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Introduction: IgA nephropathy (IgAN) regarded as the main type of primary glomerulonephritis globally. It has a 
diverse clinical course and unpredictable prognosis. Traditionally, clinical and pathological features are conducted 
to prognosticate the outcome of the disease. Recently, attention has been directed towards other indices that 
may have prognostic implications for IgAN progression. The Ki-67 index have been extensively detected as a 
proliferation marker of malignant cells for several years.
Objectives: In this study, we aimed to determine the prognostic impact of Ki-67 expression in IgAN biopsies.
Patients and Methods: This cross-sectional study was conducted on 18 biopsy-proven IgAN patients. IgAN was 
diagnosed by significant IgA deposits and according to the morphologic variables of Oxford (MEST) classification 
for this disease. The expression of Ki-67 in the glomeruli, interstitium and tubules was described as the intensity 
percentage of the immunohistochemical staining. 
Results: In all of the eighteen cases with biopsy-proven IgAN, the mean ± SD of age, degree of proteinuria and 
serum creatinine were 36.3 ± 17 years, 1600 ± 733 mg/day and 1.2 ± 0.4 mg/dL, respectively. In this study, we 
found a significant correlation between glomerular Ki-67 immunohistochemical staining and MEST scores (r: 
0.780, P < 0.001). We also detected a significant correlation between interstitial Ki-67 staining and MEST scores (r: 
0.700, P = 0.001). Moreover, Ki-67 immunohistochemical staining of the interstitium had a significant relationship 
with IgM deposits (r=0.544, P = 0.02).
Conclusion: In this pilot study, we found that interstitial and glomerular Ki-67 immunohistochemical staining had 
positive and significant associations with MEST scores. Our data also showed that interstitial Ki-67 staining had 
a significant relationship with IgM deposits. These preliminary results require further investigation in large-scale 
studies. 
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Introduction
IgA nephropathy (IgAN) is regarded as the 
main type of primary glomerulonephritis 
globally (1). IgAN mainly presents in 
the second and third decade of life and 
usually leads to end-stage renal disease 
(ESRD) after 20 years from diagnosis (2). 
Numerous investigations showed a nearly 
2:1 male-to-female preponderance in the 
Western European and North American 
populations; however, there is an equal 
prevalence for both genders in the Eastern 
Asia region. (3). Pathologically, IgAN is 

diagnosed by predominant or co-dominant 
IgA deposition in the mesangial area of the 
glomeruli (4), which is commonly associated 
with the hypercellularity of the mesangial 
and endocapillary regions (5). The clinical 
predictors of IgAN including decreased 
estimated glomerular filtration rate (eGFR), 
hypertension and proteinuria at the time 
of the diagnosis are well known (6). Studies 
regarding the prognostic value of morphologic 
lesions showed that hypercellularity of the 
mesangium, segmental glomerulosclerosis, 
endocapillary hypercellularity, crescents, and 
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finally, interstitial fibrosis/tubular atrophy (IFTA) have 
prognostic implications (5). Recently, more attention 
has been directed towards other indices with prognostic 
implications in the progression of IgAN. Ki-67 (antigen 
KI-67) is a protein that is encoded by the MKI67 gene 
(antigen identified by monoclonal antibody Ki-67) 
(7). The Ki-67 protein has been extensively used as a 
proliferation marker of malignant cells for several years (8). 
Immunohistochemically, an elevated Ki-67 proliferative 
index is correlated with cellular proliferation (9). 

More recently, its use has been extended to some 
non-malignant diseases that are associated with cellular 
proliferation and inflammation (9). Several studies have 
shown that elevated Ki-67 indices are correlated with 
cellular proliferation and clinical findings in patients with 
lupus nephritis (9). However, studies regarding the possible 
diagnostic or prognostic usefulness of Ki-67 expression in 
IgAN are scarce.

Objectives
In this study, we aimed to determine the prognostic impact 
of Ki-67 expression in biopsy-proven IgAN cases.

Patients and Methods
Patients and specimens
This cross-sectional study was conducted on biopsy-
proven IgAN patients between Jan 2020 and Jan 2021. A 
total of eighteen IgAN patients were enrolled in the study. 

Definition of immunoglobulin A nephropathy
The morphologic diagnosis of IgAN was based on diffuse 
and global mesangial IgA deposits of more than 2+ 
intensity detected by immunofluorescence microscopy 
accompanied by the lack of significant C1q deposits (10).

Histologic data
During kidney biopsy, two specimens were taken for light 
and direct immunofluorescence microscopic studies. 
One fragment was fixed in 10% formalin for histologic 
evaluation and was stained with periodic acid-Schiff 
(PAS), Jones methenamine silver, Masson’s trichrome, 
and hematoxylin and eosin (H&E). The specimen for 
immunofluorescence was snap-frozen in liquid nitrogen, to 

stain for IgA, IgM, IgG, C1q and C3. Immunofluorescence 
slides were reported on a magnitude of 0 to 3+ intensity 
(10). 
Immunohistochemical analysis for Ki-67
For Ki-67 immunohistochemical staining, 4 μm 
thick sections were stained with rabbit monoclonal 
antibodies (Zytomed Systems GmbH, Berlin, Germany). 
The expression of Ki-67 in the glomeruli (gKi-67), 
interstitium (iKi-67) and tubules (tKi-67) was expressed 
as the percentage of intensely stained nuclei on the 
immunohistochemical staining. We also analyzed the total 
score of Ki-67 in the glomeruli, interstitium, and tubules 
(igtKi-67).

