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Simultaneous Onset of Pediatric Systemic Lupus Erythematosus in Twin Brothers: Case Report
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Simultaneous Onset of Pediatric Systemic Lupus Erythematosus in Twin Brothers: Case Report
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There are hundreds of twin adult patients with systemic lupus erythematosus (SLE), but male children with SLE are rarely affected. Two monozygotic twin brothers developed SLE at the age of 11 years during 1 month. The index brother manifested with Henoch-Shonlein purpura, accompanied by ANA positivity, and later developed critical left femoral arterial stenosis with high levels of anti-dsDNA, antiphospholipid antibodies, hypocomplementemia, and Coombs-positive hemolytic anemia. At that time his twin brother had only identical autoimmune findings and developed clinical manifestation (myositis and fasciitis) a month later. Both twins had increased IFN-score and shared a heterozygous variant in the RNASEL gene. Index patients developed scalp rash and nephritis 6 months after their parents refused the treatment which has been lasted for 1 year after disease diagnostics.

Conclusion: The simultaneous onset of the pediatric SLE in the male twin is a very rare situation suspected monogenic origin of the disease. Further functional studies are required to confirm the causative role of the mutation.
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INTRODUCTION

Familial cases of SLE are known, but just a few hundred cases of SLE in twins have been described in the world. Usually, SLE affects monozygotic female twins, while the descriptions of SLE in twin males are rare (1). Several genetic variants associated with lupus have been previously described. High penetrant single gene variants leading to complement deficiency (C1Q, C1R/S, C2, C4A, and C4B) are rare and mostly presented in patients with early-onset SLE while plenty of common low penetrant variants may only increase the risk of SLE. The following pathways are predominantly involved in SLE pathogenesis: TLR/IFN-I signaling, NF-κB signaling, T-cell signaling, B-Cell signaling, T- and B-Cell signaling and interaction, self-antigen clearance, IC clearance, DNA repair (2). This diversity explains the clinical and genetic heterogeneity of SLE. Some associations between gene defects and clinical manifestations have been found (3).



CASE DESCRIPTION

Two 11th years monozygotic twin boys developed SLE within 1 month. Family medical history is unremarkable, except cold-induced allergy of the maternal grandfather. No previous immune dysregulation diseases were observed in the twins.


Index Twin

Twin 1 had pain in the legs after physical activity for 6 months and pain in the groin during walking for the last month before the hospital admission. Then hemorrhagic rash on the legs, the left ankle, and the wrists edema, and fever appeared. He was admitted to the local hospital and Henoch-Schonlein purpura was diagnosed. Laboratory tests showed inflammation with mild leukocytosis and neutrophilia, ESR and CRP elevation, transaminase elevation, and positive direct Coombs test. Infections were ruled out. He was treated with antibiotics and heparin. Fever and rash were resolved, while the left ankle edema persisted. Due to ANA-positivity (1:5120, NR <1:160) he was transferred to our rheumatologic clinic. Suddenly he developed intermittent claudication, pain in the left calf muscle, and hypothermia on the left foot. The discrepancy in the blood pressure between the legs was detected on physical examination. He had mild ESR elevation, coagulopathy, hypocomplementemia, positive direct Coombs test without signs of hemolysis, and very high autoimmune activity with ANA positivity, anti-dsDNA, and antiphospholipid autoantibodies (Table 1). CT-angiography detected critical stenosis of the left femoral artery (Figure 1A). Doppler-ultrasound showed the difference in the blood flow pattern in the left iliac and the femoral arteries (Figures 1B,C). He was effectively treated with oral corticosteroid (prednisolone 1 mg/kg), hydroxychloroquine, IV prostaglandin E1, and low-weight heparin followed by warfarin. The symptoms resolved, signs of stenosis and arteritis partially improved and steroid tapering was recommended.


Table 1. Laboratory characteristics of patients at the disease onset.
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FIGURE 1. (A) CT-angiography: critical stenosis of the left femoral artery. (B) Doppler ultrasound: the difference of blood flow velocity in the iliac arteries. (C) Doppler ultrasound: the difference of blood flow velocity in the femoral arteries. (D) Ultrasound: fascia thickening of the quadriceps and sub-fascial fluid accumulation.




