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Abstract

Background Immunoglobulin (Ig) A nephropathy (IgAN)
is characterized by mesangial deposits of IgAl and C3,
often with co-deposits of IgG. We attempted to clarify the
clinical significance of mesangial IgG deposition in
patients with IgAN.

Methods We retrospectively reviewed 57 patients who
were diagnosed with IgAN on the basis of pathological
examination of renal biopsy specimens obtained between
October 2006 and December 2010. Subjects were divided
into two groups: IgA+IgG deposition (IgA-IgG) group
(n = 29) and IgA deposition alone (IgA) group (n = 28).
The study outcome was complete remission (CR), defined
as negative proteinuria by dipstick urinalysis and urinary
erythrocytes of less than 1-4/high-power field.

Results Proteinuria was greater in the IgA-IgG group than
the IgA group (1.1 0.8 vs. 0.7 £ 0.6 g/day, Mann—
Whitney U test, P = 0.042). Capillary wall IgA deposits
were noted more frequently in the IgA-IgG group than the
IgA group (59 vs. 11 %, Fisher’s exact test, P = 0.014).
During the median follow-up period of 33.3 months (range
6-55 months) in the 57 patients, we observed CR in 24
cases (42.1 %). After the start of treatment, urinary
abnormalities disappeared earlier in the IgA group than in
the IgA-IgG group (log rank test, P = 0.012). Cox’s
regression model showed that IgG deposition reduced the
hazard ratio for CR (hazard ratio 0.35; 95 % confidence
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interval 0.14-0.82, P = 0.014). Therefore, IgG deposition
is a risk factor for persistent urinary abnormalities.
Conclusion Mesangial IgG deposition is associated with
more severe clinical features in patients with IgAN.
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Introduction

Immunoglobulin (Ig) A nephropathy (IgAN) is the most
common glomerulonephritis and is a principal cause of
chronic kidney disease (CKD). Generally, it is known that
Caucasians and Asians are more prone to IgAN than per-
sons of African descent. In particular, southern Europe and
parts of the Asia—Pacific region are known to have a high
prevalence rate of IgAN [1]. In Japan, surveys of [gAN that
have been undertaken since the early 1970s have shown
that more than 30 % of adult patients and more than 20 %
of children with chronic glomerulonephritis have this dis-
ease [2]. Mesangial cell proliferation and extracellular
matrix expansion are found in patients with mild IgAN,
while progressive glomerular and interstitial sclerosis in
severe IgAN leads to endstage kidney disease (ESKD) in
3040 % of patients within 20 years after diagnosis [3].
In 1968, IgAN was described by Berger et al. as “pri-
mary glomerulonephritis, exhibiting mesangial IgA and
IgG co-deposition” [4]. IgAN is also characterized by
mesangial deposits of IgA1 and C3, often with co-deposits
of IgG [5-7]. However, since IgG deposits are not essential
to the definitive diagnosis of IgAN, little attention has been
paid to the clinical significance of IgG deposition. In
addition, there are some unclarified issues on the difference
between nephropathy characterized by deposits of both IgA
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and IgG (IgA-IgG nephropathy) and nephropathy charac-
terized by deposits of IgA alone.

Therefore, we conducted this historical cohort study to
assess whether mesangial IgG deposition is clinically sig-
nificant in patients with IgAN.

Patients and methods
Study subjects

From October 2006 to December 2010, 63 patients were
diagnosed as primary IgAN at Showa University Northern
Yokohama Hospital. The diagnosis of IgAN was based on
light microscopic findings of mesangial proliferative
changes, immunofluorescence study findings of mesangial
IgA and C3 deposition, and electron microscopy findings
of electron-dense deposits in glomerular mesangial tissue
obtained by renal biopsy. From a total of 63 patients, 6
patients inferred to have complication of other renal dis-
eases such as Henoch—Schonlein purpura nephritis, dia-
betic nephropathy, benign nephrosclerosis, nephropathy of
toxemia of pregnancy and hepatic IgAN were excluded.
Finally, 57 patients, including 27 males and 30 females,
aged 16-61 years (mean 37.1 years), were enrolled as the
subjects of this study.

