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Abstract
As in many human patients with X-linked hypohidrotic ectodermal dysplasia (XHED), XHED
dogs are at an increased risk for pulmonary disorders. Localized immune system defects had been
suspected previously in affected dogs because of frequent infections and unexpected deaths due to
opportunistic respiratory tract infections. Experiments were designed to examine systemic and
localized humoral and cellular responses, development and function of T cells, and thymic
morphology. All dogs used in these experiments were clinically healthy at the time of examination
and their immune responses were compared to normal littermates. Serum immunoglobulin
concentrations differed somewhat between normal dogs and dogs affected with XHED but they
were all within normal ranges. The XHED dogs responded appropriately to vaccination with
tetanus toxoid suggesting normal systemic B and plasma cell function. Thymic morphology was
compared between normal and affected dogs and T cells were assessed for functionality. Numbers
and phenotypes of T and B cells in blood and thymus of affected dogs were within normal limits
suggesting normal development of T cells. Cytotoxic and phagocytic ability of macrophages and
neutrophils was also normal in affected dogs. In contrast, the secretory IgA concentrations found
in affected dogs were significantly higher than in normal dogs, while lacrimal secretions were
significantly decreased. These results suggest a compensatory mechanism for secretory IgA, so
that the total amount equals that in normal dogs. The results presented in this study indicate that
the XHED dogs have a relatively intact immune system and suggest that the same is true for
humans with the homologous form of XHED.
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1. Introduction
In X-linked hypohidrotic ectodermal dysplasia (XHED) in man (MIM #305100; defect in
ED1), affected individuals have a developmental disorder characterized by sparse or absent
hair, missing and/or malformed teeth, and hypoplastic eccrine glands (Beahrs et al., 1971;
Soderholm and Kaitila, 1985; Clarke, 1987; Clarke et al., 1987; Kere et al., 1996). There is
significant morbidity and mortality in affected children due to hyperthermia because of their
inability to sweat and due to an increased risk of respiratory tract infections (Beahrs et al.,
1971; Soderholm and Kaitila, 1985; Clarke et al., 1987; Gilgenkrantz et al., 1989). The
human X-linked HED phenotype has been shown to be a result of mutations in the
ectodysplasin (ED1) gene (Zonana et al., 1993; Kere et al., 1996; Monreal et al., 1998).

X-linked ectodermal dysplasia has also been described in a variety of dog breeds, cattle and
the Tabby mouse and is characterized by hypoplasia of hair and sweat glands, as well as
missing and malformed teeth (Drogemuller et al., 2001, 2002, 2003; Moura and Cirio,
2004). Over the past 10 years we have maintained a colony of dogs with XHED derived
from an affected male German shepherd that was donated. The XHED male was bred to a
Giant Schnauzer and a beagle-cross producing carrier females which in turn have produced
all of the dogs in the colony. The affected dogs have all of the classic signs of XHED and
the disease is caused by a splice acceptor site mutation in intron 8 of ED1 (Casal et al., 1997,
2004). As in most human patients with XHED, we have found increased morbidity and
mortality to other, usually benign, rarely fatal pulmonary infectious diseases. Most affected
dogs had chronic nasal and ocular discharge, often accompanied by corneal ulceration, and a
small number of the adult dogs had chronic, treatment-resistant demodecosis that in
veterinary medicine is associated with a mildly compromised immune system (Caswell et
al., 1997).

In humans with XHED, it is thought that the increased occurrences of pulmonary disease are
due to the lack of mucous glands in the respiratory tract (Reed et al., 1970; Beahrs et al.,
1971; Siegel and Potsic, 1990). To rule out immune system defects as a cause for the
increased pulmonary disorders in the XHED dogs, we compared systemic and local immune
parameters of clinically healthy, affected dogs to age-matched normal dogs.

