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Abstract

Background: Galactose-deficient IgA1 (Gd-IgAT1) has an increased tendency to form immunocomplexes with IgG

in the serum, contributing to IgAN pathogenesis by accumulating in the glomerular mesangium. Several studies
showed that glomerular IgG deposition in IgAN is an important cause of mesangial proliferation and glomerular dam-
age. This study aims to determine the association of the positivity of IgG and the intensity of IgG staining with a poor
renal prognosis.

Methods: A total of 943 IgAN patients were included in the study. Glomerular IgG staining negative and positive
patients were compared using Oxford classification scores, histopathological evaluations, proteinuria, eGFR, albumin,
blood pressures. IgG positive patients were classified as (+), (++), (+++) based on their staining intensity, and the
association with the prognostic criteria was also evaluated.

Results: 81% (n=764) of the patients were detected as IgG negative, while 19% (n = 179) were positive. Age, gender,
body mass index, blood pressure, proteinuria, eGFR, uric acid values were similar in IgG positive and negative patients
who underwent biopsy (p> 0.05). Intensity of glomerular IgG positivity was not found to be associated with diastolic
and systolic blood pressure, urea, uric acid, age, eGFR, albumin, proteinuria (p>0.05 for all, r=—0.084,r=—0.102,
r=—0.006,r=0.062,r=0014,r=—0.044,r=—0.061, r=—0.066, r =0.150, respectively). There was no difference for
histopathological findings between IgG (+), IgG (++4), IgG (+++) groups (for all, p > 0.05).
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Conclusion: Glomerular IgG negativity and positivity detected by routine IFM in IgAN patients is not associated with

poor renal prognostic risk factors.

Keywords: IgA nephropathy, Glomerular IgG staining, Renal prognostic factors

Background

IgA nephropathy (IgAN) is the most common cause
of primary glomerulonephritis throughout the world,
including Turkey [1, 2]. Although the prognosis may be
difficult to predict, important risk factors for the pro-
gressive disease, including demographic, clinical and
histopathological findings, have been identified. Male
gender, amount of proteinuria, increased systolic and
diastolic blood pressures, hyperuricemia, increased
body mass index (BMI) and, increased age) have been
defined for poor renal prognosis of IgAN [3]. The diag-
nosis requires a kidney biopsy, which often provides
additional prognostic information: mesangial hyper-
cellularity, endocapillary hypercellularity, segmental
glomerulosclerosis, tubular atrophy/interstitial fibrosis
and presence of crescents correlated with adverse renal
outcomes [3].

Renal biopsies of I[gAN patients are characterised by
mesangial IgA dominant or codominant immunoglobu-
lin deposits that may have co-deposition of IgG. Com-
pared with healthy subjects, there is an increase in the
proportion of Galactose-deficient IgA1(Gd-IgAl) in
the serum. Gd-IgA1 has an increased tendency to form
immunocomplexes with IgG in the serum, contributing
to IgAN pathogenesis by accumulating in the glomeru-
lar mesangium. Several studies showed that glomeru-
lar IgG deposition in IgAN is an important cause of
mesangial inflammation, which causes proliferation
of the mesangial cells and glomerular damage. Some
studies stated that IgG accumulation rather than IgA
accumulation in mesangium was associated with poor
renal outcome [1, 4, 5]. Animal models showed that
the increased level of glomerular IgG accumulation is
linked to the increased level of proteinuria [6]. There-
fore, renal immunofluorescence microscopy (IFM)
could also provide clinical or prognostic informa-
tion. IFM fails to show IgG in up to 50-80% of kidney
biopsies [1]; however, using more powerful methods,
e.g. confocal microscopy, could help show glomeru-
lar IgG deposits. Thus, albeit not intensely stained or
not detected with IFM, glomerular IgG may be associ-
ated with poor renal outcomes, such as severe staining
cases.

The aim of this study is to determine whether IgG
positivity and intensity of IgG staining detected by rou-
tine immunofluorescence microscopy (IFM) is associ-
ated with poor renal prognostic criteria.

