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Canine Leukocyte Adhesion Deficiency: Presence of the Cys36Ser
B-2 Integrin Mutation in an Affected US Irish Setter Cross-Breed
Dog and in US Irish Red and White Setters

Polly Foureman, Mary Whiteley, and Urs Giger

Canine leukocyte adhesion deficiency (CLAD) is a primary immunodeficiency disease characterized by recurrent bacterial infections
in the presence of marked leukocytosis. The disease was 1st described in the mid-1980s in a cross-breed Irish Setter Dog in the
United States. It results from a defectige2 subunit of heterodimeric leukocyte adhesion proteins. The causative mutation for
CLAD in Irish Setter Dogs from Europe has been identified as a missense mutation at base pair position 1@#Zriritegrin
subunit gene (ITGB2) that results in an amino acid change from cysteine to serine at amino acid 36 (Cys36SprRimtegrin
subunit protein. In the current work, the originally described dog with CLAD has been genetically tested and shown to have the
same mutation as the European Irish Setters. This suggests that the mutation has been in the Irish Setter population for many
generations spanning more than 2 decades. A related breed, the Irish Red and White Setter, has a history of interbreeding with
Irish Setters and shares a common ancestry with the Irish Setter breed. DNA from Irish Red and White Setters residing in the
United States was screened either by sequencing or by the newly developed restriction enzyme test for the Irish Setter Cys36Ser
CLAD mutation. Seven of 54 dogs tested (13%) were found to be carriers of the Irish Setter CLAD mutation. Five of these were
directly related to a sire from the UK, demonstrating the importation of an allele from another continent and establishing the need
for genetic testing in this breed in the United States.
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eukocyte adhesion deficiency is a primary immuno-substitution of a cysteine for a serine at position 36
deficiency characterized by severe recurrent infec{Cys36Ser) in theB-2 integrin subunit protein. Genetic
tions despite a marked leukocytosis. It is caused by a descreening studies have recognized carriers of this missense
ficiency of the commor-2 integrin subunit (CD18) of the mutation in Irish Setters from other European countries and

major heterodimeric leukocyte adhesion proteins including Australia?
but not limited to, CD11a/CD18 (LFA-1), CD11b/CD18 We report that the original Irish Setter cross-breed dog
(MAC-1/CR3), and CD11c/CD18 (CR4/gp 150,95). Thesefrom the United States in which the disease was 1st char-
proteins are critical in neutrophil cell adhesion, extravasa-acterized has the same mutation as reported in the Swedish
tion from blood vessels, migration to sites of infection, andIrish Setters. These results establish that the gene defect has
phagocytosis of C3b-opsonized bacteria. Clinical signs ina worldwide distribution and has been present in the Irish
clude frequent bacterial infections beginning shortly afterSetter population for many generations.
birth and are accompanied by severe leukocytosis and a We also have found this mutation in a rare breed with
lack of purulent exudate. Omphalophlebitis, gingivitis, os- shared ancestry to the Irish Setter, the Irish Red and White
teomyelitis, and pyoderma are frequent sequétae. Setter. The Irish Red and White Setter is believed to be the
Canine leukocyte adhesion deficiency (CLAD) was 1st“original” Irish Setter. In the late 1800s, both the red Irish
characterized in a cross-breed Irish Sétshortly after the  and the Irish Red and White Setters were shown together
disease was described in humans. At that time, it also wam the breed ring, but the red Irish Setters soon gained pop-
recognized that the previously reported canine granulocyularity, and the red and white dogs became rare. The breed
topathy syndrontein Irish Setters probably was the same was revived in the 1950s by crossing the few remaining
disease. A bovine leukocyte adhesion deficiency was subRed and White Setters with field-bred red Irish Setters.
sequently characterized in Red Holstein Cé&tRecently, There is a strong possibility, therefore, that this breed also
CLAD has been reported in a group of Irish Setters fromcould carry the mutation for CLAD. We have confirmed
Swedef” and the UK8 and the causative molecular defect this suspicion in the population of Irish Red and White
in those dogs has been characterizasl a guanine to cy- Setters in the United States.
tosine transition at nucleotide position 107 in e in-

tegrin subunit gene (ITGB2) coding for tifle2 subunit of Materials and Methods
leukocyte integring.This missense mutation results in the