2. Materials and methods
2.1. Dogs and tissues

Medical records from 30 XHED dogs (23 males and 7 females – produced by breeding
affected males to carrier females) and 59 non-affected littermates (29 males and 30 females)
were reviewed for morbidity and mortality rates. The dogs’ genotypes were determined by
assessing their phenotype at birth (Casal et al., 1997) and later confirmed by PCR (Casal et
al., 2004). Depending on the assays to be performed, three to nine affected dogs and 3–10
age-matched normal dogs were used for each assay. At the time of sampling, all dogs were
clinically healthy to prevent alteration of immune parameters through other disease
processes. Three affected and three normal littermates were euthanized for evaluation of the
immune and hematopoietic organs. The thymus was carefully removed from each dog to
obtain the whole organ for weighing and histological appearance. In addition to the thymus,
the spleen, submandibular lymph node, tonsils, and bone marrow were obtained from each
dog for determination of total T cell percentage (CD3+) and B cells (CD21+) of each organ,
the percentage of CD4+ and CD8+ cells within the CD3 population, and the total percentage
of double-positive T cells (CD4+8+) in the thymus. Pulmonary cells were obtained by
transtracheal washing immediately after death using 250 ml of sterile saline. The fluid that
was recovered was centrifuged, the cells removed, and used for evaluation by cytospin and
measurement of TNF-alpha production. All animals were cared for according to the
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principles outlined in the NIH Guide for the Care and Use of Laboratory Animals and in the
International Guiding Principles for Biomedical Research Involving Animals.

2.2. Immune parameters
Blood was drawn from five XHED affected dogs and from ten normal, age-matched dogs
for complete blood cell counts and to study the phenotype of peripheral blood mononuclear
cells through flow cytometry according to standard practice in the laboratory (Felsburg et
al., 1998). The isotype control tube contained anti-mouse IgG-FITC and anti-mouse IgG2a-
PE. Leukocytes were selected by using anti-human CD14-FITC and anti-canine CD45-PE to
determine the hematopoietically derived cell and monocyte population. After staining with
anti-canine CD3-FITC, anti-canine CD4-PE, anti-canine CD8-PE, and anti-canine CD21-
PE, T and B cells were analyzed on a BD FACScaliber (Becton, Dickinson, and Company,
Franklin Lakes, NJ). Thymic cells were characterized using the same protocol.

Serum immunoglobulins from nine affected and nine normal dogs were quantified through
radial immunodiffusion (Bethyl Laboratories, Inc., Montgomery, TX). The appropriate
amount of serum was added to the wells of IgG, IgG1, IgG2, IgA and IgM plates and the
amount of immunoglobulin in the serum of each sample was quantified by measuring the
precipitin rings surrounding the wells. The diameter of each ring was compared to a standard
curve created from controls of known immunoglobulin concentration. Serum complement 3
(C3) was also measured in eight normal and three affected age-matched dogs using a radial
immunodiffusion assay. Briefly, 5 ml of 1% agarose containing 2% goat anti canine C3
were poured in plastic plates and wells of 3 mm in diameter were made using the enclosed
template (ICN Pharmaceuticals, Inc., Costa Mesa, CA). After 1:25 dilution in PBS, the
serum samples were added to the plates at 10 μl per well. The plates were then incubated at
room temperature and the resulting rings measured after 12 h. All samples were run in
duplicates.

Specific antibody production was measured in 8-week-old affected (N = 3) and age-matched
normal (N = 3) dogs. Three affected and three normal dogs were immunized intramuscularly
with 0.5 ml tetanus toxoid. The immunizations were repeated 2 weeks later. Four normal
dogs were used as unvaccinated controls. Blood was drawn at weekly intervals for 5 weeks
from all vaccinates and non-vaccinates beginning 1 week prior to vaccination and the serum
samples were collected and frozen. An ELISA was performed to determine the tetanus
specific IgG in the serum samples (Hartnett et al., 2002). The plates were evaluated on an
ELISA plate reader at 490 nm. Samples were run in duplicates.

