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Abstract

:

It is understood that the skin is a peripheral lymphoid tissue that defends against external environmental stimuli. Continuous activation from these factors, on the other hand, promotes persistent inflammation at the local location and, occasionally, tissue damage. Hidradenitis suppurativa (HS) is a typical inflammatory skin disease and becomes a source of numerous inflammatory cytokines due to the chronic intractable repeated inflamed tissues. Because inflammatory cells and cytokines circulate throughout the body from the inflamed organ, it has been hypothesized that HS-mediated skin inflammation impacts the systemic functioning of numerous organs. Recent updates to clinical and experimental investigations revealed that HS has a significant connection with systemic inflammatory disorders. We provide the details and comprehensive molecular mechanisms associated with systemic inflammatory illnesses due to HS.
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1. Introduction


Peripheral lymphoid immune cells interact with other organs to protect against external environmental invaders or chemical exposures for a host’s defense [1,2,3]. Inflamed peripheral lymphoid organs become the source of activated immune cells and inflammatory cytokines, enhancing the host’s immune system and sharing information regarding the external environmental factors that should be recognized as danger signals [4,5]. Although these interplays are essential for the host’s defense, the excess inflammatory reaction sometimes exacerbates undesired tissue damage in the peripheral tissues [6,7], including the primary peripheral lesion in addition to distant organs.



Hidradenitis suppurativa (HS) is a chronic recurrent debilitating inflammatory skin follicle disease that severely impairs a patient’s quality of life [8,9]. HS is recognized as the background for the activation of innate immunity in the inside of hair follicles. After puberty, painful inflammatory lesions occur in the deep layers of the skin at the site where apocrine glands are found [10,11]. Indeed, HS skin lesions are commonly observed in the axilla’s, inguinal, anogenital, and buttocks’ hair follicles [12].



Recently updated investigations revealed that cutaneous chronic inflammation has the potential to enhance systemic organ dysfunction mediated by skin-derived inflammatory actions [13]. Indeed, representative inflammatory skin diseases, such as atopic dermatitis and psoriasis, showed various systemic organ dysfunctions, such as cardiovascular disease [14,15]. Because of the characteristics of HS as an intractable recurrent cutaneous chronic skin inflammation, it has been speculated that HS-derived inflammatory response drives systemic inflammatory reaction in various organs. In this review, we focused on the HS-mediated systemic organ influences based on the etiology of HS and HS-related inflammatory responses to figure out the whole HS-mediated pathological influence of these systemic organ dysfunctions.




2. Etiology of HS


Since HS frequently occurs in apocrine gland-dominant skin sites, it is speculated that apocrine glands have some influence on the onset [16]. Hair follicle occlusion is the initial step for the development of HS [17] (Figure 1). Subsequently, patients may develop an epidermal cyst, sebaceous gland hypoplasia, epidermal hyperplasia, or neutrophilic abscess and fistula formation, leading to the formation of a subcutaneous complex network in each fistula. In severe chronic cases, foreign body granuloma reaction and infiltration of B cells and plasma cells were also observed [18].



The infiltration of neutrophils, macrophages, and dendritic cells is seen in the initial inflammatory reaction in HS. Toll-like receptor 2 (TLR2) expression was enhanced in macrophages and dendritic cells, suggesting the possibility of microbial-derived substances serving as ligands for the induction of inflammation [18]. Macrophages abundantly express the inflammatory cytokines IL-12 and IL-23 [19]. IL-23 is involved in lesional Th17 cell infiltration [20], which induces further inflammation by releasing neutrophil extracellular traps (NETs) consisting of nuclear chromatin and granules from neutrophils [21]. Various inflammatory cytokines, such as TNF-α, IL-1β, IFN-γ, IL-12, IL-23, and IL-36, which are thought to be related to Th1 and Th17 cells, are expressed in lesions [22]. In addition, increased expression of IL-36, a member of the IL-1 family, is observed in lesions and is involved in the pathology of HS through the induction of IL-8 [23]. The production of antimicrobial peptides, such as β-defensin-2, psoriasin, and cathelicidin, is also enhanced in lesions [24]. These inflammatory cytokines directly induce various forms of tissue damage [25,26,27]. Interestingly, TNF inhibitors have been reported to reduce these inflammatory cytokines [28].




