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BACKGROUND

COL4A3, COL4A4, and COL4A5 are the only collagen genes that have been implicated 
in inherited nephropathies in humans. However, the causative genes for a number 
of hereditary multicystic kidney diseases, myopathies with cramps, and heritable 
intracranial aneurysms remain unknown.

METHODS

We characterized the renal and extrarenal phenotypes of subjects from three fam
ilies who had an autosomal dominant hereditary angiopathy with nephropathy, 
aneurysms, and muscle cramps (HANAC), which we propose is a syndrome. Link
age studies involving microsatellite markers flanking the COL4A1–COL4A2 locus were 
performed, followed by sequence analysis of COL4A1 complementary DNA extracted 
from skinfibroblast specimens from the subjects.

RESULTS

We identified three closely located glycine mutations in exons 24 and 25 of the gene 
COL4A1, which encodes procollagen type IV α1. The clinical renal manifestations of 
the HANAC syndrome in these families include hematuria and bilateral, large cysts. 
Histologic analysis revealed complex basementmembrane defects in kidney and skin. 
The systemic angiopathy of the HANAC syndrome appears to affect both small 
vessels and large arteries.

CONCLUSIONS

COL4A1 may be a candidate gene in unexplained familial syndromes with autosomal 
dominant hematuria, cystic kidney disease, intracranial aneurysms, and muscle 
cramps.
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Six alpha chains of type iv collagen 
— α1(IV) through α6(IV) — produce three 
networks of type IV collagen: α1.α1.α2(IV), 

α3.α4.α5(IV), and α5.α5.α6(IV). These three net
works are the main component of basement mem
branes. Alpha chains of type IV collagen consist of 
an Nterminal 7S domain; a triplehelical collage
nous domain, containing the classic Gly–Xaa–Yaa 
repeat amino acid sequence; and a Cterminal 
noncollagenous NC1 domain.1 The α1.α1.α2(IV) 
network is widely expressed in the body, whereas 
the α3.α4.α5(IV) and α5.α5.α6(IV) networks have 
a tissuerestricted expression. In the kidney, the 
α3.α4.α5(IV) network replaces the α1.α1.α2(IV) 
network during embryogenesis of the glomeru
lar basement membrane, whereas the basement 
membrane of tubules and Bowman’s capsules 
are composed mainly of a mixed α1.α1.α2(IV)–
α5.α5.α6(IV) network.2

Alport’s syndrome is caused by mutations in 
type IV collagen. The most common Xlinked 
form is caused by mutations in COL4A5 (Online 
Mendelian Inheritance in Man [OMIM] number 
301050), but 15% of cases of Alport’s syndrome 
are due to autosomal recessive (or in rare cases, 
dominant) mutations affecting either COL4A3 or 
COL4A4 (OMIM numbers 203780 and 104200, re
spectively).1 The clinical phenotype of Alport’s 
syndrome correlates with the expression pattern 
of α3.α4.α5(IV). In addition, 50% of cases of fa
milial benign hematuria have been attributed to 
mutations in COL4A3 or COL4A4.1

Mutations in COL4A1 have recently been iden
tified in both a mouse model and families with 
porencephaly, a rare autosomal dominant condi
tion characterized by cystic brain cavities and 
cerebral whitematter lesions.3-6 COL4A1 muta
tions have also been found in a single family 
with smallvessel disease affecting the brain and 
the eye.6,7

The widespread expression of the α1.α1.α2(IV) 
network suggests that COL4A1 mutations may 
lead to a systemic phenotype. We describe COL4A1 
mutations in subjects from three families who 
have hereditary angiopathy with nephropathy, 
aneurysms, and muscle cramps, which we call the 
HANAC syndrome. The nephropathy consisted of 
persistent hematuria or bilateral, large cysts. The 
angiopathy affects both small vessels and large 
arteries and causes leukoencephalopathy, retinal 
arteriolar tortuosity, and intracranial aneurysms. 