Animals

From the University of Pennsylvania, Section of Medical Genetics, Samples were solicited from Irish Red and White Setters owned by
School of Veterinary Medicine, Philadelphia, PA (Foureman, Giger); members of the Irish Red and White Setter Association and the Irish
and Gene Search LLC, Rockville, MD (Whiteley). Sections of this work Red and White Setter Club of America. All dogs were living in the
were presented as a research abstract at the 19th ACVIM meeting, United States at the time of sampling. Cheek swabs were received
Denver, CO, 2001. from 54 dogs. There are approximately 450 Irish Red and White Set-

Reprint requests:. Dr U. Giger, VHUP, 3850 Spruce Street, Phila- ters in the United States today, and an estimated 10-25% of these
delphia, PA 19104-6010; e-mail: giger @vet.upenn.edu. dogs have been or will be bred. Not all of the dogs tested are breeding

Submitted August 7, 2001; Revised December 17, 2001; Accepted animals, and we estimate that we have tested about 50% of the breed-
February 25, 2002. ing population in the United States. DNA was extracted from buccal

Copyright © 2002 by the American College of Veterinary Internal mucosal cells by standard procedures (Gentra Systems).
Medicine Medical records were reviewed from the affected female spayed,

0891-6640/02/1605-0003/$3.00/0 cross-breed Irish Setter 1st described with CLAD in 198NA was
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extracted by standard procedures (Qiagérgm lymphocyte and fi-  result of a mother-son mating in which the dam was a pure-
broblast cultures collected at the time of euthanasia. DNA was obyred Irish Setter, and the sire was her son from a mating
tained from EDTA blood collected from a Miniature Schnauzer and ayith a mixed-breed dog. The dog survived for another 2.5
Newfoundland Dog to serve as unaffected control samples. years, during which time she had a persistent severe leu-
. kocytosis (reaching 230,0Q0L) that consisted of a mature
DNA Sequencing neutrophilia, eosinophilia, monocytosis, and lymphocytosis.
The portion of theB-2 integrin gene flanking position 107 in exon Antibiotic therapy was required throughout her life and was
1 was amplified by standard polymerase chain reaction (PCR) techregularly changed on the basis of culture and sensitivity
niques with gene-specific primers (lowercase) tagged with M13 comresults. A spectrum of antibiotics was used. She developed

plementary sequences (uppercase) at thenfils as follows (5to 3):  skin papillomas believed to be viral in origin that sponta-
M1t3_cLAC:D'\F/I:l3%’?2SQ_CSQEKQQQTCTGT%&%’;\%?&CG{"Qgt‘;"%tgcacca neously regressed and a number of serious bacterial infec-
agta, an : getietggeace  inns, attributable to neutrophil dysfunction, including as-

aggcgcagcecg. Two rounds of PCR were carried out innbGeaction . . . .
volumes with 2-3uL DNA in the initial reaction and TuL of the cending osteomyelitis leading to amputation of the affected

previously amplified product in the 2nd reaction. Cycling conditions 1i9ht hind limb, pyometra, chronic dermatitis with severe
for both rounds were 9& for 30 seconds, followed by 72 for 1 facial alopecia, and pneumonia. The complication of oste-

minute for a total 30 cycles per round. The amplified products, 1260myelitis of the remaining left hind limb occurred at 4 years

bp in length, were gel purified by standard methods (Qiag&ili- of age and compelled the owner to elect euthanasia.
rectional sequence analysis was performed using a Licor sysigm
dye-primer chemistry and standard 800 and 700 infrared (IR)2-labeled DNA Analysis
M13FORWARD and M13REVERSE priméfawvith absorbance mea-
sured at 795 and 695 nm. DNA obtained from 2 normal non-Irish Setter breed dogs
(a Miniature Schnauzer and a Newfoundland) was ampli-
Enzyme Digest Test fied and sequenced for the region of the ITGB2 gene in

