
&p.1:Abstract A case of diffuse mesangial sclerosis (DMS)
associated with Kawasaki disease is reported. A previ-
ously healthy Japanese girl, aged 4 months, presented
with clinical features of Kawasaki disease. At week 10
of the illness, she developed the nephrotic syndrome,
which was refractory to steroid therapy. Renal biopsy
demonstrated a diffuse mesangial proliferative glomeru-
lonephritis with microcystic tubular dilatation and, ultra-
structurally, marked thinning of the lamina densa in the
glomerular basement membrane (GBM) and the tubular
basement membrane (TBM) of the proximal tubule. She
went into chronic renal failure and died at the age of 11
months. At autopsy, the kidney revealed DMS. Histolog-
ically, we found Finnish microcystic disease in its early
stages in the biopsy. Using a newly developed monoclo-
nal antibody, we analysed the alpha chains (α1–α6) of
type IV collagen in the GBM and TBM. There was no
defective constitution of alpha chains on the thin GBM,
but the thin TBM of the microcystic proximal tubule
showed a weak or discontinuous reactivity for α1 and α2
chains, suggesting faulty formation of the basement
membrane. The sclerosing glomeruli of the DMS did not
depend on collapse of the GBM, which was positive for
α3–α5 chains, but mainly on the proliferation of mesan-
gial matrix, which was positive for α1 and α2 chains.

&kwd:Key words Infantile nephrotic syndrome · Diffuse
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Introduction

Kawasaki disease is a self-limiting inflammatory disease
affecting multiple vessels. Severe kidney complications
are rare. Data on only one patient with nephrotic syn-
drome associated with Kawasaki disease, who responded
to steroid therapy, have been reported previously [8]. The
present patient is the first with Kawasaki disease associ-
ated with infantile nephrotic syndrome (INS). The early
histological lesion was similar to the Finnish-type con-
genital nephrotic syndrome (CNS) at biopsy [7], but
within 4 months the patient revealed diffuse mesangial
sclerosis (DMS) at autopsy [6]. Analysis of the renal
basement membrane by means of newly developed rat
monoclonal antibody for the human alpha chains
(α1–α6) of type IV collagen was performed to investi-
gate the possibly defective constitution of alpha chains in
the glomerular basement membrane (GBM) and in the
tubular basement membrane (TBM) [11, 16].

Clinical history

A previously healthy 4-month-old Japanese girl was admitted to
our hospital with a high spiking fever and diarrhoea. She was the
second child of 39-year-old mother who had no infectious disease.
She had no family history of renal disease and did not have famil-
ial C1q deficiency. She had no abnormality of gestation, birth
weight, or placental weight. Alpha fetoprotein was not measured
in the maternal serum or amnionic fluid. She had no deafness or
eye abnormalities. After admission, haemothorax of the left pleura
was found, but it disappeared after several days. Fever did not re-
spond to antibiotics and she subsequently developed the classic
features of Kawasaki disease, with generalized erythematous mac-
ulopapular rash, erythema of the oral mucosa, bilateral nonpuru-
lent conjunctivitis, and desquamation of the fingertips. Significant
lymphadenopathy was absent. Leucocytosis (white cell count
17,300/ml), elevated erythrocyte sedimentation rate (42 mm/h),
and strongly positive c-reactive protein (more than 20 mg/dl) were
seen. Blood pressure was in the normal range (96 mm Hg/38 mm
Hg). Urinalysis was normal. Bacterial cultures of the blood, cere-
brospinal fluid, urine, and stool were negative. The diagnosis was
Kawasaki disease, and she was treated with aspirin. Clinical symp-
toms disappeared and abnormal laboratory findings improved to
almost normal ranges in 3 weeks; aspirin was discontinued. Dur-
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ing the 10th week of the illness, a coronary aneurysm was detected
by echocardiography. Cardiac angiography (CAG) revealed one
aneurysm on the left coronary artery and three on the right coro-
nary artery. On the 2nd day after CAG, she suddenly developed
massive proteinuria with microscopic haematuria and generalized
oedema, all of which persisted. Nephrotic syndrome was con-
firmed by the presence of severe proteinuria (3.5 g/day), hypo-
proteinaemia (4.6 g/dl), hypoalbuminaemia (2.5 g/dl), hypercho-
lesterolaemia (346 mg/dl), and oedema. C3 (64 mg/dl) and C1q
(19.2 mg/dl) were almost in normal ranges. Assays for cytomega-
lovirus and syphilis were negative. Antinuclear antibody and anti-
dsDNA antibody were negative. A renal venogram showed no evi-
dence of renal vein thrombosis. Renal biopsy was performed dur-
ing week 13 of the illness. The child was treated with aspirin, a
thrombolytic agent, and a corticosteroid. The nephrotic state did
not respond to therapy, and renal function gradually worsened.
Blood pressure was elevated to 164/98 mmHg. Ascites and anasar-
ca developed. Peritoneal dialysis was performed for chronic renal
failure (creatinine clearance 30 ml/min, creatinine 1.0 mg/dl,
blood urea nitrogen 57 mg/dl) during the 26th week of the illness.
She died from respiratory disturbance during the 30th week of the
illness at the age of 11 months. An autopsy was performed.