Secretary IgA was measured from lacrimal secretions to assess the mucosal immunity of
XHED (N = 5) and age-matched control dogs (N = 6). Schirmer Tear Tests (Schering-
Plough, Union, NJ) were inserted into the medial canthus of each eye for exactly 1 min to
collect lacrimal fluid and to measure tear production. The lacrimal secretions were
centrifuged out of the tear strips and frozen at −70 °C until all samples were collected. IgA
was measured with the Dog IgA ELISA Quantitation Kit (Bethyl Laboratories, Inc.,
Montgomery, TX). Lacrimal IgA measurements were performed in duplicates.

TNF-alpha production was determined in five affected and five normal age-matched dogs by
stimulating macrophages with LPS at 5 μg/ml at 37 °C for 6–20 h and then incubating the
supernatant with WEHI-164 cells according to previously described methods (Campbell et
al., 1997). Samples were analyzed in duplicates.

Neutrophils were obtained from four affected and five age-matched control dogs to assess
neutrophil function. The capacity of neutrophils to phagocytize opsonized, fluorescent
Escherichia coli was assessed using the Phagotest (OrpegenPharma, Germany) and analyzed
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by flow cytometry. The cytolytic ability of the neutrophils was evaluated using the oxidative
burst assay (Felsburg et al., 1998). All samples were run in duplicates.

Statistical analyses were performed using the Mann–Whitney test for small sample sizes that
were not distributed normally (InStat® for Macintosh 2.03, GraphPad Software).

3. Results
3.1. Dogs

Of the 89 offspring born to carrier females and normal or affected males, 30 dogs were
affected (23 males and 7 females) and 59 were carrier or normal dogs (29 males and 30
carrier females). There was no phenotypical difference between affected males and affected
females. About 30% of the affected pups died within the first 3 days of life while only 10%
of the non-affected pups died in the perinatal period (normal losses are 7–10%). Two
affected pups and one normal pup had severe cleft palates, but no overt cause of death could
be determined for the rest that died at or shortly after birth. Over 50% of the post-weaning
survivors had severe forms of bronchopneumonia, which was fatal in 27% of these dogs.
Histology of the lungs of two XHED dogs that died of severe pneumonia demonstrated a
lack of appropriate numbers of macrophages that would be expected for the extent of
disease.

To examine cellular components of the pulmonary defense mechanisms, tracheal washes
were performed in three clinically healthy affected dogs and three age-matched control dogs.
There appeared to be more macrophages and fewer neutrophils in the tracheal wash fluids
obtained from affected dogs compared to that obtained from the normal age-matched
controls (Table 1).

3.2. Lymphoid tissue and peripheral blood mononuclear cell (PBMC) characterization
Blood was drawn from five adult affected dogs to compare phenotypes of the PBMC to
normal adult ranges and 10 normal dogs housed in the same facility. Comparison of
complete blood cells counts revealed that all total white blood cell, neutrophil, lymphocyte,
monocyte and eosinophil counts were within normal ranges established in the laboratory and
did not differ significantly between normal and affected dogs (Table 2). Each sample was
stained using canine-specific antibodies CD3, CD4, CD8, CD14, CD21, and CD45RA. No
statistically significant differences were found between the percentages of the cells
examined from normal and affected dogs except for decreased CD45RA positive cells in the
affected dogs (Table 3).

