-5
 Breithaupt, A. D., and Jacob, S. E. (2012). Subacute Cutaneous Lupus Erythematosus: a Case Report of Polypodium Leucotomos as an Adjuvant Therapy. Cutis 89, 183–184. Available at: https://www.ncbi.nlm.nih.gov/pubmed/22611747.
 Cai, Z., Wong, C. K., Dong, J., Jiao, D., Chu, M., Leung, P. C., et al. (2016). Anti-inflammatory Activities of Ganoderma Lucidum (Lingzhi) and San-Miao-San Supplements in MRL/lpr Mice for the Treatment of Systemic Lupus Erythematosus. Chin. Med. 11, 23. doi:10.1186/s13020-016-0093-x
 Castangia, I., Nácher, A., Caddeo, C., Valenti, D., Fadda, A. M., Díez-Sales, O., et al. (2014). Fabrication of Quercetin and Curcumin Bionanovesicles for the Prevention and Rapid Regeneration of Full-Thickness Skin Defects on Mice. Acta Biomater. 10, 1292–1300. doi:10.1016/j.actbio.2013.11.005
 Castejón, M. L., Montoya, T., Alarcón-de-la-Lastra, C., González-Benjumea, A., Vázquez-Román, M. V., and Sánchez-Hidalgo, M. (2020). Dietary Oleuropein and its Acyl Derivative Ameliorate Inflammatory Response in Peritoneal Macrophages from Pristane-Induced SLE Mice via Canonical and Noncanonical NLRP3 Inflammasomes Pathway. Food Funct. 11, 6622–6631. doi:10.1039/d0fo00235f
 Chang, D. M., Chang, W. Y., Kuo, S. Y., and Chang, M. L. (1997). The Effects of Traditional Antirheumatic Herbal Medicines on Immune Response Cells. J. Rheumatol. 24, 436–441. Available at: https://www.ncbi.nlm.nih.gov/pubmed/9058645.
 Charoenwoodhipong, P., Harlow, S. D., Marder, W., Hassett, A. L., McCune, W. J., Gordon, C., et al. (2020). Dietary omega Polyunsaturated Fatty Acid Intake and Patient-Reported Outcomes in Systemic Lupus Erythematosus: The Michigan Lupus Epidemiology and Surveillance Program. Arthritis Care Res. (Hoboken) 72, 874–881. doi:10.1002/acr.23925
 Chen, S., Han, K., Li, H., Cen, J., Yang, Y., Wu, H., et al. (2017). Isogarcinol Extracted from Garcinia Mangostana L. Ameliorates Imiquimod-Induced Psoriasis-like Skin Lesions in Mice. J. Agric. Food Chem. 65, 846–857. doi:10.1021/acs.jafc.6b05207
 Cras, A., Farge, D., Carmoi, T., Lataillade, J. J., Wang, D. D., and Sun, L. (2015). Update on Mesenchymal Stem Cell-Based Therapy in Lupus and Scleroderma. Arthritis Res. Ther. 17, 301. doi:10.1186/s13075-015-0819-7
 Cusack, C., Danby, C., Fallon, J. C., Ho, W. L., Murray, B., Brady, J., et al. (2008). Photoprotective Behaviour and Sunscreen Use: Impact on Vitamin D Levels in Cutaneous Lupus Erythematosus. Photodermatol. Photoimmunol. Photomed. 24, 260–267. doi:10.1111/j.1600-0781.2008.00373.x
 Cutillas-Marco, E., Marquina-Vila, A., Grant, W. B., Vilata-Corell, J. J., and Morales-Suárez-Varela, M. M. (2014). Vitamin D and Cutaneous Lupus Erythematosus: Effect of Vitamin D Replacement on Disease Severity. Lupus 23, 615–623. doi:10.1177/0961203314522338
 Das, S. (2012). Artemisia Annua (Qinghao): a Pharmacological Review. Int. J. Life Sci. Pharma Res. 3, 4573–4577. Available at: https://ijpsr.com/bft-article/artemisia-annua-qinghao-a-pharmacological-review/. 
 Ding, X., Hu, J., Wen, C., Ding, Z., Yao, L., and Fan, Y. (2014). Rapid Resolution Liquid Chromatography Coupled with Quadrupole Time-Of-Flight Mass Spectrometry-Based Metabolomics Approach to Study the Effects of Jieduquyuziyin Prescription on Systemic Lupus Erythematosus. PLoS One 9, e88223. doi:10.1371/journal.pone.0088223
 Duffy, E. M., Meenagh, G. K., McMillan, S. A., Strain, J. J., Hannigan, B. M., and Bell, A. L. (2004). The Clinical Effect of Dietary Supplementation with omega-3 Fish Oils And/or Copper in Systemic Lupus Erythematosus. J. Rheumatol. 31, 1551–1556. Available at: https://www.ncbi.nlm.nih.gov/pubmed/15290734.
 Fetil, E., Akarsu, S., Ilknur, T., Kuşku, E., and Güneş, A. T. (2006). Effects of Some Emollients on the Transmission of Ultraviolet. Photodermatol. Photoimmunol. Photomed. 22, 137–140. doi:10.1111/j.1600-0781.2006.00221.x
 Freutel, S., Gaffal, E., Zahn, S., Bieber, T., Tüting, T., and Wenzel, J. (2011). Enhanced CCR5+/CCR3+ T Helper Cell Ratio in Patients with Active Cutaneous Lupus Erythematosus. Lupus 20, 1300–1304. doi:10.1177/0961203311409267
 Garelli, C. J., Refat, M. A., Nanaware, P. P., Ramirez-Ortiz, Z. G., Rashighi, M., and Richmond, J. M. (2020). Current Insights in Cutaneous Lupus Erythematosus Immunopathogenesis. Front. Immunol. 11, 1353. doi:10.3389/fimmu.2020.01353
