Genetics of calcium oxalate urolithiasis in dogs
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Calcium oxalate (CaOx) is the most common stone
type in dogs, causing significant morbidity and
even mortality. Most patients are grouped into the
category of “idiopathic CaOx stone formers,” meaning
that they do not have a systemic condition (such as
hypercalcemia) underlying their risk.1 In idiopathic
stone formers, the etiology of CaOx urolithiasis is
assumed to be complex, with risk determined by the
combined effects of genetics, diet, environment, and
behavior. However, with modern genetic technologies,
major genetic risk factors for CaOx urolithiasis are being
uncovered that could inform clinical management and
ultimately move management from a “one-size fitsall” approach towards precision medicine. Research
performed through the Minnesota Urolith Center
and the University of Minnesota Canine Genetics
Laboratory has discovered a genetic variant that is a
strong driver of early-onset, recurrent CaOx stones
across multiple dog breeds. The condition associated
with this variant is referred to as Hereditary Calcium
Oxalate Urolithiasis, Type 1 (Hereditary CaOx1).
Juvenile CaOx urolithiasis
Patients with early onset stone disease are most likely
to have a major underlying genetic disorder. In humans,
29% of patients with nephroliths or nephrocalcinosis
diagnosed at or before 25 years of age are affected
by a monogenic (i.e. single gene) disorder.2 In order
to identify canine early onset stone formers, we
reviewed over 140,000 CaOx stone submissions to the
Minnesota Urolith Center. We extracted data from dogs
diagnosed at 2 years of age or less and compared it to
dogs diagnosed at a mature age, 7-9 years. While most

breeds represented in this juvenile-onset population
were high risk for CaOx urolithiasis in general, two
breeds stood out as being significantly overrepresented
in the juvenile group compared to the mature group:
the English and French Bulldogs (Table 1).3
Hereditary calcium oxalate urolithiasis, Type 1
(Hereditary CaOx1)
Next, we performed whole genome sequencing of 3
English Bulldogs with CaOx urolithiasis. Over 8 million
variants were detected in the 3 English Bulldogs relative
to the canine reference genome. Through a series of
filtering steps using a database of dog genomes and
variant effect prediction, only a single variant was found
to be present in a homozygous state in all 3 English
Bulldogs, absent from other dogs (including bulldogs
without CaOx stones) and predicted to impact protein
function. We refer to this as the Hereditary CaOx1 variant.
The Hereditary CaOx1 variant resides in a protein that
is exclusively expressed in the kidney and is released
in the urine. The protein functions to regulate urinary
calcium resorption and inhibit urinary crystallization,
as well as contribute to blood pressure control and
immunity against urinary tract infections. A deficiency
of the protein causes urolithiasis in mouse models and
is associated with nephrolithiasis in humans.
Hereditary CaOx1 is an autosomal recessive disorder.
This means that only individuals with two copies of the
variant have the disease and are therefore at increased
risk for CaOx urolithiasis. Hereditary CaOx1 is present
in 63% of English Bulldogs diagnosed with CaOx
urolithiasis compared to less than 1% of the general

Table 1. Breeds representing ≥ 5% of CaOx urolith submissions from juvenile dogs (≤2 years)
French Bulldog*

Jack Russell Terrier

Pug

Chihuahua

Papillon

Yorkshire Terrier

Miniature Schnauzer

Shih Tzu

English Bulldog*

Pomeranian

*Breeds overrepresented (P < .001) relative to submissions from mature dogs (7-9 years)
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English Bulldog population, resulting in an odds ratio
of greater than 100. The Hereditary CaOx1 variant also
exists in several non-bulldog breeds. The full breed list
is reported in Table 2. Of note, Hereditary CaOx1 has
not been identified in French Bulldogs, supporting the
presence of a distinct genetic disorder causing stone
risk in this breed. Hereditary CaOx1 has also not been
detected in the breeds with greatest overall risk for CaOx
urolithiasis, such as the Miniature Schnauzer, Bichon
Frise, Lhasa Apso, or Shih Tzu.3 Genetic testing for
Hereditary CaOx1 is available through the University
of Minnesota Canine Genetics Laboratory: z.umn.edu/
caninegenetics.
In dogs with Hereditary CaOx1, the median age at
first stone diagnosis is 2.5 years (range 1-8 years), and
recurrence rates are high (44% of dogs with at least 6
months follow up; median time to recurrence = 2 years).
Male dogs with Hereditary CaOx1 are believed to be at
greater risk for stone formation than females; 80% of
those that form stones are male. Therefore, male dog
might benefit most from early preventative measures,
as described below. Most dogs with Hereditary CaOx1
have severe hypercalciuria (elevated urinary calcium)
despite normal serum calcium.

Moving towards precision medicine
We are currently determining which therapies improve
the quantity and function of the protein that is
deficient in Hereditary CaOx1. Until more is known, we
recommend following general recommendations for
CaOx urolith prevention in dogs with two emphases:
potassium citrate and hydrochlorothiazide. Based on
what is known about the Hereditary CaOx1 protein,
these therapies could target specific defects in affected
dogs. See Table 3. The general recommendations for
CaOx urolith prevention can be found at the Minnesota
Urolith Center’s website: urolithcenter.org.
Future research
We aim to discover novel therapies to help prevent
stone formation in dogs with Hereditary CaOx1 and also
idiopathic CaOx stone formers. We also aim to identify
additional genes driving risk for CaOx urolithiasis.
Genetic discoveries result in genetic tests which
can inform breeding decisions and enable the early
identification of patients that might benefit from regular
stone screening, dietary changes, or other preventative
interventions.

Table 2. Breeds affected by Hereditary CaOx1.
American Staffordshire Terrier

Border Collie

Boston Terrier

Bullmastiff

English Bulldog

Havanese

“Pit Bull”

Rottweiler

Staffordshire Bull Terrier
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Table 3. Targeted preventative therapies for dogs affected by Hereditary CaOx1.
Defect

Therapy

Rationale

Deficiency in
crystallization
inhibitor

Potassium citrate
(75 mg/kg q12-24 hrs
and/or a diet containing
potassium citrate),
regardless of urine pH

Citrate reduces CaOx crystallization by binding calcium, forming
soluble complexes with calcium ions, and increasing the
inhibitory activity of the protein that is defective in Hereditary
CaOx1.4

Hypercalciuria

Hydrochlorothiazide
(2 mg/kg q12 hrs)

Hereditary CaOx1 causes hypercalciuria due to decreased
resorption of calcium in the distal convoluted tubule. Thiazides
promote calcium resorption in the proximal tubule and might
thereby decrease hypercalciuria in affected patients.
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