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Chronic Intestinal Inflfammation and Intestinal Disease in Dogs

A.J. German, E.J. Hall, and M.J. Day

Normal individuals maintain tolerance to the endogenous bacterial flora residing within their alimentary tract, a phenomenon
mediated by the gastrointestinal lymphoid tissue. Loss of this tolerance is a key factor in the development of chronic intestinal
inflammation. Manifestations of such uncontrolled inflammation in humans include inflammatory bowel disease and celiac disease.
Dogs may similarly be affected, and although the etiopathogenesis is likely similar, the lesions differ. This review includes dis-
cussion of the factors involved in breakdown of mucosal tolerance, the immunologic basis of canine enteropathies, and the use of
novel immunotherapies for these diseases.
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he intestinal immune system is constantly exposed tdocalized intestinal inflammation, whereas the areas with
a vast array of antigens, including those derived fromnormal expression are free from inflammation.

food, components of the endogenous microbial flora, and Mucosal immune system dysfunction can also lead to the
pathogenic organisms. Important decisions must be maddevelopment of intestinal inflammation, and most models in-
about the nature of the antigenic stimulus so that protectivevolve the targeted disruption of genes encoding immunolog-
responses are mounted to pathogens but tolerance to harnigally active molecules such as cytokines. Intestinal inflam-
less substances is preserved. If this delicate balance is impation develops in mice carrying disruptions in genes en-
terrupted, a state of chronic uncontrolled inflammation maycoding interleukin (IL) 2, IL-10, or transforming growth fac-

ensue. tor (TGF) B.13-5 Because these cytokines are mostly T cell
derived, most of these models also demonstrate a critical role
Breakdown of Mucosal Tolerance Is for T cells (and particularly the CD4subset) in disease path-
Key to the Development of ogenesis. The importance of CDZ-cell subsets and cyto-

kines is also demonstrated by the CD# cell transplanted
severe combined immunodeficient moése.

Much of our knowledge of gastrointestinal inflammatory A final factor that is of critical importance in the devel-
processes has arisen from the study of laboratory animaPment of intestinal inflammation is the presence of an en-
models (Table 1).In such models a variety of spontane- dogenous flora. In this regard, chronic intestinal inflamma-
ously arising or induced disruptions of the mucosal immunetion generally does not develop when the mice in these mod-
system can lead to chronic inflammation, the end result of! systems are reared in a germ-free environrh&his find-
which is pathologically similar among models. These ex-ing indicates that the development of an aberrant immune
perimental studies suggest that a disruption in 1 of 3 criticareésponse to components of the endogenous bacterial flora is
areas, ie, the mucosal barrier (maintained by the epithelicritical to the pathogenesis of chronic intestinal inflammation
um), an appropriately functioning mucosal immune systemand inflammatory bowel disease (IBD). This hypothesis has
and the endogenous microflora, results in chronic inflamb©een supported in recent studies by Duchmann and cowork-
mation (Fig 1). erst>1% Normal humans and mice are tolerant of their en-

The requirement for a protective barrier is clearly dem-dogenous intestinal flora but not of the flora of other indi-
onstrated by the N-cadherin—-dominant negative chimaeriyidualst>*® However, in humans with IBD or mice with
mouse2 These mice have variable expression of an N-cad-chronic intestinal inflammation induced by trinitrobenzene
herin mutant in the small intestinal epithelium, and such asulphonic acid, this tolerance to autologous flora was lost.
mutation results in loss of E-cadherin (a molecule responRegardless of the inciting cause for chronic intestinal inflam-
sible for cell adhesion and maintenance of epithelial integ-Mation, the presence of endogenous flora causes augmenta-
rity) from the epithelial cells. In areas where the mutanttion of the inflammatory process and ultimately leads to sim-
gene is expressed, epithelial disruption occurs and there #ar pathologic changes within the mucosa.

Chronic Intestinal Inflammation

Canine IBD
From the Departments of Clinical Veterinary Science (German,
Hall) and Pathology and Microbiology (German, Day), University of The canine idiopathic IBDs are a group of disorders char-
Bristol, Bristol, UK. acterized by persistent or recurrent clinical signs of gastro-
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Table 1. Experimental animal models of chronic intestinal inflammation.

