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A male German shepherd pup had sym-
metrical areas of hairlessness as well as
missing and misshapen teeth. There was
no family history of a similar phenotype. In
biopsies of the hairless skin and foot pads
there were no hair follicles, adnexal struc-
tures, or eccrine glands. These findings
resemble those in ectodermal dysplasia in
the Tabby mouse and anhidrotic/hypohid-
rotic ectodermal dysplasia (HED) in man,
which are both X-linked recessive disor-
ders and thought to be homologous gene
defects. While similar cases of ectodermal
dysplasia have been reported in the dog
and some genetic studies carried out, de-
finitive confirmation of X-linked inheritance
of canine ectodermal dysplasia is lacking.
Family studies and experimental matings
using the propositus gave results that con-
firm X-linked recessive inheritance. On
statistical grounds, it is concluded that ED
in the propositus is due to a new mutation.
A colony of dogs with this mutation is
maintained for further study.

In hypohidrotic/anhidrotic ectodermal
dysplasia (HED) in man (MIM#305100;
McKusick 1997) and the phenotype Tabby
(Ta) in the mouse (Falconer 1953), affect-
ed individuals have a developmental dis-
order characterized by hypoplasia of hair
and eccrine sweat glands, as well as miss-
ing and malformed teeth. In both species,
the disorder is inherited as an X-linked re-
cessive trait. Based on similarities in the
phenotypes and mode of inheritance, it is
thought that HED and Ta are the result of
homologous gene defects. The HED gene
in humans has been localized to Xq12-13.1
{Zonana 1993). The case for homology be-
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tween HED and Ta has been further
strengthened by demonstration that a
probe sequence from the mouse Ta locus
recognizes an X-chromosomal microdele-
tion in a human patient with HED (Zonana
1993). Recently the human HED gene has
been cloned. It consists of two exons en-
coding a putative transmembrane protein
and the gene is expressed in keratinocy-
tes, hair follicles, and sweat glands (Kere
et al. 1996).

A number of dogs of various breeds
with clinical and pathologic findings of ec-
todermal dysplasia (ED) resembling HED
and Ta have been reported in the veteri-
nary literature (Chastain and Swayne
1985; Grieshaber et al. 1986; Kral and
Schwartzman 1964; Kunkle 1984; Muller et
al. 1989; Selmanowitz et al. 1970, 1977,
Thomsett 1961) . Most of the affected dogs
were males born to clinically normal par-
ents, suggesting the possibility of X-linked
recessive inheritance. In only one study
were breeding experiments reported (Sel-
manowitz et al. 1977). In this study out-
crosses of affected male poodles to unre-
lated normal females produced an F, gen-
eration of normal pups. When the F, fe-
males were backcrossed to the affected
males, five of seven males and three of
seven females were affected. While consis-
tent with X-linked recessive inheritance,
these results do not exclude autosomal re-
cessive transmission. Thus definitive evi-
dence of an X-linked form of ectodermal
dysplasia in the dog is lacking.

In this article we report studies confirm-
ing the occurrence of an X-linked reces-
sive form of ectodermal dysplasia in the
dog resembling HED in humans and 7a in
the mouse.

Materials and Methods

Dogs
The propositus (El), its parents, and lit-
termates were client-owned purebred Ger-
man shepherd dogs. The dogs used for the

breeding studies were a giant schnauzer,
keeshonds, and basset/beagle crosses
with no previous history of ectodermal
dysplasia and were part of the closed
breeding colony of the Section of Medical
Genetics at the Veterinary Hospital of the
University of Pennsylvania. Dogs were
malntained and cared for according to the
University of Pennsylvania’s “Guidelines
for the Care and Use of Laboratory Ani-
mals,” which ensured compliance with the
National Institutes of Health’s “Guide for
the Care and Use of Laboratory Animals”
and the Animal Welfare Act.

Laboratory Tests
Skin scrapings, dermatophyte -cultures,
dental radiographs, and blood for a com-
plete blood count, blood chemistry, and
karyotyping were obtained from the pro-
positus, and thyrotropin, adenocorticotro-
pin, and somatotropin stimulation tests
were performed. Skin biopsies were ob-
tained from the haired skin on the thorax,
as well as from hairless areas on the cau-
dal lumbo-sacrum and ventrum and the
foot pads. Tissues were fixed in buffered
10% formalin, processed routinely, cut at
5 pm and stained with hematoxylin and
eosin for histologic examination.
Cytogenetic studies were performed on
the propositus and his parents. Giemsa-
banded metaphase spreads were prepared
from short-term cultures of mitotic periph-
eral blood lymphocytes and Giemsa-band-
ed karyotypes constructed as previously
described (Selden et al. 1975).

Breeding Studies

The propositus (E1) was the offspring of
pure bred German shepherd dogs, a
healthy primiparous bitch (G1) and a dis-
tantly related male (G4). Subsequently the
bitch was bred to a normal first cousin
(G3), and twice to G2, the normal grand-
son of G4. In experimental matings, the
propositus was outcrossed to giant
schnauzer and keeshond females (Ul and
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Figure 1. Propositus at 18 weeks of age. (A) Hairless forehead (B) Hairless areas in dorsolumbar region. (C) Dental abnormalities consisting of absent teeth and conical,
pointed form of those present. (D) Photomicrograph of skin from normal appearing haired area. (E) Photomicrograph of hairless area lacking hair follicles and adnexal

structures.

U2, respectively). Assuming X-linked in-
heritance as in humans, all of the female
and none of the male offspring of these
matings should be carriers. At the age of
sexual maturity, four of the female off-
spring were bred to normal unrelated
males (keeshond and basset/beagle cross-
es). The probabilities of producing ob-
served numbers of normal and affected
offspring under various inheritance hy-
potheses were computed using the bino-
mial test.