Twin 2

Twin 2 has no symptoms at the moment of Twin 1 clinical manifestation. The parents decided to examine him and identical laboratory and autoimmune changes as in Twin 1 were found (Table 1). The low dose of acetylsalicylic acid with hydroxychloroquine was started due to the presence of positive antiphospholipid antibodies for thrombotic events profilaxis. 1 month after Twin 1 clinical manifestation Twin 2 had acute severe pain in the left leg with hemorrhagic rash (petechiae) in the legs. The left lower leg circumference (mid-thigh) was +1.5 cm than the right one, painful on palpation. Laboratory tests showed the signs of inflammation (ESR 47 mm/h, CRP 20.1 mg/l), hypocomplementemia, and coagulopathy [APPT 45.1 sec (↑), D-Dimer 770 ng/ml (↑)]. Doppler ultrasound has not revealed any blood vessels pathology, except the fascia thickening of the quadriceps and fluid accumulation (Figure 1D). Corticosteroids (prednisolone 1 mg/kg) were immediately started with a resolution of clinical symptoms and laboratory parameters normalization and further tapered.




GENETIC TESTING

IFN I-score was assessed by RT-PCR quantitation of 5 IFN I-regulated transcripts (IFI44L, IFI44, IFIT3, LY6E, MXA1); median relative expression of ≥ 2 was considered as a cut-off. Both twins had elevated blood IFN-I expression scores (9.9 and 10.0, normal range 0.57–1.9) in the second visit on corticosteroid treatment. Clinical exome sequencing of the twins revealed a shared heterozygous variant, RNASEL c.1880A>G (p.K627R), rs149964724. This substitution has a MAF (minor allele frequency) of 0.000378 (Genome Aggregation Database; gnomAD); it has not been reported in ClinVar. According to the ACMG (American College of Medical Genetics and Genomics) criteria the variant may be classified as Likely benign (BP1, BP4). The variant was inherited from an asymptotic mother.



FURTHER FOLLOW-UP

Corticosteroids have been tapered up to 0.2 mg/kg during the following 6 months without flare in both twins. Both patients also had migraine headaches, the levels of anti-dsDNA and antiphospholipid antibodies still had increased in several scheduled testing in the following 18 months. Brain MRI was normal. Rituximab was recommended, but the parents refused it as well as any other treatment. In the 24 months from the onset, the parents refused the following treatment in both twins. Twin 1 developed intensive skin and scalp rash, thrombocytopenia (PLT 72 x 109/l), and lupus nephritis (proteinuria 1,1 g/24 h) 6 months after the treatment ceased (Figure 2). Despite clinical and laboratory deterioration, his IFN-I score was lower (5.7) than in the disease onset (9.9). Oral corticosteroids 1 mg\kg were initiated, but parents have been against the kidney biopsy and any additional treatment (rituximab or synthetic DMARDs). Twin 2 hasn't developed the symptoms of SLE for the following 3 years.
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FIGURE 2. The rash in Twin 1 during the flare (Month 30 from the onset).




DISCUSSION

We described a rare case of the simultaneous onset of pediatric SLE in male monozygotic twins: Twin 1 has developed a typical SLE with antiphospholipid syndrome and his brother Twin 2 has not realized yet full-blown SLE possibly due to early diagnostics and treatment intervention. Local arterial involvement is a rare phenomenon in lupus. It was difficult to distinguish local femoral arteritis from arterial thrombosis without distal ischemic lesions in Twin 1. Twin 2 manifested with similar local thigh changes, but it is unclear whether the early treatment of Twin 2 prevented vascular lesions or not. According to ACR/EULAR 2019 Twin1 meets SLE criteria (totally 19 points). Twin 2 scored 11 points by only immunologic features without pronounced clinical manifestation.

The first investigations proposing the genetic background of SLE were performed for twins in the second part of the XX century (4). The presence of SLE and autoantibodies production in concordant and discordant twins were analyzed. The literature review showed 60/151 concordant SLE cases in monozygotic twins while only 4/96 dizygotic (1). Population-based Danish study demonstrated concordance rates of 25% in monozygotic and 7.7% in dizygotic SLE twins. Only 2/22 (9.1%) were male twins with SLE. The majority of twins (19/22) developed clinical manifestations of SLE within the same year (5). Serologic studies were performed on 7 pairs of identical twins: three were concordant and four were discordant for SLE. Concordant twins had similar autoantibodies and anti-RNA profiles, whereas affected twins had higher titers than unaffected discordant pairs. The profile of anti-RNA proteins (e.g., Ro/SS-A, La/SS-B, U1 RNP, and Sm) was identical in 3/4 of discordant twins (6). First-degree relatives of SLE patients had higher ANA autoantibodies levels than healthy controls (7). Autoantibodies against a panel of 21 autoantigens (excluding anti-dsDNA and antiphospholipid autoantibodies) were analyzed in discordant twin patients with SLE (n = 9) and idiopathic inflammatory myositis (n = 22). Only 3/31 (10%) unaffected twins were seropositive against single autoantigens not observed in twins with the disease (8). The results of these studies indicate SLE heterogeneity and the role of genetic and epigenetic factors.

