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Domestic Animals–Original Article

Clinical and Histopathologic
Characterization of Canine
Chronic Ulcerative Stomatitis

J. G. Anderson, DVM, MS, Dip AVDC, Dip ACVIM1,
S. Peralta, DVM, Dip AVDC2, A. Kol, DVM, PhD, Dip ACVP3,
P. H. Kass, DVM, PhD4, and B. Murphy, DVM, PhD, Dip ACVP3

Abstract
Canine chronic ulcerative stomatitis, also known as chronic ulcerative paradental stomatitis, is a painful condition of the oral
cavity. The purpose of this study was to determine if there are commonalities in clinical and radiographic features among patients,
whether the histopathologic evaluation might inform the pathogenesis, and whether the condition appears similar to human oral
mucosal diseases. To do this, we prospectively collected clinical, radiographic, and histopathologic data from 20 dogs diagnosed
with the disease. Clinical data were based on a clinical disease activity index, oral and periodontal examination parameters, and
full-mouth dental radiographs. The histopathological and immunohistochemical data were based on oral mucosal samples
obtained from erosive or ulcerated areas. Our findings revealed that canine chronic stomatitis is clinically characterized by painful
oral mucosal ulcers of varying size, pattern, appearance, and distribution, most often associated with teeth with early period-
ontitis. Histologic examination revealed a subepithelial lichenoid band (interface mucositis) where B cells, T cells, and Forkhead-
box protein 3 (FoxP3)– and interleukin-17–expressing cells were present. These cells might play a role in the underlying immune
response and an immune-mediated pathogenesis is suspected. The clinical and histopathologic features of this chronic inflam-
matory mucosal disease in dogs resemble those of oral lichen planus in humans.
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Canine chronic ulcerative stomatitis (CCUS)7,21 is a condition

clinically characterized by chronicity and pain associated

with focal to diffuse oral ulceration, inflammation, and fre-

quently mucosal necrosis. The ulcers typically occur on the

alveolar and buccal mucosal surfaces opposite plaque on the

dentition.21 Ulcers may also be identified on the lateral mar-

gin of the tongue, the glossopalatine folds, and the mucocu-

taneous border of the lips. Maltese, Cavalier King Charles

Spaniel, Labrador Retriever, and Greyhound dogs have a

higher reported prevalence.7,21 A more recent publica-

tion described maxillary osteomyelitis in 2 unrelated

Scottish Terrier dogs with CCUS.5 The differential

diagnosis for CCUS includes lupus erythematosus,25,42 pem-

phigus vulgaris,4,48,52 bullous pemphigoid,41,47 erythema

multiforme,38,61 epitheliotropic T-cell lymphoma,16,37,38 and

less likely uremic stomatitis.1,3

Resolution of some CCUS lesions occurs with extraction of the

teeth opposite the ulcers.31 However, in other cases, ulceration

does not improve, and a vicious cycle of ulceration and scarring

ensues (J. G. A., personal observation). Considerable morbidity

occurs with chronic ulceration, as dogs may refuse to eat, lose

weight, and can exhibit chronic oral pain.7 Administering oral

medication and oral home care is often difficult due to extreme

patient discomfort.

A commonly held hypothesis is that in predisposed dogs, the

chronic presence of dental plaque results, either directly or

through some indirect mechanism, in oral mucosal inflamma-

tion and ulceration.7,21,31,59 The microbiota of canine plaque is

complex10,13 and dissimilar to people.11,22 Moreover, the oral
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ecosystem is in balance with the host and the environment,9 and

thus the pathogenesis of CCUS has yet to be fully elucidated.

Periodontal disease begins with the accumulation of salivary

glycoproteins and bacteria (plaque). Subsequent gingival tissue

damage and alveolar bone loss are due to inappropriate inflam-

mation and host responses. Periodontal indices and full-mouth

dental radiographs inform the stage of periodontal disease in

both people and dogs.

The histopathologic analysis included examination of rou-

tine hematoxylin and eosin (HE)–stained slides as well as spe-

cial stains for mast cells17,18 (toluidine blue) and eosinophils

(Luna’s stain). Immunohistochemistry was performed to iden-

tify B-cell (CD79aþ), T-cell (CD3þ), and Forkhead-box pro-

tein 3 (FoxP3þ) cell infiltrates.19,20 The importance of T-cell

diversity in the mucosal immune system of the oral cavity has

been documented in humans.60 A recent review details regula-

tory T cells and their role in animal diseases.58 FoxP3 is known

to be the key transcription factor controlling T regulatory cell

(Treg) development and function.8 Treg cells are thought to be

critical for the regulation of the immune response and T-cell

tolerance. Abnormalities in Treg number or function may

contribute to the pathogenesis of CCUS as it does in canine

inflammatory bowel disease.26,35

CD4þ Th17 cells play an important role in host defense

against extracellular pathogens by mediating the recruitment of

neutrophils and macrophages to infected tissues.53 Interleukin-17

(IL-17) is a proinflammatory cytokine derived mainly from acti-

vated CD4þ Th17 cells and also from innate lymphoid cells,

CD8þ T cells, neutrophils, monocytes, macrophages, mast cells,

and vascular smooth muscle cells. Because of their potent role in

inflammation, Th17 cells are implicated in a variety of autoim-

mune and immune-mediated diseases of people, including rheu-

matoid arthritis, inflammatory bowel diseases, multiple sclerosis,

periodontitis, and oral lichen planus (OLP).17

This study prospectively documents the clinical, radiographic,

and histopathologic changes, including immunohistochemistry

and immunofluorescence, in dogs with CCUS with the goal of

informing the pathogenesis. An improved understanding of this

idiopathic disease in dogs may facilitate the characterization of a

naturally occurring useful animal model for diseases with similar

presentation in people, specifically OLP.