grade 2

Study design

This is a historical cohort study. The study protocol was
approved by the Showa University Northern Yokohama
Hospital Institutional Review Board. The observation
period was from October 2006 to June 2011. Study patients
were divided into two groups according to the presence of
IgG deposition: IgA-IgG group, with both IgA and IgG
deposits (n = 29), and IgA group, with IgA deposits alone
(n = 28). The outcome assessed was complete remission
(CR) of urinary abnormalities, which was defined as
complete absence of proteinuria by dipstick analysis and
urinary erythrocytes less than 1-4/high-power field (HPF).

Assessment of IgG deposits

Using immunofluorescence techniques, two pathologists
independently examined the biopsied glomerular tissue for
mesangial IgG deposits. In addition, two nephrologists with
extensive experience in the diagnosis of IgAN and the two
pathologists discussed and concluded when the two
pathologists evaluated the mesangial IgG deposition dif-
ferently. The extent of IgG deposition in the mesangial area
was graded on a 4-point scale: grade 0, absent; grade 1,
weak; grade 2, moderate; grade 3, severe (Fig. 1). Seg-
mental mesangial deposit levels (grade 2 or higher) or

grade 1l

grade 3

Fig. 1 Assessment of IgG deposits. The extent of IgG deposition was graded on a 4-point scale: grade 0, absent; grade 1, weak; grade 2,

moderate; grade 3, severe
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global mesangial deposit levels (grade 1 or higher) were attention not only to mesangial but also to capillary wall
considered as indicative of IgG deposits (Fig. 2a, b), IgG deposits, and assessed the location of IgG deposits in
referring to the previous reports [8]. Furthermore, we paid  the glomerulus of IgA-IgG group patients.

(IgG)

(IgM)

(U8 (gA)
(IgM) (C3)

Fig. 2 a, b Glomerular mesangial immunofluorescence findings (stained with fluorescein isothiocyanate-conjugated monospecific antisera
against human IgG, IgA, IgM and C3c). a Typical images in the IgA-IgG group. b Typical images in the IgA group
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Assessment of the immunostaining findings of IgA

We assessed immunostaining findings of IgA as well as
IgG. Using a method similar to the assessment of IgG
deposits, we examined the IgA deposits between the two
groups. The immunofluorescence intensity of IgA in the
mesangial area was graded on a 3-point scale: grade 1,
weak; grade 2, moderate; grade 3, severe. Furthermore, we
evaluated whether there was any difference in the location
of glomerular IgA deposits between the two groups.

Factors assessed

Baseline clinical characteristics, including information on
follow-up period, duration from the onset of proteinuria to
the time of renal biopsy (duration from onset), age, gender,
body mass index (BMI), systolic and diastolic blood
pressure, urinary findings, serum creatinine levels (sCr),
estimated glomerular filtration rate (¢éGFR) and therapeutic
regimens, were obtained from the patients’ records. Blood
pressure of 130/80 mmHg or higher was defined as
hypertension. Hematuria was assigned one of the following
scores: 0, absent or 1-4 red blood cells (RBCs)/HPF; 1+,
5-9 RBCs/HPF; 2+, 10-19 RBCs/HPF; 34, more than
20 RBCs/HPF. eGFR was calculated by the modified
Modification of Diet in Renal Disease (MDRD) equation
for Japanese people [9]. Therapeutic regimens were ana-
lyzed in each group, including information on the use of
renin—angiotensin system inhibitors (RASI), antiplatelet
drugs, oral steroids and immunosuppressants. In addition,
use of tonsillectomy, pulsed steroid therapy and pulse
steroid therapy combined with tonsillectomy (ST) were
also analyzed in each group. The indication for tonsillec-
tomy was otolaryngological findings of chronic tonsillitis
with hypertrophic or atrophic tonsils with inflammatory
debris in the tonsillar crypts. The regimen of pulsed steroid
therapy was intravenous administration of methylprednis-
olone (0.5 or 1.0 g/day for 3 consecutive days) followed by
oral prednisolone at an initial dose of 0.6 mg/kg per day,
with a gradual decrease in dosage over 1 year.

