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PURPOSE. The purpose of the present study was to evaluate the
cellular response to microbial antigens in patients with idiopathic uveitis.
METHODS. Blood lymphocytes from 31 patients with uveitis and
24 healthy controls were cultivated with microbial antigens
and analyzed by flow cytometry after staining with monoclonal
antibodies against CD3, CD4, and activation markers CD69 and
CD25.
RESULTS. Although no difference was noted in circulating lymphocytes, the activation of T cells, detected with CD69, was
higher in 24-hour blood culture from uveitis patients with
Candida albicans antigen (Ca-Ag) than from controls, especially in posterior uveitis and panuveitis. Moreover, late response, detected with CD25, to different microbial antigens
was higher in patient with uveitis.
CONCLUSIONS. Such results suggest the role of Ca-Ag and microbial antigens in the pathogenic mechanisms of idiopathic
uveitis. (Invest Ophthalmol Vis Sci. 2008;49:2526 –2530) DOI:
10.1167/iovs.07-1454

I

diopathic uveitis is an inflammatory disease of unknown
etiology affecting the inner eye, with a period prevalence of
115.3/100,000 persons in developed countries.1 Autoimmune
mechanisms are suggested by the homology of human diseases
and experimental autoimmune uveitis (for a review, see
Caspi2). The contribution of infectious agents in the pathogenesis of idiopathic uveitis has also been suspected in different
clinical situations. Moreover, cross-reactivity between retinaspecific autoantigens such as S-antigen (S-Ag) and IRBP (interphotoreceptor retinoid-binding protein) and environmental antigens, such as food antigens and microbial antigens, have
already been suggested to explain autoimmune uveitis.3 In the
1980s, Bloch-Michel and Timsit4 showed abnormal skin reactivity to Candida-derived antigen (Ca-Ag) that can induce systemic reaction with a worsening or an improvement of uveitis,
suggesting a role for Ca-Ag in the physiopathogenic mechanisms of idiopathic uveitis. In inflammatory bowel disease
(IBD), often associated with uveitis, a role for yeast antigens
such as Saccharomyces and Candida has been suggested by

the presence of antibodies to mannan5 and by abnormal cellular reactivity to mannan in T cells from IBD patients.6 We
already described abnormal cellular reactivity to Ca-Ag in patients with chronic fatigue syndrome.7 In one patient with
concomitant chronic fatigue syndrome and idiopathic panuveitis, we found abnormal reactivity to Ca-Ag (Kodjikian L, Cozon
GJN, unpublished data, 2001). The present study was initiated
to evaluate the cellular response to microbial antigens in the
pathogenic mechanisms of idiopathic uveitis.

METHODS
Patients with idiopathic uveitis treated at the ophthalmology department of Croix Rousse Hospital in Lyon were recruited from January
2002 to April 2004 after informed consent. They were classified according to uveitis nomenclature.8 Among those with intermediate
uveitis, scleral depression always precluded the presence of pars plana
exudates. Broad hematologic and serologic workups, such as radiographic and functional tests, showed no abnormalities. The following
were evaluated or performed in all patients except those with anterior
uveitis: complete blood count with cell differentiation, angiotensinconverting enzyme (ACE) and lysozyme, serum calcium, liver enzymes,
fluorescence treponemal antibody absorption, antinuclear antibodies,
complement proteins, rheumatoid factor, Bartonella, Toxoplasma,
Toxocara, Rickettsia, Brucella, Lyme, human immunodeficiency virus,
Herpesvirus, Candida antigen titers, HLA typing, intracutaneous tuberculin testing, lumbosacral x-ray, chest x-ray, chest computerized tomography, pulmonary function, fluorescein and indocyanine green
angiographies, and cerebrospinal magnetic resonance imaging. Results
of this initial workup were always negative, and idiopathic uveitis was
diagnosed in all patients. All patients had active uveitis and were
included in the study before the prescription of any corticosteroids or
immunosuppressive drugs. Healthy controls were recruited in the
ophthalmology department among nurses, medical doctors, and residents. Four milliliters and 1 mL blood were withdrawn by venipuncture on lithium-heparin and ethylenediaminetetraacetic acid (EDTA)
for culture and lymphocyte phenotyping, respectively, from patients
and healthy controls. The study was approved by the institutional
ethics committee (CCPPRB Lyon A) and was conducted in accordance
with the tenets of the Declaration of Helsinki.
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Candida albicans– derived antigen (100 g/mL) is a commercial antigen (Allerbio, Varennes-en-Argonne, France) used for skin reactions, as
previously described.7
Supernatants of staphylococcal strains RN4220 (without superantigen) and FRIS6 (containing the staphylococcal enterotoxin B) were a
generous gift from Gérard Lina.9 Tetanus toxoid (TT; 5 g/mL) was
from Sanofi Pasteur (Marcy l’Etoile, France). Toxoplasma antigen (8.7
g/mL) was a gift from François Peyron (Laboratoire de Parasitologie,
Faculté Rockefeller, Lyon, France). Tuberculin purified protein derivative (PPD 1 mg/mL) was purchased from Statens Serum Institute
(Tuberculin Department; Copenhagen, Denmark). Antigen S (100 g/
mL) was a generous gift from Yvonne de Kozak (Institut National de la
Santé et de la Recherche Médicale U598, Centre Biomédical des Cordeliers, Paris, France). Phytohemagglutinin (PHA, 10 g/mL; Sigma, St.
Quentin Fallavier, France) was used as a positive control for nonspeInvestigative Ophthalmology & Visual Science, June 2008, Vol. 49, No. 6
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CA). Unpaired t-test was used to compare mean values. P ⬍ 0.05 was
considered statistically significant.