Materials and Methods

Animals and Clinical Assessment

Twenty dogs with clinically evident ulcerative stomatitis were

prospectively enrolled in this study from the clinical caseloads

of the first (J.G.A.) and second (S.P.) authors. An Institutional

Animal Care and Use Committee protocol (#2013-0106) at

Cornell University (CU) was approved for patients enrolled

by S.P. Patients enrolled by J.G.A. followed the same proce-

dures with verbal informed consent; diagnostic or treatment

procedures were limited to the standard of care for patients

enrolled in the study. Inclusion criteria included 1 or more

erosions or ulcers in the buccal mucosal tissue opposite teeth

with plaque. Exclusion criteria included cases with known oral

neoplasia or immune-mediated disease and the current use of

immune-suppressing drug therapy.

A canine ulcerative stomatitis disease activity index

(CUSDAI) (Suppl. Table S1) was developed based on a similar

scoring system used in feline gingivostomatitis.33 A CUSDAI

score was assigned to each patient at the time of general anesthe-

sia. Use of the CUSDAI allowed for an objective assessment of

ulcer number, size, location, characteristics, and owner subjec-

tive scoring. The owner subjective score was based on fair atti-

tude (score of 1), poor appetite and lethargy (2), or suffering (3).

A pain score of mild (1), moderate (2), or severe (3) was also

included. The possible range of the scoring system was 0 to 32.

Clinical types of CCUS were noted based on the following cri-

teria: ulceration/erosion (presence of well-defined erythema-

tous ulcers), reticular/lichenoid (presence of lace-like white

lesions on the oral mucosa), and ulcers with a pseudomembrane.

Full-mouth radiographs were obtained using computerized

dental radiographic systems. Mild, moderate, and severe bone

loss was recorded, as well as the pattern of bone loss (horizon-

tal, vertical, or both). A comprehensive oral examination was

performed, including periodontal probing using a 6-point sul-

cular check. Parameters/abnormalities recorded included gin-

gival index,32 clinical attachment loss (in millimeters), tooth

mobility, stage of furcation involvement, loss of crown integ-

rity, crown discoloration, plaque, and calculus index.

A periodontitis score was recorded for each tooth present in

each patient based on clinical attachment loss as indicated by

clinical and radiographic findings as follows: periodontal dis-

ease (PD) 1, no attachment loss; PD2, less than 25% loss of

attachment; PD3, 25% to 50% attachment loss; and PD4,

greater than 50% attachment loss. A generalized score for the

entire mouth was then established based on clinical and radio-

graphic findings: focal, only 1 tooth involved; localized, up to

30% of the teeth involved; and generalized, more than 30% of

the teeth involved. The periodontal disease score for ulcers

opposite teeth was also recorded.

Histopathology and Immunohistochemistry

After a physical examination and under general anesthesia, an

approximately 10-mm � 10-mm wedge of affected oral

mucosa was harvested, fixed in 10% buffered formalin for a

minimum of 48 hours, and bisected or trisected, and 5-mm

sections were routinely prepared. Histologic stains included

HE, toluidine blue for mast cells, and Luna’s stain for eosino-

phils. Immunohistochemistry (IHC) was performed on

4-micron thick, formalin-fixed, paraffin-embedded (FFPE) tis-

sue sections for labeling CD3, CD79a, and FoxP3. Sections

were deparaffinized, quenched with 0.3% hydrogen peroxide

in methanol, and rehydrated in water. Antigen retrieval was

performed (Dako Target Retrieval Solution, S1699; Dako,

Glostrup, Denmark) for 30 minutes at 95�C, cooled for 20

minutes, rinsed in water, equilibrated with phosphate-

buffered saline (PBS, 0.1 M, pH 7.4), and blocked in 10%
normal horse serum in PBS for 20 minutes. The primary
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antibodies were applied without rinsing and incubated for 1

hour. This and all subsequent incubations were performed in

a humidity chamber at room temperature. Primary antibodies

were as follows: rat anti-CD3 (clones 3–12, Dr P. Moore, UC

Davis) at 1:10, mouse anti-CD79a (clone MH57, MCA2538 H;

AbD Serotec, Raleigh, NC) at 1:100, and rat anti-FoxP3 (clone

FJK-16 s, 14-5773-80; eBioScience, San Diego, CA) at 1:100.

The antibody diluent and reagent rinses consisted of PBS–

Tween 20 (0.02%). The secondary antibody was applied for

30 minutes (polymer–horseradish peroxidase [HRP] anti-

mouse MC541 H or anti-rat BRR4016 H; BioCare Medical,

Concord, CA), rinsed, and visualized with NovaRED for per-

oxidase (SK-4800; Vector, Burlingame, CA) per the manufac-

turer’s instructions; counterstained in Gill’s hematoxylin; and

air-dried, and coverslips were applied. Nonspecific background

was evaluated with duplicate sections receiving diluent in place

of the primary antibody. A normal canine lymph node was used

as the positive control tissue, which stained appropriately with

FoxP3 IHC. As a positive control for IL-17 immunofluores-

cence staining, a canine reactive mesenteric lymph node biopsy

was used.