The clinical grade at the time of renal biopsy was
determined according to the clinical grading criteria of the
Japanese Society of Nephrology (JSN) [10] (Grade I, uri-
nary protein (U-Prot) <0.5 g/day; Grade II, eGFR >60 ml/
min and U-Prot >0.5 g/day; Grade III, eGFR <60 ml/min
and U-Prot >0.5 g/day).

The histology sections were independently reviewed by
two renal pathologists who were unaware of the patients’
clinical data. Histological severity was graded according to
the histological grading criteria of the JSN [10] (Grade I,
percentage of glomeruli with lesions <24.9 % of the total
number of glomeruli; Grade II, percentage of affected
glomeruli between 25 and 49.9 % of the total number of
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glomeruli; Grade III, percentage of affected glomeruli
between 50 and 74.9 % of the total number of glomeruli;
Grade 1V, percentage of affected glomeruli >75 % of the
total number of glomeruli). Glomerular lesions were clas-
sified as global sclerosis, segmental sclerosis and crescent
formation. Interstitial cellular infiltration and tubular atro-
phy, as well as fibrosis, are mainly observed in Grade III or
IV glomerular disease. The grades were appended with ‘A’
when there were acute lesions, e.g., cellular and fibrocel-
lular crescents, and with ‘C’ when there were chronic
lesions, e.g., global sclerosis, segmental sclerosis, and
fibrous crescents.

The combination of clinical and histological grade
according to the JSN [10] was also evaluated as low risk,
medium risk, high risk and very high risk, including cases
that had a low, medium, high and very high risk, respec-
tively, of progression to ESKD within 5 years (Table 1).

Statistical analysis

Data are expressed as mean =+ standard deviation (SD) or
percentages. The results were analyzed using JMP® 9.0.1
(SAS Institute Inc., NC, USA). Non-parametric variables
were compared by using either the Mann—Whitney U test
or the Kruskal-Wallis test. Categorical variables were
compared by using either Fisher’s exact test or the chi-
squared test. Comparison of the duration required to
achieve the required outcome between the two groups was
performed using the Kaplan—-Meier method and the log-
rank test. Multivariate Cox regression analysis was used to
evaluate the factors favoring progression to the desired
outcome in the two groups. P values of <0.05 were con-
sidered to be statistically significant in all the analyses.

Results

Baseline characteristics

Baseline characteristics in the two groups are summarized
in Table 2. Age, follow-up period, duration from onset,

BMI, sCr and eGFR were comparable between the two
groups. In addition, the proportions of females and patients

Table 1 Combined clinical and histological grade according to the
criteria of the Japanese Society of Nephrology

