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Background

Pemphigus vulgaris (PV) is a kind of IgG-mediated autoimmune blistering disease (AIBD) that is characterized by loss of keratinocyte adhesion in the epithelium of mucous membranes or skin. Recently, pemphigus vulgaris was thought to be associated with classical T helper 2 (TH2)-type cytokines such as interleukin‐4 (IL-4) and interleukin‐17 (IL-17) signaling pathway. A humanized monoclonal IgG4 antibody called dupilumab binds to the alpha subunit of the interleukin‐4 receptor (IL‐4Rα) and inhibits the signaling of IL-4 and interleukin‐13 (IL-13), which has been successfully applied for atopic dermatitis and asthma. Currently, the clinical trial evaluating dupilumab in bullous pemphigoid is ongoing.



Objective

To determine whether dupilumab may be of benefit in the aggressive refractory pemphigus vulgaris.



Methods

We report a 35-year old male with refractory pemphigus vulgaris and pulmonary tuberculosis who received treatment with dupilumab for 10 weeks. The mRNA expression of peripheral blood mononuclear cells (PBMCs) was analyzed by RNA sequencing (RNA-seq) which showed the gene expression changes after treatment.



Results

The skin lesions of the patient improved in response to the combined use of dupilumab, moderate dose of glucocorticosteroids, and intravenous immune globulin (IVIG). Downregulations of inflammatory response-related genes and IL-17 signaling pathway-related genes were observed in PBMCs.



Conclusion

We describe a patient with refractory pemphigus vulgaris and pulmonary tuberculosis who had the disease under control with combined use of dupilumab as an add-on treatment. Dupilumab may provide a beneficial effect in aggressive refractory pemphigus vulgaris.
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Background

Pemphigus vulgaris is a severe autoimmune blistering disease (AIBD) affecting mucous membranes and the epidermis with autoantibodies mainly targeting cell-to-cell adhesion molecules desmoglein 3 (Dsg3) and desmoglein 1 (Dsg1) (1). The most commonly used treatment is systemic glucocorticosteroids combined with or without adjuvant nonsteroidal immunomodulatory agents such as azathioprine and mycophenolate mofetil. Refractory pemphigus vulgaris is generally referring to pemphigus vulgaris that fails to respond sufficiently to an optimal dose of first-line treatment. The treatment potions of refractory pemphigus vulgaris include glucocorticosteroids plus Rituximab or high-dose intravenous immune globulin (IVIG). Despite the introduction of biologic agents in recent years, the treatment of refractory pemphigus vulgaris especially pemphigus vulgaris with serious complications remains challenging. For many years, the T helper 2 (TH2)-related cytokines such as interleukin‐4 (IL-4) and interleukin‐17 (IL-17) signaling pathway are gaining attention to the pathogenesis and treatment of pemphigus vulgaris (2–4). In addition, investigators have found Dsg-reactive IL-4+ TH2 cells in the peripheral blood of pemphigus patients. Dupilumab, a humanized monoclonal IgG4 antibody binding to the alpha subunit of the interleukin‐4 receptor (IL‐4Rα), has already been applied for atopic dermatitis and asthma. A multi-institutional study in 2020 showed that bullous pemphigoid patients who received dupilumab achieved a well-tolerated satisfactory control of the disease, but may need higher doses than atopic dermatitis (5). In the past five years, a series of case reports have described the use of dupilumab in the treatment of bullous pemphigoid (6). There is an ongoing recruiting, multicenter, randomized, double-blind, placebo-controlled, and parallel-group clinical trial to evaluate the efficacy and safety of Dupilumab in adult bullous pemphigoid patients (NCT04206553). Here, we combine the clinical features and RNA-seq analysis to describe a patient with refractory and aggressive pemphigus vulgaris with pulmonary tuberculosis (TB) whose pemphigus-related symptoms were successfully improved with a combination treatment of dupilumab (Figures 1A, B).




Figure 1 | The clinical photographs of patient, essential elements for pemphigus and pulmonary tuberculosis diagnosis. (A) The clinical photograph taken on admission to the hospital. (B) The clinical photograph taken on one-week follow-up. (C) Histopathological image of the lesions, which shows intraepithelial cleavage with detached keratinocytes primarily localized to the suprabasal region. (D) Intercellular deposition of IgG and C3 by direct immunofluorescence microscopy. (E) The chest CT scan of pemphigus patient with pulmonary tuberculosis showing lesions in bilateral upper lungs.





Case Presentation

A 35-year-old male had a half-year history of blistering and ulceration from the oral mucosa to the trunk, limbs, glans, genital skin, and mucosa with pruritus and scabs, showing no response to antibiotic therapy. Upon physical examination, several flaccid blisters and superficial skin erosions involving the oral mucosa were seen in more than 70% of the body surface area, with the Nikolsky’s signs (direct and indirect) positive. The diagnosis of pemphigus vulgaris was made based on the presence of typical clinical features, consistent histopathological findings (intraepithelial cleavage with detached keratinocytes primarily localized to the suprabasal region) (Figure 1C), and positive direct immunofluorescence assessments (spinosum intercellular deposition of immunoglobulin G and complement component 3) (Figure 1D). There was a high blood eosinophil count (1.04 × 109/L, normal range 0.02–0.52 × 109/L) and a high serum IgE level (374 IU/ml; normal range <165 IU/ml).

