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Abstract A case of diffuse mesangial sclerosis (DMS}troduction
associated with Kawasaki disease is reported. A previ-

ously healthy Japanese girl, aged 4 months, prese;ﬁ%%asaki disease is a self-limiting inflammatory disease
with clinical features of Kawasaki disease. At week Y iing multiple vessels. Severe kidney complications
of the iliness, she developed the nephrotic syndrome, rare. Data on only one patient with nephrotic syn-
which was refractory to steroid therapy. Renal biopgyome associated with Kawasaki disease, who responded

demonstrated a diffuse mesangial proliferative glomety-gieroid therapy, have been reported previously [8]. The
lonephritis with microcystic tubular dilatation and, ultr

Y= _ Y 9resent patient is the first with Kawasaki disease associ-
structurally, marked thinning of the lamina densa in theaq \with infantile nephrotic syndrome (INS). The early
glomerular basement membrane (GBM) and the tubu

. tological lesion was similar to the Finnish-type con-
basement membrane (TBM) of the proximal tubule. SHgnia|” nephrotic syndrome (CNS) at biopsy [7], but
went into chronic renal failure and died at the age of

X ) hin 4 months the patient revealed diffuse mesangial
months. At autopsy, the kidney revealed DMS. Histologgerosis (DMS) at autopsy [6]. Analysis of the renal
ically, we found Finnish microcystic disease in its earlyosement membrane by means of newly developed rat
stages in the biopsy. Using a newly developed mono

nal antibody, we analysed the alpha chaimb.6) of onoclonal antibody for the human alpha chains
type IV colla{gen in the GBM and TBM. There was n&(l—aG) of type IV collagen was performed to investi-

; o . . ate the possibly defective constitution of alpha chains in
defective constitution of alpha chains on the thin GBN},o glomerular basement membrane (GBM) and in the

but the thin TBM of the microcystic proximal tubulg,, jar basement membrane (TBM) [11, 16]
showed a weak or discontinuous reactivityddrando2 T

chains, suggesting faulty formation of the basement

membrane. The sclerosing glomeruli of the DMS did ngjfinjcal history

depend on collapse of the GBM, which was positive for

a3-a5 chains, but mainly on the proliferation of mesam previously healthy 4-month-old Japanese girl was admitted to

gial matrix, which was positive farl anda?2 chains. 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-

Key WOf_ds |nfant”§‘ nephrotic S_yn_drome - Diffuse ial C1lq deficiency. She had no abnormality of gestation, birth
mesangial sclerosis - Kawasaki disease - Type IV weight, or placental weight. Alpha fetoprotein was not measured
collager: 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
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ing the 10th week of the illness, a coronary aneurysm was detedteds M1-positive proximal tubules showed focal micro-
by echocardiography. Cardiac angiography (CAG) revealed gtic dilatation. The inner diameter of the tubules mea-

aneurysm on the left coronary artery and three on the right coro- . . P
nary artery. On the 2nd day after CAG, she suddenly develo ed 100-15@m (Fig. 2a). The proximal tubular epi-

massive proteinuria with microscopic haematuria and generaliz8@lium was hypertrophic containing fine granular drop-
oedema, all of which persisted. Nephrotic syndrome was cdets. Distal tubules were mildly dilated and contained re-
firmed by the presence of severe proteinuria (3.5 g/day), hyCEonal hyalin casts. Tubulointerstitial lesions were not

proteinaemia (4.6 g/dl), hypoalbuminaemia (2.5 g/dl), hyperch ; i ; :
lesterolaemia (346 mgidl), and oedema. C3 (64 mg/dl) and Ot minent. No cytomegalic inclusions were present in

(19.2 mg/dl) were almost in normal ranges. Assays for cytomedB€ nuclei or in the _cyto_plasm of glomerular endothelial
lovirus and syphilis were negative. Antinuclear antibody and aniells and tubular epithelial cells.
dsDNA antibody were negative. A renal venogram showed no evi- Electron microscopy revealed marked attenuation of

dence of renal vein thrombosis. Renal biopsy was performed dWmina densa of the GBM measuring 140-180 nm. The
ing week 13 of the illness. The child was treated with aspirin, a ' ’

thrombolytic agent, and a corticosteroid. The nephrotic state deSangial matrix was increased and loose, but no dense
not respond to therapy, and renal function gradually worsené@posits were seen. Podocytes were immature, showing a
Blood pressure was elevated to 164/98 mmHg. Ascites and anafaw organelles in the relatively narrow cytoplasm. Foot

ca developed. Peritoneal dialysis was performed for chronic refghcess effacement was extensive (Fig. 3a). The base-

failure (creatinine clearance 30 ml/min, creatinine 1.0 mg/ : .
blood urea nitrogen 57 mg/dl) during the 26th week of the illne _ent membrane of the proximal tubules, containing

