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IntroductIon

IgA nephropathy (IgAN) shows the greatest frequency in 
Asians and whites, and is relatively rare in blacks. The de-
tection of IgAN is often consequent to a chance finding of 
hematuria and/or proteinuria, but approximately 40% of pa-
tients have progressed to end-stage kidney disease (ESKD) 
about 20 years after a renal biopsy.
Although a definite diagnosis of IgAN can be achieved by 
renal biopsy, it has some contraindications when the clini-
cal symptoms are scarce (instead of at the time of clinical 
diagnosis). Previously, we reported that the levels of serum 
IgA and the IgA/C3 ratio in IgAN patients were significantly 
higher than those in non-IgAN patients. In the chronic glo-
merulonephritis (CGN) patients, a serum IgA/C3 ratio of 3.01 
or above was an indication of likely IgAN (1-3). 
IgAN is not seen as a hypocomplementemic glomerulone-
phritis. Since serum C3 and C4 levels fluctuate within the 
normal range, the changes of serum complements have 
not been focused on in clinical practice. In recent years, 
it has been proposed that the activation of complement 
pathways in the renal tissues of IgAN patients primarily 
mediates the alternative pathway (AP), as well as the lec-
tin pathway (LP) in some patients, and that the consump-
tion of serum C3 occurs in both of these pathways (4-6). 
Furthermore, serum C3 levels do not increase despite the 
elevated levels of other complement components in IgAN, 
suggesting the possibility that the consumption of serum 
C3 might be increased compared with hepatic C3 produc-
tion (7). On the other hand, serum C3 levels have been 
shown to closely reflect metabolic states such as body 
mass index (BMI), insulin resistance, total cholesterol (TC), 
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Background: We focused on the fluctuations of serum 
C3 levels throughout the clinical course of patients 
and investigated the relationship between these fluc-
tuations and clinical findings.
Methods: IgA nephropathy patients (n = 122) were en-
rolled in the present study. Serum C3 and other clinical 
markers were compared at the time of renal biopsy and 
at last follow-up (6.67 ± 2.07 years). Patients were di-
vided into 3 groups based on serum C3 levels: Group I 
with first C3 levels below the mean −1 SD, which turned 
into an increase at last observation; group II with first 
C3 levels more than the mean +1 SD, which turned into 
a decrease at last observation; and group III, with first 
C3 levels more than the mean +1 SD, which turned into 
an increase at last observation. First and last levels of 
clinical markers were compared among the 3 groups.
Results: Serum C3 levels of the patients whose re-
nal symptoms, including hematuria, proteinuria and 
estimated glomerular filtration rate (eGFR), were im-
proved, were significantly increased at last observa-
tion (p<0.05, p<0.01, p<0.01, respectively). Age, total 
cholesterol and triglyceride levels in group III were 
significantly higher than those in group I. Group II 
showed a significant reduction of urinary protein. 
Groups I and II maintained renal function, but group III  
showed a significant deterioration of renal function.
Conclusions: The levels and fluctuations of serum C3 
might reflect the disease activity and metabolic altera-
tion in patients with IgA nephropathy.
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low-density lipoprotein cholesterol (LDL-c) and triglyceride 
(TG), leading us to undertake research into the metabolic 
background of patients with IgAN (8, 9).
In the present study, we focused on the fluctuations of  
serum C3 levels throughout the clinical course and then  
investigated the clinical significance of the changes of com-
plement components in IgAN patients.

PAtIents And methods

Patients

Subjects included 122 patients (60 men, 62 women) who 
underwent a renal biopsy from 1992 to 2004 and who 
were diagnosed as suffering from IgAN, at the Division of  
Nephrology, Department of Internal Medicine, Juntendo 
University Faculty of Medicine. No restrictions were placed 
on the patients’ age, but patients with systemic disease 
complications, such as systemic lupus erythematosus, 
diabetes mellitus, Henoch-Schönlein purpura nephritis or 
liver cirrhosis, were excluded from the study. A compara-
tive investigation of the serum levels of IgA, C3, C4, CH50 
and clinical data (hematuria, proteinuria, serum creatinine 
and estimated glomerular filtration rate [eGFR]) of the pa-
tients was conducted at the end of the observation period. 
Records of treatment such as with corticosteroids or renin- 
angiotensin system (RAS) inhibitors were also collected. 
This research was conducted in accordance with the pro-
tocol and in compliance with the moral, ethical and scien-
tific principles governing clinical research as set out in the  
Declaration of Helsinki (1975).

