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cDNA Synthesis and Amplification by PCR. Synthesis of
first-strand cDNA was carried out according to Sambrook et
al. (ref. 33, chapter 8, pp. 60-63). To obtain the aS(IV) cDNA
from normal and affected dogs, the nucleotide sequence of
the human a5(IV) cDNA (24) was used to construct pairs of
synthetic oligonucleotide primers covering >95% of the
complete human cDNA. The primers used for PCR (Table 1)
were designed to amplify the aS(IV) cDNA in nine overlap-
ping segments spanning the entire NC1 domain and all of the
collagenous region except for the 5' end. The PCR fragments
ranged from 550 to 730 bp.
PCR was performed with 1 01 of the 20 jd of cDNA

prepared above as template and 100 ng of each primer in the
standard Cetus PCR buffer to a total volume of 100 ,l.
Spermidine was added at 0.2 mM. Samples were denatured
at 950C for 5 min and cooled to 800C; 0.5 pd of Taq polymerase
(2.5 units) was added to start the reaction. Thirty-five cycles
of denaturation at 940C for 30 sec, annealing at 550C for 30
sec, and extension at 720C for 2 min were carried out in a
Perkin-Elmer/Cetus thermal cycler.

Southern Blot Analysis. Genomic DNA from a human-
Chinese hamster somatic cell hybrid with a single human X
chromosome as the only human chromosome was purchased
from Coriell (Camden, NJ). Genomic DNA samples from a
normal human male, human female, male dog, female dog,
and female Chinese hamster were used as controls. Samples
(5 ,ug) were cleaved with Pst I, and Southern analysis was
performed (34) with Hybond-N nylon membrane (Amer-
sham) and the NC1 region cDNA obtained by PCR as a probe
for the a5(IV) gene. The probe was labeled with [a-32P]dCTP
by random-primer synthesis (35).

Nucleotide Sequencing. The amplified PCR products were
purified (Magic PCR Preps DNA purification system,
Promega, Madison, WI). The nucleotide sequence ofthe NC1
domain and the 3' half of the collagenous domain was deter-
mined by direct sequencing using a CircumVent thermal-cycle
dideoxy DNA sequencing kit (New England Biolabs). To
confirm the findings, the region including the mutation was
subcloned into the TA cloning PCR vector (Invitrogen). Dou-
ble-stranded DNA was sequenced with M13 universal primers
and Sequenase (United States Biochemical).

Preparation ofCanine GenomicDNA from Peripheral Blood
Leukocytes. Blood samples were collected from dogs at the

Table 1. Primers for PCR
Origin S/A* Sequence

NC1 domain S 5'-CTCCAGATGGATTGCAAGGTC-3'
(fiagment 1) A 5'-TGTCCTCTTCATGCACACTT-3'

Fragment 2 S 5'-TCCTCCTGGGAGACCAGGTC-3'
A 5'-GTGATGAGGAATCCATGGGCA-3'

Fragment 3 S 5'-TCCAAAGGGTGAGCCTGGTCT-3'
A 5'-ATACCTCCATTTCCAGGGAGA-3'

Fragment 4 S 5'-GGCAGGAGTGGTGTACCTGG-3'
A 5'-CAAACCAGGATCTCCCACAG-3'

Fragment 5 S 5'-GTGAACCAGGATTTGCATTAC-3'
A 5'-GGCCAGGAAGTCCTGGCTGAC-3'

Fragment 6 S 5'-CACTCCTGGACAGGATGGATT-3'
A 5'-CCAAGTGCTCCTTTGAAACCT-3'

Fragment 7 S 5'-GTGATGAAGGACCACCTGG-3'
A 5'-TTCACCCTTAAAAGTAATT-3'

Fragment 8 S 5'-ACAGAAAAGACCAATTGATG-3'
A 5'-AGCCCCAGGCTGTCCGTCAA-3'

Fragment 9 S 5'-GGGCCACCAGGACCAAAAGG-3'
A 5'-AGGCCCTCGGTCACCAGGAA-3'

Exon 35 S 5'-CCAAAGGTAACCCCGGCCT-3'
A 5'-CTGGAAAACCCATATCACC-3'

time of sacrifice into tubes containing 5 mM EDTA andDNA
was prepared (ref. 33, chapter 9, pp. 17-19). The yield from
10 ml of peripheral blood was 100-400 ,g.
PCR Amplification of Genomic DNA. Sequencing of the