Results

In 1994 the propositus (E1), an 8 week old
male purebred German shepherd puppy
with clinical signs of ED was presented to
the Genetics Clinic of the Veterinary Hos-
pital, University of Pennsylvania School of
Veterinary Medicine. The parents and lit-
termates (five males and three females)
were clinically normal and there was no
family history of other similarly affected
animals. The affected pup had symmetri-
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cal, well-demarcated hairlessness over
two-thirds of the body, affecting particu-
larly the ventral aspect of the neck, tho-
rax, and abdomen, the medial aspect of
the legs, the forehead, and the dorsolum-
bar region (Figure 1A,B). Haired areas con-
tained only primary hairs with no normal
secondary hairs. The exposed skin was
dry and scaly. Mild conjunctivitis with mu-
coid ocular discharge was present. The
deciduous teeth were widely spaced and
the upper canines were deviated rostrally.
The lower right canine and first three up-
per and all lower premolars were missing.

When seen again at 18 weeks of age, the
extent of hairlessness had not changed
and dental abnormalities had become
more evident. The only teeth present were
two permanent incisors in the lower jaw
and six upper incisors, one of which was
distinctly smaller than the others. All in-
cisors were pointed and conical in form
(Figure 1C). Dental radiographs confirmed
that there were only two upper premolars
and that the permanent first three upper

premolars and all of the lower premolars,
as well as the permanent upper canines,
were missing. The lower adult canines
were closer to each other than normal,
presumably due to the missing incisors.

Laboratory Tests
Dermatophyte cultures and skin scrapings
from the propositus were negative for fun-
gl and parasites. A complete blood count,
blood chemistries, thyrotropin, adreno-
corticotropin, and somatotropin stimula-
tion tests were all within normal limits.
Skin biopsies were taken from haired
and nonhaired areas of the skin and from
the foot pads for histologic examination.
The histologic appearance of the samples
taken from the haired areas of the propos-
ltus’s skin were normal (Figure 1D). Skin
samples obtained from the nonhaired ar-
eas (Figure 1E) were completely lacking in
hair follicles and adnexal structures, sim-
ilar to descriptions in other published re-
ports of ectodermal dysplasia in the dog
(Chastain and Swayne 1985; Muller et al.



1989). Biopsies of the skin of dogs nor-
mally do not contain eccrine sweat glands,
but they are normally present in the foot-
pads. Biopsied specimens of the foot pads
of the propositus contained no sweat
glands or ducts.

Cytogenetic Studles

Giemsa-banded karyotypes were exam-
ined for evidence of chromosomal anom-
alies and none were found. We concen-
trated particularly on the X chromosomes,
which we have previously shown in dogs
to resemble the human X chromosome in
G-banded morphology (Selden et al. 1975).
No X-chromosomal abnormalities were de-
tected in 10 metaphases from the propos-
itus and 5 from the cells of each of the
parents.

Family Studies and Breeding
Experiments
A composite pedigree showing informa-
tion from the family of the propositus and
the results of crosses to normal unrelated
dogs of other breeds is shown in Figure 2.
As described, the propositus (E1) was
born to clinically normal parents and was
the only affected pup in a litter consisting
of six males and three females. The
mother (G1) and father (G4) were distant-
ly related. The mother was subsequently
bred to two other unaffected male German
shepherds (G2, G3) that were related to
the father of the propositus as shown in
Figure 2. In all, the mother gave birth to
18 male and 15 female offspring, with the
only affected pup being the propositus.
Postulating that E1 represented a new
mutation producing ED, we mated him to
two unaffected keeshond females (Ul and
U2) to produce an F, generation of three
unaffected males and six unaffected fe-
males. These results mitigate against au-
tosomal dominant or X-linked dominant
inheritance. Under the hypothesis of au-
tosomal dominant inheritance, the proba-
bility of no affected offspring among nine
produced is 0.0020. Under the hypothesis
of X-inked dominant inheritance, the
probability of six females, all unaffected,
is 0.0156. Hypothesizing that the ED ob-
served in the propositus is in an X-linked
recessive trait, we mated four of the un-
affected female offspring of the F, genera-
tion to three unaffected, unrelated males:
U3 was a beagle X basset cross and U4
and U5 were keeshonds. If ED in this case
is inherited as an X-linked recessive trait,
the unaffected F, females should all be car-
riers, having received the mutation-bear-
ing X chromosome from their father, El.
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Figure 2. Pedigree of the propositus (E1). Upper portion of the pedigree: family of E1 including littermates.
Lower portion including unrelated dogs and descendants: test matings performed to determine mode of inheri-
tance. U = unrelated dogs; G = related German shepherds; E = related to the propositus. The arrow indicates

the propositus.

When the female offspring are bred to un-
related normal males, one-half of the male
and none of the female offspring should be
affected. These matings produced four
male offspring, two of which had ED with
a phenotype similar to the propositus
(Figure 3A). At 7 weeks both of the affect-
ed males had hairless foreheads. The ven-
tral aspect of the thorax and abdomen was
mildly hairless in E22 and completely hair-
less in E21. As in the propositus, the dor-

sal pelvic region of E21 and E22 was de-
void of hair. Tooth abnormalities included
pointed, conical deciduous teeth and in-
complete dentition. Histologic studies of
the areas of affected skin and foot pads
confirmed the presence of the same ab-
normalitles as found in the proposlitus. In
addition, E9 was bred to her affected off-
spring (E21). This mating resulted in sev-
en normal pups (four female, three male),
one affected male, and two affected female
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