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ABSTRACT 

 

Ultrastructural and immunophenotypical changes of the glomerular 

filtration barrier in early stage of IgA nephropathy 

 

Yon Hee Kim 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Hyeon Joo Jeong) 

 

 

IgA nephropathy (IgAN) is a common glomerular disease characterized by 

immune complex deposits containing IgA as the major immunoglobulin which 

are located primarily in the glomerular mesangium in most cases. IgAN exhibits 

urinary symptoms ranging from asymptomatic microscopic hematuria to 

nephrotic range proteinuria, which are related to damages of the glomerular 

filtration barrier (GFB) including podocytes, glomerular basement membrane 

(GBM), and endothelial cells. Although alterations to the GFB have been 

reported previously, most of the studies have focused on only one cell type or 

single structure, which hamper a comprehensive understanding of the 

components of the GFB. Therefore, in this study, I aimed to reveal 

ultrastructural and immunophenotypical changes in the components of the GFB 

in early IgAN. 

Thirty-one cases of IgAN diagnosed as Haas subclass I, with scores of ‘M0 

E0 S0 T0 C0’ according to Oxford classification, and 20 healthy donors were 

the subjects of the study. Ultrastructural changes in the podocytes and GBM 

were measured using an automated software program. Immunohistochemical 

stainings against CD10, WT1, nephrin, synaptopodin, RUNX2, and TRPM8 
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were used as markers for the podocyte injury. 

Electron microscopic examinations for GFB included both quantitative and 

qualitative analyses which showed statistically significant differences, 

respectively. First, the foot process width (FPW) of the podocyte significantly 

increased (479.17 ± 60.72 nm) more than that of the control (312.29 ± 77.33 

nm) (p < 0.001). In addition, the effaced foot process ratio (EFR), which is 

the ratio of the effaced foot processes (FP) to the total GBM length, was greater 

(89.15 ± 5.24) than that of the normal group (11.68 ± 4.31) (p < 0.001). 

“Effaced FP/TPP”, which is the ratio of the number of effaced FP to normal FP, 

also increased in the IgAN group (88.72 ± 10.94) compared to that in the 

normal (22.95 ± 8.17) (p < 0.001). The ratio of the slit diaphragms to filtration 

slits, “SD/FS”, was lower in the IgAN group (31.48 ± 13.36) than in the normal 

(55.51 ± 11.5) (p < 0.001). Both arithmetic (288.18 ± 62.12 nm versus 312.75 ± 

60.82 nm) and harmonic (304.47 ± 65.93 nm versus 331.69 ± 65.39 nm) means 

of GBM thickness were lower in the IgAN group than in the normal. However, 

there was no statistical significance. FPW, EFR, SD/FS, and TGBM were not 

correlated with the presence of proteinuria (p = 0.0019) and hematuria (p = 

0.0012). The effaced FP/TPP correlated with the presence of proteinuria and 

hematuria. Second, qualitative evaluations of the GFB components were carried 

out: moderate to severe vacuolar changes of podocytes (93.55 % versus 40 %, p 

< 0.001), GBM splitting (80.65 % versus 0 %, p < 0.001), and irregularity of 

GBM (54.84 % versus 0 %, p < 0.001), moderate to severe widening of the 

subendothelial space (80.64 % versus 0 %, p < 0.001), and moderate to severe 

endothelial arcades (32.25 % versus 0 %, p < 0.001). In addition to the 

mesangial deposits, electron dense deposits (EDD) were also present in the 

subepithelial and/or subendothelial areas in six cases of IgAN.  

Immunohistochemical stainings showed decreased expression of CD10, 

synaptopodin, nephrin, RUNX2, and TRPM8 in the podocytes of the IgAN 
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group compared to that of the control group. WT-1 staining was a coarse and 

granular pattern in the IgAN group.  

Even in the early stage of IgAN, the quantitative and qualitative 

ultrastructural changes in the GFB and immunophenotypical alterations of the 

podocytes were observed although no changes were noted under the light 

microscope. A complex interplay among the components of GFB might play a 

role in urinary abnormalities of IgAN. 

                                                            

Key words: IgA nephropathy, electron microscopy, morphometry, 

immunohistochemistry, glomerular filtration barrier, podocyte, glomerular basement 

membrane, CD10, WT1, nephrin, synaptopodin, RUNX2, TRPM8 
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I. INTRODUCTION  

Primary IgA nephropathy (idiopathic IgAN), first reported in 1968 by Berger 

and Hinglais (1968), is a glomerulonephritis with dominant or codominant IgA 

deposition in mesangium without systemic disease. It is the most common cause 

of glomerulonephritis in the world, with the possible age of wide spectrum and 

peak in the 20s and 30s. The most common symptoms of IgAN include 

microscopic (88%) and macroscopic (43%) hematuria, and asymptomatic 

primary abnormality (40%) including proteinuria (47%). In addition, ~30% of 

IgAN patients progress to end-stage renal disease (ESRD).1 

The pathological classifications of IgAN are traditionally Lee, Haas, WHO, and 

Oxford classifications, and these conventional classification are based on light 

microscopy (LM) findings. Studies on the findings through electron microscopy 

(EM) and the correlation of prognostic factors based on them were qualitatively 

and quantitatively limited. 

The glomerular basement membrane (GFB) of the glomeruli, which is a highly 

specialized blood filtration interface, is composed of the podocyte, the 

glomerular basement membrane (GBM), and the glomerular endothelial cell. 
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The injury of glomerular filtration barrier is the cause of various renal diseases 

and associated clinical symptoms. Injuries to one or more components of the 

GFB are considered to be responsible for hematuria and proteinuria,2 but the 

mechanisms elicited by IgA-containing immune complexes have not been 

clarified. 

By definition, IgAN is a disease in the mesangial area that develops dominant 

or codominant IgA deposits, but it is less relevant to the study of correlation 

between the intensity of IgA deposits and the extent of glomerular injury. 

Studies on this are actively underway as the exact mechanism through which 

mesangial deposits cause hematuria and subsequent proteinuria remains 

unknown.  

Studies on kinetics related to glomerular IgA deposition have shown that serum 

IgA is observed, not only in mesangium, but also in subendothelium and 

subepithelium. Moreover, glomerular IgA depositions in IgAN are performed 

under the balance of deposition and clearance of serum IgA. As a result, all the 

elements of the GFB are targets of the injury, revealing clinical manifestation, 

such as hematuria.3  

Observations of changes in the GFB using EM in IgAN patients are expected to 

clarify the pathogenesis of IgAN. Previous studies on IgAN have been 

conducted on a small number of patients, cultured cells, and mouse models. In 

addition, previous methods of thickness of glomerular basement membrane 

measurement were limited by hand and tracking was by ruler. In this study 

attempt to produce more accurate results through the use of automated software. 

Therefore, this study evaluated the more specific, quantitative and descriptive 

ultrastructural changes in the podocytes, glomerular basement membrane, and 

endothelial cells, which make up the GFB, before the significant light 

microscopic glomerular changes were evaluated. 

Previously published studies have reported that podocytes play an important 

role in IgAN according to “podocyte and mesangial cell crosstalk”. The 
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messengers, such as interleukin 6 (IL-6), TNF-α, transforming growth factor 

β1(TGF-β1), and angiotensin II (AngII), from mesangium affect the podocytes, 

causing the podocytes to detach from the glomerular basement membrane. This 

change in the podocytes causes glomerular focal and segmental sclerosis and 

leads to progressive loss of renal function.4 In addition, it could be observed that 

the foot processes (FP) in podocytes were fused.5 Podocytes, which are highly 

specialized epithelial cells, play a crucial role to maintenance of the GFB 

through the synthesis of GBM components.2  

Among the GFBs, those in IgAN have been studied most extensively in relation 

to urinary abnormalities. Thinning and attenuation of GBM are believed to be a 

ground for extravasation. However, previous studies on GBM thickness, 

involving IgAN patients, showed a wide range of clinical severity. Furthermore, 

previous studies have used manual methods such as tracking by ruler in 

measuring the thickness of GBM. To detect early changes in the GBM, a 

homogenous population showing minimal or no histological changes are 

required. In addition, to obtaining more objective and accurate results, it is 

preferable to use automated and computer-based softwares.  