Materials and methods

For light microscopy, kidney tissues from the biopsy and the au-
topsy were fixed in 0.1 M phosphate-buffered 10% formalin. Par-
affin sections (2µm thick) were stained with periodic acid–Schiff
(PAS), Masson’s trichrome, and periodic acid–methenamine silver
(PAM). For electron microscopy, biopsy kidney tissue was fixed in
phosphate-buffered 1.2% glutaraldehyde, postfixed in 1% osmium
tetroxide, and embedded in Epon 812. Ultrathin sections were
double-stained with uranyl acetate and lead citrate. For immuno-
histochemical studies, paraffin-embedded sections were processed
by the peroxidase–antiperoxidase method. Antisera against IgG
(1:1600), IgM (1:1600), IgA (1:2500), C3 (1:1600), C1q/C4
(1:1600), and CD68 (PG-M1, 1:50) (DAKO Japan, Kyoto, Japan)
were used to treat the sections after digestion for 15 min at 37°C
by 0.05% protease type 8 (Sigma, St. Louis, Mo.). Antiserum
against Leu M1 (1:30; Becton Dickinson Immunocytometry Sys-
tems, San Jose, Calif.) was used to treat the section without diges-
tion.

Immunohistochemical detection of the alpha chains (α1–α6)
of type IV collagen was performed as previously described [11,
16]. In brief, the paraffin-embedded sections were heated in acidic
media (pH < 1.0) at 121–127°C for 6 min, then incubated with the
primary rat monoclonal antibodies against α1 chain (H11), α2
chain (H22), α3 chain (H31), α4 chain (H43), α5 chain (H53),
and α6 chain (H63) at room temperature for 1 h . After incubation,
they were washed three times with phosphate-buffered saline
(PBS) and were incubated with the secondary antibody, peroxi-
dase-conjugated, affinity-purified goat anti-rat IgG for 1 h (DAKO
LSAB Kit). A kidney from an 8-month-old Japanese girl who died
from postoperative complications following surgery for patent
ductus arteriosus was used as the normal control.

Pathological findings

Renal biopsy revealed 27 glomeruli. The diameter of
Bowman’s capsule of the glomeruli measured from
90 µm to 130µm. Global sclerosis, adhesions, and cres-
cent formations were not found. Almost mature glomeru-
li showed moderate proliferation of mesangial cells with
an increased PAS-positive mesangial matrix (Fig. 1a).
Immature-looking glomeruli were found focally showing
a condensed tuft lined with a continuous layer of visceral
epithelial cells with or without a dilated urinary space.

