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Background. This study aimed to investigate the clinical significance of complement 3 (C3) deposition in renal tubules
of children with primary nephrotic syndrome (PNS). Methods. The clinical and pathological characteristics of PNS were
retrospectively reviewed in 99 PNS pediatric patients, who were divided into the C3 deposition and the non-C3 deposition
groups. Results. A total of 39 patients (39.39%) had renal tubule C3 deposition. In the C3 deposition group, the ratios of urine N-
acetylglucosaminidase/creatinine (UNAG/Cr), urine 𝛽2 microglobulin/creatinine (U𝛽2MG/Cr), and urine transferrin/creatinine
(UTRF/Cr) were significantly higher than those of the non-C3 deposition group. The patients of the C3 deposition group had
lower serum total protein and albumin, higher cholesterol and D-dimer (DD), lower proportion of CD3+CD8+ cells, and higher
proportion ofCD19+CD23+ cells.Thenumber of the patientswith interstitial fibrosis, renal cell vacuolar degeneration, renal tubular
immunoglobulin deposition, and severe tubulointerstitial injury in the C3 deposition group was higher than that of the non-C3
deposition group.The C3 deposition intensity was positively correlated with the number of recurrences. Conclusion. PNS pediatric
patients with C3 deposition in renal tubules havemore severe disease condition, tubulointerstitial injury, and recurrence suggesting
a worse long-term prognosis.

1. Introduction

Primary nephrotic syndrome (PNS) is a common primary
glomerular disease in children and accounts for more than
90% of nephrotic syndrome (NS) in childhood [1–3]. In
recent years, the incidence of PNS has increased and the
incidence of children with PNS that are resistant to initial
steroid treatment is also increasing [2, 4]. PNS can be found
in a variety of pathological types that are categorized accord-
ing to the change in nephrosis and are classified as minimal
change disease and nonminimal change disease. The immu-
noglobulin deposition and/or complement deposition are
common biological processes in the kidney tissues of patients
with nonminimal change disease, whereas they are not seen
in the glomeruli of patients with minimal change disease,
which may be related to T cell dysfunction.

Complement 3 (C3) and its active products in the kid-
neys have been studied in specific renal diseases, and the
majority of the studies have focused on the role of glomeru-
lar immunoglobulin (IgA) deposition in IgA nephropathy
(IgAN). There is evidence showing that glomerular C3 depo-
sition is related to the activity, severity, and prognosis of IgAN
[5–7]. Patients with primary focal segmental glomeruloscle-
rosis (FSGS) and glomerular IgM and C3 deposition indi-
cated a poorer response to pharmacotherapy and exhibited
a poorer renal prognosis [8]. However, a limited number
of studies have been conducted in order to investigate the
renal tubular C3 deposition in subjects with renal diseases,
whereas little is known regarding the clinical significance of
C3 deposition, notably in pediatric patients with PNS. The
majority of the studies that have examined the association
between complement C3 levels and nephropathies have been
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conducted in adults [9, 10]. The studies that have addressed
the impact of immunoglobulins and/or complement C3
deposits in young patients with glomerulonephritis were
reported approximately 20 years ago [11, 12]. More recent
studies that have focused on glomerulopathies and comple-
ment C3 deposition were isolated case reports or involved a
small range of case reports and did not exhibit the character-
istics of a retrospective and/or a cross-sectional clinical study
analysis [13–15]. To the best of our knowledge no study has
been conducted to address the clinical significance of renal
tubular C3 deposition in pediatric patients with PNS. In the
present study, the clinical and pathological characteristics of
pediatric patients with PNS were retrospectively reviewed.
The study aimed to explore the clinical significance of renal
tubules C3 deposition in pediatric patients with PNS.

2. Materials and Methods

2.1. Patients. A total of 99 children with PNS who received
renal biopsy between January 2010 and December 2016
were retrospectively reviewed. The inclusion criteria were as
follows: the age of the patients was between 1 and 18 years and
they were diagnosed with PNS according to the International
Study of Kidney Disease in Children (ISKDC) diagnostic
criteria for NS [16]. The exclusion criteria were according
to the following: Secondary NS and patients with severe
pediatric diseases were excluded. Severe pediatric diseases
included diabetes, malignant tumors, aplastic anemia, severe
myocarditis, acute or subacute severe hepatitis, primary or
secondary immunodeficiency disease, and Epstein-Barr virus
or cytomegalovirus infection.

On the basis of renal immunopathologywhether the renal
tubules had C3 deposition, patients were divided into the C3
deposition and the non-C3 deposition groups.The study was
approved by the institutional review board and the research
ethics committee of the Children’s Hospital of Soochow Uni-
versity (number 2017LW001), and all clinical investigations
were conducted according to the principles and guidelines
provided by the Declaration of Helsinki. Written informed
consent was acquired and patient records were anonymous
prior to analysis.

