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Abstract

Objective: Urinary excretion of interleukin-6 (U-IL6) has been reported to be elevated and to represent the disease
activity in adult IgA nephropathy (IgAN). We investigated the significance and the utility of U-IL6 activity in pediatric IgAN
patients.

Methods: We evaluated 55 pediatric IgAN patients (4—18 years; mean age, 10.7 years) and 53 healthy controls
from 2007 to 2012. The U-IL6 concentrations (pg/mg creatinine) were estimated by ELISA at the time of renal biopsy and
after 6 months of prednisolone therapy for IgAN. In addition, we evaluated the correlations between the U-IL6 level and
clinic pathological parameters of IgAN. To elucidate the usefulness for early diagnosis of IgAN, we investigated U-IL6 in
45 asymptomatic hematuria (ASH) children who were diagnosed by school urine screening program.

Results: U-IL6 activity was significantly higher in IgAN patients than in healthy controls and ASH children (p<0.01).
In addition, U-IL6 was significantly decreased after 6 months of prednisolone therapy (p<0.01). With regard to the
clinicopathological parameters, U-IL6 activity was correlated with degree of proteinuria (p<0.01, r=0.72), hematuria
(p<0.01, r=0.54), urinary podocyte score (p<0.01, r=0.59), mesangial cell proliferation (p<0.05), endocapillary
proliferation (p<0.01), and crescent formation (p<0.05). Interestingly, five children who transited to IgAN from ASH
during the observation period showed high U-IL6 levels (p<0.01).

Conclusions: The present results also suggest that U-IL6 represents the disease activity in pediatric IgAN patients.
We consider that it is important to evaluate U-IL6 in patients with ASH detected by school urinary screening program for

early detection and prevention of unrecognized progression of IgAN.

Keywords:  Asymptomatic  hematuria; IgA  nephropathy;
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Short Summary

Similar to previous reports, urinary excretion of IL-6 (U-IL6) was
found to represent the disease activity in pediatric IgAN patients. It
may be useful to evaluate U-IL6 activity in patients with asymptomatic
hematuria detected by school urinary screening program for early
detection and prevention of unrecognized progression of IgAN.

Introduction

IgA nephropathy (IgAN) is currently the most common form
of primary glomerulonephritis around the world [1,2]. Long-term
follow-up studies have shown that the disease progresses to renal
failure in 20-50% of adult patients over 20 years [3]. Although the
prognosis of childhood IgAN is believed to be benign, a study of 241
Japanese pediatric IgAN patients showed that 11% of them exhibited
end-stage renal failure within 15 years [4]. The glomerular lesions are
characterized by immune deposits of mainly IgAl in the mesangium
and by mesangial cell proliferation and extracellular matrix expansion
[5]. Recent reports have suggested that several cytokines and growth
factors, which are produced locally in the kidney, are directly related to
the extent of the histological changes [6,7].

Interleukin (IL)-6 is produced in vivo by monocytes/macrophages,
neutrophils, and endothelial, mesangial, and epithelial cells [8,9].
IL-6 has been identified within the glomeruli of IgAN patients and
contributes to the proliferation of mesangial cells [10]. Increased
urinary excretion of IL-6 (U-IL6) has been reported in adult IgAN
patients with a progressive clinical course [11-13]. To date, high U-IL6
has not been reported in pediatric IgAN patients.

In 1973, the Japanese Ministry of Education began a mass urine
screening program for school children aimed at the early detection
of insidious renal disease [14,15]. Children with both hematuria and

proteinuria have been suspected to have serious glomerular diseases
(mainly IgAN) and are indicated for a renal biopsy [15]. On the other
hand, children with isolated asymptomatic hematuria (ASH) have been
generally considered to have a good prognosis and are only indicated for
a renal biopsy when they show proteinuria associated with hematuria
[16]. Measurement of U-IL6 may be one of the useful markers for early
detection of pediatric IgAN patients who initially show only ASH in the
school urinary screening program.

In the present study, we measured the U-IL6 activity in pediatric
IgAN patients and ASH children to demonstrate its potential
association with the disease severity and its value as a urinary marker
for early detection of IgAN.