Leu M1-positive proximal tubules showed focal micro-
cystic dilatation. The inner diameter of the tubules mea-
sured 100–150µm (Fig. 2a). The proximal tubular epi-
thelium was hypertrophic containing fine granular drop-
lets. Distal tubules were mildly dilated and contained re-
gional hyalin casts. Tubulointerstitial lesions were not
prominent. No cytomegalic inclusions were present in
the nuclei or in the cytoplasm of glomerular endothelial
cells and tubular epithelial cells.

Electron microscopy revealed marked attenuation of
lamina densa of the GBM, measuring 140–180 nm. The
mesangial matrix was increased and loose, but no dense
deposits were seen. Podocytes were immature, showing a
few organelles in the relatively narrow cytoplasm. Foot
process effacement was extensive (Fig. 3a). The base-
ment membrane of the proximal tubules, containing
many lipid-like droplets, showed marked attenuation,
measuring 120–150 nm, whereas the basement mem-
branes of distal tubules and Bowman’s capsule were nor-
mal in thickness, measuring 800 nm and 800–1000 nm,
respectively (Fig. 3b). In immunohistochemistry, glo-
meruli demonstrated mild deposition of IgM and C1q in
a diffuse mesangial pattern.

At autopsy, about 75% of all glomeruli were charac-
terized by diffuse expansion of the sclerosing mesangial
matrix with obliteration of the capillary lumina and the
transformation of the glomerular tufts into avascular,
shrunken, sclerotic masses surrounded by coronas of
partly hypertrophied and vacuolized podocytes (Fig. 1b).
One third of all glomeruli were adhering to the Bow-
man’s capsule, forming a septal bridge. Twenty-five per-
cent of the glomeruli remained and showed diffuse pro-
liferative glomerulonephritis. Cystic dilatation of the
proximal tubules was found. The distal tubules were also
dilated and contained hyalin casts. The diameter of the
inner surface of the ectatic tubules varied from 100µm
to 200µm. Interstitium was focally oedematous but did
not contain foam cells. CD68-positive cells, probably
macrophages, were prominent in the oedematous inter-
stitium. Such cells were also found in the Bowman’s
space and in the glomeruli (Fig. 2b). The degree of infil-
tration of CD68-positive cells into the interstitium and
glomeruli was the same as in the earlier biopsy.

Alpha chains (α1–α6) of type IV collagen were de-
tected immunohistochemically in the renal basement
membrane of the biopsy specimens and at autopsy (Table
1). The α1 and α2 chains in the biopsy specimen and in
the control were distributed mainly in the mesangial ma-
trix and the basement membrane of Bowman’s capsule
(BCBM), whereas the GBM showed weakly positive
staining for these antibodies. The sclerosing glomeruli of
DMS at autopsy were strongly positive for α1 and α2
chains (Fig. 4a). The α1 and α2 chains on the TBM of
the dilated proximal tubules were weakly positive in the
biopsy specimen. At autopsy, the TBM of the dilated
proximal tubules showed discontinuous or equivocal
staining for α1 and α2 chains, whereas the basement
membrane of the distal tubule stained positively for these
chains (Fig. 4a). In the control kidney, the basement
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Fig. 1 a, b Light microscopy of the kidney biopsy and autopsy
specimens. a Almost mature glomeruli show moderate prolifera-
tion of mesangial cells with increased PAS-positive mesangial ma-
trix in the biopsy specimens. PAS, ×200. b Glomeruli were char-
acterized by diffuse expansion of sclerosing mesangial matrix with
obliteration of the capillary lumina and the transformation of the
glomerular tuft into avascular, shrunken, sclerotic masses sur-
rounded by coronas of partly hypertrophied and vacuolized po-
docytes. PAS, ×200&/fig.c:

Fig. 2 a, b Immunohistochemistry on the microcystic lesion and
macrophages in the kidney. a Leu M1-positive proximal tubules of
the biopsy show focally microcystic tubular dilatation with