2.2. Demographic Data and Laboratory Test. The demo-
graphic data included gender, age of renal biopsy, course
of disease prior to the renal biopsy, initial diagnosis
and/or frequency of recurrence, blood pressure, hema-
turia, urine protein quantification, urine protein spectrum,
blood biochemical findings, results from humoral immunity
examination, cellular immunity examination, and coagu-
lation function examination. The urine protein analysis
included N-acetylglucosaminidase (UNAG), 𝛼1 microglob-
ulin (U𝛼1MG), 𝛽2 microglobulin (U𝛽2MG), IgG (UIgG),
urinary creatinine (Cr), microalbumin (UMA), and trans-
ferrin (UTRF). The expression levels of these proteins were
normalized according to Cr.

2.3. Urine Protein Profile. The morning urine was collected
for the determination of the urinary protein profile by
immunoturbidimetry. The assay was carried out using a

commercial kit (Japan Union Pharmaceutical Co., Ltd.) in
order to detect the NAG. A similar commercial ELISA kit
(Shanghai LanYi Technology Co., Ltd.) was used for the
measurement of 𝛼1MG and 𝛽2MG.The kits for the detection
of IgG, MA, TRF, and Cr were purchased from Orion
Corporation (Finland).

2.4. Lymphocyte Subgroups. A total of 3 ml of fasting periph-
eral venous blood from each patient was collected for analysis
using a procoagulation tube on the same day and/or the next
morning following admission. Patients with acute infectious
or allergic diseases were excluded. The peripheral blood
lymphocytes and their subgroups were determined using
double-labeling method by flow cytometry (BD, USA). The
CD3+, CD3+CD4+, and CD3+CD8+ cells were detected by a
BDFACSCanto II flow cytometer.TheCD3−CD19+ andCD3
− (CD16+56+) cells and CD19+CD23+ cells were measured
by a BD FACS Canto II flow cytometer. The antibodies
for flow cytometry were purchased from the BD Company
(USA) and the procedures were performed according to the
manufacturer’s instructions.

2.5. Pathological Examination. The renal tissues that were
collected following biopsy were subjected to routine light
microscopy, immunofluorescence staining, and electron
microscopy.The number of patients with renal pathologywas
recorded.The presence of severe mesangial cell proliferation,
glomerular fibrous sclerosis, and/or crescent was suggestive
of severe glomerular injury according to the association
between pathological changes and poor renal prognosis
and previously reported findings [17, 18]. The presence of
tubular epithelial cell necrosis, tubular atrophy, interstitial
inflammatory cell infiltration, and/or interstitial fibrosis was
suggestive of severe tubulointerstitial injury [17, 18]. The
number of patients with severe glomerular injury and/or
severe tubulointerstitial injury was recorded.

2.6. Renal Biopsy. The patients were placed on a prone
position. Both sides of the kidney area were raised. The local
skin was disinfected. The 2% lidocaine was injected at the
puncture point for anesthesia. Percutaneous renal puncture
was conducted under the guidance of the ultrasound. The
biopsy gun was stimulated when the needle reached the
renal capsule. The needle was withdrawn immediately after
the gunshot. Paraffin sections, frozen sections, and electron
microscopy sections were produced from the samples of
each patient. The tissues for paraffin sections were fixed with
10% formaldehyde, whereas the tissues for frozen sections
were immediately cryopreserved for inspection. The tissues
were examined by electronmicroscopy (JEM-1400/JEM-1400
PLUS, Japan) using 2.5% neutral glutaraldehyde.

Histological analysis included H&E, PAS, PASM, and
Masson staining. The immunofluorescence assay included
IgA, IgG, IgM,C3, C1q, and Fib.The semiquantitativemethod
was used in order to evaluate the fluorescent deposition
intensity: negative was denoted as “−”; visible at high magni-
fication was denoted as “±”; visible at low magnification and
apparently visible at high magnification were denoted as “+”;
apparently visible at low magnification and clearly visible at
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Figure 1: Immunofluorescence staining of C3 in renal tubular epithelial cells (×200). (a): C3 deposition in renal tubular epithelial cells (+).
(b): C3 deposition in renal tubular epithelial cells (++).

high magnification were denoted as “++”; clearly visible at
low magnification and dazzling at high magnification were
denoted as “+++”; dazzling at low magnification and glaring
at high magnification were denoted as “++++”.

2.7. Statistical Analysis. Statistical analysis was conducted
using SPSS 19.0 software (SPSS, Chicago, IL, USA). Quan-
titative data with normal distribution were compared with
the 𝑡-test, whereas those with abnormal distribution with the
Wilcoxon rank sum test. The qualitative data were compared
with the Chi-squared test (when total frequency [𝑛] was ≥40
and each theoretical frequency [𝑇] was ≥5), the Chi-squared
test of continuity correction (when 𝑛 was ≥40 and 𝑇 was ≥1
but <5) and/or Fisher’s exact test (𝑛 was <40, 𝑇 was <1 or the
𝑃 value of Chi-squared test was approximately equal to the
value of 𝛼). The correlation analyses between kidney tubules
with or without C3 deposition, C3 density, and specific
biochemical indicators and recurrence were conducted by
Spearman rank correlation. A 𝑃 value lower than 0.05 (𝑃 <
0.05) was considered statistically significant.

