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ABSTRACT 
Objectives: To determine the relationship between immunofluorescence microscopy findings and progression 
markers at the time of diagnosis in immunoglobulin A (IgA) nephropathy.  
Methods: Fifty-two patients with pathological diagnosis of primary IgA nephropathy by showing mesangial 
and mesangiocapillary IgA-dominant immune deposits in immunofluorescence microscopy were included in 
the study. At the time of biopsy, biochemical and hematological data, Oxford MEST score and immunofluo-
rescent staining findings were recorded. The serum IgA/C3 ratio was calculated. The immunofluorescence re-
sults of the total group were compared with the markers of progression at the time of diagnosis, estimated 
glomerular filtration rate (eGFR), hematuria, proteinuria, creatinine, and serum IgA/C3 ratio.  
Results: The mean age of the study group was 39.9±12.3 years and 55.8% were male. eGFR, albumin, hemo-
globin, IgM were significantly lower, and uric acid and hematuria were significantly higher in those with pro-
teinuria above 1 g compared to those with low proteinuria. A positive correlation was found between IgA, C3 
and lambda staining and hematuria. There was a positive correlation between C3 staining and creatinine, and 
a positive correlation with hematuria. A correlation was found between Kappa staining and eGFR.  
Conclusions: Correlation was found between IgA, C3 and lambda staining and hematuria at the time of diag-
nosis in IgA nephropathy.  
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Immunoglobulin (IgA) nephropathy is the most 
common primary glomerular disease worldwide, 

but its geographic distribution varies greatly [1]. In ad-
dition to mild cases with abnormal urine findings, it 
shows a wide clinical spectrum in the form of rapidly 
progressive renal failure [2-4]. In a period of 20-30 
years, end-stage renal disease develops in one third of 
the cases [5].  
      The Oxford classification is very important, as the 
prognosis and choice of treatment depend on the in-

terpretation of the biopsy material. MEST score; M: 
mesangial hypercellularity (M0=<50%, M1=>50%), 
E: endocapillary hypercellularity (E0=absent, E1=pre-
sent), S: segmental glomerulosclerosis (S0=absent, 
S1=present), T: tubular atrophy /interstitial fibrosis 
(T0=<25%, T1=26-50%, T2=>50%). An increase in 
total score during biopsy was found to be associated 
with poor prognosis [6, 7].  
      The complement system is an important compo-
nent of innate and adaptive immunity and a comple-
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ment to antibody-triggered responses. Classical (C1), 
alternative (D, B, Properdin) and lectin (mannose-
binding)-stimulated [8, 9]. IgA nephropathy (IgAN) is 
thought to arise due to autoimmunity involving abnor-
mal activation of both alternative and mannose-bind-
ing lectin (MBL) pathways. MBL, an important 
protein in innate immunity, functions as a pattern 
recognition molecule to recognize carbohydrate pat-
terns of microorganisms and activate complement via 
the lectin pathway.  
      After multiple adjustments, MBL deficiency IgAN 
was independently associated with poor outcomes 
[10]. Both local glomerular and systemic complement 
activation play a key role in the pathogenesis and clin-
ical presentation. Serum complement levels are indica-
tive of the degree of activation. The role of 
autoimmunity was emphasized in the most recent 4-
hit hypothesis study [11-19]. Both IgA and C3 play 
important roles in IgAN pathogenesis [20].  
      The pathogenesis of light chains in glomeru-
lopathies, where the main site of catabolism is kidney, 
is not clear. IgAN is characterized by increased plasma 
IgA1 levels and predominant mesangial polymeric 
IgA1 deposits. Increased binding of polymeric lambda 
IgA light chain to human mesangial cells may be re-
sponsible for disease immunity. Again, the production 
of IgA1 and IgA2 by mesangial cells may be a factor 
contributing to mesangial deposition [21].  
      It is still unclear whether the IF staining findings 
given alongside the Oxford classification have a pre-
dictive value [22]. IgA/C3 was expressed as a predic-
tive biomarker [20, 23]. We planned to investigate the 
relationship between IF staining and progression 
markers eGFR, proteinuria, hematuria, creatinine and 
serum IgA/C3.  
 