3. HS and Systemic Inflammatory Diseases


This section summarizes the association with HS and systemic inflammatory diseases such as cerebrocardiovascular diseases, renal dysfunction, liver dysfunction, Alzheimer’s disease, osteoporosis, chronic obstructive pulmonary disease (COPD), inflammatory eye disease, inflammatory bowel disease, hypothyroidism, alopecia areata, psoriasis, psychological depression, obesity, and cancers. In addition, the possible pathogenesis of HS-mediated inflammatory responses is summarized.



3.1. Cerebrocardiovascular Diseases


Cardiovascular events in inflammatory skin diseases are significant events for clinicians, and it is important to understand to what degree HS-mediated inflammatory reaction is involved in the risk of cardiovascular diseases. The risk of cardiovascular diseases due to HS has been reported in various countries and areas, indicating that the influence of HS on cardiovascular diseases is crucial for patients with HS.



A population-based retrospective cohort analysis of 6779 patients with HS in Israel found that patients with HS had a higher risk of myocardial infarction (hazard ratio (HR) 1.33; 95% confidence interval (CI): 1.04–1.68) and a higher risk of dying from myocardial infarction (HR 12.56; 95% CI 7.59–20.80) [29].



A population-based cohort study of 5964 patients aged 18 years or older with HS in Denmark found that the highest incidence rate ratios (IRRs) were 1.57 for myocardial infarction (95% CI: 1.14–2.17), 1.33 for ischemic stroke (95% CI: 1.01–1.76), 1.95 for cerebrovascular disease-associated death (95% CI: 1.42–2.67), and 1.53 for major adverse cardiovascular events (95% CI: 1.27–1.86) (MACE) [30].



A larger population of 49,862 individuals with HS in Denmark was also the subject of a retrospective cohort investigation [31]. Patients with HS showed an increased risk of myocardial infarction (HR, 1.21; 95% CI, 1.12–1.32) and cerebrovascular events (HR, 1.22; 95% CI, 1.14–1.31) [31]. Younger patients had the highest relative difference in composite myocardial infarction or coronary artery disease risk compared to controls (18–29 years: 1.67; 95% CI, 1.37–2.03) [31].



Asian populations also showed a similar influence of HS in cerebrovascular diseases. Population-based cohort research of 478 newly diagnosed HS patients in Taiwan found a greater risk of coronary artery disease (HR: 2.722, 95% CI: 1.628–4.553) [32].



Carotid intima-media thickness is an indicator of the future risk of myocardial infarction and was assessed by carotid ultrasonography in 68 individuals with HS in Spain [33]. Carotid plaques were considerably more common in HS patients compared to control (HS, 30.9% vs. control, 22.1%) [33]. HS was shown to be substantially associated with the occurrence of carotid plaques in a multivariable regression model (OR: 2.99, 95% CI: 1.26–7.13) [33].



A prospective observational study using carotid ultrasonography evaluated subclinical atherosclerosis in 62 HS patients in Spain [34]. Subclinical atherosclerosis was seen in 30.6% of HS patients and 16.1% of controls [34]. HS patients aged 40 and above had a higher risk of subclinical atherosclerosis (OR: 4.9, 95% CI: 1.8–13.1) [34]. These changes showed the direct influence of the presence of HS on the development of atherosclerosis.



As the mechanism of HS-mediated cerebrovascular or cardiovascular diseases, IL-1 cytokines are triggered by various environmental factors, and NLR family pyrin domain containing 3 (NLRP3) is highly expressed in atherosclerotic plaques. Il-1β is released from cholesterol crystals in the plaques [35]. The IL-1β blockade of canakinumab impairs inflammation in blood vessels in patients with cardiovascular disease [36] and reduced recurrent cardiovascular events [37].