Subjects and Methods
Patients

The investigation complied with the principles outlined in the
Declaration of Helsinki. Our IRB/Ethics Committee decided that
approval was not required for this study. In the study, we investigated
55 pediatric IgAN patients (31 males and 24 females; mean age: 10.5
* 3.2 years) newly diagnosed with IgAN, 45 children with ASH (22
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males and 23 females; mean age: 10.0 £ 3.9 years) detected by the
urinary screening program, and 53 healthy controls (30 males and 23
females; mean age: 9.3 * 4.4 years) between April 2007 and June 2012
in our hospital. A renal biopsy was performed in all IgAN patients at
the beginning of the study before any treatment was applied. After
diagnosis, the ASH children were followed up regularly (every 2
months) for their hematuria on an outpatient basis for a mean period of
1.5 + 2.1 years. Fifty-one IgAN patients were treated with prednisolone
(1 mg/kg body weight/day, maximum 40mg/day initially for 4 weeks,
followed by gradual tapering to 5 mg every other day over a 12-month
period), warfarin, and dipyridamole. The mean duration of treatment
was 24 + 8 months and the mean follow-up period was 2.7 + 1.5 years.

Diagnostic definitions

Hypertension was defined as blood pressure above the 95th
percentile for the sex, age, and height percentile. Renal insufficiency
was defined as an estimated glomerular filtration rate (eGFR) of <90
mL/min/1.73 m? at the renal biopsy, which was calculated using the
Schwartz formula. Proteinuria was evaluated using the early morning
urinary total protein/creatinine (Cr) ratio (g/g Cr). The diagnosis of
nephrotic syndrome was based on heavy proteinuria (urinary total
protein/Cr ratio of >3.0 g/g Cr) in conjunction with hypoalbuminemia
(<2.5 g/dL) and hypercholesterolemia (>220 mg/dL). Hematuria was
quantified using dipsticks, and macrohematuria was quantified as
scores of 4+. Microhematuria was defined as the presence of more than
five red blood cells per high-power field (hpf) on optical microscopy of
the urine. Heavy, moderate, and mild microhematuria were defined as
> 50/hpf, 220 to <50/hpf, and <20/hpf, respectively. Urinary podocytes
(U-pods) were quantified using samples obtained immediately
after the first urination in the morning. U-pods were stained by
an immunofluorescence technique as reported previously [17,18].
Urine sediments were incubated with an anti-human podocalyxin
monoclonal antibody as reported previously [19]. The investigators
who scored the U-pod numbers were medical technicians at an outside
diagnostic center in Tokyo. The U-pod number was defined positive for
values of >1.0/mL.

Urinary excretion of interleukin-6

The first morning urine samples collected on the day of the renal
biopsy and after 6 months of prednisolone therapy were evaluated
and compared with those from the healthy controls. In ASH children,
the first morning urine samples were collected within 3 months
of their diagnosis by the urinary screening program. The U-IL6
levels were measured using a commercially available kit involving
a chemiluminescent enzyme immunoassay (Human IL-6 CLEIA;
Fujirebio, Tokyo, Japan). The detection limit of the assay was 0.2 pg/
mL. The U-IL6 level was normalized for the urinary creatinine (Ucr)
concentration and expressed as pg/mg Ucr.

Histological study

The diagnosis was made by an adequate renal biopsy using light
microscopy and immunofluorescence. Renal tissues were taken with a
16G biopsy needle gun, fixed in 10% neutral formalin, embedded in
paraffin, and examined by light microscopy in multiple sections (4 pg
each). The histological study included hematoxylin and eosin (HE),
periodic acid-Schiff (PAS), Masson trichrome and reticulin silver
methenamine staining. Mesangial cell proliferation was scored as 0
(1-3 mesangial cells/mesangial area), 1 (4-5 mesangial cells/mesangial
area), 2 (6-7 mesangial cells/mesangial area), and 3 (>8 mesangial cells/
mesangial area). The degree of mesangial proliferation was expressed

as focal (<50% mesangial proliferative glomeruli/total glomeruli) and
diffuse (= 50% mesangial proliferative glomeruli/total glomeruli).
These pathological variables including endocapillary hypercellularity
and cellular or fibrocellular crescents were assessed according to the
Oxford classification [20]. Briefly, endocapillary proliferation and
crescent formation were classified by their presence or absence on PAS-
or Masson trichrome-stained sections.