100–150 µm inner diameter. PAP with anti-Leu M1 antibody,
×100. b CD68-positive cells in Bowman’s space in the glomerular
tuft and in the oedematous interstitium (at autopsy). PAP with an-
ti-CD68 antibody, ×400&/fig.c:

Fig. 3 a, b Electron microscopy. a The GBM showed marked at-
tenuation of the lamina densa, which measured 140–180 nm with
extensive foot process effacement. There were no dense deposits
in the mesangial matrix. Immature podocytes contained vacuole.
×3,000. b The TBM of the proximal tubule containing many vacu-
oles showed marked attenuation (120–150 nm), whereas the base-
ment membrane of the distal tubule (800 nm) and Bowman’s cap-
sule (800–1000 nm) were normal in thickness. ×2,000&/fig.c:



membrane of the tubules covering the proximal, distal,
and collecting tubules were extensively positive for α1
and α2 chains. Staining for the α3 and α4 chains was
positive on the GBM and on the BCBM of the region
close to the vascular pole, but was completely negative
on the mesangial matrix. There was no difference in the
staining pattern among the biopsy, autopsy, and control
specimen. An interesting finding was that the sclerosing
glomeruli at autopsy contained α3-, α4-, and α5-positive
glomerular tufts with a noncollapsed and normal appear-
ance, buried in the proliferating mesangial matrix
(Fig. 4b). Staining in the TBM was equivocal or negative
for α3 and α4 chains in the biopsy and autopsy speci-
mens, whereas the TBM in the control was regionally
weakly positive. Localization of the α5 chain in the glo-
meruli was the same as that of the α3 and α4 chains, but
was extensively positive in the BCBM. The TBM was
weakly positive for the α5 chain only in the collecting
tubules. There was no localization of the α6 chain in the
glomeruli, but it was found extensively on the BCBM
and in parts of the TBM. There was no difference in the
staining pattern among the biopsy, autopsy and control
specimens for the α5 and α6 chains. The perimyocytic
matrix of the small renal artery was positive for the α1,
α2, α5, and α6 chains.

Congenital anomalies, such as cleft palate, micro-
cephaly, ventricular septal defect, and eye changes, were
not found. Pathological findings suggesting Kawasaki
disease were found in the coronary arteries, with one an-
eurysm in the left coronary artery, measuring 4 × 6 mm,
and three in the right coronary artery, measuring
5 × 5 mm, 4 × 5 mm, and 4 × 4 mm. Each showed severe
stenosis with marked intimal thickening. Pericardial fi-
brous thickening containing a few lymphocytes was
found along the coronary arteries. No fibrosis was appar-
ent in the myocardium. Chronic periarteritis showing ad-
ventitial fibrosis but no inflammatory cells was found in
the lung and the spleen. Lymph nodes measured
9 × 4 mm in the retroperitoneum, in which lymphocytic
depletion was found.

Discussion

Habib and Bois first described a distinct clinicopatholog-
ic entity of DMS [6]. Most patients have severe protein-
uria between 4 and 12 months of age and experience rap-
id progression to end-stage renal disease before 3 years
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α−Chains Material MAb GBM MM BCBM TBM

α1 Biopsy H11 +−/+ + ++ +
Autopsy H11 +−/+ +/++ ++ −/+
Control H11 +−/+ + ++ ++

α2 Biopsy H22 −/+ + +/++ +
Autopsy H22 −/+ ++ +/++ −/+
Control H22 −/+ + ++ ++

α3 Biopsy H31 ++ − −* −/+−
Autopsy H31 ++ − −* −
Control H31 ++ − −* −/+

α4 Biopsy H43 + − −* −/+−
Autopsy H43 +/++ − −* −
Control H43 ++ − −* −/+

α5 Biopsy H53 +/++ − + −/+**
Autopsy H53 +/++ − + −/+**
Control H53 ++ − + −/+**

α6 Biopsy H63 − − + −/+
Autopsy H63 − − + −/+−
Control H63 − − + −/+

&/tbl.b:

