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Bull terrier hereditary nephritis: A model for autosomal dominant
Alport syndrome. Bull terrier hereditary nephritis is inherited as an
autosomal dominant disease and causes renal failure at variable ages in
affected dogs. The aims of this study were to compare the clinical,
ultrastructural and immunohistochemical features of bull terrier heredi-
tary nephritis with the characteristics of the human forms of Alport
syndrome. Many animals with bull terrier hereditary nephritis have
hematuria, and some have anterior lenticonus. However, deafness is not
associated with the renal disease, and affected dogs do not have the large
platelets that are occasionally seen in patients with autosomal Alport
syndrome. The glomerular capillary basement membrane (GCBM) in
affected bull terriers has an identical ultrastructural appearance to that
seen in X-linked Alport syndrome, with lamellations and intramembra-
nous electron-dense deposits. However, both the Goodpasture and the
Alport antigens, which represent parts of the alpha 3(IV) and alpha 5(IV)
collagen chains, respectively, are present in the GCBM of affected dogs.
Bull terrier hereditary nephritis represents an animal model for autosomal
dominant Alport syndrome, and can be used to further examine how
genetic mutations affect a basement membrane protein and the corre-
sponding membrane structure.

The diagnosis in humans of X-linked Alport syndrome is
suspected on a positive family history and the demonstration of
hematuria, together with deteriorating renal function, a high-tone
sensorineural deafness, anterior lenticonus, and a retinopathy in
the more severely affected [1, 2]. The diagnosis is confirmed with
the appearance of a lamellated glomerular capillary basement
membrane (GCBM), often with intramembranous electron-dense
deposits [3, 4], and sometimes by the absence of the Goodpasture
antigen [5, 6], which is part of the non-collagenous domain of the
alpha 3(IV) collagen chain [7, 8]. All mutations recognized to date
in patients with X-linked Alport syndrome have involved the gene
for the alpha 5(IV) chain of type IV collagen [2, 9, 10], and the
abnormal alpha 5(IV) chain probably reduces the stability of the
alpha 3(IV) chain and causes the disappearance of the Goodpas-
ture antigen.

About one in six patients with Alport syndrome has an autoso-
mal recessive form {2], where hearing loss and eye abnormalities
may be less common [2, 11]. This phenotype includes low platelet
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counts, large platelets, abnormal platelet aggregation to some
agonists [12, 13], and occasionally leukocyte inclusions [14].
Mutations have been demonstrated in the gene for the alpha
3(IV) and alpha 4(IV) collagen chains in several families with
autosomal recessive disease [15].

Samoyed hereditary glomerulopathy represents an animal
model for X-linked Alport syndrome [16-22]. Affected males
develop hematuria and proteinuria, and die of renal failure by one
year of age [17], but these dogs do not have hearing or eye
abnormalities. The GCBM of affected males is lamellated [18, 19]
and the Goodpasture antigen is absent [20, 21]. Carrier females
usually have mild disease: there is focal splitting of the GCBM
that does not progress with time, and the Goodpasture antigen is
present [22]. The Samoyed model has been used to show that
dietary protein restriction can delay the onset, and reduce the
severity of renal damage in an inherited glomerulopathy [23].

Bull terrier hereditary nephritis is another inherited renal
disease [24, 25], but it is inherited as an autosomal dominant
condition [26], unlike most cases of Alport syndrome and
Samoyed hereditary glomerulopathy. Evidence for an autosomal
dominant inheritance includes the demonstration of at least one
affected parent for each diseased offspring, the approximately
equal numbers of affected males and females, and the occurrence
of nephritis in each generation [26]. Diseased bull terriers present
from early life through to late adulthood with signs of renal failure
[24, 25]. Proteinuria can be demonstrated in all affected animals,
and an elevated urinary protein creatinine ratio (UPC) is a
consistent indicator of subclinical disease [27]. The rate of pro-
gression to renal failure varies, with death occurring at ages
ranging from a few months to 10 years.

Light microscopic examination of kidneys from uremic dogs
shows extensive nephron loss [28] (Fig. 1). The remaining glomer-
uli may have atrophic tufts, and marked cystic dilatation of
Bowman’s capsule occurs. Glomerular fibrosis is a variable feature
and is not usually associated with the cystic glomeruli. Sclerotic
obsolescent glomeruli and fetal-like glomeruli are often found,
and periglomerular fibrosis is common. Other characteristic find-
ings include intense radial fibrosis especially at the cortico-
medullary junction, prominent tubular dilation, and interstitial
foci of inflammatory cells [28].