3. Results

3.1. General Characteristics. A total of 99 children with PNS
were included for analysis and among them 60 were male.
Specifically, 39 cases (24 boys) were grouped according to the
C3 deposition and 60 cases (36 boys) were grouped according
to the non-C3 deposition. No significant differences were
observed in the parameters gender, age of renal biopsy,
course of disease prior to biopsy, incidences of macroscopic
hematuria, microscopic hematuria, hypertension, and renal
dysfunction between the groups (all 𝑃 > 0.05) (Table 1 and
Supplementary Table 1). The expression of C3 in the renal
tubules is shown in Figure 1.

3.2. Urine Protein Quantification and Urine Protein Profile.
No significant differenceswere noted in the 24 h urine protein
(24U-TP) levels and the 24 h microalbumin concentration
(24U-MA) between the two groups (𝑃 > 0.05). The UNAG/
Cr, U𝛽2MG/Cr, and UTRF/Cr in the C3 deposition group

were significantly higher compared with those in the non-
C3 deposition group (𝑃 < 0.05). Whereas no significant
differences were observed with regard to the parameters
U𝛼1MG/Cr, UIgG/Cr, and UMA/Cr (𝑃 > 0.05) between the
2 groups (Table 1 and Supplementary Table 1.

3.3. Biochemical Results. In the C3 deposition group, the
serum total protein and albuminwere significantly lower than
those in the non-C3 deposition group (𝑃 < 0.05). The serum
cholesterol in the C3 deposition group was significantly
higher than that noted in the non-C3 deposition group (𝑃 <
0.05). In addition, there were no significant differences in the
parameters blood urea, creatinine, triglyceride, and Cys-C
between the 2 groups (𝑃 > 0.05) (Table 1 and Supplementary
Table 1).

3.4. Determination of Humoral Immunity, Complement, and
D-Dimer (DD) Levels. The serum DD in the C3 deposition
group was significantly higher than that in the non-C3
deposition group (𝑃 < 0.05). Moreover, no significant differ-
ences were noted with regard to the levels of IgA, IgG, IgM,
C3, and C4 between the 2 groups (𝑃 > 0.05) (Table 1 and
Supplementary Table 1).

3.5. Lymphocyte Measurement. The proportion of CD3
+CD8+ cells in the C3 deposition group was lower com-
pared with that in the non-C3 deposition group (𝑃 < 0.05).
In the C3 deposition group, the proportion of CD19+CD23+
cells was significantly higher than that in the non-C3 deposi-
tion group (𝑃 < 0.05). There are no significant differences
in the proportions of CD3+, CD3+CD4+, CD3−CD19+, and
CD3−CD16+ CD56+ cells between the 2 groups (𝑃 > 0.05)
(Table 1 and Supplementary Table 1). The representative
figures for CD3+CD4+, CD3+CD8+, and CD19+CD23+ are
shown in Figure 2.

3.6. Other Pathological Parameters. The data that were
derived from light microscopy and immunofluorescence
staining were collected from all the patients. In the C3 depo-
sition group, the investigation using electron microscopy
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Table 1: Clinical and pathological parameters between C3 deposition and non-C3 deposition groups.

Items C3 deposition group
(𝑛 = 39)

Non-C3 deposition
group (𝑛 = 60) 𝑃

Gender (males)/𝑛 24 36 0.878
Age at biopsy (yr) (𝑥 ± 𝑠) 7.58 ± 3.97 8.40 ± 3.41 0.275
24U-TP/kg (𝑥 ± 𝑠) 144.68 ± 77.84 119.12 ± 72.37 0.141
24U-MA/kg (𝑥 ± 𝑠) 35.07 ± 22.88 32.08 ± 23.37 0.577
UNAG/Cr (M, Q) 6.78, 6.43 4.66, 3.87 0.004
U𝛽2MG/Cr (M, Q) 0.13, 0.12 0.06, 0.12 0.009
UTRF/Cr (𝑥 ± 𝑠) 40.99 ± 29.73 24.81 ± 20.80 0.002
Total protein (g/L) 44.14 ± 5.72 50.66 ± 9.66 <0.001
Albumin (g/L) 22.07 ± 5.56 27.13 ± 8.38 0.001
Cholesterol (mmol/L) 10.07 ± 3.67 8.15 ± 2.86 0.005
Triglycerides (mmol/L) 2.58 ± 1.34 2.25 ± 1.24 0.217
DD (𝜇g/L) 874.61 ± 661.77 436.48 ± 558.51 0.002
CD3+CD4+ 34.01 ± 6.79 33.40 ± 7.79 0.708
CD3+CD8+ 27.58 ± 5.38 30.89 ± 6.67 0.016
CD4+/CD8+ 1.28 ± 0.37 1.13 ± 0.42 0.095
CD19+CD23+ 9.39 ± 5.98 6.92 ± 3.17 0.014
Severe glomerular injury/𝑛
(%) 19 (48.72) 25 (41.67) 0.490

