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Abstract

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that affects multiple organ systems. Juvenile-onset SLE
(GSLE) accounts for up to 20% of all SLE patients. Compared to adult-onset SLE, jSLE patients tend to show different manifestations
of SLE and are often difficult to diagnose promptly. JSLE patients show severe disease conditions, and intensive treatments are
therefore required to control disease activity. Thrombotic microangiopathy (TMA) is defined as a condition with vascular damage due
to microvascular obstruction and endothelial cell injury. TMA is diagnosed through clinical features and pathological findings; clinical
features include microangiopathic hemolytic anemia, thrombocytopenia, and multiple organ injury. Secondary TMA is associated
with various causes such as drugs, organ transplants, and autoimmune diseases. SLE is one of the most common immune disorders
accompanied by TMA, and the condition of the patients are usually severe. Although TMA occurring in jSLE patients is rare, it can be
life-threatening. Because there are only a few reports of jSLE cases accompanied by secondary TMA, it is important to accumulate the
data of each case. In this article, we would like to discuss the mechanisms of secondary TMA with jSLE and the treatment strategy,
that we learned from our experience and previously reported cases. Combination therapy including immunosuppressants and plasma
exchange is needed to control disease activity; in particular, suppressing complement pathways is important. Novel therapies such
as eculizumab, rituximab, and belimumab require more data to determine whether they are effective in cases of TMA with SLE. The
establishment of a treatment strategy based on evidence is needed for jSLE accompanied by TMA. The possibility of jSLE patients
having a gene mutation, when they are resistant to treatment or when disease onset is at a young age, means we should consider
performing gene analysis for those patients.
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Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease that affects multiple organ systems.
Juvenile-onset SLE (JSLE)—also called childhood-onset
SLE—is usually defined as SLE with disease-onset before
the 18" birthday. Patients with jSLE are reported to account
for up to 20% of all SLE patients [1,2]. The estimated
incidence of jSLE is between 0.36 and 2.5 per 100,000
children [1,3,4], which is much lower than that of adult-
onset SLE: 1 to 25 per 100,000 [5,6]. The clinical features
of jJSLE tend to differ from those of adult-onset SLE, which
is one of the reasons why defining diagnosis is sometimes

difficult in jSLE patients. The classification criteria of
the American College of Rheumatology (ACR-1997) [7],
in worldwide use, consist of clinical features criteria and
laboratory abnormalities criteria. The ACR-1997 shows
89.6% sensitivity and 98.1% specificity in adult-onset SLE,
compared to 84.3% sensitivity and 94.1% specificity in
JSLE. This reduced sensitivity is because the symptoms that
develop in jSLE at the onset are usually partially those that
develop in adult-onset SLE patients. The Systemic Lupus
International Collaborating Clinics classification criteria
(SLICC-2012) [8], which was established because of
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concerns regarding sensitivity and shows 94.6% sensitivity
and 95.5% specificity in adult-onset SLE, shows sensitivity
as high as 99.6% in jSLE; however, specificity drops to
82.0% [9]. Although we must wait for verification of the
utility of the ACR/European League Against Rheumatism
(EULAR) 2019 criteria [10], these figures indicate that
precise diagnosis in jSLE patients is difficult. JSLE and
adult-onset SLE patients differ not only in terms of clinical
symptoms. Some reports describe the disease severity of
JSLE patients compared to adult-onset SLE patients [11-
14]. For example, jSLE patients are reported to have more
severe organ involvement and a higher mortality ratio; as
high as 18.3 in standardized mortality ratio, which is much
higher than the value of 3.1 reported in adult-onset SLE
[15]. Moreover, as in other child-onset critical systemic
disease patients, jSLE patients must live with their disease
for a far longer time than most adult-onset SLE patients
do; thus, they have a much greater risk of developing
organ dysfunction caused by the disease itself and by the
side effects of medications. Therefore, our treatment aim
is to control disease activity by sufficient induction therapy
as soon as possible and ensure the minimum required
maintenance therapy.