In addition to GBM thinning, cytoskeletal changes in the endothelial cells and 

podocytes may be required in extravasation of red blood cells through the 

glomerular capillaries. Endothelial cells have fenestrae of about 70 nm in size 

which filtrate the materials including immune complexes. After passing GBM, 

they approach filtration slits (FS) between podocyte FPs. Therefore, alterations 

in the width of FP and slit diaphragm (SD) as well as cytoplasmic changes in 

the podocytes and endothelial cells may be associated with urinary 

abnormalities in IgAN.2 Altered expressions of markers for podocytes and SD 

have been reported in podocytopathy.5 Normally, podocytes express 

cytoplasmic CD10, cytoplasmic nephrin, cytoplasmic synaptopodin with 

cytoplasmic and/or nuclear WT. CD10 is one of the most representative 

podocyte markers, and in previous study of 30 IgAN patients, the average 
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number of CD10-positive podocytes was found to be significantly lower than 

normal and minor glomerular abnormalities.6 The WT1 gene is essential to 

urogenic development and is encoded in the transcription factor, which is 

important for podocyte development.7 As described in other study, WT1 in 

podocytopathic disease has lower expression than normal and is also observed 

in cytoplasmic and nuclear expression of glomerular podocytes.7 Synaptopodin 

is an actin-associated protein which is located in foot process and associated 

with the remodeling of cells in the kidney. It could be a therapeutic target for 

podocytopathy as a protective material against podocyte injury.8 Nephrin is a 

specific protein located in the slit diaphragm of podocytes. In a previous study, IF 

conducted on 22 IgAN patients showed that nephrin showed weak pattern than 

normal with statistically significant differences. In addition, unlike synaptopodin 

on mRNA expression, nephrin has been identified as associated with proteinuria 

and creatine clearance.9  

Runt-related transcription factor 2 (RUNX2) is one of the transcription factors 

that modulate Sirt6 genes that perform protective functions against podocyte 

injury. In a previous study, Sirt6 was downregulated in renal biopsies from 

patients with podocytopathies.10 Transient receptor potential melastatin 8 

(TRPM8) channel is one of six transmembrane cation permeable channels, 

including TRPM, TRPC, TRPV, TRPA, TRPP, and TRPML, that play crucial 

roles in the pathophysiology of many diseases and are expressed in the 

nephrons of the kidney. Among them, TRPC6, TRPM6, and TRPP2 are 

expressed in hereditary focal segmental glomerulosclerosis. TRPV5 and 

TRPM8 contribute to diabetes mellitus in previous studies but have not been 

investigated  in IgAN.11  

To understand the alteration of GFB in the early stage of IgAN in which 

histological changes were not observed in light microscopy (LM), I aimed to 

evaluate both quantitative and qualitative ultrastructural and 

immunophenotypical changes of podocytes, GBM, and endothelial cells, using 
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EM and immunohistochemistry (IHC). 

 

II. MATERIALS AND METHODS  

1. Patients 

Between 2007 and 2012, a total of 685 cases were diagnosed as IgAN in the 

Department of Pathology, Yonsei University College of Medicine. Among them, 

65 cases of Haas subclass I IgAN were identified. Cases showing more than 

10% global glomerulosclerosis and containing less than five glomeruli using 

LM were excluded. Other exclusion criteria were as follows; a medical history 

of systemic diseases other than hypertension and diabetes mellitus; IgAN cases 

diagnosed in renal allografts and diagnosed with other diseases. In total, 31 

cases in which EM was available were the subject of the study. Twenty renal 

biopsied tissues obtained from healthy donors (HD) revealing no abnormal 

features at the time of transplantation over the same period that the patient 

group served as the control. The protocol and evaluation process of the study 

was approved by the Institutional Review Board of Yonsei University Health 

System, Severance Hospital (No. 4-2019-1265). 

 

2. Clinical, laboratory, and pathological data  

All data were obtained using electronic medical records. The data on 

demographics and comorbidities, including history of hypertension and diabetes 

mellitus, hyperlipidemia, and hepatitis were obtained. The clinical features 

evaluated were body mass index and systolic and diastolic blood pressure at the 

time of kidney biopsy. Serum creatinine (Scr) levels and estimated glomerular 

filtration rate (eGFR) were collected at the time of biopsy and at last follow-up. 

eGFR was calculated using the modified diet in renal disease (MDRD) equation. 

The pathological findings of LM and IF were recorded. 
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3. Electron Microscopy  

For ultrastructural study, ultrathin sections were sectioned with an 

ultramicrotome, stained with uranyl acetate and lead citrate, and examined with 

an S-300N transmission electron microscope (Hitachi, Tokyo, Japan). The EM 

blocks had been fixed in 3% glutaraldehyde and 0.1 M sodium phosphate buffer 

at pH 7.2, and post fixed in 1% osmium tetroxide, and embedded in Epon. 

Photographs were taken at magnification of 30,000x from all capillary loops in 

each glomerulus. The number of capillary loops included was 5 to 9 per case.  

 

4. Morphometry  

All the photos were converted to TIFF format and analyzed using AutoCAD®  

software (Autodesk Inc., San Francisco, CA, USA). The numbers of the pictures 

are 32 to 89 per case (Figure 1). All the photos were analyzed qualitatively and 

quantitatively in capillary loops. 
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Figure 1. Image of electron microscopic analysis used by AutoCAD®  software; 

a capillary loop of a glomerulus tracing the capillary wall either effaced (dotted) 

and relatively well preserved (continuous line) foot process of podocytes. 

 

A. Quantitative examination of GFB: Five main components.  

 The examined categories are as follows: the first four measurements focused 

on FPs of podocytes and GBM thickness using two well published methods. 

 

(1) FPW (foot process width): arithmetic mean width of the foot 

processes  

FPs were defined as any connected epithelial segment butting on the GBM, 

between two neighboring filtration pores or slits.  

The arithmetic mean of the FPW was calculated as follows:12  

 

∑ foot process is the total number of FP counted in each picture, ∑ GBM 

length is the total GBM length measured in each picture. The length of the 

GBM was measured by line tracing method along the outer surface of the 

lamina densa using the cursor on the computerized AutoCAD®images.  

 

(2) EFR (effaced foot process ratio): 

FP effacement was defined by the disappearance of a normal SD by the 

fusion of adjacent FP as well as the total disappearance of FP. EFR was 

defined as the ratio of the total length of effacement in the GBM to the total 

length of the GBM (Figure 1). After measuring the entire length of the 

capillary loops, the length of segments showing effaced FP was measured 

by the same method.13 The results were expressed as the percentage of the 

length with FPE out of the entire length of the capillary loops in each case.   
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(3) Effaced FP/ TPP:  

The fraction of the numbers between effaced FP and total FP were 

calculated in every photo of each case. 

 

(4) Rate of the slit diaphragms (SD/FS):  

The SD is the final barrier preventing passage of proteins into the urinary 

filtrate. The SD is a network of proteins and the EM line reflects this thin 

network. The proportion of the podocyte slits, the number of filter slits and 

the preserved slit diaphragms, were counted.14  

 

(5) Measurement of the thickness of GBM 

The thickness of the GBM was determined using both arithmetic and 

harmonic mean from orthogonal intercepts. The grid was set at 200 nm 

intervals in each picture. The starting point of the measurement is the area 

which is overlapped between line of grid and endothelial cells. To reduce 

measurement error, the AutoCAD®  tool, which measures the minimum 

distance of the two cells of GBM, is used. The thickness were ranged from 

422 to 1716 points per case. 