Measurement and comparison of clinical data

Body weight and body height were measured at the time 
of renal biopsy, and a biochemical analysis, including TC, 
high-density lipoprotein cholesterol (HDL-c), LDL-c, TG, 
fasting plasma glucose (FPG) and HbA1c, was conducted 
at the central laboratory in the Juntendo University Hospi-
tal. Serum creatinine (s-Cre) was measured using an enzy-
matic method; serum IgA, C3 and C4 levels were measured  
using a turbidimetric immunoassay; and a serum comple-
ment hemolytic assay (CH50) was also completed using  
the relative turbidimetric method as a modification of the 
Mayer method. The Japanese eGFR equation of eGFR = 
194 × Cr−1.094 × age−0.287 (×0.739 for females), where eGFR is 
in ml/min per 1.73 m2, creatinine (Cr) in mg/dL, and age in 
years, was used for this study (10). 
Patients were divided into groups based on the outcome of 

proteinuria, hematuria and renal function tests and thera-
peutic strategies. Serum C3 levels were compared among 
each group. 
Patients were considered as positive for occult blood in 
urine if they showed 6-10 red blood cells (RBC) / high-power  
field (HPF) or more in urinary sediments, and they were 
divided into 3 groups as follows: a persistent hematuria 
group (16 or more RBCs/HPF) of 23 patients; an improved 
hematuria group (6-15 RBCs/HPF) of 22 patients; and a 
resolved hematuria group (1-5 RBCs/HPF) of 77 patients. 
Patients were considered as positive for proteinuria if they 
were 1+ or more according to qualitative testing (Tes-Tape). 
Patients were also divided into the following 3 groups: a 
persistent proteinuria group of 42 patients; a persistently 
negative proteinuria group of 40 patients; and a turning-
to-negative proteinuria group of 40 patients. Quantitative 
proteinuria testing was also conducted. For our analysis 
of renal function, those with an eGFR decrease of 20% or 
more were included in the deteriorated renal function group 
(40 patients), and those with an eGFR decrease of less than 
20% were included in the maintained renal function group 
(82 patients). 
Furthermore, the patient’s background, changes of levels 
of proteinuria and eGFR were compared by the dynamic 
pattern of serum C3 levels. All patients were divided into  
3 groups based on serum C3 levels as follows: Group I  
(n = 19) with first C3 levels less than the mean −1 standard 
deviation (SD) (74.14 mg/dL), which turned into an increase 
at last observation (mean serum C3 level was increased from 
65.56 ± 10.64 mg/dL to 113.58 ± 72.35 mg/dL); group II  
(n = 5), with first C3 levels more than the mean +1 SD (112.26 
mg/dL), which turned into a decrease at last observation 
(mean serum C3 level was decreased from 125.31 ± 11.23 
mg/dL to 104.82 ± 15.63 mg/dL); and group III (n = 11), with 
first C3 levels more than the mean +1 SD which turned into 
an increase at last observation (mean serum C3 level was 
increased from 124.65 ± 14.45 mg/dL to 131.60 ± 16.16 mg/
dL). First and last clinical markers were compared among the 
3 groups. There was no patient whose first C3 levels were 
less than the mean −1 SD, and whose C3 levels were found 
to have decreased at last observation in this study.

Statistical analysis

StatView for Windows, version 5.0 (SAS Institute Inc., Cary, 
NC, USA) and GraphPad Prism 5J for Windows, version 
5.04 (GraphPad, San Diego, CA, USA) were used for the 
statistical analysis. Statistical analysis was conducted with 
the t-test, and the results were recorded as means ± SD. A 
p value <0.05 was regarded as significant. 
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results

Clinical and laboratory data

The mean age at the time of diagnosis was 32.68 ± 11.50 
years, and the mean observation period was 6.66 ± 2.07 
years (Tab. I). Microscopic hematuria was observed in all 
patients at the time of renal biopsy. However, it was noted 
in only 45 patients at the end of the observation period. By 
the end of the observation period, 7 patients had ESKD 
and needed replacement therapy. Twenty-four patients 
were treated by steroid pulse therapy or orally adminis-
tered corticosteroids, and 11 patients had a tonsillectomy. 
An RAS inhibitor (angiotensin-converting enzyme inhibi-
tor or angiotensin receptor blocker) was administered in  
50 patients.

