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Abstract

The literature review presents current data on the frequency, mechanisms of development, clinical manifestations,
diagnosis and treatment of renal AA-amyloidosis and describes different forms of glomerulonephritis (GN) in children with
juvenile idiopathic arthritis (JIA). The frequency of AA renal amyloidosis in JIA in children ranges from 0.8% to 2%, in
adults with JIA duration of 28.3 years - 8.9%. In recent years, against the background of immunobiological therapy, the
incidence of AA-amyloidosis of the kidneys in adults has decreased to 2%. AA-amyloidosis of the kidneys most often
develops in children with the systemic form, in adults - with systemic and polyarticular forms of JIA. The first symptom
of AA-amyloidosis of the kidneys is isolated proteinuria, which transforms into nephrotic syndrome. The peculiarity of
the nephrotic syndrome is the absence of hypercholesterolemia in most cases, combined in some patients with arterial
hypertension, hematuria, and impaired renal function. The available literature presents clinical cases of renal GN in children
with JIA, viz: ANCA-associated GN, mesangioproliferative GN, including IgA- and IgM-nephropathy, membranous
nephropathy, focal-segmental glomerulosclerosis, minimal change disease, extracapillary GN. Most publications are
devoted to ANCA-associated HN, which developed in patients with a torpid course and a high degree of activity of
polyarticular and systemic forms of JIA. The peculiarity of ANCA-associated HN was the presence of hypercreatininemia
and, in almost half of cases, the development of terminal renal failure, despite the ongoing immunosuppressive therapy. The
main method confirming the diagnosis of AA-amyloidosis and renal HN is the intravital renal morphological study. The use
of immunobiological drugs in renal AA-amyloidosis and HN in children with JIA has therapeutic efficacy.