Clinical Histological Histological Histological

grade grade 1 grade 2 grade 3 and 4
Low risk Medium risk High risk
Medium risk Medium risk High risk
High risk High risk Very high risk
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Table 2 Comparison of — —
baseline characteristics between 12A-IgG group (n = 29)  IgA group (n =28) P value
IgA-IgG and IgA groups Follow-up period (months) 362 + 15.1 302 + 15.4 0.131 M
Duration from onset (months) 27.1 £ 28.4 24.1 £ 339 0.290 M
Age (years) 36.2 £ 13.1 38.0+ 133 0511 M
Female gender, n (%) 15 (51.7 %) 14 (53.6 %) 0.896 F
BMI (kg/m?) 22.6 + 3.5 229439 0.584 M
History of hypertension, n ( %) 9 (31.0 %) 14 (50.0 %) 0.149 F
Serum creatinine level (mg/dl) 1.0 £ 04 09403 0226 M
¢GFR (ml/min/1.73 mm?) 75.9 £ 26.0 69.2 + 24.5 0.667 M
Proteinuria (g/day) 1.1 £0.8 0.7 £ 0.6 0.042*% M
Hematuria, n ( %)
1 2 (6. 2 (7.1 . F
Data are shown as mean £+ SD + (6.9 %) (7.1 %) 0978
or number (percent). Mann— 2+ 10 (34.5 %) 8 (28.6 %) 0.631 F
Whitney’s U test and Fisher’s 3+ 17 (58.6 %) 18 (64.3 %) 0.083 F
Exaclt. test }Vlvere used to compare  ygse of RASI, n ( %) 26 (89.7 %) 22 (78.6 %) 0.251 F
RZS;I‘“C characteristics Use of antiplatelet drugs, 7 (%) 28 (96.6 %) 26 (92.8 %) 0.532 F
renin-angiotensin system .
inhibitor, ST steroid pulse Oral steroid therapy, n ( %) 22 (75.8 %) 20 (71.4 %) 0.704 F
therapy combined with Use of immunosuppressant drugs, n ( %) 1 (3.4 %) 0 (0 %) 0.329 F
tonsillectomy, M Mann— Underwent steroid pulse therapy, n ( %) 19 (65.5 %) 18 (64.3 %) 0922 F
?Vft“mey U test, F Fisher exact  ypqerwent tonsillectomy, n ( %) 20 (68.9 %) 19 (67.8 %) 0.928 F
es
Underwent ST, n ( %) 19 (65.5 %) 18 (64.3 %) 0922 F
* P < 0.05
Table 3 Clinical and
histological grades in the two IeA-1gG group (n = 29) IeA group (n =28) P value
groups Clinical grade 0.028*
Grade 1 6 14
Grade 2 18 8
Grade 3 5
Histological grade 0.625
Grade 1 (total/A/AC/C) 17/2/12/3 19/2/15/2
Grade 2 (total/A/AC/C) 11/1/872 5/1/4/0
Grade 3 (total/A/AC/C) 1/0/1/0 3/0/3/0
Data represent the number of
patients. The chi-squared test Grade 4 (total/A/AC/C) 0/0/0/0 1/0/1/0
was used to compare the Clinical and histological grade 0.033*
distribution of clinical and Low 5 13
histological grades Medium 19 6
* P <003 High 4 6
A acute lesion, AC acute and Very high 1 3

chronic lesion, C chronic lesion

with hypertension, hematuria, those treated with RASI and
those who underwent ST were also not different between
the two groups (Table 2). However, the level of proteinuria
in patients in the IgA-IgG group was significantly higher
than that in the IgA group (1.1 £ 0.8 vs. 0.7 & 0.6 g/day,
P = 0.042).

Clinical and histological examinations

The distribution of clinical and histological grades in the two
groups is shown in Table 3. With regard to the distribution of

clinical grade (C-grade), the chi-squared test showed a sig-
nificant difference between the two groups (P = 0.028). In
the IgA-IgG group, patients with C-grade 2 were seen more
frequently and those with C-grade 3 less frequently. In the
IgA group, patients with C-grade 1 were seen more fre-
quently and those with C-grade 3 less frequently.

In terms of histological grade (H-grade), H-grade 1 and
2 changes tended to be seen more frequently in all patients
(Table 3). However, there were no significant differences
between the two groups in the distribution of H-grades
(Table 3).

@ Springer



78

Clin Exp Nephrol (2013) 17:73-82

Regarding the combination of clinical and histological
grade, the distribution was significantly different between
the two groups by the chi-squared test (P = 0.033). IgA-
IgG group patients showed a higher tendency to medium
risk. On the other hand, IgA group patients showed a
higher tendency to low risk (Table 3).

