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Histological and immunohistochemical evaluation of canine
chronic superficial keratitis

D.L. WILLIAMS
Department of Clinical Veterinary Medicine, University of Cambridge, Madingley Road, Cambridge, CB3 OES
SUMMARY

Chronic superficial keratitiscék) is an inflammatory disease of the canine cornea, characterised by infiltration of leucocytes into
the anterior corneal stroma. The present study describes a quantitative histomorphometric analysis of the cell typesthdiltrati
corneal stroma in this disease. Infiltrating cells were quantified in samples taken at superficial keratectomy and prawessed fo

tine histology. Further characterisation of lymphocyte phenotypes was achieved by immunohistochemistry performed using a
panel of monoclonal antibodies recognising canine lymphocyte CD antigens. Lymphocytes expressing the CD4 antigen were
found to be the predominant infiltrating cell types in¢ise lesion. A significantly smaller number of lymphocytes expressed the

CD8 antigen. The CD4/CD8 ratio was consistently above 2 and rose to above 4 at the advancing border of the lesion. A proportion
of lymphocytes were shown by immunohistochemistry to contain gamma interferon. This study forms a basis for work further
evaluating the cytological events central to the development of this spontaneous potentially auto-immune corneal disease.
© 1999 Harcourt Publishers Limited

CHRONIC superficial keratitiscsk) is a canine corneal disease as has been undertaken in rheumatoid arthritis
inflammatory disease, occurring predominantly, but n@Rooney et al 1988¢sk, however, presents a unique oppor-
exclusively in the German shepherd dog. It manifests clinimnity for defining cellular changes in the progression of a
cally as fibrovascular plaque with a distinct border, sutisease in a single biopsy sample. In addition, the superficial
rounded by a translucent halo consisting of initial invadintature of thecsk lesion renders it possible to remove the
cells together with some corneal oedema. The lesion is sgifire lesion while maintaining corneal integrity and simulta-
limiting in some dogs while in others it progresses, ifeously restoring normal visual function. Material for
untreated, to affect the entire cornea. The developing lesfostopathological analysis can thus be obtained from clinical
is characterised histologically by a lymphocytic infiltratiorrases without compromising the welfare of the animal.
into the superficial corneal stroma. This initial phase is fol- Monoclonal antibodies specifically directed against
lowed by invasion of a mixed inflammatory cell populatiosanine leucocyte surface antigens are available through the
together with vascularisation and, in many cases, pigmé&#nine Leucocyte Antigen Workshop (Cobbold and
deposition. The clinical appearance ofk has been Metcalfe 1994). Several groups have applied these antibod-
described previously (Bedford and Longstaffe 1981, Slaties to the immunocytochemical and immunohistochemical
et al 1977). Investigations of the presence or absence of eghluation of canine immunemediated diseases (Williams,
lular responses to corneal antigens have yielded conflictib@d7) and here their use in determining lymphocyte pheno-
results (Campbell et al 1975, Peiffer 1978). Previous studigpe in thecsk lesion is reported.
have described the histopathological appearancesaf
qualitatively (Bedford and Longstaffe 1981, Slatter et al
1977) e.md one group has rgported |mmunoh|stochemlcal MATERIALS AND METHODS
evaluation of immunoglobulin deposition in the lesion
(Eichbaum et al 1986). Quantification and immunopheno-Therapeutic superficial keratectomy was performed on
typic characterisation of cellular infiltration of the cornea ifive dogs affected witltsk, three being pure-bred German
csk has not, however, previously been described. shepherd dogs and two German shepherd dog crosses.
It is suggested here that quantitative evaluation of cell pidermal cornea was obtained from five ophthalmoscopically
notype from the margin of the progressing cellular infiltrateormal dogs euthanased because of non-ocular and non-
to the centre of the lesion provides a valuable insight into themune mediated disease. Representative samples of
changes occurring through time as the lesion progressescdmeal tissue removed at surgery were bisected with one
other immune-mediated diseases, sequential samples rha#ft processed for routine histology while the other was
be taken in order to follow the course of the disease. Thised for immunohistochemistry. Samples for routine histol-
may involve the sacrifice of several animals at different tinwgy were fixed in 10 per cent neutral buffered formal saline.
points in an experimental model, as has been undertal&sue for immunohistochemistry was snap frozen in
in experimental autoimmune uveoretinitis (Liversidge aridopentane cooled in liquid nitrogen.
Forrester 1988, Brown et al 1989). Alternatively the develop-Formalin-fixed tissues were processed for routine histol-
ing lesion may be sampled during the course of clinicadly. Threegm serial sections were stained with Mayer’s
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TABLE 1: Antibodies from the Canine Leucocyte Antigen Workshop