Thymus weights and histological appearance of all lymphoid tissues were compared
between three 6-month-old normal and three 6-month-old affected dogs. There were no
apparent differences in thymic weights (data not shown) and no differences in the
microscopic appearance of lymphoid tissues from affected dogs when compared to the
normal controls. Thymus, spleen, submandibular lymph node, tonsils, and bone marrow
were also analyzed for total T cell percentage (CD3+) and B cells (CD21+), the percentage
of CD4+ and CD8+ cells within the CD3+ population and the total percentage of double-
negative (CD4−8−) and double-positive T cells (CD4+8+) in the thymus. Tonsils from
affected dogs appeared to have a slightly lower percentage of CD3+ cells than the same
tissues from the normal counterparts. The percentage of CD8+ cells was slightly lower in
lymph nodes from affected dogs compared to normal age-matched controls (not shown).
There were no apparent differences within any of the cell lineages from affected or normal
thymi (Fig. 1).
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3.3. Humoral immunity
Serum immunoglobulin concentrations were determined in nine affected dogs and nine age-
matched normal, control dogs. Results were grouped and statistically evaluated according to
age groups, as immunoglobulin concentrations normally differ between adult dogs and those
less than 6 months of age. Total serum IgG serum concentrations were slightly higher in
both affected puppies and adult dogs than in their normal counterparts. However, there was
no statistically significant difference between the values measured in affected versus normal
dogs in either age group (Fig. 2A). Serum IgG1 concentrations were significantly lower in
affected puppies than in normal puppies. In adults, however, the difference between serum
IgG1 levels from affected and normal dogs was not quite significant (p = 0.056; Fig. 2B).
Concentrations of IgG2 measured in the serum of affected adult dogs were significantly
higher than in that from age-matched normal dogs. In contrast, serum IgG2 concentrations
measured in normal puppies were not significantly different from those in affected puppies
(Fig. 2C). Similarly, there was no significant difference in serum IgA concentrations
between normal and affected puppies, but adult serum IgA levels were significantly lower in
the affected dogs (Fig. 2D). Finally, serum IgM concentrations measured in affected puppies
were significantly higher than those measured in normal puppies, while they were virtually
the same in normal and affected adult dogs (Fig. 2E).

Three normal and three affected 8-week-old dogs were immunized intramuscularly with 0.5
ml tetanus toxoid, which was repeated 2 weeks later. Four normal dogs were used as
unvaccinated controls. Blood was drawn at weekly intervals for 4 weeks from all vaccinates
and non-vaccinates beginning at the time of vaccination to determine IgG-specific tetanus
toxoid antibody production. In all of the vaccinated dogs, the specific antibody
concentrations increased slightly at 2 weeks after vaccination, increased dramatically at 3
weeks, and dropped at 4 weeks after vaccination (Fig. 3), while there was no change in titer
in the non-vaccinates. Due to the small sample number, statistical analysis was not possible.
However, all dogs in the study responded appropriately to the vaccine as has been described
elsewhere (Hartnett et al., 2002).

As a measure of local immunity in the respiratory system, secretory IgA (sIgA) was
determined in lacrimal fluids from six normal and five affected age-matched pups using an
ELISA assay. In affected dogs, tear production per minute was 74.9% of that in normal
dogs. However, in normal dogs, sIgA production per ml of lacrimal fluid was 74.3% of that
in affected dogs (Fig. 4A). Both differences were significantly different at p ≤ 0.05 but the
overall output of sIgA produced per time unit was the same in both affected and normal
dogs (Fig. 4B).

Serum complement (C3) concentrations were measured by radial immunodiffusion in three
affecteds and compared to those measured in eight normal dogs. The affected dogs produced
significantly more C3 than normal age-matched controls (p = 0.01; Table 4).

TNF-alpha production was determined both in macrophages obtained from tracheal washes
and in neutrophils from peripheral blood from five affected and five normal age-matched
controls. The results were expressed in titers before and after stimulation with LPS. A 128-
fold increase in titer was measured in pulmonary alveolar macrophages from all affected and
normal dogs except for one normal dog that had only a 16-fold titer increase. All dogs
showed a four-to eight-fold increase in titers obtained from blood neutrophils after
stimulation. There was no statistical difference between the two groups at p ≤ 0.05 (data not
shown).
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3.4. Neutrophil function tests
The capacity of neutrophils to phagocytize opsonized, fluorescent E. coli was assessed using
the Phagotest (OrpegenPharma, Germany) and analyzed by flow cytometry. Neutrophils
obtained from four affected dogs appeared to phagocytize the bacteria at a lower rate than
the five age-matched control dogs. However, there was no statistically significant difference
between the two groups (Fig. 5).