Immunostaining patterns

Immunostaining patterns of IgG and IgA in the present
study are summarized in Tables 4 and 5. With regard to the
immunofluorescence intensity of IgG, 12 patients were
grade 1, 13 patients were grade 2, and 4 patients were grade
3 (Table 4). Of the 29 patients, mesangial and capillary
wall IgG deposits were noted in 5 patients (17.2 %),
whereas 24 patients (82.8 %) showed pure mesangial IgG
deposits.

Regarding the immunofluorescence intensity of IgA, the
distribution was significantly different between the two
groups by the chi-squared test (P = 0.029). IgA-IgG group
patients showed a higher tendency to grade 2 and 3. On the
other hand, IgA group patients showed a higher tendency to
grade 1 and 2 (Table 5). Concerning the location of glo-
merular IgA deposits, Fisher’s exact test showed a signif-
icant difference between the two groups (P = 0.014). In
the IgA-IgG group, patients with mesangial and capillary
wall deposits were seen more frequently; in the IgA group,
patients with mesangial-only deposits were seen more
frequently (Table 5).

Cumulative probability of complete remission

During the median observation period of 33.3 months
(range 6-55 months) in the 57 patients, 24 cases (42.1 %)
had CR. The median observation period was 36.2 months
(range 7-55 months) in the IgA-IgG group and 30.2
months (range 6—55 months) in the IgA group. The CR rate
during the observation period was 27.6 % in the IgA-IgG
group and 57.1 % in the IgA group. In addition, the median
time to CR was 32.9 months in IgA-IgG group patients and

Table 4 Immunostaining patterns of IgG in IgA-IgG group

IgA-IgG group patients (n = 29)

Immunofluorescence intensity

Grade 1 12 (41.4 %)
Grade 2 13 (44.8 %)
Grade 3 4 (13.8 %)
Location of glomerular deposits
Mesangial-only 24 (82.8 %)
Capillary wall 4+ mesangial 5 (17.2 %)

Data represent the number (percent) of patients
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24.6 months in the IgA group. As shown in Fig. 3, the
cumulative probability of CR was greater in the IgA group
compared with that in the IgA-IgG group (log-rank test,
P = 0.012).

Multivariate analysis of factors that contribute
to complete remission

The hazard ratio (HR) of possible factors related to CR and
the 95 % confidence interval (CI) in the 57 patients with
IgAN are shown in Table 6. In univariate analysis, IgG
deposition reduced the HR for CR (HR 0.35; 95 % CI
0.14-0.82, P = 0.014), indicating that patients with IgG

Table 5 Immunostaining patterns of IgA in the two groups

IgA-IgG group IgA group P value
(n=29) (n = 28)
Immunofluorescence 0.029*
intensity
Grade 1 1 (34 %) 8 (28.6 %)
Grade 2 16 (55.2 %) 16 (57.1 %)
Grade 3 12 (41.4 %) 4 (143 %)
Location of 0.014%*
glomerular deposits
Mesangial-only 12 (41.4 %) 25 (89.3 %)
Capillary 17 (58.6 %) 3 (10.7 %)

wall + mesangial

Data represent the number (percent) of patients. The chi-squared test
was used to compare the distribution of immunofluorescence inten-
sity. Fisher’s exact test was used to compare the proportion of the
locations of glomerular deposits

* P <0.05
= 100 =
§ Log-rank x2 6.3, p=0.01
‘E 80+
g [gA group
@ 60+
=1
£
8 404
—
=]
=
Elé 20 rh‘i—\.-.l_p_ad_
)
o 1
0 L} L} L} L} L] L]
0 10 20 30 40 50 60
Months
Followed patients number (N)
IgA-IgG group 29 28 21 16 13 7
IgA group 28 25 13 8 6 5

Fig. 3 Cumulative probability of complete remission between IgA-
IgG and IgA groups. Probability was analyzed by the log-rank test
(P =0.012)
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Table 6 Univariate and multivariate analysis of possible factors that contributed to complete remission in the 57 patients with [gAN
Variable Univariate analysis Multivariate analysis
HR 95 % CI P value HR 95 % CI P value

