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SUMMARY

Alport syndrome and thin basement membrane nephropathy are common causes of persistent familial haematuria.
They are associated with various mutations in type IV collagen genes. Mutations in genes, coding for a5 chain of col-
lagen 1V, cause X-linked Alport syndrome, whereas mutations in genes for a3 and a4 chains can cause the autosomal
recessive and autosomal dominant type of Alport syndrome or benign familial haematuria with thin basement mem-
brane nephropathy. In view of the wide spectrum of phenotypes, an exact diagnosis is sometimes difficult to achieve.
Few studies of genotype-phenotype correlations in Alport syndrome have shown that various types of mutations may
be a significant predictor of the severity of disease. Histopathologic findings in Alport syndrome vary from normal kid-
ney to nonspecific focal segmental and global glomerular sclerosis with characteristic ultrastructural finding of thicken-
ing and splitting of the glomerular basement membrane. Thin basement membrane nephropathy is characterized by
diffuse thinning of the glomerular basement membrane on an ultrastructural level, while by light microscopy glomeruli
are mostly unremarkable. Because of present limitations of mutation screening techniques, kidney biopsy with manda-
tory ultrastructural analysis and immunohistochemistry examination for type IV collagen a chains remains a standard

approach for establishing diagnosis and determining the mode of transmission of the disease.
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INTRODUCTION

Alport syndrome (AS) is a hereditary disease caused
by genetic defects in type IV collagen, the major compo-
nent of basement membranes. Its prevalence is estimated
at approximately 1:5000. A diagnosis of AS can be made if
at least three of the following criteria are positive: family
history of haematuria with or without progression to end-
stage renal disease, progressive sensorineural deafness,
characteristic ocular abnormalities (anterior lenticonus
and/or maculopathy) and ultrastructural changes of the
glomerular basement membrane expressed as character-
istic thickening and splitting with “basket-weave pattern”
[1]. The disease is genetically heterogeneous. Thin base-
ment membrane nephropathy (TBMN) is another inher-
ited disorder of type IV collagen and is the most common
diagnosis in patients with persistent benign familial hae-
maturia of glomerular origin. It probably affects at least
1% of the population. The condition is characterized by
prominent diffuse thinning of the glomerular basement
membrane on an ultrastructural level, lifelong glomeru-
lar haematuria, which may be accompanied by mild pro-
teinuria, normal renal function and an autosomal domi-
nant inheritance pattern [2, 3].

TYPE IV COLLAGEN

The type IV collagen protein family comprises six
isotypes, the al(IV) - a6(IV) chains, encoded by genes
COL4A1 - COL4A6. The genes for al and a2 chains are
located on chromosome 13, genes for a3 and a4 chains
on chromosome 2, and genes for a5 and a6 chains on the
X chromosome. Several studies indicate the existence of

three protomers of type IV collagen in human basement
membranes [2]. The al-al-a2(IV) protomer is found in
all basement membranes. In glomerular basement mem-
brane, the predominating protomer is a3-a4-a5(IV),
which also occurs in Bowman’s capsule and distal and
collecting tubule basement membrane, as well as in
basement membranes in the lung, eye and cochlea. The
a5-a5-a6(IV) protomer is present in skin epidermal base-
ment membrane and in kidney in Bowman’s capsule and
distal and collecting tubule basement membrane, but is
not present in glomerular basement membrane (Table 1).

TABLE 1. Distribution of type IV collagen protomers in kidney and skin.

Protomer Glomerular Bowman’s Tubules Epidermal
BM capsule BM
al-al-a2 + + + (all) +
a3-04-a5 + - + (distal) -
a5-05-06 - + + (distal) +

BM — basement membrane

GENETIC ASPECTS OF ALPORT SYNDROME
AND THIN BASEMENT MEMBRANE
NEPHROPATHY

There are three genetic forms of AS [2-4] (Table 2).
The most common form (85%) is dominant, X-linked AS,
caused by mutations in the COL4A5 gene (Xq22) encoding
for the a5 chain of type IV collagen. To date, more than
400 mutations, appearing randomly along the gene, have
been identified in COL4A5. The pathogenic mutations are
mostly private and only a few mutations have been found
in more than one family. The autosomal recessive forms
of AS (10-15%) are caused by mutations in both alleles
of the COL4A3 gene, encoding for the a3(IV) chain, or
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TABLE 2. Genetic forms of Alport syndrome.

TABLE 3. Immunohistochemistry staining for type IV collagen a chains
in normal and in Alport syndrome patient’s kidney and skin.