In individuals with coronary atherosclerosis, IL-17-producing cells were found in peripheral blood and atherosclerosis in the coronary artery [38]. Overexpression of epidermal IL-17A exacerbated endothelial dysfunction [39]. These cytokine-induced endothelium damages enhanced TNF-α- and IL-17A-induced cerebrocardiovascular disease development.




3.2. Renal Dysfunction


Various studies showed evidence of an association between many inflammatory skin diseases and chronic kidney diseases. Psoriasis and atopic dermatitis have associations with reduced kidney function [40]. A case-control analysis of 56,602 individuals with chronic kidney disease (CKD) in stages 3–5 in the United Kingdom found that they were more likely than controls to have a history of HS (odds ratio (OR): 1.49, 99% CI: 1.19–1.85) [40]. Because renal dysfunction severity tends to depend on the severity of other inflammatory skin diseases [40], it has been speculated that patients with severe HS are more likely to develop severe renal dysfunction.



Although the molecular basis of HS-related renal impairment is unknown, it has been postulated that an inflammatory process in the skin drives chronic inflammation in the kidney. Th17 frequency was higher in patients with end-stage renal disease [41], and IL-17A-expressing cells depended on the abundance of inflammatory cytokine production and were associated with the degree of renal injury. On the contrary, IL-17A inhibition impaired renal dysfunction [42]. Similarly, mice lacking IL-17A were protected from renal damage. According to these investigations, IL-17 leads to the development of renal impairment [43]. IL-17 is produced in the skin in patients with HS, suggesting that IL-17-mediated inflammatory action is one of the pathogeneses of renal dysfunction in HS.




3.3. Liver Dysfunction


Representative liver dysfunction in the current situation is a nonalcoholic fatty liver disease (NAFLD) which encompasses two separate disorders with unique histologic characteristics and prognoses: nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH). Furthermore, NASH is a very severe inflammatory disorder that can lead to fibrosis and end-stage liver disease (ESLD). Several inflammatory skin diseases, including psoriasis, have been linked to an increased prevalence of nonalcoholic fatty liver disease (NAFLD) [44]. Recently, updated studies showed that the presence of HS is associated with the risk of these liver dysfunctions.



A retrospective analysis of 51 patients with HS alone, 20 patients with HS plus NAFL, and 12 patients with HS plus NASH in the United States showed that NASH and NAFLD were found in a significant percentage of HS patients [45]. The average HIS4 score among HS plus NASH patients was the highest (average: 12.7), whereas it was comparable among HS alone and HS plus NAFL patients (average: 9.6 and 9.4, respectively) [45], suggesting that the severity of HS is closely associated with the frequency of co-existence of NAFLD.



A European country also showed the same characteristic of HS in association with NAFLD. A case-control study of 70 HS patients in Spain found that the prevalence of NAFLD was substantially higher in HS patients than in controls (72.9% vs. 24.7%) [46]. According to a multivariable regression model, HS was substantially and independently linked with the occurrence of NAFLD (OR = 7.75; 95% CI: 2.54–23.64) [46].



Another study including 125 patients with HS from Spain revealed that these individuals had a considerably greater prevalence of NAFLD than non-hidradenitis suppurativa patients (57.6% vs. 31.7%) [47]. An independent link between hidradenitis suppurativa and NAFLD was established by multivariable analysis (OR: 2.79, 95% CI: 1.48–5.25) [47].



As the mechanisms, Th17 cells may play an important role in NAFLD pathogenesis, according to emerging findings. High-fat-fed mice as an NAFLD animal model had a greater IL-17-producing cell frequency in the liver [48,49]. An IL-17 neutralization reduced liver damage [50]. IL-17A-inhibiting antibodies prevent NASH and, later, HCC [51]. NASH development was prevented in mice lacking IL-17 [52]. These findings indicate that HS-derived skin inflammation enhances the development of NAFLD in an IL-17-dependent manner.