Fluctuations of serum IgA and complement  
component levels in all IgAN patients

Serum IgA levels were decreased from 347.87 ± 120.60 mg/
dL to 313.01 ± 102.47 mg/dL (p<0.001), and serum C3 levels 

were increased from 93.20 ± 19.06 mg/dL to 98.68 ± 16.07 
mg/dL (p<0.01). Significant decreases were observed in  
both serum C4 levels (from 27.42 ± 8.24 mg/dL to 24.38 ± 
10.65 mg/dL; p<0.05) and serum CH50 levels (from 43.11 ±  
6.80 U/mL to 40.34 ± 8.34 U/mL; p<0.001) despite being 
within the cutoff range. 

Fluctuations of serum C3 levels according  
to urinary findings

Serum C3 levels in the persistent hematuria group were in-
creased from 90.60 ± 13.55 mg/dL to 94.60 ± 14.41 mg/dL, 
but were not significantly different. In the improved hema-
turia group, serum C3 levels were increased from 93.08 ± 
20.14 mg/dL to 99.68 ± 21.31 mg/dL, but the increase was 
not significant. In the resolved hematuria group, serum C3 
levels were significantly increased from 93.78 ± 20.04 mg/dL 
to 98.58 ± 14.91 mg/dL (p<0.05) (Fig. 1). 
In the persistent proteinuria group, serum C3 levels were in-
creased from 97.53 ± 16.67 mg/dL to 100.65 ± 17.09 mg/dL, 
but did not exhibit a significant difference. In the persistently 
negative proteinuria group, serum C3 levels were increased 
from 95.12 ± 20.52 mg/dL to 97.16 ± 18.04 mg/dL, but did 

TABle I 
CLINICAL AND LABORATORY DATA FOR PATIENTS WITH IgA NEPHROPATHY (n = 122)

At time of  
diagnosis

At end of  
observation period

p Value

Age, years 32.68 ± 11.50 39.36 ± 11.24

Male/female, no. 60/62 60/62

Microscopic hematuria, no. (%) 122 (100%) 45 (36.89%)

Proteinuria, no. (%) 82 (67.21%) 42 (34.43%)

Proteinuria (g/g cre) 0.67 ± 1.10 0.50 ± 1.37 NS

Serum creatinine, mg/dL 0.80 ± 0.23 1.08 ± 1.15 <0.01

eGFR, ml/min per 1.73 m2 85.89 ± 22.71 74.17 ± 29.03 <0.001

Systolic blood pressure, mm Hg 117.86 ± 16.36 118.09 ± 13.12 NS

Diastolic blood pressure, mm Hg 68.15 ± 11.46 71.85 ± 11.32 <0.05

Serum IgA, mg/dL (reference range 110-410) 347.87 ± 120.60 313.01 ± 102.47 <0.001

Serum C3, mg/dL (reference range 69-128) 93.20 ± 19.06 98.68 ± 16.07 <0.01

Serum IgA/C3 ratio 3.90 ± 1.59 3.19 ± 1.04 <0.001

Serum C4, mg/dL (reference range 14-36) 27.42 ± 8.24 24.38 ± 10.65 <0.05

Serum CH50, U/mL (reference range 25.0-54.0) 43.11 ± 6.80 40.34 ± 8.34 <0.001

Values are expressed as means ± SD, or number (%) of patients.
cre = creatinine; eGFR = estimated glomerular filtration rate; NS = not significant.



711© 2013 Società Italiana di Nefrologia - ISSN 1121-8428  

JN (2013; :4) 708- 71526EPHROL

not exhibit a significant difference. In the turning-to-negative  
proteinuria group, serum C3 levels were significantly in-
creased from 87.61 ± 19.93 mg/dL to 99.60 ± 13.35 mg/dL 
(p<0.01) (Fig. 1). 