 Garelli, C. J., Wong, N. B., Piedra-Mora, C., Wrijil, L. M., Scarglia, G., David, C. N., et al. (2021). Shared Inflammatory and Skin-specific Gene Signatures Reveal Common Drivers of Discoid Lupus Erythematosus in Canines, Humans and Mice. Curr. Res. Immunol. 2, 41–51. doi:10.1016/j.crimmu.2021.03.003
 Grönhagen, C. M., Tang, M. B., Tan, V. W., Tan, K. W., and Lim, Y. L. (2016). Vitamin D Levels in 87 Asian Patients with Cutaneous Lupus Erythematosus: a Case-Control Study. Clin. Exp. Dermatol. 41, 723–729. doi:10.1111/ced.12884
 Guo, L., Liu, W., Lu, T., Guo, W., Gao, J., Luo, Q., et al. (2015). Decrease of Functional Activated T and B Cells and Treatment of Glomerulonephitis in Lupus-Prone Mice Using a Natural Flavonoid Astilbin. PLOS ONE 10, e0124002. doi:10.1371/journal.pone.0124002
 Hamed, F. N., McDonagh, A. J. G., Almaghrabi, S., Bakri, Y., Messenger, A. G., and Tazi-Ahnini, R. (2018). Epigallocatechin-3 Gallate Inhibits STAT-1/JAK2/IRF-1/HLA-DR/HLA-B and Reduces CD8 MKG2D Lymphocytes of Alopecia Areata Patients. Int. J. Environ. Res. Public Health 15. doi:10.3390/ijerph15122882
 Hamidou, M., Nã©el, A., Poupon, J., Amoura, Z., Ebbo, M., Sibilia, J., et al. (2021). Safety and Efficacy of Low-Dose Intravenous Arsenic Trioxide in Systemic Lupus Erythematosus: an Open-Label Phase IIa Trial (Lupsenic). Arthritis Res. Ther. 23, 70. doi:10.1186/s13075-021-02454-6
 He, H., Xu, H., Xu, J., Zhao, H., Lin, Q., Zhou, Y., et al. (2020). Sodium Butyrate Ameliorates Gut Microbiota Dysbiosis in Lupus-like Mice. Front. Nutr. 7, 604283. doi:10.3389/fnut.2020.604283
 Heine, G., Lahl, A., Müller, C., and Worm, M. (2010). Vitamin D Deficiency in Patients with Cutaneous Lupus Erythematosus Is Prevalent throughout the Year. Br. J. Dermatol. 163, 863–865. doi:10.1111/j.1365-2133.2010.09948.x
 Hejazi, E. Z., and Werth, V. P. (2016). Cutaneous Lupus Erythematosus: An Update on Pathogenesis, Diagnosis and Treatment. Am. J. Clin. Dermatol. 17, 135–146. doi:10.1007/s40257-016-0173-9
 Huang, T. H., Wang, P. W., Yang, S. C., Chou, W. L., and Fang, J. Y. (2018a). Cosmetic and Therapeutic Applications of Fish Oil's Fatty Acids on the Skin. Mar. Drugs 16. doi:10.3390/md16080256
 Huang, X., Wen, C., and Wei, H. (2018b). Therapeutic Effects of Triptolide on Lupus-Prone MRL/lpr Mice. Int. J. Pharmacol. 14, 681–688. doi:10.3923/ijp.2018.681.688
 Islam, M. A., Khandker, S. S., Kotyla, P. J., and Hassan, R. (2020). Immunomodulatory Effects of Diet and Nutrients in Systemic Lupus Erythematosus (SLE): A Systematic Review. Front. Immunol. 11, 1477. doi:10.3389/fimmu.2020.01477
 Ji, J., Fu, T., Dong, C., Zhu, W., Yang, J., Kong, X., et al. (2019a). Targeting HMGB1 by Ethyl Pyruvate Ameliorates Systemic Lupus Erythematosus and Reverses the Senescent Phenotype of Bone Marrow-Mesenchymal Stem Cells. Aging (Albany NY) 11, 4338–4353. doi:10.18632/aging.102052
 Ji, L., Fan, X., Hou, X., Fu, D., Bao, J., Zhuang, A., et al. (2020). Jieduquyuziyin Prescription Suppresses Inflammatory Activity of MRL/lpr Mice and Their Bone Marrow-Derived Macrophages via Inhibiting Expression of IRAK1-NF-Κb Signaling Pathway. Front. Pharmacol. 11, 1049. doi:10.3389/fphar.2020.01049
 Ji, L., Hou, X., Liu, W., Deng, X., Jiang, Z., Huang, K., et al. (2018). Paeoniflorin Inhibits Activation of the IRAK1-NF-Κb Signaling Pathway in Peritoneal Macrophages from Lupus-Prone MRL/lpr Mice. Microb. Pathog. 124, 223–229. doi:10.1016/j.micpath.2018.08.051
 Ji, L., Hou, X., Deng, X., Fan, X., Zhuang, A., Zhang, X., et al. (2019b2019). Jieduquyuziyin Prescription-Treated Rat Serum Suppresses Activation of Peritoneal Macrophages in MRL/Lpr Lupus Mice by Inhibiting IRAK1 Signaling Pathway. Evidence-Based Complement. Altern. Med. 2019, 1–13. doi:10.1155/2019/2357217
 Jiang, Y. W., Li, H., Zhang, Y. Y., Li, W., Jiang, Y. F., Ou, Y. Y., et al. (20122012). Beneficial Effect of Bupleurum Polysaccharides on Autoimmune-Prone MRL-Lpr Mice. Clin. Dev. Immunol. 2012, 842928. doi:10.1155/2012/842928
 Kanauchi, H., Imamura, S., Takigawa, M., and Furukawa, F. (1994). Evaluation of the Japanese-Chinese Herbal Medicine, Kampo, for the Treatment of Lupus Dermatoses in Autoimmune Prone MRL/Mp-lpr/lpr Mice. J. Dermatol. 21, 935–939. doi:10.1111/j.1346-8138.1994.tb03315.x