To correct the observed/measured thicknesses, the values were multiplied by 

π/4 for the arithmetic mean (TA) and by 8/(3*π) for the harmonic mean (TH).  

TA = π/4 x L0  

TH = 8/(3*π) x Lh  

T = estimated thickness 

L0 = observed/measured thickness mean 

Lh = the reciprocal of the mean of the reciprocals of the  

observed/measured thicknesses. 

 

B. Qualitative examination of GFB: Five main components.  

(1) Podocytes15  
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 - vacuolar change [cytoplasmic vacuoles of podocytes which contain 

fine homogenous granular materials without rupture to the urinary space] 

 : None, Mild (<30%), Moderate (30~60%), Severe (>60%) 

  - ladder shape of slit diaphragm [slit pore with ladder-like structure],14 

pseudovillous transformation of podocytes [aberrant formation of 

numerous slender cellular projections resembling microvilli or vesicle-like 

structures along the apical surface of podocytes], uncovered area of 

podocytes [epithelial detachment from the GBM] 

 : present, absent 

(2) GBM  

- splitting of GBM, irregular change of GBM  

: present, absent 

(3) Endothelium  

- widening of subendothelial space, endothelial arcade, 

    caveolae of endothelium (invaginations into the cytoplasm)16  

    : None, Mild (<30%), Moderate (30~60%), Severe (>60%) 

(4) Electron dense deposit (EDD) 

- mesangial EDD, subepithelial EDD, and subendothelial EDD.  

: None, Mild (<30%), Moderate (30~60%), Severe (>60%) 

(5) Mesangial expansion 

: present, absent 
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Figure 2. Representative electron microscopic images of glomerular filtration 

barrier in IgANs. (A) Relatively well-preserved foot processes of podocytes 

showing slit diaphragm of filtration slits. (B, C, D) Varying degrees of foot 

process effacement. (C) Focal splitting of glomerular basement membrane and 

widening of subendothelial space. (E) Ladder-shape of slit diaphragm. (F) 

Vacuolar change and caveolae of podocyte and endothelial cells. (G) 

Pseudovillous transformation of podocyte. (F) Subepithelial electron dense 

deposits. 

 

5. Immunohistochemical analyses. 
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Source and dilution of primary antibodies against anti-human nephrin, 

synaptopodin, TRPM8, and monoclonal antibodies to CD10, WT-1, and 

RUNX2 are summarized in Table 1.  

 

Table 1. Information on primary antibodies 

Antibody Source Clone Dilution 

CD10 Ventana, Arizona 85755, USA SP67 1:100 

WT1 cell marque, CA 95677, USA 6F-H2 1:100 

Synaptopodin Abcam, Cambridge, UK ab224491 1:250 

Nephrin Santacruz, California, USA SC-28192 1:150 

RUNX2 ABNOVA, Taipei, Taiwan M06 1:100 

TRPM8 Abcam, Cambridge, UK ab3243 1:100 

 

Sections (2-4 μm) from formalin-fixed paraffin-embedded renal tissue were 

obtained. After deparaffinization, sections were immersed in phosphate buffered 

saline (PBS) three times for 5 min each. Antigen retrieval was performed in an 

autoclave in citrate buffer (pH 6.0) for 20 min. After washing of the sections in 

PBS, endogenous peroxidase was blocked with 3% hydrogen peroxide for 5 

min. The sections were overnight incubated with primary antibody at 4 °C. 

After being washed three times with PBS, the sections were treated with 

horseradish peroxidase. 3,3′-Diaminobenzidine (Dojin Laboratory, Kumamoto, 

Japan) was used as the chromogen. Positive and negative controls included 

normal kidney from radical nephrectomies and normal transplant kidney 

biopsies. 

IHCs were evaluated in a blinded fashion. Each antibody was expressed in 

cytoplasm and/or nucleus, and its characteristics are shown below. The 

expression for CD10 (cytoplasm), WT1 (nucleus and cytoplasm), synaptopodin 

(cytoplasm), nephrin (cytoplasm), RUNX2 (cytoplasm), and TRPM8 

(cytoplasm) in podocytes were assessed in IgANs and HDs.8,17 The podocytes of 
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glomeruli in HDs were uniformly and strongly stained for CD10, WT1, 

synaptophodin and nephrin. The total number of glomeruli contained in the IHC 

slide and the number of glomeruli showing decreased expression for antibodies 

were evaluated. As a result, the percentage was used to confirm the lower 

expression of each antibody. In this study, I first assessed the expression 

patterns of RUNX2 and TRPM8 in IgANs. Following the previous studies using 

RUNX2 and TRPM8 in other diseases with podocytopathy,10,11 the two 

antibodies were expected to exhibit decreased expression in IgANs than HDs. 

The evaluation was conducted with the same percentage as described above. 

 

6. Statistical analyses  

 
Descriptive characteristics of the study population were reported as means ± 

standard deviations for continuous variables and as percentages for categorical 

and binary variables. Comparisons of differences between groups were made 

using Mann-Whitney for continuous variables and either χ2 tests or Fisher’s 

exact tests for categorical variables. We considered p values of less than 0.05 to 

indicate statistical significance. All analyses were performed using SPSS 26 for 

Windows (SPSS Inc., Chicago, IL, USA). 

 

III. RESULTS 

 

1. Baseline characteristics of the IgANs and HDs. 

Table 2 shows baseline characteristics of patients in the IgANs and HDs. 

Proteinuria and hematuria were present in 35% and 94% of IgAN patients, 

respectively and both hematuria and proteinuria in 29%. The BUN (p = 0.009) 

and creatinine levels (p = 0.073) were significantly higher in the IgANs than in 

HDs, whereas eGFR (p = 0.268) and serum protein levels (p = 0.357) were 

lower in the IgANs than in the HDs. 
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Table 2. Baseline characteristics of both groups.  

Variables IgAN (n = 31) HD (n = 20) p-value 

Sex (Male), n (%) 15(48.4%) 8(40.0%)   

Age (years) 28.65 ± 9.3 33.65 ± 10.05  
 

Serum protein 6.99 ± 0.58 6.86 ± 0.44 0.357 

Serum Creatinine 0.72 ± 0.16 0.63 ± 0.15 0.073 

Serum BUN 10.58 ± 2.16 9.17 ± 1.53 0.009 

eGFR (mL/min/1.73 m2) 127.14 ± 30.06 135.31 ± 21.95 0.268 

Systolic BP (mmHg) 123.42 ± 11 116.45 ± 3.46 0.002 

Diastolic BP (mmHg) 79.42 ± 7.9 76.85 ± 2.62 0.102 

Body mass index (kg/m2) 21.78 ± 2.8 22.25 ± 1.06 0.409 

Proteinuria 

No proteinuria 20 (64.52%) 20 (100%) 0.0052 

30mg~300mg/24Hr 10 (32.26%) 0 (0%) 
 

~1.5g/24Hr 1 (3.23%) 0 (0%) 
 

Hematuria 

No Hematuria 2 (6.45%) 20 (100%) <0.001 

Microscopic hematuria 15 (48.39%) 0 (0%) 
 

Gross hematuria 14 (45.16%) 0 (0%) 
 

Proteinuria & Hematuria 

No proteinuria and hematuria 0 (0%) 20 (100%) <0.001 

Proteinuria or Hematuria 22 (70.97%) 0 (0%) 
 

Proteinuria and Hematuria 9 (29.03%) 0 (0%) 
 

Random Urine RBC dysmorphism 13.55 ± 28.58 0 ± 0 <0.001 

Data are shown as mean ± standard deviation for continuous variables or n (%) for categorical 

variables. 

eGFR: estimated glomerular filtration rate, BP: blood pressure, IgAN: IgA nephropathy, HD: 

healthy donor 

 

2. Light microscopic findings of IgANs and HDs. 

Glomerular changes were not evident in both groups, but mild interstitial 

fibrosis (p = 0.0134) and tubular atrophy (p < 0.001) were more frequent in the 
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IgAN group than in the HDs (Table 3). 