3.4. Alzheimer’s Disease


Several studies indicated that γ-secretase complex mutations have been linked to familial HS and Alzheimer’s disease (AD). In the brain, γ-secretase cleaves the amyloid precursor protein, leading to the creation of the β-amyloid plaques that cause Alzheimer’s disease [53]. In mouse skin, genetic inactivation of γ-secretase generates epidermal and follicular histologic abnormalities similar to those reported in HS, which are thought to be driven by Notch signaling alterations [54]. In addition, γ-secretase has been identified as the genetic foundation of sickness in a subset of familial HS patients [55].



Research including 192 HS patients in Turkey showed that the prevalence of Alzheimer’s disease was observed to be considerably greater in HS patients with a family history of HS (25.8%) than in HS patients without a family history of HS (6.2%) [56]. The most remarkable finding of this study is a 4.5 times greater risk of AD in HS patients with a family history of HS, which rises to 8.8 times in individuals over 40 years old (CI: 1.54–13.37) [56].



Another study of 28,755 individuals with HS in the United States showed that HS was related to a higher risk of Alzheimer’s disease (OR: 1.23, 95% CI: 0.96–1.56) [57], suggesting that HS itself is a risk factor for the development of Alzheimer’s disease.



In addition to γ-secretase-mediated pathogenesis, HS-mediated immunological reaction has been speculated to be the trigger for Alzheimer’s disease. The number of Th17 cells was shown to be considerably elevated in Alzheimer’s disease patients [58]. Alzheimer’s disease mice models injected with Alzheimer’sAmyloid1-42 (A1-42) demonstrated an infiltration of Th17 cell in the brain [59]. Furthermore, elevated interleukin (IL)-17 and IL-22 levels were seen in the hippocampus [59]. The Fas ligand was shown to be associated with neuronal apoptosis and was preferentially expressed by Th17 cells [59]. Furthermore, therapy with anti-IL-17 antibodies reduced A1-42-injected neurotoxicity and pro-inflammatory cytokine production while improving memory performance [60]. Adalimumab impaired this inflammatory response via lower NF-B activity, which was significant in neuroinflammatory transcription factors [61]. These findings suggest that HS-mediated immune condition plays a part in the pathogenesis of Alzheimer’s disease.




3.5. Osteoporosis


Inflammatory skin diseases enhance bone fracture or reduced bone mineral density due to those related to inflammatory cytokines [13,62]. HS has also been recognized as a risk factor for future events of bone fracture. A cross-sectional study of 32 HS patients in Denmark showed HS patients had lower muscular and bone mass percentages [63]. Another cohort study including 39 HS patients in France population showed spondyloarthritis was detected in 28.2% of patients with HS, indicating a high risk of HS (OR: 11.0, 95% CI: 4.1–83.3). The most prevalent spondyloarthritis, seen in 81.8% of individuals with HS, was axial spondyloarthritis [64]. A total of 81 HS patients in Spain enrolled in a study that showed that HS patients had a lower trabecular bone score and total hip bone mineral density compared to controls [65]. These findings indicate the association of HS-mediated pathogenesis of osteoporosis.



As the mechanism of HS-mediated bone fragility, TNF-α has a role in the development of osteoporosis in HS. TNF-α increased bone resorption by activating osteoclasts [66]. In addition, IL-6 increased bone resorption [66]. Furthermore, IL-17 contributes to osteoporosis. IL-17 is essential for the formation of osteoclasts. Anti-IL-17 treatment decreased osteoclast development considerably [67]. Furthermore, IL-23 promotes bone loss in T cells via enhanced osteoclastogenesis and receptor activator of kappa B ligand (RANKL) expression [68]. IL-23 stimulated tartrate-resistant acid phosphatase (TRAP) in osteoclasts, which accelerated osteoporosis [68]. Indeed, combining anti-IL-23 with anti-IL-17 antibodies reduced osteoporosis and stopped bone loss [68]. Although no studies have been carried out on the subject, systemic medication for HS may be effective in preventing osteoporosis due to HS.