Introduction

The topicality of the problem of juvenile idiopathic arthritis (JTA) in childhood is determined by its high incidence [1-3].
The progressive course of the disease in children and reduced performance in adulthood is an important unfavorable socio-
economic result of the disease [4]. Juvenile idiopathic arthritis is characterized by the development of erosive and destructive
arthritis in children under 16 years of age, manifested by joint deformities and contractures, muscle atrophy, and in some
patients a variety of extra articular lesions [5]. In the literature, lesions of the cardiovascular system, eyes, and lungs are most
often described [6-8]. At the same time, renal damage in children with JIA is an understudied problem. It should be noted
that, according to the literature, renal changes may develop regardless of the duration of JIA and determine the prognosis for
these patients [9]. The structure of renal pathology is represented by secondary amyloidosis, glomerulonephritis, and tubulo-
interstitial nephritis [10]. The most unfavourable renal lesion in JIA is secondary renal amyloidosis (AA-amyloidosis) [11, 12].
To date, the main mechanism of AA-amyloidosis development has been established, which consists in a constant or periodic
increase in the concentration of serum amyloid A (SAA) [13]. The main site of SAA synthesis is the liver. In the blood of healthy
people, SAA is usually present at low levels (20-50 pg/ml). Like C-reactive protein, it increases 1000-fold during the first 24 hours
in response to inflammation of any etiology, and then returns to normal levels [14]. To realize the amyloidogenic potential of
SAA, not only the inflammatory process in the body must be affected, but also its duration [15]. It has been established that
proinflammatory cytokines: interleukin-1 (IL-1), IL-6, tumor necrosis factor-alpha (TNF-a), IL-2, IL-11 and others influence
SAA synthesis [16 - 18]. This is confirmed by the work of the authors, who looked at the ratio of SAA concentration in the blood
and levels of proinflammatory cytokines IL-1p and IL-6 in children with different forms of JIA. It was noted that increased
blood levels of IL-1p, IL-6 and SAA have a direct correlation, indicating the role of proinflammatory cytokines in maintaining
the chronic inflammatory process and stimulation of amyloidogenesis in children with JTA [18]. It is noteworthy that the use of
glucocorticoids, which have an anti-inflammatory effect, does not reduce the synthesis of SAA, but rather increases it, because
when interacting with IL-1 and TNF-a, they increase their ability to stimulate the synthesis of SAA in the liver. Therefore, the
use of glucocorticoids is a risk factor for the development of AA-amyloidosis [19]. An increase in the SAA concentration in
the blood cannot be considered as the only explanation for the development of AA amyloidosis, because not every patient with
JIA develops amyloidosis [20]. It should be noted that four SAA genes (SAA 1, SAA 2, SAA 3, SAA 4) located on the short arm
of chromosome 11 have been described. The main ones in the development of AA-amyloidosis are SAA1 and SAA2 [21]. Five
isotypes are distinguished in the SAA1 gene, of which SAA1.1 and SAA1.5 are ascribed the greatest amyloidogenicity [22]. There
are reports on the role of the genetic factor in the predisposition to the development of AA amyloidosis. For example, a clinical
case of a child with renal AA amyloidosis against the background of JIA and carriage of the heterozygous G196W mutation in
MEFV was described. The disease was characterized by high activity and the development of AA renal amyloidosis two years
after the debut of JIA [23]. Because of a violation of the ratio of SAA surface molecular charges, its instability and aggregation
into an amyloid fibril occurs, which is deposited in the extracellular spaces of the kidneys, gastrointestinal tract [24]. In kidneys,
amyloid is found in the walls of bringing and taking out arterioles, capillary loops and glomerular mesangium, basal membranes
of tubules and stroma. As the process progresses, the glomeruli are completely replaced by amyloid with the formation of
glomerulosclerosis and the development of the clinical picture of AA-amyloidosis [14]. The incidence of AA renal amyloidosis
in JIA is represented by several studies. For example, David J. et al. [25] in 1993 reported 1-2% of cases of AA renal amyloidosis
in childhood, Duarte A.C. et al. [26] in 2005 -0.8% of particular importance is the result of follow-up of patients with JIA. In
one study, 246 patients aged 19-78 years were analyzed. AA-amyloidosis of the kidneys was established in 8.9% of patients. The
duration of JIA before the development of AA amyloidosis was 28.3 years.
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The authors determined the frequency of AA-amyloidosis development depending
on the form of JIA. This complication most frequently developed in systemic (19.2%)
and polyarticular types of JIA (with rheumatoid factor negative - 9.8%, positive - 2.7%).
AA-amyloidosis was significantly less common in the widespread oligoarticular form
of JIA (3.6%), enthesitis-associated (3.1%), and psoriatic (6.7%) arthritis. None of the
cases of oligoarticular persistent JIA showed signs of AA-amyloidosis [27]. The study
of Lane T. et al. [24], conducted at the National Amyloidosis Center, located in the UK.
Retrospectively evaluated the dynamics of AA renal amyloidosis incidence over 24 years.
Data from 625 patients in three groups were studied: 1990-1997; 1998-2006; and 2007-
2014. The mean age of patients with AA-amyloidosis increased from 46 years (1990-
1997) to 56 years (2007-2014). A comparison of renal AA-amyloidosis rates in patients
with JIA between 1990 and 2014 revealed a distinct decrease in the incidence of this
renal complication from 25% to 2% (p<0.001). The authors attributed the findings to
advances in JIA therapy, namely the use of immunobiological agents [24]. The clinical
characteristics of AA renal amyloidosis in children with JIA are characterized by the
presence of asymptomatic isolated proteinuria or nephrotic syndrome [28]. In the
available literature, we found a description of 24 clinical cases of AA renal amyloidosis in
children with JIA in 14 publications. Data on the analysis of the clinical characteristics of
these patients are presented in Table 1.

Patients ranged in age from 6 to 17 years, with a mean age of 11.2 years. AA-
amyloidosis was slightly more common in children older than 10 years (14 of 24 cases).
AA-amyloidosis of the kidneys predominantly developed in boys than in girls (21 to 3).
Almost all patients (23 children) had a systemic form of JIA. The duration of JIA before
the development of clinical signs of AA renal amyloidosis ranged from 2 to 15 years
(mean, 7.1 years). In all patients, the first symptoms of renal amyloidosis development
were proteinuria of varying severity from 0.5 g/day to 33 g/day. However, the genesis of
proteinuria in patients was not clarified until nephrotic syndrome developed. In children
with JIA, urine screening is a very important method in the early diagnosis of AA renal
amyloidosis [39]. Nephrotic syndrome was characterized by marked edema in 16 cases,
significant proteinuria and hypoalbuminemia in all patients. The peculiarity of nephrotic
syndrome was the absence of hypercholesterolemia in the majority of children (20
children). In addition, nephrotic syndrome was combined with arterial hypertension in
six children, hematuria in four, and macrohematuria in one case (Table 1). Two patients
had elevated blood creatinine levels, and one of them was diagnosed with stage IV chronic
kidney disease. Both these cases ended lethally within a short period of time [29, 30].
Severe reduction of diuresis has been described in one patient, which also ended lethally
[32]. In adults, nephrotic syndrome in AA amyloidosis is characterized by a steadily
progressive course and a rapid decline in renal function [40]. To clarify the genesis of

Table 1: Clinical characteristics of children with AA kidney amyloidosis against the background of JIA.