 
METHODS 
 
Fifty-two cases diagnosed as primary IgAN because 
of mesangial and mesangial-capillary dominant im-
munofluorescent IgA deposition in kidney biopsy per-
formed in our clinic between 2017 and 2020 were 
retrospectively included in the study. Those with sec-
ondary cause of IgAN were not included in the study.  
Demographic data such as age and gender at the time 
of biopsy, mean arterial pressure (MAP), urea, creati-
nine, estimated glomerular filtration rate (eGFR), al-

bumin, hemoglobin, cholesterol, uric acid, serum IgG, 
IgA, IgM, C3, C4, IgA/IgG and IgA/C3 ratios, hema-
turia (>5 erythrocyte/hpf), leukocyturia (>5wbc/hpf), 
24-hour urine proteinuria were recorded. eGFR was 
calculated with the CKD-EPI formula.  
      All kidney biopsies were evaluated by light and 
immunofluorescence (IF) microscopy. After the 
biopsy, the tissue, which quickly reaches the pathology 
unit in physiological saline, was frozen with snap-
frozen in liquid nitrogen for IF, and 4µ sections were 
made. Sections were stained for at least 2 slides for 
IgG, IgA, IgM, C3, C1q, kappa and lambda. Pathology 
reports included IF staining between 0-3(+) and Ox-
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ford-MEST scoring (pre-2017 scoring). M; Mesangial 
proliferation M0<50% or, M1>50%, E; Endocapillary 
hypercellularity E0=absent or E1=present, S; Segmen-
tal sclerosis S0=absent or S1=present, T; Tubular at-
rophy/interstitial fibrosis was evaluated as T0=0-25%, 
T1=26-50%, T2>50%. The other tissue piece was 
fixed with 10% formalin and 4µ sections were taken 
in paraffin blocks. Periodic acid Schiff was stained 
with hematoxylin eosin and trichrome. Results could 
not be given because C4d staining could not be per-
formed routinely in our hospital. Pathology samples 
were evaluated twice. The IF results of the total group 
were compared with the progression markers, eGFR, 
hematuria, proteinuria, creatinine and IgA/C3, at the 
time of diagnosis. According to the C3 and IgA storage 
density, the categorical data as 0, +, ++, +++ were con-
verted into numerical data as 0, 1, 2, and 3 positive. 
C3 storage was evaluated as<2+ and ≥2+.  
      The study was carried out with the permission of 
Clinical Research Ethics Committee of Ankara Train-
ing and Research Hospital (Date: 14.12.2022, Deci-
sion No: E-22-1145). Informed consent was obtained 
from all patients included in the study, which was con-
ducted in accordance with the principles of Helsinki.  
 
Statistical Analysis  
      Analyses were conducted using BM Statistical 
Package for the Social Sciences 22.0 version (IBM 
SPSS Corp.; Armonk, NY, USA). All data were first 
checked for normality of distribution using the Kol-
mogorov-Smirnov and Shapiro-Wilk test. Normally 
distributed data are presented as the mean±standard 
deviation and others were represented as the median 
and inter-quartile range. Pearson chi-square and 
Fisher’s exact test were used for categorical variables. 

Spearman correlation was used for correlation analy-
sis. Uni and multivariance regression analysis was 
used for factors affecting progression markers. P<0.05 
was accepted as the significant level. 
 