All three COL4A1 mutations, localized in exons 
24 and 25, affect glycine residues, interrupting 
the Gly–Xaa–Yaa amino acid repeat.

Me thods

Clinical Evaluation

Written informed consent was obtained from all 
subjects or their parents. Phenotypic studies in
cluded clinical evaluation, urinalysis, measurement 
of serum creatinine levels and urinary protein 
excretion, estimation of the glomerular filtration 
rate with the use of the fourvariable Modifica
tion of Diet in Renal Disease equation,8 abdom
inal ultrasonic tomography, abdominal comput
ed tomography (CT) or renal magnetic resonance 
imaging (MRI), muscle testing and measurement 
of serum creatine kinase levels, funduscopic ex
amination and fluorescein angiography, brain 
MRI, and cerebral magnetic resonance angiogra
phy or CT angiography.

Genetic-Linkage Analysis

Genomic DNA was extracted according to stan
dard methods. For haplotype analyses, we used 
polymorphic microsatellite markers — D13S173, 
D13S126, D13S1315, and D13S261 — that span 
the genetic interval of the COL4A1–COL4A2 locus 
at 13q34.

Detection of Mutations

Primary fibroblasts were cultured from skinbiop
sy specimens. Total RNA was isolated from the 
cultured fibroblasts with RNAwiz (Ambion). Com
plementary DNA (cDNA) was synthesized with 
the use of the Superscript firststrand synthesis 
system for the reversetranscriptase–polymerase
chainreaction assay (Invitrogen). Fulllength 
COL4A1 cDNA was amplified with the use of 11 
primer pairs, and both strands were sequenced. 
Family members and 150 ethnically matched con
trols were screened for mutations with the use of 
specific primers amplifying COL4A1 exon 24 or 
exon 25. (The sequences of all primers are listed 
in the Supplementary Appendix, available with the 
full text of this article at www.nejm.org.)

Electron Microscopy and Immunogold 
Electron Microscopy

Electron microscopy was performed as previously 
described.9 Immunogold electron microscopy was 
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performed on ultrathin frozen sections of kidney
biopsy specimens as previously described.10 Sec
tions were processed for indirect immunogold la
beling with the use of rabbit antihuman α1(IV) 
and α2(IV) antibodies (dilution, 1:120) (Novotec).

R esult s

Phenotypic Evaluation

The phenotypic characteristics of affected sub
jects are shown in Figure 1 and listed in Table 1.

Family 1
In Family 1, the clinical phenotype was transmit
ted as an autosomal dominant trait (Fig. 2A).9 All 
affected subjects presented with microscopic he
maturia, muscle cramps with elevated creatine 
kinase levels, and bilateral retinal arteriolar tor
tuosity that caused repeated retinal hemorrhages 
(Fig. 1J). Gross hematuria occurred in Subjects 
III1, III3, and IV4; supraventricular cardiac ar
rhythmia occurred in Subjects II2, III1, and IV1; 
and Raynaud’s phenomenon occurred in Subjects 
III1, III3, IV1, IV2, and IV4. All affected sub
jects had normal blood pressure.

Renal CT revealed small, bilateral cysts in 
Subjects II2, III1, and III3. Brain MRI revealed 
whitematter abnormalities and dilated microvas
cular spaces in Subjects III1, III3, IV2, and IV4 
(Fig. 1D). Aneurysms affected the intracranial 
segment of the right internal carotid artery in 
Subjects III3 (Fig. 1G), IV2 (aneurysm diameter, 
6 mm), and IV4 (aneurysm diameter, 4 mm), and 
an aneurysm, 2 mm in diameter, was detected in 
the horizontal segment of the right middle cere
bral artery in Subject IV4. The results of cerebral 
imaging were normal for Subject IV1 and were 
not available for Subject III5. Subject III3, who 
was 48 years of age at the time of imaging, had 
previously had a lacunar infarct of the brain stem.