The aims of this study were to compare the clinical, ultrastruc-
tural and immunohistochemical features of bull terrier hereditary
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nephritis, with X-linked and autosomal Alport syndrome and
Samoyed hereditary glomerulopathy.

Methods
Dogs

Affected adult bull terriers. UPC was estimated on a random
voided urine specimen using a Cobas Mira autoanalyzer (Hoff-
man-LaRoche) and confirmed on a second specimen taken at
least one month later. Renal tissue was obtained by biopsy or
immediately after death, 3 to 4 wm sections were cut and stained
with Hematoxylin and Eosin.

All affected animals had a UPC greater than 0.3 [26], and some
had in addition laboratory evidence of renal failure or the
characteristic light microscopic appearance of this condition.

Normal dogs. These were breeds other than bull terriers that
had a UPC less than 0.3, usually on two occasions one month
apart. There was no laboratory evidence of renal failure, and
where examined, there was a normal light microscopic appearance
of kidney sections.

Clinical features

Hearing. The external ears were examined and quantitative
audiometry was performed using brainstem auditory-evoked re-
sponses in five affected bull terriers, four unaffected bull terriers
and four normal dogs. Responses to high intensity clicks [and in
some cases mid (10 kHz) to high frequency (20 to 30 kHz)
frequency-pure tone bursts] were measured in each ear using
subcutaneous electrodes. Signals were averaged by a Medelac
averager using either 512 or 1024 sweeps, and recorded directly on
lineographic print paper. All tests were repeated unless a clear
positive response was observed.

Eyes. The eyes of three affected bull terriers were dilated with
topical 1.0% tropicamide (Mydriacyl) and examined by direct and
indirect ophthalmoscopy, and slit-lamp biomicroscopy, by an
ophthalmologist who had experience with examining the eyes of
patients with Alport syndrome, assisted by a veterinary ophthalo-
mologist.

Platelet size. Platelet size was assessed on examination of
peripheral blood films from 37 affected bull terriers and 10 normal
dogs. The areas of 50 randomly selected platelets from each
animal were measured using the MacIntosh IMAGE program.
The areas of the platelets from affected and unaffected animals
were then compared using the Student’s f-test.

Urinalysis. One hundred and ninety-six voided urine specimens
were collected from 122 normal and affected bull terriers (48
males and 74 females). No specimen was collected within 48 hours
of catheterization nor from any animal in estrus. Hematuria was
present if the urines were positive for blood on testing with
Multistix (Ames Co.), or any red cells were observed in a field by
light microscopy at a magnification of X 600.

Any association of hematuria with proteinuria was determined,
using the Instat Instant Biostatics Software Program (Graph Pad
Software).

Immunofluorescent, ultrastructural and immunohistochemical
examination of the kidneys
Direct immunofluorescent examination of the kidneys. Kidney

tissue from eight affected Bull terriers was collected into 10%
buffered formalin. Three to 4 pwm paraffin-embedded sections
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were cut, the paraffin removed with xylene and alcohol washes,
and the sections digested with 0.1% protease (Sigma) in 0.01 M
PBS, pH 7.6 at 37°C for 30 minutes, and washed with PBS. These
were then incubated with 1/40 rabbit anti-dog IgG (Cappel
Research Products) in PBS, at room temperature for 30 minutes,
before washing and applying a 1/40 dilution of fluoroscein-
conjugated goat anti-rabbit IgG (Cappel Research Products) in
PBS at 4°C for 30 minutes. Slides were then mounted in buffered
glycerol and fluorescence was graded 0 to 3+ by two independent
observers using an epifluorescence microscope (Olympus).

Ultrastructural examination of the kidneys. Kidney tissue was
obtained at post-mortem, fixed in 1.5% chilled glutaraldehyde in
0.1 M PBS, post-fixed in 1% Dalton’s osmium tetroxide and
embedded in Epon 812 (TAAB Laboratories).

Thin sections were cut on a Reichert Ultra Cut E microtome,
supported on 200 mesh copper grids, and then stained with
saturated uranyl acetate and lead citrate. After carbon coating,
the grids were examined in a Philips 301 transmission electron
microscope.