However, the patient had low fever and night sweats at the time of the first hospitalization. The chest CT scan showed lesions located in the bilateral upper lungs and the right lower lung which were considered as TB (Figure 1E). Then the patient was discharged and treated with Anti-tuberculous chemotherapy (daily rifampin 75 mg, isoniazid 37.5 mg, pyrazinamide 200 mg, and ethambutol 137.5 mg) without pemphigus vulgaris treatment in the designated hospital for TB. The patient was readmitted to our hospital 2 months later due to increasing blister erosions and ulcers throughout the body. He firstly received a moderate dose of glucocorticoids (methylprednisolone 40 mg/day) with poor efficacy, and the condition progressed rapidly (Figure 2A). The patient showed a sleep disturbance (trouble falling asleep and sleep-talking), slightly obtunded mental status with fever, and blood inflammatory-related indicators increased (white cell counts, ESR, and hypersensitive C-reactive protein). ESBL-positive Escherichia coli and K. pneumoniae were found in the wound culture. The psychiatric, neurology and infectious disease section consultations considered bacterial or tuberculous intracranial infection or sepsis may exist. Based on the conditions above, the dose of methylprednisolone could not be further increased. It is also difficult to use rituximab which may induce a prolonged B-cell depletion and aggravate infections (7). To improve therapy, dupilumab (600 mg subcutaneously initially and 300 mg subcutaneously every other week) was added to his regimen combined with methylprednisolone, anti-TB regular regimen, and antibiotics plus low-dose intravenous immunoglobulin (15 g IVIG for 4 d) for anti-infection (Figure 2A).




Figure 2 | The use of medications and the trends in blood IgE and eosinophil counts. (A) The use of medications including methylprednisolone, antibiotics and dupilumab with clinical photographs and PDAI total activity scores. (B) IgE levels and eosinophil counts during hospitalization.



Under this combination therapy, the symptoms improved within one and a half months, while few new inflammatory lesions developed and pruritus relief. Pemphigus disease area index (PDAI) total activity scores decreased from 97 to 42 (Figure 2A) (8). At the same time, both blood IgE level and eosinophils counts decreased, which may elevate in acute onset pemphigus vulgaris patients (9) (Figure 2B). The patient was discharged with prolonged maintenance treatment with low-dose methylprednisolone and dupilumab. New onset of blistering was observed on the hips of the patient at first-week follow-up (PDAI total activity score = 14). The new skin lesions regressed rapidly (PDAI total activity score = 6) in one week after using dupilumab (600 mg subcutaneously).



RNA-Sequence Analysis

Currently, there is still no RNA sequence about peripheral blood immune cells of pemphigus vulgaris. After signing the informed consent, the blood of the patient was obtained from three time points: hospitalization (Y_1), discharge (Y_2), and one-week follow-up (Y_3). RNA-seq was performed after extraction of PBMCs using TRlzol to obtain differential genes in the three states of the patient (Figure 3A). We constructed a cDNA library by technology from the pooled RNA from PBMC samples which were sequenced run with Illumina Novaseq™ 6000 sequence platform and then aligned reads of all samples to the human reference genome using HISAT2 package (https://daehwankimlab.github.io/hisat2/, version: hisat2-2.0.4) (10). The Gene Ontology (GO) enrichment analysis (http://www.geneontology.org/) between Y_2 and Y_1 showed that a total of 275 GO entries were obtained and top20 (p <0.01) were selected (Figure 3B), namely, plasma membrane (GO: 0005886), neutrophil degranulation (GO: 0043312), inflammatory response (GO: 0006954), and immune response (GO:0006955). According to inflammatory response, there were upregulation of 10 genes and downregulation of 85 genes in the PBMCs of the patients when discharged (Figure 3C). A Gene Set Enrichment Analysis (GSEA, software.broadinstitute.org/gsea/index.jsp) was performed for GO terms, where the downregulation of inflammatory response was significant (NES = −2.2, NOM p-value <0.05, FDR q-value <0.25) (Figure 3D). We also investigated the differentially expressed genes about C–X–C motif chemokine ligand chemokine family (CXCL1, CXCL5), interleukin (IL1B, IL1RAP, IL18), C–C motif chemokine ligand chemokine family (CCL3, CCL4), and inflammatory cytokines (S100A8, S100A9, S100A12, TNF) were significantly decreased (p <0.01) (Figure 3E).




Figure 3 | The analysis of RNA-seq. (A) The differential genes of three time points. (B) Dot plot of GO enrichment analysis of differential genes between Y_2 and Y_1. (C) Volcano plot showing the upregulated genes (red, 10) and downregulated genes (blue, 85) of inflammation response-related genes. (D) The GSEA enrichment analysis of the inflammatory response-related genes between Y_2 and Y_1. (E) Heatmap shows the differential genes of inflammatory response-related genes (***p < 0.01).



