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Sarcoidosis is a systemic inflammatory disease of unknown etiology, which mainly affects the lungs and lymph nodes, as well as extrapulmonary organs. Its incidence, and prevalence rate, and disease course largely vary with regions and populations globally. The clinical manifestations of sarcoidosis depend on the affected organs and the degree of severity, and the diagnosis is mainly based on serum biomarkers, radiographic, magnetic resonance, or positron emission tomography imaging, and pathological biopsy. Noncaseating granulomas composing T cells, macrophages, epithelioid cells, and giant cells, were observed in a pathological biopsy, which was the characteristic pathological manifestation of sarcoidosis. Angiotensin-converting enzyme (ACE) was first found in the renin–angiotensin–aldosterone system. Its main function is to convert angiotensin I (Ang I) into Ang II, which plays an important role in regulating blood pressure. Also, an ACE insertion/deletion polymorphism exists in the human genome, which is involved in the occurrence and development of many diseases, including hypertension, heart failure, and sarcoidosis. The serum ACE level, most commonly used as a biomarker in diagnosing sarcoidosis, in patients with sarcoidosis increases. because of epithelioid cells and giant cells of sarcoid granuloma expressing ACE. Thus, it serves as the most commonly used biomarker in the diagnosis of sarcoidosis and also aids in analyzing its therapeutic effect and prognosis in patients with sarcoidosis.
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Introduction

Sarcoidosis is a multisystem inflammatory disorder disease, mainly affecting the lungs and lymph nodes, as well as extrapulmonary organs, such as the skin, heart, eye, and nervous system (1, 2). It may occur at all ages, with a peak incidence rate at the age of 30–50 years in men and 50–60 years in women (3). The incidence and prevalence of sarcoidosis significantly differ with regions and populations worldwide. This variation is based mainly on race, age, and sex. A recent epidemiological study of sarcoidosis showed that Sweden has the highest incidence and prevalence of sarcoidosis (11.5 and 160 per 100,000 inhabitants, respectively), while it is rare in areas such as Belgium and South Korea (4). Furthermore, race is an essential factor in estimating morbidity and mortality of sarcoidosis. Compared with whites, black patients, especially females, experience more severe phenotypes, more organ involvement, with higher hospitalization and mortality rates (5). Other race-related factors, including environmental exposures, may increase the burden of sarcoidosis (6–8). Overall, the mortality rate of sarcoidosis during the 5-year follow-up is approximately 7%, of which more than 60% of sarcoidosis deaths are due to pulmonary involvement worldwide, while 85% are due to cardiac involvement in Japan (9, 10). Sarcoidosis has a variety of clinical manifestations based on the activation and migration of T cells and macrophages to the affected organs, organ involvement, and its severity. Most sarcoidosis inflammation subsides on its own, and only 10%–30% of patients develop chronic sarcoidosis, eventually leading to the fibrosis of the affected organs, which may be affected by the interaction between genes and the environment (2, 4, 11).





Sarcoidosis management

Diagnosing sarcoidosis is difficult due to its slow onset and atypical clinical manifestations, which is mainly based on serological, imaging and pathological biopsies, including noncaseating granulomas and excluding nodular reactions to other granulomatous diseases such as tuberculosis, lymphoma, cancer, and other idiopathic granulomas. The most commonly used serum biomarker in sarcoidosis is ACE, with high specificity (12). In addition to ACE, gamma globulin and lysozyme also have high specificity, while sIL-2R, CRP, and chitotriosidase are more sensitive (1, 13). Although sarcoidosis most usually infiltrates lungs and bilateral hilar lymphadenopathy, approximately 30% of patients have extrapulmonary sarcoidosis as the initial manifestation. During follow-up, more than 90% of patients had lung involvement, 50% had extrathoracic involvement, and 2% had isolated extrathoracic involvement.

The level of serum biomarkers and corresponding imaging examination are different with the different organs involved in sarcoidosis. Furthermore, the clinical diagnosis of sarcoidosis must be confirmed by histological biopsy, that is, non-caseous nodular granuloma composed of T cells, macrophages, epithelioid cells and giant cells. However, the diagnosis of granuloma is insufficient without consistent radiological findings (14). As the clinical manifestations of sarcoidosis are highly variable, the decision on whether and when to treat sarcoidosis depends on the affected organs and the extent to impairment of patients’ quality of life (3). The cornerstone of sarcoidosis treatment is immunosuppressive therapy. Corticosteroid prednisone, immunosuppressant methotrexate (MTX) or azathioprine, or biological agent infliximab should be given when sarcoidosis has obvious pulmonary symptoms or affects extrapulmonary organs, including heart, eye, skin, and nervous system (15). Serum biomarkers change with the progress and the improvement of sarcoidosis, so judging the trend of serum biomarkers, such as ACE, is helpful for us to further understand the progress of sarcoidosis, and even make timely therapy before biopsy diagnosis.





Angiotensin-converting enzyme

ACE (also known as peptidyl-dipeptidase A; CD143; EC3.4.15.1) was first found in the renin–angiotensin–aldosterone system (RAAS), which was earlier known as hypertension invertase (16, 17). Normally, ACE mRNA can be detected in systemic tissues, but the highest expression is on the surface of pulmonary capillaries and renal epithelial cells, which increases with age (18, 19). Human ACE is a polypeptide composed of 1306 amino acids and its molecular weight is about 146.6 kDa (20). ACE is a zinc-dependent dicarboxypeptidase that has two catalytic domains: C- terminal and N- terminal. These two domains contain the same zinc–binding motif HEXXH (where X can be any amino acid) and downstream E residues. The C-terminal has an angiotensin (Ang) transition site that helps in regulating blood pressure, while the N- terminal shows minimal effect. The outside of the active site of ACE is composed of two chloride ions that are significant in maintaining the structure and catalytic activity of ACE (21).