Methods

Study design and subjects

This study is a retrospective, multicentre, cross-sectional
study between May 2009—May 2019. The data of patients
who underwent native kidney biopsy and diagnosed
with ‘primary glomerular disease’ extracted from the
‘Primary Glomerulonephritis Registry of Turkish Soci-
ety of Nephrology’ database by TSN-GOLD Working
Group. Between 2009 and 2019, a total of 4399 patients
from 47 nephrology centres all over Turkey were evalu-
ated. Patients aged 16years or more with documented
biopsy findings were included in the study. After exclud-
ing patients with missing kidney biopsy findings, the data
of 3875 patients were evaluated. Among 3875 patients,
a total of 943 patients had primary IgAN. The present
study was approved by the Ethical Committee of the
Istanbul Medical Faculty of Istanbul University.

Renal histopathology

The specimens were evaluated by the procedure under
light microscopy and IFM. Light microscopic examina-
tion was carried out with paraffin-hidden tissue under
hematoxylin-eosin, periodic acid-Schiff, aldehyde fuchsin
orange G, and periodic acid-silver methenamine stains.
Snap-frozen 3-um-thick sections were used for routine
IFM. Snap-frozen 3-pm-thick sections were encountered
with IgG antibodies beforehand. The semiquantitative
force of IgG deposits in the mesangium, or glomerular
capillary loops were evaluated by IFM in order to detect
the presence of glomerular IgG. The deficiency of depos-
its in the mesangium or glomerular capillary loops were
considered IgG negative. The presence of deposits in the
mesangium or glomerular capillary loops were consid-
ered IgG positive. The IgG accumulation was scored as
mild [IgG (+)], moderate [IgG (++)] and severe [IgG
(+++H)].

The total number of glomeruli, global sclerotic glo-
meruli, and segmental sclerotic crescentic glomeruli
were evaluated in the renal biopsies’ materials. In addi-
tion, thickening of the basal membrane, mesangial pro-
liferation, endocapillary proliferation and interstitial
inflammation was evaluated. In addition, histopathologic
findings such as mesangial hypercellularity, endocapillary
hypercellularity, segmental sclerosis, tubular atrophy/
interstitial fibrosis belonging in the Oxford classifica-
tion were also evaluated. The mesangial cellularity was
scored as 0 (<4 mesangial cells/mesangial area), 1 (4-5
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cells), 2 (6—7 cells), and 3 (>8 cells) for each glomeru-
lus. The mean score of all glomeruli was classified as
MO (<0.5) and M1 (>0.5). Endocapillary hypercellular-
ity was categorised as either present (E1) or absent (EO).
Similarly, segmental glomerulosclerosis was classified as
either present (S1) or absent (S0). Tubular atrophy/inter-
stitial fibrosis was classified as TO (0-25% of the cortical
area), T1 (26-50% of the cortical area), or T2 (>50% of
the cortical area) [7]. Interstitial fibrosis was defined as
an increased extracellular matrix separating tubules in
the cortical area. It is scored as percentage involvement,
where <1% was denoted as the absence of interstitial
fibrosis (stage FO0), with 1-5% rounded to 5% (stage F1,
moderate interstitial fibrosis) and other values rounded
to the nearest 10% (stage F2, severe interstitial fibrosis)

(8].

Data collection

Age, gender, BMI, blood pressure and laboratory param-
eters including complete blood count, lipid profile, renal
function tests, albumin, total protein, glucose, uric acid,
calcium, alanine aminotransferase (ALT), complement
3 (C3), and complement 4 (C4) levels, 24-h proteinuria
were collected and evaluated. Statistical differences of
these parameters were evaluated between glomerular
IgG negative and positive patients. These parameters
were also evaluated in the subgroup analysis performed
in IgG positive patients. The correlation between the
intensity of glomerular IgG positive staining and age,
urea, creatinine, eGFR, uric acid, albumin, urinary pro-
teinuria, systolic blood pressure, diastolic blood pressure
was evaluated.

The average of at least 2 systolic and diastolic blood
pressure measurements was used. 24-h urine was col-
lected to determine 24-h protein excretion. It was per-
formed twice, and the average was calculated. eGFR was
calculated by CKD-EPI formula [Chronic Kidney Disease
Epidemiology Collaboration)=141 X min (Scr/x,1)a X
max (Scr/k,1)-1.209 X 0.993age x 1.018 [female] X 1.159
[black]) [9]. Low-density lipoprotein cholesterol (LDL-C)
level was assessed with Friedewald formula, which can be
formulated as LDL=TC — (HDL) — (TG / 5) [10].