Subjects IV1 and IV4 underwent kidney biop
sy because of persistent microscopic hematuria. 
The tissue sections showed no abnormalities on 
light microscopy (Fig. 1A, top), and immunoflu
oresence studies showed normal expression of 
COL4A1 (Fig. 1S, Panels C and D, in the Supple
mentary Appendix) and of COL4A3 and COL4A5 
(reported previously9  for Subject IV1 and not 
shown for Subject IV4). The expression of lam
inin α5 and perlecan was normal (Fig. 2S, Panels 
A and B, in the Supplementary Appendix), but 

there was no apparent induction of laminin5 
and integrin β4 in the tubular basement mem
brane (data not shown). Electronmicroscopical 
examination of the kidneybiopsy specimens from 
Subjects IV1 and IV4 revealed similar alterations 
of the basement membranes of the Bowman’s 
capsule, tubules, and interstitial capillaries (Fig. 
1A and Fig. 3A, 3B, 3C, 3D, and 3E). These alter
ations were characterized by irregular thickening, 
splitting in multiple layers, and electronlucent 
areas. Numerous focal interruptions of the base
ment membrane were seen in interstitial capillar
ies (Fig. 3A). In contrast, the glomerular base
ment membrane had a normal appearance and 
thickness (Fig. 1S, Panels A and B, in the Sup
plementary Appendix).9 Immunoelectron micros
copy showed normal expression of α1.α1.α2(IV) 
trimers in the glomerular basement membrane 
(Fig. 1S, Panel E, in the Supplementary Appen
dix) and in the tubular and interstitial capillary 
basement membranes, except in electronlucent 
areas (Fig. 3G).

Similar alterations of the basement membrane, 
including duplications, were seen in the skin at 
the dermoepidermal junction in Subjects III3 and 
IV4 (Fig. 4A and 4B). In dermal arterioles, vas
cular smoothmuscle cells were dissociated, with 
abnormal spreading of the basement membrane 
(Fig. 4E and 4F). The muscle ultrastructure was 
normal.

Family 2
In Family 2, the affected subjects (Fig. 2A) pre
sented with bilateral retinal arteriolar tortuosity, 
which caused hemorrhages in Subjects I1, II1, 
and II3 (Fig. 1K). Clinical evaluations and genetic 
studies were performed in Subject II1 and in his 
two daughters (25yearold Subject III1 and 21
yearold Subject III2). Subject II1 had mild renal 
failure (glomerular filtration rate, 56 ml per min
ute per 1.73 m2 of bodysurface area), without 
proteinuria or hematuria, normal blood pressure, 
and bilateral large cysts (Fig. 1B). The size of the 
left kidney was normal (longaxis length, 113 mm), 
but the lower pole of the right kidney (longaxis 
length, 138 mm) was deformed by a massive cyst 
(90 mm in diameter). Subject II1 also had peri
ventricular whitematter abnormalities (Fig. 1E). 
Subject III2 had neither renal abnormalies nor a 
brain lesion, but she did have elevated creatine 
kinase levels, without muscle cramps, and an an
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eurysm of the right internal carotid artery, 2 mm 
in diameter (Fig. 1H). Funduscopic, renal, and cere
bral evaluations in Subject III1 were normal.

Family 3
In Family 3, retinal arteriolar tortuosity and hem
orrhages were found in Subjects I1 and II3 (Fig. 
1L and 2A). Data from detailed investigations 
were available for Subject II3, in whom muscle 

cramps that limited exercise developed during 
childhood. The serum creatine kinase level was 
persistently elevated, and electromyograms were 
normal. Renal evaluations revealed mild renal 
failure (glomerular filtration rate, 52 ml per min
ute per 1.73 m2) — without hypertension, protein
uria, or hematuria — and bilateral, large cysts, 
the largest of which was 140 by 84 mm and was 
in the left kidney (Fig. 1C). A large hepatic cyst 
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(91 by 65 mm) was also detected (Fig. 1C). Fifteen 
years earlier, ultrasonography had revealed small
er cysts in the left kidney (50 mm in diameter) 
and in the liver (40 mm in diameter). Subject II3 
had posterior leukoencephalopathy (Fig. 1F) and 
three aneurysms (2, 6, and 8 mm in diameter) in 

the right internal carotid artery, Raynaud’s phe
nomenon, and paroxysmal supraventricular car
diac arrhythmia. Funduscopic, renal, and cerebral 
evaluations were normal in Subjects II1 and III2.

