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Abstract: Monogenic lupus is a rare inherited entity, which has been increasingly recognized over the past decade. Monogenic 
lupus demonstrates heterogeneity in etiopathogenesis, phenotypes, and outcome compared to sporadic systemic lupus erythematous 
(SLE). Its distinctive features include early-onset disease, atypical manifestations of underlying diseases such as immunodeficiency, 
immune dysregulation, and refractory disease course. The term “monogenic lupus” has been used internationally to collectively 
describe a group of patients presenting with SLE or SLE-like symptoms with a proven underlying pathogenic variant. It has been 
considered a form of SLE irrespective of the differences observed. To date, there is no standardized definition or criteria to identify 
monogenic lupus. Therefore, this review highlights the differences between monogenic lupus and sporadic SLE to discuss the 
challenges related to the current nomenclature and unmet needs in the diagnosis of monogenic lupus. A considerable number of 
underlying pathogenic variants have recently been uncovered, leading to various pathways’ involvement with significant overlap. 
This allows us to propose a new definition for monogenic lupus which can be considered as a construct rather than a disease or 
syndrome. 
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1. Introduction 

Systemic lupus erythematosus (SLE) is a complex multisystem autoimmune disease characterized by loss of self-tolerance, 
excessive autoantibody formation, and immune complex deposition. Several mechanisms are involved, including defective  

regulatory T cells, defective lymphocyte homeostasis, and defects in the clearance of apoptotic cells and immune complexes. 
Therefore, T and B-lymphocytes, myeloid cells, and interferon-alpha (IFN-α) play key roles in SLE pathogenesis in addition to 
numerous cells and cytokines interplay [1‒4]. Despite remarkable advances in the etiopathogenesis of SLE, the exact etiology is 
still unknown. However, it is widely accepted that SLE is a polygenic multifactorial disease with multiple genetic–epigenetic 
interactions including environmental and hormonal factors [5‒9]. To date, there are no diagnostic criteria yet. However, several 
validated classification criteria for adult- and childhood-onset SLE are available and are widely used worldwide [10‒12]. There is 
a distinctive group of patients whose lupus features are linked to a single genetic variant as an association or causation [13,14]. 
Accordingly, they are labeled as patients with monogenic lupus. Thus, the term “SLE” needs to be used carefully for those patients. 
This review highlights the differences between monogenic lupus and sporadic SLE and discusses the challenges related to the current 
nomenclature and unmet needs in the diagnosis of monogenic lupus. Furthermore, in this review, we propose a new definition for 
monogenic lupus and for it to be considered as a construct rather than a disease or syndrome. 

2. Current Challenges 

Recently, monogenic lupus is becoming increasingly recognized worldwide. However, the precise prevalence is unknown as 
the available data is limited to case reports and small cohorts. It is a rare-inherited entity with great heterogeneity in etiopathogenesis, 
phenotypic features, and disease course and outcome [15,16]. The term “monogenic lupus” has been used internationally to 
collectively describe a group of patients presenting with lupus or lupus-like features with proven underlying pathogenic variants. 
These variants are sorted into four major pathogenic pathways: complement protein defects (e.g., C1q and C4 deficiency), 
endonuclease gene defects (e.g., DNase 1L3, DNase II), proteins directly involved in the IFN type I pathway (e.g., TREX1, ISG15), 
and self-intolerance related to B and T lymphocyte dysregulation (PRKCD) [13,14,16]. The consequence of these pathways leads 
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to robust production of IFN type I, which is the driving force in the pathogenesis of monogenic lupus by participating in 
inflammatory reactions, tissue damage, plasmacytoid dendritic cell maturation, and activation of autoreactive T and B cells [17]. 

Table 1 shows a list of gene variants that have been seen in the cohort of monogenic lupus. These variants are involved in the 
main pathogenic pathways of monogenic lupus. One of the current challenges for understanding monogenic lupus is a lack of the 
proper definition and nomenclature as monogenic lupus differs greatly from other lupus categories regarding genetic and 
immunologic findings [15‒21]. 

Table 1. List of genes involved in the main pathogenic pathways of monogenic lupus. 