Statistical analysis

Statistical analyses were performed using Statistical Pack-
age for the Social Sciences (SPSS 22) software. Numerical
variables that exhibited normal distribution were given
as mean =+ standard deviation; the categorical variables as
frequency and percentage. In the comparative analysis of
demographic, laboratory and histopathological charac-
teristics between IgG positive staining patients and IgG
negative staining patients (Tables 1 and 3), independent
groups were performed using the t-test for parameters
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with normal distribution and the Chi-square test was
used in the comparisons between categorical variables.
ANOVA test was used to compare three groups accord-
ing to the IgG staining intensity (Tables 2 and 4). For all
statistical analyses, p-value <0.05 was considered to be
statistically significant.

Results

81% (n="764) of the patients were detected as IgG nega-
tive, while 19% (n=179) were positive with [FM. How-
ever, subgroup analysis of glomerular IgG positive
patients under IFM showed as follows: IgG (+) n=131,
IgG (++) n=36, IgG (+-++) n=12.

Basic demographic and biochemical analyses of IgG
negative and positive patients during the biopsy

63.7% of glomerular IgG positive patients and 62.7%
of IgG negative patients were male (p>0.05). While the
mean eGFR of glomerular IgG positive patients was
69.74+37.9, it was 66.5+36.8ml/min/1.73m? for IgG
negative patients (p>0.05). The mean value of 24-h uri-
nary proteinuria was 3.20+0.48g for glomerular IgG
positive patients, whereas it was 3.24+£0.45g for IgG
negative patients (p >0.05).

Demographic and biochemical findings of glomerular
IgG positive and negative patients during the biopsy were
shown in Table 1.

Intensity of glomerular IgG positivity was not associ-
ated with diastolic blood pressure, systolic blood pres-
sure, urea, uric acid, age, eGFR, albumin, creatinine,
24-h urinary proteinuria or low serum C3 and C4 (for all
p>0.05, r=—0.084, r=—-0.102, r=—0.006, r=0.062,
r=0.014, r=—0.044, r=—-0.061, r=—0.066, r=0.150,
r=—0.103, r=0.012, respectively).

Basic demographic and biochemical analyses according

to the intensity of glomerular IgG staining

Basic demographic and biochemical analyses of the glo-
merular IgG positive patients were shown in Table 2.
There was no statistically significant difference between
the groups in terms of the number of male patients, sys-
tolic blood pressure, diastolic blood pressure, BMI, uric
acid, BUN, Creatinine, albumin, 24-h proteinuria or age.

Histopathologic findings of IgG negative and positive
patients during the biopsy

Although endocapillary hypercellularity was signifi-
cantly higher in patients with glomerular IgG positive
compared to IgG negatives, there was no statistical dif-
ference (p>0.05). T1 score of glomerular IgG nega-
tive patients was significantly higher compared to IgG
positive patients (p <0.05). Histopathologic findings and
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Table 1 Basic demographic and biochemical findings of IgG positive and IgG negative patients
IgG positive patients IgG negative patients P
(n:179) (n: 764)

Age (years) 385+13.1 384+128 NS
Gender (male) 63.7% 62.7% NS
BMI (kg/m?) 264451 267 £5.1 NS
SBP (mmHg) 130£22 130£20 NS
DBP (mmHg) 82413 81+12 NS
FBG (mg/dI) 97+29 95423 NS
BUN (mg/dl) 26422 24417 NS
Creatinine (mg/dl) 1514136 156+1.25 NS
eGFR (ml/min/1.73m?) 69.7+£37.9 66.5+36.8 NS
Proteinuria (g/day) 3204048 3244045 NS
Albumin (g/dl) 39406 38407 NS
Uric acid (mg/dI) 66+19 66420 NS
Total protein (g/dl) 76+09 76+09 NS
Total cholesterol (mg/dl) 206449 215462 NS
LDL (mg/dl) 129441 133450 NS
HDL (mg/dl) 4617 46+16 NS
Triglycerides (mg/dl)* 163£99 187£123 <0.05
Hemoglobin (g/dl) 13£2 1342 NS
Pyuria (leukocyte > 5) 17.7% 20.6% NS
Haematuria (erythrocyte > 5) 70% 72% NS
C3low 6.6% 8.4% NS
C4 low 0.9% 0.9% NS