Humans have two forms of ACE: somatic ACE (sACE) and testis ACE [tACE, also known as germinal ACE (gACE)]. sACE is composed of two domains: C-terminal and N-terminal, while tACE only has C-terminal (22). sACE exists in a variety of tissues, while tACE is expressed only in sperm cells and mature spermatozoa in the testis (23). ACE, as a peptidase, can decompose the substrate peptides. It can remove the carboxyl-terminal dipeptides of decapeptide angiotensin I (Ang I) and convert it into octapeptide Ang II, which plays an important role in the RAAS (24). ACE can also decompose other substrate peptides. Besides Ang I, sACE substrate peptides include N-acetyl-Asp-Lys-Pro, substance P, enkephalin, luteinizing hormone–releasing hormone, kinin, amyloid-beta peptide, and neurotensin (25). tACE can hydrolyze most of the substrates of sACE, except Ang I (26).





ACE gene polymorphism

ACE is encoded by a single gene located on chromosome 17q23, comprising 26 exons and 25 introns, with a length of 21 kb (27). sACE, which is transcribed from exons 1–12 and 14–26, is long with a molecular weight of about 170 kDa. tACE is transcribed from exon 13–26 with a shorter length and a molecular weight of about 100 kDa (28). An insertion/deletion (I/D) polymorphism is found in intron 16 of the ACE gene, and the length of I/D fragment is 287 bp (29). Therefore, ACE has three main genotypes: DD, ID, and II. The 287-bp fragment in the ACE gene was a member of the AluYa5 subfamily of Alu elements and encoded an RNA molecule that could regulate the level of ACE mRNA (30). Hence, the gene polymorphism of ACE affects the serum ACE level, in which DD genotype has the highest and the II genotype has the lowest value (Table 1) (32).


Table 1 | Serum ACE levels of different genotypes of ACE (29, 31).







Sarcoidosis and ACE

Sarcoidosis is also a polygenic disease without specific causative pathogenic genes, and its pathogenesis is results from granulomatous inflammation triggered by the interaction between genes and the environment (11). The epithelioid and giant cells that compose granuloma can express ACE, increasing the level of serum ACE in patients with sarcoidosis (33). Serum ACE can also reflect the severity of sarcoidosis granulomas and can be used to monitor disease activity and treatment response, with high specificity especially when it’s twice as high as the normal limit (34, 35). About 30%–80% of patients with sarcoidosis have an elevated serum ACE levels, with a sensitivity of 22%–86% and a specificity of 54%–95% (Table 2) (1).


Table 2 | Sensitivity and specificity of serum ACE in different types of sarcoidosis.



The serum ACE activity is affected by the site of sarcoidosis lesions and the ACE gene I/D polymorphism. Significant differences in the serum ACE level may be found among different ethnic groups, and the normal range of serum ACE is defined according to different genotypes regardless of their level of involvement in human organs (29, 41). ACE gene I/D polymorphism is not the main genetic cause of sarcoidosis, although ACE is related to its pathogenesis and more likely changes its progression (42). Kieszko et al. (43) reported that the incidence of sarcoidosis was higher among individuals living in rural areas and carriers of specific ACE genotypes. It might be because of the change in environment, urbanization, and pollution in rural areas, indicating the pathogenesis of sarcoidosis via interaction between genes and environment. Papadopoulos et al. (44) confirmed that the frequency of ACE DD genotype in patients with sarcoidosis having autoimmune manifestations increased significantly with the increasing level of serum ACE. It is speculated that the homozygous D allele of ACE may contribute to the autoimmune susceptibility of sarcoidosis through the elevated serum ACE level. Besides, ACE gene mutation can also increase the serum ACE level by about 5–20 times, which may be achieved by eliminating of the transmembrane anchor and a putative glycosylation site in the ACE gene (45). It demonstrates that serum ACE vary widely between genotypes, suggesting that clinicians should incorporate exome sequencing in the diagnosis of sarcoidosis to avoid unnecessary invasive biopsies. The clinical study conducted by Csongradi et al. (31) reported that the detection of serum ACE activity combined with the ACE I/D genotype could improve the diagnosis of sarcoidosis with 42.5% sensitivity, 100% specificity, 100% positive predictive value, and 32.4% negative predictive value.

Corticosteroid prednisone, immunosuppressant MTX or azathioprine, or biological agent infliximab should be given when sarcoidosis has obvious pulmonary symptoms or affects extrapulmonary organs, including heart, eye, skin, and nervous system (15). After treatment with the aforementioned drugs, the serum ACE level decreased to normal with the improvement in the condition, and increased again after sarcoidosis recurrence. However, Di Francesco et al. (46) confirmed that serum ACE could not distinguish between the disease state prior to and after the corticosteroid therapy of patients with sarcoidosis, although serum ACE level in patients could help detect both the active sarcoidosis and sarcoidosis in remission/under treatment. Infliximab, the first monoclonal tumor necrosis factor antibody for human treatment, is an effective third-line drug used for the therapy of severe sarcoidosis. Croft et al. (47) reported that the clinical symptoms of patients with refractory sarcoidosis treated with infliximab were relieved, with the serum ACE level reduced in all cases. Inflectra, which is biosimilar to infliximab, can also be used in the therapy of severe sarcoidosis, with clinical symptoms improved and the serum ACE levels reduced after 26 weeks of Inflectra treatment (48). It has shown that patients who have been treated with corticosteroids since diagnosis have a 5-year survival rate of at least 75%, compared with 10% for untreated patients. Therefore, understanding the change of serum ACE levels will help us to carry out immunosuppressive therapy earlier before the diagnosis of sarcoidosis, which is very likely to further improve the survival rate of patients (49).





