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Altered Expression of Nephrin, Glomerular Epithelial Cell
Protein-1 (GLEPP1) and WT-1 in Glomerular Disease

Byoung Kwon Kim, Ji Hoon Kim and Hyun Soon Lee

Department of Pathology, Seoul National University College of Medicine, Seoul, Korea

Background :  Glomerular epithelial cell protein-1 (GLEPP1) and WT-1 expressed in mature
visceral glomerular epithelial cell (VGEC) is required for maintenance of the mature status of
VGEC. Nephrin protein is located at the filration slit and regarded as a molecular component
of the slit diaphragm. Alterations of these proteins in proteinuric diseases are not clearly
defined. Methods : We investigated the expression of GLEPP1, WT-1 and nephrin in 28
renal biopsies diagnosed with minimal change nephropathy (n=10), focal glomerulosclerosis
(n=10) and membranous nephritis (n=8) by immunohistochemical staining. Normal control
biopsies were obtained from six nephrectomy specimens. Results : The patients consisted
of 15 males and 13 females. The mean age was 40.7 years. Nephrotic range proteinuria (>
3.5 g/day) was noted in 15 (54%) patients. GLEPP1 and nephrin expression were significant-
ly decreased in patients as compared with those of the controls (p<0.05). The mean number
of WT-1 expressing cells per glomerulus was also significantly decreased in patients as com-
pared with those of the controls (p<0.05). However, there was no significant difference in the
number of WT-1 expressing cells among the disease groups. Conclusions : These results
suggest that the loss of hiological markers of mature VGEC may play an important role in the
pathogenesis of proteinuria.
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Table 1. Characteristics of patients with glomerular diseases
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WT-1S 238sl= ¥ 4, GLEPP1 ¥ nephring &dst=
Aos YA IFAAE B850 o5 e Aol ddn
2] BAHEA (one-way analysis of variance) 2 Wilcoxon

k sum testE F3 EAslAth p-valueZt 0.05 m|THl A
S <Ju] s AoE FA3AH
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A AL Tabel 19 29319t 82 =
ojglem, o] F "= 167,

% 287 A2z 12701 b
o] ABE LWt A1F2 24 AEE 6941(434+1838),
FSGSE SAARE 514(2824+167), 24 Al1Z=2 224|414

of| A 5-El

BH 6441744 (491 +139) EE3GTh 2447 &
7} mAwWsE A= AL 60+46 g/day, FSGSOA 58+
43 g/day, T NZ0)X 61445 g/daydATh 8F Q24 5
A amsks AZoA 2284131 mg/dL, FSGSHIA] 192
+95 mg/dL. 2 TA] AZ)A 146+53 meg/dLAeH, 5
Ageleld FRAE 247 nawgE 254 11406 mg/dL,
FSGSOIA 09£0.3 mg/dL 3 24 AFAIA 10404 me/
dL itk

e 7}

AA B2l HE A=

P AFA Ed WA (mean glomerular tuft area) &
Table 1o S.oFeiAt). o] e A4} Ul vlawsty AS
AME FARE HS Ho FT, HAEAIAGF FSGS 2

MCD FSGS MN Control
n 10 10 8 6
Age (years) 43.4+18.7 28.2+16.7 49.1+139 52.1+15.3
Sex (M:F) 7:3 6:4 35 5:1
Nephrotic range proteinuria® (n) 6 4 5 NA
Serum albumin (g/dL) 22409 3.0+14 25+05 NA
Renal insufficiency® 0 0 1 NA
Hypertension (n) 2 2 1 NA
Mean glomerular tuft area (xm?) 12,331+3,524 15,290+5,936° 14,078+3,912 12,355+2,134
Glomerulosclerosis (%) 6.7 28.6 10.1 0

MCD: minimal lesion, FSGS: focal segmental glomerulosclerosis, MN: membranous nephropathy, M: male, F: female, NA: not available.
Values are mean =+ SD. Glomerulosclerosis; mean percentage of glomerulus showing global sclerosis or focal segmental sclerosis.

*Nephrotic range proteinuria: >3.5 g/day.
Renal insufficiency: serum creatinine >1.5 mg/dL.
°p<0.05 by ANOVA.
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Fig. 1. Glomerular epithelial cell protein-1 (GLEPP1) expression
in developing glomeruli. (A) GLEPP1 is weakly expressed in api-
cal surface of the glomerular epithelial cells in S-shaped body
stage. (B) In capillary-loop stage, GLEPP1 expression is increased
but, still restricted to cell body. (C) Mature glomerulus shows lin-
ear staining pattern of GLEPP1 along capillary wall.