Definitions of morphologic variables of MEST (Oxford) 
classification
In 2009, the MEST-C score or Oxford classification of 
IgAN, which includes various morphologic features 
and independently predicts the clinical outcome, 
was published. These features included mesangial 
hypercellularity (M), endocapillary hypercellularity 
(E), segmental glomerulosclerosis (S), tubular atrophy/
interstitial fibrosis (T) and crescents (C) (11). 

Statistical analysis
Statistical analysis was conducted by the SPSS software, 
version 24. The correlations between quantitative variables 
were tested through Pearson’s or Spearman’s correlation 
tests. We assessed the relationships between qualitative 
variables by chi-square test. Differences between 
quantitative means of variables were investigated through 
independent t-test or one-way ANOVA. The level of 
significance was defined as less than 0.05 (P value <0.05).

Results
This investigation comprised eighteen cases of biopsy-
proven IgAN that were stained with Ki-67 immunostaining. 
Of eighteen patients, ten were male. The mean ± SD of 
age, quantity of proteinuria, and serum creatinine in all 
patients were 36.3±17 years, 1600±733 mg/d and 1.2±0.4 
mg/dL, respectively. Of eighteen patients, 55.5% had 
mesangial proliferation (M1), 27.8% had endocapillary 
hypercellularity (E1) and 50% had segmental sclerosis (S1) 
while 33.3% of the patients had crescents. T0 (interstitial 
fibrosis/tubular atrophy) was detected in 44.4%, T1 in 
38.9% and T2 in 16.7% of the patients. Studies regarding 
the association between gKi-67 and the age, gender, level of 
proteinuria, and serum creatinine level were not significant 
(P>0.05). Moreover, the study regarding the association 
between gKi-67 and interstitial fibrosis (percent) and 
the number of crescents was not significant (P >0.05). 
The relationship of gKi-67 with global versus segmental 
involvement of the glomeruli was not significant (P >0.05). 
Furthermore, the correlation of gKi-67 with IgA, IgG, IgM 
and C3 deposits was not significant (P >0.05). However, 
we found a significant and positive correlation between 

Key point 

IgA nephropathy (IgAN) is the most common type of primary 
glomerulonephritis globally. It has a diverse clinical course and 
unpredictable prognosis. In a cross-sectional study on 18 biopsy-
proven IgAN patients, we found a significant correlation between 
glomerular Ki-67 immunohistochemical staining and the Oxford 
classification of IgAN (MEST-C) scores. We also found a significant 
correlation between interstitial Ki-67 immunohistochemical staining 
and MEST scores. Moreover, interstitial Ki-67 immunohistochemical 
staining had a significant relationship with IgM deposits. Our 
results suggest the possible predictive and prognostic roles of Ki-67 
immunostaining in patients with IgAN. 
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gKi-67 and MEST scores (r: 0.780, P <0.001).
The study regarding the association between iKi-67 and 

the age, gender, level of proteinuria and serum creatinine 
level was not significant (P > 0.05). The association 
between iKi-67 and interstitial fibrosis and the number of 
crescents was also not significant (P > 0.05). However, our 
results showed a significant correlation between iKi-67 
and MEST scores (r: 0.700, P = 0.001). 

Likewise, the correlation between iKi-67and IgA, IgG 
and C3 deposits was not significant (P > 0.05); however, 
the correlation of iKi-67 with IgM deposits was significant 
(r=0.544, P = 0.02).

The associations between tKi-67 and the age, gender, 
level of proteinuria and serum creatinine were not 
significant (P > 0.05). Similarly, the association between 
tKi-67 and interstitial fibrosis and the number of crescents 
was not significant too (P > 0.05). Furthermore, the 
correlation between tKi-67 and IgA, IgG, IgM and C3 was 
not significant (P > 0.05). Our study showed no significant 
association between igtKi-67 and the age, gender, level of 
proteinuria and serum creatinine level (P > 0.05). Similarly, 
the correlation of igtKi-67 with interstitial fibrosis and the 
number of crescents was also not significant (P >0.05). In 
addition, the correlation between igtKi-67 and IgA, IgG, 
IgM and C3 deposits was not significant as well (P > 0.05). 