Pulmonary sarcoidosis

Although sarcoidosis can involve multiple organs, the most frequently involved are the lungs and lymph nodes. Sarcoidosis can be divided into five stages based on the chest X-rays: radiograph showing the normal chest (stage 0), nodal enlargement only (stage I), nodal enlargement and parenchymal opacity (stage II), parenchymal opacity without adenopathy or evidence of fibrosis (stage III), and lung fibrosis (stage IV). Radiographs of about 5%–15% of the patients showed stage 0, 45%–65% stage I, 30%–40% stage II,10%–15% stage III, and 5% stage IV (50). The natural remission rate of sarcoidosis was recorded in 60%–90% of patients in stage I, 40%–70% in stage II, and 10%–20% in stage III (34). More than 90% of patients with sarcoidosis have the chest affected, but up to 50% of patients with sarcoidosis have never shown clinical symptoms, while approximately one third experience the chronic stage. Compared with isolated thoracic lymphadenopathy, patients with parenchymal pulmonary sarcoidosis can progress to pulmonary fibrosis, usually with a high recurrence and mortality rate (35, 51). Although it has been found that several serum biomarkers may increase in the pathogenesis of sarcoidosis, reliable biomarkers have not been found in clinic. Serum ACE is a commonly used biomarker in diagnosis of sarcoidosis, mainly produced by activated alveolar macrophages. It is related to the granulomatous load and radiological stages II and III, and its increase was observed in more than 75% of untreated patients, which is an indirect evidence of persistent sarcoidosis activity (1, 52). A cross-sectional study in China showed that the serum ACE level in patients with pulmonary sarcoidosis concomitant extrapulmonary involvement was higher than that in patients with isolated pulmonary sarcoidosis, and was related to extrapulmonary organ involvement and overall disease activity (53). At present, no association exists between the ACE gene I/D polymorphism and degree of severity, fibrosis, and progression of pulmonary sarcoidosis (54). In addition to chest X-rays, chest computed tomograph, 18F-fluorodeoxyglucose positron emission tomography, and bronchoscopy combined with biopsy, including transbronchial aspiration, and endobronchial biopsy also have high diagnostic value (55). Treatment is not recommended clinically due to the spontaneously resolution can be observed in asymptomatic patients with stage I or II sarcoidosis. Corticosteroids should be considered for patients with obvious symptoms or progressive stage II or III pulmonary diseases or severe extrapulmonary diseases (56, 57). Studies showed that 50%–90% of patients with sarcoidosis having pulmonary symptoms responded well to corticosteroids (58). The serum ACE activity started decreasing within 2 weeks of using prednisone and remained normal within 5 months of using low-dose prednisone maintenance therapy (Table 3). However, 20%–74% of patients relapsed after stopping therapy, resulting in an increase in the serum ACE level (59, 60). Hence, the serum ACE level can be used to monitor whether sarcoidosis is successfully treated. However, there is no evidence that oral corticosteroids can improve patients’ long-term outcomes, including readmission and mortality rate. Patients who are ineffective or intolerant to corticosteroids can be treated with MTX, leflunomide, azathioprine, and biological agents (61). The level of serum ACE decreased significantly and the pulmonary function of patients improved obviously 6 months after treatment with MTX. Also, the high baseline level of serum ACE correlated with the improvement in pulmonary function after treatment (62). Continuous measurement of the serum ACE level can help in monitoring the therapeutic effect in patients with sarcoidosis.


Table 3 | Changes in ACE level during the treatment of different types of sarcoidosis.







Cutaneous sarcoidosis

Skin is the second most common organ affected in sarcoidosis impacting about one-third of patients. This isolated cutaneous sarcoidosis has multiple erythemas, plaques, or subcutaneous nodules as the main manifestations. The histological examination can result in the absence of characteristic nodular granulomas, which refers to non-specific cutaneous sarcoidosis. Nodular erythema is the most common nonspecific lesion, occurring in up to 25% of patients (63). The treatment of patients with cutaneous sarcoidosis can be divided into topical and systemic therapies. Corticosteroids are the most commonly used agents in topical and systemic therapies; systemic therapy also includes tetracycline antibiotics, phosphodiesterase inhibitors, and MTX (64). The change in the serum ACE level after corticosteroid treatment of sarcoidosis has been reported, but whether the topical application of corticosteroids can also change the level of serum ACE is yet to be studied. The patients with cutaneous sarcoidosis experiencing steroid resistance or contraindications can be treated with thalidomide (an immunomodulatory drug). The serum ACE level begins to decrease gradually after treatment with thalidomide, drops to normal in the third month, and then continues to decline. Hence, the decrease in the serum ACE level has a significant correlation with the course of the disease (65). Pignone et al. (66) found that melatonin, which is also an immunomodulatory drug, could be used to treat cutaneous sarcoidosis, besides the thalidomide treatment. The serum ACE level gradually decreased to normal in about 12 months of melatonin treatment, and in about 24 months, the skin lesions completely disappeared and the pulmonary function returned to normal; no recurrence of sarcoidosis was observed during the treatment. Kaura et al. (67) reported a case and showed that ACEIs, especially benazepril, might also be an effective drug for treating cutaneous and lymph-node sarcoidosis. ACEIs can reduce the serum ACE level, so the serum ACE level should not be used to diagnose and evaluate sarcoidosis in patients treated with ACEIs. However, the effects of all ACEIs on the serum ACE level are not similar. For example, zofenopril does not affect the serum ACE level compared with ramipril, enalapril, and perindopril (68). However, whether benazepril has any effect on the serum ACE level remains to be confirmed.