She died from respiratory disturbance during the 30th week of fR&ny lipid-like droplets, showed marked attenuation,
illness at the age of 11 months. An autopsy was performed. =~ 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,
Materials and methods respectively (Fig. 3b). In immunohistochemistry, glo-
For light microscopy, kidney tissues from the biopsy and the meruli demonstrated mild deposition of IgM and C1q in

topsy were fixed in 0.1 M phosphate-buffered 10% formalin. P%J_dlffuse mesangial pattern. .

affin sections (2um thick) were stained with periodic acid—Schiff At autopsy, about 75% of all glomeruli were charac-
(PAS), Masson’s trichrome, and periodic acid—methenamine silterized by diffuse expansion of the sclerosing mesangial
(PAM). For electron microscopy, biopsy kidney tissue was fixed fatrix with obliteration of the capillary lumina and the
phosphate-buffered 1.2% glutaraldehyde, postfixed in 1% osm%%nsformation of the glomerular tufts into avascular,

tetroxide, and embedded in Epon 812. Ultrathin sections w .
double-stained with uranyl acetate and lead citrate. For immufLrunken, sclerotic masses surrounded by coronas of

histochemical studies, paraffin-embedded sections were procegzatily hypertrophied and vacuolized podocytes (Fig. 1b).

by the peroxidase-antiperoxidase method. Antisera against Ig@e third of all glomeruli were adhering to the Bow-
(1:1600), IgM (1:1600), IgA (1:2500), C3 (1:1600), 01q/c22a

(1:1600), and CD68 (PG-M1, 1:50) (DAKO Japan, Kyoto, Japap)o > fcahpS”'Ie’ forml'.”g a S.eptél’" brédgﬁ- TWg”J)gf'Ve per-
were used to treat the sections after digestion for 15 min at 37Nt Of the glomeruli remained and showed diffuse pro-

by 0.05% protease type 8 (Sigma, St. Louis, Mo.). Antiseruiferative glomerulonephritis. Cystic dilatation of the
against Leu M1 (1:30; Becton Dickinson Immunocytometry Syproximal tubules was found. The distal tubules were also
tems, San Jose, Calif.) was used to treat the section without digfigsted and contained hyalin casts. The diameter of the

tion. . . .
Immunohistochemical detection of the alpha chaim$-¢6) inner surface of the ectatic tubules varied from a0

of type IV collagen was performed as previously described [0, 200um. Interstitium was focally oedematous but did
16]. In brief, the paraffin-embedded sections were heated in acidot contain foam cells. CD68-positive cells, probably

media (pH < 1.0) at 121-127°C for 6 min, then incubated with ﬂﬂﬁacrophages’ were prominent in the oedematous inter-

primary rat monoclonal antibodies agaimst chain (H11),02 P ; )
chain (H22),a3 chain (H31),a4 chain (H43),a5 chain (H53), stitium. Such cells were also found in the Bowman'’s