PCR fragments of the aS(IV) cDNA identified a single
nucleotide substitution in affected male dogs with X-linked
HN. This mutation was localized to exon 35 by using the
published sequence for the human aS(IV) gene (36), based on
a total of 51 exons in the a5(IV) gene numbered from the 5'
end (23). To validate this result, the corresponding exon was
located in the dog aS(IV) cDNA, and exon sequences flank-
ing the mutation were used to construct oligonucleotide
primers for PCR (Table 1). The reaction was carried out as
described above, but with genomic DNA as the substrate
instead of cDNA. Genomic DNA from three unaffected and
three affected male dogs from different litters was used. The
nucleotide sequence of the PCR products was determined
after subcloning into the TA cloning PCR vector.
Northern Blot Analysis. Total RNA was prepared from

normal and affected male dogs as above. Samples (10 pg)
were electrophoresed under standard conditions (ref. 33,
chapter 7, pp. 39-52), except that the agarose gel contained
0.66 M rather than 2.2 M formaldehyde. The RNA was
transferred to a Hybond-N nylon membrane for Northern
analysis (ref. 33, chapter 7, pp. 39-52). The probe was the
PCR product encoding the NC1 domain ofthe a5(IV) cDNA,
labeled with [a-32P]dCTP as described above.

RESULTS
Chromosome Localization of the Dog a5(IV) Gene. To

establish that the amplified cDNA was encoded by the
X-linked a5(IV) gene rather than some other collagen gene,
we examined hybridization to the X chromosome by South-
ern blot analysis (Fig. 1). The cDNA encoding the canine
NC1 domain hybridized to 8.6-, 5.0-, and 2.0-kb bands in
genomic DNA from the control human male (lane 1) and
female (lane 2), to 7.4- and 6.2-kb bands in genomic DNA
from the control Chinese hamster (lane 4), and to 12.5-, 9.0-,
and 4.6-kb bands in genomic DNA from the control female
dog (lane 5) and male dog Oane 6). In the genomic DNA
sample of the human-Chinese hamster somatic cell hybrid
with theX chromosome as the only human chromosome (lane
3), all the human and hamster bands were seen. These data
indicate that the dog NC1 cDNA fragment is X-linked and
there is no cross hybridization to an autosomal collagen gene.
The slightly stronger hybridization signal with human female
DNA (lane 2) and female dog DNA (lane 5) is also in keeping
with an X-linked gene.
Comparison of Nucleotide and Deduced Amino Acid Se-

quence ofthe 3' Half ofthe Normal Canine and Human a5(IV)
cDNA. Complete sequence analysis ofthe PCR fragments for
the NC1 domain and adjacent collagenous region provided
the nucleotide sequence of the 3' half of the canine a5(IV)
cDNA except for the terminal 20 bp which represented
human sequence. There is a 2263-bp open reading frame
coding for 754 amino acids (Fig. 2). The deduced amino acid
sequence for canine a5(IV) collagen consisted of532 residues
of a Gly-Xaa-Yaa repeat sequence and 222 residues of the
NC1 domain at the C terminus. The collagenous portion has
five interruptions of the Gly-Xaa-Yaa repeat sequence, con-
sisting of 2-5 residues each. The locations of these interrup-
tions are identical to those in the human a5(IV) chain. Of the
12 cysteine residues in the human NC1 domain, 11 are in the
same locations in the canine a5(IV) chain. (The 12th cysteine
is within the terminal 7 residues which represent human
sequence.) In comparison with the human a5(IV) cDNA, the
overall sequence identity is 93% at the DNA level and 94%
at the protein level. For the NC1 domain alone, the identity
is 93% at the DNA level and 97% at the protein level.

Fragments 2-9 encode collagenous portions of the human a5(IV)
chain; fragment 2 is the most 3' and fragment 9 is the most 5'.
*S, sense primer; A, antisense primer.
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FIG. 1. Hybridization of canine NC1-domain cDNA fragment to
Pst I digests of genomic DNA. Lane 1, normal human male DNA;
lane 2, normal human female DNA; lane 3, human-Chinese hamster
somatic cell hybrid DNA with the X chromosome as the only human
chromosome; lane 4, normal Chinese hamster DNA; lane 5, normal
female dog DNA; lane 6, normal male dog DNA. Hybridization
bands at 8.6, 5.0, and 2.0 kb are seen in lanes 1-3; bands at 7.4 kb
and 6.2 kb in lanes 3 and 4; and bands at 12.5, 9.0, and 4.6 kb in lanes
5 and 6. DNA size markers (HindIII-digested phage A DNA) are
indicated at left.