Gene Mode of 
Inheritance Phenotype 

Complement protein defects 

C1q AR 
Recurrent infection. FTT, mucocutaneous lesions, alopecia, discoid rash, nail 
dystrophy. Arthritis.GN, lung infiltrates. CNS involvement with basal ganglia 
calcification, spastic diplegia. Pancreatic pseudocyst. Hypothyroidism. 

C3 AR Cutaneous vasculitis, recurrent infection. Progressive GN with renal 
impairment. lung infiltration. arthritis, 

C4 AR FTT, hemolytic anemia. Cutaneous vasculitis, arthritis, Bronchiectasis. Mitral 
regurgitation, dilated ascending aorta. 

Endonuclease gene defects 

DNASE1L3 AR Mucocutaneous lesions, urticarial rash, arthritis, GN, lung infiltration. 

DNase II AR Deforming arthropathy, recurrent infection. GN with renal impairment. White 
matter changes 

Proteins directly involved in IFN type I 

ISG15 AR Malar rash, oral ulcer, recurrent skin ulceration, periorbital swelling, epilepsy, 
basal ganglia calcification, cognitive, behavioral impairment. MSMD, AGS 

TREX1 AD/AR Malar rash, Chilblain lupus oral ulcer, arthritis, CNS involvement 

STAT1  Deforming arthropathy, CNS: white matter changes, optic atrophy. 

ACP5 AR Hematologic, GN, Spondyloenchondrodysplasia 

Self-tolerance 

PRKCD AR Mucocutaneous lesions, pancytopenia, arthritis, CNS involvement. 

B and T lymphocyte and phagocyte dysregulation 

PIK3CD AR Mucocutaneous lesions, lung infiltration, bronchiectasis, arthritis. 

PNP AR Recurrent infection. FTT, short stature, arthritis, mucocutaneous lesions, 
alopecia, GN, lung infiltrates, dysarthria, ataxia. 

CYBB X-linked FTT, recurrent infection, GN, cutaneous vasculitis. 

Other defects 

IL2RB AR Oral ulceration, hemolytic anemia, thrombocythemia. 

PETN AR Mucocutaneous lesions, thrombocythemia, GN. 
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3. Nomenclature: Introducing New Concept 

Monogenic lupus is considered a part of the lupus cluster that represents an umbrella for phenotypically heterogeneous entities 
with variations in onset and severity of etiopathogenesis, including SLE, discoid lupus, drug-induced lupus, and neonatal lupus. 
Taking into consideration that the precise etiology of SLE is still not fully defined, and on the contrary, the etiopathogenesis of 
monogenic lupus may be related to the genetic variant. Therefore, monogenic lupus cannot be considered a subset of SLE. In our 
opinion, the following terms are incorrectly used to describe monogenic lupus in the literature: early-onset of SLE, a monogenic 
form of SLE, SLE-like phenotype, lupus-like disease, lupus-like syndrome, familial SLE, and Mendelian lupus [6,15,16,19]. 
However, it is not simple to describe it because monogenic lupus is not a disease or syndrome with a well-defined clinical phenotype. 
In reality, it has multiple clinical phenotypes and multiple pathogenic mechanisms associated with expanding genetic variants. Most 
of the reported cases of monogenic lupus are associated with genetic variants related to inborn errors of immunity. However, several 
monogenic predisposing conditions of inborn errors of metabolism that may induce the manifestations of monogenic lupus have 
been described in various articles [14,16,22‒25]. Additionally, a wide spectrum of clinical and laboratory features of monogenic 
lupus may overlap with other monogenic disorders [26,27]. Figure 1 demonstrates the heterogeneity and overlapping manifestations 
of monogenic lupus. 

 
Fig.1. Heterogeneity and overlapping manifestations in monogenic lupus. 

Recently, a hypothesis of "construct" has been proposed for disorders characterized by several separate pathogenic mechanisms 
[28]. Therefore, it may be appropriate to embrace the same proposal for monogenic lupus. Accordingly, we propose three strong 
components and three weak components for monogenic lupus as a construct (Table 2). The absence of two strong components 
strongly indicates the possibility of considering another diagnosis.  

Table 2. Components of monogenic lupus as a construct. 