HE, toluidine blue, Luna’s stain, CD3 IHC, CD79a IHC, and

FoxP3 IHC slides were examined by a single anatomic pathol-

ogist (B.M.). The semiquantitative scoring system was based

upon published standards (Principles for Valid Histopathologic

Scoring in Research).18 For each submitted tissue sample, the

pathologist was blinded to the signalment and clinical severity

score. Semiquantitative ordinal scoring systems were devel-

oped for degree of overall inflammation, number of mast

cells/200� microscopic field, number of eosinophils/200�
field, number of FoxP3-expressing cells/200� microscopic

field, percent surface area covered by CD3þ or CD79aþ lym-

phocytes in a 400� microscopic field, and finally, the number

of IL-17þ cells/200� microscopic field. In addition, CD3þ
and FoxP3þ cells were independently scored for both intrae-

pithelial and subepithelial infiltrates. IL-17þ cells were con-

currently evaluated for CD3 expression as well.

In addition to the overall severity of the inflammation, the

presence or absence of the following lesional parameters was

evaluated for the mucosal epithelium: saw-tooth rete ridge

hyperplasia (RR), inflammation that obscures the epithelial-

subepithelial interface (O), basal cell vacuolization (V), basal

cell apoptosis (A), epithelial cell degeneration/spongiosus (D),

epithelial erosion (EE), epithelial ulceration/necrosis (EU),

dyskeratosis/hyperkeratosis (DH), pigmentary incontinence

(PI), and/or necrosis of individual keratinocytes within the

stratum spinosum (KN). Parameters noted in the subepithelium

included subepithelial necrosis (N), granulation tissue/neovas-

cularization (GN), lymphoid nodules (LN), perivascular

inflammation (PV), suppurative infiltrate (S), and/or pseudo-

membrane formation (P).

Immunofluorescence

Samples were stained exactly as previously described.28

Briefly, FFPE tissue sections were routinely deparaffinized in

xylene and serial ethanol dilutions, following heat-induced

antigen retrieval (antigen retrieval buffer; Dako). Samples were

further blocked with normal donkey serum and FcR Blocking

Reagent (Miltenyi, San Diego, CA) and incubated overnight

with rabbit anti-human CD3 polyclonal antibody (Dako) and

goat anti-human IL-17 polyclonal antibody (R&D Systems,

Minneapolis, MN). The next day, slides were extensively

washed and treated with donkey anti-rabbit Alexa Fluor 488

and donkey anti-goat Alexa Fluor 555. Finally, nuclei were

labeled with DAPI. Images were acquired with a super-

resolution confocal microscope (Leica, Wetzlar, Germany) and

analyzed using available software.

Hematology, Serum Chemistry, and Serum IL-17

Blood was sampled for complete blood count (CBC), serum

chemistry profile, and IL-17 enzyme-linked immunosorbent

assay (ELISA). Serum samples, stored at –20�C, were assayed

for canine IL-17 using a commercial assay, according to the

manufacturer’s instructions (Canine IL-17A DuoSet ELISA;

R&D Systems).

Statistical Analysis

The data were independently tested for a possible correlation

between the CUSDAI score and each of the semiquantitative

leukocyte scores by Spearman’s rank correlation coefficient

and the Jonckheere-Terpstra test. The Jonckheere-Terpstra test

was used to evaluate the quantitative association between pairs

of ordinally measured variables. Spearman’s rank correlation

coefficient (r) was calculated to quantify the monotonic rela-

tionship between ordered variables. The null hypotheses of no

association (i.e., r¼ 0) were tested using a level of significance

of .05.

Results

Most dogs (14/20) in the study population were male castrate

and older than 9 years. Terrier breeds were overrepresented

(6/20); 10 of 20 dogs weighed 10 kg or less, but large dogs

(greater than 25 kg) were also represented (3/20). Oral ulcers

(4/20), evidence of periodontitis (6/20), halitosis (2/20), and/or

the specific diagnosis of CCUS (7/20) were the most common

presenting complaints. Common clinical signs included those

of periodontal disease (6/20), oral mucosal ulcers (11/20), and

oral pain (16/20). Associated findings were mandibular

lymphadenopathy (5/20) and osteomyelitis (1/20). Concurrent

disease included a cardiac murmur (3/20), cardiac arrhythmia

(1/20), and chronic dermatitis/atopy (5/20).

Standard clinical pathology evaluations were generally

unremarkable aside from mild elevations in total protein

(3/19) and globulins (4/19), leukopenia (2/19), and neutrophilia

(2/19). Mild increases in alanine aminotransferase (2/19) and

alkaline phosphatase were present in 2 patients, one of which

was tapering off prednisone therapy (dog No. 1). In 3 patients

with angular chelitis or mucocutaneous lip ulceration, an
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antinuclear antibody titer and serum levels for B12 and folate

were also determined and were normal.

Orodental findings in the patient population (Suppl. Table

S2) included the CUSDAI score and ranged from 7 to 27, with

an average score of 16 of 32. Pain scores were mild (4/20),

moderate (7/20), and severe (9/20). Owner subjective scoring

revealed that 11 of 20 had a fair attitude and were eating, 3 of

20 had poor appetite and lethargy, and 6 of 20 were thought to

be suffering.