 

Table 3. Light microscopic findings of both groups. 

Variables IgAN (n = 31) HD (n = 20) p-value 

Tubular mild atrophy 

Absent 14 (45.16%) 20 (100%) <0.001 

Present 17 (54.84%) 0 (0%) 
 

Interstitial mild fibrosis 

Absent 21 (67.74%) 20 (100%) 0.0134 

Present 10 (32.26%) 0 (0%) 
 

Interstitial mild inflammation 

Absent 24 (77.42%) 20 (100%) 0.0613 

Present 7 (22.58%) 0 (0%)   

 

3. Quantitative characteristics of podocyte foot processes and glomerular 

basement membranes 

 

Individual data of IgAN and HD are shown in Table 4 and 5. 

 

(1) FPW 

FPW in the IgAN patients was 479.17 ± 60.72 nm, and that in the HD was 

312.29 ± 77.33 nm, which showed statistically significant differences (p < 

0.001) (Table 6-8). The result of FPW reveals no statisticallly significant result 

from the presence or absence of proteinuria and hematuria among IgAN 

patients.  

 

(2) EFR 

EFR was increased significantly in IgAN patients compared with that in HD (p 

< 0.001) (Table 6-8). The result of EFR reveals no statistically significant 

result from the presence or absence of proteinuria and hematuria among IgAN 

patients.  
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(3) Effaced FP/ TPP  

The values of Effaced FP/ TPP were statistically different between the two 

groups (p < 0.001). The value of Effaced FP/ TPP in IgAN patients was 88.72 

± 10.94, and the value of Effaced FP/ TPP in HD was 22.95 ± 8.17 (Table 6-8). 

The result of Effaced FP/ TPP reveals statistically significant differences in the 

presence or absence of proteinuria (p = 0.0019) and hematuria (p = 0.0012) 

among IgAN patients.  

 

(4) Rate of the slit diaphragms (SD/FS)  

SD/FS showed statistically significant differences between the two groups (p < 

0.001). The value of SD/FS in IgAN patients was 31.48 ± 13.36, and the value 

of Effaced SD/FS in HD was 55.51 ± 11.5. (Table 6-8). The result of SD/FS 

reveals no statistically significant differences in the presence or absence of 

proteinuria and hematuria among IgAN patients.  

 

(5) Measurement of the GBM thickness 

The arithmetic mean of the GBM thickness of IgAN was 288.18 ± 62.12 nm 

and that of HD was 312.75 ± 60.82 nm. No statistically significant differences 

were shown (p = 0.1699). The harmonic mean of the GBM was 304.47 ± 

65.93 nm for IgAN and 331.69 ± 65.39 nm for HD, but these were not 

statistically different (Table 6-8). The results of arithmetic and harmonic means 

of the TGBM reveal no statistically significant differences in the presence or 

absence of proteinuria and hematuria among IgAN patients. 

 

Table 4. Morphometric data of podocyte foot processes 

Case 

No 
FPW EFR 

No. 

TPP 

No. 

NPP 

Effaced FP/ 

TPP 

No. 

FS 

No. Preserved 

SD 
SD/ FS 

Case 1 450.01 91.58 333 113 66.07 259 85 32.82 
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Case 2 570.01 88.65 440 115 73.86 378 67 17.72 

Case 3 505.56 87.74 538 57 89.41 472 97 20.55 

Case 4 478.27 85.79 421 50 88.12 369 80 21.68 

Case 5 538.04 93.48 502 22 95.62 423 78 18.44 

Case 6 514.09 88.98 387 22 94.32 318 98 30.82 

Case 7 539.99 99.50 393 11 97.20 331 33 9.97 

Case 8 480.14 89.44 507 24 95.27 426 123 28.87 

Case 9 483.13 91.46 244 2 99.18 210 42 20.00 

Case 10 419.74 83.68 808 26 96.78 702 220 31.34 

Case 11 642.82 73.12 561 6 98.93 475 156 32.84 

Case 12 394.24 87.21 735 19 97.41 650 230 35.38 

Case 13 490.34 94.08 554 0 100.00 531 105 19.77 

Case 14 512.12 96.65 549 0 100.00 473 13 2.75 

Case 15 424.48 86.58 577 5 99.13 482 173 35.89 

Case 16 393.21 91.19 605 11 98.18 517 175 33.85 

Case 17 441.19 87.81 487 3 99.38 421 123 29.22 

Case 18 393.37 77.69 394 10 97.46 338 168 49.70 

Case 19 404.88 87.34 661 2 99.70 581 188 32.36 

Case 20 475.43 92.78 472 0 100.00 404 82 20.30 

Case 21 421.33 84.01 659 191 71.02 567 175 30.86 

Case 22 438.94 84.95 465 125 73.12 394 90 22.84 

Case 23 485.56 88.01 593 147 75.21 503 281 55.86 

Case 24 438.66 90.01 510 112 78.04 443 240 54.18 

Case 25 437.14 92.79 510 101 80.20 444 238 53.60 

Case 26 452.09 86.66 502 126 74.90 434 246 56.68 

Case 27 499.99 89.23 475 97 79.58 399 202 50.63 

Case 28 582.31 93.06 507 77 84.81 418 129 30.86 

Case 29 470.79 91.78 455 110 75.82 393 110 27.99 

Case 30 567.49 95.01 178 20 88.76 145 47 32.41 

Case 31 508.83 93.45 421 72 82.90 356 127 35.67 

HD 1 376.60 15.57 590 520 11.86 523 253 48.37 

HD 2 483.44 6.56 556 498 10.43 487 227 46.61 

HD 3 407.72 5.39 513 478 6.82 452 209 46.24 

HD 4 401.58 5.13 450 404 10.22 394 199 50.51 
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HD 5 386.58 16.38 815 577 29.20 695 337 48.49 

HD 6 348.04 13.71 579 416 28.15 499 230 46.09 

HD 7 348.33 10.75 804 591 26.49 672 291 43.30 

HD 8 277.09 19.14 759 522 31.23 620 263 42.42 

HD 9 360.50 14.16 739 509 31.12 604 251 41.56 

HD 10 366.06 9.44 509 349 31.43 398 195 48.99 

HD 11 274.07 10.10 754 569 24.54 630 341 54.13 

HD 12 280.37 11.91 1102 840 23.77 936 564 60.26 

HD 13 271.48 13.90 689 530 23.08 584 356 60.96 

HD 14 268.01 16.59 851 650 23.62 728 447 61.40 

HD 15 262.75 15.28 1039 802 22.81 897 523 58.31 

HD 16 271.22 6.41 894 676 24.38 760 515 67.76 

HD 17 201.32 12.73 829 698 15.80 741 573 77.33 

HD 18 238.42 11.18 747 611 18.21 663 550 82.96 

HD 19 216.82 4.47 994 656 34.00 889 535 60.18 

HD 20 205.41 14.75 1070 729 31.87 941 606 64.40 

FPW: Arithmetic mean of the foot process width, EFR: ratio of the total length of 

effacement in the GBM to the total length of the GBM, No. TPP: number of total 

pedicle podocyte, No. NPP: number of normal pedicle podocyte, effaced FP/ TPP: ratio 

of effaced foot process and TPP, No. FS: number of filtration slits, No. preserved SD: 

number of preserved slit diaphragm, SD/ FS: ratio of preserved SD and filtration slits  

 

Table 5. Arithmetic and harmonic of mean of glomerular basement membrane 

thickness  

Case No 
Age/ 

gender 

No. of 

images 

No. of 

measurement 

Arithmetic 

mean(nm)  

Harmonic 

mean(nm) 