Strong Components Weak Components 
Early disease onset (< 5 years) Distinct phenotypic clusters 

Positive family history Variation in clinical expression 
Genetic variant Features related to immune dysregulation. 
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Although the available classification criteria for SLE are not diagnostic, those classification criteria have been validated for 
children with SLE [6,11,29]. It needs to be noted that these classification criteria are commonly used without validation as a 
framework for the diagnosis of monogenic lupus. Recently, we demonstrated the efficient performance of the European League 
Against Rheumatism/American College of Rheumatology (EULAR/ACR-2019) criteria in comparison with Systemic Lupus 
International Collaborating Clinics (SLICC-2012) in classifying monogenic lupus patients, irrespective of the underlying genetic 
variants, which means easy and early identification of monogenic lupus [30]. 

4. Tentative Definition 

Based on the available data, monogenic lupus can be tentatively defined as “a highly complex construct with various 
phenotypic features, characterized by integrating the paradoxical combination of autoimmunity and immune dysregulation due to 
numerous pathogenic mechanisms related to several single-gene variants”. Because of genetic diversity, the presence of certain 
genetic variants, particularly those that are already described in other disease entities, may be allowed to use “monogenic lupus-
like”. 

5. Monogenic Versus Sporadic SLE 

Both monogenic lupus and sporadic SLE are characterized by systemic inflammation with heterogeneity of clinical phenotypes. 
Clinical manifestations and disease progression varied between patients, ranging from mild to severe disease. Monogenic lupus 
remains a diagnostic challenge, particularly with its severe and ambiguous clinical presentation. Thus, it is important to keep a high 
index of suspicion and rule out other differential diagnoses. Despite similarities with sporadic SLE, we have observed several clinical 
features that are helpful to differentiate between monogenic lupus and sporadic SLE as shown in Table 3. 

Table 3. Similarity and differences between monogenic lupus and systemic lupus erythematosus. 

Monogenic lupus Systemic lupus erythematosus 
Mostly early childhood < 5years of age Mostly teenager 

Marginal female preponderance Female preponderance 
Multisystem interferonopathy Multisystem autoimmune 

A subset of lupus A subset of lupus 
Genetic variant (single-gene disorder) Polygenic disorder 

Inheritance pattern: autosomal recessive Complex inheritance pattern 
Positive family history of similar case Positive family history of autoimmune disease 

Distinct phenotypic clusters Variation in clinical expression 
Mucocutaneous Musculoskeletal/ Nephritis 

Autoantibodies are not impressive Autoantibodies are impressive 
Refractory to treatment Variable response to treatment 

Frequent/ recurrent infections  

These observations depend on the genetic variants that induce stimulation of type I interferon production [31]. Among the 
distinguished clinical findings in patients with monogenic lupus, early onset before the age of five years is found. Interestingly, 
several patients developed their disease in the infancy period. In addition, to the usual manifestations of renal, hematologic, and 
cutaneous involvement, a high number of patients with monogenic lupus, particularly those with C1q variants, usually present with 
recurrent extensive mucocutaneous and discoid lesions with scarring alopecia [18]. Additionally, several patients may present with 
distinct phenotypic clusters. For instance, patients with the DNase 1L3 may suffer from recurrent urticarial vasculitis rash and 
pulmonary hemorrhage, while patients with DNase II variant experience musculoskeletal and neurological manifestations in the 
form of non-erosive, deforming arthropathy, and white matter changes [18,22,32]. Features of monogenic lupus have been described 
in patients with the ACP5 variant. Those patients had skeletal dysplasia and intracranial calcification [33]. It is noted that several 
patients with monogenic lupus may exhibit overlapping features of immunodeficiency and immune dysregulation, and thus are at 
risk of recurrent infections. Remarkably, the presence of extractable nuclear antigens (ENA) is not impressive in patients with 
monogenic lupus. Those patients likely have weak ENA positivity.  
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6. Unmet Needs for Monogenic Lupus 

