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Abstract

Background Treatment of systemic lupus erythematosus
(SLE) with severe diffuse proliferative nephritis is often chal-
lenging, particularly in small children in whom a genetic
conditioning is likely to play a role. The effectiveness of
standard therapy based on glucocorticoid and immunosup-
pressive drugs is often unsatisfactory.

Case A 4 year-old girl, whose parents were first-grade cous-
ins of Moroccan ancestry, developed SLE that progressed to
severe renal involvement despite standard therapy. She had
persistently undetectable serum C4 levels and very low C3
levels (<30 mg/dl), and extremely high anti-DNA titers
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(>1:640) that remained unmodified during 2 years of follow-
up. No mutations of genes encoding for complement inhibi-
tors were detected. Despite aggressive therapy based on pred-
nisone, plasma exchanges, and cyclosporine, the child wors-
ened and eventually developed features of atypical hemolytic
uremic syndrome (aHUS). Treatment with eculizumab pro-
vided prompt remission of vasculitis, proteinuria, and hema-
turia, with normalization of renal function. Two attempts to
withdraw eculizumab were followed by severe relapses and
rescued by reinstating treatment. The child has been treated
with eculizumab for > 17 months without relevant side
effects.

Conclusion CS5 inhibition by eculizumab completely reversed
clinical symptoms and laboratory renal signs of severe lupus
nephritis. Blocking complement-system activation with the
use of targeted drugs may be a new and exciting strategy to
treat SLE patients unresponsive to conventional therapy.

Keywords Systemic lupus erythematosus - Lupus nephritis -
Treatment - Eculizumab - C5 inhibition - Atypical hemolytic
uremic syndrome - Treatment-resistant SLE

Introduction

Systemic lupus erythematosus (SLE) is a multisystem auto-
immune disease characterized by a dysregulation of the im-
mune system leading to activation of inflammatory response
in target organs [ 1]. Multiple immune abnormalities contribute
to the pathogenesis of SLE, including impaired clearance of
apoptotic cells and immune complexes (ICs) and reduced
thresholds of activation of B and T lymphocytes, leading to
loss of self-tolerance and production of autoantibodies, which
are mainly directed against ribo- and deoxyribonucleoprotein
particles [2, 3]. Therapy of patients with the most severe form
of SLE renal disease, diffuse proliferative glomerulonephritis,
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is challenging. Conventional treatment—aimed at limiting T-
cell derangement, with consequent B-cell activation and au-
toantibody production—is based on glucocorticoids and im-
munosuppressive drugs [4, 5]. Mycophenolate mofetil
(MMF), a powerful inhibitor of purine synthesis, as well as
new drugs specifically targeting B cells, such as rituximab and
B-cell-activating factor (BLyS, belimumab), have raised in-
terest in and hope of greater benefits and less toxicity when
treating patients with SLE.

Tissue damage from SLE is mediated by deposition of
pathogenetic autoantibodies and ICs, followed by activation
of inflammatory pathways directed by circulating complement
proteins [1, 2]. Complement factors have a bivalent complex
role in SLE. Components of the classic complement pathway
(Clq, C2, C4) have a protective role in facilitating the clear-
ance of SLE-associated ICs and apoptotic bodies, as docu-
mented by the association of either Cl1q and C4 genetic or
acquired deficiencies and SLE [2, 6]. On the other hand,
activation of terminal complement components (C5—C9) pro-
motes inflammation and tissue injury through the generation
of the anaphylatoxin C5a, which stimulates neutrophil recruit-
ment, and through formation of the lytic membrane attack
complex (C5b-9) [7]. Data in favor of a role of the terminal
complement pathway in the pathogenesis of lupus nephritis
come from the observation that in lupus-prone New Zealand
Black/New Zealand White (NZB/W) mice treated with an
anti-C5 monoclonal antibody significantly improved protein-
uria and renal dysfunction and prolonged animal survival [§].
In this report, we describe a 4-year-old child with lupus
nephritis who failed to respond to conventional treatments
and showed an exceptional benefit from the administration
of anti-C5 monoclonal antibody, eculizumab.