A skin biopsy was performed in Subjects II3 
(with the COL4A1 mutation) and III2 (without 
the mutation) to determine whether a skinmem
brane disease (basalopathy) was present. Subject 
II3 had alterations of the basement membrane 
at the dermoepidermal junction and in vessel 
walls (Fig. 4C and 4G), which were similar to 
those seen in Subjects III3 (Fig. 4A and 4E) and 
IV4 (Fig. 4B and 4F) in Family 1. The ultrastruc
ture of the skin was normal in Subject III2 (Fig. 
4D and 4H).

Genetic Analyses

Linkage analysis indicated that all affected sub
jects in Family 1 shared a common haplotype at 
the COL4A1–COL4A2 locus (data not shown). Se
quence analysis of COL4A1 cDNA from Subject IV1 
revealed the heterozygous missense mutation 
c.1493G→T in exon 24, responsible for a glycine
tovaline substitution (p.Gly498→Val) (Fig. 2A). 
This mutation was present in all affected sub
jects in Family 1 who were alive. Subjects II1 and 
III2 from Family 2 had the missense mutation 
c.1555G→A in exon 25, leading to a glycineto
arginine substitution (p.Gly519→Arg) (Fig. 2A). 
In Family 3, the missense mutation c.1583G→A 
was detected in exon 25, leading to the substitu
tion of glutamic acid for glycine (p.Gly528→Glu) 
(Fig. 2A). No mutations were found in the 150 

Figure 1 (facing page). Phenotypic Characterization  
of Patients with the Hereditary Angiopathy with 
 Nephropathy, Aneurysms, and Muscle Cramps 
(HANAC) Syndrome.

Kidney-tissue specimens from Subject IV-1, Family 1, 
were normal on light microscopy (Panel A, top; Mas-
son stain), but electron microscopy (Panel A, bottom) 
revealed marked thickening of the tubular basement 
membrane, with electron-lucent areas, associated with 
focal disruptions of the interstitial capillary basement 
membrane (arrows). Large, bilateral renal cysts were 
visible in the cortex and the medulla on magnetic reso-
nance imaging (MRI) in Subject II-1, Family 2 (Panel B), 
and on computed tomography (CT) of the abdomen in 
Subject II-3, Family 3 (who also had a liver cyst [asterisk]) 
(Panel C). Cerebral MRI with fluid-attenuated inversion 
recovery sequences showed periventricular leukoen-
cephalopathy in Subject III-3, Family 1 (Panel D); in 
Subject II-1, Family 2 (Panel E); and in Subject II-3, 
Family 3 (Panel F). Aneurysms were found in the intra-
cranial portion of the right internal carotid artery on 
cerebral angiography in Subject III-3, Family 1 (Panel G, 
arrows [from left to right, 2 mm, 3 mm, and 1.5 mm in 
diameter, respectively]); on magnetic resonance angiog-
raphy in Subject III-2, Family 2 (Panel H, arrow [2 mm  
in diameter]); and on CT angiography in Subject II-3, 
Family 3 (Panel I, arrows [from left to right, 6 mm and 
8 mm in diameter, respectively]). In Panels J, K, and L, 
representative fluorescein angiograms show bilateral, 
posterior retinal arteriolar tortuosity.

Table 1. Clinical Characteristics of Families with the Hereditary Angiopathy with Nephropathy, Aneurysms, and Muscle Cramps (HANAC) 
Syndrome.