Alport X-linked Autosomal Autosomal
syndrome recessive dominant Alport syndrome al(lVv) a3(lv) a5(1V)
COL4A3 COL4A3 Glomerular BM + + +
Locus COL4AS5
COL4A4 COL4A4 N | Bowman'’s capsule + + +
Frequency 85% 10-15% <5% orma Tubules (distal) + + +
Gender effect Yes No No Epidermal BM + - +
ESRD At age of 25 Atage of 25 Atage of 50 Glomerular BM + -/mosaic  -/mosaic
(50% of pts) years years (7) years , Bowman'’s capsule + -/mosaic  -/mosaic
Hearing loss 80-90% 100% ! Klinked Tubules (distal) + -/mosaic  -/mosaic
Ocular 30-40% 30-40% ? Epidermal BM + - -/mosaic
abnormalities
Glomerular BM + - -
ESRD - end-stage renal disease Autosomal Bowman'’s capsule + - +
recessive  Tubules (distal) + - +
the COL4A4 gene, encoding for the a4(IV) chain. A few Epidermal BM + - +

reported patients with heterozygous mutations in COL4A3
or COL4A4 have exhibited a progressive nephropathy
characteristic of AS. These patients have autosomal dom-
inant AS [5]. Sporadic cases of AS may also occur.

Heterozygous mutations in COL4A3 and COL4A4
genes have been demonstrated in 25-40% of patients with
benign familial haematuria and TBMN. It has been sug-
gested that TBMN represents a carrier state of autosomal
recessive AS. In some cases, mutations found in TBMN
families are identical to those causing autosomal reces-
sive AS when present in the homozygous or compound
heterozygous form [6]. To date, more than 30 mutations
in COL4A3 and COL4A4 genes have been described in
autosomal forms of AS and more than 20 in TBMN [7].

Mutations in any of the a(IV) chains, resulting in chain
defect (absence or abnormal structure of the mutated a
chain), impair protomer assembly and the formation of
the normal type IV collagen network. Consequently, the
glomerular basement membrane is initially uniformly
thin and susceptible to digestion by proteolytic enzymes
[3]. Although the pathogenesis of glomerular basement
membrane changes in AS has not been yet clarified, it
has been hypothesized that in the later course of the
disease, proteolysis and attempted reconstruction with
al-al-a2(IV) protomer produce a thickened and multi-
layered glomerular basement membrane.

RENAL PATHOLOGY IN ALPORT SYNDROME
AND THIN BASEMENT MEMBRANE
NEPHROPATHY

By light microscopy glomeruli in TBMN and in early
stages of AS appear normal or show minimal mesangial
changes. At later stages of AS, widening of the mesan-
gium with focal and segmental thickening of the capil-
lary walls, hyaline deposits and collapse of the capillary
loops become apparent. Segmental and global glomeru-
losclerosis accompanied by interstitial fibrosis are typical
of later stages. In many cases, there are prominent inter-
stitial foam cells, which are not specific and merely indic-
ative of proteinuria [8].

Electron microscopy examination of kidney biopsy
samples in AS demonstrates characteristic abnormalities
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BM — basement membrane

of the glomerular basement membrane, expressed as irreg-
ular thinning, as well as a diagnostic, more or less wide-
spread thickening of the glomerular basement membrane,
with splitting and fragmentation of the lamina densa into
several strands forming a “basket-weave” pattern. Small,
electron-dense round granules are often seen within the
lamellated glomerular basement membrane [2, 3, 8]. The
extent of glomerular basement membrane thickening and
lamellation is generally gender-dependant (in X-linked
AS) and age-dependant. However, the earliest ultrastruc-
tural abnormality in patients with AS is diffuse attenua-
tion of the glomerular basement membrane which is also
typically demonstrated in patients with TBMN, irrespec-
tive of their age. It may therefore be difficult to differen-
tiate AS and TBMN in children.

Immunohistochemical staining for type IV collagen a
chains in kidney and skin biopsies is a useful diagnostic
tool in patients with familial haematuria [9] (Table 3).
Abnormal expression of a3(IV), a4(IV) and a5(IV) may
be noted in about 80% of males and 60% of females with
X-linked AS, as well as in many patients with autosomal
recessive AS. The patterns determined by immunobhisto-
chemistry may even distinguish between X-linked and
autosomal AS [4, 9-11]. In X-linked AS, male patients
characteristically demonstrate negative staining for the
a3(IV) and a5(IV) chains in the kidney and skin, while
women frequently show segmental (mosaic) positive
staining. However, variably positive reactions for a3(IV)
and a5(IV) chains have been reported in female and,
occasionally, male patients. Barsotti et al [12] showed
in their study that the absence of the a3(IV) chain in
the glomerular basement membrane could indicate a
more severe renal disease in AS. In autosomal reces-
sive AS, males and females typically show negative
staining for the a3(IV) chain, while the a5(IV) chain
is negative in the glomerular basement membrane
and positive in the distal tubules and Bowman’s cap-
sule, as well as in the epidermal basement membrane,
due to the presence of normal a5-a5-a6 trimer at these
locations. It should be pointed out that normal stain-
ing for type IV collagen o chains does not exclude AS.
Immunohistochemistry for a(IV) chains is normal in
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TBMN. Standard immunoflurescence for assessment of
immune reactant deposits is negative or may show non-
specific staining for IgM and C3 in AS.