Clinical evaluation included a variable number and size of

ulcers. The number of ulcers per case was less than 4 (3/20), 4

to 6 (5/20), more than 6 (6/20), and diffuse or generalized in 6

of 20. The size of ulcers was less than 8 mm in 8 of 20 cases

and greater than 8 mm in 12 of 20 (including some large areas

that were 24 to 36 mm or coalescing). Sixty percent of cases

had more than 6 ulcers that were larger than 8 mm. Bilaterally

symmetrical disease was almost exclusively seen. In all cases,

teeth with plaque were present opposite the ulcers; however,

in 8 of 20, there were ulcers opposite edentulous areas. The

most common locations were the buccal or alveolar mucosa

opposite dentate areas (20/20); lesions were seen on the glos-

sopalatine arch in 4 of 20 and various anatomic locations on

the tongue in 5 of 20 (Figs. 1–4). The ulcers were usually

erythematous and flat, although 3 of 20 had slightly raised

margins or a small central area that was circular and raised.

Pseudomembranous change was also identified in 10 of 20,

and fine white reticulation (striae) was present in 5 of 20

(Suppl. Table S3).

Teeth associated with ulcers generally had heavy plaque and

variable degrees of calculus and periodontitis. Overall period-

ontal disease scores revealed 8 of 20 with stage 2, 6 of 20 with

stage 3, and 6 of 20 with stage 4. The overall extent of period-

ontitis was focal (3/20), localized (11/20), or generalized

(5/20). The periodontal disease score of teeth contacting ulcers

was as follows: PD2 (7/20), PD2–3 (1/20), PD3 (4/20), PD2–4

(4/20), PD3–4 (1/20), and PD4 (3/20).

Radiographically, all of the dogs’ teeth that were associated

with ulcers had mild, moderate, or severe alveolar bone loss

that followed a horizontal, vertical, or combined pattern, with

or without furcation involvement of multirooted teeth.

Figures 1–4. Chronic canine ulcerative stomatitis. Figure 1. Deep ulceration of the buccal mucosa (white arrow) apposed to the teeth.
Figure 2. Erythematous lesions apposed to an edentulous area (white arrow). Figure 3. Ulcerative lesion with formation of a pseudomem-
brane (white arrow). Figure 4. A lesion with white striae apposed to the teeth (white arrow).
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Radiographic findings paralleled clinical periodontitis scores.

There were no radiographic findings that were unique to or

pathognomonic for the disease process.

Buccal mucosal biopsies were collected in all patients and

were characterized as buccal mucosal stomatitis with a vari-

ably pronounced subepithelial lichenoid plasmacytic-

lymphocytic infiltrate with vascular proliferation and epithe-

lial degeneration (Figs. 5–8). Histologically, the 4 cases with

the most severe oral inflammation also had more epithelial

changes in all categories. Saw tooth rete ridge hyperplasia

was present in 13 of 20 cases. Inflammation obscured the

epithelial-subepithelial interface in 11 of 20. Basal cell

vacuolization was present in 9 of 20 cases and was uncom-

mon in the less inflamed regions. Eleven of 20 cases

revealed basal cell apoptosis, 5 of which also had concurrent

vacuolization. Epithelial cell degeneration/spongiosis was a

common feature in 13 of 20. Epithelial erosion and ulcera-

tion paralleled each other in 14 cases. Less commonly

observed features were individual keratinocyte necrosis in

the stratum spinosum (3/20), pigment incontinence (2/20),

and dyskeratosis in 1 case.

In the subepithelium, a subepithelial lichenoid plasmacytic-

lymphocytic infiltrate was common to all cases. Granuloma-

tous change, perivascular inflammation, and suppurative

inflammation were common in 17 of 20 cases. Necrosis in the

subepithelium was seen in 12 of 20 and pseudomembrane for-

mation in 10 of 20. Lymphoid nodules in the subepithelium

were uncommon (2/20). Subepithelial mast cells were abun-

dant and were identified in most of the lesions while eosino-

phils were rarely identified.

Large numbers of CD3þ T cells infiltrated the subepithe-

lium while smaller numbers penetrated the overlying mucosal

epithelium. CD79aþ B cells were as common as CD3þ T

cells in the subepithelium. The majority of patients (17/20)

displayed FoxP3 staining of leukocytes in both the epithelium

and subepithelium. IL-17þ cells were present in all cases

Figures 5–8. Chronic canine ulcerative stomatitis. Hematoxylin and eosin. Figure 5. Ulcerative stomatitis characterized by erosion (E),
ulceration (U), subepithelial lichenoid band, and lymphoid nodules (LN) in the deep submucosa. Figure 6. Epithelial hyperplasia (EH) in
stomatitis lesion. Figure 7. Neovascularization (NV) in the inflamed subepithelial propria-submucosa in an area of ulceration. Figure 8.
Superficial necrosis (N) with neovascularization (NV) of the deeper lamina propria.
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evaluated and absent in control tissues. However, the majority

of IL-17þ cells were T cells that did not label for CD3

(Figs. 9–12). Histopathologic and immunohistochemical

analysis of leukocyte infiltrates is presented in Supplemental

Table S4. Additional detailed results are available in Supple-

mental Table S5.