Identiftcation of a Premature Stop Codon in the Affected
Male Dog cDNA. Sequencing of the PCR-amplified portions
of the a5(IV) cDNA was carried out for both normal and
affected male dogs, beginning with the NC1 domain and
proceeding in the 5' direction. A single nucleotide substitu-
tion, G -* T, was detected in affected male dogs (Fig. 3A),

changing a conserved glycine codon (GGA) to a stop codon
(TGA). This substitution is located 659 residues upstream
from the C terminus. If the canine a5(IV) chain has the same
length as the human a5(IV) chain (1685 amino acids), then the
mutation would alter Glycine-1027.
Comparison of Nucleotide Sequence of Exon 35 in Normal

Canine and Affected Male Canine Genomic DNA. The pub-
lished sequence for the exons of the human a5(IV) gene (36)
was used to locate the mutation in the dog aS(IV) gene in
canine X-linked HN to exon 35, based on a total of 51 exons
in the human a5(IV) gene (23). The region of exon 35
containing this mutation was amplified by PCR from both
affected male and normal dog genomic DNA. Sequence
analysis demonstrated the G -- T substitution in codon 1027

(Fig. 3B) in all of three samples of affected male dog genomic
DNA and none of three normal dog samples.
Northern Analysis of a5(IV) mRNA. With the cDNA frag-

ment encoding the canine NC1 domain as a probe, two
transcripts of -8.6 kb and =6.7 kb were identified in both
normal and affected male dog kidney RNA (Fig. 4). The
6.7-kb transcript was the more abundant in each case.
However, the abundance of both a5(IV) transcripts was
decreased by a factor of 7-11 in the affected dog as deter-
mined by densitometry (data not shown).

DISCUSSION
Over 30 mutations in the a5(IV) gene have been described in
human X-linked HN or Alport syndrome. Described a5(IV)
gene mutations are compiled in a recent review by Tryggva-
son et al. (23). About half of the mutations published to date
involve single base substitutions that often replace a con-
served glycine residue in the collagenous portion of the
molecule with a more bulky amino acid, thereby disrupting
the normal helical structure. Single base substitutions have
also involved the NC1 domain and splice sites of exons.
Other mutations have involved deletions (partial or total),
duplications, and insertions which would eliminate or shorten
the a5(IV) chain or disrupt the normal folding of the a5(IV)
collagen molecule. Although the specific effects of each
mutation are not well understood at the molecular level, the
end result of all of them is predicted to be an abnormal
collagen type IV molecule. This leads to structurally weak-
ened GBM, with the multilaminar splitting and progressive
renal disease seen in X-linked HN.

In the present study, we used the sequence of the human
a5(IV) cDNA to isolate the canine equivalent by PCR. The
canine PCR product was established to be a part of the a5(IV)
gene in two ways. (i) Our PCR product hybridized to the
human X chromosome, rather than an autosome. According to
Ohno's hypothesis, a gene that is X-linked in one mammal is
invariably X-linked in all mammals, thereby implying that the
canine a5(IV) gene is also X-linked. (ii) Sequencing of the
canine a5(IV) cDNA showed >90%o identity to the human
a5(IV) cDNA at both the nucleotide and amino acid levels,
with conservation of the sites of interruption in the Gly-Xaa-
Yaa sequence in the collagenous portion and of cysteine
residues in the NC1 domain. The sequence for the normal
canine a5(IV) chain is the only one currently available for a
nonhuman species. Such data are necessary for comparison
with single amino acid substitutions found in human families
with X-linked HN, in order to help determine whether a
particular amino acid substitution is actually pathogenic or a
tolerable variation.
Comparison of the sequence of the a5(IV) cDNA in normal

dogs and affected male dogs with canine X-linked HN
identified a single base substitution, G -+ T, changing a
conserved glycine codon (GGA) to a stop codon (TGA)
associated with a '90%o reduction in the amount of aS(IV)
mRNA in the kidney. This mutation was confirmed in ge-
nomic DNA in exon 35 of the aS(IV) gene. If the canine
a5(IV) chain has the same length (1685 amino acids) as the
human a5(IV) chain, the mutation occurs in Gly-1027.
The distribution of the a5(IV) chain is restricted to kidney

