ACTA VET. BRNO 2004, 73: 73-78

Lymphocyte Subsetsin Synovial Fluid from Clinically Healthy Joints of Dogs

M. FALDYNA!2, J. ZATLOUKALZ L. LEVA!, A. NECAS2, M. TOMAN!2

1 Veterinary Research Ingtitute, Brno, Czech Republic
2 University of Veterinary Medicine and Pharmaceutical Sciences Brno, Czech Republic

Received August 8, 2003
Accepted February 11, 2004

Abstract

Faldyna, M., J. Zatloukal, L. Leva, A. Necas, M. Toman: Lymphocyte Subsets
in Synovial Fluid from Clinically Healthy Joints of Dogs. ActaVet. Brno 2004, 73: 73-78.

Synovia fluid samples from 19 normal (without lameness, pain, macroscopic and
roentgenol ogical changes) kneesof 12 dogswereinvestigated for differential leukocyte countsand
lymphocyte subsets using the methods of flow cytometry and anti-canine monoclonal antibodies.
In al the samples, less than 5 x 106 leukocytes per millilitre were detected. Neutrophils and
lymphocytes constituted less than 5% and more than 90% of al leukocytes, respectively. T-
lymphocytes characterized by the expression of CD4 or CD8 were found to be the predominant
typesin thiscompartment. In comparison with peripheral blood, the CD4/CD8 ratio was decreased
(0.8+ 0.6 vs. 3.3+ 1.1). Majority of lymphocytes expressed the CD45RA isoform (69.4 + 16.7).
This study isthefirst step to subsequent analyses of changes in this compartment caused by joint
diseases of different aetiologies.

Flow cytometry, CD antigen

Therearetwo typesof joint diseasesin dogs: inflammatory and degenerativearthropathies
(Bennett and May 1995). Inflammatory arthropathies can be divided by pathogenesis
into two groups - bacterial infectious arthritis (Bennett and Taylor 1987) and immune-
mediated arthritis. The latter includes canine rheumatoid arthritis (Bennett 1987ab),
polyarthritis associated with systemic lupus erythematosus (Bennett 1987c), idiopathic
polyarthritis (Bennett 1987d), and polyarthritis/polymyaositis syndrome (Bennett and
Kelly 1987). Canine rheumatoid arthritis has many clinical, radiological and pathological
similarities to human rheumatoid arthritis (Schumacher et al. 1980; Bennett 1987b).
The aetiology of rheumatoid arthritis, both canine and human, is unknown. However, there
is no doubt about an important role of the immune system in pathogenesis of rheumatoid
arthritis, and many autoimmune mechanisms have been described to be involved (Bari et
al. 1989; Carter etal. 1989; Bell etal. 1997).

Many features of autoimmunity have also been reported in degenerative arthropathies
which involve osteoarthritis, caused mainly by the rupture of cranial cruciate ligament.
Increased levels of synovial fluid rheumatoid factors (Carter et a. 1989), immune
complexes (Niebauer and Menzel 1982; Carter et a. 1989), and antibodiesto collagen
(Niebauer etal. 1987; Bari et a. 1989) have been described.

Although arole of cell-mediated immunity in pathogenesis of joint diseases in humans
has been proposed (Bertouch et a. 1984; Reme et a. 1990; Keystone et a. 1991,
Sohen et a. 1991; Panayi et al. 1992; al-Janadi et a. 1993; Kuryliszyn-M oskal
1995; Kusaba etal. 1998; Smeets eta.1998; Costello eta. 1999; Y amamura et d.
2001), only two papers dealing with immunohistochemical characterisation of lymphocyte
subsets in synovial membranes of dogs with rheumatoid arthritis and degenerative joint
disease have been published (May et al. 1992; Hewicker-Trautwein etal. 1999).