Cardiac sarcoidosis

Clinically, about 3%–39% of patients with systemic sarcoidosis have cardiac involvement, while the incidence of isolated CS in patients with CS is about 27%–54% (69). About 5%–8% of patients with CS have clinical manifestations, including conduction abnormalities, ventricular arrhythmias, and heart failure (HF), while 20%–25% of patients have asymptomatic cardiac involvement (63, 70). The CS diagnosis is mainly based on the combination of serological markers, such as serum ACE, imaging examinations, including cardiac magnetic resonance imaging and positron emission tomography, and endomyocardial biopsy (EMB) following the Japanese Circulation Society (JCS) protocols (71, 72). The sensitivity and specificity of serum ACE in diagnosing CS are low. A study of 172 patients with sarcoidosis showed that the serum ACE levels in patients with isolated CS were lower than the levels in those with non-isolated CS, implying that higher serum ACE levels were related to systemic lesions (73). The proportion of cardiac granuloma was about 46.9% based on the autopsy reports, while the proportion of non-caseating granulomas found via EMB was about 20%–30% (63, 74). Only about 20% of patients with CS show positive EMB (71). Although the aforementioned diagnostic methods have low specificity and sensitivity, a combination of these diagnostic methods can improve the specificity and sensitivity. The sensitivity and specificity of serum ACE increased by 56.8% and 54.4%, respectively, in patients with positive EMB. If a combined left ventricular ejection fraction reduced at the same time, the specificity of serum ACE further increased to 91.2% and the sensitivity was 37.8% (40). Although the treatment of CS has not been standardized, corticosteroids are still used to control inflammation and prevent cardiac fibrosis in patients with CS as the first-line drug of choice (75, 76). When patients with CS develop arrhythmias or HF, immunosuppressants and cardiac assist devices can reduce the long-term mortality in patients (77). How the serum ACE level changes during the treatment of CS is yet to be reported. When patients with CS have HF or hypertension, ACEIs cannot be used to measure the SACE level to evaluate the patients’ condition and therapeutic effect in those treated with ACEIs. Although the serum ACE activity can be inhibited by ACEIs, the level of ACE protein is not affected by these drugs. Therefore, the detection of ACE protein activity is more suitable for the diagnosis and prognosis of sarcoidosis than the detection of ACE activity (78).





Other forms of sarcoidosis

Ocular sarcoidosis (OS) is reported in about 25%–50% of patients with systemic sarcoidosis. It is mainly characterized by anterior uveitis involving young patients or total uveitis in middle-aged and elderly patients (74). The sensitivity and specificity of serum ACE in patients with OS are 27%–73% and 70%–97.5%, respectively (36–39). For patients with OS whose whole-body gallium (67Ga) scanning was positive, the sensitivity of serum ACE increased to 100%, and the specificity was 73% (38). The serum ACE level was significantly higher in patients with OS treated with corticosteroid eye drops for 20 months than that in non-treated group, and the enlarged lymph nodes in the chest radiograph suggested that the local corticosteroid treatment might affect the clinical course of pulmonary sarcoidosis (79). About 84%–94% cases of patients have systemic sarcoidosis, while isolated neurosarcoidosis is extremely rare, with a prevalence rate of about 1%–17%. The specificity of ACE in the cerebrospinal fluid (CSF) is 67.3%–95% and the sensitivity is 0%–66.7% (63). The clinical outcome of patients with sarcoidosis can be improved with the use of corticosteroids and immunosuppressants (80). In patients with neurosarcoidosis, the serum ACE level decreased significantly after treatment with corticosteroids or corticosteroids combined with MTX, but the decrease in the ACE level in CSF was not as significant as that of serum ACE (81).





Conclusions

The serum ACE level increased in patients with sarcoidosis, dropped to normal with improvement in condition during treatment, and increased again after the recurrence of sarcoidosis. Serum ACE level is related to the systemic lesions of sarcoidosis, which is lower in patients with isolated sarcoidosis than in those with non-isolated sarcoidosis. In addition, the level of serum ACE is also affected by ACE gene I/D polymorphism, so clinically, ACE genotypes should be detected first for patients with elevated serum ACE level, and the relationship between elevated serum ACE level and sarcoidosis can be determined according to the ACE genotypes. Most laboratories detect the level of serum ACE, which also increased in other diseases such as tuberculosis and tumor, besides sarcoidosis. The serum ACE level was also affected by ACE gene I/D polymorphism and use of drugs such as ACEIs, while the level of ACE protein did not change. We should take ACE protein level as a serological marker for the diagnosis of sarcoidosis, which has more clinical significance. At the same time, we should clarify the changes of ACE protein level in different types and different stages of sarcoidosis to help us diagnose sarcoidosis and understand its pathogenesis better. Therefore, re-evaluating the ACE level in sarcoidosis enhances the understanding of sarcoidosis in clinic.





Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.





Conflict of interest

The 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.





References

1. Ramos-Casals, M, Retamozo, S, Siso-Almirall, A, Perez-Alvarez, R, Pallares, L, and Brito-Zeron, P. Clinically-useful serum biomarkers for diagnosis and prognosis of sarcoidosis. Expert Rev Clin Immunol (2019) 15:391–405. doi: 10.1080/1744666X.2019.1568240

2. Llanos, O, and Hamzeh, N. Sarcoidosis. Med Clin North Am (2019) 103:527–34. doi: 10.1016/j.mcna.2018.12.011

3. Drent, M, Crouser, ED, and Grunewald, J. Challenges of sarcoidosis and its management. N Engl J Med (2021) 385:1018–32. doi: 10.1056/NEJMra2101555

4. Arkema, EV, and Cozier, YC. Sarcoidosis epidemiology: recent estimates of incidence, prevalence and risk factors. Curr Opin Pulm Med (2020) 26:527–34. doi: 10.1097/MCP.0000000000000715

5. Hena, KM. Sarcoidosis epidemiology: race matters. Front Immunol (2020) 11:537382. doi: 10.3389/fimmu.2020.537382

6. Cozier, YC. Assessing the worldwide epidemiology of sarcoidosis: challenges and future directions. Eur Respir J (2016) 48:1545–8. doi: 10.1183/13993003.01819-2016

7. Baughman, RP, Field, S, Costabel, U, Crystal, RG, Culver, DA, Drent, M, et al. Sarcoidosis in America. Analysis based on health care use. Ann Am Thorac Soc (2016) 13:1244–52. doi: 10.1513/AnnalsATS.201511-760OC

8. Ungprasert, P, Carmona, EM, Utz, JP, Ryu, JH, Crowson, CS, and Matteson, EL. Epidemiology of sarcoidosis 1946-2013: a population-based study. Mayo Clin Proc (2016) 91:183–8. doi: 10.1016/j.mayocp.2015.10.024