 Kansal, R., Richardson, N., Neeli, I., Khawaja, S., Chamberlain, D., Ghani, M., et al. (2019). Sustained B Cell Depletion by CD19-Targeted CAR T Cells Is a Highly Effective Treatment for Murine Lupus. Sci. Transl. Med. 11, eaav1648. doi:10.1126/scitranslmed.aav1648
 Khan, M. A., and Shahidi, F. (1999). Rapid Oxidation of Commercial Extra virgin Olive Oil Stored under Fluorescent Light. J. Food Lipids 6, 331–339. doi:10.1111/j.1745-4522.1999.tb00154.x
 Klaeschen, A. S., and Wenzel, J. (2016). Upcoming Therapeutic Targets in Cutaneous Lupus Erythematous. Expert Rev. Clin. Pharmacol. 9, 567–578. doi:10.1586/17512433.2016.1145543
 Klein, R., Moghadam-Kia, S., Taylor, L., Coley, C., Okawa, J., LoMonico, J., et al. (2011). Quality of Life in Cutaneous Lupus Erythematosus. J. Am. Acad. Dermatol. 64, 849–858. doi:10.1016/j.jaad.2010.02.008
 Ko, E., Lee, Y., Park, N., Cho, C., Yim, Y. N., Kim, J., et al. (2007). Sophorae Radix Reduces Autoimmune Response in NZB/w F1 Systemic Lupus Erythematosus Mouse Model. Lupus 16, 335–341. doi:10.1177/0961203307078228
 Kuhn, A., Ruland, V., and Bonsmann, G. (2011). Cutaneous Lupus Erythematosus: Update of Therapeutic Options Part II. J. Am. Acad. Dermatol. 65, e195–213. doi:10.1016/j.jaad.2010.06.017
 Kurien, B. T., D'Souza, A., and Scofield, R. H. (2010). Heat-solubilized Curry Spice Curcumin Inhibits Antibody-Antigen Interaction in In Vitro Studies: a Possible Therapy to Alleviate Autoimmune Disorders. Mol. Nutr. Food Res. 54, 1202–1209. doi:10.1002/mnfr.200900106
 Lee, T. Y., and Chang, H. H. (2010). Longdan Xiegan Tang Has Immunomodulatory Effects on CD4+CD25+ T Cells and Attenuates Pathological Signs in MRL/lpr Mice. Int. J. Mol. Med. 25, 677–685. doi:10.3892/ijmm_00000391
 Levine, J. I. (1990). “Medications that Increase Sensitivity to Light: A 1990 Listing” 12/90. Silver Spring, MD: US FDA. FDA 91-8280; Accessed from Wisconsin Department of Public Health at Available at: https://www.dhs.wisconsin.gov/radiation/medications.htm on 1/3/2022. 
 Li, W., Li, H., Zhang, M., Wang, M., Zhong, Y., Wu, H., et al. (2016a). Quercitrin Ameliorates the Development of Systemic Lupus Erythematosus-like Disease in a Chronic Graft-Versus-Host Murine Model. Am. J. Physiol. Ren. Physiol 311, F217–F226. doi:10.1152/ajprenal.00249.2015
 Li, W., Li, H., Zhang, M., Zhong, Y., Wang, M., Cen, J., et al. (2015). Isogarcinol Extracted from Garcinia Mangostana L. Ameliorates Systemic Lupus Erythematosus-like Disease in a Murine Model. J. Agric. Food Chem. 63, 8452–8459. doi:10.1021/acs.jafc.5b03425
 Li, X., Gu, L., Yang, L., Zhang, D., and Shen, J. (2017). Aconitine: A Potential Novel Treatment for Systemic Lupus Erythematosus. J. Pharmacol. Sci. 133, 115–121. doi:10.1016/j.jphs.2017.01.007
 Li, X., Hu, Y., He, L., Wang, S., Zhou, H., and Liu, S. (2012). Icaritin Inhibits T Cell Activation and Prolongs Skin Allograft Survival in Mice. Int. Immunopharmacol. 13, 1–7. doi:10.1016/j.intimp.2012.02.011
 Li, Y., Yao, J., Han, C., Yang, J., Chaudhry, M. T., Wang, S., et al. (2016b). Quercetin, Inflammation and Immunity. Nutrients 8, 167. doi:10.3390/nu8030167
 Liao, J., Liu, Y., Wu, H., Zhao, M., Tan, Y., Li, D., et al. (2016). The Role of Icaritin in Regulating Foxp3/IL17a Balance in Systemic Lupus Erythematosus and its Effects on the Treatment of MRL/lpr Mice. Clin. Immunol. 162, 74–83. doi:10.1016/j.clim.2015.11.006
 Liao, Y. N., Liu, C. S., Tsai, T. R., Hung, Y. C., Chang, S. J., Lin, H. L., et al. (2011). Preliminary Study of a Traditional Chinese Medicine Formula in Systemic Lupus Erythematosus Patients to Taper Steroid Dose and Prevent Disease Flare-Up. Kaohsiung J. Med. Sci. 27, 251–257. doi:10.1016/j.kjms.2011.03.001
 Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J. P., et al. (2009). The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies that Evaluate Healthcare Interventions: Explanation and Elaboration. BMJ 339, b2700. doi:10.1136/bmj.b2700
 Lin, M. Y., Chiang, S. Y., Li, Y. Z., Chen, M. F., Chen, Y. S., Wu, J. Y., et al. (2016). Anti-tumor Effect of Radix Paeoniae Rubra Extract on Mice Bladder Tumors Using Intravesical Therapy. Oncol. Lett. 12, 904–910. doi:10.3892/ol.2016.4698