Case 1 F/29 42 737  318.01 ± 73.90 327.43 ± 76.24 

Case 2 F/32 62 1,250  311.70 ± 77.74 327.27 ± 82.03 

Case 3 M/19 77 1,429  435.91 ± 89.91 462.50 ± 94.72 

Case 4 F/27 54 1,099  265.43 ± 54.01 277.59 ± 56.84 

Case 5 M/19 74 1,507  270.68 ± 55.03 286.78 ± 59.24 

Case 6 M/52 63 1,108  384.23 ± 71.38 407.37 ± 74.23 

Case 7 F/39 60 1,166  300.93 ± 67.57 317.74 ± 69.28 

Case 8 M/35 69 1,431  286.25 ± 64.10 303.96 ± 69.38 
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Case 9 M/19 32 635  431.89 ± 117.87 452.44 ± 125.63 

Case 10 F/33 84 1,611  226.52 ± 39.26 235.83 ± 39.19 

Case 11 M/19 79 1,403  367.08 ± 70.76 391.85 ± 74.24 

Case 12 M/26 80 1,543  226.99 ± 25.84 241.70 ± 27.51 

Case 13 M/19 70 1,401  271.69 ± 29.03 286.13 ± 33.06 

Case 14 M/28 74 1,259  295.20 ± 79.26 310.35 ± 79.34 

Case 15 F/19 77 1,397  286.84 ± 35.34 306.55 ± 37.52 

Case 16 F/38 63 1,314  222.02 ± 23.92 234.23 ± 24.20 

Case 17 F/36 61 1,222  223.32 ± 30.04 238.63 ± 32.46 

Case 18 F/25 45 882  246.39 ± 25.41 262.43 ± 27.08 

Case 19 F/20 77 1,501  238.65 ± 30.43 254.67 ± 33.11 

Case 20 F/47 68 1,201  247.55 ± 28.35 264.07 ± 30.32 

Case 21 M/19 86 1,482  256.30 ± 65.25 264.74 ± 70.52 

Case 22 F/24 62 1,155  263.38 ± 63.91 276.03 ± 65.41 

Case 23 M/20 85 1,311  300.76 ± 70.91 315.50 ± 75.58 

Case 24 M/48 66 1,143  207.89 ± 38.18 217.58 ± 38.64 

Case 25 F/30 68 621  230.06 ± 38.67 244.27 ± 40.10 

Case 26 M/23 69 957  276.74 ± 76.66 292.59 ± 80.98 

Case 27 F/29 84 1,007  415.87 ± 100.01 444.28 ± 106.92 

Case 28 M/19 89 1,232  315.49 ± 68.05 334.92 ± 71.22 

Case 29 F/29 62 996  270.07 ± 83.36 286.39 ± 87.11 

Case 30 F/31 36 422  310.52 ± 85.46 328.90 ± 86.96 

Case 31 M/35 65 1,032  229.22 ± 51.28 243.85 ± 54.63 

HD 1 M/19 67 1,222  262.32 ± 30.39 279.49 ± 31.38 

HD 2 F/42 69 1,524  257.04 ± 29.44 274.64 ± 31.20 

HD 3 F/38 62 1,206  237.66 ± 37.70 253.90 ± 41.58 

HD 4 F/39 56 996  261.61 ± 47.46 278.54 ± 51.28 

HD 5 F/39 88 1,716  250.38 ± 57.40 263.20 ± 60.35 

HD 6 F/49 56 806  286.00 ± 82.32 304.91 ± 86.55 

HD 7 F/39 82 1,376  274.00 ± 55.94 285.66 ± 64.76 

HD 8 M/27 75 1,113  371.43 ± 80.18 395.41 ± 85.58 

HD 9 F/53 72 1,051  317.30 ± 74.18 338.11 ± 80.03 

HD 10 M/26 65 884  404.11 ± 94.95 431.67 ± 102.78 

HD 11 F/39 66 894  351.73 ± 78.48 373.41 ± 84.08 
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HD 12 F/37 80 1,155  204.63 ± 64.34 213.97 ± 63.78 

HD 13 M/23 57 747  364.63 ± 108.59 388.05 ± 114.92 

HD 14 F/25 69 899  345.97 ± 96.42 366.44 ± 103.43 

HD 15 M/20 76 1,207  382.62 ± 98.97 406.16 ± 105.26 

HD 16 M/34 78 1,149  304.85 ± 72.01 320.69 ± 71.53 

HD 17 F/35 49 790  276.73 ± 56.41 292.04 ± 59.75 

HD 18 F/45 44 760  431.84 ± 107.15 460.41 ± 113.46 

HD 19 M/21 57 803  331.01 ± 121.77 350.02 ± 129.20 

HD 20 M/23 60 1,151  339.23 ± 85.86 357.09 ± 93.92 

Results are expressed as mean ± SD 

 

Table 6. Morphometric data of podocyte foot processes between IgAN and 

HD 

Variables IgAN (n = 31) HD (n = 20) p-value 

FPW 479.17 ± 60.72 312.29 ± 77.33 <0.001 

EFR 89.15 ± 5.24 11.68 ± 4.31 <0.001 

No. TPP 498.16 ± 127.94 764.15 ± 193.36 <0.001 

No. NPP 54.06 ± 54.62 581.25 ± 129.16 <0.001 

Effaced FP/TPP 88.72 ± 10.94 22.95 ± 8.17 <0.001 

No. FS 427.61 ± 115.72 655.65 ± 170.85 <0.001 

No.preserved SD 136.16 ± 70.61 373.25 ± 148.29 <0.001 

SD/FS 31.48 ± 13.36 55.51 ± 11.5 <0.001 

TA 288.18 ± 62.12 312.75 ± 60.82 0.1699 

TH 304.47 ± 65.93 331.69 ± 65.39 0.1556 

FPW: Arithmetic mean of the foot process width, EFR: ratio of the total length of 

effacement in the GBM to the total length of the GBM, No. TPP: number of total 

pedicle podocyte, No. NPP: number of normal pedicle podocyte, effaced FP/ TPP: 

ratio of effaced foot process and TPP, No. FS: number of filtration slits, No. preserved 

SD: number of preserved slit diaphragm, SD/ FS: ratio of preserved SD and filtration 

slits, TA: Arithmetic mean of glomerular basement membrane thickness, TH: 

Harmonic mean of glomerular basement membrane thickness 

 

Table 7. Morphometric data of podocyte foot processes in IgAN according 

to proteinuria 

Variables No proteinuria (n = 20) Proteinuria (n = 11) p-value 

FPW 478.98 ± 48.34 479.52 ± 81.38 0.9842 
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EFR 89.49 ± 3.71 88.54 ± 7.45 0.7002 

No. TPP 510.9 ± 102.48 475 ± 168.04 0.5288 

No. NPP 73.7 ± 56.35 18.36 ± 27.24 0.001 

Effaced FP/TPP 84.94 ± 11.24 95.61 ± 6.16 0.0019 

No. FS 439 ± 94.59 406.91 ± 149.82 0.53 

No.preserved SD 138.75 ± 72.6 131.45 ± 70.05 0.7868 

SD/FS 31.48 ± 14.33 31.48 ± 12.04 0.99 

TA 281.97 ± 54.86 299.47 ± 75.11 0.5067 

TH 297.12 ± 58.37 317.84 ± 79.14 0.457 

FPW: Arithmetic mean of the foot process width, EFR: ratio of the total length of 

effacement in the GBM to the total length of the GBM, No. TPP: number of total 

pedicle podocyte, No. NPP: number of normal pedicle podocyte, effaced FP/ TPP: 

ratio of effaced foot process and TPP, No. FS: number of filtration slits, No. preserved 

SD: number of preserved slit diaphragm, SD/ FS: ratio of preserved SD and filtration 

slits, TA: Arithmetic mean of glomerular basement membrane thickness, TH: 

Harmonic mean of glomerular basement membrane thickness 

 