Clinical signs of AA renal amyloidosis
Duration Nephrotic Syndrome Increased
Age (inyears)/ | Form | ofJIA (in | Severe High Hypoalbu- | Hypercholes- Arterial blood
Author sex of JIA years) swelling | proteinuria minemia terinemia hypertension | Hematuria | creatinine
Hamdan J et al, 1986 [29] 6/b S 4 + + + - - + +
7/b S 2 + + + - - - _
11/b P 10 + + + - - - R
7/b S 4 - + + - - - -
17/b S 15 - + + - - + R
16/b P 13 + + + - - + _
11/b S 6 - + + - - + -
6/b S 4 - + + - - - -
Lévy M. et al.1987 [30] 14/g S 3 + + + - - - +
Kavukeu S. et al. 1995 [31] 11/b S 10 + + + + + - R
Sukalo A.V. et al 2002 [32] 10/g S 8 + + + + + - -
Duarte C. et al. 2006 [26] 9lg S 6 + + + - - - -
Sharma A. et al. 2006 [33] 10/b S 2 + + + - - - -
Akhtar N. et al. 2008 [34] 16/b S 5 + + + - + - -
De La Torre et al. 2011 [35] 14/b S 12 + + + + - - -
Cantarini L. et al. 2012 [23] 9lg S 4 - + + - - - -
Saha A. et al. 2013 [36] 12/b S 4 + + + + + - -
15/b S 12 - + + - - - R
Topaloglu R. et al. 2015 [37] 10/b S 2 - + + - - - -
Maleknejad M. et al. 2015 [38] 7/b S 6 + + + - + - -
Kwiatkowska M. et al. 2015 [11] 16/b S 14 + + + - - - -
14/b S 8 + + + + - - _
Saha A. et al. 2017 [39] 13/b S 10 - + + + - - -
Gupta A. et al. 2019 [16] 10/b S 6 + + + - + - -
Note: g - girl; b - boy; “+” - presence of the sign; “-” - absence of the sign, S- systemic form of JIA; P- polyarticular form of JIA.
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nephrotic syndrome, all children underwent intravital morphological examination of the
kidneys, which allowed diagnosing AA-amyloidosis in them. In renal biopsy specimens
stained with Congo red, in polarized light, amyloid changes the red color staining to
apple-green glow, which is found in the glomeruli and the medullary layer of the kidneys
[41]. A number of authors emphasized the low informative value of rectal biopsy for
AA renal amyloidosis diagnosis [11, 30]. To assess the risk of AA-amyloidosis of the
kidneys, it is preferable to determine the SAA level in blood. This was shown in a study
by Stepanova A.A. [42], who revealed an increase in this index to 286.3+27.2 mg/l in
children with JIA. However, it should be noted that only 48% of patients had isolated
proteinuria from 0.1 to 0.4 g/m2/day, and in none of the cases, nephrotic syndrome
was formed. Based on the data obtained, the author concluded that there is a risk of
AA renal amyloidosis in JIA in children. The therapeutic insertion tactics of patients
with renal AA-amyloidosis are currently actively discussed in the literature. There are
several reports on the management of the nephrotic syndrome in AA-amyloidosis of the
kidneys with the use of immunobiological drugs [11, 16, 35, 37]. The positive effect of
recombinant humanized monoclonal antibody to human IL-6 receptor (tocilizumab) was
described in three clinical cases in children with AA-amyloidosis of the kidneys against
the background of JIA [11, 16, 35]. The results of using a recombinant form of human
IL-1 receptor antagonist (anakinra) in two patients with renal AA-amyloidosis developed
against the background of JIA are presented [37]. In the children, there was a reduction in
proteinuria from 980 mg/day to 45 mg/day. At the same time, a control renal biopsy after
two and four years showed no regression of AA-amyloidosis. In the available literature,
we found a description of 21 clinical cases of various variants of glomerulonephritis
(GN) in children with JRA, namely: ANCA-associated glomerulonephritis (ANCA-
GN), mesangioproliferative glomerulonephritis (MPGN), including IgA- and IgM-
nephropathy, membrane nephropathy (MN), focal segmental glomerulosclerosis (FSGS),
extracapillary GN, minimal change disease (MCD). The greatest number of publications
is devoted to ANCA-GN in children with JIA. The clinical characteristics of these patients
are presented in (Table 1).