Our experience is based on the study including 112
kidney biopsies of 102 patients of 73 families with famil-
ial haematuria [13-16]. Based on clinical data, histopa-
thology (including electron microscopy in most biopsies
and immunohistochemistry in about one third) and in
57 families including also molecular genetic analysis, a
diagnosis of AS was established in 50 families, TBMN in
18 families, while in 5 families the differential diagnosis
was AS or TBMN. Patients with AS were younger at the
time of renal biopsy (36 male, age range 3-43 years, mean
15.9; 41 female, age range 3-53 years, mean 21.3) than
those with TBMN (12 male, age range 7-41, mean 20.8;
8 female, age range 8-42 years, mean 22.1). In biopsies
of AS, glomerulosclerosis and characteristic ultrastruc-
tural thickening and splitting of the glomerular basement
membrane were more frequently found in male patients
than in female (58% vs. 46% and 32% vs. 12%), while
exclusively thin basement membrane predominated in
female patients (11% vs. 2%).

GENOTYPE-PHENOTYPE CORRELATION

Gross et al [17] proposed that the different effects of
various mutations may be a significant predictor of the
severity of disease. They classified male patients with
X-linked AS into three cohorts:

o large rearrangements, frame shift, nonsense, and splice
donor mutations were associated with a severe type of
AS with end stage renal disease at ~20 years, 80% hear-
ing loss and 40% ocular lesions;

« non-glycine XY-missense, glycine-XY involving exons
21-47, in-frame deletions/insertions and acceptor
splice site mutations caused a moderate-severe type
of AS with end stage renal disease at ~26 years, 65%
hearing loss, 30% ocular lesions;

+ glycine-XY mutations involving exons 1-20 were asso-
ciated with a moderate type of AS with end stage renal
disease at ~30 years, 70% hearing loss and 30% ocu-
lar lesions.

Similarly, Jais et al [18], in their study including 329
families, reported genotype-phenotype correlations with
regard to major rearrangements and “small mutations”
in male patients with AS. Furthermore, the authors also
correlated genotype-phenotype in female patients and
suggested a large intrafamiliar heterogeneity in girls
and women, presumably due to the influence of random
X-chromosomal inactivation [19]. In their opinion, pre-
diction of the renal course in female patients with AS
from genetic studies is thus impossible. It is of interest
that few studies have provided evidence of organ selective
X chromosome inactivation in female patients with AS,
which may explain the unexpectedly progressive course
of renal disease in some of them [20, 21].

Our results of genotype-phenotype correlations [22],
based on the study of 17 families with AS and 40 families
with benign familial haematuria from the Slovenian pop-
ulation of 2 million, were generally in accordance with the
classification proposed by Gross et al. Among exceptions,
the p.G624D mutation, which is located in the non-col-
lagenous domain and according to Gross may be respon-
sible for a moderate-severe type of AS, should be high-
lighted. In our study, it was found in 6 unrelated families
with mild disease. This mutation has already been previ-
ously reported in two different families with AS, in stud-
ies including patients from Denmark, Germany, Iceland,
Sweden and United States [23] and patients from the
United States [24], respectively. In our study, this muta-
tion was demonstrated in a 47-year-old female patient
with a diagnosis of AS confirmed by electron microscopy
of the kidney biopsy. Her brother had end-stage renal fail-
ure at the age of 45. The same mutation was also found in
5 families with a clinical picture of benign familial hae-
maturia. However, the finding by electron microscopy of
a thin basement membrane in a 16-year-old member of
one family is not convincing confirmation of the benign
nature of the disease. Conversely, isolated haematuria
with normal renal function in two male patients at the
age of 42 and 46 years, respectively, of two other families,
seems to be a significant argument in favour of benign
familial haematuria associated with COL4A5 mutation.
In the opinion of Gregory, a diagnosis of TBMD is falli-
ble unless the family contains several examples of elderly
haematuric males with normal renal function [25].