(14) and specific extrarenal locations (5), correlating with the
selective organ involvement seen in X-linked HN. Patients
with HN vary in the age of onset and the severity of renal
disease and only sometimes have extrarenal disease (1, 2).
Attempts have been made to correlate individual mutations in
the a5(IV) gene with the phenotype of X-linked HN (re-
viewed in ref. 23), but, in general, the phenotype remains
difficult to predict from the nature of the mutation in the
a5(IV) gene. It has been estimated that 50%o of cases of
human X-linked HN may have mutations in the a6(IV) gene
(16). In canine X-linked HN, affected male dogs suffer from
early onset of renal disease (2-3 months of age), with rapid
progression to renal failure and death (8-10 months of age),
but never develop extrarenal disease. In particular, affected
male dogs have no hearing impairment.
Although the primary defect in many families with human

X-linked HN involves a mutation in the a5(IV) gene, abnor-
malities in other a(IV) chains have been observed in this
disease at the biochemical level. Both the a3(IV) and a4(IV)
chains appear to be absent from GBM in X-linked HN (37,
38). These alterations are likely secondary phenomena (38-
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1 GATGTaTGCaasGGcGccacTCACJJCCTasCCTGGC_ CTOSCCTTCCOGOCCCTCCTG4ACCAGTGGaACClAGATCTG
1 Asp~lyLouGlnalyGlnProalyProProGlyPro~luGlyaluLyaolyolyLy alyaluPro~lyL uPro~lyProPro~lyProVal&11

- -- Lou- - - Thr- - - - 8-r---t- - Asn-

106 TTGGGCTC C- oACCTGGA
36 kLuGlyserLyaolyoluLy&GlykAp~roolyL uProolysl-Proolyv&18-rolyProLysalyeyrG3LnGlyL*uProslyA~pProolyGlnProoly

-~~~~~~Glu-

211 CTGAGTGACACCTGOATTACCAGGAC__CCAAAGTACCCCGCCTCCTGGAAC cC_ TC
71 L-uSerGlyGlnProGlyL-uProGlyProSB lyProLysGlyA~nProGlyL-uProGlyLysProOlyLouThrolyProProolyL uLysGlyS-rIle

-~~~~- - - - - Pro Gln- - - Ile- Thr-

316 GGTGATATGGGTTTTCC4G a CTCAGGGTGTGAAAGGTCTCCTGGAaCCTCCTGGAGTTCCTGGACAACCTGGCTCCCCAaGGMTTACCTGGaACA&AA GGTGAA
106 GlyazpMetGlyPhePrG lyroolnGlyValLy&Glyg-rProolyProProolyValProolyolnProolys-rProOly; uProolyGlnLy&Glyolu

- -__ - - - - Glu- Pro- - - s-r-- Asp

4 21 AAAGOTGATCCTGGTG ~~aA~GcTcsac~coCcAAAGGGTGAAGCTGGTCTTCCTOTaACCAG~sG AAJCCCTGGAATCzAAGGTTCT
141 LysalyAspProGlyVa18*rfiyllGlyLouProalyL uProGllyProLyealyalullalolyL uProalyTyrProalyAsnProGly~llLysalySer

- - - -- Il-- Ber- Pro-

526 ATGGGAGATAC -TTWCTaGGATTACCAGGOACCCC CCAGCCTTCCTGC TTCCOOCGGJCCCGATCCT GG^ACAAAGGT
17 6 Met(lyAspThrolyL-uProOlyLouProGlyThrProalyAlaoyaolyolnProoly~ouProolyPh-Proolyq~hrProolyI*uProolyProLy*Gly

Val- - Pro- Pro-

6 31 ATTAATGGTCCACCTGGGAILCeCTGGCCTTCCAGGk(AA~CCTGGTCCTAGOTGGnTGGGG2oCGaTCCTToGCCACCAGGGCCTCCAGGTGAAAA&GGAAAcCCA
2 11 I leAnGlyProProGlysanProGlyL-uPro~lyGluProolyProValolyolyolyolyArgProTrpProProolyProProolyoluLyaolyA~nPro

- Ser- His- GlyGln- Lys-

7 36 GGTCAAGATGGTATTCCTKGaACCAGCTGGACAGAAaGGTGAALCCAGGTCJLACCAGGCSTTOGzAJTCCCAGaACCCCCTGGACTCCCA0GGACTTGCIGTCAAAAG
246 GlyGlnAspolysllProGlyProAlaGlyolnLyaGlyoluProolyolnProglylh-Gly~llProalyProProolyL-uProalyL-us-rolyGlnLys