Qualitative examination of Goodpasture and Alport antigens.
Kidney tissues from four affected bull terriers, one normal bull
terrier and three normal dogs were obtained immediately after
death. These were embedded in Tissue-Tek OCT (Miles), snap-
frozen in liquid nitrogen and 3 wm sections cut, air-dried and fixed
in 95% ethanol for five minutes. Sections were then incubated
with undiluted Mab A2 {29], a mouse monoclonal antibody
directed against the Goodpasture antigen, at 4°C for one hour.
Other sections were denatured with 0.1 M glycine 6 M urea {30],
pH 3.5 for one hour at 4°C, washed with PBS and then incubated
with undiluted Mab A7 (specific for the Alport antigen, [29]) at
4°C for one hour.

Slides were then washed in PBS, and incubated with 1/50
affinity-isolated fluorescein conjugated sheep F(ab’)2 anti-mouse
IgG (Silenus), and examined using an Olympus epifluorescence
microscope. Fluorescence was graded 0 to 3+ by two independent
observers.

Quantitation of Goodpasture antigen using an ELISA

Preparation of GCBM. GBM was prepared from one affected
bull terrier and one unaffected dog. Glomeruli were obtained by
differential sieving as previously described [31}]. Briefly, portions
of renal cortex were pushed through 150 um and 250 um sieves,
before collecting the isolated glomeruli on a 75 um sieve. The
glomeruli were washed three times, and sonicated at 18 um in 30
second bursts until they were disrupted on examination by light
microscopy. The GCBM was then digested with collagenase type
I (Sigma type I), and the collagenase inactivated by heating to
60°C for five minutes.

Quantitation of the Goodpasture antigen. The collagenase digest
was coated to microtitre plates at 37°C for one hour using 1/1000,
1/400, 1/200 and 1/100 dilutions of a starting concentration of 0.7
ng/ml. The wells were washed, incubated with a 1/125 dilution of
serum from a patient with Goodpasture’s syndrome, washed with
PBS, and then incubated with 1/1000 dilution of alkaline phos-
phatase-conjugated goat anti-human IgG (Silenus). The color was
developed with para-nitrophenylphosphate (Sigma) and the opti-
cal density determined at 405 nm (Titretek Multiscan Plus).
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Fig. 1. A. Light microscopic appearance of post-mortem kidney from a dog aged 10 years with hematuria, proteinuria and azotemia (Jones Silver stain, X
200). This shows cystic dilatation of Bowman’s capsular space, thickening of the capsule itself, atrophic glomeruli and some sclerotic glomeruli. B. Light
microscopic appearance of kidney biopsy from dog aged 7 years with hematuria and proteinuria (hematoxylin and eosin, X 400). This shows mesangial
proliferation, with thickened capillary loops, mildly thickened Bowman’s capsule (larger glomerulus) and a fetal-like glomerulus.

Table 1. High frequency hearing loss in bull terrier hereditary nephritis

Table 3. Hematuria in bull terrier hereditary nephritis

Animals Left ear Right ear
Proteinuric bull terriers normal normal
normal slight loss
marked foss slight loss
marked loss marked loss
marked loss marked loss
Non-proteinuric bull terriers normal normal
normal slight loss
slight loss marked loss
marked loss marked loss
Unaffected dogs normal normal
(non-bull terriers) normal normal
normal normal
normat normal

Table 2. Number of bull terriers assessed for high frequency hearing in
different age groups

Age years Deaf Slightly deaf Not deaf
1to3 2 0 0
4106 2 1 1
7t09 1 1 1
Results
Clinical features

Hearing. No dog was profoundly deaf as assessed by the absence
of a click response. Seven affected bull terriers showed mid-to-
high frequency hearing deficits (Table 1), but deafness was also
observed in unaffected bull terriers. None of the other breeds
showed this hearing loss. Median age of the bull terriers (4.8
years) was higher than that of the non-bull terriers (3.0 years) but
no age related trend was found among the bull terriers (Table 2).
The youngest two bull terriers had marked deafness but did not
have proteinuria.

Eyes. Affected dogs had the changes of anterior lenticonus seen
also in human Alport syndrome.

Platelets. When the platelet sizes of affected and unaffected bull
terriers were compared, the platelets from affected dogs were
significantly larger (P = 0.0023). However, this did not take into
account the large number of platelets examined to find a very
small difference in platelet size. In addition, a linear discrimina-
tion analysis was performed to determine the extent to which log
of platelet area could discriminate between the two groups.
Discrimination was poor (0.608 for log of platelet area of affected
dogs compared with 0.580 for log of platelet area of unaffected
animals). These results showed that the proportion of animals that
would be correctly classified into affected and unaffected dogs on
the basis of platelet area would be 53%.