Clinically normal oral mucosa revealed no histologic evi-

dence of inflammation, with only rare mast cells and CD3þ
T cells that were primarily present at the epithelium-

subepithelium interface. Cells immunohistochemically positive

for CD79aþ (B cells), FoxP3, and IL-17 were not identified in

the normal oral mucosa.

No statistically significant correlation was identified

between the CUSDAI score and any of the semiquantitative

histologic leukocyte scores. All of the canine serum samples

demonstrated undetectable levels of IL-17. The kit’s stated

limit of detection was 62.5 pg/ml.

Discussion

As characterized in this report, canine ulcerative stomatitis

most commonly affected neutered male dogs and animals less

than 10 kg and terrier breeds. As has been previously reported,

clinical pathology parameters have not been particularly help-

ful in determining the pathogenesis.7 Systemic disease was

uncommon in the study population, indicating that this was not

a likely risk factor for development of ulcerative stomatitis.

Intercurrent cutaneous lesions in 5 patients may suggest differ-

ent subtypes of the canine disease, as documented in lichen

planus of humans. Clinically, oral manifestations included sev-

eral patterns—ulcers, erosions, white striae (lichenoid), and

erosions with pseudomembranous change—whereas the histor-

ical literature refers only to ulcers opposite teeth with pla-

que.7,21,31 A stomatitis disease activity index (CCUSDAI)

objectively measured the clinical disease severity and response

to treatment. However, there was no statistically significant

Figures 9–11. Chronic canine ulcerative stomatitis. Immunohistochemistry. Figure 9. Nodule of CD79a-positive cells (B cells). Figure 10.
Immunohistochemistry for CD3. Figure 11. Immunolabeling of FoxP3 in the subepithelial lichenoid band. Figure 12. Chronic canine ulcerative
stomatitis. Immunofluorescence. (a) DAPI nuclear stain (blue). (b) CD3 (green). (c) Interleukin-17 (IL-17) (red). (d) Merged image. IL-17–
expressing cells are CD3 negative.
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correlation between the scoring system and histologic or immu-

nohistochemical parameters evaluated microscopically. Results

of full-mouth dental radiographs, although important in confirm-

ing the presence and pattern of alveolar bone loss, did not reveal

characteristics unique to this disease. Periodontal disease assess-

ment revealed that localized stage 2 periodontitis (less than 25%
loss of periodontal attachment) was most common.

CCUS is a histopathologically distinct disease process fea-

turing a dense lichenoid lymphocytic-plasmacytic infiltrate at

the interface between the mucosal epithelium and subepithelial

connective tissue represented by CD79aþ B cells, plasma cells,

CD3þ T cells, and Treg cells (interface mucositis). The histo-

logical features and phenotypes of inflammatory cells in the

CCUS lesion substantially overlap with the human OLP lesion

(basal cell vacuolization and apoptosis, lichenoid infiltrate of

CD3þ T cells at the epithelial-subepithelial interface and in

chronicity, saw-tooth rete ridge hyperplasia). The principal dif-

ference between CCUS and OLP appears to be the presence of

large numbers of B cells in CCUS. These pathologic changes

may result in a weakening of the epithelial-subepithelial inter-

face, predisposing to lesion ulceration.

T cells, present in both the epithelium and subepithelium,

are known to play an important role in mucosal immunity and

tolerance,39,63 and when alterations in number or function

occur, severe oral mucosal disease may ensue. Tissue destruc-

tion in periodontitis is known to be associated with a decrease

in local regulatory processes, including a decrease of FoxP3-

positive regulatory lymphocytes.19 FoxP3 expression was iden-

tified in the mucosa in the majority of our cases; however, in

6 patients, there was an absence of FoxP3þ regulatory T cells.

Further studies are needed to determine if this absence may

imply decreased immune inhibitory function.19

The oral mucosa is a cytokine-rich environment in both

health and disease.29 Many cell types, including epithelial cells,

T cells, macrophages, dendritic cells, and mast cells, are capa-

ble of producing a wide array of cytokines, which then direct

Th cell responses. This report documents the presence of the

cytokine IL-17 in both the epithelium and subepithelium of the

oral mucosa of dogs with stomatitis, although the majority of

IL-17–expressing cells were CD3 negative (ie, IL-17 produc-

ing non–T cells). The phenotype of the IL-17–producing cells

was not determined but may be innate lymphoid cells,2 mast

cells, or dendritic/histiocytic cells. Mast cells were generally

located in areas away from (deep to) the intense lichenoid/

interface inflammation, and their role in CCUS lesion patho-

genesis is therefore unclear.15,27,50 Eosinophils were essentially

absent from the examined tissue sections; therefore, an allergic

response appears to be unlikely. The finding of IL-17–produc-

ing non–T cells in tissue sections is consistent with prior

reports of chronic idiopathic inflammatory lesions in dogs,

where most of the IL-17þ cells were CD3 negative.28,43

CD3þ/IL17þ double-positive cells were present in less than

10% of CCUS tissue. Inflamed intestinal tract has also shown a

low number of double-positive cells.23 IL-17 secreted by

immune cells in the mucosa is sensed by epithelial cells and

stromal cells, leading to increased expression of various

chemotactic signals (such as CXCL8, MCP-1) and ongoing

recruitment of neutrophils, monocytes, and T cells into the oral

mucosa. The exact origin and defined role of IL-17 cells in

CCUS lesions remain to be defined.