 
RESULTS 
 
Demographic and laboratory data of 52 cases in total 
are presented in Table 1. Of 55.8% the cases were 
males, and the mean age was 39.9±12.3 years. Hyper-
tension was seen in 8%, new onset diabetes mellitus 
in 3.8%., had no history of autoimmune disease.  
When we evaluated the total group according to the 
rate of proteinuria, which is the most important marker 
of progression, those with proteinuria of 1 gram or 
more (65.3% of 34 cases) compared to those with less 
than 1 gram, e-GFR (z=-2.616, P=0.009), albumin 
(z=-2.646, P=0.008), serum IgM (z=-2.440, P=0.018) 
and hemoglobin (z=-2.098, P=0.041) were signifi-
cantly lower, uric acid (t=2.037, P=0.047) and hema-
turia (z=-2.040, P=0.041) was found to be 
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significantly higher. There was no significant differ-
ence between mean arterial pressure, creatinine, he-
moglobin, cholesterol, serum IgA and IgG, 
leukocyturia, IgA/IgG, IgA/C3, age and gender. There 
was no difference in IF staining between the groups. 
In comparison of MEST score, T score was found to 
be significant in the group with proteinuria ≥1g (z=-
2.061, P=0.039) (Table 2).  
      The distribution of Oxford-MEST variables in the 
study group is given in Table 3, and the antibody den-
sity in the pathology samples is given in Table 4.  
Correlation analysis of IF staining at the time of diag-
nosis and laboratory data revealed that there was a sta-
tistically significant positive correlation between C3 
storage and creatinine in the total group (r=0.270, 
P=0.053). There was also a positive correlation be-
tween C3 storage and hematuria (r=0.329, P=0.017) 
and a positive correlation between IgA storage and 
hematuria (r=0.403, P=0.003). There was a positive 
correlation between lambda storage and hematuria 
(r=0.367, P=0.007), a negative correlation was found 
with creatinine (r=-0.283, P=0.042) and a positive cor-
relation was found between kappa storage and e-GFR 
(r=0.325, P=0.019) (see Table 5).  
      No correlation was found between MEST score 
and serum IgA/C3 and IF findings. In binary regres-
sion analysis, in which we evaluated the effects of IF 
staining parameters on progression markers, it was de-
termined that C3 storage had a borderline effect on 
creatinine. No significant effect was found between 
other IF staining parameters and progression markers 
(Table 6).  
 
 
DISCUSSION 
 
Diagnosis of IgA nephropathy is based on kidney 
biopsy in which immune deposits are shown in the 
glomerular mesangium in immunofluorescent mi-
croscopy [1]. Clinically, hematuria and proteinuria are 
important findings. Proteinuria was over 1 gram in 
65.3% of the study group. In this group, hematuria and 
uric acid level were found to be significantly higher 
than the group with proteinuria less than 1 gram, while 
eGFR and albumin levels were significantly lower. 
These findings are closely related to progression and 
clinical outcome [2-5].  
      Since the prognosis and choice of treatment de-
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pend on the interpretation of the biopsy material, the 
Oxford classification, which expresses the morpholog-
ical findings in light microscopic examination, is im-
portant [20]. According to data from previous studies, 
the degree of renal failure, morphological variants of 
the Oxford classification, and the degree of proteinuria 
were potential predictors of progression. In the study 
of Nasri et al. [24], there was no relationship between 
IgA, IgG, IgM and C3 immune stores, proteinuria and 
age. In this study, no relationship was found between 
IF findings and proteinuria and age. Again, the rela-
tionship between IgA deposition and MEST score with 
E and S, and IgM deposition with S was not found in 
our study. It was not found in our study, as was the 
case in the study, which showed that IgG deposition 
was not associated with the MEST score. We could not 
find the relationship between IgA and C3 deposition 
and E in our study. The relationship between C3 de-
posits and serum creatinine was found to be borderline 
correlation in our study. Although no relationship was 
found between IF and MEST score, the relationship 
between C3 storage and creatinine, one of the progres-
sion markers, shows the increasing importance of C3 
storage [24, 28].  
      There may be other factors that can predict the 
progression and outcome of IgA nephropathy. It was 
presented that mesangial C3 deposition is an inde-
pendent risk factor in progression and its role in the 
pathogenesis of complement activation [16, 21]. In re-
cent studies, IgA/C3 ratio was also presented as pre-
dictive [17, 22, 23]. In our study, in which we 
investigated the relationship between IF staining in-
tensity and progression markers in the light of these 
literatures, a positive correlation was found between 
C3 deposition and creatinine and hematuria immuno-
histologically. In the study by Nasri et al. [24], it was 