Statistical analysis

Statistical analyses were performed using SPSS ver. 20 for Windows
(SPSS, IBM, Tokyo, Japan). Demographic data other than age are
reported as percentages. Age (mean + SD) and median age revealed
a bimodal distribution. The Mann-Whitney U-test and ANOVA were
used to assess the U-IL6 differences between the groups, respectively.
Pearson and Spearman coefficients were used for evaluation of the
correlations between parametric and non-parametric variables,
respectively. Values of p<0.05 were considered to indicate statistical
significance.

Results
Clinical data

From April 2007 to June 2012, a total of 55 Japanese children with
IgAN (31 males and 24 females; average age: 10.5 + 3.2 years) were
admitted and underwent a renal biopsy. Among them, 51 patients
received prednisolone therapy and two patients received angiotensin-
converting enzyme inhibitors and dipyridamole. Table 1 show the
clinical and laboratory findings of the IgAN patients at the renal biopsy
and after 6 months of prednisolone therapy. Five patients (9.1%)
exhibited nephrotic syndrome and one patient had renal insufficiency
at the time of renal biopsy. Macrohematuria was observed in 17 patients
(30.9%). The mean proteinuria was 1.41 + 1.21 g/g Cr and the mean
U-pod number was 3.76 + 1.82/mL. After 6 months of prednisolone
therapy, there were significant (p<0.05) reductions in the proteinuria
(1.41 + 1.21 to 0.22 + 0.44 g/g Cr) and U-pod number (3.76 + 1.82
to 0.85 + 0.91/mL). Nephrotic syndrome, renal insufficiency, and
macrohematuria were not found in the 51 IgAN patients after 6 months
of prednisolone therapy. In addition, the degrees of microscopic
hematuria had improved (severe: 69.1% to 3.9%; moderate: 20% to
17.6%; mild: 12% to 78.4%).

At Biopsy 6 months after PSL
n 55 51
SBP(mmHg) 116 + 21 114 +£19
DBP(mmHg) 68+ 19 63+18
eGFR(ml/min/1.73 m?) 124 £ 421 129 + 36.3
Proteinuria(g/g Cr) 1.41+£1.21 0.22+0.44*
Macrohematuria 17/55(30.9%) 0/51(0%)
Microhematuria RBC 2 50/hpf 21/55(38.2%) 2/51(3.9%)
20 < RBC < 50/hpf 11/55(20%) 9/51(17.6%)
RBC < 20/hpf 6/55(12%) 40/51(78.4%)
Urinary podocyte(/ml) 3.76 £ 1.82 0.85+0.91~*
Nephrotic syndrome 5/55(9.1%) 0/51(0%)
Renal insufficiency 1/55(2%) 0/51(0%)

PSL: prednisolone; SBP: systolic blood pressure; DBP: diastolic blood pressure;
hpf: high-power field; eGFR: estimated glomerular filtration rate; RBC: red blood
cells.

*p<0.05

Table 1: Clinical characteristics and laboratory findings of the IgA nephropathy
patients at the renal biopsy and after 6 months of prednisolone therapy.
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Urinary excretion of interleukin-6 in IgA nephropathy
children

The IgAN patients at the time of the renal biopsy had significantly
higher U-IL6 levels than the healthy controls (9.1 + 9.13 vs. 1.5 £ 0.33
pg/mg Ucr, p<0.01, Figure 1). After 6 months of prednisolone therapy,
the U-IL6 level was significantly reduced in the 51 IgAN patients (9.1 +
9.13 to 1.78 + 1.76 pg/mg Ucr, p<0.01, Figure 2).

Correlations of urinary excretion of interleukin-6 with
clinical and histological findings

Table 2 shows the correlations of the U-IL6 level with the clinical
and histological findings. In the clinical findings, the U-IL6 level of
the IgAN patients at the renal biopsy showed positive correlations
with the degree of proteinuria (r=0.72, p<0.01), hematuria (r=0.54,
p<0.01), and U-Pod number (r=0.59, p<0.01). In contrast, the U-IL6
level had a negative correlation with the eGFR (r=-0.34, p=0.015). In
the histological findings, the U-IL6 level of the IgAN patients at the
renal biopsy showed positive correlations with the degree of mesangial
hypercellularity (proliferation score 2-3 vs. 0-1, p=0.047), crescent
formation (cellular or fibrocellular crescent positive vs. negative,
p=0.042), and endocapillary proliferation (positive vs. negative,
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Figure 1: Urinary IL-6 levels at the renal biopsy in the pediatric IgA
nephropathy patients (IgAN) and healthy controls.
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Figure 2: Urinary IL-6 levels at the renal biopsy and after 6 months of
prednisolone therapy in the pediatric IgA nephropathy (IgAN) patients.
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Urinary IL-6
r P