Both of them described immunohistochemical detection of lymphocyte subsets in
synovial membranes of dogswith rheumatoid arthritisand degenerativejoint disease. Inthe
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papers cited above, samplesfrom normal joints of three and five healthy dogs, respectively,
were used asacontrol. May et a. (1992) used cross reacting anti-murine IgM monoclonal
antibody, anti-dog monoclonal antibody against Thy-1, and anti-dog polyclonal antibodies
against IgG and IgA. They did not find any marked B-lymphocyte or T-lymphocyte staining
in specimens from normal joints. In asimilar study with different monoclonal antibodies,
Hewicker-Trautwein et al. (1999) found T-lymphocytes (CD5*/4* or CD5%/8*) to be
present in low numbers (lessthan 5 or up to 15, respectively), mainly within the superficial
subsynovial tissue of normal joints. When monoclonal antibodies against gamma-delta T-
cellsand CD21 (B-lymphocytes) were used, no reactivity was seen.

Flow cytometry analysis, contrary to immunohistochemistry, allowslessinvasive sample
collection. Since this method has not been used in canine medicine, we used flow cytometry
for characterisation of lymphocyte populationsin synovia fluid from healthy joints of dogs
as the first step to subsequent analyses of changes in this compartment caused by joint
diseases of different etiologies.

Materialsand M ethods

Animals

Samples of synovial fluid from 24 normal (without pain, macroscopic and roentgenological changes) knees of
12 dogswere collected. Five sampleswere excluded because of visible blood contamination. Therefore 19 samples
wereincluded inthe study. The dogs were euthanised for different reasons. More characteristics of dogs are shown
in Table 1. For comparison of the compartments, samples of peripheral blood were perioperative or collected by
venipunctureimmediately before euthanasia.

Tablel
Animalsinvestigated in the study
Dog Breed Age Diagnosis
1 Central Asia Shepherd Dog 7m  bilateral hip dysplasia, rupture of right lig.
capitis femoris
2 Rottweiler 8m  persistent ductus arteriosus
3 German Shepherd 9m tibia fracture
4 Doberman Pinscher 10m  head trauma
5 Labrador Retriever 10m  bilateral hip dysplasia
6 Labrador Retriever 10m  atrial septal defect
7 German Shepherd 2y spinal cord thromboembolisation
8 Rottweiler Sy bilateral hip dysplasia
9 Golden Retriever Sy bilateral hip dysplasia
10 Rhodesian Ridgeback Sy avulsion of plexus brachalis
11 Dalmatian Ty Wobbler syndrom
12 Doberman Pinscher 9y Wobbler syndrom

Cytological evaluation

Total leukocyte countswere determined using the Coulter Counter (Coulter ElectronicsLtd., Harpenden Hearts,
England). Differential leukocyte counts were enumerated from smears stained with May-Grunwald and Giemsa-
Romanowski.

Immunostaining and flow cytometry

The synovial fluid samplesfor flow cytometry were processed within two hours after collection. Sampleswere
centrifuged and the supernatants were then gathered and stored in refrigerator for further study. The remaining
sediments were subsequently stained.

Indirect immunofluorescence was used for single colour flow cytometry as described elsewhere (Faldyna et
al. 2001). Thecellswereincubated with mouse anti-dog monoclonal antibodies(Table 2) and Fc-receptor-mediated
binding was blocked by adding heat-inactivated non-immune swine serum. After a 15 min incubation, the cell
suspension was washed in alysing solution (8.3g NH,Cl, 1g KHCO, and ImM EDTA per liter of distilled water).
Binding of primary immunoreagents was visualized with fluorescein isothiocyanate-labelled swine anti-mouse
immunoglobulin (Sevapharma Prague, Czech Rep.; diluted 1:360). Negative control samples were [abelled with
thesecondary antibody only. After a20 minincubation with the secondary antibody, cellswerewashedinawashing
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buffer (PBS containing 0.1% sodium azide and 0.05 mM EDTA, all reagents from Sigma). Propidium iodide was
used for staining DNA in dead and damaged cell sand exclusion of these eventsfrom analysis. Samplesof peripheral
blood were stained using the whole-blood lysistechnique (Fal dyna et a. 2001).

Detection of CD45 and SWC3 antigen was used for assessment of “gate purity” as described elsewhere
(Faldyna et al. 2001). The antigen CD45 is expressed on all leukocytes and SWC3 is not expressed on
lymphocytes. Therefore, only cells positive for CD45 and negative for SWC3 should belong to lymphocytes.