Fluctuations of serum C3 levels according  
to renal function

In the deteriorated renal function group, serum C3 levels were 
increased from 93.14 ± 17.90 mg/dL to 97.30 ± 18.13 mg/dL, 
but did not exhibit a significant change. In the maintained 
renal function group, serum C3 levels were significantly in-
creased from 93.23 ± 19.70 mg/dL to 99.37 ± 15.04 mg/dL 
(p<0.01) (Fig. 2). 

Fluctuations of serum C3 levels according  
to therapeutic strategies

In the corticosteroids administration group (n = 24), se-
rum C3 levels were increased from 96.51 ± 16.61 mg/dL 
to 97.79 ± 16.52 mg/dL, but did not exhibit a significant 
difference. In the non-corticosteroids administration group 
(n = 98), serum C3 levels were significantly increased from 
92.38 ± 19.60 mg/dL to 98.90 ± 16.03 mg/dL (p<0.001). In 
the both the RAS inhibitor administration group (n = 50) and 
the non-RAS inhibitor administration group (n = 40), serum 
C3 levels did not exhibit a significant difference. 

No significant correlation was observed between hematuria 
and corticosteroids or RAS inhibitor administration. And no 
correlation was observed between proteinuria and cortico-
steroid or RAS inhibitor administration. 

Comparison of laboratory data among 3 serum 
C3 fluctuation patterns

Since the increase of serum C3 levels was observed in  
the resolved hematuria, turning-to-negative proteinuria and 
maintained renal function groups, we focused on the patients 
whose serum C3 levels were increased. All patients were di-
vided into 3 groups based on serum C3 levels at the time of 
diagnosis, and we selected patients whose serum C3 levels 
increased or decreased.
At the time of diagnosis, the levels of BW, BMI, TC, TG, LDL-
c, FPG and HbA1c in group I were lower than those in groups 
II and III. TC and TG levels in group I were significantly lower 
than those in group III (p<0.05 and p<0.01, respectively) 
(Tab. II). In group I, eGFR was decreased from 87.85 ± 27.52 
ml/min per 1.73 m2 to 84.73 ± 41.14 ml/min per 1.73 m2,  
but did not exhibit a significant difference. In group II, eGFR 
was decreased from 88.24 ± 22.79 ml/min per 1.73 m2 to 
76.08 ± 28.37 ml/min per 1.73 m2, but did not exhibit a sig-
nificant difference. In group III, eGFR was significantly de-
creased (p<0.05) from 77.44 ± 12.12 ml/min per 1.73 m2  
to 62.74 ± 14.70 ml/min per 1.73 m2 (p<0.05) (Tab. III). 

Fig. 1 - Fluctuations of serum C3 lev-
els according to changes of hema-
turia and proteinuria during entire 
follow-up period (persistent hematu-
ria, improved hematuria and resolved 
hematuria, persistent proteinuria, 
persistently negative proteinuria and 
turning-to-negative proteinuria).
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Fig. 2 - Fluctuations of serum C3 
levels according to the changes 
of renal function during entire 
follow-up period (deteriorated re-
nal function and maintained renal 
function).

TABle II 
COMPARISON OF LABORATORY DATA BETWEEN CHANGES OF SERUM C3 LEVELS AT TIME OF DIAGNOSIS

Group I Group II Group III p Value

Number 19 11 5

Age (years) 32.37 ± 11.37 34.73 ± 12.69 51.20 ± 14.75 <0.05*, <0.01†

BW (kg) 58.45 ± 11.48 62.25± 6.73 65.50 ± 3.54 NS

BMI (kg/m2) 21.81 ± 3.09 22.98 ± 1.65 23.86 ± 0.20 NS

Total cholesterol (mg/dL) 172.13 ± 31.32 192.36 ± 34.89 221.0 ± 48.46 <0.05†

HDL Cholesterol (mg/dL) 58.57 ± 18.85 46.82 ± 11.68 48.75 ± 8.62 NS

LDL cholesterol (mg/dL) 101.11 ± 30.71 116.09 ± 24.87 122.85 ± 80.11 NS

Triglycerides (mg/dL) 87.64 ±36.46 162.55 ± 106.24 247.00 ± 178.17 <0.05‡, <0.01†