9. Belperio, JA, Shaikh, F, Abtin, FG, Fishbein, MC, Weigt, SS, Saggar, R, et al. Diagnosis and treatment of pulmonary sarcoidosis: a review. JAMA (2022) 327:856–67. doi: 10.1001/jama.2022.1570

10. Trivieri, MG, Spagnolo, P, Birnie, D, Liu, P, Drake, W, Kovacic, JC, et al. Challenges in cardiac and pulmonary sarcoidosis: JACC state-of-the-art review. J Am Coll Cardiol (2020) 76:1878–901. doi: 10.1016/j.jacc.2020.08.042

11. Bergantini, L, Bianchi, F, Cameli, P, Mazzei, MA, Fui, A, Sestini, P, et al. Prognostic biomarkers of sarcoidosis: a comparative study of serum chitotriosidase, ACE, lysozyme, and KL-6. Dis Markers (2019) 2019:8565423. doi: 10.1155/2019/8565423

12. Kraaijvanger, R, Janssen Bonas, M, Vorselaars, ADM, and Veltkamp, M. Biomarkers in the diagnosis and prognosis of sarcoidosis: current use and future prospects. Front Immunol (2020) 11:1443. doi: 10.3389/fimmu.2020.01443

13. Bennett, D, Cameli, P, Lanzarone, N, Carobene, L, Bianchi, N, Fui, A, et al. Chitotriosidase: a biomarker of activity and severity in patients with sarcoidosis. Respir Res (2020) 21:6. doi: 10.1186/s12931-019-1263-z

14. Bargagli, E, and Prasse, A. Sarcoidosis: a review for the internist. Intern Emerg Med (2018) 13:325–31. doi: 10.1007/s11739-017-1778-6

15. O’Regan, A, and Berman, JS. Sarcoidosis. Ann Intern Med (2012) 156:ITC5–1, ITC5-2, ITC5-3, ITC5-4, ITC5-5, ITC5-6, ITC5-7, ITC5-8, ITC5-9, ITC5-10, ITC15-11, ITC15-12, ITC15-13, ITC15-14, ITC15-15; quiz ITC15-16. doi: 10.7326/0003-4819-156-9-201205010-01005

16. Skeggs, LT Jr., Kahn, JR, and Shumway, NP. The preparation and function of the hypertensin-converting enzyme. J Exp Med (1956) 103:295–9. doi: 10.1084/jem.103.3.295

17. Braun-Menendez, E, and Page, IH. Suggested revision of nomenclature–angiotensin. Science (1958) 127:242. doi: 10.1126/science.127.3292.242-a

18. Alexander, MJ, and Sporn, PHS. ACE high: when it’s not a winner for diagnosis of sarcoidosis. Transl Res (2021) 230:1–4. doi: 10.1016/j.trsl.2020.12.001

19. Camargo, SMR, Vuille-Dit-Bille, RN, Meier, CF, and Verrey, F. ACE2 and gut amino acid transport. Clin Sci (Lond) (2020) 134:2823–33. doi: 10.1042/CS20200477

20. Bernstein, KE, Ong, FS, Blackwell, WL, Shah, KH, Giani, JF, Gonzalez-Villalobos, RA, et al. A modern understanding of the traditional and nontraditional biological functions of angiotensin-converting enzyme. Pharmacol Rev (2013) 65:1–46. doi: 10.1124/pr.112.006809

21. Wang, X, Wu, S, Xu, D, Xie, D, and Guo, H. Inhibitor and substrate binding by angiotensin-converting enzyme: quantum mechanical/molecular mechanical molecular dynamics studies. J Chem Inf Model (2011) 51:1074–82. doi: 10.1021/ci200083f

22. Woodman, ZL, Schwager, SL, Redelinghuys, P, Carmona, AK, Ehlers, MR, and Sturrock, ED. The N domain of somatic angiotensin-converting enzyme negatively regulates ectodomain shedding and catalytic activity. Biochem J (2005) 389:739–44. doi: 10.1042/BJ20050187

23. Liao, WX, and Roy, AC. Lack of association between polymorphisms in the testis-specific angiotensin converting enzyme gene and male infertility in an Asian population. Mol Hum Reprod (2002) 8:299–303. doi: 10.1093/molehr/8.3.299

24. Lubbe, L, Cozier, GE, Oosthuizen, D, Acharya, KR, and Sturrock, ED. ACE2 and ACE: structure-based insights into mechanism, regulation and receptor recognition by SARS-CoV. Clin Sci (Lond) (2020) 134:2851–71. doi: 10.1042/CS20200899

25. Cozier, GE, Lubbe, L, Sturrock, ED, and Acharya, KR. Angiotensin-converting enzyme open for business: structural insights into the subdomain dynamics. FEBS J (2021) 288:2238–56. doi: 10.1111/febs.15601

26. Sturrock, ED, Natesh, R, van Rooyen, JM, and Acharya, KR. Structure of angiotensin I-converting enzyme. Cell Mol Life Sci (2004) 61:2677–86. doi: 10.1007/s00018-004-4239-0

27. Riordan, JF. Angiotensin-I-converting enzyme and its relatives. Genome Biol (2003) 4:225. doi: 10.1186/gb-2003-4-8-225

28. Sayed-Tabatabaei, FA, Oostra, BA, Isaacs, A, van Duijn, CM, and Witteman, JC. ACE polymorphisms. Circ Res (2006) 98:1123–33. doi: 10.1161/01.RES.0000223145.74217.e7

29. Tomita, H, Ina, Y, Sugiura, Y, Sato, S, Kawaguchi, H, Morishita, M, et al. Polymorphism in the angiotensin-converting enzyme (ACE) gene and sarcoidosis. Am J Respir Crit Care Med (1997) 156:255–9. doi: 10.1164/ajrccm.156.1.9612011

30. Mafra, FFP, Gattai, PP, Macedo, MM, Mori, MA, and Araujo, RC. The angiotensin-I-converting enzyme insertion/deletion in polymorphic element codes for an AluYa5 RNA that downregulates gene expression. Pharmacogenomics J (2018) 18:517–27. doi: 10.1038/s41397-018-0020-x