Data were acquired on the standard FACSCalibur™ flow cytometer (Becton Dickinson, Mountain View, CA)
operated by the CELL Quest software. In each sample, at least 5 000 cells were measured and the data were saved
inthelist mode. The WinMDI software was used for dataanalyses.

Table2
Mouse monoclonal antibodies used in the study

mAb Specificity I sotype Distribution Source
CA13.1E4 caCDh4 1gG1 Helper T-cell subset P. F. Moore!
CA9.JD3 caCD8 1gG2a Subsetsof T and NK cells P. F. Moore
CA2.1D6 caCD21 1gG1 B- cell lineage P. F. Moore
CA20.8H1 calCRyd 1gG2a vd T-cells P. F. Moore
CA12.10C12 caCD45 1gG1 All leukocytes P. F. Moore
CA4.1D3 caCD45RA 1gG1 B cells, T cell subset P. F. Moore
DH59B* SWC3 1gG1 Phagocytes, progenitors VMRD, Inc.2

1 school of Veterinary Medicine, University of California, Davis, CA, U.S.A.
2VMRD (Veterinary Medical Research and Development), Inc., Pullman, WA, U.S.A.

* Monoclonal antibody DH59B raised against other species reacted with canine homol ogues of surface molecules;
SWC3 (Swine Workshop Cluster 3), isamember of Signal Immunoregulatory Protein-like family

Statistical evaluation

Meansand standard deviationswere cal cul ated for characterisation of synovid fluid lymphocyte compartments.
Inter-compartment differences were evaluated using Mann-Whitney U-test for non-parametric comparisons. All
calculations were performed with Prizma® (Graph Pad Software, Inc.) software.

Results

Total and differential leukocyte counts in synovial fluid

In all synovia fluid samples, less than 5 x 10° leukocytes per millilitre were detected.
Neutrophilsand lymphocytes constituted | ess than 5% and more than 90% of all leukocytes,
respectively, as determined by light microscopy.

Lymphocyte subsets in synovial fluid

The sample processing used in the present study allowed us to distinguish leukocyte
subsets by light scatter characteristics. Lympho-gate was distinguishable from other cell
types (Fig. 1). It should be noted that, similarly to peripheral blood, it was difficult to make
adistinction between monocytes and granulocytesin synovial fluid sasmplesby light scatter
characteristics.
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Fig. 1. Light scatter characteristics of leukocytes from peripheral blood (A) and synovial fluid from ahealthy joint
(B). Lymphocytes are marked R1, granul ocytes and monocytes/macrophages are marked R2.
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About 90% of cellsin the lympho-gate were positive for the common leukocytic antigen
CD45. Less than 3% of cells in this region were positive for SWC3 antigen, which is
expressed on the surface of the myeloid lineage. It means that almost all the cellsin the
lympho-gate belonged to lymphocytes. Distribution of lymphocyte subsetsin synovial fluid
isshownin Table 3. No difference in two joints from the same dog was found.

In comparison with the results obtained from peripheral blood samples(Table4), synovia
fluid from healthy joints contained a lower proportion of CD4 and CD21 positive
lymphocytes. The proportions of CD8, v6 -TCR, and CD45RA positive lymphocytes were
comparableto thosein peripheral blood. The CD4/CD8 ratio was higher in peripheral blood
than in synovia fluid.

Table 3
Lymphocyte subsets in synovial fluid from 19 healthy joints of 12 dogs

Parameter Mean + SD Median Range
CD45RA+ % 69.4+16.7 64.1 46.7-92.1
CD4+ % 13.6+9.5 8.5 3.8-41.5
CD8+ % 16.5+7.5 16.7 49-31.5
CD4/CD8 ratio 0.8+0.6 0.9 02- 26
yd-TCR+ % 1.9+2.1 1.5 0.0- 7.9
CD21+ % 22+3.1 1.0 0.0-13.0

Table4

Lymphocyte subsetsin synovia fluid and periphera blood

Parameter Synovial fluid Peripheral blood Significance
CD45RA+ % 69.4+16.7 745+132 ns.
CD4+ % 13.6+95 46.3+8.8 p<0.01
CD8+ % 165+75 150+ 4.9 n.s.
CD4/CD8  rétio 0.8+0.6 3311 p<0.01
y5-TCR+ % 19+21 29+23 n.s.
CD21+ % 22+31 16.8+8.7 p<0.01

n.s. not significant
Discussion

To our knowledge, only two papers dealing with lymphocyte subsets in dog joints have
been published so far (May et a. 1992; Hewicker-Trautwein et al. 1999). No paper
describing lymphocytes in synovial fluid from dog joints has been published up to now.
Therefore, in thisstudy, we used this method for the characterization of lymphocyte subsets
in synovial fluid from healthy joints of dogs.