Thrombotic microangiopathy (TMA) is a condition of
vascular damage due to microvascular obstruction and
endothelial cell injury [16]. TMA is diagnosed through
clinical features and pathological findings [17]. Clinical
features include microangiopathic hemolytic anemia,
thrombocytopenia, and multiple organ injury [16,18].
Primary TMA occurs in complement disorders, e.g.,
atypical hemolytic uremic syndrome and ADAMTS13
deficiency, whereas secondary TMA is associated with
various causes such as drugs, organ transplants, and
autoimmune diseases. The incidence of secondary TMA
in autoimmune diseases varies from 8-15%, depending
on the diagnosed disease [19]. SLE is one of the most
common immune disorders that is accompanied by
TMA. One study of the Japanese TMA registry reported
that the proportion of autoimmune diseases (defined in
the study as connective tissue diseases and their allied
diseases) amongst TMA cases was 24% (221/919) [20].
This makes autoimmune diseases the most frequent cause
of secondary TMA, with SLE accounting for 41.6% of cases
(92/221) [20]. On the other hand, the incidence of TMA
in SLE patients in previous reports varies from 0.5-10.0%.
[21-23]. Even though the reported incidence of TMA in
SLE patients is inconsistent, every report describes the
disease condition as very severe and life-threatening, and
requiring intensive treatment including a combination of
immunosuppressants and plasma exchange. Thus, it is
important to make a prompt diagnosis in patients where
SLE is complicated with TMA.

Juvenile-onset SLE accompanied by TMA is very rare;

however, itis reported to belife-threatening, asisthe casein
adult-onset SLE [24]. Because there are only a few reports of
JSLE cases accompanied by secondary TMA, it is important
to accumulate the data of each case. We have recently
reported a pediatric case of refractory jSSLE accompanied by
TMA [25]. The patient was a 5-year-old girl who presented
to a hospital complaining of fever, edema, and diarrhea,
and was found to have hypertension and pleural effusions.
Blood and urine examinations revealed that she had
renal dysfunction, thrombocytopenia, hemolytic anemia,
nephrotic syndrome, hypocomplementemia, and elevated
anti-dsDNA IgG levels. The result of an antiphospholipid
antibody test was negative and there was no decrease in
ADAMTS13 activity. We diagnosed her with SLE, according
to the ACR-1997 classification criteria, accompanied by
TMA, which was confirmed by the histological study of
a renal biopsy specimen. Her disease condition was very
severe and refractory. Combination therapy involving
methylprednisolone pulse therapy (MPT), mycophenolate
mofetil (MMF), and plasma exchange (PE) was effective
but insufficient. Eculizumab could not control disease
activity of either SLE or TMA, although it contributed
to raising platelet count. We administered a series of
intravenous cyclophosphamide therapy (IVCY) courses, in
addition to MPT and PE, and we finally controlled disease
activity after 28 PEs, 8 MPT courses, and 9 IVCY courses.
She had been suffering from severe complications,
mostly caused by steroids; however, she recovered
dramatically after the disease activity was controlled. She
is now about one and a half year after induction treatment
completion, and she continued medication of PSL, MMF,
and hydroxychloroquine, and going to school by herself.
Naturally, we must follow her up very carefully to monitor
the flare and organ dysfunctions, especially regarding
kidney involvement.

TMA in SLE patients can occur by several mechanisms,
such as dysregulation of the complement system and
the activation of antiphospholipid antibodies [26,27].
Antiphospholipid antibodies cause coagulation mechanism
activation, vascular endothelial injury, and activation of
the complement system, leading to thrombus formation
[27]. Moreover, infection and stress can trigger the
acceleration of thrombus formation [28]. Dysregulation
of the complement system is the most pivotal factor in
developing TMA in SLE. Some reports describe that the
activation of classical pathways plays a key role in the
pathogenesis of TMA with SLE [29,30]. Furthermore,
some studies report that the activation of the alternate
pathway exists in TMA in parallel with SLE flares, as
well as the activation of the classical pathway of TMA
with SLE [31,32]. Thus, we can assume that controlling
the disease activity of TMA with SLE requires not only
the suppression of one complement factor but whole
complement cascades. The combination treatment that is
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proven to be effective for severe SLE—namely MPT, MMF,
IVCY, and hydroxychloroquine—should be used promptly
together with PE to suppress abnormal immune activity
and complement activation. We administered eculizumab
in addition to the combination therapy, having presumed
thatit could prevent thrombus formation derived from Csa,
but it failed to control the disease activity of either TMA or
SLE (although it did succeed in raising the platelet count).
Even though some reports show the efficacy of eculizumab
for patients of TMA with SLE [33,34], we must wait for
sufficient data and indications, because the side effects of
severe infection, especially by meningococcus, could be
fatal. Other therapeutic options include rituximab and
belimumab, biologics that affect B cell function. Rituximab
is reported to be effective for TMA accompanied with SLE
[22]; however, supporting data is limited and further
study is needed to judge the effect. Belimumab is a novel
therapeutic agent for SLE [35], but we still have to wait for
the results of a trial.