Severe tubulointerstitial
injury/𝑛 (%) 22 (56.41) 14 (23.33) 0.001

indicated no glomeruli in the 2 patients examined. Glomeru-
lar dissolution and degeneration was noted in 1 patient. In
the non-C3 deposition group, the data derived by electron
microscopyweremissing in 8 patients, and thus the necessary
informationwas available for 36 patients in the C3 deposition
group and 52 patients in the non-C3 deposition group.

Severe tubulointerstitial injury was observed in 22 pedi-
atric patients of the C3 deposition group and 14 pediatric
patients of the non-C3 deposition group. A significant differ-
ence was noted between these 2 groups (𝑃 < 0.05; Table 1).
The proportion of pediatric patients with severe glomerular
injury in the C3 deposition group was slightly higher com-
pared with that in the non-C3 deposition group (𝑃 > 0.05;
Table 1). The proportion of pediatric subjects with intersti-
tial fibrosis and/or vacuolar degeneration of renal tubular
epithelial cells in the C3 deposition group was markedly
higher than that in the non-C3 deposition group (𝑃 <
0.05). The majority of the patients exhibited glomerular IgM
deposition, although no significant difference was noted with
regard to the glomerular deposition among the patients that
exhibited different levels of the parameters Igs, C3, C1q, and
Fib (𝑃 > 0.05, Supplementary Table 2). In the C3 depo-
sition group, the proportion of patients with fluorescence
deposition of renal tubules was significantly higher than that
in the non-C3 deposition group. Significant differences were
noted in the proportions of patients with Ig deposition, IgG
deposition, and IgG+IgA deposition between the 2 groups
(𝑃 < 0.05, Supplementary Table 2). The data that were
derived from the remaining electron and light microscopy
observations were similar between the two groups with no

apparent significant difference (𝑃 > 0.05) (Supplementary
Table 2).

3.7. Correlation Analysis. The biochemical indicators that
exhibited significant differences between the two groups and
the indexes that revealed 𝑃 values close to the statistical
threshold of 0.05were investigated by Spearman rank correla-
tion analysis with the renal tubular C3 deposition.The results
indicated a positive correlation between tubular C3 deposi-
tion and the parameters UNAG/Cr, U𝛽2MG/Cr, UMA/Cr,
UTRF/Cr, Cholesterol, IgM, DD, and CD4+/CD8+, respec-
tively (Table 2, all 𝑃 < 0.05). Furthermore, tubular C3
deposition negatively correlated with total protein, albumin,
and CD3+CD8+ cells (Table 2, all 𝑃 < 0.05), respectively.
The correlation analysis further suggested that the intensity
of the C3 deposition correlated positively with the number of
recurrences (Table 2).

4. Discussion

The present study described the effects of the C3 deposition
in tubular cells of pediatric patientswith nephrotic syndrome.
The data suggested that, in the C3 deposition group, the para-
meters that were associated with normal kidney function,
such as urine N-acetylglucosaminidase/creatinine (UNAG/
Cr) ratio, urine 𝛽2 microglobulin/creatinine (U𝛽2MG/Cr)
ratio, and urine transferrin/creatinine (UTRF/Cr) ratio, were
significantly higher compared with those in the non-C3
deposition group. In addition, a lower serum total protein,
albumin and proportion of CD3+CD8+ cells, and a higher
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Figure 2: Representative images for CD3+CD4+, CD3+CD8+, and CD19+CD23+ of lymphocyte subpopulation. (a)The C3 deposition group:
CD3+CD4+ : 33.5%, CD3+CD8+ : 11.6%, CD19+CD23+ : 21.67%; (b) the non-C3 deposition group: CD3+CD4+ : 26.7%, CD3+CD8+ : 36.8%,
CD19+CD23+ : 7.63%.

proportion of CD19+CD23+ cells were noted in the C3
deposition group, whereas the subjects of this group revealed
significant deterioration of the renal tissues with regard to
interstitial fibrosis, renal tubular epithelial cells vacuolar
degeneration, renal tubular immunoglobulin deposition, and
severe tubulointerstitial injury compared with the patients of
the non-C3 deposition group.The study demonstrated for the
first time that pediatric patients with PNS and C3 deposition
in renal tubules exhibit a poor long-term prognosis due
to extensive local tubulointerstitial injury and recurrence
compared with those without C3 deposition.