3.6. Chronic Obstructive Pulmonary Disease (COPD)


COPD is closely associated with the pre-existence of inflammatory skin diseases. Recent studies showed that HS also becomes a risk factor for the future occurrence of COPD. A cohort analysis of 5306 HS patients in the United States found that the most common comorbid disorders among matched HS patients were chronic pulmonary illnesses (1540 cases (40.3% of frequency)) [69]. A total of 448 individuals who self-reported having an HS diagnosis in the Netherlands showed that COPD was substantially linked with HS (OR: 1.74, 95% CI: 1.35–2.23) [70].



COPD development is aided by Th17 and Tc17 [71]. Pattern recognition receptor expression, including that of TLR3 and TLR7, was increased by IL-17 [72], resulting in a highly sensitive inflammatory response to pathogens, suggesting that HS-derived IL-17 might also be associated with future risk of COPD.




3.7. Inflammatory Eye Disease


A study involving 20 participants in the United States showed that 65% of patients had uveitis, 30% had scleritis, and 5% of patients had peripheral ulcerative keratitis [73]. A single-center retrospective study of 236 patients with HS in the United States revealed 22 cases (9.3%) had inflammatory eye diseases. The most frequent kind of inflammatory eye disease was anterior uveitis (40.9% of the individuals with inflammatory eye diseases) [74]. However, the detailed risk of HS for inflammatory eye disease remains unclear. IL-17 and TNF-α were increased in uveitis lesions [75]. IL-6 and IL-23-deficiency reduced inflammation of autoimmune uveitis [76]. A vitamin D analog of calcitriol reduced uveitis development as well as the generation of IL-17 [77].




3.8. Inflammatory Bowel Disease


A probable association between HS and inflammatory bowel diseases has been demonstrated in several studies. A study including 7732 individuals with HS in Denmark found that the prevalence of Crohn’s disease in HS patients and the general population was 0.8% and 0.3% (OR: 2.04, 95% CI: 1.59–2.62), respectively, and the prevalence of ulcerative colitis in HS patients and the general population was 1.3% and 0.7% (OR: 1.75, 95% CI: 1.44–2.13), respectively [78]. Patients with HS had a considerably higher frequency of developing new-onset Crohn’s disease (HR: 2.19, 95% CI: 1.44–3.34) and ulcerative colitis (HR: 1.63, 95% CI: 1.18–2.27) [78].



IL-17 is strongly linked to intestinal inflammation. Transferring T cells with IL-17A or IL-17F deficiency into T cell-deficient animals resulted in colitis [79]. IL-21 is required for Th17 differentiation in the gut. Th17 differentiation could not be induced in IL-21-deficient animals or those with IL-21-neutralizing antibodies [80]. These data imply that Th17 positively drives gut inflammation, leading to the development of Crohn’s disease [81].




3.9. Hypothyroidism


Previous research has found a link between HS and thyroid disease. A higher risk of hypothyroidism was found in HS patients (OR: 2.91, 95% CI: 2.48–3.40) in a study conducted in Israel including 4191 HS patients [82].



Because the mechanisms of IL-17 relate to the risk of hypothyroidism in HS patients, circulating peripheral Th17 cell frequency was dramatically elevated in patients with Hashimoto’s disease [83]. FT4 was negatively linked with the levels of IL-17 and IL-23 [84]. TNF-α might also be important for the development of hypothyroidism. A case study demonstrated the case of a juvenile idiopathic arthritis patient who, during adolescence, also had autoimmune Hashimoto’s thyroiditis. The patient was given etanercept, which improved thyroid function [85]. These findings show that HS-driven inflammatory cytokines may amplify inflammatory reactions in the thyroid, which then produces a risk of hypothyroidism.