Table 1 An Analysis of α
Chains of Type IV Collagen
(MAb monoclonal antibody,
GBM glomerular basement
membrane, MM mesangial ma-
trix, BCBMbasement mem-
brane of Bowman’s capsule,
TBM tubular basement mem-
brane, − negative, +-equivocal,
−/+ negative or positive, + posi-
tive, ++ strongly positive, 
−* positive only on the region
close to vascular pole, +** pos-
itive on the collecting tubule)&/tbl.c:&tbl.b:

ba

Fig. 4 Immunohistochemistry on the renal basement membrane
using antibodies against α1 and α4 chains of human type IV colla-
gen. a The sclerosing glomerular tuft and the basement membrane
of Bowman’s capsule of DMS at autopsy was positive for anti-α1-
chain antibody. The antibody against α1-chain on the TBM of the
dilated proximal tubules was negative or equivocal, whereas the
basement membrane of the distal tubules stained positively for
these chains. PAP with anti α1 chain antibody, ×400. b The same
sclerosing glomeruli on the serial section was positive for α4
chain, showing a noncollapsed, normal glomerular tuft. PAP with
anti α4 antibody, ×400&/fig.c:



of age. The present patient was healthy in the first 3
months of life before the onset of Kawasaki disease. The
proteinuria was discovered just after admission for treat-
ment for Kawasaki disease at the age 4 of months. Neph-
rotic syndrome developed at the 10th week after admis-
sion. The patient had no family history and no perinatal
abnormality, a clinical history not consistent with the di-
agnosis of CNS. This is a recessive inherited disease, as-
sociated with premature birth, low birth weight, or pla-
cental enlargement, and shows proteinuria soon after
birth [7, 18, 19]. The progression seen here, which does
not occur in CNS, suggests the clinical diagnosis of INS
[5]. However, the histological finding at biopsy was of
diffuse mesangial proliferative glomerulonephritis with
microcystic tubular dilatation, corresponding to Finnish-
type CNS (Finnish microcystic disease) [7, 18, 19]. Clin-
ical criteria of CNS and INS do not correspond with the
histological criteria of Finnish microcystic disease or
DMS, respectively [17]. According to Sibley and Strie-
gel [18], CNS with congenital onset (less than 3 months)
was Finnish-type CNS (Finnish microcystic disease) in
286 of 396 cases (72%) and DMS in 46 of 396 cases
(12%). INS with infantile onset (more than 3 months) is
Finnish microcystic disease in 12 of 106 cases (11%)
and DMS in 50 of 106 cases (47%). The present patient
had an infantile onset and revealed Finnish microcystic
disease histologically in the biopsy specimen, followed
eventually by histology showing the typical features of
DMS at autopsy 4 months later [5, 6].

The early lesion of DMS is not yet well documented
[6, 18, 19], and it is not known whether the late stage of
Finnish-type CNS is similar to DMS or whether early le-
sions of DMS are similar to Finnish microcystic disease.
Morphological differentiation between the two forms is
not possible, and this case is a unique variant of Finnish-
type CNS or DMS. The histological finding of DMS at
autopsy might correspond to a chronologically late stage
in the evolution of the nephropathy, where morphologi-
cal similarity of the tubules to Finnish microcystic dis-
ease in the biopsy corresponds to the progressive clinical
outcome [4].

The basic pathogenic defect in this disorder is not
known. The observation of complete remission of neph-
rotic syndrome following renal transplantation in pa-
tients with CNS indicates, as in the case of Alport syn-
drome, a genetic disturbance of the GBM structure and
its formation [10]. Disturbed metabolism of type IV col-
lagen in the GBM of the CNS has also been suggested
[14]. There have been a few reports documenting the
electron microscopic data of the GBM of Finnish-type
CNS or DMS. The width of the GBM, especially of the
lamina densa in Finnish-type CNS, is 124–144 nm,
which is thinner than the control for the same age
(200 nm) [1, 2]. The GBM of DMS is thickened and
highly irregular, with a cloudy pattern of alteration, and
the changes reminiscent of Alport syndrome [18, 20]
suggest a disturbance of GBM development [15]. The
widths of the GBM and the TBM of the proximal tubules
of the biopsy specimen in the present case was