anda6 chain (H63) at room temperature for 1 h . After incubatiogPace and in the glomeruli (Fig. 2b). The degree of infil-
they were washed three times with phosphate-buffered salination of CD68-positive cells into the interstitium and
{ase-conjugated, affnity-purfied goat ant-rat 156 for 1 n (DAKG Cwicrull was the same as in the earlier biopsy.
LSAB Kid. % kidﬁey fror);l%n 8-mognth-old Japar?ese girl wt(m die A'ph‘”?‘ chains (_ﬁl—a6) Of type .IV collagen were de-
from postoperative complications following surgery for paten€Cte€d immunohistochemically in the renal basement
ductus arteriosus was used as the normal control. membrane of the biopsy specimens and at autopsy (Table
1). Theal anda?2 chains in the biopsy specimen and in
the control were distributed mainly in the mesangial ma-
Pathological findings trix and the basement membrane of Bowman'’s capsule
(BCBM), whereas the GBM showed weakly positive
Renal biopsy revealed 27 glomeruli. The diameter siffaining for these antibodies. The sclerosing glomeruli of
Bowman’'s capsule of the glomeruli measured froBPMS at autopsy were strongly positive fafl anda?2
90 um to 130um. Global sclerosis, adhesions, and creshains (Fig. 4a). Thel anda2 chains on the TBM of
cent formations were not found. Alimost mature glomerthe dilated proximal tubules were weakly positive in the
li showed moderate proliferation of mesangial cells witkiopsy specimen. At autopsy, the TBM of the dilated
an increased PAS-positive mesangial matrix (Fig. 1@yoximal tubules showed discontinuous or equivocal
Immature-looking glomeruli were found focally showingtaining foral and a2 chains, whereas the basement
a condensed tuft lined with a continuous layer of visceraembrane of the distal tubule stained positively for these
epithelial cells with or without a dilated urinary spacehains (Fig. 4a). In the control kidney, the basement




Fig. 1 a, b Light microscopy of the kidney biopsy and autopsg00-150pum inner diameter. PAP with anti-Leu M1 antibody,
specimensa Almost mature glomeruli show moderate proliferax100.b CD68-positive cells in Bowman’s space in the glomerular
tion of mesangial cells with increased PAS-positive mesangial maft and in the oedematous interstitium (at autopsy). PAP with an-
trix in the biopsy specimens. PAS, x2®0Glomeruli were char- ti-CD68 antibody, x40
acterized by diffuse expansion of sclerosing mesangial matrix with .
obliteration of the capillary lumina and the transformation of t}s‘%ﬂg‘. 3 a, b Electron microscopya The GBM showed marked at-
glomerular tuft into avascular, shrunken, sclerotic masses dsgauation of the lamina densa, which measured 140-180 nm with
rounded by coronas of partly hypertrophied and vacuolized Fﬁg(_tenswe foot process effacement. There were no dense deposits
docytes. PAS, x2(: In the mesangial matrix. Immature podocytes contained vacuole.
x3,000.b The TBM of the proximal tubule containing many vacu-
Fig. 2 a, b Immunohistochemistry on the microcystic lesion andles showed marked attenuation (120-150 nm), whereas the base-
macrophages in the kidneyLeu M1-positive proximal tubules of ment membrane of the distal tubule (800 nm) and Bowman’s cap-
the biopsy show focally microcystic tubular dilatation witlsule (800-1000 nm) were normal in thickness. x2,000
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Table 1 An Analysis ofa

Chains of Type IV Collagen a—Chains Material MAb GBM MM BCBM TBM
(MAb monoclonal antibody, .
GBM glomerular basement al Biopsy H11 I+ + +t +
membraneMM mesangial ma- Autopsy H11 I+ H+ + I+
trix, BCBMbasement mem- 5 (épntrol ﬂg */_/*' + +/+ +
brane of Bowman'’s capsule, @ Alopsy Ho5 _/+ + +/++ +/
TBM tubular basement mem- utopsy A +t S —I*
Control H22 —/+ + ++ ++

brane,- negative, +-equivocal,

—/+ negative or positive, + posi- 93 Eiopsy Hgi :: B :: :/+_
tive, ++ strongly positive, caropsy H31 - Z N e
—* positive only on the region 4 Bpntro H43 + - _* —4—
close to vascular pole, +** pos- & A:J(?[ggs))éy H43 H++ *
- ; b - _ -
itive on the collecting tubul-) Control H43 - _ % —/+
a5 Biopsy H53 +/++ - + —[+**
Autopsy H53 +/++ - + —[+**
Control H53 ++ - + —[+*
a6 Biopsy H63 - - + —/+
Autopsy H63 - - + —I+-
Control H63 - - + -/+
membrane of the tubules covering the proximal, dist
and collecting tubules were extensively positive ddr g