 Liu, C. P., Tsai, W. J., Shen, C. C., Lin, Y. L., Liao, J. F., Chen, C. F., et al. (2006). Inhibition of (S)-armepavine from Nelumbo nucifera on Autoimmune Disease of MRL/MpJ-lpr/lpr Mice. Eur. J. Pharmacol. 531, 270–279. doi:10.1016/j.ejphar.2005.11.062
 Liu, Q. (2011). Triptolide and its Expanding Multiple Pharmacological Functions. Int. Immunopharmacol. 11, 377–383. doi:10.1016/j.intimp.2011.01.012
 Liu, T. F., Jones, B. M., Wong, R. W., and Srivastava, G. (1999). Impaired Production of IL-12 in Systemic Lupus Erythematosus. III: Deficient IL-12 P40 Gene Expression and Cross-Regulation of IL-12, IL-10 and IFN-Gamma Gene Expression. Cytokine 11, 805–811. doi:10.1006/cyto.1999.0512
 Liu, Y., Xiao, N., Du, H., Kou, M., Lin, L., Huang, M., et al. (2020). Celastrol Ameliorates Autoimmune Disorders in Trex1-Deficient Mice. Biochem. Pharmacol. 178, 114090. doi:10.1016/j.bcp.2020.114090
 Ma, Y. C., Lin, C. C., Li, C. I., Chiang, J. H., Li, T. C., and Lin, J. G. (2016). Traditional Chinese Medicine Therapy Improves the Survival of Systemic Lupus Erythematosus Patients. Semin. Arthritis Rheum. 45, 596–603. doi:10.1016/j.semarthrit.2015.09.006
 Malik, A. B., and Lo, S. K. (1996). Vascular Endothelial Adhesion Molecules and Tissue Inflammation. Pharmacol. Rev. 48, 213–229. Available at: https://www.ncbi.nlm.nih.gov/pubmed/8804104.
 Mardani, F., Mahmoudi, M., Esmaeili, S. A., Khorasani, S., Tabasi, N., and Rastin, M. (2019). In Vivo study: Th1-Th17 Reduction in Pristane-Induced Systemic Lupus Erythematosus Mice after Treatment with Tolerogenic Lactobacillus Probiotics. J. Cel Physiol 234, 642–649. doi:10.1002/jcp.26819
 McHugh, M. L. (2012). Interrater Reliability: the Kappa Statistic. Biochem. Med. (Zagreb) 22, 276–282. doi:10.11613/bm.2012.031
 Méndez-Flores, S., Hernández-Molina, G., Enríquez, A. B., Faz-Muñoz, D., Esquivel, Y., Pacheco-Molina, C., et al. (2016). Cytokines and Effector/Regulatory Cells Characterization in the Physiopathology of Cutaneous Lupus Erythematous: A Cross-Sectional Study. Mediators Inflamm. 2016, 7074829. doi:10.1155/2016/7074829
 Menéndez, A., Gómez, J., Escanlar, E., Caminal-Montero, L., and Mozo, L. (2013). Clinical Associations of Anti-SSA/Ro60 and Anti-Ro52/TRIM21 Antibodies: Diagnostic Utility of Their Separate Detection. Autoimmunity 46, 32–39. doi:10.3109/08916934.2012.732131
 Moore, D. E., and Hemmens, V. J. (1982). Photosensitization by Antimalarial Drugs. Photochem. Photobiol. 36, 71–77. doi:10.1111/j.1751-1097.1982.tb04342.x
 Mougiakakos, D., KrÃ¶nke, G., Vã¶lkl, S., Kretschmann, S., Aigner, M., Kharboutli, S., et al. (2021). CD19-Targeted CAR T Cells in Refractory Systemic Lupus Erythematosus. N. Engl. J. Med. 385, 567–569. doi:10.1056/NEJMc2107725
 Musallam, K. M., Baydoun, E. A., and Uthman, I. (2009). Clinical Images: Severe Photosensitive Skin Reaction Secondary to an Herbal Treatment in a Patient with Systemic Lupus Erythematosus. Arthritis Rheum. 60, 2854. doi:10.1002/art.24766
 Nanda, S. K., Lopez-Pelaez, M., Arthur, J. S., Marchesi, F., and Cohen, P. (2016). Suppression of IRAK1 or IRAK4 Catalytic Activity, but Not Type 1 IFN Signaling, Prevents Lupus Nephritis in Mice Expressing a Ubiquitin Binding-Defective Mutant of ABIN1. J. Immunol. 197, 4266–4273. doi:10.4049/jimmunol.1600788
 Neves, S. S., and Watson, M. F. (2004). Phylogenetic Relationships in Bupleurum (Apiaceae) Based on Nuclear Ribosomal DNA its Sequence Data. Ann. Bot. 93, 379–398. doi:10.1093/aob/mch052
 Ning, W., Wang, S., Dong, X., Liu, D., Fu, L., Jin, R., et al. (2015). Epigallocatechin-3-gallate (EGCG) Suppresses the Trafficking of Lymphocytes to Epidermal Melanocytes via Inhibition of JAK2: Its Implication for Vitiligo Treatment. Biol. Pharm. Bull. 38, 1700–1706. doi:10.1248/bpb.b15-00331
 Ogunsanya, M. E., Cho, S. K., Hudson, A., and Chong, B. F. (2020). Factors Associated with Quality of Life in Cutaneous Lupus Erythematosus Using the Revised Wilson and Cleary Model. Lupus 29, 1691–1703. doi:10.1177/0961203320951842
 Otton, R., Bolin, A. P., Ferreira, L. T., Marinovic, M. P., Rocha, A. L. S., and Mori, M. A. (2018). Polyphenol-rich green tea Extract Improves Adipose Tissue Metabolism by Down-Regulating miR-335 Expression and Mitigating Insulin Resistance and Inflammation. J. Nutr. Biochem. 57, 170–179. doi:10.1016/j.jnutbio.2018.03.024