Abbreviations: BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, FBG fasting blood glucose, BUN Blood urea nitrogen, eGFR estimated
glomerular filtration rate, LDL Low density lipoprotein, HDL High density lipoprotein, C Complement

Table 2 Basic demographic and biochemical analyses of IgG
positive patient subgroup

19G (+) I9G (++) 19G(+++) p

(n:131) (n: 36) (n:12)
Age (years) 382+128 403+£150 365+£112 NS
Gender (male) 63.4% 63.9% 66.7% NS
BMI (kg/mz) 264+51 261+46 275£104 NS
SBP (mmHg) 131+£23 128+£22 119+£15 NS
DBP (mmHg) 83412 80+ 14 81413 NS
FBG(mg/dl) 99+£31 93+£22 90+£21 NS
BUN (mg/dl) 26423 26+20 24412 NS
Creatinine (mg/dl) 156+153 1394069 1:32+£034 NS

eGFR (ml/min/1.73m?)
Proteinuria (g/day)

7044390 6964387 61.6+16.7 NS
3164+050 3.27+£038 337£048 NS

Albumin (g/dl) 39+£05 39+£09 3.6+07 NS
Uric acid (mg/dI) 66+20 76+£18 71+£15 NS
C3low 7.5% 8% 10% NS
C4 low 5.5% 5.2% 6% NS
Haematuria (erythro- 69.7% 75% 87.5% NS

cytes>5)

Abbreviations: BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic
blood pressure, FBG fasting blood glucose, BUN Blood urea nitrogen, eGFR
estimated glomerular filtration rate, C Complement

statistically significant differences between glomerular
IgG positive and negative patients were shown in Table 3.

Histopathologic findings according to the intensity

of glomerular IgG staining during the biopsy

There was no difference for histopathological findings
between IgG (+), IgG (++), IgG (+++) groups (for all,
p>0.05). Histopathologic findings of the glomerular IgG
positive patients’ and their comparative analyses were
shown in Table 4.

Discussion
Several studies described the relationship between glo-
merular IgG staining and poor prognostic markers in
patients with IgA nephropathy. The difference between
our study from these studies is that this study is a multi-
centre study with a large number of patients. To the best
of our knowledge, our study is the first study that the
intensity of glomerular IgG staining in IgAN patients was
not related to poor prognostic factors and emphasises the
importance of IgG positivity, as well as IgG negativity in
IgAN patients.

In this retrospective study performed by the TSN-
GOLD Working Group, no difference was found between
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Table 3 Histopathologic findings of IgG positive and IgG negative patients

1gG positive patients (n: 179) IgG negative patients P
(n: 764)

Total glomerulus number 18+£10 17£10 NS
Global sclerotic glomerulus number 444 444 NS
Segmental sclerotic glomerulus number 243 1£2 NS
Cellular crescent number 0+1 01 NS
Fibrocellular crescent number 01 0£2 NS
Basal membrane thickening 22.9% 20.9% NS
Mesangial proliferation 86.2% 86.4% NS
Endocapillary proliferation 24.2% 18.3% NS
Interstitial inflammation 72.0% 74.7% NS
Tubular atrophy/interstitial fibrosis