Table 8. Morphometric data of podocyte foot processes in IgAN according 

to hematuria 

Variables No hematuria (n = 2) Hematuria (n = 29) p-value 

FPW 472.44 ± 95.54 479.63 ± 60.18 0.9326 

EFR 93.42 ± 8.6 88.86 ± 5.04 0.5889 

No. TPP 527 ± 189.5 496.17 ± 127.25 0.8564 

No. NPP 6.5 ± 6.36 57.34 ± 54.97 <0.001 

Effaced FP/TPP 98.45 ± 1.77 88.05 ± 10.99 0.0012 

No. FS 456 ± 176.78 425.66 ± 114.77 0.8488 

No.preserved SD 110.5 ± 109.6 137.93 ± 69.74 0.7837 

SD/FS 21.16 ± 15.83 32.19 ± 13.19 0.5005 

TA 269.79 ± 44.04 289.45 ± 63.56 0.6406 

TH 286.2 ± 44.6 305.73 ± 67.54 0.6466 

FPW: Arithmetic mean of the foot process width, EFR: ratio of the total length of 

effacement in the GBM to the total length of the GBM, No. TPP: number of total 

pedicle podocyte, No. NPP: number of normal pedicle podocyte, effaced FP/ TPP: ratio 

of effaced foot process and TPP, No. FS: number of filtration slits, No. preserved SD: 

number of preserved slit diaphragm, SD/ FS: ratio of preserved SD and filtration slits, 

TA: Arithmetic mean of glomerular basement membrane thickness, TH: Harmonic 

mean of glomerular basement membrane thickness 
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4. Qualitative characteristics of EM findings between two groups  

Vacuolar changes of podocytes were observed in IgANs and HDs but they were 

severe in over 80% of IgAN (p < 0.001). IgANs show focal pseudovillous 

transformation of podocytes and focal ladder shape of slit diaphragm. Five of 

IgAN patients revealed focal uncovered area of podocytes. More than half of 

IgAN patients reveal focal splitting of GBM (p < 0.001). About half of IgAN 

patients revealed focal irregular changes in the GBM (p < 0.001). The widening 

of subendothelial space was observed in most samples, and IgANs showed 

mainly moderate to severe grades. On the contrary, HD showed mild grade (p < 

0.001). The endothelial arcade was observed in all samples, however, the IgANs 

had mostly mild to moderate grade, while HD showed mild grade (p < 0.001). 

The caveolae of endothelium was observed in all sample. The IgANs showed 

mild to severe grade and HD showed mild grade (p < 0.001). 

All IgANs showed a few small sized mesangial EDDs. Among them, 5 cases of 

IgANs also showed a few foci of subepithelial EDD. One case of IgAN showed 

subepithelial and subendothelial EDD. Seventeen IgAN patients exhibited 

mesangial expansion (p < 0.001). 

 

Table 9. Qualitative changes of glomerular filtration barrier 

Variables IgAN (n = 31) HD (n = 20) p-value 

Vacuolar change of podocytes    

Mild (<30%) 2 (6.45%) 12 (60%) <0.001 

Moderate (30~60%) 4 (12.9%) 8 (40%)  

Severe (>60%) 25 (80.65%) 0 (0%)  

Pseudovillous transformation of podocytes 

Absent  29 (93.55%) 20 (100%) 0.6744 

Present 2 (6.45%) 0 (0%) 
 

Ladder of podocytes 

  Absent  29 (93.55%) 20 (100%) 0.6744 
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  Present 2 (6.45%) 0 (0%) 
 

Uncovered area of podocytes    

  Absent  26 (83.87%) 20 (100%) 0.1589 

  Present 5 (16.13%) 0 (0%)  

Splitting of GBM  

  Absent  6 (19.35%) 20 (100%) <0.001 

  Present 25(80.65%) 0 (0%)  

Irregular changes of GBM 

  Absent  14 (45.16%) 20 (100%) <0.001 

  Present 17 (54.84%) 0 (0%)  

Widening of subendothelial space 

  None 1 (3.23%) 0 (0%) <0.001 

  Mild (<30%) 5 (16.13%) 20 (100%)  

  Moderate (30~60%) 9 (29.03%) 0 (0%)  

  Severe (>60%) 16 (51.61%) 0 (0%)  

Endothelial arcade    

None 9 (29.03%) 0 (0%) <0.001 

  Mild (<30%) 12 (38.71%) 20 (100%)  

  Moderate (30~60%) 6 (19.35%) 0 (0%)  

  Severe (>60%) 4 (12.9%) 0 (0%)  

Caveolae of endothelium    

  Mild (<30%) 12 (38.71%) 20 (100%) <0.001 

  Moderate (30~60%) 8 (25.81%) 0 (0%)  

 Severe (>60%) 11 (35.48%) 0 (0%)  

Electron-dense deposits   <0.001 

  Mesangial area only 25 (80.65%) 0 (0%)  

  Mesangial and subepithelial areas 5 (16.13%) 0 (0%)  

  Mesangial, subendothelial and  

ubepithelial areas 

1 (3.23%) 0 (0%)  

Mesangial expansion    

  Absent  14 (45.16%) 20 (100%) <0.001 

  Present 17 (54.84%) 0 (0%)  
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5. Immunohistochemical staining between two groups  

Immunohistochemical staining could be done in 12 IgAN cases and 7 HD, due 

to insufficient amount of tissue remaining in the paraffin blocks. In the 

podocytes of the glomeruli of HD, CD10, synaptopodin, nephrin, RUNX2, and 

TRPM8 were uniformly stained in the cytoplasm, and WT1 in both nuclei and 

cytoplasm. The percentage of decreased expression in podocyte markers for 

CD10, synaptopodin, and nephrin were higher in IgANs than in HDs. Among 

them, CD10 (p = 0.0131) and synaptopodin (p = 0.0365) showed statistically 

significant differences. The percentage of coarse and granular expressions in the 

podocyte marker for WT1 was higher in IgANs than in HDs with statistically 

significant differences (p < 0.001). The percentage of decreased expression in 

nephrin, a major component of the slit diaphragm, was higher in IgANs than in 

HD with no statistically significant differences (p = 0.7756). The percentage of 

decreased expression in RUNX2 for protecting podocyte markers was higher in 

IgANs than in HD with statistically significant differences (p < 0.001). The 

percentage of decreased expression in TRPM8, one of the TRP channels, was 

higher in IgANs than in HD with no statistically significant differences (p = 

0.2432).  

 

Table 10. Immunohistochemical results of podocyte markers 

Molecules IgAN (n = 12) HD (n = 7) p-value 

Decreased exprssion of CD10  35.71 ± 29.85 6.11 ± 9.41 0.0131 

Coarse and granular WT1 expression 93.72 ± 7.96 5.91 ± 5.82 <0.001 

Decreased exprssion of Synaptopodin  50 ± 52.7 8.4 ± 12.74 0.0365 

Decreased exprssion of Nephrin  73.66 ± 39.55 67.37 ± 46.48 0.7756 

Decreased exprssion of RUNX2  82.32 ± 26.32 6.3 ± 7.8 <0.001 

Decreased exprssion of TRPM8  88.34 ± 14.67 77.88 ± 18.76 0.2432 
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Figure 3. Expressions of the immunohistochemical markers of IgAN and HD 

(×400). (A and B) IgAN reveals decreased expression of CD10 than that in HD. 

(C and D) IgAN reveals coarse and granular expression of WT1 in foot process 
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of podocytes than that in HDs. (E and F) IgANs reveals decreased expression of 

RUNX2 than HDs. (G and H) IgANs reveals decreased expression of TRPM8 

than that in HDs. (I and J) IgANs reveals decreased expression of synaptopodin 

than that in HDs. (K and L) IgANs reveals decreased expression of nephrin than 

that in HDs. 