3.10. Alopecia Areata


Alopecia areata is a prevalent type of immune-mediated hair loss in which the hair follicle is attacked by an autoimmune process, resulting in non-scarring hair loss. Several studies have found an increased risk of alopecia areata in HS patients.



A Korean study of 28,516 HS patients found that alopecia areata was more prevalent in HS patients than in non-HS patients (OR: 1.35) [86].



A cross-sectional analysis of 3645 HS patients in the US population also found that the HS group had a substantially greater risk of AA (RR = 2.09; 95% CI, 1.69–3.20) [87].



Inflammatory cell infiltrates around the bulbar region of hair follicles in alopecia areata, the cause of hair loss [88]. Aside from Th1, Th2 cytokines, particularly IL-13, are elevated in alopecia areata [89]. Alopecia areata causes an increase in IL-23 and CD4+. IL-17+ cells infiltrate surrounding hair follicles in the acute phase [90]. These data suggest that activation of Th2, in addition to Th17 cells, play a role in the development of alopecia areata, possibly due to HS-mediated inflammatory reactions.




3.11. Psoriasis


Psoriasis a representative inflammatory skin disease; the common key cytokine IL-17 is involved in the pathogenesis of psoriasis and HS. A systematic review analysis of 3 cohort studies, 1 case-control study, and 6 cross-sectional studies found that patients with HS had a 2.67-fold increased risk of psoriasis (95% CI, 1.84, 3.87). Male patients with HS had a 4.30-fold greater incidence of psoriasis than male patients without HS (95% CI, 2.37, 7.78) [91]. Since IL-17 is a major player in the pathogenesis of psoriasis, the background of Th17-dominant immunological situations in HS might become subject of future study regarding psoriasis.




3.12. Depression


Inflammatory skin diseases are closely associated with the future risk of psychological depression. Not limited to the manifestation of inflammatory skin diseases, recent updated study showed the possible influence of cutaneous inflammatory cytokine association for the development of psychological depression.



A Danish population of 7732 patients with HS revealed that HS patients had an increased risk of completed suicide (HR: 2.42, 95% CI: 1.07–5.45) [92].



Retrospective cohort analysis of 49,280 adult and 3042 pediatric patients with HS in the United States showed that adults and pediatric patients with HS had a 10% (HR, 1.10; 95% CI, 1.07–1.13) and 26% (HR: 1.26, 95% CI: 1.10–1.44) increased risk of developing depression compared to control individuals, respectively [93].



Chronic stress increased the ratio of activated pro-inflammatory T helper 17 (Th17) in the liver and ileum in a mouse model of chronic, unpredictable, moderate stress-induced depression [94]. This animal model also demonstrated elevated IL-17, and anti-IL-17 treatment reduced anxiety and depression-like behavior [95]. Furthermore, Serum IL-4 and IL-13 levels were also greater in a group with a serious depressive illness [96]. Treatment with dupilumab reduces anxiety and depression symptoms [97,98]. These findings suggest that HS-derived inflammatory cytokines may raise the risk of mental illnesses and that systemic medication may be beneficial in preventing the development of psychological disorders.




3.13. Obesity


Metabolic syndrome has been identified as a comorbidity in HS patients. Studies focused, in particular, on the increasing prevalence of obesity. Significantly, a meta-analysis revealed that the OR of obesity among HS patients was 3.5 (95% CI, 2.2–5.4) times higher than that of controls [99].



The direct impact of HS on obesity is unknown. However, along with the mechanism of delayed clearance of inflammatory reactions, obesity itself worsened IL-17-mediated skin inflammation when a high-fat diet was consumed [100,101,102], suggesting that obesity might contribute to the development of HS.