Category Model
Spontaneous Ulcerative colitis (cotton-top tamarins)
C3H/HeJBir mouse
Induced
Chemical Acetic acid enema
Immune complex/formalin enema
TNBS/ethanol enema
Indomethacin
Microbial products Dextran sulphate sodium

Carrageenan
Lymphogranuloma venereum
Peptidoglycan-polysaccharide
Genetically manipulated
Cytokine perturbations IL-2 deficiency
IL-2R deficiency
IL-10 deficiency
TGFB deficiency
IL-7 transgenic
T cell or MHC perturbations TCRe-chain deficiency
HLA-B27/B2m transgenic
Cyclosporin A colitis
Epithelial perturbations &2 deficiency
N-cadherin dominant negative transgenic chimera
Mdr-1 deficiency

Leukocyte transfer to immunodeficient rodents CD45RB4 T cell into SCID mouse
CD45RB'CDA4 T cell into RAG-deficient rats
T cell transfer into SCID mouse
Bone marrow transfer into g6 mice
Transfer of cells from mice infected with murine retrovirus

TNBS, trinitrobenzene sulphonic acid; IL, interleukin, TGF, transforming growth factor; MHC, major histocompatibility complex; TCR, T cell
receptor; HLA, human leukocyte antigen; Mdr-1, multi-drug resistance gene 1; SCID, severe combined immunodeficiency; RAG, recombinase
activating gene.

lymphocytic-plasmacytic enteritis.A number of forms of  teropathy and associated protein-losing nephropathy in Soft

IBD unique to certain breeds of dog also have been deCoated Wheaten Terrie?s?28

scribed, including histiocytic ulcerative colitis in Boxer  Clinical and mechanistic similarities between IBD in

dogs!® immunoproliferative enteropathy of Baserffi2a  dogs and IBD in humans exist; however, the histopathologic

diarrheal syndrome in Lundehungtsand protein-losing en- changes and area of the intestine predominantly affected
are different. The 2 predominant types of canine IBD are
lymphocytic-plasmacytic (Fig 2) and eosinophilic enteritis

a = aa= oo (Fig 3), characterized by infiltration of the respective cell

._-_' Bacterial =_:-_ '_‘: type into the mucosa. Virtually any area of the gastrointes-
- - - tinal tract can be affected, but lesions most commonly in-
- % Bacterirfora volve the small intestine. Conversely, the 2 main entities of

- 2 human IBD are Crohn’s disease and ulcerative cdfitis.
- T Crohn’s disease is characterized by focal and segmental
i, ==... 9granulomatous lesions of any portion of the gastrointestinal

tract, particularly the ileum, with the rectum most com-
monly spared. Ulcerative colitis is a diffuse superficial dis-
ease, usually characterized grossly by ulceration and his-
topathologically by infiltration of inflammatory cells (neu-
trophils, lymphocytes, and plasma cells) into the rectal, co-

lonic, and occasionally ileal muco&a.

Fig 1. Aberrations giving rise to the development of chronic intes- The pathogenesis in both species is likely immune me-
tinal inflammation.(a) Normal small intestinal mucosa. The mucosal

barrier is intact and separates the endogenous bacterial flora from th%"”‘ted Wlt,h 'mmunomglc’ envwonmental, gand Qe“et'c fac-
mucosal immune systenb) Chronic intestinal inflammation can de- tOrs contributing to expression of dise&sé?Environmen-

velop from disruption of the mucosal barrier, dysregulation of the mu-tal factors include microbial antigens and dietary antigens.
cosal immune response, and alteration in the bacterial flora. No specific infectious agents have been shown to cause
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Fig 2. Duodenal mucosa from a dog with lymphocytic-plasmacytic enteritis. There is evidence of architectural abnormalities in conjunction
with alterations in mucosal immune cell populations, which are predominantly lymphocytes and plasma cells. Hematoxylin and eosin.