 Pannu, N., and Bhatnagar, A. (2020a). Combinatorial Therapeutic Effect of Resveratrol and Piperine on Murine Model of Systemic Lupus Erythematosus. Inflammopharmacology 28, 401–424. doi:10.1007/s10787-019-00662-w
 Pannu, N., and Bhatnagar, A. (2020b). Prophylactic Effect of Resveratrol and Piperine on Pristane-Induced Murine Model of Lupus-like Disease. Inflammopharmacology 28, 719–735. doi:10.1007/s10787-020-00717-3
 Panzella, L., and Napolitano, A. (2019). Natural and Bioinspired Phenolic Compounds as Tyrosinase Inhibitors for the Treatment of Skin Hyperpigmentation: Recent Advances. CosmeticsCosmetics; Basel volume 6, 57. doi:10.3390/cosmetics6040057
 Partan, R. U., Hidayat, R., Saputra, N., Rahmayani, F., Prapto, H., and Yudha, T. W. (2019). Seluang Fish (Rasbora Spp.) Oil Decreases Inflammatory Cytokines via Increasing Vitamin D Level in Systemic Lupus Erythematosus. Open Access Maced J. Med. Sci. 7, 1418–1421. doi:10.3889/oamjms.2019.308
 Pilkington, S. M., Watson, R. E., Nicolaou, A., and Rhodes, L. E. (2011). Omega-3 Polyunsaturated Fatty Acids: Photoprotective Macronutrients. Exp. Dermatol. 20, 537–543. doi:10.1111/j.1600-0625.2011.01294.x
 Prado, G., Teplitz, R., Winkelmann, R., Del Rosso, J., and Rigel, D. (2018). Clinical Efficacy & Safety of Oral Polypodium Leucotomos Extract for Photoprotection: A Systematic Review. J. Skin . doi:10.25251/skin.2.6.2
 Prinz, J. C., Meurer, M., Reiter, C., Rieber, E. P., Plewig, G., and Riethmüller, G. (1996). Treatment of Severe Cutaneous Lupus Erythematosus with a Chimeric CD4 Monoclonal Antibody, cM-T412. J. Am. Acad. Dermatol. 34, 244–252. doi:10.1016/s0190-9622(96)80119-8
 Rajnochová Svobodová, A., Ryšavá, A., Psotová, M., Kosina, P., Zálešák, B., Ulrichová, J., et al. (2017). The Phototoxic Potential of the Flavonoids, Taxifolin and Quercetin. Photochem. Photobiol. 93, 1240–1247. doi:10.1111/php.12755
 Rhodes, L. E., Durham, B. H., Fraser, W. D., and Friedmann, P. S. (1995). Dietary Fish Oil Reduces Basal and Ultraviolet B-Generated PGE2 Levels in Skin and Increases the Threshold to Provocation of Polymorphic Light Eruption. J. Invest. Dermatol. 105, 532–535. doi:10.1111/1523-1747.ep12323389
 Rhodes, L. E., and White, S. I. (1998). Dietary Fish Oil as a Photoprotective Agent in Hydroa Vacciniforme. Br. J. Dermatol. 138, 173–178. doi:10.1046/j.1365-2133.1998.02047.x
 Ricker, D. M., Hebert, L. A., Rohde, R., Sedmak, D. D., Lewis, E. J., and Clough, J. D. (1991). Serum C3 Levels Are Diagnostically More Sensitive and Specific for Systemic Lupus Erythematosus Activity Than Are Serum C4 Levels. The Lupus Nephritis Collaborative Study Group. Am. J. Kidney Dis. 18, 678–685. doi:10.1016/S0272-6386(12)80609-3
 Ru, Y., Luo, Y., Zhou, Y., Kuai, L., Sun, X., Xing, M., et al. (2019). Adverse Events Associated with Treatment of Tripterygium Wilfordii Hook F: A Quantitative Evidence Synthesis. Front. Pharmacol. 10, 1250. doi:10.3389/fphar.2019.01250
 Sakata, D., Yao, C., and Narumiya, S. (2010). Prostaglandin E2, an Immunoactivator. J. Pharmacol. Sci. 112, 1–5. doi:10.1254/jphs.09r03cp
 Salmon, E. (1996). Decolonizing Our Voices. Winds of Change 11, 70–72. Available at: https://eric.ed.gov/?id=EJ531384 (Accessed October 16, 2021). 
 Salmón, E. (2020). Iwígara: American Indian Ethnobotanical Traditions and Science. Portland, OR: Timber Press. 
 Sárdy, M., Ruzicka, T., and Kuhn, A. (2009). Topical Calcineurin Inhibitors in Cutaneous Lupus Erythematosus. Arch. Dermatol. Res. 301, 93–98. doi:10.1007/s00403-008-0894-6
 Segars, K., McCarver, V., and Miller, R. A. (2021). Dermatologic Applications of Polypodium Leucotomos: A Literature Review. J. Clin. Aesthet. Dermatol. 14, 50–60. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34221229.
 Shui, B., Xia, W., Wen, C., and Ding, X. (2015). Jieduquyuziyin Prescription Suppresses IL-17 Production and Th17 Activity in MRL/lpr Mice by Inhibiting Expression of Ca(2+)/calmodulin-dependent Protein Kinase-4. J. Nat. Med. 69, 349–357. doi:10.1007/s11418-015-0900-1
 Sirobhushanam, S., Parsa, N., Reed, T. J., Berthier, C. C., Sarkar, M. K., Hile, G. A., et al. (2019). Staphylococcus aureus Colonization Is Increased on Lupus Skin Lesions and Is Promoted by Interferon-Mediated Barrier Disruption. J. Invest. Dermatol. Available at: https://www.sciencedirect.com/science/article/pii/S0022202X19335006. 