TO 58.5% 41.3% <0.05

T 35.3% 44.7% <0.05

T2 6.2% 1% NS
IgA staining

(+) 5.6% 5.9% NS

(++) 27.5% 33.5% NS

(+++) 68.6% 60.5% NS
Mesangial hypercellularity

Mo 23.5% 22.2% NS

M1 76.5% 78.8% NS
Endocapillary hypercellularity

EO 66.4% 78.7% NS

E1 33.6% 21.3% NS
Segmental glomerulosclerosis

SO 44.9% 39.5% NS

S1 55.1% 60.5% NS

glomerular IgG negative and IgG positive IgAN patients
for Oxford scores, biochemical, histopathological find-
ings. In addition, no association between the intensity of
glomerular IgG staining and poor renal prognostic fac-
tors such as 24-h urinary proteinuria, eGFR, creatinine,
albumin, age, uric acid, systolic and diastolic blood pres-
sures were found. Although the presence of glomerular
in situ IgG/Gd-IgAl immunocomplexes was shown in
IgAN [11, 12], some experts suggest that routine IFM
may be unsuccessful in detecting actually existing glo-
merular IgG [13, 14]. There is some evidence that both
deposition of IgG in glomerular mesangial space and in
glomerular capillary loops are associated with poor prog-
nostic factors. Although it has been reported that IgG
accumulation in both mesangium and capillary loops is
not different for poor renal prognostic factor [14], some
studies have reported that IgG accumulation in capil-
lary loops is highly related to poor renal prognosis than
mesangial IgG accumulation [5]. As a result, glomerular
IgG deposits in IgAN, independent from the location,
may be associated with poor renal prognosis. In our

study, we considered IgG positive if the presence of IgG
deposits in the mesangium or glomerular capillary loops
were positive. We did not find any difference between
poor renal prognostic factors of patients with IgG nega-
tive and IgG positive. Moreover, we could not find a
relationship between the intensity of the IgG positivity
and poor renal prognostic factors in patients with IgG
positive.

Galactose deficient IgAl is formed in the circulation
due to O-glycosylation abnormality in the hinge region
of IgAls in patients with IgAN. Lymphocytes produce
IgG against abnormal IgAl. IgG/Gd-IgAl in situ immu-
nocomplexes are formed, and these complexes accu-
mulate in the mesangial or glomerular capillary loops
in the glomeruli [15, 16]. It is known that these in situ
immunocomplexes are locally activating alternative and
mannose-binding lectin pathways of the complement in
IgAN [17]. IgG/Gd-IgAl in situ immune complexes are
cause the formation of the C4bC2a classical pathway by
Cl1 fixation. As a result, C3 is converting to C3a and C3b.
Activation of complements is causing the formation of
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Table 4 Histopathologic results of IgG positive patient subgroup
19G (+) 19G (++) 19G (+++) p

Total glomerulus number 18+10 18412 22+10 NS
Global sclerotic glomerulus number 4+4 4+£5 543 NS
Segmental sclerotic glomerulus number 243 243 242 NS
Cellular crescent number 1£2 1£2 2+4 NS
Basal membrane thickening 25.8% 17.6% 25.0% NS
Mesangial proliferation 86.7% 82.8% 91.6% NS
Endocapillary proliferation 22.8% 24.1% 42.8% NS
Interstitial inflammation 71.3% 71.4% 81.8% NS
Tubular atrophy/interstitial fibrosis

TO 62.5% 52.8% 50.0% NS

T 30.5% 42.8% 333% NS

T2 7% 4.9% 66.7% NS
IgA staining

(+) 6.1% 0% 19.1% NS

(++) 28.7% 27.7% 9.2% NS

(+++) 65.2% 62.3% 72.7% NS
Mesangial hypercellularity

Mo 26.7% 14.2% 16.6% NS

M1 73% 85.8% %83.4% NS
Endocapillary hypercellularity

EO 66.1 714 50.0% NS

E1 33.9% 28.6% 50.0% NS
Segmental glomerulosclerosis

SO %45.0% 380 66.6 NS

S1 955.0% 62.0 334 NS

C3 convertase in the mesangium. C3 convertase cause C3
fragment and fragmented products of C3 [6].

According to this theory, C3 deposits in the mesan-
gium causes severe histological lesions such as glomeru-
losclerosis or crescent formation. Moreover, the presence
of IgG in the mesangial cells causes mesangiolysis and
mesangial cellular activation in IgAN [18]. Shin et al
observed in their study that there was a positive corre-
lation between IgG and C3 deposition, and glomeru-
lar IgG was associated with tubulointerstitial fibrosis in
IgAN [4]. In our study, there was no correlation between
glomerular IgG and glomerular C3 deposition. Chen
et al. informed that low serum C3 levels were associated
with poor prognostic factors in IgAN [15]. In our study,
there was no correlation between low serum C3 levels
and glomerular IgG positivity. Also, there was no differ-
ence in serum C3 level between IgG positive and negative
patients.