canine IBD, although antigens derived from the endoge‘Wheaten Terriers with protein-losing enteropathy develop
nous microflora are likely to play an important role in dis- immune responses to dietary antigén&

ease pathogenesis, as suggested by human IBD and murineA number of studies have implicated genetic factors in the
models of intestinal inflammatiofi:*¢ Dietary therapy can pathogenesis of human IBDput the exact link remains un-
provide clinical benefit in some cases of canine IBEhus  clear. The strongest genetic associations are those with genes
implicating dietary factors in the pathogenesis. Soft Coateddf the human major histocompatibility complex (MHC) (eg,
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Fig 3. Duodenal mucosa from a dog with eosinophilic enteritis. There is evidence of architectural abnormalities in conjunction with alterations
in mucosal immune cell populations, which are predominantly eosinophils. Sirius red.

human leukocyte antigen), whereas some but not all researckeen only in single breeds or pedigree lifésHowever, de-

ers have suggested that intestinal permeability is increased tailed studies of genetic linkages or microsatellite markers are
both patients with Crohn’s disease and their healthy relajacking in dogs with IBD.

tives3:3 There is also recent evidence that a proportion

(=15%) of human patients with Crohn’s disease have a mu- Lymphocytic-Plasmacytic Enteritis and

tation in theNOD2 gene on chromosome #&° Given that Nonspecific |BD

NOD2 functions to detect bacterial lipopolysaccharide and that

it can activate the potent proinflammatory transcription factor Although it has been suggested that the pathogenesis of
NF-kB, a role in disease pathogenesis is possible and wouldanine IBD is similar to that of the human diseases, there

confirm a link between aberrations in immune responses thias been limited work on immunologic mechanisms in ca-

bacteria and disease expression. The importance of genetiine lymphocytic-plasmacytic enteropathies. Most studies

factors in canine IBD is implied by the fact that certain breedshave involved the use of immunohistochemical markers to