Despite the remarkable progress in understanding the immunologic pathways and genetics of monogenic lupus, various clinical 
aspects have not yet been met. Overall, the current approach to monogenic lupus takes into account genetic variants. One of the 
challenges is that the discovery of genetic variants is progressively evolving, which means that monogenic lupus is an expanding 
construct. This presents a major task of setting diagnostic criteria for monogenic lupus. We hope that this proposal encourages the 
development of a clinical score to guide decision-making and makes it easier to distinguish patients with monogenic lupus from 
monogenic interferonopathies and other mimickers for molecular genetic testing. Nevertheless, another potential problem that needs 
to be considered is the distinction between a confirmatory and non-confirmatory genetic test and their interpretation. Although such 
a score may at times be helpful in clinical practice, we believe that the ideal setting is to design and validate evidence-based clinical 
classification criteria guided by genetic variants and tailored for monogenic lupus. To date, there is no standardized treatment for 
monogenic lupus. The available treatment is not evidence-based and is either anecdotal reports or an expert’s opinion [34,35]. The 
current treatment approaches and new medication choices including new biologic targeting B cells, T cells, or cytokines are derived 
from SLE and interferonopathy trails and observational data [36,37]. Theoretically, treatment can be individualized depending on 
the underlying genetic defects to form the basis of decision-making for the treatment of monogenic lupus patients. 

7. Conclusion 

Monogenic lupus is a highly complex construct with various phenotypic features with proven underlying genetic variants. It 
may exhibit overlapping features with monogenic interferonopathies and immunodeficiency conditions.  Thus, we need to aim to 
differentiate monogenic lupus from lupus erythematosus. 

Funding: This research did not receive external funding. 

Conflicts of Interest: There are no financial disclosures or conflicts of interest for any of the above-named authors. 

References 

1. Choi, J.; Kim, S.T.; Craft, J. The pathogenesis of systemic lupus erythematosus-an update. Current Opinion in Immunology 2012, 24, 651–
657. https://doi.org/10.1016/j.coi.2012.10.004 

2. Catalina, M.D.; Owen, K.A.; Labonte, A.C.; et al. The pathogenesis of systemic lupus erythematosus: Harnessing big data to understand the 
molecular basis of lupus. Journal Autoimmunity 2020, 110, 102359. https://doi.org/10.1016/j.jaut.2019.102359 

3. Goulielmos, G.N.; Zervou, M.I.; Vazgiourakis, V.M.; et al. The genetics and molecular pathogenesis of systemic lupus erythematosus (SLE) 
in populations of different ancestry. Gene 2018, 668, 59–72. https://doi.org/10.1016/j.gene.2018.05.041 

4. Yang, F.; He, Y.; Zhai, Z.; et al. Programmed Cell Death Pathways in the Pathogenesis of Systemic Lupus Erythematosus. Journal of 
Immunology Research 2019, 3638562. https://doi.org/10.1155/2019/3638562 

5. Aggarwal, A.; Srivastava, P. Childhood onset systemic lupus erythematosus: How is it different from adult SLE? International Journal of 
Rheumatic Diseases 2015, 18, 182–191. https://doi.org/10.1111/1756-185X.12419 

6. Rodrigues Fonseca, A.; Felix Rodrigues, M.; Sztajnbok, F.; et al. Comparison among ACR1997, SLICC and the new EULAR/ACR 
classification criteria in childhood-onset systemic lupus erythematosus. Advances in Rheumatology 2019, 59, 20. 
https://doi.org/10.1186/s42358-019-0062-z 

7. Lo, M.; Insights Gained from the Study of Pediatric Systemic Lupus Erythematosus. Frontiers in Immunology 2018, 9, 1278. 
https://doi.org/10.3389/fimmu.2018.01278 

8. Barbhaiya, M.; Costenbader, K.H. Environmental exposures and the development of systemic lupus erythematosus. Current Opinion in 
Rheumatology 2016, 28, 497–505. https://doi.org/10.1097/BOR.0000000000000318 

9. Adams, D.E.; Shao, W.H. Epigenetic Alterations in Immune Cells of Systemic Lupus Erythematosus and Therapeutic Implications. Cells 
2022, 11, 506. https://doi.org/10.3390/cells11030506 

10. Aringer, M.; Costenbader, K.; Daikh, D.; et al. 2019 European League against Rheumatism/American College of rheumatology classification 
criteria for systemic lupus erythematosus. Arthritis Rheumatology 2019, 71, 1400–1412. 