 

IV. Discussion  

IgAN is one of the most common primary glomerulonephritis worldwide, 

showing a variety of clinical symptoms ranging from asymptomatic 

microscopic hematuria to severe proteinuria. These urinary symptoms are well 

known to be caused by damage to the GFB in studies of various glomerular 

diseases. Although some studies reveal histological features related to clinical 

progression, interests on early changes related to urinary abnormalities have not 

been extensively studied. A small number of EM studies have been reported in 

IgAN patients, but only some of the GFB have been reported, mostly on the 

degree of FP effacement and GBM thickness.18 Therefore, the study on 

ultrastructural and immnophenotypic changes of the GFB in patients with early 

IgAN, revealed no histological changes inthe glomeruli in LM. This study 

extensively evaluates all the components of GFB in quantitative and qualitative 

methods for EM findings and immunophenotypical characters. The three 

components that make up GFB includes podocytes, GBM, and endothelium.  

In this study, IgAN, even in the early stage, showed quantitative changes in the 

podocytes and GBM. FPW was significantly higher in IgAN patients (479.17 ± 

60.72 nm) than in HD (312.29 ± 77.33 nm) (p < 0.001). One study showed that 

the mean FPW was also significantly higher in six IgAN patients (805 ± 170 

nm) than in the normal group (6 cases, 580 ± 40 nm).12 However, another study 

showed no statistical difference between IgAN (17 cases, 425 ± 76 nm) and 

normal (14 cases, 438±36 nm) groups.19  
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One study showed no correlation between FP effacement and proteinuria. 

However, FPW was statistically significantly different in relation to proteinuria 

in other studies.12,20 Among 48 cases of glomerulonephritis including 10 IgANs, 

the mean FPW also show statistical significance with proteinuria. Increased 

FPW was also reported in type II diabetic nephropathy (42 cases, 537.0 ± 48.6 

nm to 652.5 ± 178.5 nm) compared to that in the normal group (10 cases, 361.8 

± 31.9 nm) and dependent on the increase in proteinuria. The increase in FPW 

and GBM thickness was related to increase in proteinuria.21 Differences in the 

study population, magnification, and number of photographs taken may have 

impact on different results.20  

EFR correlated with proteinuria and it showed a statistically significant 

difference with degrees of proteinuria in 100 IgAN patients.22 However, EFR 

was not related to the proteinuria level in the nephrotic patients of IgAN in a 

report of 50 IgAN cases.13 In this study, the values of EFR also showed no 

statistically significant differences in the relationship between proteinuria (p = 

0.7002) and hematuria (p = 0.5889) as well as differences in patients and 

disease groups. 

Although EFR has a clinical relevance, the measurement of the EFR requires a 

lot of time and efforts. In this study, the “Effaced FP/ TPP” could be used more 

practically than the EFR. The result reveals statistically difference between two 

groups. Furthermore, the EFR and the “Effaced FP/ TPP” revealed a high 

correlation (Pearson correlation value = 0.9529). 

According to a previous study, slit diaphragm was diffusely distressed in 27 

patients with minimal change nephrotic syndrome, while the damage to slit 

diaphragm was only local and almost normally observed in 6 IgAN patients.12 

The number of slit diaphragms is decreased in minimal change nephrotic 

syndrome, varying from 24% to 41% (median 34%).14 As a study of the 

composition of GBM, nephrin is one of the components of glomerular slit 

diaphragm,2 proteinuria is caused by the molecular change of slit diaphragm and 



30 

 

FP effacement. SD/FS in this study was included in the range of 2.75 to 56.68%. 

There were no statistically significant differences in the findings in hematuria 

and proteinuria. As a result, although early IgAN patients with no 

morphological changes in the glomeruli were observed, it was possible to 

confirm that the ultrastructure for the foot process of podocytes was undergoing 

changes. 

TGBM has been actively researched because it plays an important role in 

various glomerular diseases, as well as diagnosis of thin basement membrane 

disease. The TGBM has a wide range of 220 nm to 480 nm, depending on race, 

gender, and comorbidity. However, gender differences are commonly found in 

most studies that women are thinner than men.23,24 The thickness of GBM of 

IgAN were reported to be 363.4 ± 14.1 nm in one study23 and 457±61nm in 

another study,19 which were thicker than normal. Regarding proteinuria, the 

GBM thickness was 337 ± 58 nm to 561 ± 175 nm with no correlation with 

proteinuria.13 The mean thickness of GBM of IgAN was 268.6 ± 60 nm with 

negative correlation between GBM thinning and hematuria, although this 

relationship was not significant.25 The thickness of arithmetic and harmonic 

mean GBMs in this study also show thinner GBM than normal groups without 

statistical differences. 

In a small number of previous studies, qualitative evaluations of GFB in IgAN 

patients have been conducted. Qualitative changes in the GBM and podocytes 

were reported in 35 patients with IgAN.20 In 50 patients with IgANs, the 

damage to the GBM was also evaluated as a qualitative evaluation for caveolae 

in glomeruli.16 However, there was a limitation due to conduct the one part of 

the GFB. Therefore, in this study, vacuolization of podocytes, pseudovillous 

transformation of podocytes, ladder of podocytes, uncovered area of podocytes, 

splitting of GBM, irregular changes of GBM, widening of subendothelial space, 

caveolae of endothelial cells, and the mesangial electron dense deposits were 

evaluated. Based on the analyzed results, qualitative differences were also 
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present in IgAN compared to the HD group. Thus, even if it is an early stage 

IgAN patients, overall quantitative and qualitative changes in GFB were already 

been done and observed.  

The antibodies for IHC were one of the factors for podocytes, which are most 

likely to be associated with urinary symptoms in the composition of GFB, 

including CD10, WT1, nephrin, synaptopodin. The antibodies for RUNX2 and 

TRPM8 were used as possible podocyte injury marker. The protein molecules 

for foot process and slit diaphragm of podocytes, including WT-1, nephrin, and 

synaptopondin are important factors that make up the GFB. Therefore, they 

have been used to identify podocytopathy in various diseases. The present study 

confirmed altered expression of these molecules in early IgA patients with no 

histological changes in the glomeruli using IHC. The expression of CD10 for 

IgAN (30 cases) in previous study was observed to be lower than in the 

controls.6 The result of this study also show that CD10 had a lower expression 

than HD. WT1 is a positive marker for parietal epithelial cells and podocytes26 

showing nucleus and cytoplasmic expression in nephrotic syndrome. The results 

of this study also show that WT1 staining was coarse and granular in both 

cytoplasm and nuclei of podocytes in IgAN than those in the HD. Synaptopodin 

is a actin-associated protein that may play a role in modulating actin-based 

shape and motility of dendritic spines and renal podocyte FP. Nephrin were 

markedly reduced in IgAN.9 This study also show that synaptopodin and 

nephrin have lower expression in IgAN than in HD. The antibodies for CD10, 

WT1 and synaptopodin show statistically significant differences. RUNX2 

modulate the Sirt6 gene which is downregulated in renal biopsies from patients 

with podocytopathies. RUNX2 expression has not been evaluated in IgAN 

patients. In this study, its expression was significantly lower in IgAN than in the 

HD. TRPM8 is a non-selective cation channel involved in cellular proliferation 

and signaling. Diabetic rats displayed downregulation of TRPM8, but TRPM8 
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expression has not been evaluated in IgAN patients. Its expression was lower in 

IgAN than in HD but were not statistically significant.  