There is one further issue that requires attention. When
an SLE patient develops TMA, especially when that patient
is resistant to treatment, we must confirm whether there is
a gene mutation that is involved in complement-regulatory
genes. There are reports that treatment-resistant TMA
patients with SLE had gene mutations [21,36]; one report
showed 6 out of 10 patients had mutations associated
with atypical hemolytic uremic syndrome, although it
concerned adult-onset SLE [36]. Treatment options may
change for such patients, and as such we should perform
gene analysis promptly. As far as gene mutations, we
should highlight that jSLE patients, especially when the
age of onset is young, may have a gene mutation associated
with the development of SLE. A group of immunological
pathway disorders caused by a single gene mutation has
been shown to develop the same pathological condition
as SLE, for example: type I interferonopathy caused by
ACP5 mutation, auto-antigen excess caused by DNASE1
mutation and DNASE1L3 mutation, and tolerance caused
by TNESF6 mutation, PRKCD mutation, and IKZF1
mutation [37,38]. We should monitor carefully to identify
other disease feature signs that can develop via these
disorders and perform gene analysis accordingly.

The disease activity of juvenile-onset SLE can be very
severe, especially when the patient develops TMA. We
have to perform intensive treatment and consider the
possibility of the patient having a gene mutation that is
involved in either the onset of SLE or the onset of TMA.
Establishing a treatment strategy is important in patients
with jSLE accompanied by TMA.

Conflicts of Interest

The authors declare no conflicts of interest associated
with this manuscript.

Funding Statement

Masaaki Mori receives funds from Nippon Kayaku
Co.,Ltd., Asahi Kasei Pharma Co., AbbVie GK, Mitsubishi
Tanabe Pharma Co.

Acknowledgements

We thank Dr. Kohsuke Imai, an associate professor of
Department of Community Pediatrics, Perinatal and
Maternal Medicine, Graduate School of Medical and
Dental Sciences, Tokyo Medical and Dental University, for
performing whole-exome sequencing of genome analysis
and immunological analysis.

References

1. Hui-Yuen JS, Imundo LF, Avitabile C, Kahn PJ,
Eichenfield AH, Levy DM. Early versus later onset
childhood-onset  systemic  lupus erythematosus:
Clinical features, treatment and outcome. Lupus. 2011

Aug;20(9):952-9.

2. Pineles D, Valente A, Warren B, Peterson MG, Lehman
TJ, Moorthy LN. Worldwide incidence and prevalence of
pediatric onset systemic lupus erythematosus. Lupus. 2011
Oct;20(11):1187-92.

3. Hiraki LT, Feldman CH, Liu J, Alarcén GS, Fischer
MA, Winkelmayer WC, et al. Prevalence, incidence, and
demographics of systemic lupus erythematosus and lupus
nephritis from 2000 to 2004 among children in the US
Medicaid beneficiary population. Arthritis & Rheumatism.
2012 Aug;64(8):2669-76.

4. Rees F, Doherty M, Grainge M, Davenport G, Lanyon
P, Zhang W. The incidence and prevalence of systemic
lupus erythematosus in the UK, 1999—2012. Annals of the
Rheumatic Diseases. 2016 Jan 1;75(1):136-41.

5. Pons-Estel GJ, Alarcon GS, Scofield L, Reinlib L, Cooper
GS. Understanding the epidemiology and progression of
systemic lupus erythematosus. InSeminars in Arthritis
and Rheumatism 2010 Feb 1;39(4): 257-268.

6. Danchenko N, Satia JA, Anthony MS. Epidemiology of
systemic lupus erythematosus: a comparison of worldwide
disease burden. Lupus. 2006 May;15(5):308-18.

7. Hochberg MC. Updating the American College of
Rheumatology revised criteria for the classification of
systemic lupus erythematosus. Arthritis & Rheumatism:
Official Journal of the American College of Rheumatology.