Neutrophils produce toxic oxygen radicals to assist in the killing of engulfed pathogen by a
sudden increase in oxidative metabolism. Neutrophils from five normal and four affected
dogs were incubated with non-fluorescent dye and subjected to phorbol ester to produce
oxygen radicals, which convert the dye into fluorescent rhodamine that can be visualized by
flow cytometry. There was no statistically significant difference in the oxidative burst
between neutrophils obtained from affected and normal dogs after stimulation with phorbol
ester (Fig. 5).

4. Discussion
Significant morbidity, specifically respiratory tract disease, has often been described in
humans with X-linked hypohidrotic ectodermal dysplasia (Reed et al., 1970; Beahrs et al.,
1971; Soderholm and Kaitila, 1985; Clarke, 1987; Clarke et al., 1987; Gilgenkrantz et al.,
1989; Siegel and Potsic, 1990). All but four of our affected dogs have been housed in a
closed, climate-controlled environment and yet the percentage of post-weaning dogs with
recurrent respiratory tract infections was around 50%, which is similar to the 44% described
in human children (Clarke et al., 1987). Mortality rates in humans and dogs with XHED are
also similar at 28% in children under 3 years of age (Clarke et al., 1987) and 30% in puppies
less than 3 days of age. Post mortem examination performed in one human patient revealed
the absence of bronchial glands in the respiratory tract and non-specific chronic pneumonitis
with peribronchiolitis (Reed et al., 1970). However, microscopic evaluation of the
respiratory tract in two of our dogs that had died of pulmonary disease revealed not only the
expected absence of branched tubuloalveolar mucous (bronchial) glands and chronic
interstitial pneumonia, but also a decrease in expected number of macrophages for the
severity of disease. Because of the morbidity and mortality associated with XHED and the
decreased number of pulmonary macrophages in the face of serious disease in one dog,
studies were performed examining the immune system in canine XHED.

As in clinically healthy humans with XHED (Clarke et al., 1987), complete blood cell
counts were normal in XHED dogs in the absence of other diseases. However, serum C3
concentrations were significantly higher in the affected dogs than the normal controls,
whereas they are normal in humans with XHED (Clarke et al., 1987). The importance of this
finding is unclear, but the increase in C3 concentrations in the affected dogs may be due to
chronic stimulation of the pulmonary system, which shows diminished mucociliary
clearance because of the absence of the bronchial glands (Casal et al., 2005). While some
serum immunoglobulin concentrations differed significantly between normal dogs and dogs
affected with XHED, all of the serum immunoglobulin concentrations in the affected dogs
were within the normal limits given by the manufacturer of the kit. The mild elevations in
serum IgG, IgA, and IgM in the affected puppies are likely due to chronic antigenic
stimulation as described above. The XHED dogs responded appropriately to vaccination
with tetanus toxoid suggesting normal systemic B and plasma cell function. Quantitative
examination of B cells from blood and lymphoid organs from XHED dogs was also within
normal limits when compared to normal dogs. These results are similar to those in humans
with XHED, where serum immunoglobulins have been measured and found to be generally
normal (Beahrs et al., 1971; Soderholm and Kaitila, 1985; Clarke et al., 1987). In two
human cases, increased IgE was found, which was thought to be due to allergies present in
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these patients (Soderholm and Kaitila, 1985). Serum alpha- and gamma-interferon, serum
protein electrophoresis, and alpha1-globulins were evaluated and found to be normal in
humans with XHED (Beahrs et al., 1971; Clarke et al., 1987). While we did not measure the
same parameters, we did evaluate TNF-alpha production both in peripheral blood and in
pulmonary alveolar macrophages of affected dogs and found this to be normal.