140–180 nm and 120–150 nm, respectively, and revealed
marked attenuation, similar to the GBM of thin mem-
brane disease or Alport syndrome. However the thin
GBM of the present patient was positively stained with
antibodies against each of the six α-chains of human
type IV collagen. The result of the biopsy was similar to
that of thin membrane disease without any defect of the
six α-chains (personal data), but was different from X-
linked Alport syndrome with defective staining for the
α3, α4, and α5 chains [11, 13].

The sclerosis in the glomeruli of the DMS was pro-
duced mainly by deposition of α1 and α2 chains, which
were components of the mesangial matrix, and not by the
collapse of the GBM. The α3–α5 chains in the scleros-
ing glomeruli were localized on the apparently normal
glomerular tuft, which was buried in the proliferating
mesangial matrix. CD68-positive cells, presumably mac-
rophages, had infiltrated both the glomeruli of the biopsy
specimen and the sclerosing glomeruli. These cells may
be associated with mesangial cell proliferation and the
subsequent overproduction of α1 and α2 chains in the
mesangial matrix. These immunohistochemical findings
cannot be generalized and regarded as representative of
those in typical CNS or DMS. Nerlich et al. [12] investi-
gated the localization of the extracellular matrix compo-
nent in Finnish-type CNS and DMS using polyclonal an-
tibodies against collagen type IV. Finnish type CNS
showed a normal basement membrane localization and
composition, whereas DMS revealed the accumulation of
collagen type I, III, and V within the sclerosing glomeru-
li, together with a complete loss of basement membrane
collagen type IV and laminin. This report supports the
result of the biopsy resembling Finnish microcystic dis-
ease, but contrasts with the result in the glomeruli of
DMS at autopsy.

The TBM of the microcystic proximal tubules at the
biopsy was weakly stained with anti-α1- and -α2-chain
antibodies, which corresponded to the abnormally thin
TBM seen in electron microscopy, and showed weak or
discontinuous reactivity for these antibodies at the autop-
sy. Localization of the α1 and α2 chains in the control
was extensive on the TBM covering the proximal, distal,
and collecting tubules. Results for anti-α3- and -α4-
chain antibodies were negative or equivocal in the biopsy
and autopsy specimens, whereas these antibodies were
partially positive on the TBM of the control kidney.
These results may indicate that faulty formation of the
TBM of the proximal tubules is one of the causes of mi-
crocystic tubular dilatation if relatively high amounts of
collagen type IV are required for proper folding against
the pressure in the urinary space.

There may be no direct correlation between Kawasaki
disease and DMS. Because CNS and INS have a predis-
position for infection [5] and Kawasaki disease is an in-
fectious disease, an acquired factor may be the common
basis of the two diseases. In the present patient, we ex-
cluded congenital cytomegalic inclusion disease [3], fa-
milial C1q deficiency associated with renal and cutane-
ous disease [9], and congenital syphilis-associated glo-
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merulopathy. Positive IgM and C1q deposition in a dif-
fuse mesangial pattern may be associated with nonspe-
cific trapping in the mesangial matrix in this case, as
there were no electron-dense deposits in the area.