31. Csongradi, A, Enyedi, A, Takacs, I, Vegh, T, Manyine, IS, Polik, Z, et al. Optimized angiotensin-converting enzyme activity assay for the accurate diagnosis of sarcoidosis. Clin Chem Lab Med (2018) 56:1117–25. doi: 10.1515/cclm-2017-0837

32. Arbustini, E, Grasso, M, Leo, G, Tinelli, C, Fasani, R, Diegoli, M, et al. Polymorphism of angiotensin-converting enzyme gene in sarcoidosis. Am J Respir Crit Care Med (1996) 153:851–4. doi: 10.1164/ajrccm.153.2.8564143

33. Bernstein, KE, Khan, Z, Giani, JF, Cao, DY, Bernstein, EA, and Shen, XZ. Angiotensin-converting enzyme in innate and adaptive immunity. Nat Rev Nephrol (2018) 14:325–36. doi: 10.1038/nrneph.2018.15

34. Aryal, S, and Nathan, SD. Contemporary optimized practice in the management of pulmonary sarcoidosis. Ther Adv Respir Dis (2019) 13:1753466619868935. doi: 10.1177/1753466619868935

35. Culver, DA, and Judson, MA. New advances in the management of pulmonary sarcoidosis. BMJ (2019) 367:l5553. doi: 10.1136/bmj.l5553

36. Groen-Hakan, F, Eurelings, L, ten Berge, JC, van Laar, J, Ramakers, CRB, Dik, WA, et al. Diagnostic value of serum-soluble interleukin 2 receptor levels vs angiotensin-converting enzyme in patients with sarcoidosis-associated uveitis. JAMA Ophthalmol (2017) 135:1352–8. doi: 10.1001/jamaophthalmol.2017.4771

37. Papasavvas, I, Gehrig, B, and Herbort, CP Jr. The comparative value of serum angiotensin converting enzyme (ACE) and lysozyme and the use of polyclonal antibody activation in the work-up of ocular sarcoidosis. Diagnost (Basel) (2021) 11:608. doi: 10.3390/diagnostics11040608

38. Power, WJ, Neves, RA, Rodriguez, A, Pedroza-Seres, M, and Foster, CS. The value of combined serum angiotensin-converting enzyme and gallium scan in diagnosing ocular sarcoidosis. Ophthalmology (1995) 102:2007–11. doi: 10.1016/s0161-6420(95)30763-4

39. Suzuki, K, Namba, K, Mizuuchi, K, Iwata, D, Ito, T, Hase, K, et al. Validation of systemic parameters for the diagnosis of ocular sarcoidosis. Jpn J Ophthalmol (2021) 65:191–8. doi: 10.1007/s10384-020-00793-6

40. Komoriyama, H, Omote, K, Nagai, T, Kato, Y, Nagano, N, Koyanagawa, K, et al. Lower left ventricular ejection fraction and higher serum angiotensin-converting enzyme activity are associated with histopathological diagnosis by endomyocardial biopsy in patients with cardiac sarcoidosis. Int J Cardiol (2020) 321:113–7. doi: 10.1016/j.ijcard.2020.07.034

41. Kruit, A, Grutters, JC, Gerritsen, WB, Kos, S, Wodzig, WK, van den Bosch, JM, et al. ACE I/D-corrected Z-scores to identify normal and elevated ACE activity in sarcoidosis. Respir Med (2007) 101:510–5. doi: 10.1016/j.rmed.2006.06.025

42. Schurmann, M, Reichel, P, Muller-Myhsok, B, Dieringer, T, Wurm, K, Schlaak, M, et al. Angiotensin-converting enzyme (ACE) gene polymorphisms and familial occurrence of sarcoidosis. J Intern Med (2001) 249:77–83. doi: 10.1046/j.1365-2796.2001.00776.x

43. Kieszko, R, Krawczyk, P, Powrozek, T, Szudy-Szczyrek, A, Szczyrek, M, Homa, I, et al. The impact of ACE gene polymorphism on the incidence and phenotype of sarcoidosis in rural and urban settings. Arch Med Sci (2016) 12:1263–72. doi: 10.5114/aoms.2015.48966

44. Papadopoulos, KI, Melander, O, Orho-Melander, M, Groop, LC, Carlsson, M, and Hallengren, B. Angiotensin converting enzyme (ACE) gene polymorphism in sarcoidosis in relation to associated autoimmune diseases. J Intern Med (2000) 247:71–7. doi: 10.1046/j.1365-2796.2000.00575.x

45. Danilov, SM, Jain, MS, Petukhov, PA, Goldman, C, DiSanto-Rose, M, Vancavage, R, et al. Novel ACE mutations mimicking sarcoidosis by increasing blood ACE levels. Transl Res (2021) 230:5–20. doi: 10.1016/j.trsl.2020.07.010

46. Di Francesco, AM, Verrecchia, E, Sicignano, LL, Massaro, MG, Antuzzi, D, Covino, M, et al. The use of chitotriosidase as a marker of active sarcoidosis and in the diagnosis of fever of unknown origin (FUO). J Clin Med (2021) 10:5283. doi: 10.3390/jcm10225283

47. Croft, AP, Situnayake, D, Khair, O, Giovanni, G, Carruthers, D, Sivaguru, A, et al. Refractory multisystem sarcoidosis responding to infliximab therapy. Clin Rheumatol (2012) 31:1013–8. doi: 10.1007/s10067-011-1933-9

48. Schimmelpennink, MC, Vorselaars, ADM, van Beek, FT, Crommelin, HA, Deneer, VHM, Keijsers, RGM, et al. Efficacy and safety of infliximab biosimilar Inflectra((R)) in severe sarcoidosis. Respir Med (2018) 138S:S7–S13. doi: 10.1016/j.rmed.2018.02.009

49. Serei, VD, and Fyfe, B. The many faces of cardiac sarcoidosis. Am J Clin Pathol (2020) 153:294–302. doi: 10.1093/ajcp/aqz169

50. Silva, M, Nunes, H, Valeyre, D, and Sverzellati, N. Imaging of sarcoidosis. Clin Rev Allergy Immunol (2015) 49:45–53. doi: 10.1007/s12016-015-8478-7

51. Patterson, KC, and Chen, ES. The pathogenesis of pulmonary sarcoidosis and implications for treatment. Chest (2018) 153:1432–42. doi: 10.1016/j.chest.2017.11.030

52. Soto-Gomez, N, Peters, JI, and Nambiar, AM. Diagnosis and management of sarcoidosis. Am Fam Physician (2016) 93:840–8.