In the human literature, Tregs are the subset of T helper cells

important in immune regulation and prevention of autoimmune

diseases.36

Aberrancies in Treg numbers and function have been asso-

ciated with autoimmune disease in both humans and mice.

Similarly, a recent report documents decreases in FoxP3 num-

bers in canine inflammatory bowel disease.26,35 It is suggested

that decreases in Treg numbers may disrupt mucosal tolerance

and lead to chronic inflammatory conditions such as inflam-

matory bowel disease and CCUS. Further studies are required

to strengthen this speculation.

The interplay between proinflammatory IL-17/Th17 and

anti-inflammatory Tregs in orchestrating various types of

inflammation and autoimmune diseases is an active area of

research. IL-17–producing cells have recently been found in

tissues affected by chronic idiopathic inflammation in dogs,

including inflammatory bowel disease, chronic gingivitis,

chronic rhinitis, and chronic dermatoses.28 Our data further

indicate the presence of constitutively IL-17–producing non–

T cells in CCUS lesions and suggest that these cells may par-

ticipate in its pathogenesis.

The clinical and histopathologic findings in CCUS have

similarities with human OLP, a chronic immune-mediated,

mucocutaneous disease that affects the oral mucosa as well

as the skin.23,40,57 The disease most commonly affects

middle-aged women20,57 rather than males, as in the CCUS

population. Six clinical types of OLP are reticular, erosive,

ulcerative, atrophic, plaque-like, papular, and bullous.20,24 His-

tologic characteristics of OLP in people, similar to CCUS in

dogs, include a dense subepithelial lymphocytic infiltrate

(lichenoid band), lymphocytic invasion of epithelium, saw-

tooth appearance of rete ridges,12 and hydropic degeneration

of basal keratinocytes.6,20 OLP is thought to result from

immune responses in the skin or mucosa,34,46,55 in which auto-

reactive CD8þ T cells trigger basal cell apoptosis.14,49,54 Lan-

gerhans cells and macrophages are also involved. It is known

that innate immune recognition of cells undergoing apoptosis,

as a direct result of infection, is a physiological stimulus for

Th17 cell differentiation.56 Mast cells, also thought to play a

role in pathogenesis,15,27,50,62 are found in higher numbers in

the deeper stromal tissue (as found in our dog study population)

and often co-localize with IL-17þ cells.15 CD4þCD25þ
Foxp3þ regulatory T cells have been shown to be associated

with OLP,30,44,51 as has dysregulation of Th17 cells45,51 and the

presence of CD3–IL-17þ cells.15 Furthermore, the disturbed

balance between Foxp3þ cells and IL-17 cells in OLP suggests

altered local immune regulation.15

Conclusions

Canine chronic ulcerative stomatitis is a poorly understood oral

mucosal disorder that is associated with significant morbidity.
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Our data define a distinct clinical presentation of erosion to

deep ulceration of the mucosa opposite plaque-retentive

surfaces. Specific histopathologic morphology features an

interface mucositis described as a dense lichenoid lymphocytic-

plasmacytic infiltrate at the interface between the oral epithelium

and subepithelial connective tissue represented by CD79aþ
B cells, plasma cells, CD3þ T cells, and Treg cells. The histo-

morphology of human OLP and CCUS shares several key

features, which suggest that CCUS may serve as a valuable natu-

rally occurring disease model. Our data indicate tissue infiltration

by FoxP3þ cells (ie, Treg cells) and constitutively IL-17–produc-

ing non–T cells. Further investigation of the role that these spe-

cialized cells may play in CCUS pathogenesis is needed.

Acknowledgements

The authors are grateful for the UC Davis School of Veterinary Med-

icine histotechnology staff and Martin Slade, service manager, Section

of Anatomic Pathology, College of Veterinary Medicine at Cornell

University for their assistance in processing the tissue samples for

histopathology and immunohistochemistry.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This study

was supported by a grant from the Foundation for Veterinary Dentis-

try. The funding agency had no direct role in study design, collection,

analysis and interpretation of data, in the writing of this report, or in

the decision to submit for publication.

References

1. Anderson JG. Approach to diagnosis of canine oral lesions. Compendium

Continuing Educ. 1991;13(8):1215–1226.

2. Artis D, Spits H. The biology of innate lymphoid cells. Nature. 2015;517(7534):

293–301.

3. Arzi B, Anderson JG, Verstraete FJ. Oral manifestations of systemic disorders

in dogs and cats. J Vet Clin Sci. 2008;1(4):2–13.

4. Blair RV, Wakamatsu N, Pucheu-Haston CM. Pathology in practice: pemphigus

vulgaris. J Am Vet Med Assoc. 2015;246(4):419–421.

5. Boutoille F, Hennet P. Maxillary osteomyelitis in two Scottish terrier dogs with

chronic ulcerative paradental stomatitis. J Vet Dent. 2011;28(2):96–100.

6. Budimir V, Richter I, Andabak-Rogulj A, et al. Oral lichen planus—retrospec-

tive study of 563 Croatian patients. Med Oral Pathol Oral Cir Bucal. 2014;

19(3):e255–e260.

7. Carmichael DT. Diagnosing and treating chronic ulcerative paradental stoma-

titis. Vet Med. 2004;99(12):1008–1011.