Proteinuria(g/g Cr) 0.72 <0.01
Hematuria (score) 0.54 <0.01
Urinary podocyte(/ml) 0.59 <0.01
eGFR(ml/min/1.73 m?) -0.34 0.015
Mesangial cell proliferation

2-3 (n=23) vs. — 0.047

0-1 (n=32) —
Mesangial proliferative glomeruli

diffuse(n=24) vs. — NS

focal(n=31) —
Cellular/fibrocellular crescent

positive(n=24) vs. — 0.042

negative(n=31) —

Endocapillary proliferation
positive(n=29) vs. — <0.01
negative(n=26) —

eGFR, estimated glomerular filtration rate; NS, not significant

Hematuria scores (red blood cells/high-power field): 0, <10; 1, 210 to <20; 2, 220 to
<30; 3, 230 to <50; 4, 250 to <100; 5, 2100

Table 2: Correlations of urinary excretion of interleukin-6 with clinical and
histological. Findings.
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Figure 3: Urinary IL-6 levels at the renal biopsy in the pediatric IgA
nephropathy (IgAN) patients, asymptomatic hematuria children, and controls.
NS: not significant.

p<0.01). The percentages of mesangial proliferative glomeruli did not
differ significantly (diffuse vs. focal, p>0.05).

Urinary excretion of interleukin-6

hematuria children

in asymptomatic

Figure 3 shows the U-IL6 levels at the renal biopsy of the IgA
patients and ASH children. The U-IL6 levels were significantly lower
in the 45 ASH children diagnosed by the urine screening program than
in the IgAN patients (1.96 + 1.3 vs. 9.1 £ 9.13 pg/mg Ucr, p<0.01 by
ANOVA). On the other hand, the U-IL6 levels in the ASH children
did not differ significantly from those in the healthy controls (1.96 *+
1.3 vs. 1.5 + 0.33 pg/mg Ucr, p>0.05 by ANOVA). Among the 45 ASH
children, three males and two females transited to IgAN during the
observation period. Table 3 shows the clinical and laboratory findings
of these five children who transited from ASH to IgAN. At the school
urine screening tests, all five children showed only microhematuria and
did not have positive proteinuria. In addition, their U-pod numbers
remained within the normal limit (<1.0/mL). However, the U-IL6 levels
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At school urine test At IgAN onset
No.  Sex Age Up(glgCr) RBC (hpf) = U-IL6/Cr U-pod (imi) duration of IgAN onset (month) o0 ¢ AN onset U-L6/ICr | U-pod (/ml)

1 M 7 0.15 30-49 3.7 0.5 12 Macro Ht 714 9.6

2 M 10 0.13 1001 3.13 0.7 3 appear Up 3.84 2.5

3 M 10 0.06 20-29 5.87 0.6 5 appear Up 7.43 1.9

4 F 12 0.17 50-99 4.18 0.8 1" appear Up 5.39 4.6

5 F 14 0.10 30-49 4.38 0.5 8 Macro Ht 8.22 55
0.13 — 43 * 0.62 7.7 — 6.26 4.81

Mean

+1.18 +1.67 +3.5

other 41 Ht 10.2 0.08 — 1.61 0.37 18.3 — — —

children 3- +1.17

range 18 0.02-0.17 — 0.4-5.87 0-0.8 3-81 — — —

IgAN, IgA nephropathy; Up, urinary protein; RBC, red blood cells; U-IL6, urinary excretion of interleukin-6; U-pod, urinary podocytes; Ht, hematuria.