It is generally believed that mutations of the COL4A5
gene cause AS, which may vary in the severity of clinical
manifestations and progression of renal disease in relation
to the type of mutation [9]. However, our finding of the
missense mutation p.G624D of COL4A5 in a family with a
progressive form of AS, as well as in families affected with
benign familial haematuria, suggests the possibility of sig-
nificantly different phenotypes associated with the same
gene mutation. It could be speculated that members of
the five families are affected with a very mild form of AS,
but we tend more to the hypothesis that AS and benign
familial haematuria may represent two opposite poles of
a spectrum of hereditary COL4A5 nephropathies, simi-
lar to hereditary nephropathies associated with COL4A3
and COL4A4 heterozygous mutations.

CONCLUSION

In patients with familial haematuric syndrome diag-
nosis of AS and determination of the mode of transmis-
sion are important for prognosis and genetic counsel-
ling. Mutation screening would be theoretically the best
approach, but there are still some important limitations
of this technology. Evaluation of kidney biopsy including
immunohistochemistry for the type IV collagen a chains
remains a useful diagnostic tool.
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CMEKTAP HEOPOIMNATWJA KOJTIATEHA TUMA IvV: O4 HEDQPOMATWUJE
TAHKE BA3AJIHE MEMBPAHE O AJINOPTOBOI CUHAPOMA

Anenka BU3JAK, fywaH OEP/TYTA

WHcTuTyT 3a natonorujy, MeanumHckn dakyntet, YHuBep3uTeT y JbybrbaHu, JbybrbaHa, CnoseHuja

KPATAK CAOPXAJ

AnnopToB cMHAPOM 1 HedponaThja TaHKe 6asanHe Mem-
6paHe cy uecTu y3poun nep3ncteHTHe GpamunmjapHe xemary-
puje. YapyxeHu Cy C pa3nnynMTum myTalmjama reHa 3a KonareH
Tna lV. MyTaumje reHa Koju Koampajy naHau a5 konareHa /V nsa-
31Bajy ANNOpPTOB CMHAPOM Be3aH 3a X-XPOMO30M, OK MyTaL1-
je reHa 3anaHue a3 1 a4 Mory 40BeCT/ 0 ayTO30MHO peLiecuB-
HOT 1 ayTO30MHO JOMUHAHTHOT ANIMOPTOB CUHAPOMa WA 6eHU-
rHe dbammnmjapHe xematypuje ¢ HedbponaTrjom TaHKe 6asanHe
MembpaHe. C 0631poM Ha TO Aa je cnekTap peHOTVNOBa BeOMa
LIMPOK, MOHeKaA je TeLKo NoCTaBUTY TauHy AnjarHo3y. Y Heko-
NIMKO CTyAMja Kopenaumje reHoTun—-GeHoTUN YCTaHOB/bEHO je
Aa pasnuuuTy TMNOBU MyTaumja Mory aa Oyay 3HauajHV Noka-
3aTesby TeXMHe 6onecTn. XMCTONaToNoLWKM Hanasm Kog Annop-
TOBOT CMHAPOMa Bapupajy off HOPMasHor Hafa3a Ao Hecrnewu-
druHe PpokanHe cermeHTHe U OMLUTE FOMePYSICKe CKIepo3e, C
TUMUYHUM YNTPACTPYKTYPHUM Hana3om 3afebsbatba 1 pacno-
jaBarba rnomepynapHe 6a3anHe membpaHe. Hedponatujy TaH-
Ke 6a3anHe membpaHe oanuKyje fUdY3HO UCTatbere rnomepy-
napHe 6asanHe MembpaHe Ha yNTPacTPyKTYPHOM HIBOY, fOK
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Cy Ha CBET/IOCHOMMKPOCKOMNCKOM Nperniefly rnomepynu yrnas-
HOM HempoMereHY. 360r caialltblX OrpaHNyetba Y TEXHMKa-
Ma CKpUHUHra MyTauuja, broncuja 6ybpera ¢ HEONXOQHOM Y-
TPacTPyKTYPHOM aHaNN30M 1 UMYHOXUCTOXEMUJCKUM Nperne-
[OM Ha O flaHLe KonareHa Tuna [V ocTaje ctaHAapAHW NPUCTYn
Kof nocTaB/batba AujarHose v yTBphrBatba HauMHa Hacnehu-
Batba bonectu.

KmbyuHe peun: ANnopToB CUHAPOM; HepponaTyja TaHKe 6a3an-
He MembpaHe; KonareH Tuna IV; myTauuje; natonoruja
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