 Stefanescu, M., Matache, C., Onu, A., Tanaseanu, S., Dragomir, C., Constantinescu, I., et al. (2001). Pycnogenol Efficacy in the Treatment of Systemic Lupus Erythematosus Patients. Phytother. Res. 15, 698–704. doi:10.1002/ptr.915
 Stein, L. F., Saed, G. M., and Fivenson, D. P. (1997). T-cell Cytokine Network in Cutaneous Lupus Erythematosus. J. Am. Acad. Dermatol. 36, 191–196. doi:10.1016/s0190-9622(97)70279-2
 Sterne, J. A., Hernán, M. A., Reeves, B. C., Savović, J., Berkman, N. D., Viswanathan, M., et al. (2016). ROBINS-I: a Tool for Assessing Risk of Bias in Non-randomised Studies of Interventions. BMJ 355, i4919. doi:10.1136/bmj.i4919
 Sung, Y. Y., and Kim, H. K. (2013). Illicium Verum Extract Suppresses IFN-γ-Induced ICAM-1 Expression via Blockade of JAK/STAT Pathway in HaCaT Human Keratinocytes. J. Ethnopharmacol. 149, 626–632. doi:10.1016/j.jep.2013.07.013
 Szabó, M. Z., Szodoray, P., and Kiss, E. (2017). Dyslipidemia in Systemic Lupus Erythematosus. Immunol. Res. 65, 543–550. doi:10.1007/s12026-016-8892-9
 Tedeschi, E., Suzuki, H., and Menegazzi, M. (2002). Antiinflammatory Action of EGCG, the Main Component of green tea, through STAT-1 Inhibition. Ann. N. Y. Acad. Sci. 973, 435–437. doi:10.1111/j.1749-6632.2002.tb04678.x
 Tsai, P. Y., Ka, S. M., Chang, J. M., Chen, H. C., Shui, H. A., Li, C. Y., et al. (2011). Epigallocatechin-3-gallate Prevents Lupus Nephritis Development in Mice via Enhancing the Nrf2 Antioxidant Pathway and Inhibiting NLRP3 Inflammasome Activation. Free Radic. Biol. Med. 51, 744–754. doi:10.1016/j.freeradbiomed.2011.05.016
 van Weelden, H., Bolling, H. H., Baart de la Faille, H., and van der Leun, J. C. (1982). Photosensitivity Caused by Chloroquine. Arch. Dermatol. 118, 290. doi:10.1001/archderm.1982.01650170004005
 Wang, C., Yuan, J., Wu, H. X., Chang, Y., Wang, Q. T., Wu, Y. J., et al. (2013). Paeoniflorin Inhibits Inflammatory Responses in Mice with Allergic Contact Dermatitis by Regulating the Balance between Inflammatory and Anti-inflammatory Cytokines. Inflamm. Res. 62, 1035–1044. doi:10.1007/s00011-013-0662-8
 Wang, H., Wang, G., Banerjee, N., Liang, Y., Du, X., Boor, P. J., et al. (2021a). Aberrant Gut Microbiome Contributes to Intestinal Oxidative Stress, Barrier Dysfunction, Inflammation and Systemic Autoimmune Responses in MRL/lpr Mice. Front. Immunol. 12, 651191. doi:10.3389/fimmu.2021.651191
 Wang, W., Cao, L., Wang, X., and Fan, Y. (2020). Radix Paeoniae Rubra Ameliorates Lupus Nephritis in Lupus-like Symptoms of Mrl Mice by Reducing Intercellular Cell Adhesion Molecule-1, Vascular Cell Adhesion Molecule-1, and Platelet Endothelial Cell Adhesion Molecule-1 Expression. Comb. Chem. High Throughput Screen. 23, 675–683. doi:10.2174/1386207323666200517114802
 Wang, Y., Han, M., Pedigo, C. E., Xie, Z.-M., Wang, W.-J., and Liu, J.-P. (2021b). Chinese Herbal Medicine for Systemic Lupus Erythematosus: A Systematic Review and Meta-Analysis of Randomized, Placebo-Controlled Trials. Chin. J. Integr. Med. 27, 778–787. doi:10.1007/s11655-021-3497-0
 Wenzel, J. (2019). Cutaneous Lupus Erythematosus: New Insights into Pathogenesis and Therapeutic Strategies. Nat. Rev. Rheumatol. 15, 519–532. doi:10.1038/s41584-019-0272-0
 Wenzel, J., Landmann, A., Vorwerk, G., and Kuhn, A. (2018). High Expression of B Lymphocyte Stimulator in Lesional Keratinocytes of Patients with Cutaneous Lupus Erythematosus. Exp. Dermatol. 27, 95–97. doi:10.1111/exd.13419
 Wenzel, J., Wörenkämper, E., Freutel, S., Henze, S., Haller, O., Bieber, T., et al. (2005). Enhanced Type I Interferon Signalling Promotes Th1-Biased Inflammation in Cutaneous Lupus Erythematosus. J. Pathol. 205, 435–442. doi:10.1002/path.1721
 Word, A. P., Perese, F., Tseng, L. C., Adams-Huet, B., Olsen, N. J., and Chong, B. F. (2012). 25-Hydroxyvitamin D Levels in African-American and Caucasian/Hispanic Subjects with Cutaneous Lupus Erythematosus. Br. J. Dermatol. 166, 372–379. doi:10.1111/j.1365-2133.2011.10667.x
 Wright, S. A., O'Prey, F. M., McHenry, M. T., Leahey, W. J., Devine, A. B., Duffy, E. M., et al. (2008). A Randomised Interventional Trial of omega-3-polyunsaturated Fatty Acids on Endothelial Function and Disease Activity in Systemic Lupus Erythematosus. Ann. Rheum. Dis. 67, 841–848. doi:10.1136/ard.2007.077156