cLAaw number Originating laboratory Antibody dilution Canine specificity
8 Cobbold, Cambridge, UK 1:200 CD4* lymphocytes and neutrophils
56 Gebhard, Rayleigh, USA 1:150 CD4* lymphocytes and neutrophils
1 Cobbold, Cambridge, UK 1:75 CD5 pan lymphocyte marker
71 Davis, Pullman, USA 1:150 CD5 pan lymphocyte marker
11 Cobbold, Cambridge, UK 1:400 CD8" lymphocytes
55 Gebhard, Raleigh, USA 1:250 CD8" lymphocytes
9 Cobbold, Cambridge, UK 1:100 pan CD45 leucocyte common antigen
112 Alejandro, Miami, USA 1:50 restricted epitope of CD45
13 Cobbold, Cambridge, UK 1:250 restricted epitope of CD45
- Fuller, Miami, USA 1:200 y-interferon
haematoxylin and eosin. Slides were viewed under an RESULTS

Olympus BH2 light microscope equipped with an eyepiece
counting graticule. Total cell number at given distances
from the lesion border was determined using the countiﬁg
graticule in ten fields at400 magnification. Populations of
lymphocytes, plasma cells, macrophages, neutroph
fibroblasts and fibrocytes were thus enumerated.
Fivequm cryostat sections of snap-frozen unfixed tiss
were cut at —2TC on a Bright Instruments cryostat. All anti
body dilutions and buffer washes used phosphate-buffe
saline at pH 7-3, containing 100 mg ¢f both CaCJ and
MgCl, (PBS). Sections were hydrated witBsand incubated
for 30 minutes with 1:10 normal goat serunpPesat room
temperature. Following aspiration of the 1:10 normal g
serum, tissue sections were incubated with primary antib
ies at room temperature for 1 hour. Primary monoclonal I h n Fios 2 and 3
antibodies raised in rat or mouse are listed in Table 1 Mals are shown in Fgs = and . : .
were provided through the Canine Leucocyte Antigen he majority of non-fibroblastic cells in the lesion

Workshop (Cobbold and Metcalfe 1994). Murine mondXPréssed the CD5 antigen on immunohistochemistry,
clonal antibody specific for canine IFjwas provided by demonstrating them to be lymphocytes. Anti-canine CD3

Dr Fuller, Miami, Florida (Fuller et al 1994). AppropriateantibOdy was not available at the time of this study and thus

- : - : ti-CD5 antibody was used as a lymphocyte marker
dilution of each primary antibody was determined by asseSs; L X .
: o : : hough it is recognised that CD5 is not a fully pan-T-cell
Ing staining O-f frozen sections of canine lymph n_ode ata_‘ ito g Immunoh?stochemical co-localisation prCD4 and
range of dilutions. Sections were rinsed for 15 mlnutes%% Pe.

three changes afss and then incubated for 1 hour in sec: B anfigens in fissue sections demonstrated that CD4
ondary antibody, expressing T lymphocytes predominate throughout the