Our patients have a variant in the gene which might play role in the interferon type I signaling. The hyperactivation of the interferon I signaling pathway plays a major part in lupus pathogenesis and several medications affecting IFNI hyperproduction had been recently tested (tofacitinib, baricitinib, anifrolumab, sifalimumab, IFN-αkinoid, BIIB059) (9). Type I IFNs stimulate both the innate and adaptive immune systems, which contribute to loss of tolerance and a sustained autoimmune disease process (10). There are many variants in genes that encode components of the IFNI pathway associated with SLE. Some single gene variants (SAMHD1, RNASEH2ABC, ADAR1, IFIH1, ISG15, ACP5, TMEM173) can cause monogenic lupus (11). They are characterized by early SLE onset and severe disease manifestation. Monogenic lupus has similar features to type I interferonopathies and some interferonopathies, such as CANDLE, SPENCD, SAVI, Aicardi-Goutières syndrome has lupus as a part of the disease (12).

In the recent paper, the whole-exome sequencing (WES) was performed in 52/281 pediatric SLE cases who fulfilled one of the following criteria: early onset of the disease (<5 years), family history of autoimmune disease and complicated conditions, and causative mutations in 5 genes (SLC7A7, NRAS, TNFAIP3, PIK3CD, and IDS) were identified in 12 patients (23.1%) (13).

Seven children with SLE who had a disease onset ≤ 5 years and a family history consistent with an autosomal recessive inheritance were enrolled in the next study. WES revealed two novel and three previously reported homozygous variants in genes coding early complement proteins (C1QA, C1QC, and C1S), and one patient had a DNASE1L3 variant, which might activate interferon type I signaling (14).

Tirosh, et colleagues performed WES in 6/15 newly diagnosed childhood-onset SLE with severe (life-threatening or organ-threatening presentation), atypical presentation (out of the typical clinical classification criteria for SLE), close-married parents, or additional comorbidities (i.e., immunodeficiency). Four unrelated severe cases of childhood-onset SLE were secondary to mutations in five different genes, the last three of them are working in interferon type I signaling: C1QC, SLC7A7, MAN2B1, PTEN, and STAT1 (15). Ultra-rare (≤0.1%) missense and non-sense variants in 22 genes, known to cause monogenic forms of SLE were identified in 71 SLE patients and their healthy parents with WES. Only one homozygous mutation in C1QC and seven heterozygous variants in five genes (C1S, DNASE1L3, DNASE1, IFIH1, and RNASEH2A), associated with monogenic SLE were identified (16). All genes, except for C1S are involved in interferon type I signaling.

In a recent Chinese study, WGS were analyzed in three families where 7 of 16 members had SLE. There was one discordant for SLE female pair. The pathogenic risk of rare missense variants in WNT 16 and ERVW-1 genes was identified in five and two patients, respectively. Whereas, none of the healthy family members has mutations (17). Genome-wide DNA methylation changes in sorted CD4 + T-cells, monocytes, granulocytes, and B-cells were analyzed in 15 SLE-affected twin pairs. All cell types had hypomethylation in interferon-regulated genes, such as IFI44L, PARP9, and IFITM1. Notably, hypomethylation was more pronounced in patients who had disease flare within the past 2 years. In contrast to the other cell types, differentially methylated CpGs in B -cells were predominantly hypermethylated, were the most important upstream regulators included TNF and EP300 (18). The case of monozygotic twins discordant for SLE was described. A total of 8 putative discordant variants in the DNA were selected out for validation by Sanger sequencing, but all of them were ultimately non-diagnostic (19).

It's known that IFN type I hyperactivation leads to endothelial dysfunction and activates the coagulation cascade, which may explain arterial involvement (10). A recent study demonstrated that type I IFN score was increased in all the patients with primary antiphospholipid syndrome and antiphospholipid syndrome in SLE (20). RNASEL gene encodes a ribonuclease participating in IFN induction. While RNA/DNA-modulating enzymes are known to play a role in lupus pathogenesis (2), it is unclear whether the RNASE variant, which has been found in our twins is associated with our patients' phenotype or not.



CONCLUSION

SLE in male twins is a rare and unique phenomenon. Genetic factors probably play a crucial role in such cases. There're only a few studies where WGS/WES were performed in twins with SLE. It is necessary to study the spectrum of genetic variants associated with SLE.
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