Urinalysis. Urine from 65 samples (33%) contained blood, and
38 of these also demonstrated proteinuria (Table 3). The odds
ratio was calculated to be 2.0059, with a 95% confidence interval
of 1.0972 to 3.6707 (using the approximation of Woolf). Bull
terriers with proteinuria were more than twice as likely to have
some degree of hematuria as non-proteinuric bull terriers.

Number of dogs

Hematuric Non-hematuric Total
Proteinuric 38 (19%) 54 (28%) 92 (47%)
Non-proteinuric 27 (14%) 77 (39%) 104 (53%)
Total 65 (33%) 131 (67%) 196 (100%)

Immunofluorescent, ultrastructural and immunohistochemical
examination of the kidneys

Direct immunofluorescent examination of the kidneys. There
were no immunoglobulin deposits in the GCBM, the mesangium,
nor in the tubules of any of the kidneys from affected dogs.

Ultrastructural examination of the kidneys. The GCBM from
affected dogs was thickened, lamellated and vacuolated with some
subepithelial frilling, and occasionally electron dense deposits
were present between the lamellae (Fig. 2 A,B).

Qualitative examination of the Goodpasture and Alport antigens.
The Goodpasture antigen was present in the kidneys of affected
bull terriers and normal non-bull terrier dogs, but fluorescence
was weak (Fig. 3). There was variable binding of the antibody Mab
A2 to the GCBM, and to the basement membranes of the distal
tubules, and there was no binding to Bowman’s capsule. There
was no difference in the intensity of binding to the kidneys of
affected and unaffected dogs (Table 4).

The Alport antigen was also demonstrated in the kidneys of
adult affected bull terriers. There was binding of the antibody to
the GCBM and basement membrane of the distal tubules, and
only minimal fluorescence of the proximal tubules and Bowman’s
capsule. Again there was no difference in intensity of flucrescence
between affected and unaffected dogs. The intensity of fluores-
cence was greater for the Alport antigen than for the Goodpas-
ture antigen (Table 4).

Quantitation of Goodpasture antigen using an ELISA

Goodpasture serum bound to GCBM extracted from both an
affected bull terrier and a normal dog and there appeared to be no
reduction in the amount of binding in the affected animal (Fig. 4).

Discussion

Bull terrier hereditary nephritis resembles X-linked Alport
syndrome in that affected animals have hematuria, progressive
renal failure, anterior lenticonus and a lamellated GCBM. How-
ever, the disease in bull terriers is distinguished by: its autosomal
dominant inheritance [26]; the lack of an association with deaf-
ness, even in animals with marked renal impairment; the demon-
stration of cystic changes in the kidneys [28]; and the presence of
both the Goodpasture and Alport antigens in the GCBM.

It appears that most patients with autosomal Alport syndrome
have an identical phenotype to patients with X-linked disease.
Any distinguishing features have been difficult to determine
because very few affected families have been identified. Platelet



Hood et al: Bull terrier hereditary nephritis

34

'S A AL .
r -
g

“?a. e

Gl Y e sy

. Y h ] -~ A
/ .'fr!'l‘—' ¥ RRPPE A e
't £ N X L)
A Faiy “f\*:ﬁ\”‘g’;i_.-‘_ <. Z.,",-*h“'{'w“' i







Hood et al: Bull tervier hereditary nephritis

763

Fig. 2. A. Electron micrographs of glomerular capillary basement membrane (GCBM) from affected adult female bull terrier showing thickening, lamellation
and subepithelial projections (X 17,500). B. GCBM of daughter of the dog in A showing thickening, lamellation and localized intramembranous

electron-dense deposits (arrowed; X 17,500).

- : : : 3

Fig. 3. Kidney section from affected adult bull terrier after incubation with Mab2, specific for Goodpasture antigen, showing linear fluorescence of the
glomerular capillary basement membrane (GCBM) and distal tubular basement membrane.