Characteristic Family 1 Family 2 Family 3

Race* White White White

Kidney Isolated hematuria, normal glomeru-
lar filtration rate

Bilateral cysts, decreased glomerular 
filtration rate

Bilateral cysts, decreased glomerular 
filtration rate

Muscle Cramps, elevated creatine kinase  
levels

Asymptomatic, elevated creatine ki-
nase levels

Cramps, elevated creatine kinase  
levels

Intracranial vessels Multiple aneurysms of the right inter-
nal carotid artery, single aneurysm 
of the middle cerebral artery

Single aneurysm of the right internal 
carotid artery

Multiple aneurysms of the right inter-
nal carotid artery

Results of brain MRI Leukoencephalopathy Leukoencephalopathy Leukoencephalopathy

Retinal vessels Retinal arteriolar tortuosity Retinal arteriolar tortuosity Retinal arteriolar tortuosity

Other Raynaud’s phenomenon, cardiac  
arrhythmia

Raynaud’s phenomenon, cardiac  
arrhythmia 

* Race was self-reported.
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ethnically similar control samples (representing 
300 chromosomes). The three affected glycine 
residues are located near one another in the col
lagenous domain, at sites that are highly con
served (Fig. 2B). The Gly498 and Gly528 residues 
are located at the Cterminal end of an identical 
amino acid sequence (Gly–Glu–Pro–Gly–Ala–Lys–
Gly). This sequence is not present in other seg
ments of the COL4A1 protein and is conserved 
among vertebrate species (Fig. 2B).

Discussion

We have identified three mutations of the COL4A1 
gene that appear to be associated with a systemic 
disease we call the HANAC syndrome. All three 
mutations affect glycine residues that are close to 
each other, located in exons 24 and 25, suggest
ing that these exons may encode critical function
al domains of the COL4A1 triple helix.

The identification of COL4A1 mutations in pa
tients with the HANAC syndrome extends the 
spectrum of diseases associated with heterozy
gous COL4A1 mutations. Previously reported mu
tations are associated with dominant smallves
sel disease affecting only retinal vessels and the 
brain.3-6 In contrast, the HANAC syndrome af
fects the kidney, muscle, and cardiovascular sys
tem, including retinal and cerebral vessels. More
over, the condition affects large vessels (through 
intracranial aneurysms). The HANAC syndrome 
is phenotypically distinct from hereditary endo
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Figure 2. Pedigrees and COL4A1 Mutations  
of Families 1, 2, and 3.

In the pedigree for Family 1 (Panel A, left), black squares 
and circles indicate affected male and female subjects, 
respectively, presenting with hematuria, muscle cramps, 
and retinal arterial tortuosity; electrophoregrams from 
an affected subject (top, with “K” denoting G–T hetero-
zygosity) and a control (bottom) are also shown. All af-
fected subjects had the heterozygous missense mutation 
c.1493G→T in COL4A1 exon 24, leading to a change 
from glycine to valine at position 498. In the pedigree 
for Family 2, black squares and circles indicate male 
and female subjects, respectively, presenting with reti-
nal arterial tortuosity. Electrophoregrams below the 
pedigree show a heterozygous c.1555G→A transition 
in COL4A1 exon 25 in an affected subject, resulting in 
a change from glycine to arginine at position 519. In the 
pedigree for Family 3, black squares and circles indicate 
male and female subjects, respectively, presenting 
with retinal arterial tortuosity and retinal hemorrhage. 
Electrophoregrams below the pedigree show the het-
erozygous missense mutation c.1583G→A in COL4A1 
exon 25 in an affected subject, leading to a change from 
glycine to glutamic acid at position 528. In Panel A, a 
slash over a symbol denotes death, markers below the 
symbols denote additional phenotypic characteristics of 
the affected subjects, and uppercase letters denote the 
COL4A1 alleles. Panel B shows the evolutionary con-
servation of the Gly498, Gly519, and Gly528 residues 
among species. The Gly498 and Gly528 residues are 
both localized at the C-terminal end of an identical 
 sequence of seven amino acids (blue shading). Amino 
acids are represented with their single-letter symbols.
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theliopathy with retinopathy, nephropathy, and 
stroke, which maps to chromosome 3p21.11