Fasting plasma glucose (mg/dL) 99.67 ± 23.52 92.64 ± 6.71 109.3 ± 12.06 <0.01*

HbA1c (%) 4.85 ± 0.352 4.87 ± 0.20 5.08 ± 0.33 NS

Values are expressed as means ± SD, or number of patients. Group I includes patients with lower serum C3 levels whose levels 
increased; group II: patients with higher serum C3 levels whose levels decreased; Group III: patients with higher serum C3 levels 
whose levels increased.
BMI = body mass index; BW = body weight; HbAlc = hemoglobin A1c; HDL = high-density lipoprotein; LDL = low-density lipo-
protein; NS = not significant.
*Group II vs. III.
†Group I vs. III.
‡Group I vs. II. 
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TABle III 
FLUCTUATIONS OF SERUM C3 LEVELS, eGFR AND PROTEINURIA IN GROUPS

Group I Group II Group III

At time of 
diagnosis

At end of  
observation 

period

p 
Value

At time of 
diagnosis

At end of 
observation 

period

p 
Value

At time of 
diagnosis

At end of 
observation 

period

p 
Value

Serum C3  
(mg/dL)

   65.56 ±  
10.64

 113.58 ±  
72.35

  125.31 ±  
 11.23

 104.82 ± 
15.63

  124.65 ±  
14.45

  131.60 ± 
16.16

eGFR (ml/min  
per 1.73 m2)

   87.85 ±  
27.52

   84.73 ±  
41.14

NS    88.24 ±  
 22.79

   76.08 ±  
28.37

NS    77.44 ±  
12.12

    62.74 ±  
 14.70

<0.05

Proteinuria  
(g/g cre)

     0.53 ±  
  0.66

     0.94 ±  
  2.60

NS      0.63 ±  
  0.67

     0.00 ±  
  0.00

<0.05      1.28 ±  
  1.64

     0.36 ±  
  0.80

NS

Values are expressed as means ± SD, or number of patients. Group I includes patients with lower serum C3 levels whose levels 
increased; group II: patients with higher serum C3 levels whose levels decreased; Group III: patients with higher serum C3 levels 
whose levels increased.
cre = creatinine; eGFR; estimated glomerular filtration rate; NS = not significant.

dIscussIon

The immune system is markedly involved in the mecha-
nisms of onset and progression of various kidney diseases. 
IgAN is the most frequently occurring form of CGN and is 
characterized by mesangial deposition of IgA. Complement 
component C3 deposits were observed by immunostaining 
in the renal biopsy specimens of IgAN patients. Because 
C1q deposits were not observed, it appeared that comple-
ment activation through the alternative pathway was in-
volved in the progression of IgAN (11). However, in recent 
years, it has been discovered that mannose-binding lectin 
(MBL) and MBL-associated serine protease 1 are deposited 
in the glomerular mesangial areas, and it was confirmed that 
lectin pathway complement activation is involved in IgAN  
(4, 5, 12-14).
Although it is understood that some local glomerular com-
plement activation occurs, most serum complement levels 
and complement components stay within the normal clinical 
range, though only a few reports have been released regard-
ing this (3, 11). According to one report, low levels of serum 
C3 at the time of renal biopsy are associated with deteriora-
tion of renal function in IgAN (15). We have reported that both 
serum C4 and CH50 levels in IgAN patients were higher than 
those in healthy subjects (7). Most patients with IgAN showed 
a chronic clinical course, and the production of complements 
might be stimulated by persistent inflammation. It was con-