As shown in Table 2 girls predominated among patients with ANCA-GN. The
children were mostly of school age, with two children of early childhood. Polyarticular
and systemic forms of JIA were equally frequent, with a persistently high degree of disease
activity being a peculiarity of their course. The duration of ANCA-GN onset from the
debut of JIA varied from 1 to 6 years. The main clinical manifestations of ANCA-GN
were isolated minimal proteinuria, in four cases combined with hematuria, and elevated
blood creatinine. In one child, hypercreatininemia was the only sign of ANCA-GN [43].

Researchers suggest high levels of proinflammatory cytokines and antibodies to
neutrophil cytoplasm (ANCA) to be the cause of ANCA-GN in children with JIA [46-
48]. It should be noted that the results of ANCA screening in children with JIA showed
an increase in its level in 35-45% of cases [49, 50]. The study of Speckmaier M. et al.
[51] found that even in the absence of clinical signs of GN, the increase in ANCA titer
in children with JIA was three times more frequent than that of antinuclear antibodies.
Pulse therapy with prednisolone in combination with various immunosuppressants
(cyclophosphamide, azathioprine, methotrexate, mycophenalate mofetil) was attempted
in clinical cases of ANCA-GN in children with JIA presented over 15 years ago. This
treatment proved to be ineffective, since the formation of terminal renal failure was

observed Belot A et al. [46] noted successful treatment of ANCA-GN in a child with JTA
with an interleukin-1 receptor antagonist (the drug Anakinra). Thus, for timely diagnosis
of ANCA-HN in children with a high degree of activity of systemic or polyarticular form
of JIA, despite the ongoing baseline therapy, the inclusion of ANCA, proteinuria and
serum creatinine levels in the complex of examination is indicated. Mesangioproliferative
glomerulonephritis has been demonstrated in four patients with JIA in the available
literature [52 - 55]. The forms of JIA were different: systemic (2), polyarticular (1) and
oligo articular (1). Signs of MPGN were observed during the first three years of JIA,
and in one case, they preceded the onset of joint syndrome by 4 years [54]. The clinical
symptoms of MPGN in JIA were represented by the classical nephrotic syndrome (NS)
in one child [54], asymptomatic moderate proteinuria in three patients, and in two
cases combined with hematuria. Immunofluorescence study of nephrobiopsy in two
patients allowed diagnosing IgA- and IgM-nephropathy [54, 55]. Corticosteroids both as
monotherapy and in combination with cytostatics (methotrexate) were used in treatment
of three patients with IgM-nephropathy [52, 53], the inhibitor of tumor necrosis
factor a (i-TNFa) - Infliximab - was additionally included in the patient with IgM-
nephropathy [54]. In IgA-nephropathy, monotherapy with an angiotensin-converting
enzyme inhibitor was used [55]. Remission of MPGN was achieved in all presented
clinical cases [50 - 55]. The authors define the importance of interleukin-6 (IL-6) both
in the pathogenesis of JIA and MPGN [56 - 59]. Local activation of classical and trans-
signal IL-6 pathways has been shown to be involved in autoimmune and inflammatory
kidney diseases [60]. Pro-inflammatory cytokine IL-6 has been shown to be involved in
pathological disorders of mesangium, increasing its proliferation and sclerosis [61]. In
addition, mesangial cells can also secrete IL-6 and activate inflammatory cells, which play
an important role in immune and metabolic damage of the kidney [62]. Membranous
nephropathy (MN) has been described in three school-age children with polyarticular
and systemic JIA [63-65]. The onset of MN was observed within one year of the debut of
JIA and was manifested by asymptomatic proteinuria of varying degrees. In addition, two
patients had elevated blood cholesterol levels [63, 65]. The functional state of the kidneys
was not impaired. Researchers attribute the occurrence of MN in JIA to the use of such
drugs as D-penicillamine [64], buccillamine (Japanese analogue of D-penicillamine) [63].
A positive therapeutic effect was achieved in two children by withdrawal of the causative
drug that induced the development of MN. A special clinical case is that of a child with a
systemic form of JIA who developed MN because of intravenous immunoglobulin and, 3.5
years later, extracapillary GN. Despite immunosuppressive therapy in this case, terminal
renal failure developed [65]. Focal-segmental glomerulosclerosis was described in three
patients, including two children with polyarticular and one with oligoarticular (1) form
of JIA [30, 66, 67]. The duration of FSGS from the debut of JIA ranged from 4 months to
3 years. Clinically, FSGS in one patient manifested as classical NS [67], and in the other
2 cases - as moderate proteinuria [30, 66]. In one child, proteinuria was combined with
hematuria and arterial hypertension [66]. All patients with FSGS were prescribed pulse
therapy with prednisolone in combination with azathioprine, but no positive treatment
effect was achieved in any case. The outcome of the disease is the development of terminal
renal failure [30, 66, 67]. The minimal changes disease is presented in the observation of
Lévy M. et al. [30] in a 15-year-old child. The debut of MCD was observed 2 years after the
onset of the polyarticular form of JIA. The main clinical manifestation of MCD was the
classic nephrotic syndrome, a hormone-sensitive variant with persistent remission. The
authors did not explain the mechanism of MCD development in this patient of interest