DNA was extracted from cells collected from cheek swab samplesWhICh the missense mutation responsible for CLAD oc-

as described by Richards et:alThirty-microliter PCR reactions were  CUrS® As expected, both of these dogs had the normal (wild
prepared containing 0.6M primers, 2 mM deoxyribonucleotide tri-  tyPe) B-2 integrin subunit sequence. Amplified DNA of the
phosphate (ANTP), 1.5 U Hot Start Polymerase (Qiagéfo Start ~ Same gene region from the cross-breed Irish Setter dog
Polymerase Buffer (Qiagehnd 3uL DNA. Primer sequences were known to be affected with CLAD was found to have only
as follows: Forward: CTTAGCCTCCTGCCAGGACTGCACCAA; the mutant sequence, a cytosine in the sense strand at po-
and Reverse: TTCAGCTTCTGGCACCAGGCGCAGCCGGGCCCC sjtion 107 in the ITGB2 gene (F|g 1) This is the same
AA. mutation as described in the CLAD-affected Irish Setters
PCR cycling conditions were as follows: incubation at®@%or 15 from Swedef and indicates that this mutation has been

minutes and 94 for 1 minute, followed by 35 cycles of 92 for 1 . . . -
minute, 68C for 30 seconds, and T2 for 30 seconds, with a final present in the Irish Setter population on at least 2 continents
for more than a decade.

extension of 7%C for 3 minutes. A 3.5+L aliquot of Reaction Buffer
2 (New England Biolabg)was added directly to the PCR reaction, as . .
was 1.5uL of the restriction enzymeélinfl." After incubation at 37C Survey of Irish Red and White Setters

for 1 hour, 5L loading dye (glycerol and bromophenol blue) was . .
added, and the samples were electrophoresed for 45 minutes at 85 V We also sought to evaluate the presence of this mutation

in a 3% agarose gel with Tris-borate-EDTA as the running buffer. All i @ related breed of dogs, the Irish Red and White Setter.
samples were assayed in duplicate from independent DNA preparg®ll 54 Irish Red and White Setters from the United States
tions, and appropriate positive (known carrier samples) and negativavere tested for the mutation at position 107 in ITGB2.
(no DNA) controls were included. Positive control samples were in-Gene sequencing was used to evaluate 19 of these dogs.
cluded with each batch because it is necessary to confirm the expectéfhe remaining dogs were analyzed by a restriction enzyme—
restriction enzyme activity. based procedure (Fig 2). Of the 54 Irish Red and White
The Forward primer adds nucleotides to the exon to make the amgetters tested, 7 were found to be carriers (heterozygotes)
plified fragment 96 bp in length. The Reverse primer destroys an in-for the Cys36Ser mutation. No affected dogs were identi-
ternal Hinfl site that is present in this amplified region. The CLAD fied. Five of the carrier dogs were directly related to a par-

mutation introduces a new restriction site at approximately the middle, . . . .
of the 96-bp amplified fragment. Amplified regions containing the mu- ticular sire from the UK. Although this dog is deceased and

tant allele are cut into 2 fragments of 50- and 46-bp lengths that co10 S@mples were available for testing, 2 of his offspring
migrate as a single band on an agarose gel. The PCR product bearifyere found to be carriers. Because the dam tested “clear”
the normal allele remains uncut in the presenceHffl restriction ~ (homozygous wild type), the sire must be an obligate carrier
enzyme activity. Thus, homozygous normals (“clear” animals) will for the CLAD mutation. A 3rd littermate tested clear. A 4th
have one 96-bp band, homozygous affecteds will have -©66-bp  deceased littermate must also be an obligate carrier because
band, and carriers (heterozygotes) will show both bands on an agarosge produced carrier offspring with a bitch that tested

gel. “clear” for CLAD (Fig 3). Pedigrees from the remaining
2 detected carriers were insufficient to determine their re-
Results lationship to this kinship.
Case Report ) )
Discussion

The clinical course, up to 18 months of age, of the female
Irish Setter cross-breed dog in which CLAD was 1st de- In humans, several different mutations of the ITGB2 are
scribed was detailed in a previous repbfthis dog was the  known, and the clinical course varies depending on which
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Fig 1. Sequencing gel showing the region of & integrin subunit gene (ITGB2) containing the canine leukocyte adhesion deficiency (CLAD)
mutation. Arrows point to position 107. Each lane corresponds to 1 nucleotide, and the sequence is read sequentially. TR notegain

subunit allele has a G at position 107 that is part of a codon leading to a cysteine at position 36 in the resulting protein. The affected allele has
a C in this position, leading to a serine at position 36 in the resulting protein. A carrier (heterozygotes) has both alleles.

mutation or mutations the patient carries. It was possibletions and likely arose in the UK before the exportation of
therefore, that more than 1 mutation was responsible fotrish Setters throughout the world.