appear predisposed and the fact that certain forms of IBD ardelineate immune cell populations in tissues collected from
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clinical cases. In 1996, Jergens et’alocumented a de- Thl or Th2 in profile!” Large intestinal IBD is broadly
crease in intestinal T cell and IgGlasma cell numbers in  similar, with increases in IL-2, IL-12, TNk, and TGIB.*8
dogs with small intestinal IBD. The same authors followed Such studies allow a better understanding of canine IBD
up this study with assessment of large bowel IBD and notedand will enable us to assess more closely the role of inter-
increases in IgA and IgG plasma cells and T cell8Sim-  ventional therapies for canine lymphocytic-plasmacytic en-
ilar findings were documented by Stonehewer e atho  teritis. The omega (n-) fatty acids provide substrates for the
described increased percentages of total lamina propriayclooxygenase and lipoxygenase pathways and are of im-
plasma cells, T cells, and intraepithelial lymphocytes inportance in the pathogenesis of intestinal inflammation in
dogs with colonic IBD. A more recent immunohistochem- human#® but have not yet been investigated in the canine
ical study of small intestinal lymphocytic plasmacytic en- mucosa.
teritis*® also documented alterations in mucosal immune cell o ) ) o
populations. Increased lamina propria T cell numbers were ~ Histiocytic Ulcerative Colitis in Boxer Dogs
documented, particularly T cells expressing the T-cell Histiocytic ulcerative colitis (HUC), a particularly severe
receptor and CD4, as were increased ig@asma cells, form of IBD that principally but not exclusively affects
macrophages, and granulocytes. The former finding sugyoung Boxer dogs, was first described over 30 years
gests an important role for the CDA helper cell in IBD  agos: The gross, histopathologic (Fig 4), and ultrastruc-
pathogenesis, whereas the latter finding suggests the pregwal changes seen in HUC have been well character-
ence of active and ongoing inflammation. Conversely, a deized®52-5” and are distinct from those changes associated
crease in total mast cell numbers was documented, whiclvith other idiopathic canine colitides. The presence within
contrasts with results of another recently published immu-he lesions of large macrophages that are strongly periodic
nohistochemical study, documenting increased numbers ddcid-Schiff positive is pathognomonic for HUEs252
mucosal mast cells and IgEeells in dogs with IBD** This The etiology of HUC remains poorly characterized.
discrepancy would best be explained by the fact that dif-Some authors have suggested a role for an infectious agent,
ferent methods (eg, toluidine blue [TB] vs tryptase and IgE)given the presence of the periodic acid-Schiff-positive
were used to document mast cells. The latter study likelymacrophages. These macrophages are also characteristic of
documented both intact and degranulated populationswhipple’s disease in humans and Johne’s disease in cattle,
whereas the use of TB in the former study meant that onlywhich both have an infectious caugeAlthough a possible
intact mast cells would have been documented. Thus, themle for infectious organisms has been sugge®&d? a
is likely an overall increase in this population with in- single consistent etiologic agent has not been implicted.
creased degranulation, as has been documented previoughftempts at experimentally reproducing the pathologic
in human IBD?? In the epithelial compartment, increased changes through infection with mycoplasmas has been un-
intraepithelial CD3 T lymphocytes have been documented successfutt Therefore, intralesional bacteria are likely to
by immunohistochemical techniqué&skurther, flow cyto-  be secondary invaders that exacerbate existing mucosal in-
metric analysis revealed changes in the proportions of inflammation, as documented both for human IBD and mu-
traepithelial lymphocyte subsets, with a decreased percentine models of chronic intestinal inflammatién.
age ofyd T lymphocytes? Although there is some dis-  An alternative hypothesis is that the periodic acid-Schiff—
agreement among the above studies, the overall trends apsitive macrophages are directly connected to the disease
broadly similar. The differences are most likely the resultetiopathogenesis. However, these cells appear late in the
of differences in methodology, study populations, and thedisease process, and the early lesions are characterized by
definition of IBD. Future comparisons would be easier if aepithelial defects with secondary cellular infiltratighs?
standard IBD classification scheme were adopted, as preFhus, epithelial damage is likely to be the initial inciting
viously recommende. event, but the exact pathogenetic mechanism remains to be
Acute phase proteins may play a role in canine IBD. elucidated. Nevertheless, immune cell populations are like-
Increased concentrations of C-reactive protein were doculy to be involved in the pathogenesis of HYCMarked
mented, which decreased after treatment of IBD. Correlaincreases in 1gG plasma cells, especially of the IgG3 and
tion was also noted between both C-reactive protein andgG4 subclasses, occurs, broadly similar to the the situation
haptoglobin, and canine IBD disease activity indices, sugin human ulcerative coliti&-¢¢ T cells, MHC class It cells,
gesting that these proteins may also play a role in diagnosimacrophages, and granulocytes are all increased within the
and monitoring. Nitric oxide is increased in the colonic la- lamina propria. There is also increased expression of MHC
vage fluid of dogs with IBD¥? and increased expression of class Il molecules by the intestinal epithelium, which is
mRNA encoding the enzyme responsible for nitric oxide again similar to findings in human IBB.The function of
production (inducible nitric oxide synthase) has also beeMHC class Il molecule expression by enterocytes is not
documented¢ However, the significance of such a finding known, although these cells can present soluble antigen to
is not clear because there is some debate as to whether nitric cells in vitro® Given that such a process may induce
oxide plays an anti- or proinflammatory rcfe. immunologic tolerancé the documented increase in epi-
Altered cytokine patterns have recently been documentethelial MHC class Il expression may be an attempt to down-
in both small and large intestine IBD“8 In the diseased regulate aberrant mucosal immune responses.
small intestine, increased MRNA expression for Thl (IL-2, ) . .
IL-12, and interferon [INF]y), Th2 (IL-5), proinflamma- Immunoproliferative Enteropathy of Basenji Dogs
tory (tumor necrosis factor [TNF), and immunoregula- This condition was first recognized by Fox et al in 1965
tory (TGR3) cytokines occurs, which is not clearly either and is thought to be similar to immunoproliferative enter-
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Fig 4. Colonic mucosa from a Boxer with histiocytic ulcerative colitis. There is marked eplithelial loss and evidence of a mixed immune cell
infiltrate, which includes large numbers of periodic acid-Schiff-positive histiocytes.