IgA positivity alone is observed at a rate of approxi-
mately 25% by IFM in patients with IgAN [19]. On the
other hand, IgG positivity has been occurred at a rate
of 10-80% in IgAN [20]. IgG positivity in IgAN could
aggravate glomerular inflammation and proteinuria [6].

It was reported in a Japanese cohort study that deposi-
tion of IgG in the capillary loops were increased pro-
teinuria and associated with decreased renal functions
[21]. In another study, it was reported that mesangial
IgG deposition is associated with hypertension and
decreased renal functions in IgAN patients [22]. A
Korean study emphasised that the presence of glomer-
ular IgG in IgAN patients is an independent risk fac-
tor for a poor renal outcome [4]. In a Japanese cohort
study was reported that the intensity of IgG in the cap-
illary loops was associated with a decrease in eGFR
[23]. Likewise, IgG deposition in the mesangium and
the capillary loops were associated with mortality and
risk of renal replacement therapy in an Italian study
[24]. However, in our study, there was no difference
between IgG negative and IgG positive patients regard-
ing poor prognostic criteria such as the amount of pro-
teinuria, blood pressures, serum creatinine and eGFR
levels. Moreover, no correlation was found between
the intensity of IgG staining and the amount of pro-
teinuria, serum creatinine, eGFR, or blood pressures. It
is known that there is an association between Oxford
classification and clinical renal outcome in IgAN [8].
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However, glomerular IgG positivity was not evaluated
in the Oxford classification. There are several studies
in IgAN showing the relationship between IgG positiv-
ity detected by IFM and histological severity. Although
Bellur et al. had shown the relationship between glo-
merular IgG positivity and endocapillary proliferation
as well as mesangial cellularity, they could not find an
association between IgG positivity and worse renal
outcome [14]. In our study, there was no difference
in Oxford scores of IgG positivity patients compared
to IgG negative patients. In addition, as the intensity
of IgG positivity increased, there was no difference in
Oxford scores.

Rizk et al. examined kidney biopsies of IgG negative
and positive in IgAN patients. They examined a total of
34 IgAN patients who were 14 IgG positive and 24 IgG
negative with IFM. They included 6 primary membranous
nephropathy and 8 lupus nephritis patients in their study
as a control group [1]. IgG’s were extracted from the renal
biopsy materials of all the patients, and they observed the
number of IgG’s by ELISA. Confocal microscopy was
used in six IgG positives and four IgG negative patients
under IFM. Rizk et al. determined that the IgG autoan-
tibodies in the kidney biopsy immunodeposits which
were detected by both ELISA and IgG-IgA1l antigen were
specific for Gd-IgAl. Even IgG negative by IFM, these
autoantibodies were obtained when using either ELISA
or IgG-IgAl antigen by Rizk et al. In IgG negative biopsy
samples, which were detected by using routine IFM, Rizk
et al. demonstrated glomerular colocalisation of IgG and
IgA using by confocal microscopy. These suggest that IgG
positive biopsy samples have more Gd-IgA1-IgG immu-
nocomplexes compared to IgG negatives.

Renal immune deposits in IgAN may be rich in IgG
autoantibodies which are specific for Gd-IgAl, even if
IgG’s are not detected by routine IFM in IgAN kidney-
biopsy specimens [1]. For these reasons, we may not have
found a difference of poor renal prognostic risk factors
between IgG negative and IgG positive patients in our
study. Additionally, in our study, this may be one of the
reasons why IgG positivity was not associated with poor
renal prognostic risk factors. Even if IgG detected by rou-
tine IFM in IgAN glomeruli is mild, IgG may actually be
severely positive.

Limitations

There are some limitations in our study: First, we didn’t
have follow-up data; therefore, we could not evaluate
the association of IgG deposition with renal outcomes.
Second, biopsy specimens were evaluated by different
pathologists in each centre. Finally, IgG evaluation was
not performed using confocal microscopy.

Page 7 of 8

Conclusions

Glomerular IgG positivity detected by routine IFM in
IgAN is not found to be associated with poor renal prog-
nostic markers. Glomerular IgG negative and IgG posi-
tivity detected by routine IFM in IgAN patients is not
associated with poor renal prognostic risk factors. There-
fore, IgG evaluated by routine IFM might not be suitable
for existing IgG severity detection.
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