Discussion
IgAN is one of the most prevalent types of 
glomerulonephritis and is considered an important 
cause of ESRD (12). The deposition of IgA (an important 
immunoglobulin) and the consequent proliferation of 
mesangial cells, inflammatory system activation and 
podocytopathy are the main pathophysiological features 
of the disease (13). Additionally, a rise in circulatory 
galactose-deficient IgA1, the generation of IgA and IgG 
anti-glycan antibodies and the stimulation of alternative 
complement systems are involved in the mechanisms of 
the disease development and progression (14). Clinically, 
patients with IgAN have proteinuria, hematuria, increased 
blood pressure and decreased GFR. Progressive kidney 
damage and ESRD occur in approximately a quarter of 
the patients (15, 16); in particular, in individuals with a 
low-baseline GFR, proteinuria (>1 g/d) and hypertension. 
However, the lack of useful prognostic biomarkers of IgAN 
has hindered the exact evaluation of the loss of kidney 
function and further disease treatment. Additionally, the 
biomarkers which are reproducible and can predict the 
disease in the early stages are preferred to access available 
therapeutic options. In this context, molecular alterations 
in the mesangial cells, which play a crucial role in the 
deposition of IgA immune complexes and subsequent 
inflammatory responses, are the target of several studies 
regarding the identification of novel diagnostic markers. 

Ki-67 is a monoclonal antibody that binds with a nuclear 
antigen (Ki-67 antigen) in all phases of the cell cycle 
except G0 and has been applied for the detection of cell 

proliferation and T-cell activation in common viral diseases 
(17, 18). This antigen as well as the cell surface transferrin 
receptor are abundantly found in the initial stages of renal 
tubulogenesis, but not in the progressive maturation phases 
(19). It has been shown that Ki-67 shows positive staining 
in glomerular crescents and proliferating mesangial cells 
(20). However, in our study, no association was observed 
between gKi-67 and interstitial fibrosis (percent) and the 
number of crescents. The expression of Ki-67 in the kidney 
samples of IgAN patients has been observed in close 
relation with positive staining of MHC class II antigens 
and the proliferation of endocapillary cells, but not in the 
samples of healthy subjects (21). Moreover, the gKi-67 
has been shown in abundance during the acute phases of 
glomerulonephritis. However, endocapillary proliferation 
and cellular activation demonstrated by specific markers 
such as Ki-67 are only observed in severe cases of IgAN 
nephropathy. In our study, no significant association was 
found between gKi-67 and iKi-67 and the age, gender, 
level of proteinuria and serum creatinine, which might be 
due to the small number of cases (21). 

In a study conducted by Park et al, the glomeruli were 
collected from biopsy samples of IgAN patients and 
healthy individuals to perform an RNA-sequencing (RNA-
seq) analysis (22). In this study, primary mesangial cell 
cultivation and immunohistochemical labeling were 
employed to confirm the outputs of RNA-seq tests. The 
expression of Ki-67 in cultured mesangial cells was 
evaluated by immunofluorescence microscopy. According 
to their results, treatment of mesangial cells with patient-
derived IgA1 increased their proliferation, which was 
in line with the elevation of Ki-67 expression (22). In 
addition, the assessment of immunohistological features of 
IgAN in the context of cellular proliferation gives us more 
clues regarding the disease prognosis (23). The pivotal 
role of the proliferation and activation of mesangial cells 
in the development of glomerulonephritis has been shown 
in other studies (24-26). It is assumed that mesangial cells 
contribute to the disease progression through glomerular 
hemodynamics and mesangial matrix production and 
subsequently the induction of glomerular sclerosis (27). 
Both mesangial cells and monocytes infiltrating capillary 
loops might be Ki-67 positive in glomerulonephritis (28). 

Jiang et al have reported substantial elevation of Ki-67 
positive cells in IgAN samples compared to membranous 
nephropathy and diabetic glomerulosclerosis samples, as 
non-proliferative types of glomerulonephritis (29). This 
was in close correlation with the expression of α–smooth 
muscle actin (α-SMA) which is mainly expressed in 
different human glomerular diseases (30). Furthermore, 
the number of Ki-67 positive cells was more in patients 
with higher rates of proteinuria. The authors concluded 
that the assessment of the proliferative function of 
mesangial cells using Ki-67 expression in renal biopsies 
might be a valuable biomarker for the possible prediction 
of IgAN progression (29).
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The Oxford classification of IgAN has been validated in 
several cohorts with comprehensive inclusion criteria 
and the important pathological variables have been 
summarized into the ‘MEST-C’ scores (11). In this context, 
M1 predicts a rapid loss of kidney function and the need for 
immunosuppressive therapy. E1 and C1-2 showed lower 
survival in the cases not receiving immunosuppression. 
Enhanced glomerular infiltration and activated 
inflammatory response are observed. Podocyte injury and 
segmental sclerosis should be reported in these patients. 
T1–2 is linked with plummeted GFR (31). The poor and 
scarce correlations between Ki-67 and MEST-C scores 
in our study may be due to the small number of biopsy 
samples and milder forms of the disease.

Limitations of the study
The relatively small number of kidney biopsies is a 
limitation of our study. We conducted this study in the 
COVID-19 pandemic. The study is cross-sectional in its 
nature and follow-up data is not included. We suggest 
additional prospective studies on a large number of cases 
on this feature of IgAN patients.
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