In Family 1, hematuria was consistently asso
ciated with the other manifestations of the HANAC 
syndrome. Severe ultrastructural defects of the 
basement membrane in Bowman’s capsules, tu
bules, and interstitial capillaries were detected in 
both affected subjects studied. Similar alterations 
were observed in skin basement membrane; to
gether with the clinical phenotype, this finding 
points to widespread basementmembrane dis
ease. Mice that have Col4a1 mutations such as 
those related to bruising at birth (Col4a1+/Bru) or 
to retinal arteriolar wiring (Col4a1+/Raw) also have 
focal basementmembrane disruptions in multiple 

tissues and splitting of the basement membrane 
of the Bowman’s capsule.12 In contrast, the glo
merular basement membrane has a normal ap
pearance in patients with the HANAC syndrome, 
in Col4a1+/Bru mice, and in Col4a1+/Raw mice. These 
findings can be explained by the predominance 
in adults of the α1.α1.α2(IV) trimer in most base
ment membranes, except for that of the glomeru
lus. The anomalies of the tubular basement mem
brane are reminiscent of the “basketweave” 
appearance of the glomerular basement mem
brane in patients with Alport’s syndrome. We 
hypothesize that the hematuria seen in Family 1 
may be the result of defects in the basement 
membrane of the tubules and the peritubular 
capillaries.

In Families 2 and 3, the phenotype was char
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Figure 3. Abnormalities of the Renal Basement Membrane 
in Subjects IV-1 and IV-4, Family 1.

A low-magnification electron micrograph of a kidney 
specimen from Subject IV-1 (Panel A) shows a longi-
tudinal section of an interstitial capillary with adjacent 
tubules, demonstrating diffuse alterations in the base-
ment membrane. The inset in Panel A is also shown in 
Figure 1A as part of the phenotypic characterization of 
the hereditary angiopathy with nephropathy, aneurysms, 
and muscle cramps syndrome. There is irregular thick-
ening of the tubule basement membrane, which con-
tains multiple electron-lucent areas (black arrowheads) 
and focal disruptions of the interstitial capillary base-
ment membrane (white arrowheads). In several areas, 
the interstitial capillary basement membrane is fuzzy 
and detached from the underlying endothelial cells. 
Electron micrographs of the basement membrane in 
the Bowman’s capsule (Panel B, Subject IV-4, and 
 Panel C, Subject IV-1) and the tubule (Panel D, Subject 
IV-4, and Panel E, Subject IV-1) show thickening and 
splitting with multiple laminations and electron-lucent 
areas (the arrows show the basement membrane). The 
tubular basement membrane has an appearance remi-
niscent of the “basket-weave” aspect of the glomerular 
basement membrane in Alport’s syndrome. The base-
ment membrane of interstitial capillaries in Subject IV-4 
shows a large area of lamination (Panel F, white arrow-
heads). The insets in Panels B and D (arrowheads) and 
in Panel F show normal basement membranes from a 
control subject with thin-basement-membrane ne-
phropathy. Panel G shows normal expression of the 
α1.α1.α2(IV) trimer in duplicated tubular basement 
membrane (arrows) and along basement membrane of 
the interstitial capillaries, as revealed by immunogold 
electron microscopy of a specimen from Subject IV-4. 
The interstitial capillary basement membrane also shows 
areas of duplication (arrowheads). These abnormalities 
were observed in both affected subjects, even though 
their kidney specimens had a completely normal appear-
ance on light microscopy.
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acterized by bilateral renal cysts and mild renal 
failure. The cysts in the renal poles were very 
large, although the overall size of the kidney re
mained roughly preserved. The absence of renal 
cysts in Subject III2 in Family 2, who was 20 years 
old, might be related to the development of cysts 
with age. Small bilateral cysts were also found in 
older members of Family 1. The cystic phenotype 
is different from that in polycystic kidney dis
eases or medullary cystic kidney disease. Cyst 
formation is usually associated with abnormal re
modeling of the extracellular matrix and altered 
composition of the basement membrane.13,14 Kid
ney biopsy was not performed in affected sub
jects from Families 2 and 3 because of the pres
ence of cysts. However, a skinbiopsy specimen 
from Subject II3 in Family 3 showed basement
membrane alterations similar to those in affect
ed subjects in Family 1. These findings, together 
with the previously reported association of a 
hypomorphic mutation in the laminin α5 gene 
with polycystic kidney disease,15 indicate the im
portance of components of the basement mem
brane in cyst formation.