stated that the presence of C3 storage reached the end-
point more rapidly. In the study of Lang et al. [17], it 
was stated that serum IgA/C3 and glomerular C3 dep-
osition may be useful markers of IgA nephropathy 
progression. In our study, a positive correlation was 
found between kappa deposition and e-GFR in the 
total group. Again, a positive correlation was found 
between IgA, C3 and lambda staining and hematuria. 
The correlation between IF staining and hematuria in 
the total group may reflect the fact that hematuria re-
ported in epidemiological studies is a risk factor for 
proteinuria and that the level of hematuria is an inde-
pendent indicator of progression to chronic kidney 
damage [21, 22, 25-27]. Initially, microscopic hema-
turia was associated with an 87% increase in the risk 
of end-stage renal disease, while macroscopic hema-
turia was associated with a 32% reduction [27].  
      The correlation between C3 storage and creatinine 
at the time of diagnosis appears to be compatible with 
the predictive value of C3 storage. The effect of C3 
storage and creatinine in the regression analysis also 
supports this. [13, 28]. The positive correlation be-
tween IgA, C3, and lambda deposition and hematuria 
seem to contribute positively to the progression mark-
ers at the time of diagnosis in IgAN.  
 
Limitations  
The limitations of our study are that it is retrospective, 
single-center and the study group is small. Other lim-
itations are the MEST score before 2017 and the in-
ability to perform C4d staining in our pathology unit. 
 
 
CONCLUSION 
 
In order for IF staining to be used in IgA nephropathy, 
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the definition and reproducibility of immunofluores-
cence should be clarified. Does immunostaining have 
an independent prognostic value? Not known. The 
limited correlation between C3 storage and creatinine 
and the positive correlation between IgA, C3 and 
lambda storage and hematuria suggest that micro-
scopic hematuria should be given importance in fol-
low-ups in addition to proteinuria. More comprehensive 
studies are needed to elucidate the subject. 
 
Ethics Committee Approval 
      The study was carried out with the permission of 
Clinical Research Ethics Committee of Ankara Train-
ing and Research Hospital (Date: 14.12.2022, Deci-
sion No: E-22-1145).  
 
Authors’ Contribution  
      Study Conception: SKŞ; Study Design: SKŞ, RB; 
Supervision: SKŞ, RB; Funding: SKŞ; Materials: 
SKŞ; Data Collection and/or Processing: SKŞ, RB; 
Statistical Analysis and/or Data Interpretation: SKŞ, 
RB; Literature Review: SKŞ, RB; Manuscript Prepa-
ration: SKŞ and Critical Review: SKŞ, RB. 
 
Conflict of interest  
      The authors disclosed no conflict of interest during 
the preparation or publication of this manuscript.  
 
Financing  
      The authors disclosed that they did not receive any 
grant during conduction or writing of this study. 
 
 
REFERENCES 
 
1. McGrogan A, Franssen CF, de Vries CS. The incidence of pri-
mary glomerulonephritis worldwide: a systematic review of the 
literatüre. Nephrol Dial Transplant. 2011 Feb;26(2):414-430. doi: 
10.1093/ndt/gfq665.  
2. Suzuki H, Kiryluk K, Novak J, et al. The pathophysiology of 
IgA nephropathy. J Am Soc Nephrol. 2011 Oct; 22(10):1795-
1803. doi: 10.1681/ASN.2011050464. 
3. Fabiano RC, Pinheiro SV, Simões E Silva AC. Immunoglobu-
lin A nephropathy: a pathophysiology view. Inflamm Res. 2016 
Oct;65(10):757-770. doi: 10.1007/s00011-016-0962-x.  
4. Rodrigues JC, Haas M, Reich HN. IgA Nephropathy. Clin J 
Am Soc Nephrol. 2017 Apr 3;12(4):677-686. doi: 
10.2215/CJN.07420716. 
5. Gutiérrez E, Carvaca-Fontán F, Luzardo L, Morales E, Alonso 
M, Praga M. A personalized update on IgA nephropathy: a new 