Sinceno dataabout countsof lymphocyte subsetsin healthy jointsare available, wecannot
compare our results with results from another species. We found T-lymphocytes
characterized by the expression of CD4 or CD8to be predominant typesin that compartment
with lower CD4/CD8 ratio when compared with peripheral blood. Mgjority of lymphocytes
expressed the CD45RA isoform. Expression of CD45RA is related to B-lymphocytes and
to virgin T-lymphocytes. As we found B-lymphocytes to comprise a minor population of
lymphocytes, we concluded that majority of T-lymphocytesin healthy jointswere unprimed
by antigen.

When we compared our results with data published about lymphocyte subsets in other
compartments(Dirscherl etal. 1995; Vail etal.1995; Tipold eta. 1998) wefound that
synovia fluid is the only compartment in which CD8 predominates over CD4 (at least in
group analysis). On the other hand, percentage of CD45RA lymphocytesin synovia fluid
is higher than in other compartments studied.
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When we summed the percentages of all major subsets of synovial fluid lymphocytes, we
reached only a half of the sum obtained in peripheral blood. There might be three
explanationsor acombination of them: (1) A portion of theantigenswas covered by proteins
from synovial fluid. Because of small volumesof specimens, particulary from normal joints,
we were not ableto follow the techniques of sample processing described in papersdealing
with synovial fluid lymphocytes of humans. It was impossible to use the staining of
lymphocytes after their separation by gradient centrifugation usually employed in those
studies. However, the expression of CD45 on almost al cellsin the lympho-gate practically
ruled out this explanation. (2) Many eventsin the lympho-gate were not lymphocytes. The
results obtained could only partly be accounted for that fact. It was found that about 90% of
events in the lympho-gate were CD45 positive which was the evidence that those cells
belonged to leukocytes. Based on the absence of SWC3-antigen which is expressed on
monocytes and granulocytes, it could be concluded that almost all the cellsin the lympho-
gate belonged to lymphocytes. (3) There was another lymphocyte subset present which was
not detected by monoclonal antibodies used.

Relatively high variance of results obtained from healthy jointsrules out the possibility to use
thismethod for improvement of individual diagnosis. Similar situation was found also in other
compartments such as cerebrospinal fluid (Tipold et a. 1998). We think, however, that the
method can be useful for studiesof joint di sease pathogenesi sbased oninter-group comparison.

Subpopulace lymfocyti v synovialni tekutiné zdravych kloubii psii

Diferenciélni rozpocet leukocytl a subpopulace lymfocytt byly detekovany ve vzorcich
synovidlni tekutiny z 19 =zdravych (bez kulhdni, bolestivosti, makroskopickych
arentgenologickych zmén) kolennich kloub 12 pst. Pro stanoveni subpopulaci lymfocyta
byly pouzity monoklondlni protilatky proti diferencianim antigenim psich lymfocytt
a analyza byla provedena metodou pritokové cytometrie. Ve vSech vzorcich bylo nalezeno
méné neZ 5 x 10° leukocytl v mililitru tekutiny. Neutrofily pfedstavovaly méné nez 5%
alymfocyty vice 90% vich leukocyti. T-lymfocyty charakterizované expresi antigentt CD4
nebo CDS§ predstavovaly predominantni typ lymfocytl v tomto kompartmentu. Pomér
CD4/CD8 lymfocyti byl v synovidlni tekuting, ve srovnani v periferni krvi, niZi - 0,8 + 0,6
vs. 3,3 = 1,1. VétSina lymfocytli v synovidlni tekutin€ byla charakteristickd expresi
CD45RA isoformy (69,4 + 16,7). Tato studie je prvnim krokem k néslednym analyzam
zmén v tomto kompartmentu vyvolanym onemocnénim kloubi riizné etiologie.
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