The activation of the complement pathway plays an
important role in the renal injury of patients with kidney
diseases. The C3 is the most abundant type compared to
other complement proteins. Glomerular C3 deposition has
been studied in several kidney diseases. Certain studies have
shown that glomerular C3 deposition is associated with the
disease activity and the severity of kidney injury in IgAN and
lupus nephritis (LN) [19–22]. It has been documented that
mesangial C3 deposition is positively correlated with mesan-
gial cell proliferation, tubular atrophy, and interstitial fibrosis.
Glomerular capillary C3d deposition may also serve as a new

marker in the pathological diagnosis of MN at stage I, in
patients who are treated with glucocorticoids. In recent years,
various studies have explored the C3 deposition in glomeru-
lar capillaries and arterioles in association with IgAN and
have revealed that peritubular capillary C3 depositionmay be
used as a predictor of a poor prognosis, whileC3deposition in
the renal arteriolesmay be considered amarker of atheroscle-
rosis [20, 22]. In addition, C3 deposition in the glomerular
capsule and/or arterioles is related to the clinical outcome of
IgAN [17]. In the current study, the clinical and pathological
characteristics of PNS pediatric patients with and without
renal C3 deposition in tubules were compared. Our results
showed that C3 deposition was present in 39.39% of PNS
subjects. Nomarked differences were notedwith regard to the
general clinical characteristics between the two groups.

Previous studies have indicated that low albumin in NS
patients is related to renal injury and prognosis of kidney
disease. In the present study, the serum total protein and
albumin in the C3 deposition group were lower than those
noted in the non-C3 deposition group, suggesting that the
renal injury wasmore severe in patients with renal tubular C3
deposition. NS is usually accompanied by lipid metabolism
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Table 2: Correlation analysis.

𝑟𝑠 𝑃

UNAG/Cr 0.30 0.003
U𝛼1MG/Cr 0.19 0.066
U𝛽2MG/Cr 0.30 0.003
UIgG/Cr 0.17 0.097
UMA/Cr 0.21 0.042
UTRF/Cr 0.35 <0.001
Total protein −0.36 <0.001
Albumin −0.29 0.004
Cholesterol 0.25 0.013
IgG −0.19 0.068
IgM 0.24 0.021
DD 0.39 0.001
CD3+CD8+ −0.27 0.012
CD4+/CD8+ 0.22 0.042
CD19+CD23+ 0.12 0.262
Recurrence times 0.45 0.010

disorders of different severities and hypercoagulable states.
The hypercoagulable state is attributed to the anticoagula-
tion/coagulation system imbalance and fibrinolysis abnor-
malities, whereas it further relates to the low serum albumin
and increase in cholesterol [23, 24]. The production and
increase of DD reflects the activation of coagulation and
fibrinolysis and has been used as a specific marker of hyper-
coagulable state and secondary hyperfibrinolysis.The present
study demonstrated that the serum cholesterol and DD in
the C3 deposition group were higher compared with those in
the non-C3 deposition group, suggesting that subjects with
C3 deposition exhibited severe lipid metabolism disorders
and hypercoagulable states and were more likely to develop
renal microthrombosis. Recent findings revealed that the
podocyte injury may cause severe hypercholesterolemia [25].
Furthermore, higher blood cholesterol (>10mmol/L) is an
independent risk factor of steroid dependence inNS pediatric
patients [26]. Based on these studies, it may be assumed that
pediatric subjects with renal tubular C3 deposition may be
more susceptible to podocyte injury and will consequently
develop steroid therapy dependence. These patients with
renal tubular C3 deposition will be more susceptible to
recurrence following reduction of the steroid dose, which
is one of the causes of refractory treatment and poor
prognosis. Correlation analysis also suggested that the C3
deposition intensity correlated positively with the number of
recurrences. Moreover, correlation analysis indicated that C3
correlated positively with serum cholesterol andDD and neg-
atively with total protein and albumin, suggesting that renal
tubular C3 deposition may aggravate hypercholesterolemia,
hypercoagulability, and hypoproteinemia. The data are in
agreement with previous studies that have demonstrated
that deficiency of C3 in low-density lipoprotein receptor-
deficient (𝐿𝑑𝑙𝑟−/−) mice has been shown to result in larger
atherosclerotic lesions, with increased lipid deposition and
impaired lesion development beyond the foam cell stage [27].

The serum total protein and the serum albumin levels
in the C3 deposition group were markedly lower compared
with the corresponding levels of these parameters in the
non-C3 deposition group, although no significant differences
in the 24U-TP and 24U-MA between the two groups were
noted. 24U-TP and 24U-MA are used to evaluate the protein
secretion in a specific day, despite the variability in the
daily urine protein secretion between days.The urine protein
profile is used to evaluate the renal tubular function, and the
majority of the studies have focused on UNAG, U𝛽2MG, and
U𝛼1MG.The increased levels of the ratios ofUNAG,U𝛽2MG,
and U𝛼1MG to urine creatinine reflect the renal tubular
dysfunction and may serve as markers of tubulointerstitial
injury at an early stage [28–30]. The data reported in the
current study are in concordance with the aforementioned
studies since patients with C3 deposition exhibited more
severe tubulointerstitial injury, which was consistent with
these biochemical indices. In addition, correlation analysis
demonstrated a positive correlation between renal tubular
C3 deposition and UNAG/Cr, U𝛽2MG/Cr, UMA/Cr, and
UTRF/Cr, suggesting that renal tubular C3 deposition could
lead to tubulointerstitial injury and the reduction in the
reabsorption of the urinary protein.