References

1. Autio-Harmanen HG (1981) Renal pathology of fetuses with
congenital nephrotic syndrome of the Finnish type. 2. A quali-
tative and quantitative electron microscopic study. Acta Pathol
Microbiol Scand [A] 89:215–222

2. Autio-Harmainen H, Rapola J (1983) The thickness of the
glomerular basement membrane in congenital nephrotic syn-
drome of the Finnish type. Nephron 34:48–50

3. Beneck D, Greco MA, Feiner HD (1986) Glomerulonephritis
in congenital cytomegalic inclusion disease. Hum Pathol
17:1054–1059

4. George CRP, Hickman RO, Stricker GE (1976) Infantile neph-
rotic syndrome. Clin Nephrol 5:20–24

5. Habib R (1993) Nephrotic syndrome in the 1st year of life.
Pediatr Nephrol 7:347–353

6. Habib R, Bois E (1976) Congenital and infantile nephrotic
syndrome. Pediatr Nephrol 2:335–357

7. Hallman N, Norio R, Rapola J (1973) Congenital nephrotic
syndrome. Nephron 11:101–110

8. Lee BW, Yap HK, Yip WCL, Giam YC, Tay JSH (1989)
Nephrotic syndrome in Kawasaki disease. Aust Paediatr J
25:241–242

9. Leyva-Cobian F, Moneo I, Mampaso F, Sanchez-Bayle M, Ec-
ija JL, Bootello A (1981) Familial C1q deficiency-associated
with renal and cutaneous disease. Clin Exp Immunol
44:173–180

10. Mahan JD, Mauer SM, Sibley RK, Vernier RC (1984) Con-
genital nephrotic syndrome: the evolution of medical manage-
ment and results of renal transplantation. J Pediatr
105:548–557

11. Naito I, Kawai S, Nomura S, Sado Y, Osawa G, the Japanese
Alport Network (1996) Relationship between COL4A5 gene

mutation and distribution of type IV collagen in male X-linked
Alport syndrome. Kidney Int 50:304–311

12. Nerlich AG, Wiest I, Schleicher ED (1995) Localization of ex-
tracellular matrix component in congenital nephrotic syn-
dromes. Pediatr Nephrol 9:145–153

13. Ninomiya Y, Kagawa M, Iyama K, Naito I, Kishiro Y, Seyer
JM, Sugimoto M, Oohashi T, Sado Y (1995) Differential ex-
pression of two basement membrane collagen genes, COL4A6
and COL4A5, demonstrated by immunofluorescence study us-
ing peptide-specific monoclonal antibodies. J Cell Biol
130:1219–1229

14. Risteli L, Autio-Harmainen H, Huttunen NP, Riteli J (1982)
Slow accumulation of basement membrane collagen in kidney
cortex in congenital nephrotic syndrome. Lancet I:712–714

15. Rumpelt HJ, Bachmann HJ (1980) Infantile nephrotic syn-
drome with diffuse mesangial sclerosis: a disturbance of glom-
erular basement membrane development? Clin Nephrol
13:146–150

16. Sado Y, Kagawa M, Kishiro Y, Sugihara K, Naito I, Seyer JM,
Sugimoto M, Oohashi T, Ninomiya Y (1995) Establishment by
the rat lymphnode method of epitope-defined monoclonal anti-
bodies recognizing the six different α chains of human type IV
collagen. Histochem Cell Biol 104:267–275

17. Schneller M, Braga SE, Moser H, Zimmermann A, Oetliker O
(1983) Congenital nephrotic syndrome: clinicopathological
heterogeneity and prenatal diagnosis. Clin Nephrol 19:243–249

18. Sibley RK, Striegel J (1994) Nephrotic syndrome in the first
year of life. In: Tisher CC, Brenner BM (eds) Renal patholo-
gy: with clinical and functional correlations, 2nd edn. Lippinc-
ott, Philadelphia, pp 1291–1311

19. Sibley RK, Mahan J, Mauer M, Vernier RL (1985) A clinico-
pathologic study of forty-eight infants with nephrotic syn-
drome. Kidney Int 27:544–552

20. Zollinger HU, Mihatsch MJ (1978) Early infantile glomerulo-
nephritic contracted kidney, congenital (infantile) nephrotic
syndrome: In: Zollinger HU, Mihatsch MJ (eds) Renal pathol-
ogy in biopsy: light, electron and immunofluorescent micros-
copy and clinical aspect. Springer, Berlin Heidelberg New
York, pp 356–366

494