The varied presentation of our patients, who 
had cysts, hematuria, or even an absence of renal 
anomalies, mirrors the variable renal phenotype 
seen in mice with Col4a1 mutations.6,12,16 Such 
variability might be explained by the variable lo
cation of the identified mutations, with those in 

exon 25 producing the cystic phenotype. In addi
tion, the role of modifier genes in the ocular 
phenotype has recently been demonstrated in 
Col4a1+/Δex40 mice.16

All affected subjects in the three families had 
the typical retinal arteriolar tortuosity previously 
reported in both mice and humans.6,7 However, 
the systemic angiopathy also affected large ves
sels, resulting in intracranial aneurysms. A possi
ble factor in the pathophysiological characteris
tics of intracranial aneurysms is the disruption 
of the extracellular matrix of the arterial wall.17,18 
Several candidate genes encoding matrix proteins 
have been identified in linkage studies19 and 
analyses of singlenucleotide polymorphisms,20 
but causative genes have not yet been identified, 
with the exception of COL3A1 in Ehlers–Danlos 
syndrome type IV21 and the polycystic kidney dis
ease 1 gene (PKD1).22 Our results add COL4A1 to 
the short list of genes involved in familial intra
cranial aneurysms.19

The p.Gly498→Val and p.Gly528→Glu muta
tions identified in Families 1 and 3 are associated 
with muscle cramps. Such cramps might involve 
transient ischemia or microhemorrhages in the 
microvasculature or altered skeletalmuscle func
tion linked to defective interaction of mutant 
COL4A1 with muscle fibers or other matrix com
ponents, as observed in Bethlem myopathy (OMIM 
number 158810).23,24
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Figure 4. Abnormalities of the Skin Basement Membrane in Families 1 and 3.

In Panels A, B, and C, electron micrographs of the dermoepidermal junction show replication of the lamina densa (black arrowheads), 
with normal hemidesmosomes (white arrowheads), in affected subjects. In Panel D, the lamina densa in Subject III-2, Family 3, is nor-
mal. In Panels E, F, and G, electron micrographs of dermal arterioles show substantial expansion and thickening of the lamina densa 
(white arrowheads), between smooth-muscle cells. The basement membrane in the vessel wall is of normal thickness in Subject III-2, 
Family 3 (Panel H, arrows). These abnormalities were found in subjects whose skin had a completely normal appearance on physical 
 examination and light microscopy. K denotes keratinocytes, EC endothelial cells, and L arteriole lumen.
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We think that the phenotype may be caused 
by dominantnegative effects of the mutations, a 
speculation that is supported by findings from 
several animal models.3,6,12,25 Missense mutations 
of the COL4A1 and COL4A2 orthologues in Caeno
rhabditis elegans are associated with a defect in the 
composition of extracellularmatrix proteins re
lated to the retention of collagen strands in the 
cytoplasm.26 Although we found neither retention 
of the α1.α1.α2(IV) trimer in endothelial cells nor 
a substantial decrease of its expression in the base
ment membrane, the mutant protein might com
pete with secretion or integration of the wild
type protein in the basement membrane or might 
affect the interaction with other basementmem
brane components.

In conclusion, COL4A1 mutations appear to be 

responsible for a systemic basementmembrane 
disease. Diagnosis of the HANAC syndrome could 
be considered in families with unexplained, auto
somal dominant hematuria, cystic kidney disease, 
intracranial aneurysms, and muscle cramps; such 
consideration would involve funduscopic exami
nation and a search for COL4A1 mutations.
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