53. Li, CW, Tao, RJ, Zou, DF, Li, MH, Xu, X, and Cao, WJ. Pulmonary sarcoidosis with and without extrapulmonary involvement: a cross-sectional and observational study in China. BMJ Open (2018) 8:e018865. doi: 10.1136/bmjopen-2017-018865

54. McGrath, DS, Foley, PJ, Petrek, M, Izakovicova-Holla, L, Kolek, V, Veeraraghavan, S, et al. Ace gene I/D polymorphism and sarcoidosis pulmonary disease severity. Am J Respir Crit Care Med (2001) 164:197–201. doi: 10.1164/ajrccm.164.2.2011009

55. Zhou, Y, Lower, EE, Li, H, and Baughman, RP. Clinical management of pulmonary sarcoidosis. Expert Rev Respir Med (2016) 10:577–91. doi: 10.1586/17476348.2016.1164602

56. Thillai, M, Atkins, CP, Crawshaw, A, Hart, SP, Ho, LP, Kouranos, V, et al. BTS Clinical Statement on pulmonary sarcoidosis. Thorax (2021) 76:4–20. doi: 10.1136/thoraxjnl-2019-214348

57. Hamzeh, N. Sarcoidosis. Med Clin North Am (2011) 95:1223–34. doi: 10.1016/j.mcna.2011.08.004

58. Carmona, EM, Kalra, S, and Ryu, JH. Pulmonary sarcoidosis: diagnosis and treatment. Mayo Clin Proc (2016) 91:946–54. doi: 10.1016/j.mayocp.2016.03.004

59. Lieberman, J. Elevation of serum angiotensin-converting-enzyme (ACE) level in sarcoidosis. Am J Med (1975) 59:365–72. doi: 10.1016/0002-9343(75)90395-2

60. Studdy, P, Bird, R, and James, DG. Serum angiotensin-converting enzyme (SACE) in sarcoidosis and other granulomatous disorders. Lancet (1978) 2:1331–4. doi: 10.1016/s0140-6736(78)91972-4

61. Vachtenheim, J, Novak, Z, Tocik, J, and Zeman, P. [Systemic lupus erythematosus with threatened cardiac tamponade]. Vnitr Lek (1988) 34:478–83.

62. Vorselaars, AD, van Moorsel, CH, Zanen, P, Ruven, HJ, Claessen, AM, van Velzen-Blad, H, et al. ACE and sIL-2R correlate with lung function improvement in sarcoidosis during methotrexate therapy. Respir Med (2015) 109:279–85. doi: 10.1016/j.rmed.2014.11.009

63. Seve, P, Pacheco, Y, Durupt, F, Jamilloux, Y, Gerfaud-Valentin, M, Isaac, S, et al. Sarcoidosis: a clinical overview from symptoms to diagnosis. Cells (2021) 10:766. doi: 10.3390/cells10040766

64. Caplan, A, Rosenbach, M, and Imadojemu, S. Cutaneous sarcoidosis. Semin Respir Crit Care Med (2020) 41:689–99. doi: 10.1055/s-0040-1713130

65. Fazzi, P, Manni, E, Cristofani, R, Cei, G, Piazza, S, Calabrese, R, et al. Thalidomide for improving cutaneous and pulmonary sarcoidosis in patients resistant or with contraindications to corticosteroids. BioMed Pharmacother (2012) 66:300–7. doi: 10.1016/j.biopha.2012.03.005

66. Pignone, AM, Rosso, AD, Fiori, G, Matucci-Cerinic, M, Becucci, A, Tempestini, A, et al. Melatonin is a safe and effective treatment for chronic pulmonary and extrapulmonary sarcoidosis. J Pineal Res (2006) 41:95–100. doi: 10.1111/j.1600-079X.2006.00326.x

67. Kaura, V, Kaura, SH, and Kaura, CS. ACE Inhibitor in the treatment of cutaneous and lymphatic sarcoidosis. Am J Clin Dermatol (2007) 8:183–6. doi: 10.2165/00128071-200708030-00006

68. d’Alessandro, M, Bergantini, L, Perrone, A, Cameli, P, Cameli, M, Prasse, A, et al. Serial investigation of Angiotensin-Converting Enzyme in sarcoidosis patients treated with Angiotensin-Converting Enzyme Inhibitor. Eur J Intern Med (2020) 78:58–62. doi: 10.1016/j.ejim.2020.04.006

69. Okada, DR, Bravo, PE, Vita, T, Agarwal, V, Osborne, MT, Taqueti, VR, et al. Isolated cardiac sarcoidosis: A focused review of an under-recognized entity. J Nucl Cardiol (2018) 25:1136–46. doi: 10.1007/s12350-016-0658-1

70. Alba, AC, Gupta, S, Kugathasan, L, Ha, A, Ochoa, A, Balter, M, et al. Cardiac sarcoidosis: a clinical overview. Curr Probl Cardiol (2021) 46:100936. doi: 10.1016/j.cpcardiol.2021.100936

71. Terasaki, F, Azuma, A, Anzai, T, Ishizaka, N, Ishida, Y, Isobe, M, et al. JCS 2016 guideline on diagnosis and treatment of cardiac sarcoidosis- digest version. Circ J (2019) 83:2329–88. doi: 10.1253/circj.CJ-19-0508