11. Tao, J.J.; Hiraki, L.T.; levy, D.M.; et al. Comparison of sensitivities of American College of Rheumatology and Systemic Lupus International 
Collaborating Clinics classification criteria in childhood-onset systemic lupus erythematosus. Journal of Rheumatology 2019. 
https://doi.org/10.3899/jrheum.180337 

  



25 
 

IJCMB 2022, Vol 2, Issue 2, 20–26, https://doi.org/10.35745/ijcmb2022v02.02.0002 
 

12. Aljaberi, N.; Nguyen, K.; Strahle, C.; et al. The performance of the new 2019-EULAR/ACR classification criteria for systemic lupus 
erythematosus in children and young adults. Arthritis Care &Research (Hoboken) 2021, 73, 580–585. https://doi.org/10.1002/acr.24430 

13. Alperin, J.M.; Ortiz-Fernández, L.; Sawalha, A.H. Monogenic Lupus: A developing paradigm of disease. Frontiers in Immunology 2018, 9, 
2496. https://doi.org/10.3389/fimmu.2018.02496 

14. Omarjee, O.; Picard, C.; Frachette, C.; et al. Monogenic lupus: Dissecting heterogeneity. Autoimmunity Reviews 2019, 18, 102361. 
https://doi.org/10.1016/j.autrev.2019.102361 

15. Webb, R.; Kelly, J.A.; Somers, E.C.; et al. Early disease onset is predicted by a higher genetic risk for lupus and is associated with a more 
severe phenotype in lupus patients. Annals of Rheumatic Disease 2011, 70, 151–156. 

16. Demirkaya, E.; Sahin, S.; Romano, M.; et al. New horizons in the genetic etiology of systemic lupus erythematosus and lupus-like disease: 
monogenic lupus and beyond. Journal of Clinical Medicine 2020, 9. https://doi.org/10.3390/jcm9030712 

17. Batu, E. Monogenic systemic lupus erythematosus: insights in pathophysiology. Rheumatology International 2018, 38, 1763–1775. 
https://doi.org/10.1007/s00296-018-4048-7 

18. Al-Mayouf, S.M.; Alreefi, H; Alsinan, T.; et al. Lupus manifestations in children with primary immunodeficiency diseases: Comprehensive 
phenotypic and genetic features and outcome. Modern Rheumatology 2021, 31, 1171–1178. https://doi.org/10.1080/14397595.2021.1886627 

19. Hiraki, L.T.; Sliverman, E.D. Genomics of systemic lupus erythematosus: Insights gained by studying monogenic young-onset systemic 
lupus erythematosus. Rheumatic Disease Clinics of North America 2017, 43, 415–434. https://doi.org/10.1016/j.rdc.2017.04.005 

20. Lo, M. Concepts in lupus pathophysiology: Lessons learned from disease across the spectrum. Clinical Immunology 2022, 238, 109021. 
https://doi.org/10.1016/j.clim.2022.109021 

21. Costa-Reis, P.; Sullivan, K.E. Monogenic lupus: it's all new! Current Opinion in Immunology 2017, 49, 87–95. 
https://doi.org/10.1016/j.coi.2017.10.008 

22. Rodero, M.P.; Tesser, A.; Bartok, E.; et al. Type I interferon-mediated autoinflammation due to DNase II deficiency. Nature Communications 
2017, 8, 2176. https://doi.org/10.1038/s41467-017-01932-3 

23. Aoki, M.; Fukao, T.; Fujita, Y.; et al. Lysinuric protein intolerance in siblings: complication of systemic lupus erythematosus in the elder 
sister. European Journal of Pediatrics 2001, 160, 522–523. 

24. Al-Mayouf, S.M.; AlTassan, R.; AlOwain, M. Systemic lupus erythematosus in a Saudi girl with PTEN variant and transaldolase deficiency: 
a novel phenotype. Clinical Rheumatology 2020, 39, 3511–3515. https://doi.org/10.1007/s10067-020-05205 

25. Al-Saud, B.; Alawi, Z.; Bin Hussain, F.; et al. A case with Purine Nucleoside Phosphorylase deficiency suffering from late onset systemic 
lupus erythematosus and lymphoma. Journal of Clinical Immunology 2020, 40, 833–839. 