opathy in human® However, the canine disease is more losing nephropathy, or both. The pattern of disease expres-
diverse and involves other organ systems in addition to theion implies a genetic basis, but the mode of inheritance is
gastrointestinal tract. A strong genetic component to thenot yet known. However, pedigree analysis of 188 dogs
pathogenesis of this disease has been recognized, and patémonstrated a common male ance%tor.
igree analysis has suggested an autosomal recessive modeHistopathologic changes are consistent with IBD (inflam-
of inheritance?? matory cell infiltrates, villous blunting, and epithelial ero-
Pathologic changes involve the stomach, where there isions) and with lymphatic dilation, the latter seen in lamina
gastric mucosal hypertrophy, lymphoid cell infiltration, hy- propria and submucosgainflammatory cell infiltrates usu-
perplasia of fundic gland parietal and chief cells, and ul-ally consist of lymphocytes and plasma cells, but neutro-
ceration’*-2* The whole of the small intestine can be in- phils and eosinophils are often present and may predomi-
volved, but the most severe lesions are proximal. Histonate.
pathologic findings include villus blunting, crypt elonga-  This condition has yet to be completely assessed at the
tion, and infiltration of the lamina propria by lymphocytes, immunologic level. However, the potential role for food
plasma Ce”s, and Occasiona”y neutrophils. Mast cell num'hypersensitivity as a Component of pathogenesis has re-
bers are reduced, and electron microscopy studies have rgently been examined2¢In 1 study, 6 Soft Coated Wheat-
vealed evidence of degranulatiGnThere are increases in  en Terriers with protein-losing enteropathy or protein-losing
lamina propria plasma cells of all classes. o nephropathy were evaluated by gastroscopic food-sensitiv-
The most striking immune system alteration is theiiy testing, provocative dietary trials, and an assay of fecal
marked polyclonal increase in serum Igitowever, there gg response to specific food allergénBositive responses
is no evidence for increasedtchain or heavy chain frag- \yere elicited by gastroscopic food-sensitivity testing to a
ments, as seen in humans with immunoproliferative Small/ariety of food antigens in 5 of 6 dogs. Further, all 6 dogs
intestinal disease. Further, IgA concentrations in intestinaljemonstrated adverse reactions during provocative food tri-

washes were not significantly increasédlhere was no 515 a5 determined by diarrhea, vomiting, or pruritus. More-
correlation between changes in lymphocyte bIastogenesEver, there were concurrent reductions in serum albumin

and progression of disease sevefitihe requirement for .and increases in fecal-protease inhibitor during these ad-

immunosuppressive doses of pre_dnlsolone to control C“n"verse reactions. There were also variations in antigen-spe-
cal signs confirms a role for the immune system in patho

enesis. whereas dietarv factors are thought to be less i 'c_ific fecal IgE concentrations throughout the trial. A further
9 : y 9 tudy assessed intestinal permeability, gluten sensitivity,

g?fg;ﬂg based on the fact that dietary manipulation has IIttIeand the numbers of intestinal eosinophils, lymphocytes, and

plasma cells in affected Soft Coated Wheaten Terffers.
Intestinal permeability did not differ significantly between
Soft Coated Wheaten Terriers and control dogs, although
the administration of gluten to affected Soft Coated Wheat-
en Terriers resulted in a significant decrease in globulin
Recently, a clinical syndrome unique to Soft Coatedconcentrations, suggesting some protein loss. In affected
Wheaten Terriers has been characterzedAffected dogs  Soft Coated Wheaten Terriers, eosinophils, lymphocytes,
present with signs of protein-losing enteropathy, protein-and plasma cells were increased above normal, based on

Familial Protein-Losing Enteropathy and
Protein-Losing Nephropathy in Soft Coated
Wheaten Terriers
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Fig 5. Duodenal mucosa from an Irish Setter with gluten-sensitive enteropathy. The predominant finding is marked villus atrophy. Hematoxylin
and eosin.

previously published control valué&sAfter gluten admin- may be age dependent in some dogs, who may no longer
istration, the authors reported trends for increased mucosaéspond to gluten as adults after demonstrating gluten sen-
infiltration of lymphocytes and plasma cells, and reducedsitivity when younge?? The reason for such age depen-
numbers of eosinophils were noted. However, none of theseence has not yet been evaluated in detail.