CLAD in Irish Setters as well. The mutation in the ITGB2 We also demonstrated the presence of this allele in a
gene responsible for CLAD in Irish Setters from Swedenrelated breed of dogs in the United States, the Irish Red
and the UK has been identifi€dMe have shown that the and White Setter. This is one of several rare breeds (eg,
cross-breed dog from the United States in which CLAD Red Setters) developed in the UK that are closely related
was 1st described in 1987 indeed had the same missenge Irish Setters and that are thought to be at risk for har-
mutation that is responsible for the disease in the Swedisbhoring the Cys36Ser mutation because of interbreeding and
and English Irish Setters. It is likely that the Irish Setter shared ancestry with Irish Setters. Seven of 54 dogs (13%)
dogs described by Renshaw et al the mid-1970s also tested were found to be carriers of the same missense mu-
had this disease and that the same missense mutation wesion at position 107 in the ITGB2 gene that is responsible
responsible in those dogs as well. A survey of the mutanfor CLAD in Irish Setters. Because the survey was limited,
allele in Irish Setters throughout Europe and in AustPalia and 5 of these dogs were directly related to one another,
supports a worldwide distribution of this mutation in Irish the true mutant allele frequency cannot be determined. With
Setters. The probable longstanding presence of this allelthe recognition of the Cys36Ser mutation in the population
in both the UK and the United States suggests that it hasf breeding US Irish Red and White Setters, however,
been present in Irish Setter populations for many generabreeders now have the ability to select for unaffected off-

—

Fig 2. (A) Restriction enzyme procedure. The normal allele hasiiml restriction site in the 96-bp sequence amplified. Therefore, exposure

to the restriction enzymelinfl has no effect on the length of the amplified segment. The mutation responsible for canine leukocyte adhesion
deficiency (CLAD), however, results in a nedinfl restriction site in approximately the middle of the amplified sequence. Exposurentb

results in 50- and 46-bp bands that will comigrate on a 3% agarose gel. Carriers (heterozygotes) have bot(Balktesose gel. After
amplification andHinfl restriction enzyme digestion, normal individuals (N) are identified as having a single 96-bp band; affected individuals
(A), by having only the approximately 50-bp band; and carriers (C), by the having both bands on a 3% agarose gel.
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* may be explained by CLAD-associated neonatal death (eg,

'Y
omphalophlebitis) or by the lack of recognition of this he-
n . reditary disease by clinicians. Animals that have been re-
o ported with CLAD have had littermates that died soon after
birth.#57” Because 25% of the offspring of a mating of 2
n . . ‘ e carrier parents would be expected to have CLAD, most af-
fected dogs should have at least 1 other affected littermate
(assuming an average litter size of 8 or more in Irish Set-
ters). Thus, fading Irish Setter puppies with chronic or re-

current infections as well as their parents and littermates
should be tested for CLAD.

Legend
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Fig 3. Pedigree of a family of Irish Red and White Setter dogs ngt St::t Pc?lil/:w]g:gss,g B?J?gf%iag:nncglencia CA

known to carry the canine leukocyte adhesion deficiency (CLAD) mu- Reaction Buffer 2, New England Biolabs, Inc, Beverly, MA

tation. Arrows point to 2 deceased obligate carrier males. The asteris|§R o . .
estriction enzymédinfl, New England Biolabs, Inc, Beverly, MA
(*) indicates the sire from the UK. Half-shaded circles and squares y 9 y

represent female and male carriers of the CLAD mutation, respective-
ly. Open circles and squares indicate normal (clear) tested females and K led
males, respectively. Numbers in diamonds refer to untested littermates. Acknow gments
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