The pathogenesis of PNS may be attributed to an
immunological etiology. The diversity of the experimental
methods used in previous studies for the determination
of immunological parameters in PNS has contributed to
the controversy of the experimental findings among these
studies [31]. Early studies indicated that the variables IgG
and IgA were reduced, whereas IgM was increased in NS
patients. In the present study, the two groups revealed no
significant difference in serum immunoglobulin levels. In
children, the pathogenesis of PNS is related to T lymphocyte
dysfunction. Certain studies have shown that the population
of CD8+ T and CD4+ T cells is increased in PNS patients
[31, 32]. A recent research showed that INS patients had
increased expression of TNF-𝛼 in CD4-lymphocytes and
reduced expression of IFN-𝛾 in CD8-lymphocytes [33]. B
lymphocytes are also involved in the pathogenesis of PNS.
The number of B lymphocytes increased in the active phase
of the disease and was significantly higher compared with
that noted in healthy subjects, as demonstrated by two recent
studies [34, 35]. Rituximab (a B cell monoclonal antibody)
has been used as a therapeutic drug in order to reduce
the number of B lymphocytes in children with nephrotic
syndrome [36, 37].The data of the current report showed that
the amount of lymphocyte subsets was significantly different
between patients with and without C3 deposition. Significant
differences were observed in cytotoxic T cells (CD3+CD8+
cells) and activated B cells (CD19+CD23+ cells) between
the two groups. In the C3 deposition group, the number
of activated B lymphocytes was higher, suggesting that C3
deposition may serve as an indication for the use of the B cell
monoclonal antibody.

In addition, the number of subjects with interstitial
fibrosis, vacuolar degeneration of renal tubular epithelial
cells, severe renal tubulointerstitial injury, and renal tubular
Ig deposition in C3 deposition group was significantly higher
compared with that in the non-C3 deposition group. Thus,
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patients with C3 deposition exhibit tubulointerstitial lesions
with greater severity. The severity of tubulointerstitial lesions
is a key factor in determining the long-term kidney function
of patients with glomerular disease. Notably, tubulointer-
stitial fibrosis and tubular atrophy are determinants of the
progression of primary kidney disease [38, 39]. Thus, it
is assumed that patients with renal tubular C3 deposition
exhibit a poorer prognosis compared with those without
renal tubular C3 deposition.The positive correlation between
C3 deposition intensity and the recurrence times further
suggests that subjects with C3 deposits have a worse prog-
nosis. Renal tubular epithelial cells, glomerular epithelial
cells, mesangial cells, and infiltrating cells may produce C3.
In renal injury or the acute phase of inflammation, the
levels of local C3 increase in the kidney. Under pathological
conditions, this increase may facilitate the progression of
kidney disease [40, 41]. In the current study, no significant
differences were noted in the serum C3 levels and the
glomerular C3 deposition number between the two groups
of patients. In addition, no correlation between glomerular
Ig fluorescence deposition and tubular C3 deposition was
observed, although tubular Ig deposition and tubular C3
deposition correlated with each other. The C3 deposition of
patients with interstitial fibrosis and severe tubulointerstitial
injury was higher than that observed in the patients without
C3 deposition.The data suggested that the main source of C3
tubular deposition in this group of subjects originatedmainly
from local synthesis of tubules, whereas tubular deposition
of C3 participated in subjects with tubulointerstitial injury.
A previous study has shown that C3 deposition in renal
tubules is related not only to interstitial inflammation but
also directly to the progression of interstitial fibrosis [42].
In the current study, the number of patients with interstitial
inflammatory cell infiltration in the C3 deposition group
was only slightly higher than that in the non-C3 deposition
group, which might be due to the small sample size of the
population examined. Gherghiceanu et al. [20] suggested that
glomerular C3 deposition was related to the active IgAN, and
C3 deposition in renal tubular epithelial cells and peritubular
capillaries were associated with sclerosis, suggesting that
the pattern of C3 deposition may be used to predict the
progression of nephropathy and the deterioration of kidney
function. Our findings support the aforementioned findings
and suggest that C3 deposition in renal tubules is related to
the interstitial fibrosis and sclerosis and can be used as a
prognostic marker for renal tubular cell injury.