Table 2: Clinical cases of ANCA-GN in children with JIA according to the literature.

A Duration of the Clinical manifestations of GN Exodus
e
ot ( § Y Form onset of GN from ANCA
uthor years 1 blood Terminal  fail
of JIA the debut of JIA | Swelling | AH o proteinuria | hematuria erminatrendt fature.
e (in years) SR Renal replacement
th .
12/g P 5 - - + - - + erapy
Dhib M., et al, 1996 [43]
10/g P - - - - + + + Recovery
Washizawa K., et al, 1998 [44] 12/g S 3 - - - + + + No info
Hwang Y.S,, et al, 2005 [45] 15/b P 3 - - + + + + Recovery
0,9/g S 1 - - + + - + Lethal
Terminal renal failure.
Belot A. et al., 2012 [46] 4/g S 6 - - + + - + Renal replacement
therapy.
1,3/b S 4 - - + + + + Remission

Note: g-girl; b-boy; S- systemic form of JIA; P- polyarticular form of JIA; AH- arterial hypertension; “+” - presence of the sign; “-

E

” - absence of the sign.
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are clinical cases of NS, which preceded, over several years, the appearance of signs of JIA
in two young children [68, 69]. Researchers explain the pathogenetic link between NS and
JIA as follows. Both conditions are associated with T-lymphocyte dysfunction, excessive
production of circulating factors, and abnormal cytokine expression [70]. Genetic
predisposition and association with HLA-DR antigens from major histocompatibility
complex type II are also important [71, 72]. One child was diagnosed with JIA after
4 years and another - after 8 years, and there was a recurrence of NS [68, 69]. In one
case, oligoarticular variant of JIA was diagnosed [68], in the other - enteric-associated
[69]. A positive effect of glucocorticoid and cytostatic therapy was noted in one patient
[68]. In the second child, the standard therapy for diagnosed MCD was replaced with
Etanercept because of its ineffectiveness, and its use resulted in a positive therapeutic
effect and remission for both JIA and NS [69]. At the same time, it should be noted
that there is a case of extracapillary or “semilunar” GN described in the literature as a
side effect of Etanercept in a 15-year-old child with psoriatic JIA [73]. The main clinical
manifestations of this GN were the appearance of arterial hypertension, impaired renal
function, moderate proteinuria and hematuria. Against the background of pulse therapy
with methylprednisolone and withdrawal of the drug “Etanercept”, positive dynamics in
the form of normalization of kidney function was noted after 1 month [73].

Conclusion

1) The incidence of AA renal amyloidosis in JIA in children ranges from 0.8% to 2%;
in adults with a JIA duration of 28.3 years, it is 8.9%. In recent years, against the
background of immunobiological therapy, the incidence in adults has decreased
to 2%.

2)  Renal amyloidosis AA most often develops in children with the systemic form
of JIA. In children with polyarticular and systemic forms of JIA, the literature
describes individual clinical cases of different forms of glomerulonephritis (GN).
Most publications are devoted to ANCA-associated GN in patients with a torpid
course and a high degree of JIA activity.

3)  The first symptom of renal AA-amyloidosis in children with JIA is isolated
proteinuria, which transforms into nephrotic syndrome. The peculiarity of ANCA-
associated GN was the presence of hypercreatininemia and in almost half of cases
the development of terminal renal failure, despite the ongoing immunosuppressive
therapy. Single clinical cases of MPGN, MCD, FSGS, extracapillary GN in
children with JIA were described more than 10 years ago, clinically manifested by
proteinuria and rarely nephrotic syndrome.

4)  The use of immunobiological drugs in AA renal amyloidosis and renal GN in
children with JIA has therapeutic efficacy.
5)  Thus, all children with a high degree of activity of polyarticular and systemic forms

of JIA for timely diagnosis of renal AA-amyloidosis and HN require monitoring of
urine analysis, blood creatinine level.
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