26. Kim, H.; Sanchez, G.A.; Goldbach-Mansky, R. Insights from Mendelian interferonopathies: Comparison of CANDLE, SAVI with AGS, 
monogenic lupus. Journal of Molecular Medicine 2016, 94, 1111–1127. https://doi.org/10.1007/s00109-016-1465-5 

27. Al-Mayouf, S.M.; AlSaleem, A.; AlMutairi, N.; et al. Monogenic interferonopathies: Phenotypic and genotypic findings of CANDLE 
syndrome and its overlap with C1q deficient SLE. International Journal of Rheumatic Diseases 2018, 21, 208–213. 
https://doi.org/10.1111/1756-185X.13228 

28. Yazici, H. Behçet's syndrome as a structure. Turkish Journal of Medical Sciences 2020, 50, 1585–1586. https://doi.org/10.3906/sag-2002-
145 

29. Petri, M.; Orbai, A.M.; Alarcon, G.S.; et al. Derivation and validation of the Systemic Lupus International Collaborating Clinics classification 
criteria for systemic lupus erythematosus. Arthritis Rheumatology 2012, 64, 2677–2686. https://doi.org/10.1002/art.34473 

30. Al-Mayouf, S.M.; Akbar, L.; Abdwani, R.; et al. Performance of the EULAR/ACR 2019 classification criteria for systemic lupus 
erythematous in monogenic lupus. Clinical Rheumatology 2022. https://doi.org/10.1007/s10067-022-06209-9 

31. d'Angelo, D.M.; Di Filippo, P.; Breda, L.; et al. Type I Interferonopathies in Children: An Overview. Frontiers in Pediatrics 2021, 9, 631329. 
https://doi.org/10.3389/fped.2021.631329 

32. Kisla Ekinci, R.; Balci, S.; Ozcan, D.; et al. Monogenic lupus due to DNASE1L3 deficiency in a pediatric patient with urticarial rash, 
hypocomplementemia, pulmonary hemorrhage, and immune-complex glomerulonephritis. European Journal of Medical Genetics 2021, 64, 
104262. https://doi.org/10.1016/j.ejmg.2021.104262 

33. Kara, B.; Ekinci, Z.; Sahin, S.; et al. Monogenic lupus due to spondyloenchondrodysplasia with spastic paraparesis and intracranial 
calcification: case-based review. Rheumatology International 2020, 40, 1903–1910. https://doi.org/10.1007/s00296-020-04653 

34. Lei, L.; Muhammad, S.; Al-Obaidi, M.; et al. Successful use of ofatumumab in two cases of early-onset juvenile SLE with thrombocytopenia 
caused by a mutation in protein kinase C δ. Pediatric Rheumatology Online Journal 2018, 16, 61. https://doi.org/10.1186/s12969-018-0278-1 

35. Akbar, L.; Alsagheir, R.; Al-Mayouf, S.M.; Efficacy of a sequential treatment by belimumab in monogenic systemic lupus erythematosus. 
European Journal Rheumatology 2020, 7, 184–189. https://doi.org/10.5152/eurjrheum.2020.20087 



26 
 

IJCMB 2022, Vol 2, Issue 2, 20–26, https://doi.org/10.35745/ijcmb2022v02.02.0002 
 

36. Smith, EMD.; Sen, E.S.; Pain, C.E. Diagnosis and treatment of childhood-onset systemic lupus erythematosus (European evidence-based 
recommendations from the SHARE initiative). Archives of Disease in Childhood Education and Practice Ed 2019, 104, 259–264. 
https://doi.org/10.1136/archdischild-2017-314049 

37. Brunner, H.I.; Abud-Mendoza, C.; Viola, D.O.; et al. Safety and efficacy of intravenous belimumab in children with systemic lupus 
erythematosus: results from a randomised, placebo-controlled trial. Annals of Rheumatic Diseases 2020, 79, 1340–1348. 
https://doi.org/10.1136/annrheumdis-2020-217101 

Publisher’s Note: IIKII stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

Copyright: © 2022 The Author(s). Published with license by IIKII, Singapore. This is an Open Access article distributed under the 
terms of the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited. 

http://creativecommons.org/licenses/by/4.0

	1. Introduction
	2. Current Challenges
	3. Nomenclature: Introducing New Concept
	4. Tentative Definition
	5. Monogenic Versus Sporadic SLE
	6. Unmet Needs for Monogenic Lupus
	References