Case report

A 4-year-old girl presented with fever, weakness, and walking
difficulty. Her past medical history was unremarkable. Origi-
nally from Morocco, her parents are first cousins. There was
no family history of systemic diseases, and one 6-year-old
brother was in good health. At presentation, on January 2012,
her platelet count was 81,000/mm’ and white blood cell
(WBC) count 3,810/mm’ (43 % neutrophils, 43 % lympho-
cytes). Hemoglobin (Hb) was 9.3 g/dl, with a negative
Coombs test, bone marrow biopsy was normal, and blood
pressure (BP) was within the normal range for sex and height.
Shortly after admission, she developed palmar and plantar
erythema progressing to necrotic lesions. Complement factor
3 (C3) level was 20 mg/dl, while C4 was undetectable (<4 mg/
dl), indicating massive activation of the classic complement
pathway. C3 and C4 were within normal ranges in both
parents, with borderline values of C4 (12 mg/dl) in the father.
Autoimmunity markers were positive, with anti-DNA
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antibodies detected by enzyme-linked immunosorbent assay
(ELISA) test > 400 Ul/ml (normal values <10 Ul/ml) and
antinuclear factor (ANF) detected by immunofluorescence
(IF) test on EP2 cell line >1:640 (normal values 1:40). Lupus
anticoagulant (LAC) test, anticardiolipin antibodies (ACA),
and antibodies against beta 2 glycoprotein (anti-b2GPI) were
all negative. Urine analysis did not detect proteinuria or he-
maturia, and estimated glomerular filtration rate (¢GFR) was
>120 ml/min/1.73 m* (Fig. la, b).

SLE without renal involvement was diagnosed [9], and
treatment with glucocorticoids was started (three i.v. methyl-
prednisolone pulses (MP) 10 mg/kg each, followed by pred-
nisone 1 mg/kg per day). This treatment resulted in a prompt
clinical improvement with disappearance of fever, weakness,
myalgia and cutaneous lesions; however, laboratory findings
remained unchanged. Six months later, while on prednisone
treatment, the patient developed proteinuria [urinary protein/
urinary creatinine (UP/UCr) 27 mg/mg] and heavy microscop-
ic hematuria (Fig. 1a). Systemic Lupus Erythematosus Dis-
ease Activity Index of the American College of Rheumatolo-
gy (SLEDAI) score [9] was 42 (Supplementary Table 1). A
renal biopsy was performed in June 2012, and class IV-G
diffuse proliferative lupus nephritis was diagnosed, with wire
loops due to subendothelial deposits, endocapillary
hypercellularity with monocytes and polymorphs, engulfment
of capillary lumina, and focal fibrinoid necrosis. IF showed
rich subendothelial and mesangial deposits of immunoglobu-
lins and complement fractions [immunoglobulin (Ig)G +++,
IgM +++, IgGA++, Clq ++, C3 +++, C4 +].

The girl was treated with three i.v. pulses of methylpred-
nisolone (10 mg/kg), plasmapheresis (nine sessions), and
cyclophosphamide orally (2.7 mg/kg per day), which was
stopped 15 days later because of worsening of leukocytopenia
(1,500/mm?). The total amount of cyclophosphamide given to
the patient was 486 mg (40.5/kg body weight). Cyclosporine
(5 mg/kg) was started. After 1 month of therapy, proteinuria
decreased to UP/UCr 2 mg/mg and eGFR was 100 ml/min/
1.73 m?; was still anemic. A peripheral-blood smear showed
no schistocytes, Coombs test was negative, haptoglobin level
was normal, and LDH was 1,000 U/L (Fig. la, b).