The secondary antibodies used in the present study VJS jon. For all investigations the substitution of an irrelevant
an ibody (sheep antimouse IgG) gave unstained sections. Fi

fluorescein isothiocyanate-conjugated goat anti-rat IgG a :
rhodamine isothiocyanate-conjugated goat antimouse | éiocuments numbers of CD4-expressing and CD8-express
g cells through the developing lesion, showing that the

and IgM (Sigma Chem Co., Poolss.). Secondary antibod- . . X :
ies were used at a dilution of 1:40. Following incubatiof>CD8 ratio was always substantially greater than unity

with secondary antibody, sections were rinsed withfor and was significantly higher at the advancing border of the
y ngsmn. Immunohistochemical localisationiefi-y is shown

three periods of five minutes. For co-localisation of t Fin 5. A sianificant number but not the maiority of lvm-
antigens, rat and mouse primary monoclonal antibodi'gﬁ 9> 9 jority ot ly

were combined at appropriate dilutions in the primary an eﬂcgéenfa\;\g'gg dtm?rzf:Ietzglolgs(;?igtggﬁﬁnthI(?b(;)gr?/lggeéuTtht
body incubation. Sections were then incubated with a sirEf—a ylop 9 99

No invading leucocytes were detected in the normal
rneas evaluated. A dense inflammatory cell infiltrate was
monstrated in the superficial stroma dsk. Deeper
froma was almost entirely devoid of inflammatory cells.
ymphocytes were the initial infiltrating inflammatory cells
d remained the predominant infiltrating cells throughout
1fe lesion. Fibroblasts and fibrocytes were found at signifi-
Icéadﬂly higher numbers in the developing lesion than in nor-
mal cornea. Plasma cells, macrophages and small numbe
of neutrophils were also found later in the developing lesion,
the latter cells particularly associated with the developing
Ogtgrn.eal neovascularisation. A representatiye histological
3§ptlon of the developed lesion is shown in Fig 1. Cell
unts from histological sections of corneas taken from five

lar combination of anti-mouse rhodamine-conjugated a t staining is specific forn-y produced in the cells rather

and anti-rat fluoroscein-conjugated secondary antibodidi®" cyiokine present throughout the lesion. Clearly this
Following the final pes rinse, sections were mounted irf>sumption can only be verified by in situ hybridisation, but
y Ethe time of this investigation in situ canine cytokine probes

Fluorostab mounting medium (Eurodiagnostica, Ead ilable. Th ! by Hoi I
Grinstead) and observed with an Olympus BH2 microsco gre not aval able. The propertions of lymp O'd. cells con-
ﬁ{flnglFN-ythrough the lesion are demonstrated in Fig 6.

equipped for epifluorescence and with an eyepiece count
graticule. Immunohistochemically stained cells were

counted in terx400 fields at varying distances from the

edge of the lesion boundary. Each section was compared

with a corresponding control that had been incubated with DISCUSSION

secondary fluorochrome-conjugated antibody and a sheepsk is an inflammatory disease of the superficial canine
anti-mouse Ig primary monoclonal antibody. Such sectionsrneal stroma. This study demonstrates that#rdesion
were consistently unstained. is characterised by a lymphocytic infiltrate predominantly
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FIG 3: The mean number and SEM of polymorphonuclear leucocytes,
Lymphocytes, plasma cells and macrophages in 10 high power fields across
the chronic superficial keratitis lesion in five dogs. —-m—- polymorphonvcleo-
cytes; —-o —- lymphocytes; —-e —- plasma cells; —-0—- macrophages.
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FIG 1: Representative histological section of chronic superficial keratitis. _j':" -
Mononuclear cell infiltrate is present in the anterior stroma with some cells & 60
invading into the epithelium. Formalin fixed tissue, haematoxylin and eosin 8
stain. Bar=50 um En
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‘& FIG 4: The mean number and SEM of CD4-expressing and CD8-expressing
kS cells and the CD4:CD8 ratio in 10 high power fields across the chronic super-
« ficial keratitis lesion in five dogs. —-o0 —- CD4* lymphocytes; —-e —- CD8*
) 100+ lymphocytes
[
o
fq_s .
£ 501 composed of CD4-expressing T-helper cells. Low numbers
2 of CD8-expressing cytotoxic or suppressor lymphocytes
were present throughout the lesion. At the advancing border
0 r r T T T T I ) of the developing lesion all invading lymphocytes expressed
0 100 200 300 400 the CD4 antigen. Macrophages, plasma cells and neu-