Total CD3+ and the percentage of CD8+ cells were lower in affected dogs’ tonsils and
peripheral lymph node, respectively, than in those of normal dogs. However, all thymic
parameters were within normal limits suggesting normal development of T cells. Except for
decreased CD45RA positive cells in the affected dogs, characterization of peripheral blood
cells was also normal, suggesting normal development and distribution. The decrease in
CD45 RA population can be interpreted as an increase in conversion to competent T cells
because of the chronic antigenic stimulation in the lungs of the XHED dogs. Interestingly,
two of eight human patients had slight increases in their CD8+ cells, which were attributed
to mild viral infections (Clarke et al., 1987). Functional assays examining the neutrophil
function in humans with XHED (Clarke et al., 1987) yielded normal results just as they did
in affected dogs. The percentage of pulmonary alveolar macrophages was increased in
clinically healthy, affected dogs suggesting increased antigenic stimulation, which can be
explained by retention of pathogens by increased production of thick mucous from goblet
cells and the absence of bronchial glands to facilitate outward transport of particles (Casal et
al., 2005). However, this does not explain the paucity of pulmonary macrophages found in
lung tissue from two dogs that died of pneumonia. It is possible that the peracute nature of
the pneumonia did not allow for adequate time for production of macrophages, sufficient
transit time for the macrophages from the bone marrow to the alveoli, or that there is a
defect in the inflammatory response that we were not able to detect with the methods used
for this study. However, if an immune defect was suspected as the underlying cause of the
increased morbidity in humans and dogs with XHED, this would imply that ectodysplasin
plays a role in immunity. In our dog model, only the isotypes EDA-A1 and EDA-A2 are
missing, which would normally bind to the ectodysplasin receptor (EDAR) and the X-linked
ectodysplasin receptor (XEDAR). To date, no studies have shown binding of EDA-A1 or -
A2 to immune cells, which are derived from the mesenchyme. In fact, both receptors, EDAR
and XEDAR, have been shown to be expressed only in the ectoderm during a very specific
time during fetal development and during the early postnatal period in mice and binding to
other receptors have not been shown (Yan et al., 2000).

Because of the lack of eccrine glands in XHED, there is decreased production of lacrimal
fluids in both humans and dogs (Clarke et al., 1987; Gilgenkrantz et al., 1989; Casal et al.,
1997). Here we demonstrate that the affected dogs consistently produced lacrimal fluid at
about 75% of normal. Interestingly, secretory IgA concentrations found in the affected dogs
were much higher than in normal dogs. This could be due either to chronic antigenic
stimulation or more likely, a compensatory mechanism for the deficient eccrine secretions as
the overall production of sIgA was the same as in normal dogs. In humans with XHED,
submandibular and/or parotid salivary glands have been shown to produce significantly less
fluid than in normal humans (Soderholm and Kaitila, 1985; Clarke et al., 1987; Gilgenkrantz
et al., 1989; Nordgarden et al., 2003). However, proteins measured in the saliva were shown
to be increased when compared to normal individuals resulting in overall normal output
(Nordgarden et al., 2003).