sidered that IgAN patients tended to present hypercomple-
mentemia as compared with healthy subjects. However, the 
fact that no increase was observed in serum C3 levels sug-
gests that C3 might be more strongly consumed than other 
components by AP and LP activation in IgAN. Then, we fo-
cused on the fluctuations of serum C3 levels in this disease.
In this study, variations in serum C3 levels were observed 
within the normal range, and it was shown that they in-
creased in the groups that had improved urinary findings 
(hematuria and proteinuria) and maintained renal function. 
Regarding complement activation, it appears that serum C3 
levels were consumed by AP and LP activation, and their 
activation might decrease the improvement of disease activ-
ity. Thus, it also appeared that the continuous consumption 
of serum C3 was observed in IgAN patients whose disease 
activity did not improve. C3 might have been associated 
with immune-complex formation in the fluid phase or in situ. 
In the corticosteroid administration group, serum C3 levels 
were increased but did not exhibit a significant difference. 
On the other hand, serum C3 levels were significantly in-
creased in the non-corticosteroid administration group. That 
there were only 24 patients in the corticosteroid administra-
tion group or that the antiinflammatory effect of the cortico-
steroid might not affect the LP and AP, could have affected 
the results. In other words, LP and AP might bind to the sites 
of tissue damage, and they might have to be activated (16).
Recently, investigators have identified obesity as an inde-
pendent risk factor for the onset, aggravated course and 
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poor outcome of chronic kidney disease (17), and they have 
found associations between the levels of BMI, FPG and hy-
perinsulinemia and those of serum C3 (8, 18). Serum C3 is 
produced by liver, adipocytes and activated macrophages 
at the inflammation sites. Serum C3 has been shown to 
be associated with metabolic disorders including obesity, 
dyslipidemia, insulin resistance, type 2 diabetes and car-
diovascular diseases. A possible explanation for this might 
be enhanced production of C3 by abdominal adipose tis-
sues. We have demonstrated previously that the serum C3 
levels showed a strongly positive association with markers 
of metabolic syndrome such as BMI, TC, TG, LDL and ho-
meostasis model assessment of insulin resistance (9). Fur-
thermore, the patients with IgAN who had extraglomerular 
deposits of C3 showed the worse prognoses with high BMI 
and high TG (19). Since a complement cascade is activated 
within the sites of connective tissues and atherosclerotic 
lesions, a metabolic factor might impact the deposition of 
C3 into vascular wall components. In this subsequent study 
of IgAN, the patients with high serum C3 levels at the time 
of renal biopsy presented higher TC and TG. Furthermore, 
eGFR was deteriorated along with an increase of serum C3 
levels. However, this group consisted of older patients as 
compared with other groups. In contrast to them, patients 
with low serum C3 levels at the time of renal biopsy pre-
sented with maintained eGFR. Resolved hematuria, turning-
to-negative proteinuria and maintained hematuria groups 
were increased C3 levels. These fluctuations of C3 level 
increased from low C3 level may reflect improvement of dis-

ease activity. On the other hand, Group III presented higher 
TC and TG at the time of diagnosis, furthermore eGFR was 
deteriorated. These reflects metabolic backgrounds. It is 
considered that treatment of obesity, insulin resistance and 
dyslipidemia should be an important target in the supportive 
approach to patients with IgAN with high levels of serum C3. 
In conclusion, it appears that fluctuations of serum C3 levels 
exhibited a correlation with disease activity and metabolic 
background in IgAN patients. We need to give attention not 
only to the changes of hematuria, proteinuria and renal func-
tion but also those of serum C3 levels, in IgAN patients.

Financial support: Nothing to disclose.

Conflict of interest: None of the authors has any conflict of interest 

to disclose.

Institutional Review Board (IRB)/Ethics Committee approval was 

obtained on April 7, 2009.

This research was conducted in accordance with the protocol and in 

compliance with the moral, ethical and scientific principles governing 

clinical research as set out in the Declaration of Helsinki (1975).

Address for correspondence:
Yasuhiko Tomino
Division of Nephrology
Department of Internal Medicine
Juntendo University Faculty of Medicine
2-1-1 Hongo, Bunkyo-ku
113-8421 Tokyo, Japan
yasu@juntendo.ac.jp

references

1. Tomino Y, Suzuki S, Imai H, et al. Measurement of serum IgA 
and C3 may predict the diagnosis of patients with IgA ne-
phropathy prior to renal biopsy. J Clin Lab Anal. 2000;14(5): 
220-223. 

2. Nakayama K, Ohsawa I, Maeda-Ohtani A, Murakoshi M,  
Horikoshi S, Tomino Y. Prediction of diagnosis of immuno-
globulin A nephropathy prior to renal biopsy and correlation 
with urinary sediment findings and prognostic grading. J Clin 
Lab Anal. 2008;22(2):114-118. 