8. Chen W. Tregs in immunotherapy: opportunities and challenges. Immunother-

apy. 2011;3(8):911–914.

9. Darveau RP. Periodontitis: a polymicrobial disruption of host homeostasis. Nat

Rev Microbiol. 2010;8(7):481–490.

10. Davis IJ, Wallis C, Deusch O, et al. A cross-sectional survey of bacterial species

in plaque from client owned dogs with healthy gingiva, gingivitis or mild

periodontitis. PLoS One. 2013;8(12):e83158.

11. Dewhirst FE, Klein EA, Thompson EC, et al. The canine oral microbiome. PLoS

One. 2012;7(4):e36067.

12. Eisenberg E. Oral lichen planus: a benign lesion. J Oral Maxillofac Surg. 2000;

58(11):1278–1285.

13. Elliott DR, Wilson M, Buckley CM, et al. Cultivable oral microbiota of domes-

tic dogs. J Clin Microbiol. 2005;43(11):5470–5476.

14. Eversole LR. Immunopathogenesis of oral lichen planus and recurrent aphthous

stomatitis. Semin Cutan Med Surg. 1997;16(4):284–294.

15. Firth FA, Friedlander LT, Parachuru VP, et al. Regulation of immune cells in

oral lichen planus. Arch Dermatol Res. 2015;307(4):333–339.

16. Fontaine J, Heimann M, Day MJ. Canine cutaneous epitheliotropic

T-cell lymphoma: a review of 30 cases. Vet Dermatol. 2010;21(3):

267–275.

17. Ghoreschi K, Laurence A, Yang XP, et al. Generation of pathogenic T(H)17

cells in the absence of TGF-beta signalling. Nature. 2010;467(7318):

967–971.

18. Gibson-Corley KN, Olivier AK, Meyerholz DK. Principles for valid histopatho-

logic scoring in research. Vet Pathol. 2013;50(6):1007–1015.

19. Glowacki AJ, Yoshizawa S, Jhunjhunwala S, et al. Prevention of

inflammation-mediated bone loss in murine and canine periodontal disease

via recruitment of regulatory lymphocytes. Proc Natl Acad Sci U S A. 2013;

110(46):18525–18530.

20. Gupta S, Jawanda MK. Oral lichen planus: an update on etiology, pathogenesis,

clinical presentation, diagnosis and management. Indian J Dermatol. 2015;

60(3):222–229.

21. Harvey CE, Emily P. Small Animal Dentistry. St Louis, MO: Mosby, 1993:146.

22. Holcombe LJ, Patel N, Colyer A, et al. Early canine plaque biofilms: character-

ization of key bacterial interactions involved in initial colonization of enamel.

PLoS One. 2014;9(12):e113744.

23. Ingafou M, Leao JC, Porter SR, et al. Oral lichen planus: a retrospective study of

690 British patients. Oral Dis. 2006;12(5):463–468.

24. Ismail SB, Kumar SK, Zain RB. Oral lichen planus and lichenoid reactions:

etiopathogenesis, diagnosis, management and malignant transformation. J Oral

Sci. 2007;49(2):89–106.

25. Jones DR. Canine systemic lupus erythematosus: new insights and their impli-

cations. J Comp Pathol. 1993;108(3):215–228.

26. Junginger J, Schwittlick U, Lemensieck F, et al. Immunohistochemical inves-

tigation of Foxp3 expression in the intestine in healthy and diseased dogs. Vet

Res. 2012;43:23.

27. Kamal R, Dahiya P, Goyal N, et al. Mast cells and oral pathologies: a review.

J Nat Sci Biol Med. 2015;6(1):35–39.

28. Kol A, Walker NJ, Nordstrom M, et al. Th17 pathway as a target for multipotent

stromal cell therapy in dogs: implications for translational research. PLoS One.

2016;11(2):e0148568.

29. Konkel JE, Chen W. Balancing acts: the role of TGF-beta in the mucosal

immune system. Trends Mol Med. 2011;17(11):668–676.

30. Lei L, Zhan L, Tan W, et al. Foxp3 gene expression in oral lichen planus: a

clinicopathological study. Mol Med Rep. 2014;9(3):928–934.

31. Lobprise HB. Blackwell’s Five Minute Veterinary Consult Clinical Companion:

Small Animal Dentistry. Ames, IA: Blackwell; 2007:203.

32. Loe H. Periodontal disease in pregnancy: prevalence and severity. Acta Odon-

tol. 1963;21(6):533–551.

33. Lommer MJ. Efficacy of cyclosporine for chronic, refractory stomatitis in cats:

a randomized, placebo-controlled, double-blinded clinical study. J Vet Dent.

2013;30(1):8–17.

34. Lu R, Zhang J, Sun W, et al. Inflammation-related cytokines in oral lichen

planus: an overview. J Oral Pathol Med. 2015;44(1):1–14.

35. Maeda S, Ohno K, Fujiwara-Igarashi A, et al. Changes in Foxp3-positive

regulatory T cell number in the intestine of dogs with idiopathic inflamma-

tory bowel disease and intestinal lymphoma. Vet Pathol. 2016;53(1):

102–112.

36. Mai J, Wang H, Yang XF. Th 17 cells interplay with Foxp3þ Tregs in regula-

tion of inflammation and autoimmunity. Front Biosci (Landmark Ed). 2010;15:

986–1006.