results achieved significance and would have been within Histopathologic examination of the small intestine re-
normal limits if based on other published quantitative val-veals villous atrophy (Fig 5), increases in intraepithelial
ues for immune cell numbers in control dogsThis dis-  lymphocyte numbers, and a variable inflammatory cell in-
crepancy may be the result of the study populations eXfiltration of the lamina propria. Abnormal mucosal perme-
amined and techniques used for cell counting. Inclusion ofapjlity exists in affected dogs, and precedes the develop-
a contemporary control group, to enable direct comparisongent of disease Immunohistochemical studies have dem-
of mucosal immune cell counts with affected dogs, will gnstrated increased lamina propria CDdnd decreased
allow these findings to be clarified. These interesting precpg+ T-cell populations in affected dogsDuring recov-
liminary results suggest an underlying immune-based etizry from disease, there are increases in CBAd CD8
ology, which should be assessed in more detail in futurgamina propria lymphocytes and intraepithelial lympho-
studies. cytes. Mucosal and systemic immune responses to gluten

- . . have also been assessed in affected @og<hallenge of
Gluten-Sensitive Enteropathy in Irish Setters gluten-sensitive enteropathy dogs with gluten causes in-

Gluten-sensitive enteropathy is a disease of the small increases in circulating CD4ymphocytes and granulocytes.
testine that has been documented in Irish Setters and iEhese changes are different from the responses of control
caused by exposure of affected individuals to a diet condrish Setters, suggesting a proinflammatory rather than tol-
taining wheat glutef®"°This familial condition most likely ~ erogenic response.
has an autosomal recessive mode of inheritéhbet un- Irish Setters with gluten-sensitive enteropathy also have
like human celiac disease, there is no relationship with maincreased serum total IgA concentrations but no differences
jor histocompatibility genedDQA and DQB.?! Pathology in responses of any immunoglobulin class to ovalbumin,
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collagens | and Il, and soya compared with normal ddgs. finding may suggest a role for the mucosal immune system
Decreased serum anti-gliadin immunoglobulin concentrain pathogenesis of disease. In this regard, increased mucosal
tions were noted, but there were no alterations in serum expression of mRNA encoding a variety of cytokines (but
immunoglobulin responses to gluten or endomysial anti-most notably TNk and TGRB) has also been documented
gens, as seen for human celiac disease. Therefore, the paih- dogs with antibiotic-responsive diarrh€aln situ hy-
ogenesis of Irish Setter gluten-sensitive enteropathy rebridization techniques have demonstrated increases in IL-
mains incompletely characterized. The lack of linkage t010 and IFNy mRNA expression in dogs with numerically
MHC haplotypes and differences in the humoral immunelarger duodenal bacterial populaticiis.

response suggest mechanisms distinct from those underly- Although antibiotic treatment may lead to resolution of

ing human celiac disease. clinical signs, the true effect of antibiotics on small intes-
tinal bacteria is not clear. In one study, there was a variable

Idiopathic Small Intestinal effect of antibiotics® but more recently German Shepherd

Bacterial Overgrowth Dogs with small intestinal bacterial overgrowth that were

treated with oxytetracycline demonstrated resolution of

Small intestinal bacterial overgrowth is defined as an in-clinical signs and reductions in cytokine mRNA for TNF
crease in the number of bacteria in the small intestine abovand TGE, but bacterial numbers (both total and anaerobic)
that considered nornféland has been proposed as a causelid not decline” Given that a sterilizing effect on the small
of clinical signs of diarrhea and weight loss. Small intes-intestine is unlikely, the antibiotics may instead provide a
tinal bacterial overgrowth may arise secondary to an unselective pressure on the intestinal flora, encouraging the
derlying disorder, such as a partial intestinal obstruction, orestablishment of less harmful bacteria at the expense of
may occur as a primary (idiopathic) condition. The idio- more pathogenic species. In this regard, recent work in a
pathic form of the disease is controversial because its etimouse model of intestinal inflammation suggests that in-
ology and pathogenesis and the role of enteric flora remainlividual bacterial species of the resident flora differ in im-
poorly defined. Hall and Simps#&recommended that idi- munogenicityt®? Alternatively, these drugs are known to
opathic small intestinal bacterial overgrowth be renamecdchave immunomodulatory effects, which may be an impor-
antibiotic-responsive diarrhea until more is known about itstant mode of actioA??-1°¢ Antibiotics also may work di-
pathogenesis. rectly on the intestinal mucosa to repair the reported bio-