Distance from lesion border pm) trophils were shown to invade the corneal stroma at later
stages in the development of the lesion. The latter of these
FIG 2: The mean number and SEM of fibroblastic cells in 10 high power field three cell types was primar”y associated with the neavascu-
: u | St S1 (o] Wi I S - . - . .
across the chronic superficial keratitis lesion in five dogs. —-e —- fibroblasts; larisation Seen in the fu”y established lesion althOUgh
—-o —- fibrocytes; —-0—- fibroblasts + fibrocytes CD8-expressing lymphocytes and plasma cells were seen
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FIG 5: Immunohistochemical localisation of IFN-y in cytoplasm of a proportion of lymphoid cells. (snap-frozen tissue, bar=10 um.
throughout the developed lesion, although at lower numb:
than CD4-expressing mononuclear cells. \N

In the dog the CD4 antigen is expressed on the surface
neutrophils as well as lymphocytes (Moore et al 1992). Or
a small number of polymorphonuclear leucocytes occur
the lesion, however, and these can readily be differentia ! '
from lymphoid cells by their nuclear shape, clearly demo
strated in histological sections and also visible by phe 100 -
contrast microscopy in unstained cryoststat sections. .

The predominance of CD4-expressing lymphocytes in t
lesion mirrors the cellular characteristics of a number
autoimmune conditions. Lymphocytes expressing this ar -
gen predominate in experimental autoimmune diseas 60 -
such as experimental autoimmune uveitis (Liversidge a
Forester 1981) and experimental allergic encephali
(Spiram et al 1982) together with human diseases suck 40 -
autoimmune thyroid disease and rheumatoid arthri
(Janossy et al 1981). The predominance of the CD4-expre
ing lymphocyte incsk suggests that an autoimmune pathc 207
genesis may account for the disease. -

A significant proportion of lymphocytes in tlusk lesions
investigated here containeeh-y and that this proportion 05 100 200 300 400
increased through the development of the lesion.

Murine CD4-expressing cells have been subdivided inw
two populations based on their cytokine production: TIF!C & The mean number and SEM of CD5+ lymphocytes and yiFn-secreting

. lymphocytes in 10 high power fields across the chronic superficial keratitis

cells produce IL2 angn-y while Th2 cells produce IL4 and jesion in five dogs. —-0— CD5+ lymphocytes: —e — yiFn-secreting lym-
IL5 (Mosman et al 1986). This demarcation is less clearphocytes.
the rat and human with cells occurring which cannot Lec
placed in either the sub-population. Different diseases are
characterised by different Thl or Th2 populations: T lynindeed a Thl population, further indicating an autoimmune
phocytes in human multiple sclerosis are of the Thl subtygetiopathogenesis fask.
(Voskuhl et al 1993) while those infiltrating the conjunctiva This study has demonstrated that CD4-expressing lympho
in vernal conjunctivitis give Th2 clones (Maggi et al 1991ytes are the predominant cell population infiltrating the
Lymphocyte populations from Graves ophthalmopattgorneal stroma insk. Similarities with cell types involved in
(McLachlan et al 1994) and from Sjogren’s syndromejseases with defined autoimmune status suggests an autoir
however, are neither entirely Thl nor Th2 in phenotype.nitune aetiology focsk as does investigation of major histo-
would be valuable to determine completely the cytokireompatibility class Il antigen expression in the lesion
profile of T-helper lymphocytes in the corneadsk to (Willams 1997). This study provides preliminary data
determine whether theiFn secreting cells reported here arelemonstrating that the cells expressing CD4 observed in th
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. . . ROTH, D. (1994) Characterization of anti-canine cytokine monoclonal antibodies
some cells pI’OdUCGFN-y while others do not contain this specific for IFNy: effect of anti-IFNy on renal transplant rejectioissue

cytokine. The lymphocytic, cytokine-producing phenotype of Antigens43, 163-169.
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