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ropathy with similar C3 deposits along the GBM too, in 
the absence of any immunoglobulin deposits18. The third 
cause of FMH appears to be the Alport syndrome, which 
appears rare on the island. Only X-linked, COL4A5 mu-
tation, P628L has been detected so far in two families 
with eight affected hemizygous males. This hypomorphic 
COL4A5, P628L mutation is of great interest because of 
its benign phenotype, as two adult males show only mi-
crohematuria as a result of TBMN. Autosomal recessive 
ATS is also unusual with only 5 COL4A3/A4 homozy-
gous or compound heterozygous patients recognised 
since 1984. The fourth cause of FMH refers to the female 
heterozygous carriers of X-linked COL4A5 ATS with 
nine such female patients identified in the two Cypriot 
families with the P628L mutation.

Discussion 
Nephrologists and physicians in general, confronted 

with a family in whom some male and female members, 
exhibit microhematuria, without ocular complications or 
neurosensory deafness, may not immediately think of X-
linked ATS, even if a male subsequently develops late on-
set renal insufficiency. According to classical teaching, the 

idea of X-linked ATS becomes even more remote, if the 
renal biopsy in such an adult with microhematuria ± mild 
renal insufficiency shows thinning of the basement mem-
branes. The main aim of this review study is to help change 
this old rigid approach and make nephrologists worldwide 
realize that some COL4A5 missense and mild mutations 
are hypomorphic and consequently they may be responsi-
ble for TBMN with benign microscopic hematuria and oc-
casional late onset kidney failure. The eight large families 
described in this paper, the six families described by Sla-
jpah11 and the other families described by other investiga-
tors throughout the world6-10,12 should make the nephrology 
community more aware of this entity, helping many such 
patients and their families reach the correct diagnosis early 
in order to receive proper medical care.  Following a recent 
correlation analysis in 206 ATS patients from eminent Dr 
Flinter’s laboratory at Guy’s Hospital, London, UK19, the 
recommendation was made that COL4A5 molecular stud-
ies should be requested if the patient meets at least two 
out of the four classical Alport diagnostic criteria. These 
four criteria are: a) positive family history of CRF and/
or micro/macrohematuria, b) EM changes of ATS on renal 
biopsy, c) characteristic ocular signs and d) neurosensory 

Table 1: Familial microscopic hematuria is common in Cyprus. The four major causes are: 1) Thin basement membrane neph-
ropathy (TBMN), due to heterozygous COL4A3/A4 mutations, 2) Mesangial C3, CFHR5 nephropathy, involving the comple-
ment alternative system 3) Alport syndrome due to: i) X-linked COL4A5 mutations in hemizygous males and ii) autosomal re-
cessive homozygous or compound heterozygous COL4A3/A4 mutations in both male and female patients and 4) Heterozygous 
female carriers of COL4A5 ATS mutations.

Causes of Familial Microscopic Hematuria in Cyprus, 2012
1. TBMN Four heterozygous COL4A3/A4 

mutations
22 large families with 208 male & female patients

2. Mesangial C3, 
CFHR5 Nephropathy

CFHR5 mutation affecting the 
complement alternative system

21 large families with 136 male & female patients

3. X-linked COL4A5 
ATS &

Autosomal
Recessive ATS

X-linked, COL4A5 P628L mutation

Homozygous or compound 
heterozygous COL4A3/A4 mutations

2 families with 8 hemizygous males 

2 families with 5 patients 
4 X-linked ATS

COL4A5
female carriers

X-linked, COL4A5, ATS female, 
heterozygous carriers

2 families with 9 female carriers

Table 2: Published X-linked, COL4A5 ATS mutations, characterized by absent or very late onset ESKD, absent ocular com-
plications and absent or delayed neurosensory deafness. Ultrastructurally these patients show intermediate GBM changes and 
mostly present as phenocopies of TBMN with microscopic hematuria.

X-linked 
COL4A5 
Mutations

Clinical findings and patients’
 characteristics
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