Aty we
Fig. 2. WT-1 expression in developing glomeruli. (A) In S-shaped
body stage, WT-1 is weakly expressed in immature cells. (B) But,
it is restricted to glomerular epithelial cells through capillary-loop
stage. (C) In mature glomeruli, glomerular epithial cells show
strong nuclear staining of WT-1.

Fig. 3. Nephrin expression in developing glomeruli. (A) No nephrin
expression is detected in S-shaped body stage of nephrogenesis.
(B) In early capillary-loop stage, nephrin expression is noted at the
cell body of podocytes. (C) In mature glomeruli, nephrin expression
at cell body is decreased and staining pattern becomes finely lin-
ear along capillary wall.

15,290+5,936, p<0.05).
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GLEPP12 S-shaped body stageol| A5 @&l5l7] A2k}
Atk olwele FE mAlS AT Hfr1E AlEA
okslA W5t Fig. 1A). Capillary-loop stagedl| A& A3
Az Al A e wEeAth(Fig. 1B). d5e A
AZ o] XA FAEH Hel dAste] APYOE A
st th(Fig. 10).

WT-12 vesicle stage @ S-shaped body stageolA] w4
& NS FolA] ofstAl LE s tH(Fig. 2A). Capillary-loop
staged|ME A1 AREAL gAY FetE o] WSt thFig.
2B). &3 AFRAIME WT-10] "S ZsiAl ddsiich
(Fig. 2C).

Nephrine vesicle stage @ S-shaped body stageol| A+ 2
§3kA] %9ktHFig. 3A). 27| capillary-loop stageo|A] Al A}
TFA FEAEL AE AN EEa}r] AldektkFig. 3B).
Capillary-loop stage®] Fuko 2 whko] Za3PHA AE H o)
Ao dd S B ZTR8ISIh S AFEAI7E HRA X A
oMo W FA48] AAY, AHA EAES HE wet
nlAE Nyow ZFshA WA stgit(Fig. 3C).
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Fig. 4. Glomerular epithilial cell protein-1 (GLEPP1) expression in
glomerular disease. (A) Normal glomerulus shows linear staining
pattern along capillary wall. (B) A normal-looking glomerulus from
the patient with minimal lesion shows focally decreased expres-
sion of GLEPP1. (C) GLEPP1 expression is severly decreased in
the glomerulus from the patient with focal glomerulosclerosis. (D)

A glomerulus from the patient with membrnaous nephropathy
shows focal loss of GLEPP1 staining.

Table 2. Expression of Glomerular epithilial cell protein-1
(GLEPP1), nephrin and WT-1 in glomerular diseases

Mean number of WT-1

GLEPP1 Nephrin  expressing cells per
glomerulus
Control (n=6) 3.0+0.0 3.0+£0.0 27.2+32
MCD (n=10) 22+05° 27+04° 20.0+7.6*
FSGS (n=10) 1.7+05° 2.0+0.6° 19.3+3.5°
MN (n=8) 1.8+0.8° 1.7+0.6 159+35°

MCD: minimal lesion, FSGS: focal segmental glomerulosclerosis, MN:
membranous nephropathy.

Values are mean=+SD.

3p<0.05 by ANOVA.

°p<0.05 vs. normal control by Wilcoxon rank sum test.
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Fig. 5. Nephrin expression in glomerular disease. (A) All the
glomeruli from normal control show fine linear staining pattern of
nephrin along capillary wall. (B) A histologically normal glomerulus
from minimal lesions shows wide decrease and loss of nephrin
expression. (C) Nephrin expression is severly decreased in the
glomeruli from focal glomerulosclerosis patients showing increased
cellularity and narrowing of capillary lumen. (D) In the glomeruli
from membranous nephropathy patients, nephrin expression is
partly decreased or lost.
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Fig. 6. WT-1 expression in glomerular disease. (A) A glomerulus from control kidney shows strong nuclear staining of WT-1 protein. (B)
WT-1 expression is decreased in podocytes adjacent to sclerotic glomerular tuft (arrows) in the glomeruli from patients with focal glomeru-

losclerosis.
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