-As~~~~~~~~~~~~~~~kn-

84 1 GGTGATGGkGGJATTACCTGGCATTCCAGG AAACCCTGG CCTTCCTGTC AAAG CGCCCAGCTTCkGGTTCCT GGTG!TCCAaGGTCCCCCAGGCCCT
281 GlyAspolyolyL uProolysllProOlyA~nProolyL-uProolyProLyaolyoluProolyPh alnolyPh-ProolyValGlnGlyProProGlyPro

-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - His-

946 CCTGGCTCTCCAGGTCCAGCTCTGGAAGGCCCTAAkGGCAACCCTOGTCCTCAaGGTCCTCCTGGaAGACCAGGTCTACCAGGTCCJLAaAGGTCCCCaGGGTCTC
316 ProolySerProalyProklaL-usluslyProLyaolyAsnProolyProGlnGlyProProolyArgPro~lyL-uProolyProaluslyPrcJ~rgolyLou
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Pro- -

1051 CCTGGAAATGGAGGTATTAAAGGAGAGAGAGGAAACeCCaeAGCAICCTGGGCAALCC o ~CcTGGCTTAAAAGGA-TAAGGvoArCACCoAGA&TCCAGGaT
3 51 ProGlyAsnGly~lysllLyaolyoluJ~rgolyA-nProolyolnProolyolnProolyL uProolyL-uLy&GlyA~palnolyProProolysl-l*GlCly

-- - - - - Lys- Lou- Lou- -

1156 AATCCTGGccGGaccAaaTccAATcGAATGAAGAcaGATeCTGGTCTCCCTGGTGTTCCAGaATTTCCAGGTATGAAGGGACeCAGTGGAGTACCoAGTTCAGCT
3 86 AsnProGlyArgProOlyL-uksnGlysetLya~lyA~p~roolyLeuProalyValProOlyPheProolyXetLysalyProserolyValProalygerkla

1261 GGCCCTGAGGGGGATCCAaakCTTGTTGGCeCACCAGGTCeCsCTaaJLCTACCTGGTCCTCG _G ATAATAAAaaAaATGTTGGTCCACCAaGG
4 21 GlyProGluslyJLspProOlyoeuVal~lyProProolyProProolyLeuProolyPros-ralyoln8er~ll-lllIleL-a~lyA~pValolyProProGly

- - - - ----Giu-- -Ile-Ala- - - -

-~~~~~~~~~~ProGln-Thr-

1471 GGCTTTGATGGCGCTGAaGGGCOCAAAGGwAGCeCAGGTCTGCCAGeCCAGCCAGGTACeCCTGGTTTGGkTGGTCeCCCTGaaCAGJaaTGGaAATGCAaGGTCCT
491 GlyPheAspGlyAlaGlyolyArgLy&Gly~pPproolyLeuProolyolnProolyThrArgGlyLeuksp~lyProProolyPrcaspolyM-tolnGlyPro

-_ _ _ _ _ _ _ _ _ _ _Lou- - -

1 5 76 CCAGGTCCTCCAGGAACTTCCTCTATTGCeCATGGATTCCTCATCACACGTCACAGCCAGACaACAGATCACCaACA&TGCCCACATaoA&CTGTCCAGATTTAT
5 26 ProGlyProProGlyThrS-r8erI leAlaHieolyPheLeuIleThrArgHi-8erGln~hrThrA pAlaProGlnCyaProHi GlyThrValalnIleTyr
-- - - - - - - Val- Gln- - Lou- Val-

1 6 81 GAAGGCTTTTCTCTCTTATATaTCCAAGGAAATAaAAaGAGCTCACGOTCAAGACTTGGooACGGCTGGCAGTTGCCTTCGTCGCTTCAGTACCATGCCTTTCATG
5 61 GluGlyPhegerL-uL-uTyrValGlnGlyksnLy-ArgAlaHiaolyolnkspLeualyThrAlaGlyserCy&LeuArgAbrgPh-serThrMetProPheMet

17 86 TTCTGCAACATCAACAATGTTTGCAACTTTGCTTCAAGAAATGATTATTCTTACTGGCTGTCTACsCCAGAaCCCATGCCAATGAGCATGGAGCCCCTGAAGGGC
596 PheCyAsntlleA nAsnValCy&AnPheAlas-rArgA nkApTyrserTyrTrpLeuserThrProoluProM-tProM tSer~otoluProLeuLy&Gly