Age (per 1 year of age) 1.06 (0.97-1.03) 0.833 1.04 (1.00-1.10) 0.172
Female gender (vs. male) 0.49 (0.21-1.12) 0.091 0.44 (0.16-0.93) 0.029*
Duration from onset (months) 0.99 (0.97-1.00) 0.158 0.99 (0.97-1.00) 0.157
IgG deposition (vs. absence) 0.35 (0.14-0.82) 0.014* 0.31 (0.12-0.77) 0.016*
History of hypertension (vs. absence) 0.87 (0.38-1.99) 0.772 0.57 (0.20-1.56) 0.278
Proteinuria (per 0.5 g/day) 0.75 (0.53-1.01) 0.504 0.67 (0.43-1.01) 0.048*
eGFR (per 10 ml/min) 1.04 (0.89-1.21) 0.644 1.03 (0.81-1.32) 0.821
Histological grade (per grade) 0.92 (0.47-1.62) 0.798 1.28 (0.64-2.34) 0.453
Use of RASI (vs. absence) 1.04 (0.30-6.53) 0.938 0.45 (0.09-3.42) 0.397
Underwent ST (vs. absence) 1.77 (0.74-4.92) 0.212 3.47 (1.17-12.26) 0.023*
HR hazard ratio, CI confidence interval, RASI renin-angiotensin system inhibitor, ST steroid pulse therapy combined with tonsillectomy
* P <0.05
Table 7 Comparison of baseline characteristics and complete remission rate according to the immunofluorescence intensity of IgG

Grade 1 (n = 12) Grade 2 (n = 13) Grade 3 (n = 4) P value
Follow-up period (months) 327 £ 14.6 385 £ 16.8 39.8 £ 11.1 0.528 K
Duration from onset (months) 21.8 £ 179 329 + 37.6 19.0 £+ 20.4 0.441 K
eGFR (ml/min/1.73 mm?) 69.7 £ 232 854 £ 275 64.0 £ 24.6 0.203 K
Proteinuria (g/day) 14+£08 0.9 £ 0.6 0.8 £0.5 0.173 K
Histological grade 1/2/3/4, n 5/6/1/0 8/5/0/0 4/0/0/0 0.270 C
Underwent ST, n ( %) 8 (66.7 %) 8 (61.5 %) 3 (75.0 %) 0.879 C
Achievement of CR, n ( %) 3 (25.0 %) 3 (23.1 %) 2 (50.0 %) 0.554 C

Data are shown as mean + SD or number (percent). Kruskal-Wallis test and chi-squared test were used to compare baseline characteristics and

proportion of complete remission between the three groups

ST steroid pulse therapy combined with tonsillectomy, CR complete remission, K Kruskal-Walls test, C chi-squared test

deposition were less likely to have CR. In multivariate
analysis, female gender (HR 0.44; 95 % CI 0.16-0.93,
P = 0.029) and greater amounts of proteinuria (HR 0.67;
95 % CI1 0.43-1.01, P = 0.048) attenuated the HR for CR,
indicating that females and patients with higher levels of
protein in urine were less likely to have CR. In addition,
multivariate analysis also demonstrated that IgG deposition
reduced the HR for CR (HR 0.31; 95 % CI 0.12-0.77,
P = 0.016). Therefore, both higher amounts of proteinuria
and IgG deposition are risk factors for persistent urinary
abnormalities. On the other hand, undergoing ST was a
favorable factor for inducing CR (HR 3.47, 95 % CI
1.17-12.26, P = 0.023).

Clinical and histological findings according
to the immunostaining patterns of IgG

In IgA-IgG group patients, comparison of baseline char-
acteristics and CR rate according to the patterns of IgG

staining are summarized in Tables 7 and 8. With regard to
immunofluorescence intensity, no significant differences in
follow-up period, duration from onset, eGFR and protein-
uria were seen between the three groups: grade 1, grade 2
and grade 3. In addition, the distribution of H-grade and the
proportion of patients those who underwent ST and
achieved CR were also not different between the three
groups (Table 7).