vision and new future challenges. Nephron. 2020;144(11):555-
571. doi: 10.1159/000509997. 
6. Roberts IS. Pathology of IgA nephropathy. Nat Rev Nephrol. 
2014 Aug;10(8):445-454. doi: 10.1038/nrneph.2014.92. 
7. Trimarchi H, Barratt J, Cattran DC, et al; IgAN Classification 
Working Group of the International IgA Nephropathy Network 
and the Renal Pathology Society; Conference Participants. Ox-
ford Classification of IgA nephropathy 2016: an update from the 
IgA Nephropathy Classification Working Group. Kidney Int. 
2017 May;91(5):1014-1021. doi: 10.1016/j.kint.2017.02.003. 
8. Wallis R, Mitchell DA, Schmid R, Schwaeble WJ, Keeble AH. 
Paths reunited: Initiation of the classical and lectin pathways of 
complement activation. Immunobiology. 2010;215(1):1-11. doi: 
10.1016/j.imbio.2009.08.006. 
9. Schatz-Jakobsen JA, Pedersen DV, Andersen GR. Structural 
insight into proteolytic activation and regulation of the comple-
ment system. Immunol Rev. 2016 Nov;274(1):59-73. doi: 
10.1111/imr.12465. 
10. Guo WY, Zhu L, Meng SJ, et al. Mannose-binding lectin lev-
els could predict prognosis in IgA nephropathy. J Am Soc 
Nephrol. 2017 Nov;28(11):3175-3181. doi: 10.1681/ASN.2017010076. 
11. Kim SJ, Koo HM, Lim BJ, et al. Decreased circulating C3 
levels and mesangial C3 deposition predict renal outcome in pa-
tients with IgA nephropathy. PLoS One. 2012;7(7):e40495. doi: 
10.1371/journal.pone.0040495.  
12. Tortajada A, Gutiérrez E, Goicoechea de Jorge E, et al. Ele-
vated factor H-related protein 1 and factor H pathogenic variants 
decrease complement regulation in IgA nephropathy. Kidney Int. 
2017 Oct;92(4):953-963. doi: 10.1016/j.kint.2017.03.041. 
13. Pan M, Zhang J, Li Z, et al. Increased C4 and decreased C3 
levels are associated with a poor prognosis in patients with im-
munoglobulin A nephropathy: a retrospective study. BMC 
Nephrol. 2017 Jul 11;18(1):231. doi: 10.1186/s12882-017-0658-7. 
14. Gong WY, Liu M, Luo D, et al. High serum IgA/C3 ratio bet-
ter predicts a diagnosis of IgA nephropathy among primary 
glomerular nephropathy patients with proteinuria≤1g/d: an ob-
servational cross-sectional study. BMC Nephrol. 2019 Apr 
30;20(1):150. doi: 10.1186/s12882-019-1331-0. 
15. Nam KH, Joo YS, Lee C, et al; Korean GlomeruloNEphritis 
sTudy (KoGNET) Group. Predictive value of mesangial C3 and 
C4d deposition in IgA nephropathy. Clin Immunol. 2020 
Feb;211:108331. doi: 10.1016/j.clim.2019.108331. 
16. Wu D, Li X, Yao X, et al. Mesangial C3 deposition and serum 
C3 levels predict renal outcome in IgA nephropathy. Clin Exp 
Nephrol. 2021 Jun;25(6):641-651. doi: 10.1007/s10157-021-
02034-7. 
17. Lang Y, Song S, Zhao L, et al. Serum IgA/C3 ratio and 
glomerular C3 staining predict progression of IgA nephropathy 
in children. Transl Pediatr. 2021 Mar;10(3):666-672. doi: 
10.21037/tp-21-90. 
18. Selvaskandan H, Shi S, Twaij S, Cheung CK, Barratt J. Mon-
itoring immune responses in IgA nephropathy: biomarkers to 
guide management. Front Immunol. 2020 Oct 6;11:572754. doi: 
10.3389/fimmu.2020.572754. 
19. Lai KN, Tang SC, Schena FP, et al. IgA nephropathy. Nat Rev 
Dis Primers. 2016 Feb 11;2:16001. doi: 10.1038/nrdp.2016.1. 
20. Park S, Kim HW, Park JT, et al. Relationship between com-