One month later, while still on prednisone (0.8 mg/kg per
day) and cyclosporine (5 mg/kg per day), the patient’s general
condition worsened, with weakness and walking difficulties.
C3 had been persistently low since the diagnosis (20-30 mg/
dl), C4 was always below the level of detection (<4 mg/dl),
anti-DNA and ANF were 400 Ul/ml and1:640, respectively
(these values had not changed during the 8 months of treat-
ment). MMF (20 mg/kg per day) was given for 2 weeks but
withdrawn because of gastric intolerance and leukocytopenia
(WBC 1,800/mm>). Over the next 2 weeks, proteinuria in-
creased UP/UCr 8 mg/mg and eGFR decreased to 60 ml/min/
1.73 m?. SLEDAI score was 42 (Supplementary Table 1).
Rituximab was then given (1 g/1.73 m?) with a 10 mg/kg
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Fig. 1 a, b Laboratory data of the child with systemic lupus erythema- plts platelets; Ecu eculizumab. al, bl Data from November 2013 to
tosus (SLE). Prot/Creat ratio urinary proteins and urinary creatinine (g/g); January 2014
eGFR estimated glomerular filtration rate; LDH lactate dehydrogenase;
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MP pulse. There was a short-lasting improvement in her
general condition, but heavy proteinuria (6 UP/UCr)
persisted. She then became hypertensive (BP 160/
110 mmHg; haptoglobin was 120 mg/dl, LDH 1,000 U /ml,
and Coombs test negative. A second infusion of rituximab
was interrupted because of marked skin rash and hypotension.
The worsening trend seemed to be uncontrolled, and at
the end of August, her eGFR decreased to 28 ml/min/
1.73 m?, with severe leukocytopenia (3,150 /mm?®), anemia
(Hb 8.5 g/dl), and abrupt decrease in haptoglobin to
20 mg/dl (Fig. la, b). Her general condition worsened,
with fever, weakness, arthralgia, and hypertensive crisis.
She was scarcely reactive and had seizures. Electroenceph-
alography (EEG) and brain computed tomography (CT)
were negative. Painful and edematous palmar and plantar
purpuric lesions appeared and rapidly progressed. In few
hour oliguria developed, pulmonary interstitial infiltrates
were detected on chest X-rays, and oxygen saturation
decreased to 70 %. A diagnosis of atypical hemolytic
uremic syndrome (aHUS) was made based on thrombocy-
topenia (platelet count 55,000/mm?®) and undetectable hap-
toglobin (<10 mg/dl). LAC, ACA, and anti-b2GPI antibod-
ies were negative. Serum disintegrin and metalloprotease
with thrombospondin motifs (ADAMTS)13 activity was nor-
mal; anti-ADAMTSI13 inhibitory antibodies were absent.
Screening for the most common genes involved in aHUS are
factor H (CFH), factor I (CFI), membrane cofactor protein
(MCP), C3, thrombomodulin (THBD), and factor B (CFB)
was negative. The terminal complement was highly activated,
as documented by very elevated plasma levels of sC5b—9
(2,130 U/ml, normal 120-300 U/ml).

On 16 September, eculizumab, an anti-C5 humanized
monoclonal antibody that binds to C5 and blocks activation
of the terminal complement pathway, was administered
(300 mg, 20 mg/kg). The child had a prompt and impressive
improvement in clinical status, with rapid disappearance of
pulmonary symptoms and peripheral signs of vasculitis. Plate-
let count and haptoglobin returned to normal values and renal
function rapidly improved (Fig. 1a, b). Clinical remission was
accompanied by full normalization of plasma sC5b—9 levels
(175 U/ml and 151 U/ml); total complement activity (CH50)
was not performed. Eculizumab was given on alternate weeks
for 2 months then stopped on 19 October 2012, since signs of
active aHUS were no longer evident. Therapy with cyclospor-
ine 5 mg/kg and prednisone 1 mg/kg was continued. Over the
following weeks, there was a relapse of the disease character-
ized by weakness, plantar vasculitis, and laboratory signs of
microangiopathy, such as thrombocytopenia and haptoglobin
consumption, associated with an increase in proteinuria (up to
10 mg/mg UP/UCr) and a decrease in eGFR (40 ml/min/
1.73 m?). Eculizumab was resumed at 20 mg/kg on 27 De-
cember 2012 while cyclosporine and prednisone were contin-
ued at the same doses.