To the best of our knowledge no study has examined the
effect of renal tubular C3 deposition in pediatric subjects
with nephrotic syndrome with regard to the number of
T lymphocytes and the biochemical parameters albumin,
cholesterol, and D-dimer levels (DD). A previous study
examined the effect of the deposition of C3a and C5a in
83 patients with renal biopsy proven IgA nephropathy [6]
and concluded that the deposition increased with increasing
grades of renal pathology in IgANpatients, while it correlated
with proteinuria and serum creatinine (SCr), which is in
agreement with our findings.

This study is not without limitations. Firstly, the fluores-
cence intensity of C3 was not evaluated in different patients,

since the number of the subjects in a specific group was very
small. Secondly, the association of the C3 deposition with the
response to steroid treatment was not further assessed due to
some objective reasons such as the missing visits of certain
patients and the time limit.

5. Conclusions

Taken together, the results indicate that PNS in pediatric
patients with C3 deposition in renal tubules exhibits severe
renal injury and poorer prognosis compared with pediatric
patients without C3 deposition. It is suggested that reno-
protective treatment should be initiated for PNS pediatric
patients following the detection of renal tubular C3 deposi-
tion in order to delay the deterioration of kidney function.

Data Availability

No additional data are available.

Conflicts of Interest

All authors declare that they have no conflicts of interest.

Funding

This work was supported by the National Natural Science
Foundation of China (Grant no. 7081370787) and the Science
and Technology Project of Clinical Medicine in Jiangsu
Province of China (Grant no. BL2014052).

Supplementary Materials

Supplementary Table 1: additional clinical and pathological
parameters between C3 deposition and non-C3 deposi-
tion groups. Supplementary Table 2: additional pathological
parameters between C3 deposition and non-C3 deposition
groups. (Supplementary Materials)

References

[1] S. E. Wenderfer and J. P. Gaut, “Glomerular Diseases in Chil-
dren,” Advances in Chronic Kidney Disease, vol. 24, no. 6, pp.
364–371, 2017.

[2] B. Banaszak and P. Banaszak, “The increasing incidence of
initial steroid resistance in childhood nephrotic syndrome,”
Pediatric Nephrology, vol. 27, no. 6, pp. 927–932, 2012.

[3] M. Jiang, Z. Xiao, L. Rong et al., “Twenty-eight-year review of
childhood renal diseases from renal biopsy data: A single centre
in China,” Nephrology, vol. 21, no. 12, pp. 1003–1009, 2016.

[4] M. L. Downie, C. Gallibois, R. S. Parekh, and D. G. Noone,
“Nephrotic syndrome in infants and children: pathophysiology
and management,” Paediatrics and International Child Health,
vol. 37, no. 4, pp. 248–258, 2017.

[5] H. Nakagawa, S. Suzuki, M. Haneda, F. Gejyo, and R. Kikkawa,
“Significance of glomerular deposition of C3c and C3d in IgA
nephropathy,”American Journal of Nephrology, vol. 20, no. 2, pp.
122–128, 2000.

[6] L. Liu, Y. Zhang, X. Duan et al., “C3a, C5a renal expression and
their receptors are correlated to severity of IgA nephropathy,”
Journal of Clinical Immunology, vol. 34, no. 2, pp. 224–232, 2014.

http://downloads.hindawi.com/journals/bmri/2018/4386438.f1.pdf


8 BioMed Research International

[7] S. J. Kim, H. M. Koo, B. J. Lim et al., “Decreased circulating C3
levels and mesangial C3 deposition predict renal outcome in
patients with iga nephropathy,” PLoS ONE, vol. 7, no. 7, Article
ID e40495, 2012.

[8] Y. M. Zhang, Q. H. Gu, J. Huang et al., “Clinical significance of
IgM and C3 glomerular deposition in primary focal segmental
glomerulosclerosis,” Clinical Journal of the American Society of
Nephrology, vol. 11, no. 9, pp. 1582–1589, 2016.

[9] G. K. Viswanathan, R. Nada, A. Kumar et al., “Clinico-patho-
logic spectrum of C3 glomerulopathy-an Indian experience,”
Diagnostic Pathology, vol. 10, no. 1, p. 6, 2015.

[10] R. M. Al-Saegh and L. W. Assad, “The spectrum of glomerular
diseases as studied by immunofluorescencemicroscopy a single
center study in Iraq.,”Arab Journal ofNephrology andTransplan-
tation, vol. 6, no. 3, pp. 161–167, 2013.

[11] N. Yoshikawa, K. Iijima, M. Shimomura, H. Nakamura, and H.
Ito, “IgG-associated primary glomerulonephritis in children,”
Clinical Nephrology, vol. 42, pp. 281–287, 1994.

[12] M. Sato, H. Kojima, K. Nabeshima, Y. Nakajima, and S.
Koshikawa, “Primary glomerulonephritis with predominant
mesangial immunoglobulin G deposits - A distinct entity?”
Nephron, vol. 64, no. 1, pp. 122–128, 1993.