37. Moore PF, Affolter VK, Graham PS, et al. Canine epitheliotropic cutaneous

T-cell lymphoma: an investigation of T-cell receptor immunophenotype,

lesion topography and molecular clonality. Vet Dermatol. 2009;20(5–6):

569–576.

518 Veterinary Pathology 54(3)



38. Nemec A, Zavodovskaya R, Affolter VK, et al. Erythema multiforme and

epitheliotropic T-cell lymphoma in the oral cavity of dogs: 1989 to 2009.

J Small Anim Pract. 2012;53(8):445–452.

39. O’Shea JJ, Paul WE. Mechanisms underlying lineage commitment and plasti-

city of helper CD4þ T cells. Science. 2010;327(5969):1098–1102.

40. Oliveira Alves MG, Almeida JD, Balducci I, et al. Oral lichen planus:

a retrospective study of 110 Brazilian patients. BMC Res Notes. 2010;3:157.

41. Olivry T, Jackson HA. Diagnosing new autoimmune blistering skin diseases of

dogs and cats. Clin Tech Small Anim Pract. 2001;16(4):225–229.

42. Olivry T, Rossi MA, Banovic F, et al. Mucocutaneous lupus erythematosus in

dogs (21 cases). Vet Dermatol. 2015;26(4):255–256.

43. Park ES, Uchida K, Nakayama H. Th1-, Th2-, and Th17-related cytokine and

chemokine receptor mRNA and protein expression in the brain tissues, T cells,

and macrophages of dogs with necrotizing and granulomatous meningoence-

phalitis. Vet Pathol. 2013;50(6):1127–1134.

44. Pereira JS, Monteiro BV, Nonaka CF, et al. FoxP3(þ) T regulatory cells in oral

lichen planus and its correlation with the distinct clinical appearance of the

lesions. Int J Exp Pathol. 2012;93(4):287–294.

45. Pouralibaba F, Babaloo Z, Pakdel F, et al. Serum level of interleukin 17 in

patients with erosive and non erosive oral lichen planus. J Dent Res Dent Clin

Dent Prospects. 2013;7(2):91–94.

46. Roopashree MR, Gondhalekar RV, Shashikanth MC, et al. Pathogenesis of oral

lichen planus—a review. J Oral Pathol Med. 2010;39(10):729–734.

47. Scott DW. Pemphigoid in domestic animals. Clin Dermatol. 1987;5(1):155–162.

48. Scott DW. Pemphigus in domestic animals. Clin Dermatol. 1983;1(2):141–152.

49. Scully C, Carrozzo M. Oral mucosal disease: lichen planus. Br J Oral Max-

illofac Surg. 2008;46(1):15–21.

50. Sharma R, Sircar K, Singh S, et al. Role of mast cells in pathogenesis of oral

lichen planus. J Oral Maxillofac Pathol. 2011;15(3):267–271.

51. Shen Z, Gao X, Ma L, et al. Expression of Foxp3 and interleukin-17 in lichen

planus lesions with emphasis on difference in oral and cutaneous variants. Arch

Dermatol Res. 2014;306(5):441–446.

52. Stannard AA, Gribble DH, Baker BB. A mucocutaneous disease in the dog, resem-

bling pemphigus vulgaris in man. J Am Vet Med Assoc. 1975;166(6):575–582.

53. Stockinger B, Veldhoen M. Differentiation and function of Th17 T cells. Curr

Opin Immunol. 2007;19(3):281–286.

54. Sugerman PB, Satterwhite K, Bigby M. Autocytotoxic T-cell clones in lichen

planus. Br J Dermatol. 2000;142(3):449–456.

55. Sugerman PB, Savage NW, Walsh LJ, et al. The pathogenesis of oral lichen

planus. Crit Rev Oral Biol Med. 2002;13(4):350–365.

56. Torchinsky MB, Blander JM. T helper 17 cells: discovery, function, and phy-

siological trigger. Cell Mol Life Sci. 2010;67(9):1407–1421.

57. Torrente-Castells E, Figueiredo R, Berini-Aytes L, et al. Clinical features of oral

lichen planus: a retrospective study of 65 cases. Med Oral Pathol Oral Cir

Buccal. 2010;15(5):e685–e690.

58. Veiga-Parga T. Regulatory T cells and their role in animal disease. Vet Pathol.

2016;53(4):737–745.

59. Wiggs RB, Lobprise HB. Veterinary Dentistry: Principles and Practice. Phila-

delphia, PA: Lippincott-Raven; 1997:117–118.

60. Wu RQ, Zhang DF, Tu E, et al. The mucosal immune system in the oral

cavity—an orchestra of T cell diversity. Int J Oral Sci. 2014;6(3):125–132.

61. Yager JA. Erythema multiforme, Stevens-Johnson syndrome and toxic epi-

dermal necrolysis: a comparative review. Vet Dermatol. 2014;25(5):

e406–e464.

62. Zhao ZZ, Savage NW, Sugerman PB, et al. Mast cell/T cell interactions in oral

lichen planus. J Oral Pathol Med. 2002;31(4):189–195.

63. Zhou L, Chong MM, Littman DR. Plasticity of CD4þ T cell lineage differen-

tiation. Immunity. 2009;30(5):646–655.

Anderson et al 519



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