*p<0.05

Table 3: Clinical and laboratory findings of four children who transited from asymptomatic hematuria to IgA nephropathy during the observation period.

in these five children were significantly higher than those in the other
41 ASH children (4.3 + 1.18 vs. 1.61 + 1.17 pg/mg Ucr, p<0.05). At
IgAN onset, all five children showed positive proteinuria and increased
U-pod numbers (4.81 + 3.5/mL). Their U-IL6 levels tended to increase
steadily with the onset of IgAN (4.3 + 1.18 to 6.26 + 1.67 pg/mg Ucr,
respectively)

Discussion

Examination of urine has gained more interest during the last few
years. Urinary cytokine excretion may reflect the severity of histological
damage and predict the response to treatment. Several cytokines and
growth factors have been investigated in the urine of IgAN patients to
assess their value as predictive markers of disease severity. Among them,
transforming growth factor-B, monocyte chemo attractant protein-1,
and IL-6 have been reported to be upregulated in accordance with
the disease severity in IgAN patients [12,21-25]. IL-6 is a multifocal
cytokine that stimulates the proliferation of fibroblasts and mesangial
cells [26]. The involvement of IL-6 in the pathogenesis of IgAN has
been reported by various studies. Anionic polymeric IgA1 from IgAN
patients incubated with human mesangial cells resulted in increased
cell proliferation and synthesis of tumor necrosis factor-a and IL-6 [27].
IL-6 gene transcription was identified within the glomeruli of IgAN
patients and contributed to the proliferation of mesangial cells [10,28].

In the present study, we first demonstrated that U-IL6 increased in
parallel with the severity of both the clinical and histological findings
in pediatric IgAN patients. In addition, similar to a previous study [22],
our study showed that the U-IL6 levels in pediatric IgAN patients were
increased at the time of the renal biopsy and were significantly reduced
after prednisolone therapy. Although the U-IL6 level was not correlated
with the degree of mesangial proliferative glomeruli (diffuse or focal),
we found that U-IL6 was correlated with the acute inflammatory
glomerular changes, such as mesangial hypercellularity, cellular/
fibrocellular crescent formation, and endocapillary proliferation. Our
findings indicate that combined measurements of U-IL6 and U-pods
may provide useful information about the severity of glomerular
inflammation in pediatric IgAN before a renal biopsy.

In 1973, the Japanese Ministry of Education began a mass urine
screening program for school children aged 6-18 years aimed at
early detection of insidious renal diseases [14,15]. Children with
both hematuria and proteinuria have been suspected to have serious
glomerular diseases and are indicated for a renal biopsy [15]. Therefore,
diagnosis and treatment of IgAN are generally started early in the

disease course in Japan. On the other hand, the prognosis of children
with ASH is considered to be good, and a renal biopsy is only indicated
for children with ASH who also show proteinuria [16]. Hisano et
al. [16] reported that seven of 136 ASH children were diagnosed
with IgAN by a renal biopsy because of evidence for proteinuria or
macrohematuria throughout the follow-up period. Among these seven
IgAN children, one child exhibited renal insufficiency at the renal
biopsy and developed persistent proteinuria. Hence, we think that a
more benign prognosis of IZAN may be approved by the identification
and validation of urinary markers that can distinguish the presence of
IgAN from ASH in children.

The scoring of U-pods has been reported to be one of the useful
clinical diagnostic tools for the acute state of IgAN and Henoch-
Schénlein purpura nephritis [18]. The present study also showed that
higher U-pod numbers were found in pediatric IgAN patients. In
contrast, all the ASH children, including the five patients who transited
to IgAN during the observation period, showed normal U-pod
numbers. Therefore, we consider that scoring of U-pods is not a suitable
marker for early distinction of IgAN from ASH. In the present study,
the five IgAN children who progressed from ASH showed higher U-IL6
activity without proteinuria or macrohematuria. Although the present
study had a small sample size and was a single-center analysis, we
consider that evaluation of U-IL6 in children with ASH may be one of
the useful markers for early detection and prevention of unrecognized
progression of IgAN.

In summary, the present results suggest that higher U-IL6 reflects
the disease severity in pediatric IgAN patients. In addition, the
significant reduction in U-IL6 after prednisolone therapy may represent
a suitable marker of the disease activity. We propose that it is important
to evaluate U-IL6 in patients with ASH detected by the school urinary
screening program for early detection and prevention of unrecognized
progression of IgAN. However, further studies are required to elucidate
whether U-IL6 measurements can be used as a noninvasive tool to
select children who may need more intensive examinations including
a renal biopsy.
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