3.14. Skin Cancer


HS influences the development of various malignancies. The prevalence of primary liver cancer (standardized incidence ratio (SIR), 10.0; 95% CI, 2.1–29.2) and nonmelanoma skin cancer (SIR, 4.6; 95% CI, 1.5–10.7) was higher in a group of 2119 HS patients in Sweden [103]. In a Korean population of 22,468 individuals with HS, the HR of total cancer was 1.28 (95% CI, 1.2–1.4). Patients with HS showed a substantially greater risk of Hodgkin lymphoma (HR, 5.1; 95% CI, 1.2–21.4), oral cavity and pharyngeal cancer (HR, 3.10; 95% CI, 1.60–6.02), central nervous system cancer (HR, 2.4; 95% CI, 1.2–4.7), nonmelanoma skin cancer (HR, 2.1; 95% CI, 1.1–3.8), prostate cancer (HR, 2.1; 95% CI, 1.3–3.2), and colorectal cancer (HR, 1.5; 95% CI, 1.1–1.9) [104].



Chronic inflammatory responses shift the immune environment toward Th2-dominant settings. Th2 immunity is essential for oncogenesis and is implicated in the suppression of antitumor immune responses [105], implying that the ongoing skin inflammatory response in HS may potentially serve as a trigger for the occurrence of systemic organ malignancies.





4. The Summary of the HS-Related Inflammatory Reaction for the Development of Systemic Inflammatory Diseases


We summarized the interaction of HS-related inflammatory reactions for the development of systemic inflammatory diseases. Figure 2 depicts the overall interplay of HS-mediated inflammation with various organs. Because the human body’s skin interacts with other organs, the features of HS as a severe cutaneous inflammatory response impacts the excess inflammatory response in systemic organ involvement. Systemic medication, particularly biologics, can consistently limit the systemic organ dysfunction mediated by HS-triggered inflammatory responses, indicating the relevance of managing the cutaneous inflammatory response in HS patients. Thus, the common inflammatory reactions between HS and systemic inflammatory diseases may become a highlighted issue to determine the importance of systemic therapy.




5. Conclusions


This review outlines the information gained from recent research attempting to understand the actual risk and possible pathogenesis of HS-related inflammatory reactions for the future risk of systemic inflammatory organ diseases. On the other hand, there are a limited number of studies that have elucidated the risk of other HS-mediated inflammatory diseases, and further investigation of the risk of other various inflammatory diseases in patients with HS is desired. In addition, other inflammatory skin diseases have revealed that other types of organ-derived inflammation constitute a risk for future inflammatory skin disease. Therefore, the entire interaction of peripheral lymphoid organ-mediated inflammatory reaction also needs to be clarified.



As one of the important issues in this topic, it remains unclear whether HS-targeted therapies influence HS-mediated systemic organ inflammation. In inflammatory skin diseases, psoriasis and atopic dermatitis influence the development of other systemic inflammatory diseases and their treatment diminishes the future risk of other inflammatory organ diseases [60,106,107], suggesting that HS-targeted treatment might reduce the risk of other HS-related inflammatory organ diseases. The therapeutic impact on other systemic organ inflammation diseases must also be examined in further investigations.
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Figure 1. The pathogenesis of HS. The hair follicle occlusion is the initial step for the development of HS; subsequently epidermal cyst, sebaceous gland hypoplasia, epidermal hyperplasia, neutrophilic abscess, and fistula formation may develop, leading to the formation of a subcutaneous complex network in each fistula. TLR2 expression was enhanced in macrophages and dendritic cells, which abundantly express the inflammatory cytokines IL-12 and IL-23. IL-23 is thought to be involved in Th17 cell infiltration in lesions. Other various inflammatory cytokines such as TNF-α, IL-1β, IFN-γ, IL-12, and IL-36, are expressed in lesions. The production of antimicrobial peptides, such as β-defensin-2, psoriasin, and cathelicidin, is also enhanced in lesions. 
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Figure 2. The influence of HS-mediated inflammatory response in systemic organ dysfunction. HS-mediated inflammation contributes to the development of systemic organ dysfunctions. HS lesional skin drives various inflammatory cytokines which exacerbate inflammatory responses in other organs. This figure shows the HS-related risk of systemic organ dysfunction and associated inflammatory cytokine for the development of these pathogeneses. 
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