@ Springer

A second renal biopsy was performed in January 2013.
Renal lesions of lupus nephritis class IV-G were detected, with
no significant changes compared with the first biopsy. Fibri-
noid necrosis was still detectable, without signs of thrombotic
microangiopathy. IF was absolutely unchanged from the first
biopsy. On electron microscopy, no dense deposits were
found. Treatment with eculizumab was continued on a bi-
monthly basis, with good clinical conditions and stable remis-
sion of proteinuria; eGFR ranged between 60 and 120 ml/min/
1.73 m? (Fig. la, b). On 27 November 2013, the patient
developed retrocardiac pneumonia with moderate pleural ef-
fusion due to Streptococcus pneumoniae. Meropenem was
introduced and eculizumab stopped. She rapidly improved,
but 3 weeks later (37 days after the last administration of
eculizumab), she had a second relapse, with a platelet count
of 68,000/mm>, proteinuria 6.7 mg/mg UP/UCr, severe mi-
croscopic hematuria, and a decrease in eGFR to 62 ml/min/
1.73 m?. Eculizumab was reintroduced and improvement once
more was rapid, with normalization of renal laboratory data in
2 weeks (Fig. 1al, bl). Therefore, i.v. eculizumab at 20 mg/kg
on alternate weeks was continued over the following 7 months,
along with tacrolimus (trough levels 4-5 ng/ml) and predni-
sone 0.8 mg/day. The child is enjoying stable remission, with
undetectable proteinuria and hematuria, and with eGFR
>120 ml/min/1.73 m?. Her general condition is very good.

Discussion

We report a case of a child with SLE and persistently unde-
tectable levels of C4 who failed to show benefits from
prolonged glucocorticoid treatment in association with vari-
ous immunosuppressive agents. Undetectable C4 levels might
be suggestive of a congenital defect, supported in this case
also by the fact that the parents are first cousins and the father
has borderline values of C4 levels, though we could not
perform this analysis. Genetic deficiency of early components
of the classic pathway, mainly C1q or C4, is a rare condition
affecting <1 % of SLE cases [3, 6]. Lack of early components
of the classic pathway limits physiological clearance of apo-
ptotic bodies, increasing the amount of circulating
autoantigens that favors autoantibody production and break-
down of immune tolerance [2]. However, our patient also had
persistently low serum C3 levels, whereas individuals with
congenital C4 deficiency usually have normal C3 levels [6].
Rather, the concomitance of low C3 and C4, accompanied by
elevated levels of sC5b-9, indicated that in our patient, there
was a continuous high degree of classic complement pathway
activation leading to consumption of early complement com-
ponents. Low C3 levels are common in SLE as a result of
classic pathway activation by autoantibodies and immune-
complex formation, which very likely occurred in the patient
here presented, who had extraordinarily high levels of anti-
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double-stranded DNA antibodies that were unaffected by any
kind of treatment.