1997 Sep;40(9):1725.

8. Petri M, Orbai AM, Alarcén GS, Gordon C, Merrill
JT, Fortin PR, Bruce IN, Isenberg D, Wallace DJ, Nived
O, Sturfelt G. Derivation and validation of the Systemic

J Cell Immunol. 2020
Volume 2, Issue 5

256



Tanaka E, Kaneda T, Akutsu Y, Kanamori T, Mouri M, Mori M. Juvenile-onset Systemic Lupus Erythematosus Accompanied
by Secondary Thrombotic Microangiopathy. ] Cell Immunol. 2020; 2(5): 254-258.

Lupus International Collaborating Clinics classification
criteria for systemic lupus erythematosus. Arthritis &
Rheumatism. 2012 Aug;64(8):2677-86.

9.Hartman EA, van Royen-Kerkhof A, Jacobs JW, Welsing
PM, Fritsch-Stork RD. Performance of the 2012 Systemic
Lupus International Collaborating Clinics classification
criteria versus the 1997 American College of Rheumatology
classification criteria in adult and juvenile systemic lupus
erythematosus. A systematic review and meta-analysis.
Autoimmunity Reviews. 2018 Mar 1;17(3):316-22.

10. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca
M, Ramsey-Goldman R, et al. 2019 European League
Against Rheumatism/American College of Rheumatology
classification criteria for systemic lupus erythematosus.
Arthritis & Rheumatology. 2019 Sep;71(9):1400-12.

11. Smith EM, Lythgoe H, Midgley A, Beresford MW,
Hedrich CM. Juvenile-onset systemiclupus erythematosus:
Update on clinical presentation, pathophysiology and
treatment options. Clinical Immunology. 2019 Dec
1;209:108274.

12. Hersh AO, von Scheven E, Yazdany J, Panopalis P,
Trupin L, Julian L, et al. Differences in long-term disease
activity and treatment of adult patients with childhood-
and adult-onset systemic lupus erythematosus. Arthritis
Care & Research. 2009 Jan 15;61(1):13-20.

13.Joo YB, Park SY, Won S, Bae SC. Differences in clinical
features and mortality between childhood-onset and
adult-onset systemic lupus erythematosus: a prospective
single-center study. The Journal of Rheumatology. 2016

Aug 1;43(8):1490-7.

14. Trachana M, Pratsidou-Gertsi P, Kanakoudi-
Tsakalidou F, Tzimouli V, Printza N, Papachristou F.
Impact of the longitudinal quantitative assessment of
juvenile systemic lupus erythematosus severity on the
disease outcome. Clinical Rheumatology. 2020 Jul 7:1-8.

15. Ambrose N, Morgan TA, Galloway J, Ionnoau Y,
Beresford MW, Isenberg DA. Differences in disease
phenotype and severity in SLE across age groups. Lupus.
2016 Dec;25(14):1542-50.

16. George JN, Nester CM. Syndromes of thrombotic
microangiopathy. New England Journal of Medicine. 2014

Aug 14;371(7):654-66.

17. Arnold DM, Patriquin CJ, Nazy I. Thrombotic
microangiopathies: a general approach to diagnosis and
management. CMAJ. 2017 Jan 30;189(4):E153-9.

18. Moake JL. Thrombotic microangiopathies. New
England Journal of Medicine. 2002 Aug 22;347(8):589-
600.

19. Brocklebank V, Wood KM, Kavanagh D. Thrombotic
microangiopathy and the kidney. Clinical Journal of the
American Society of Nephrology. 2018 Feb 7;13(2):300-17.

20. Fujimura Y, Matsumoto M. Registry of 919 patients
with thrombotic microangiopathies across Japan:
database of Nara Medical University during 1998-2008.
Internal Medicine. 2010;49(1):7-15.

21. de Holanda MI, Porto LC, Wagner T, Christiani
LF, Palma LM. Use of eculizumab in a systemic
lupus erythemathosus patient presenting thrombotic
microangiopathy and heterozygous deletion in CFHR1-
CFHR3. A case report and systematic review. Clinical
Rheumatology. 2017 Dec 1;36(12):2859-67.

22, Sun F, Wang X, Wu W, Wang K, Chen Z, Li T, et
al. TMA secondary to SLE: rituximab improves overall
but not renal survival. Clinical Rheumatology. 2018 Jan
1;37(1):213-8.

23. Nesher G, Hanna VE, Moore TL, Hersh M, Osborn
TG. Thrombotic microangiopathic hemolytic anemia in
systemic lupus erythematosus. InSeminars in Arthritis
and Rheumatism 1994 Dec 1;24 (3):165-172

24. LiJ, Jiang JJ, Wang CY, Jian S, Zhou Y, Ma MS, et al.
Clinical features and prognosis of patients with thrombotic
thrombocytopenic purpura associated with systemic lupus
erythematosus: a review of 25 cases. Italian Journal of
Pediatrics. 2019 Dec;45(1):1-6.