[13] T. Katsuno, S. Mizuno, M. Mabuchi, N. Tsuboi, A. Komatsuda,
and S. Maruyama, “Long-term renal survival of 𝛾3-heavy chain
deposition disease: a case report,” BMC Nephrology, vol. 18, no.
1, p. 239, 2017.

[14] M. L. Figueres, V. Fremeaux-Bacchi, M. Rabant et al., “Hetero-
geneous histologic and clinical evolution in 3 cases of dense
deposit disease with long-term follow-up,” Human Pathology,
vol. 45, no. 11, pp. 2326–2333, 2014.

[15] K. Taranta-Janusz, A.Wasilewska, and B. Szynaka, “Childhood-
onset dense deposit disease: A rare cause of proteinuria,” Irish
Journal of Medical Science, vol. 183, no. 3, pp. 455–459, 2014.

[16] A. Pasini, G. Aceto, A. Ammenti et al., “Best practice guidelines
for idiopathic nephrotic syndrome: recommendations versus
reality,” Pediatric Nephrology, vol. 30, no. 1, pp. 91–101, 2015.

[17] M. G. Radford Jr., J. V. Donadio Jr., E. J. Bergstralh, and J. P.
Grande, “Predicting renal outcome in IgA nephropathy,” Jour-
nal of the American Society of Nephrology, vol. 8, pp. 199–207,
1997.

[18] Y. K. Wen, “Comparison of prominent glomerular injury and
prominent tubular injury in immunoglobulin A nephropathy,”
InternationalUrology andNephrology, vol. 42, pp. 753–758, 2010.

[19] K. Satake, Y. Shimizu, Y. Sasaki et al., “Serum under-O-glyco-
sylated IgA1 level is not correlated with glomerular IgA depo-
sition based upon heterogeneity in the composition of immune
complexes in IgA nephropathy,” BMC Nephrology, vol. 15, no. 1,
p. 89, 2014.

[20] M. Gherghiceanu, M. Penescu, and E. Mandache, “The pre-
dictive value of peritubular capillaries C3d deposition in IgA
glomerulonephritis,” Journal of Cellular and Molecular Medi-
cine, vol. 9, no. 1, pp. 143–152, 2005.

[21] B. H. Rovin and S. V. Parikh, “Lupus nephritis: the evolving role
of novel therapeutics,”American Journal of Kidney Diseases, vol.
63, no. 4, pp. 677–690, 2014.

[22] R. Zhang, J. Lin, L. Qu, F. Zheng, and Z. Zheng, “C3d depo-
sition in the media of renal arterioles is a useful marker for
arteriolosclerosis in IgA nephropathy,” Annals of Diagnostic
Pathology, vol. 18, no. 2, pp. 104–108, 2014.

[23] B. Barbano, A. Gigante, A. Amoroso, and R. Cianci, “Thrombo-
sis in nephrotic syndrome,” Seminars in Thrombosis and Hemo-
stasis, vol. 39, no. 5, pp. 469–476, 2013.

[24] D. Suri, J. Ahluwalia, A. K. Saxena et al., “Thromboembolic
complications in childhood nephrotic syndrome: a clinical
profile,” Clinical and Experimental Nephrology, vol. 18, no. 5, pp.
803–813, 2014.

[25] M. E. Haas, A. E. Levenson, X. Sun et al., “The role of proprotein
convertase subtilisin/kexin type 9 in nephrotic syndrome-
associated hypercholesterolemia,”Circulation, vol. 134, no. 1, pp.
61–72, 2016.

[26] M. Jellouli, M. Brika, K. Abidi et al., “Nephrotic syndrome
in children: Risk factors for steroid dependence,” La Tunisie
Médicale, vol. 94, no. 7, pp. 401–405, 2016.

[27] M. J. Lewis, T. H. Malik, L. Fossati-Jimack et al., “Distinct
roles for complement in glomerulonephritis and atherosclerosis
revealed in mice with a combination of lupus and hyperlipi-
demia,” Arthritis & Rheumatology, vol. 64, no. 8, pp. 2707–2718,
2012.

[28] Y. Hibi, O. Uemura, T. Nagai et al., “The ratios of urinary 𝛽2-
microglobulin andNAG to creatinine varywith age in children,”
Pediatrics International, vol. 57, no. 1, pp. 79–84, 2015.

[29] H.Chehade, P. Parvex, A. Poncet et al., “Urinary low-molecular-
weight protein excretion in pediatric idiopathic nephrotic
syndrome,” Pediatric Nephrology, vol. 28, no. 12, pp. 2299–2306,
2013.

[30] O. P. Mishra, P. Jain, P. Srivastava, and R. Prasad, “Urinary
N-acetyl-beta-D glucosaminidase (NAG) level in idiopathic
nephrotic syndrome,” Pediatric Nephrology, vol. 27, no. 4, pp.
589–596, 2012.

[31] W. D. F. Pereira, G. E. A. Brito-Melo, F. T. L. Guimarães, T. G.
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