Interleukins such as IL-4 and IL-17 are thought to play a key role in pemphigus, where high frequencies of circulating IL-17-producing T-cell subsets could be found in active pemphigus vulgaris patients’ peripheral blood, and TH17 cells correlate with the levels of Dsg3-specific B cells (1). The Kyoto Encyclopedia of Genes and Genomes (KEGG) database (http://www.genome.jp/kegg/) between Y_2 and Y_1 showed that a total of 32 KEGG pathway enrichment entries were obtained and the top 20 (p <0.01) were selected (Figure 4A), including cytokine–cytokine receptor interaction (ko04060), PI3K-Akt signaling pathway (ko04151), and IL-17 signaling pathway (ko04657). The expression of the IL-17 signaling pathway-related genes such as CXCL1, CXCL8, IL1B, IL17RA, and FOSA decreased after treatment (Figure 4B). GSEA was performed for KEGG pathways, where the downregulation of IL-17 signaling pathway was significant (NES = −1.90, NOM p-value <0.05, FDR q-value <0.25) (Figure 4C). We also found that the expression of TH1 and TH2 cell differentiation-related genes such as NFKBIA and JAG1 decreased (Figure 4D). These findings showed that after the combined use of dupilumab, the levels of mRNA of inflammatory response and IL-17 signaling pathway downregulated, while some genes of TH1 and TH2 cell differentiation-related genes expression in patients also changed. This finding may reflect the remission of the pemphigus vulgaris after treatment.




Figure 4 | The analysis of RNA-seq. (A) Dot plot of KEGG enrichment analysis of differential genes between Y_2 and Y_1. (B) Volcano plot showing the upregulated genes (red, 3) and downregulated genes (blue, 16) of IL-17 signaling pathway-related genes. (C) The GSEA enrichment analysis of the IL-17 signaling pathway-related genes between Y_2 and Y_1. (D) Heatmap shows the differential genes of TH1 and TH2 cell differentiation-related genes (***p < 0.01).





Discussion

Treatment of pemphigus vulgaris is still challenging, especially when systemic glucocorticosteroids and nonsteroidal immunomodulatory agents are relatively contraindicated. Biologic agents can be used as a safer and more efficient choice of treatment in such patients. For many years, TH2 cells were thought to be important to form IgG1 and IgG4 autoantibodies against Dsgs (4, 11). Furthermore, IgE-related signaling via IL-4 on TH2 cells is a novel target of pemphigus pathology (9, 12), so dupilumab may be a viable choice of treatment for pemphigus vulgaris. Here, we present the concomitant use of dupilumab, the IL-4 blocker, and the standard therapy in a patient with refractory pemphigus vulgaris and pulmonary tuberculosis for the first time, after the previous therapies adopted with a moderate dose of glucocorticoids had failed. Because of the infection with tuberculosis and suspicions of intracranial infection or sepsis, higher dosages of systemic glucocorticosteroids and rituximab were unfavorable for this patient. After the use of dupilumab, patients showed a significant decrease in eosinophil and IgE counts while 80% of erosions healed with skin pigmentation after 10 weeks. Drops of serum IgE level and eosinophil counts are also thought to be a response to dupilumab, which blocks the intercellular signaling of IL-4 and IL-13, cytokines that help maintain the immune response of TH2 cells.

Dupilumab highlights a specific clinically important TH2 pathway in the successful control of pruritus, which is important in atopic dermatitis and autoimmune disease. Dupilumab targets these disease-driving mechanisms inhibiting IL-4 and IL-13 signaling and indirectly downregulates IgE secretion and eosinophils activity as well. It is also thought to reduce signals of peripheral itch sensory. We suggested a higher dose of dupilumab for pemphigus vulgaris compared with application in atopic dermatitis. Our RNA-seq showed a decrease in inflammatory-related genes, IL-17 signaling pathway-related genes, and IL-4-related receptors in PBMCs of patients after treatment, demonstrating the role of dupilumab in the treatment of aggressive refractory pemphigus vulgaris with TB might be extremely valuable.

The patient was grateful and willing to continue using dupilumab, although he found the dupilumab is costly as it is not covered by his health insurance. Dupilumab has been reported to control atopic dermatitis with administration starting at a dose of 600 mg subcutaneously, followed by 300 mg every two weeks. In analogous with eosinophilic esophagitis and bullous pemphigoid, weekly dosing may be necessary for patients with refractory pemphigus vulgaris (5). Therefore, we hypothesized that the downstream mechanisms of action in pemphigus vulgaris are involved in dupilumab treatment.

Several limitations are noted, namely, the small sample size and the short follow-up period. The circulating pemphigus autoantibodies value was not available because the poor condition of the patient could not allow him to go to another hospital where this test could be performed. The RNA-seq could just reflect a clinical situation. Present data is insufficient to demonstrate dupilumab could be effective in other pemphigus subsets. Further experimental and clinical studies are still needed to assess the viability and efficacy of dupilumab for the treatment of pemphigus vulgaris.
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