25. Kaneda T, Tanaka E, Akutsu Y, Kanamori T, Mouri
M, Morio T, et al. Refractory secondary thrombotic
microangiopathy with kidney injury associated with
systemic lupus erythematosus in a pediatric patient. CEN
Case Reports. 2020 Apr 18:1-7.

26. Babar F, Cohen SD. Thrombotic microangiopathies
with rheumatologic involvement. Rheumatic Disease
Clinics. 2018 Nov 1;44(4):635-49.

27. Alchi B, Griffiths M, Jayne D. What nephrologists need
to know about antiphospholipid syndrome. Nephrology
Dialysis Transplantation. 2010 Oct 1;25(10):3147-54.

28. Harris EN, Pierangeli SS. Primary, secondary,
catastrophic antiphospholipid syndrome: is there a
difference?. Thrombosis Research. 2004 Jan 1;114(5-
6):357-61.

29. Cohen D, Koopmans M, Kremer Hovinga IC,
Berger SP, van Groningen MR, Steup-Beekman GM,
et al. Potential for glomerular C4d as an indicator of
thrombotic microangiopathy in lupus nephritis. Arthritis
& Rheumatism: Official Journal of the American College
of Rheumatology. 2008 Aug;58(8):2460-9.

J Cell Immunol. 2020
Volume 2, Issue 5

257



Tanaka E, Kaneda T, Akutsu Y, Kanamori T, Mouri M, Mori M. Juvenile-onset Systemic Lupus Erythematosus Accompanied
by Secondary Thrombotic Microangiopathy. ] Cell Immunol. 2020; 2(5): 254-258.

30. Kim MK, Maeng Y1, Lee SJ, Lee IH, Bae J, Kang YN,
et al. Pathogenesis and significance of glomerular C4d
deposition in lupus nephritis: activation of classical and
lectin pathways. International Journal of Clinical and
Experimental Pathology. 2013;6(10):2157.

31. Li SJ, Liu ZH, Zen CH, Wang QW, Wang Y, Li LS.
Peritubular capillary C4d deposition in lupus nephritis
different from antibody-mediated renal rejection. Lupus.
2007 Nov;16(11):875-80.

32. Sato N, Ohsawa I, Nagamachi S, Ishii M, Kusaba G,
Inoshita H, et al. Significance of glomerular activation
of the alternative pathway and lectin pathway in lupus
nephritis. Lupus. 2011 Nov;20(13):1378-86.

33. Kello N, El Khoury L, Marder G, Furie R, Zapantis
E, Horowitz DL. Secondary thrombotic microangiopathy
in systemic lupus erythematosus and antiphospholipid
syndrome, the role of complement and use of eculizumab:
case series and review of literature. InSeminars in Arthritis
and Rheumatism 2019 Aug 1;49(1):74-83.

34. Sciascia S, Radin M, Yazdany J, Tektonidou M,
Cecchi I, Roccatello D, et al. Expanding the therapeutic
options for renal involvement in lupus: eculizumab,
available evidence. Rheumatology International. 2017 Aug

1;37(8):1249-55.

35. Muller P, Chowdhury K, Gordon C, Ehrenstein MR,
Doré CJ. Safety and efficacy of belimumab after B cell
depletion therapy in systemic LUPUS erythematosus
(BEAT-LUPUS) trial: statistical analysis plan. Trials. 2020
Dec;21(1):1-8.

36. Park MH, Caselman N, Ulmer S, Weitz IC.
Complement-mediated thrombotic microangiopathy
associated with lupus nephritis. Blood Advances. 2018
Aug 28;2(16):2090-4.

37. Omarjee O, Picard C, Frachette C, Moreews M,
Rieux-Laucat F, Soulas-Sprauel P, et al. Monogenic lupus:
Dissecting heterogeneity. Autoimmunity Reviews. 2019
Oct 1;18(10):102361.

38. Alperin JM, Ortiz-Fernandez L, Sawalha AH.
Monogenic lupus: a developing paradigm of disease.
Frontiers in Immunology. 2018 Oct 30;9:2496.

J Cell Immunol. 2020
Volume 2, Issue 5

258