and a2 chains. Staining for tha3 anda4 chains was #
positive on the GBM and on the BCBM of the regiog
close to the vascular pole, but was completely negat\
on the mesangial matrix. There was no difference int ;" !
staining pattern among the biopsy, autopsy, and cont ; =
specimen. An interesting finding was that the sclerosi !
glomeruli at autopsy containe-, a4-, anda5-positive
glomerular tufts with a noncollapsed and normal appe
ance, buried in the proliferating mesangial matri
(Fig. 4b). Staining in the TBM was equivocal or negati\
for a3 anda4 chains in the biopsy and autopsy spec
mens, whereas the TBM in the control was regional
weakly positive. Localization of the5 chain in the glo-
meruli was the same as that of ti@ anda4 chains, but
was extensively positive in the BCBM. The TBM wa
weakly positive for then5 chain only in the collecting
tubules. There was no localization of th@ chain in the
glomeruli, but it was found extensively on the BCBM
and in parts of the TBM. There was no difference in tl
staining pattern among the biopsy, autopsy and cont
specimens for the5 anda6 chains. The perimyocytic

matrix of the small renal artery was positive for ttfe  Fig. 4 Immunohistochemistry on the renal basement membrane
a2, a5, anda6 chains. using antibodies againatl anda4 chains of human type IV colla-

en.a The sclerosing glomerular tuft and the basement membrane

Congenital _anoma“es’ such as cleft palate, mlcrg}'Bowman’s capsule of DMS at autopsy was positive for ambti-
cephaly, ventricular septal defect, and eye changes, W&#n antibody. The antibody agaimst-chain on the TBM of the
not found. Pathological findings suggesting Kawasadkilated proximal tubules was negative or equivocal, whereas the

disease were found in the coronary arteries, with one Bpsement membrane of the distal tubules stained positively for

; : ese chains. PAP with artil chain antibody, x40 The same
eurysm in the left coronary artery, measuring 4 x 6 m lerosing glomeruli on the serial section was positive ofér

and three in the right coronary artery, measurigain, showing a noncollapsed, normal glomerular tuft. PAP with
5x5mm, 4 x5 mm, and 4 x 4 mm. Each showed sevei®i a4 antibody, x40

stenosis with marked intimal thickening. Pericardial fi-
brous thickening containing a few lymphocytes was
found along the coronary arteries. No fibrosis was appBiscussion

ent in the myocardium. Chronic periarteritis showing ad-

ventitial fibrosis but no inflammatory cells was found iflabib and Bois first described a distinct clinicopatholog-
the lung and the spleen. Lymph nodes measuiedentity of DMS [6]. Most patients have severe protein-