 

V. Conclusion 

In early IgANs, where LM changes are insignificant, ultrastructural changes in 

the GFB have already been identified using EM. It was also confirmed that 

damage to the GFB was initiated using various molecules for IHCs. In the 

present study, the changes in GFB have already begun, despite the small size 

and number of mesangial EDD in the early stages of IgAN through EM and 

IHC. This study found detailed changes in the three components that make up 

the GFB in the early lesions with only a few mesangial EDD. Studies on more 

IgAN patients are needed in the future to accurately determine the damage 

mechanism of GFB in IgAN patients. 
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ABSTRACT (IN KOREAN) 

 

초기 IgA 신병증 환자에서 사구체 여과장벽의 미세구조 및 

면역형질의 변화 

 

<지도교수 정 현 주> 

 

연세대학교 대학원 의학과 

 

김 연 희 

 

 

배경: IgA 신증은 전세계적으로 가장 흔한 원발성 사구체신염의 

하나로, 주로 IgA 면역글로불린이 사구체의 메산지움에 

침착되는 병이다. 임상증상은 무증상 미세혈뇨부터 심한 

단백뇨까지 다양하게 관찰될 수 있으며, 이러한 배뇨증상은 

사구체 여과장벽의 손상에 기인하는 것으로 잘 알려져 있다. 

IgA 신증 환자의 30% 정도는 말기 신부전으로 진행될 수 

있기에 환자의 정확한 등급을 확인하고 예후를 예측하는 것은 

환자의 치료에 중요한 역할을 한다. 현재 임상경과 및 병리조직 

결과와 예후의 관련성에 대한 연구는 주로 광학현미경을 

이용하고 있다. 하지만 광학현미경을 통해 조직학적 변화가 

관찰되지 않는 초기 IgA신증 환자를 대상으로 전자현미경 및 

면역조직화학검사를 통해 사구체 여과장벽의 초미세구조 및 

면역형질의 변화를 확인하고자 하였다. 

재료 및 방법: 2007년부터 2012년까지 본원에서 IgA신증으로 
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진단받은 환자분 중에서 Haas subclass I and Oxford classification 

(M0E0S0T0C0)에 해당하는 31명의 환자를 대상으로 하였으며 

동일 시기에 본원에서 시행된 정상공여자의 이식 신 생검 

중에서 특이적인 현미경적 소견이 관찰되지 않는 20명의 

대조군을 선택하였다. 대조군의 제약으로 성별과 나이는 

환자군과 비매칭으로 진행되었다. 전자현미경 검색은 사구체 

여과장벽을 이루는 세가지 구성물을 정량적 검색과 정성적 

검색으로 나누어 진행하였으며 연구의 정확도를 증가시키기 

위하여 측정 및 계산에 컴퓨터를 기반으로 한 자동화된 

프로그램을 사용하였다. 면역조직화학염색 검사는 사구체 

여과장벽의 구성중 배뇨증상과 가장 연관성이 높을 것으로 

판단되는 족세포와 관련된 항체인 CD10, WT1, nephrin, 

synaptopodin과 족세포 손상을 억제하는 Sirt6유전자의 

전사인자중 하나인 Runt-related transcription factor 2 (RUNX2), 

그리고 일시적 수용체 전위차 통로중의 하나인 transient receptor 

potential melastatin 8 (TRPM8)을 사용하였다.   

결과: 31명의 환자군 중 단백뇨는 11례(35%), 혈뇨는 

29례(93%)에서 관찰되었다. 광학현미경상 IgA환자군은 사구체의 

뚜렷한 변화가 없음에도 경도의 신세뇨관의 위축 (17례, 54.8%, p 

< 0.001), 경도의 신 간질 경화증 (10례, 32.2%, p = 0.013), 그리고 

경도의 간질 내 염증세포 침윤 (7례, 22.6%, p = 0.061)이 관찰 

되었다. 사구체 여과장벽의 정량적 전자현미경 분석 결과, 

족세포의 발돌기 너비 (foot process width, FPW)는 대조군(312.29 ± 

77.33nm) 보다 증가(479.17 ± 60.72nm)되었으며 통계적으로 
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유의한 차이를 보였다(p <0.001). 또한 사구체 기저막 길이 대비 

손실된 족세포 돌기의 길이 비율(effaced foot process ratio, EFR)은 

정상군(11.68 ± 4.31)보다 늘어났으며(89.15 ± 5.24) 통계적 유의한 

차이를 보였다(p <0.001). 본 연구에서는 기존 연구에서 

제시되었던 앞의 두 가지 인자보다 더 쉽고 편리하게 족세포 

돌기 손상을 측정 및 확인할 수 있는 새로운 인자, “Effaced FP/ 

TPP”를 제안하였다. 이는 정상 족세포 돌기 숫자 대비 손실된 

족세포 돌기의 숫자를 이용한 비율이며, 이 값 또한 

환자군(88.72 ± 10.94)에서 정상군(22.95 ± 8.17)보다 늘어났으며   

통계적 유의한 차이를 보였다(p < 0.001). 그리고 여과틈새의 

세극막의 보존율(SD/FS)은 환자군(31.48 ± 13.36)이 정상군(55.51 ± 

11.5)보다 낮게 관찰되었다(p < 0.001). 사구체 여과장벽의 두께 

측정은 잘 알려진 산술 평균과 조화평균, 두 가지 방법을 

사용하였으며, 두 가지 값 모두 환자군(산술:288.18 ± 62.12nm, 

조화: 304.47 ± 65.93 nm)이 정상군(산술: 312.75 ± 60.82 nm, 조화: 

331.69 ± 65.39 nm)보다 얇게 나왔으나 통계적으로 유의한 차이는 

보이지 않았다(산술: p = 0.1699, 조화: p = 0.1556). “Effaced FP/ 

TPP”를 제외한 정량적인 인자들은 모두 단백뇨 및 혈뇨의 

유무에 따라 통계적으로 유의한 차이를 보이지 않았으나 이는 

매우 초기 단계의 환자군이라는 제한점이 존재 하기 때문에 

발견된 것으로 판단된다 (단백뇨: p = 0.0019, 혈뇨: p = 0.0012). 

정성적 전자 현미경 결과 환자군과 대조군 간의 통계적인 

유의한 차이를 보이는 인자로는 족세포 발돌기의 공포성 변화 

(31례, p < 0.001), 사구체 기저막의 분열 (25례, p < 0.001) 및 



39 

 

불규칙한 변화 (17례, p < 0.001), 내피세포의 회랑 형성 (22례, p < 

0.001) 및 내피세포하 확장 (30례, p < 0.001) 이 있었다. 그리고 

메산지움의 전자 고밀도 침착물 뿐 아니라 6례는 상피하 또는 

내피하 전자 고밀도 침착물을 관찰할 수 있었다.  

면역염색조직화학검사를 통한 사구체 여과장벽은 주로 족세포에 

집중된 항체를 사용하였으며, 그 결과 정상군 대비 환자군에서 

통계적으로 유의한 CD10의 발현 감소, WT1의 거친 과립형 

발현을 확인하였다. 또한 nephrin과 synaptopodin의 발현도 

정상군에 비해 환자군에서 통계적으로 의미있게 발현이 

감소하였다. 또한 환자군에서 RUNX2의 발현 이 통계적으로 

유의하게 감소된 것을 확인하였으나, TRPM8의 발현 감소는 

통계적으로 유의성이 없었다.  

결론: 초기 IgA신증 환자를 대상으로 사구체 여과장벽의 

초미세구조 및 표현형 변화를 확인하기 위하여 전자현미경 및 

면역조직화학검사를 진행하였다. 그 결과, 광학현미경상 

사구체여과장벽의 손상이 관찰되지 않은 초기의 IgA 신증 

환자군에서 족세포와 사구체 기저막 뿐 만 아니라 내피세포의 

변화가 관찰되었다. 이중에서 족세포의 정량적 및 정성적인 

변화가 통계적으로 유의한 차이를 보이는 것으로 미루어 볼 때 

족세포의 변화가 가장 먼저 시작되는 것으로 추측할 수 있다. 

이러한 결과는 병태생리학적 측면뿐 아니라 임상적으로도 

중요한 연구결과로 판단되며 앞으로 더 많은 IgA 신증 환자를 

대상으로 한 연구가 필요 할 것으로 판단된다.  
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