 Wu, X., Qi, X., Wang, J., Zhang, Y., Xiao, Y., Tu, C., et al. (2021). Paeoniflorin Attenuates the Allergic Contact Dermatitis Response via Inhibiting the IFN-γ Production and the NF-Κb/iκbα Signaling Pathway in T Lymphocytes. Int. Immunopharmacology 96, 107687. doi:10.1016/j.intimp.2021.107687
 Wu, Y., He, S., Bai, B., Zhang, L., Xue, L., Lin, Z., et al. (2016). Therapeutic Effects of the Artemisinin Analog SM934 on Lupus-Prone MRL/lpr Mice via Inhibition of TLR-Triggered B-Cell Activation and Plasma Cell Formation. Cell. Mol. Immunol. 13, 379–390. doi:10.1038/cmi.2015.13
 Yang, Q.-Q., Farha, A. K., Kim, G., Gul, K., Gan, R.-Y., and Corke, H. (2020). Antimicrobial and Anticancer Applications and Related Mechanisms of Curcumin-Mediated Photodynamic Treatments. Trends Food Sci. Tech. 97, 341–354. doi:10.1016/j.tifs.2020.01.023
 Yap, K. S., Northcott, M., Hoi, A. B., Nikpour, M., and Nikpour, M. (2015). Association of Low Vitamin D with High Disease Activity in an Australian Systemic Lupus Erythematosus Cohort. Lupus Sci. Med. 2, e000064e000064. doi:10.1136/lupus-2014-000064
 Yarnell, E., and Abascal, K. (2008). Lupus Erythematosus and Herbal Medicine. Altern. Complement. Therapies 14, 9–12. doi:10.1089/act.2008.14105
 Yazdanpanah, E., Mahmoudi, M., Sahebari, M., Rezaieyazdi, Z., Esmaeili, S. A., Tabasi, N., et al. (2017). Vitamin D3 Alters the Expression of Toll-like Receptors in Peripheral Blood Mononuclear Cells of Patients with Systemic Lupus Erythematosus. J. Cel. Biochem. 118, 4831–4835. doi:10.1002/jcb.26155
 Yu, Y., Koehn, C. D., Yue, Y., Li, S., Thiele, G. M., Hearth-Holmes, M. P., et al. (2015). Celastrol Inhibits Inflammatory Stimuli-Induced Neutrophil Extracellular Trap Formation. Curr. Mol. Med. 15, 401–410. doi:10.2174/1566524015666150505160743
 Zeb, A., Khan, S., Khan, I., and Imran, M. (2008). Effect of Temperature, UV, Sun and white Lights on the Stability of Olive Oil. J. Chem. Soc. Pak. 30, 790–794. 
 Zhang, Y., Liu, J., Jia, W., Zhao, A., and Li, T. (2005). Distinct Immunosuppressive Effect by Isodon Serra Extracts. Int. Immunopharmacol. 5, 1957–1965. doi:10.1016/j.intimp.2005.06.016
 Zhang, Y., and Ma, X. (2010). Triptolide Inhibits IL-12/IL-23 Expression in APCs via CCAAT/enhancer-binding Protein Alpha. J. Immunol. 184, 3866–3877. doi:10.4049/jimmunol.0903417
 Zhao, J., Wang, J., Zhou, M., Li, M., Li, M., and Tan, H. (2019). Curcumin Attenuates Murine Lupus via Inhibiting NLRP3 Inflammasome. Int. Immunopharmacol. 69, 213–216. doi:10.1016/j.intimp.2019.01.046
 Zhao, Y., Wen, G., Qiao, Z., Xu, H., Sun, Q., Huang, H., et al. (2013). Effects of Tetra-Arsenic Tetra-Sulfide on BXSB Lupus-Prone Mice: a Pilot Study. Lupus 22, 469–476. doi:10.1177/0961203313478302
 Zhong, L. L., Bian, Z. X., Gu, J. H., Zhou, X., Tian, Y., Mao, J. C., et al. (2013). Chinese Herbal Medicine (Zi Shen Qing) for Mild-To-Moderate Systematic Lupus Erythematosus: A Pilot Prospective, Single-Blinded, Randomized Controlled Study. Evid. Based. Complement. Alternat. Med. 2013, 327245. doi:10.1155/2013/327245
 Zhou, L., Sun, L., Wu, H., Zhang, L., Chen, M., Liu, J., et al. (2013). Oridonin Ameliorates Lupus-like Symptoms of MRL(lpr/lpr) Mice by Inhibition of B-Cell Activating Factor (BAFF). Eur. J. Pharmacol. 715, 230–237. doi:10.1016/j.ejphar.2013.05.016
 Zhu, H. H., Wu, D. P., Jin, J., Li, J. Y., Ma, J., Wang, J. X., et al. (2013). Oral Tetra-Arsenic Tetra-Sulfide Formula versus Intravenous Arsenic Trioxide as First-Line Treatment of Acute Promyelocytic Leukemia: a Multicenter Randomized Controlled Trial. J. Clin. Oncol. 31, 4215–4221. doi:10.1200/JCO.2013.48.8312
 Zhu, J., Cui, K., Kou, J., Wang, S., Xu, Y., Ding, Z., et al. (20142014). Naja naja Atra Venom Protects against Manifestations of Systemic Lupus Erythematosus in MRL/lpr Mice. Evid. Based. Complement. Alternat. Med. 2014, 969482. doi:10.1155/2014/969482
Conflict of Interest: JR is an inventor on use patents targeting CXCR3 and IL15 for the treatment of vitiligo.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Lubov, Jamison, Baltich Nelson, Amudzi, Haas and Richmond. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-802624-t001.jpg
Herbal formula