The European Research Journal   Volume 10   Issue 2   March 2024               193

https://doi.org/10.1093/ndt/gfq665
https://doi.org/10.1681/asn.2011050464
https://doi.org/10.2215/cjn.07420716
https://doi.org/10.1159/000509997
https://doi.org/10.1038/nrneph.2014.92
https://doi.org/10.1016/j.kint.2017.02.003
https://doi.org/10.1016/j.imbio.2009.08.006
https://doi.org/10.1111/imr.12465
https://doi.org/10.1681/asn.2017010076
https://doi.org/10.1371/journal.pone.0040495
https://doi.org/10.1016/j.kint.2017.03.041
https://doi.org/10.1186/s12882-017-0658-7
https://doi.org/10.1186/s12882-019-1331-0
https://doi.org/10.1016/j.clim.2019.108331
https://doi.org/10.1007/s10157-021-02034-7
https://doi.org/10.1007/s10157-021-02034-7
https://doi.org/10.21037/tp-21-90
https://doi.org/10.3389/fimmu.2020.572754
https://doi.org/10.1038/nrdp.2016.1


Eur Res J. 2024;10(2):187-194 IgA nephropathy and progression markers

plement deposition and the Oxford classification score and their 
combined effects on renal outcome in immunoglobulin A 
nephropathy. Nephrol Dial Transplant. 2020 Dec 4;35(12):2103-
2137. doi: 10.1093/ndt/gfz161. 
21. Deng H, Ma J, Jing Z, et al. Expression of immunoglobulin 
A in human mesangial cells and its effects on cell apoptosis and 
adhesion. Mol Med Rep. 2018 Apr;17(4):5272-5282. doi: 
10.3892/mmr.2018.8544. 
22. Stefan G, Stancu S, Boitan B, Zugravu A, Petre N, Mircescu 
G. Is there a role for IgA/C3 ratio in IgA nephropathy prognosis? 
An outcome analysis on an European population. Iran J Kidney 
Dis. 2020 Dec;14(6):470-477. 
23. Karahisar Şirali S, Büberci R. Correlation between IgAC3 
ratio and oxford score in IgA nephropathy. Clin Exp Nephrol. 
2022 Oct;26(10):982-987. doi: 10.1007/s10157-022-02244-7.  
24. Nasri H, Sajjadieh S, Mardani S, et al A. Correlation of im-
munostaining findings with demographic data and variables of 

Oxford classification in IgA nephropathy. J Nephropathol. 2013 
Jul;2(3):190-195. doi: 10.12860/JNP.2013.30. 
25. Yamagata K, Ishida K, Sairenchi T, et al. Risk factors for 
chronic kidney disease in a community-based population: a 10-
year follow-up study. Kidney Int. 2007 Jan;71(2):159-166. doi: 
10.1038/sj.ki.5002017.  
26. Yu GZ, Guo L, Dong JF, et al. Persistent hematuria and kid-
ney disease progression in IgA nephropathy: a cohort study. Am 
J Kidney Dis. 2020 Jul;76(1):90-99. doi: 10.1053/j.ajkd.2019.11.008.  
27. He P, Wang H, Huang C, He L. Hematuria was a high risk 
for renal progression and ESRD in immunoglobulin a nephropa-
thy: a systematic review and meta-analysis. Ren Fail. 2021 
Dec;43(1):488-499. doi: 10.1080/0886022X.2021.1879852.  
28. Nam KH, Joo YS, Lee C, et al; Korean GlomeruloNEphritis 
sTudy (KoGNET) Group. Predictive value of mesangial C3 and 
C4d deposition in IgA nephropathy. Clin Immunol. 2020 
Feb;211:108331. doi: 10.1016/j.clim.2019.108331.

194      The European Research Journal   Volume 10   Issue 2   March 2024

https://doi.org/10.1093/ndt/gfz161
https://doi.org/10.3892/mmr.2018.8544
https://doi.org/10.1007/s10157-022-02244-7
https://doi.org/10.12860/jnp.2013.30
https://doi.org/10.1038/sj.ki.5002017
https://doi.org/10.1053/j.ajkd.2019.11.008
https://doi.org/10.1080/0886022x.2021.1879852
https://doi.org/10.1016/j.clim.2019.108331