Table 4. Immunofluorescence of basement membranes of kidneys from
affected bull terriers and normal dogs

Bowman’s
Antibody  Animal GCBM  Mesangium capsule TBM
Mab2 affected 3+ 3+ 0 2+ patchy
affected 2+ 2+ 0 2/3+ patchy
affected 2/3+ 0 0 2/3+ patchy
affected 2/3+ 0 0 2+ patchy
normal 1+ patchy 0 0 1+ patchy
normal 2+ 0 0 2+ patchy
Mab 7 affected 3+ 3+ 1+ 173+
affected 3+ 3+ 1+ 1/3+
affected 3+ 0 1+ 173+
affected 3+ 0 1+ 1/3+
normal (BT) 3+ 0 1+ 13+
normal 3+ 0 1+ 1/3+
normal 3+ 0 1+ 12+
normal 2/3+ 0 1+ 172+

Abbreviations are: Mab2, monoclonal antibody specific for Goodpas-
ture antigen; Mab7, monoclonal antibody specific for Alport antigen; BT,
bull terrier. The brightest fluorescence with Mab7 was in the distal tubules.

and leukocyte abnormalities sometimes occur in autosomal dis-
ease [12-14]. It has been suggested that deafness and anterior
lenticonus occur less often {2], but these are not invariable in
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Fig. 4. Binding curves of Goodpasture sera to GCBM from bull terrier with
hereditary nephritis (3) and normal dog (B), demonstrating that the alpha 3
chain of type 1V collagen is present in at least equal abundance in affected as
in normal dogs.

X-linked Alport syndrome [11]. In bull terriers with autosomal
Alport syndrome, hereditary deafness occurs, but it is inherited
independently of renal disease, and segregates rather with coat
color [32]. Anterior lenticous is present in affected bull terriers,
but the retinopathy has not been identified unequivocally because
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of the spotted nature of the dog fundus. Platelet size cannot be
used to distinguish bull terriers with hereditary nephritis from
unaffected dogs. While a small population of larger platelets exists
in affected bull terriers, this observation has no clinical predictive
value. Large platelets are common in animals with renal failure
from any cause, but the blood films that we examined were not
from azotemic animals.

Hematuria is a feature of X-linked Alport syndrome that is also
found in bull terrier hereditary nephritis, but is not invariably
present. Hematuria is much more likely to occur in bull terriers
with proteinuria than in those without, but only 41% of the 92
dogs examined with proteinuria had hematuria. In contrast,
hematuria is an early finding and usually predates the develop-
ment of significant proteinuria in human Alport syndrome.
Hematuria is also found in animals with Samoyed hereditary
glomerulopathy.

The ultrastructural appearance of the GCBM, Bowman’s cap-
sule and the tubular basement membranes in bull terrier heredi-
tary nephritis are identical to those seen in X-linked Alport
syndrome. Lamellation of the GCBM and intramembranous
deposits are seen. In addition, many of the histological features in
affected bull terriers such as capillary loop collapse, glomerular
sclerosis and fetal glomeruli are also present in Alport kidneys
[33]. However, in contrast to Alport syndrome cystic glomerular
changes are also prominent in many of the dogs. These do not
resemble “polycystic kidneys” in that the kidneys overall are
small, firm and finely nodular, and serial renal biopsies taken
years apart show no progressive cyst formation.

The abnormal GCBM in male patients with X-linked Alport
syndrome is often associated with the absence of the Goodpasture
and Alport antigens. The abnormal alpha5(IV) chain presumably
affects the stability of the alpha 3(IV) chain with which it normally
forms a triple helix. We have confirmed the presence of the
Goodpasture antigen in the GCBM of affected bull terriers using
both a monoclonal antibody and Goodpasture serum. Previous
studies have demonstrated that only one in 10 Goodpasture sera
bind to dog GCBM and that there is little of the corresponding
antigen in dog kidneys [20]. Nevertheless, Goodpasture serum has
been used to distinguish between the GCBM of Samoyed hered-
itary glomerulopathy and that of unaffected animals. Further-
more, we have shown that there are differences between the
distribution of the Goodpasture and Alport antigens in bull
terriers and humans: in both unaffected bull terriers and those
with hereditary nephritis, there is no Goodpasture antigen and
little Alport antigen in Bowman’s capsule.

Most bull terriers with hereditary nephritis are related to a
single dog and the mutation will be identical in all affected
progeny. The abnormal gene is unlikely to correspond to the
alpha 5(IV) chain since this is located on the X chromosome, but
it could involve one of the genes for another type IV collagen
chain. The demonstration of a mutation in autosomal Alport
syndrome in the gene for the alpha 3(IV) chain [15] makes this, as
well as the alpha 4(IV) chain, likely candidates for the abnormal
protein in bull terrier hereditary nephritis, but a mutation in the
alpha 3(IV) chain is less likely since the Goodpasture antigen is
present.
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