3. Maeda A, Gohda T, Funabiki K, Horikoshi S, Shirato I, Tomino 
Y. Significance of serum IgA levels and serum IgA/C3 ratio in 
diagnostic analysis of patients with IgA nephropathy. J Clin 
Lab Anal. 2003;17(3):73-76. 

4. Endo M, Ohi H, Satomura A, et al. Regulation of in situ com-
plement activation via the lectin pathway in patients with IgA 
nephropathy. Clin Nephrol. 2001;55(3):185-191.

5. Oortwijn BD, Eijgenraam JW, Rastaldi MP, Roos A, Daha 
MR, van Kooten C. The role of secretory IgA and comple-
ment in IgA nephropathy. Semin Nephrol. 2008;28(1): 
58-65. 

6. Ohsawa I, Ishii M, Ohi H, Tomino Y. Pathological scenario 
with the mannose-binding lectin in patients with IgA ne-
phropathy. J Biomed Biotechnol. 2012;2012:476739. 

7. Onda K, Ohi H, Tamano M, et al. Hypercomplementemia in 
adult patients with IgA nephropathy. J Clin Lab Anal. 2007; 
21(2):77-84. 

8. Weyer C, Tataranni PA, Pratley RE. Insulin action and insu-
linemia are closely related to the fasting complement C3, 
but not acylation stimulating protein concentration. Diabetes 
Care. 2000;23(6):779-785. 

9. Ohsawa I, Inoshita H, Ishii M, et al. Metabolic impact on 
serum levels of complement component 3 in Japanese pa-
tients. J Clin Lab Anal. 2010;24(2):113-118. 

10. Matsuo S, Imai E, Horio M, et al. Collaborators Developing 
the Japanese Equation for Estimated GFR. Revised equa-



715© 2013 Società Italiana di Nefrologia - ISSN 1121-8428  

JN (2013; :4) 708- 71526EPHROL

tions for estimated GFR from serum creatinine in Japan. Am 
J Kidney Dis. 2009;53(6):982-992. 

11. Komatsu H, Fujimoto S, Hara S, Sato Y, Yamada K, Eto T. 
Relationship between serum IgA/C3 ratio and progression 
of IgA nephropathy. Intern Med. 2004;43(11):1023-1028. 

12. Oortwijn BD, Rastaldi MP, Roos A, Mattinzoli D, Daha MR, 
van Kooten C. Demonstration of secretory IgA in kidneys 
of patients with IgA nephropathy. Nephrol Dial Transplant. 
2007;22(11):3191-3195. 

13. Roos A, Bouwman LH, van Gijlswijk-Janssen DJ, Faber-Krol 
MC, Stahl GL, Daha MR. Human IgA activates the comple-
ment system via the mannan-binding lectin pathway. J Im-
munol. 2001;167(5):2861-2868.

14. Roos A, Rastaldi MP, Calvaresi N, et al. Glomerular activa-
tion of the lectin pathway of complement in IgA nephropa-
thy is associated with more severe renal disease. J Am Soc 
Nephrol. 2006;17(6):1724-1734. 

15. Kim SJ, Koo HM, Lim BJ, et al. Decreased circulating C3 
levels and mesangial C3 deposition predict renal outcome 

in patients with IgA nephropathy. PLoS ONE. 2012;7(7): 
e40495. 

16. Sato N, Ohsawa I, Nagamachi S, et al. Significance of glo-
merular activation of the alternative pathway and lectin path-
way in lupus nephritis. Lupus. 2011;20(13):1378-1386. 

17. Eknoyan G. Obesity and chronic kidney disease. Nefrologia. 
2011;31(4):397-403.

18. Halkes CJ, van Dijk H, de Jaegere PP, et al. Postprandial 
increase of complement component 3 in normolipidemic 
patients with coronary artery disease: effects of expanded-
dose simvastatin. Arterioscler Thromb Vasc Biol. 2001;21(9): 
1526-1530. 

19. Ohsawa I, Kusaba G, Ishii M, et al. Extraglomerular C3 depo-
sition and metabolic impacts in patients with IgA nephropa-
thy. Nephrol Dial Transplant. In press.

Accepted: March 7, 2013