72. Ramirez, R, Trivieri, M, Fayad, ZA, Ahmadi, A, Narula, J, and Argulian, E. Advanced imaging in cardiac sarcoidosis. J Nucl Med (2019) 60:892–8. doi: 10.2967/jnumed.119.228130

73. Kiko, T, Yoshihisa, A, Kanno, Y, Yokokawa, T, Abe, S, Miyata-Tatsumi, M, et al. A multiple biomarker approach in patients with cardiac sarcoidosis. Int Heart J (2018) 59:996–1001. doi: 10.1536/ihj.17-695

74. Han, YS, Rivera-Grana, E, Salek, S, and Rosenbaum, JT. Distinguishing uveitis secondary to sarcoidosis from idiopathic disease: cardiac implications. JAMA Ophthalmol (2018) 136:109–15. doi: 10.1001/jamaophthalmol.2017.5466

75. Kusano, KF, and Satomi, K. Diagnosis and treatment of cardiac sarcoidosis. Heart (2016) 102:184–90. doi: 10.1136/heartjnl-2015-307877

76. Kim, JS, Judson, MA, Donnino, R, Gold, M, Cooper, LT Jr., Prystowsky, EN, et al. Cardiac sarcoidosis. Am Heart J (2009) 157:9–21. doi: 10.1016/j.ahj.2008.09.009

77. Adamson, P, Melton, I, O’Donnell, J, MacDonald, S, and Crozier, I. Cardiac sarcoidosis: the Christchurch experience. Intern Med J (2014) 44:70–6. doi: 10.1111/imj.12314

78. Pretorius, CJ, and Ungerer, JP. Assessing angiotensin-converting enzyme (ACE) protein is more appropriate than ACE activity when investigating sarcoidosis. Med J Aust (2020) 213:178–9. doi: 10.5694/mja2.50620

79. Nara, M, Sasamori, K, Shimura, S, Ogawa, H, Ishigaki-Suzuki, S, Nagaoka, M, et al. Long-term use of corticosteroid eye drops delays the spontaneous remission of pulmonary sarcoidosis. Tohoku J Exp Med (2004) 202:275–82. doi: 10.1620/tjem.202.275

80. Wang, L, and Li, Y. Longitudinal ultra-extensive transverse myelitis as a manifestation of neurosarcoidosis. J Neurol Sci (2015) 355:64–7. doi: 10.1016/j.jns.2015.05.017

81. Sakushima, K, Yabe, I, Nakano, F, Yoshida, K, Tajima, Y, Houzen, H, et al. Clinical features of spinal cord sarcoidosis: analysis of 17 neurosarcoidosis patients. J Neurol (2011) 258:2163–7. doi: 10.1007/s00415-011-6080-3




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.

Copyright © 2023 Zheng, Du and Dong. 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.


OEBPS/Images/table3.jpg
arcoidosis Treatmen

Prednisone
Pulmonary sarcoidosis
MTX
Thalidomide
Cutaneous sarcoidosis
Melatonin
Ocular sarcoidosis Corticosteroid eye drops
Neurosarcoidosis Corticosteroids or corticosteroids combined with MTX
Systemic sarcoidosis Inflectra

ACE, Angiotensin-converting enzyme; CSE, cerebrospinal fluid; MTX, methotrexate.

Time
2 weeks
6 months
3 months
12 months
20 months
Unknown

26 weeks

ACE level

Serum ACE decrease

Serum ACE decrease

Serum ACE increase

ACE decrease in CSF

Serum ACE decrease





OEBPS/Images/fimmu.2023.950095_cover.jpg
& frontiers | Frontiers in Immunology

Re-evaluating serum angiotensin-converting
enzyme in sarcoidosis





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Re-evaluating serum angiotensin-converting enzyme in sarcoidosis

      

        		

          Introduction

        



        		

          Sarcoidosis management

        



        		

          Angiotensin-converting enzyme

        



        		

          ACE gene polymorphism

        



        		

          Sarcoidosis and ACE

        



        		

          Pulmonary sarcoidosis

        



        		

          Cutaneous sarcoidosis

        



        		

          Cardiac sarcoidosis

        



        		

          Other forms of sarcoidosis

        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Genotypes

Serum ACE level

ID
9.0-12.5 10.5-17.1 11.9-22.5 IU/Lt
Normal
3.76-11.25 5.22-11.59 7.19-14.84 U/L
Sarcoidosis 13.5-29.3 16.7-31.1 19.8-34.8 TU/Lt

ACE, Angiotensin-converting enzyme.

+Serum ACE level was measured by a colorimetric method using p-hydroxyhippuryl-l-histidyl-I-leucine as the substrate.
+Optimized Serum ACE level was measured by internally quenched fluorescent substrate, Abz-FRK(Dnp)P-OH.





OEBPS/Images/table2.jpg
Sensitivity (%) pecificity (%)

Sarcoidosis
serum ACE 22-86 54-95 - -

Ocular sarcoidosis (n = 249) (36)

serum ACE 268 U/L 30 85 26 87
serum ACE >51 U/L 54 70 24 90
serum ACE 268 U/L + chest radiograph 70 79 42 92
serum ACE 251 U/L + chest radiograph 82 64 33 94

Ocular sarcoidosis (n = 37) (37)

serum ACE 27 96.6 90.9 517
Ocular sarcoidosis (n = 22) (38)

serum ACE 73 83 - -
serum ACE + positive “’GA scanning 100 73 - -
Ocular sarcoidosis (n = 79) (39)

serum ACE 37.7 97.5 - -
Cardiac sarcoidosis (n = 94) (40)

serum ACE 213.5 TU/L + positive EMB 568 544 447 66.0

serum ACE 213.5 IU/L + positive EMB + LVEF <37% 378 91.2 73.7 693

ACE, Angiotensin-converting enzyme; EMB, endomyocardial biopsy; LVEF, left ventricular ejection fraction; NPV, negative predictive value; PPV, positive predictive value.