To date, there is only one thorough study that examines systemic immunity in humans with
XHED (Clarke et al., 1987), and the results indicated normal immune functions in the few
patients examined. In our study, we were able to examine the immune system in a large
number of dogs. Our results obtained thus far indicate that systemic and local immunity is
normal in XHED dogs as it is in humans. In addition, we were able to follow XHED dogs
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over long periods of time to examine their disease. The clinical course of XHED is
individually variable in both dogs and humans, but the overall picture is the same in both.
This further strengthens the XHED dog as a model to understand the pathological basis of
disease and ultimately provide a large animal model for therapy trials.
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Fig. 1.
Flow cytometric analysis of the thymic lymphocyte population. The standard deviation is
indicated on the top of each bar; its absence indicates that the standard deviation was too
small to be visible on the graph. No statistical analysis was performed, as the sample sizes
were too small.
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Fig. 2.
Serum concentrations of (A) IgG, (B) IgG1, (C) IgG2, (D) IgA, and (E) IgM in normal (N =
9; black bars) and affected (N = 9; grey bars) dogs grouped according to age (mg/dl ± SEM).
Puppies include dogs from 6 to 12 weeks of age and adults are dogs over 1 year of age.
*Statistically significant differences between normal and affected dogs.
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Fig. 3.
Specific antibody response in three normal and three affected 8-week-old dogs after
vaccination with tetanus toxoid. The median titers and the ranges are given. Titers measured
in four normal dogs used as unvaccinated controls remained at base levels (not shown).
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Fig. 4.
Secretory IgA and lacrimal fluid production in XHED dogs. Six normal and five affected
12-week-old dogs were assessed for secretory IgA production using an ELISA assay for IgA
(mg/mm lacrimal fluid ± SEM) and the Schirmer tear test (mm fluid/min ± SEM). Both
differences are statistically significant at p < 0.05 (Mann–Whitney test).
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Fig. 5.
Percentage of neutrophils that engulfed fluorescent bacteria (phagocytosis) and that
produced oxygen radicals in the presence of phorbol ester (oxidative burst). There were no
statistically significant differences between neutrophils obtained from affected dogs (N = 4)
and normal, age-matched controls (N = 5) (p < 0.05; Mann–Whitney test) in either assay.
The SEM is indicated on the top of each bar; its absence indicates that the SEM was too
small to be visible on the graph.
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Table 1

Distribution of white blood cell types (in %) harvested by transtracheal washes from the lungs of normal (N =
3) and affected (N = 3) dogs

Normal dogs XHED dogs

Macrophages 83.2 (81.1–86.8) 91.5 (91.2–92.4)

Neutrophils 4.2 (1.9–5.9) 1.2 (0–1.8)

Lymphocytes 8.9 (3.6–10.7) 4.5 (3.5–7.9)

Eosinophils 1.6 (0.5–4.9) 0.9 (0.3–2.7)

Plasma cells 0.9 (0.3–4.9) 0 (0–2)

Mast cells 0.9 (0–2.1) 0 (0–0)

Median and range are given. Statistical analysis could not be performed, as the sample sizes were too small.
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Table 2

White blood cell counts (cells/μl) in five affected dogs and ten normal, age-matched control dogs

Normal dogs XHED dogs

Total WBC 10990 ± 1371 14506 ± 1337

Neutrophils 7000 ± 1029 10460 ± 1277

Lymphocytes 2800 ± 341 2680 ± 362

Monocytes 624 ± 71 846 ± 168

Eosinophils 566 ± 190 520 ± 192

There was no statistically significant difference between the affected and normal dogs at p < 0.05 (Mann–Whitney test).
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Table 3

Blood lymphocyte profiles in 5 affected dogs and 10 normal, age-matched control dogs (expressed in % of
gated cells ± SEM)

Normal dogs XHED dogs

B cells 13.2 ± 4.8 16.4 ± 6.4

CD3+ 76.2 ± 5.8 71.6 ± 5.4

CD4+ 44.5 ± 4.8 41.9 ± 7.2

CD8+ 23.8 ± 3.6 25.2 ± 5.4

CD45RA+ 73.4 ± 3.7 61.1 ± 4.4*

*
Statistically significant difference (p = 0.001; Mann–Whitney test).

Vet Immunol Immunopathol. Author manuscript; available in PMC 2012 April 16.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Casal et al. Page 18

Table 4

Serum complement 3 (C3) concentrations in affected and normal dogs

Normal dogs (N = 8) XHED dogs (N = 3)

Serum C3 100 ± 0.6 114.1 ± 4.5*

Concentrations are expressed in percentage of normal ± SEM.

*
Statistically significant difference (p = 0.01; Mann–Whitney test).
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