In terms of the location of glomerular deposits, follow-
up period and duration from onset tended to be longer in
patients with mesangial-only deposits, eGFR was lower in
patients with mesangial-only deposits, proteinuria was
greater in patients with mesangial and capillary wall
deposits, but none of the differences were significant
(Table 8). In addition, the distribution of H-grade and
proportion of patients treated with ST were comparable.
Furthermore, the CR rate tended to be higher in patients
with mesangial and capillary wall deposits, although the
differences were not significant.
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Table 8 Comparison of baseline characteristics and complete remission rate according to the location of glomerular IgG deposits

Capillary wall + mesangial (n = 5) Mesangial-only (n = 24) P value
Follow-up period (months) 28.8 £ 11.9 37.8 £ 154 0213 M
Duration from onset (months) 17.6 &+ 18.8 28.2 £+ 30.1 0414 M
eGFR (ml/min/1.73 mm?) 86.6 + 379 73.7 £ 234 0.299 M
Proteinuria (g/day) 1.2 £ 0.8 0.6 = 0.5 0.091 M
Histological grade 1/2/3/4, n 5/0/0/0 12/11/1/0 0.270 C
Underwent ST, n ( %) 3 (60.0 %) 16 (66.7 %) 0.816 F
Achievement of CR, n (%) 3 (60.0 %) 5 (20.8 %) 0.554 F

Data are shown as mean + SD or number (percent). The Mann—Whitney U test, Fisher exact test and chi-squared test were used to compare
baseline characteristics and proportion of complete remission between the two groups

ST steroid pulse therapy combined with tonsillectomy, CR complete remission, M Mann—Whitney U test, F Fisher exact test, C chi-squared test

Discussion

Berger [4] first reported the existence of a glomerulone-
phritis characterized by IgA and IgG deposits in the
glomeruli. Since then, several synonyms of IgAN have
been reported, such as nephropathy with mesangial IgA
and IgG deposits, IgA glomerulonephritis, Berger’s disease
and IgA-IgG nephropathy [2]. With regard to IgG deposi-
tion rates in patients with IgAN, Haas showed an IgG
deposition rate of approximately 45 % [11]. In addition,
Okada et al. showed an IgG deposition rate of 50 % in 111
Japanese patients (children and adults) with I[gAN [12]. In
the present study, we classified 29 patients out of 57 (51 %)
as positive for IgG deposits. Therefore, this study also
showed a similar IgG deposition rate.

Recent analysis of the glycosylation of IgAl in patients
with IgAN has provided new insights into the mechanisms
underlying the formation of immune complexes and their
deposition in the mesangium. Specifically, aberrant gly-
cosylation of O-linked glycans in the hinge region of a
fraction of IgAl molecules is a key pathogenic factor
contributing to the development of IgAN [13]. It is known
that in patients with IgAN, circulating IgA1 with aberrant
hinge region glycans bind to IgG or IgA1l with antiglycan
specificity [13, 14]. In addition, Novak et al. showed that
IgAN-circulating immune complexes (CIC) containing
aberrantly glycosylated IgA1 bind to mesangial cells (MC)
more efficiently than uncomplexed IgA, and that CIC from
an IgAN patient bind to MC to a greater extent than do CIC
from a healthy control patient [15]. Collectively, the ter-
minal N-acetylgalactosamine moiety on the aberrantly
glycosylated IgAl is probably recognized by antiglycan
antibodies (IgG and/or IgAl), leading to the formation of
nephritogenic CIC that subsequently deposit in the glo-
merular mesangium to induce kidney injury [16]. There-
fore, we assume that the immune complexes composed of
aberrant IgAl, with galactose-deficient hinge-region O-
glycans, and an antiglycan-specific IgG antibody may
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determine the presence or absence of mesangial IgG
deposition and could be the mechanism underlying the
progression of glomerulonephritis. Furthermore, it was
reported that observation of IgG deposition is affected by
the timing of renal biopsy [8, 15], and that IgG deposition
is often observed in patients with a long interval between
the onset of I[gAN and biopsy [8]. In the present study, the
period between the onset of proteinuria and the time of
renal biopsy was not significantly different between the
two groups, but further studies will be necessary to deter-
mine the relation between mesangial IgG deposition and
duration of IgAN.