9 x 4 mm in the retroperitoneum, in which lymphocytiaria between 4 and 12 months of age and experience rap-
depletion was found. id progression to end-stage renal disease before 3 years
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of age. The present patient was healthy in the firstt80-180 nm and 120-150 nm, respectively, and revealed
months of life before the onset of Kawasaki disease. Tharked attenuation, similar to the GBM of thin mem-
proteinuria was discovered just after admission for trebtane disease or Alport syndrome. However the thin
ment for Kawasaki disease at the age 4 of months. Ne@BM of the present patient was positively stained with
rotic syndrome developed at the 10th week after admasiibodies against each of the sixchains of human
sion. The patient had no family history and no perinatgpe IV collagen. The result of the biopsy was similar to
abnormality, a clinical history not consistent with the dihat of thin membrane disease without any defect of the
agnosis of CNS. This is a recessive inherited disease,sis-0-chains (personal data), but was different from X-
sociated with premature birth, low birth weight, or pldinked Alport syndrome with defective staining for the
cental enlargement, and shows proteinuria soon aft&; a4, anda5 chains [11, 13].
birth [7, 18, 19]. The progression seen here, which doesThe sclerosis in the glomeruli of the DMS was pro-
not occur in CNS, suggests the clinical diagnosis of INfBced mainly by deposition ofl anda2 chains, which
[5]. However, the histological finding at biopsy was ofere components of the mesangial matrix, and not by the
diffuse mesangial proliferative glomerulonephritis withollapse of the GBM. The3-a5 chains in the scleros-
microcystic tubular dilatation, corresponding to Finnisting glomeruli were localized on the apparently normal
type CNS (Finnish microcystic disease) [7, 18, 19]. Cliglomerular tuft, which was buried in the proliferating
ical criteria of CNS and INS do not correspond with theesangial matrix. CD68-positive cells, presumably mac-
histological criteria of Finnish microcystic disease gpbphages, had infiltrated both the glomeruli of the biopsy
DMS, respectively [17]. According to Sibley and Striespecimen and the sclerosing glomeruli. These cells may
gel [18], CNS with congenital onset (less than 3 month® associated with mesangial cell proliferation and the
was Finnish-type CNS (Finnish microcystic disease) subsequent overproduction afl anda2 chains in the
286 of 396 cases (72%) and DMS in 46 of 396 casessangial matrix. These immunohistochemical findings
(12%). INS with infantile onset (more than 3 months) @nnot be generalized and regarded as representative of
Finnish microcystic disease in 12 of 106 cases (11%pse in typical CNS or DMS. Nerlich et al. [12] investi-
and DMS in 50 of 106 cases (47%). The present patigated the localization of the extracellular matrix compo-
had an infantile onset and revealed Finnish microcystient in Finnish-type CNS and DMS using polyclonal an-
disease histologically in the biopsy specimen, followdithodies against collagen type IV. Finnish type CNS
eventually by histology showing the typical features showed a normal basement membrane localization and
DMS at autopsy 4 months later [5, 6]. composition, whereas DMS revealed the accumulation of
The early lesion of DMS is not yet well documentecbllagen type I, 1ll, and V within the sclerosing glomeru-
[6, 18, 19], and it is not known whether the late stagelpftogether with a complete loss of basement membrane
Finnish-type CNS is similar to DMS or whether early leollagen type IV and laminin. This report supports the
sions of DMS are similar to Finnish microcystic diseasesult of the biopsy resembling Finnish microcystic dis-
Morphological differentiation between the two forms isase, but contrasts with the result in the glomeruli of
not possible, and this case is a unique variant of FinniEMMS at autopsy.
type CNS or DMS. The histological finding of DMS at The TBM of the microcystic proximal tubules at the
autopsy might correspond to a chronologically late stagiepsy was weakly stained with antl- and ei2-chain
in the evolution of the nephropathy, where morphologintibodies, which corresponded to the abnormally thin
cal similarity of the tubules to Finnish microcystic disfBM seen in electron microscopy, and showed weak or
ease in the biopsy corresponds to the progressive clintiatontinuous reactivity for these antibodies at the autop-
outcome [4]. sy. Localization of thexl anda?2 chains in the control
The basic pathogenic defect in this disorder is noas extensive on the TBM covering the proximal, distal,
known. The observation of complete remission of nepdind collecting tubules. Results for aa8- and e4-
rotic syndrome following renal transplantation in pashain antibodies were negative or equivocal in the biopsy
tients with CNS indicates, as in the case of Alport syand autopsy specimens, whereas these antibodies were
drome, a genetic disturbance of the GBM structure apaitially positive on the TBM of the control kidney.
its formation [10]. Disturbed metabolism of type IV colThese results may indicate that faulty formation of the
lagen in the GBM of the CNS has also been suggestd®M of the proximal tubules is one of the causes of mi-
[14]. There have been a few reports documenting ttr@cystic tubular dilatation if relatively high amounts of
electron microscopic data of the GBM of Finnish-typeollagen type IV are required for proper folding against
CNS or DMS. The width of the GBM, especially of théhe pressure in the urinary space.
lamina densa in Finnish-type CNS, is 124-144 nm, There may be no direct correlation between Kawasaki
which is thinner than the control for the same agiésease and DMS. Because CNS and INS have a predis-
(200 nm) [1, 2]. The GBM of DMS is thickened angbosition for infection [5] and Kawasaki disease is an in-
highly irregular, with a cloudy pattern of alteration, aniéctious disease, an acquired factor may be the common
the changes reminiscent of Alport syndrome [18, 2B&sis of the two diseases. In the present patient, we ex-
suggest a disturbance of GBM development [15]. Thlkided congenital cytomegalic inclusion disease [3], fa-
widths of the GBM and the TBM of the proximal tubulemiilial C1q deficiency associated with renal and cutane-
of the biopsy specimen in the present case wass disease [9], and congenital syphilis-associated glo-
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merulopathy. Positive IgM and C1q deposition in a dif- mutation and distribution of type IV collagen in male X-linked
fuse mesangial pattern may be associated with nonspe&Iport syndrome. Kidney Int 50:304-311
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