The condition predominantly affects young animals, andchemical defectg*1°51%or to restore normal mucosal per-
the German Shepherd Dog is predispo¥ethe reason for meability°” Such an effect would reduce the passage of
such a predisposition is not clear but may be related to th@roinflammatory bacterial products into the intestinal mu-
concurrence of IgA deficiency in this breed. In this regard,cosa and would explain the reduction in T&Eranscrip-
some studies have suggested a relative serum IgA deficietion. Antibiotic therapy may be also eliminate an occult
cy in healthy German Shepherd Ddg8. whereas in other pathogen, such as enteropathogeBicoli®®-11% German
studies serum IgA concentrations were more consistenShepherd Dogs with mucosal IgA deficiency are predis-
with IgA dysregulatiorf? Differences in the findings among posed to infection with this pathogétwf?
studies are likely due to differences in study populations
and methodology, as previously discus&e@urther, recent Novel Therapies for Canine Enteropathies
reports have demonstrated low tear and fecal IgA concen-
trations in healthy German Shepherd Dogs, suggesting de- In the previous sections, we have addressed immuno-
fective mucosal IgA secretion in this bre®d> German pathogenetic mechanisms responsible for canine IBD and
Shepherd Dogs with documented small intestinal bacteriabther enteropathies. Such information coupled with that ex-
overgrowth (antibiotic-responsive diarrhea) may have reltrapolated from human IBD and from rodent models of in-
atively low serum and duodenal juice IgA concentra-testinal inflammation should allow the development of
tions?t9697 and there is a relative deficiency of IgA secre- more specific treatments. Novel treatments already at the
tion from the small intestinal mucosa of German Shepherdstage of clinical trials in humans include new immunosup-
Dogs with small intestinal diseas®sHowever, duodenal pressive drugs, drugs that target the actions and function of
IgA+ plasma cell numbers in German Shepherd Dogs withTNFa, and monoclonal antibody therapy.
antibiotic-responsive diarrhea are either nofmalr in- Novel immunosuppressive agents include cyclosporin,
creased? Again, methodologic differences likely account mycophenolate mofetil, and thalidomide. Cyclosporin is a
for the discrepancy among these studies. A recent study afyclic peptide produced by the soil fungtislypocladium
a German Shepherd Dog colony revealed an association dfatum gams that specifically affects T lymphocyte func-
reduced serum and fecal IgA concentrations, increased sé¢ions by a variety of mechanisms, including interference
rum IgG concentrations, and colonization of the gut by en-with IL-2 transcription and induction of T lymphocytes that
teropathogenid&Escherichia coli.®® These findings are con- suppress cytotoxic responsés?ie Studies on human IBD
sistent with a defective mucosal barrier leading to increaseduggest variable efficaéy’-12° Because increased T lym-
systemic responsiveness. phocyte numbers are documented in canine tBfjs drug