Of interest, the girl eventually developed hematological
symptoms of aHUS, a form of thrombotic microangiopathy
associated with hyperactivation of the alternative complement
pathway secondary to genetic defects of regulatory proteins or
to gain-of-function mutations in genes encoding the two com-
ponents of the C3 convertase complex, C3, and factor B [10].
The alternative complement pathway, through the formation
of the C3 convertase complex, amplifies C3 activation and
consumption triggered by the classic pathway and has been
implicated in the pathogenesis of lupus nephritis [2, 6]. Indeed
administration of selective inhibitors of the alternative path-
way led to a significant amelioration of renal disease, reduc-
tion of dsDNA autoantibody levels, and increased survival in
MRL lymphoproliferation strain (MLR/lpr) and NZB/W
lupus-prone mice [11]. Thus, we hypothesized that the patient
had a genetic defect leading to dysregulation of the alternative
complement pathway and predisposing both to lupus and
aHUS. Genetic screening for aHUS-associated complement
genes was negative. C4 and C3 levels, anti-DNA antibodies,
and ANF, were well outside normal ranges and never corre-
lated with the patient’s clinical condition or renal function. On
the contrary, clinical response to treatment when achieved was
evident in general well being, as well as in normal values of
eGFR and proteinuria, and normal urinalysis.

In this patient, applying guidelines for treating lupus ne-
phritis either could not be followed or was ineffective. Cyclo-
phosphamide and MMF, which are considered the optimal
treatment modalities for active lupus nephritis [4, 5], were
tried and withdrawn due to leukopenia. Rituximab was also
used, the first time without apparent benefit, and the second
infusion was stopped because of a severe intolerance reaction.
Even though supported by a limited number of trials, calcine-
urin inhibitors (CNI) are considered noninferior drugs in
treating lupus nephritis [5]. However, our patient failed to
show a persistent benefit from CNI with prednisone. Eventu-
ally, she developed life-threatening microangiopathic hemo-
lytic anemia, with neural sensorial deterioration and signs of
pulmonary interstitial involvement. The child was severely
hypertensive and under treatment with CNI, two potential
triggers of aHUS. LAC, due to antibodies against phospho-
lipids, are associated with cerebral or renal vein thrombosis or
with renal microangiopathic lesions [12], and an immune type
of thrombocytopenia has been observed in a small percentage
of cases due to reactions between antibodies and platelet-
membrane-associated phospholipids. However, the child nev-
er had prolonged activated partial thromboplastin time
(APTT), no ACA or anti-b2GPI antibodies, and no microan-
giopathic lesions detected in either of the two renal biopsies
performed. In SLE patients, microangiopathic hemolytic ane-
mia and renal thrombotic microangiopathy are reportedly
associated with autoantibodies against ADAMTSI13, the

plasma metalloprotease that cleaves von Willebrand
multimers soon after their secretion from endothelial cells
and platelets. No antibodies against ADAMST13 were detect-
ed in our child.

The patient’s critical condition induced us to try a rescue
therapy with eculizumab aimed at limiting complement acti-
vation, which was held responsible for the rapidly worsening
thrombotic microangiopathy. Eculizumab is a humanized
monoclonal antibody with high-affinity binding to C5, hence
blocking the generation of C5-9 complex [13]. This drug has
been approved for paroxysmal nocturnal hemoglobinuria and
aHUS, mostly due to genetic defects of complement regula-
tory genes [14, 15]. Eculizumab had a rapid effect on aHUS-
related clinical and laboratory signs and we observed also
complete remission of lupus nephritis, with reversal to normal
values of proteinuria and eGFR. After the first administration
of eculizumab to our patient, clinical and laboratory improve-
ments were extraordinary, but the child had received other
medications over the previous weeks. However, attempts to
stop eculizumab were followed by relapses of clinical symp-
toms and signs of kidney damage, and reintroduction of the
drug was rapidly followed by impressive improvement in
systemic and renal clinical signs. This was observed twice
even though we observed no change in renal histology or
immunological markers of SLE.

We conclude that in this child with SLE unresponsive to
standard treatment, eculizumab was very effective in control-
ling clinical features of aHUS as well as signs of renal damage
over a follow-up of 17 months'. This is an exceptional case in
which a genetic background may have played a pivotal role in
conditioning clinical and laboratory features, perhaps also
modifying therapeutic effects of the drug. However, inhibition
of complement activation by specific drugs may be a new
therapeutic option for treating unresponsive cases of SLE,
which needs further confirmation.
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