Specific active chemical compounds was not
mentioned in article

Specific active chemical compounds was not
mentioned in article

Loganin and paeonifiorin

L.

o

Specific active chemical compounds was not
mentioned in article

Paconifirin, catalpol, feruiic acid, liquirtin,
rutin, hespericin, quercetin, asiaticoside,
glycyrhizic acid (mostly contains paeonifiorin)

Toxins
Specific active chemical compounds was not
mentioned in article

1.2 g/kg PO daly

250 mg/kg PO dally

Sachet of granules (10 g)
in 200 mi of hot water;
orally

Twice daily for 12 weeks

2.7 g of LWDHW and
125 mg of Dan-Chi
San three times dally

Intragastric administration
with 2 m/100 g

18 mikg body weight
per day

40 ugkg

Sairei-to = 12 herbal ingredients
bupleuri radix, pinelie tuber,
scutelaiae radx, ginseng radix,
giycyrthizae radix, zizyphi fructur,
zingiberis rhizoma, atractylodis.
lanceae hizoma, polypourus,
alismatis rhizoma, hoelen and
cinnamoni cortex

Longdan Xiegan Tang (LXT) = 10
ingredients: Gentiana rigescens
Franch, Scutelaria baicalensis
Georgi, Gardenia jasminoides
Elis, Alisma orientals (Sam.) Juzep,
Clematis Montana Buch.-Ham.,
Plantago asiatica L, Angelica
sinensis (Oliv.) Diels, Rehmannia
glutinosa Libosch, Bupleurum
chinense DC, and Giycyrhizae
wralensis Fisch

Zi Shen Qing (Z5Q) =
Radixastragali, Rehmannia
glutinosa libosch, Fructus Corni,
Paconia lactiflora, Herba Hedyotis
Diffusae, and Cortex Moutan
Radicis

Dan-Chi-Liu-Wei combination
(DGLWG) + prednisolone

Jieduquyuziyin prescription (JP)

Jieduquyuziyin prescription (JP)

Naja Naja Atra Venom (NNAV) = 3
ingredients: cobra venom factor,
cardiotoxins, and neurotoxins

and female MRL/lpr
mice

MRLU/pr mice

MRLpr mice

SLE patients with
SLEDAI of 5-14

SLE patients with
‘SIEDAI of 2-12

Meale Sprague Dawley
(SD) rats and female
MRUipr lupus rrice

Mice (MRU/pr and B6)

MRLpr mice

phenotype of bone marrow
mesenchymal stem celss from
MRUlpr mice

119G deposition at the dermo-
epidermal junction, titers of anti-
DNA antibodies and rheumatoid
factor, and lymphoproliferation

® 1 splenic CD3'CD4",
CD3'CDS8", and CD4'CD25"
Tcels

® | IFN-gamma, TNF-alpha,
anti-dsDNA antibody

® | 1gG immune complex
deposits in the glomerui

* Restored kidney glutathione
levels, thereby iimiting the toxic
effects of the inflammatory
mediators INOS and COX-2,
which are overproduced in
MRUlpr mice

® Up-reguiated
phosphoglycerate kinase 1

® Down-regulated feritn ight
chain 1, selenium-binding
protein 2, and aipha-enolase

® | oxidative stress associated
with disease progression in
MRUlpr mice

® | SLEDA-2000

® Improved the withdrawal
dosage of corticosteroids and
the incidence of disease
flare-up

® | SLEDAI score in the
experimental group

® Adding-on DCLWC to
conventional therapy for the.
treatment of SLE was safeand
might have a borderline effect
in decreasing disease activiy,
butit was not possibie to taper
the dosage of steroid after
6 months of cinical trial

® | phosphorylation of IRAK1
and its downstream proteins
induced by LPS

© Inhibited the expression of
TNF-a and IL-6

 JP may inhibit the activation of
peritoneal macrophages in
MRUlpr mice by
downreguiating the IRAK1-
NF-8 signaling pathway, and
IRAK1 may be a potential
target for JP treatment of SLE.

® | percentages of Thi7, IL-
17, and RORyt

 Infibited CaMK4 expression

® Protected against including
skin erythema and proteinuria

® | levels of glutamate pyruvate
transaminase and creatine
kinase

® [ seum C3

® | concentrations of circulating
globulin, anti-dsDNA
antibody, and inflammatory
cytokines IL-6 and TNF-a

® | lymphadenopathy and renal
P

Kenauchi et a.
(1994)

Lee and Chang
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