A recent immunohistochemical study of immune cell may be of benefit, but clinical trials will be required to
populations in the duodenal mucosa of dogs with antibiotic-assess efficacy.
responsive diarrhea has demonstrated that although minimal Mycophenolate mofetil has also recently been used in
histopathologic changes exist, there are increases in nuniruman 1BD*?'-1% |t is converted to mycophenolic acid,
bers of lamina propria CD4cells in affected dog¥. This  which inhibits type Il inosine monophosphate dehydroge-
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nase, thereby suppressing guanine synth&sBecause T some human inflammatory diseases, including atopic der-
and B lymphocytes cannot utilize salvage pathways for pumatitis and rheumatoid arthriti$34* However, results in
rine synthesis, they are particularly susceptible. Trials inhuman IBD are more variable, with some studies demon-
human medicine have again had a variable outcB/i&;12¢  strating favorable responsé&si*é while others are are less
and this agent does not appear to be more effective thafavorablet*” Diets with modified n-3:n-6 ratios are already
existing drugs such as azathiopridfeGiven that lympho- being used for dogs with gastrointestinal diseases, but there
cytes are specifically targeted, an indication for canine IBDis little objective information on their efficacy.
would be suggested, although this agent has yet to undergo Probiotics and prebiotics have the potential to modify the
clinical trials. intestinal microflora, with proposed benefits for patients
A number of novel therapies are known to target BNF with enteropathies. A probiotic is defined as a living or-
including thalidomide, oxpentifylline, and anti-TNF  ganism that upon ingestion in certain numbers exerts health
monoclonal antibodies. Thalidomide has a multitude of ef-benefits beyond those of inherent basic nutrifirin ad-
fects in addition to inhibition of TN& expression, includ- dition to direct antagonistic effects on pathogenic bacteria,
ing the reduction of IL-12 expression, reduction of leuko- probiotics modulate mucosal immune responses, either by
cyte migration, and impaired angiogenesist®*® Recent stimulating innate (eg, phagocytic activity) or specific (eg,
open label trials have demonstrated beneficial effects in resecretory IgA) immune responses Lactobacillus species
fractory Crohn’s diseasél**2 although double-blind pla- are commonly used as probiotics, but because different
cebo controlled trials are needed before this agent can biactobacillus species generate either Thl or Th2 cytokine
recommended. Thalidomide may be suitable for use in capatterns?® care should be taken to select the most appro-
nine IBD mostly because of the importance of cytokinespriate organisms. Prebiotics are selective substrates for a
such as IL-12 and TNk in disease pathogenesis. Oxpen- limited number of “beneficial” species and therefore cause
tifylline (pentoxifylline) is a phosphodiesterase inhibitor alterations in the luminal microflof& The most frequently
that generates high intracellular cyclic AMP, which then used prebiotics are nondigestible carbohydrates, such as
inhibits TNFx expressior33134 In vitro studies suggested lactulose, inulin, and fructo-oligosaccharide®>Fructo-
the potential for beneficial effects in Crohn’s dise&8but  oligosaccharides have reduced intestinal colonization by
clinical results were less rewardidty An anti-TNFe mono-  Salmonella species in poultry?® and altered intestinal bac-
clonal antibody has also been used successfully to treat hueria in humans$3* Results of a recent study suggested that
man IBD*37128A double-blind placebo-controlled multicen- fructo-oligosaccharides might alter the nature of the small
ter trial demonstrated significant clinical benefits, but en-intestinal microflora of healthy German Shepherd Dogs
doscopic examination suggested resolution of inflammatoryvith small intestinal bacterial overgrowthHowever, the
cell infiltrate without improvement in architectural abnor- significance of these changes is unclear because greater al-
malities in Crohn’s disease patiefts A similar approach terations were found in the control group. More recent work
may prove suitable for canine IBD, once a species-specifiitn cats has shown that addition of fructo-oligosaccharides
monoclonal antibody becomes available. An anti-CD4to diets alters the colonic but not the small intestinal mi-
monoclonal antibody has been useful in the treatment otrobiotalss
human IBD** Because CD4 T cells are involved in the Both probiotics and prebiotics can reduce intestinal in-
pathogenesis of canine IBD, such an approach may be beiflammation in mouse models of IBB15’and be important
eficial. However, because different CD%-cell subsets can future therapeutic modalities for human IBD patients. Pro-
have either immunogenic or tolerogenic properties, thebiotic bacterial strains are currently part of placebo-con-
overall effect would depend upon which subsets were mostrolled trials for treatment of human IBB? Probiotic prep-
sensitive. arations and diets containing prebiotics are marketed for use
Dietary therapy is of benefit in a number of chronic ca-in dogs, and the conditions most likely to benefit from their
nine enteropathies, and recent innovations include the usese would include IBD and antibiotic-responsive diarrhea.
of hydrolyzed protein diets and manipulation of the n-3:n-
6 fatty acid ratio. Hydrolyzed protein diets, usually based Summary
on either chicken or soy protein, have already been devel- ] ) ) )
oped and marketed for dogs and would be of benefit when The Immun_opathogenenc mechqnlsms underly!ng human
pathogenesis includes adverse reactions to dietary compdBD and murine models of intestinal inflammation have
nents. Because these diets include protein derivatives d?€en well described. Although canine mucosal immunology
lower molecular mass than that proposed for food antigen® Still in its infancy, we are beginning to understand better
(10-70 kD)0 they would be expected to be hypoallergen- t_h(_e u_nderlylng cause of enteropathies such as IBD and an-
ic. However, there is little objective information to confirm tibiotic-responsive diarrhea. Knowledge of these mecha-
this hypothesis, in part because it is unclear as to whafiSms will allow us to design strategies for more appropri-
target molecular mass would guarantee that a protein i§t€ treatment.
rendered hypoallergeniét There is also concern that the
chemical digestion process may expose hidden antigenic References
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