1891 CAGAGCATCCAGCCATTCATTAGTCGATGTGCAGTATGCGAACGTCCAGCTGTGGTGATTGCAGTTCACAGTCAGACCATCCAGATTCCCCATTGTCCTCACGGA
631 GlnSerIleGlnProPhelleSerArgCysAlaValCyaoluArgProAlaValVal~l-lekValHi&S-rolnThr~l-l*GlnlProHi&Cy&ProHiaGly
----- - -- - - - - - -Ala- - ln-

1996 TGGGATTCTCTCTGGATTGGCTATTCCTTCATGATGACCkGCAACAG~GaokvosAGGGCTCAGGTCaAKCCCTGeCCTCCeCTGGTTCCTGCTTGGsAGAG~TTT
666 TrpAspSerLeuTrpIleGlyTyrSerPheXetM tHi&ThrS-rAlaGlyAlaGluslySerGlyalnAlaL-uAla8erProolySerCyaLeuslusluPhe

2101 CGTTCAGCTCCTTTCATTGAATGTCATGGGCGGGOTACCTOCAACTACTATGCCAACTCCTACAGCTTTTSGCTAGCAACTGTAGATGTGTCAGATATOTTCAGC
701 ArgSerAlaProPh-lleGluCy&HisalyArgGlyThrCyAkanTyrTyrAlaA n8-rTyrS-rPh-TrpLeuAlaThrValAspValSerAsp~etPboSer

2206 AAACCTCAGTCAGAAACACTGAAAGCAGGAGACTTGAGGACACGTATTAGCCGATGTC
736 LysProGlnSerGluThrLouLyeAlaGlyA&VL-uArgThrArgIleSerArgey-

FIG. 2. Nucleotide sequence and deduced amino acid sequence ofdog aS(IV) 3' halfcDNA (except the terminal 20 bp) and comparison with
the amino acid sequence of the human -aS(IV) chain. Upper row gives the nucleotide sequence numbered from the S' end. The region of exon
35 is boxed. The mutation in canine X-linked HN changing a conserved glycine codon (GGA) to a stop codon (TGA) is indicated by an asterisk.
Middle row gives the deduced amino acid sequence of the dog a5(IV) chain. Numbering of the amino acid residues begins with the first residue
of the deduced sequence. Interruptions in the repeating Gly-Xaa-Yaa sequence are underlined. Conserved cysteine residues are circled. Bottom
row gives the corresponding sequence of the human a5(IV) chain where it differs from the dog a5(IV) chain.

40) reflecting failure of these two chains to be incorporated two chains are not properly incorporated in a triple helix, so
into collagen type IV molecules. It is also possible that these that normal immunoreactivity is lost. Whatever the mecha-
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FIG. 3. Nucleotide sequencing gel comparing normal male (NM)
dogs and affected male (AM) dogs with X-linked HN. A single base
substitution from G to T (arrowheads) is seen in affected male dogs
in a5(IV) cDNA prepared from kidney total RNA (A) and in exon 35
of the a5(IV) gene prepared from genomic (peripheral blood leuko-
cyte) DNA (B).

nism, deficiency of one or more of the a(IV) chains may
contribute as much to renal disease in X-linked HN as the
primary mutation in the a5(IV) chain itself.

In summary, the identification of a mutation in the a5(IV)
gene in affected male dogs establishes at the molecular level
that canine X-linked HN is an animal model for human
X-linked HN. This single family of dogs provides an animal
model of a mutation in a basement-membrane collagen gene.
The value of the model is enhanced because the mutation in
these dogs results in a premature stop codon such that there
is almost no expression of the a5(IV) gene. The model
provides an opportunity to study the effects of a selective
absence of the a5(IV) chain on other basement-membrane
components and overall GBM structure, at both the molec-
ular and the biochemical level. The systemic nature of the
defect can be exploited to study and compare a wide variety
of basement membranes of the body. Of particular interest
will be the eyes and ears, which are inconsistently affected in
human X-linked HN and which are extremely difficult to
study in humans. The model also provides the opportunity to
study the efficacy of new therapies for human X-linked HN.
In this regard, gene-therapy experiments to overcome the
mutation in the a5(IV) gene are feasible. Studies with the
canine model of X-linked HN can be expected to help
establish the specific role of the a5(IV) chain not only in
X-linked HN but in normal basement membranes as well.
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FIG. 4. Northern analysis comparing a5(IV) transcripts in kid-
neys of normal male (NM) dogs and affected male (AM) dogs with
X-linked HN. Two transcripts of 8.6kb and 6.7 kb are detected. The
position of 28S rRNA is marked (arrowhead).
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