Next, we examined whether mesangial IgG deposition
might predict clinical outcome in patients with IgAN.
Several prognostic factors, such as elevated sCr, massive
proteinuria, hypertension, glomerular or interstitial sclero-
sis and IgA deposition in the peripheral capillary wall were
demonstrated as being significantly associated with poor
clinical outcome in previous studies [17]. On the other
hand, ST has been reported to improve the CR rate in
patients with IgAN [18]. Furthermore, the Oxford classi-
fication of IgAN identified four histological features—
mesangial cellularity, endocapillary proliferation, seg-
mental sclerosis and tubular atrophy/interstitial fibrosis—as
independent predictors of clinical outcome [19, 20],
although this classification did not mention the significance
of immunostains in the analysis. However, it was reported
that mesangial co-deposition of IgG with IgA was a sig-
nificant risk factor for CKD progression in patients with
IgAN [21]. D’ Amico critically analyzed 23 valid studies on
IgAN published in the preceding two decades, and noted
that co-deposition of IgG was an independent risk factor
affecting renal outcome [17]. In addition, it was reported
that mesangial IgG deposition was associated with greater
inflammation in an animal model [22], and mesangial IgG
deposition was recently shown to be associated with
greater histological activity [23]. In the present study, we
demonstrated that patients with mesangial IgG-IgA
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deposition had greater proteinuria, lower CR rate, more
frequent capillary wall IgA deposits, and resistance to
treatment. In the multivariate analysis, we demonstrated
that IgG deposition was a risk factor for persistent urinary
abnormalities. Therefore, we suggest that assessing mes-
angial IgG deposition would be useful in evaluating the
degree of disease activity, and that mesangial IgG depo-
sition may be a useful predictor for estimating the effect of
treatment in IgAN patients.

In Japan, Hotta et al. [18] initially described ST, which
then became a popular approach to treating IgAN. How-
ever, there have been few reports of similar studies to ours
that took the effects of ST into consideration. This makes
our study results even more valuable. In addition, most of
the reports did not mention the intensity and location of
glomerular IgG deposits in patients with IgAN. In the
present study, a correlation between immunostaining pat-
tern of IgG in IgAN and clinical parameters or histological
grade has not been demonstrated. However, validation of
these findings is required in other cohorts, particularly the
significance of the location of glomerular IgG deposits as
well as IgA deposits. It is recommended that the location
and intensity of IgA and IgG staining is routinely included
in the renal biopsy report.

Our study has several limitations. First, the number of
enrolled patients was small and the follow-up duration was
short. Second, this study mainly targeted less severe
patients. In fact, the proportion of patients with histological
grade 3 or 4 was only 8.7 %, and only two patients had
advanced IgAN with sCr of >2.0 mg/dl. Third, in patients
who underwent ST, treatment periods, total steroid doses
and timing of tonsillectomy were not uniform among the
subjects. Fourth, we used surrogate markers, i.e. remission
of proteinuria and hematuria, to assess renal outcome. True
endpoints, based on the renal survival rate after longer
periods, and not merely the CR rate, need to be evaluated.
Lastly, since this was a retrospective observational study,
residual confounding by imperfectly measured or unknown
confounders may still be present.

Conclusion

Mesangial IgG co-deposition with IgA could be associated
with increased clinical severity and resistance to remission
of urinary abnormalities in patients with IgAN. Mesangial
IgG deposition may, thus, be useful in predicting the
clinical outcome of IgAN.
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