cific T-cell activation. RPMI 1640 culture medium (Sigma) was used as
a negative control.

Blood Culture and Stimulation

RESULTS

As previously described, samples of 50 L whole heparinized blood
were incubated in sterile polypropylene (45 ⫻ 88 mm) tubes (Micronic
System, Lelystad, Netherlands) with 50 L different antigens in RPMI
1640 medium, or RPMI 1640 medium for the negative controls, at 37°C
in 5% CO2 for 24 hours or 7 days. Seven-day cultures were supplemented on day 1 with 500 L RPMI 1640 medium. Incubation times for
optimal cellular responses had previously been determined by kinetic
assays.10

Ophthalmologic Diagnosis
Thirty-one patients (19 females, 12 males) with uveitis were
studied. Patients were classified as previously recommended.8
Panuveitis, anterior uveitis, intermediate uveitis, and posterior
uveitis type were present in, respectively, 16, 2, 4, and 9
patients. Twenty-our healthy controls (16 females) were students, laboratory technicians, and nurses from the ophthalmological unit. Ages were identical between patients and controls
(44.6 ⫾ 3.8 years vs. 40.5 ⫾ 2.0 years [mean ⫾ SEM]; P ⫽
0.38). Patient ages ranged from 13 to 81 years.

Lymphocyte Phenotyping
Peripheral blood cells and cultured cells were stained for three-color
flow cytometry after erythrocyte lysis with a solution of NH4Cl (155
mM), KHCO3 (10 mM), and EDTA (0.1 mM) and were analyzed on a
flow cytometer (Epics XL; Beckman-Coulter, Villepinte, France) using
Beckman-Coulter software (Expo 32). T cells and T-cell subsets were
identified by direct conjugation of monoclonal antibodies anti-CD3,
anti-CD4, anti-CD8, anti-CD2, anti-␥␦, and CD45; B cells by anti-CD19;
and natural killer (NK) cells by anti-CD56, evaluated on CD3⫺ lymphocytes; T-cell activation markers by anti-CD25, anti-CD69, and anti-HLADR. Directly conjugated murine IgG1 (control isotype) was used to
ascertain background staining. All monoclonal antibodies were obtained from Immunotech Beckman-Coulter, with the exception of
anti-CD45, phycoerythrin-conjugated anti-CD4, anti-CD25, and antiCD69, which were obtained from Dako (Trappes, France).

Lymphocyte Phenotyping
Figure 1 shows that there were no significant differences in the
percentages of the different lymphocyte subpopulations between patients with uveitis and healthy controls for constitutive or activation markers. A slight but not significant difference was noted in the percentages of CD4⫹CD25⫹ T cells
between controls and patients with uveitis (12.9 ⫾ 2.2 and
8.3 ⫾ 2.4, respectively; P ⫽ 0.167).

Cellular Reactivity to Antigens
Early cellular reactivity to antigens was studied using flow
cytometry detection of CD69 expression in a 24-hour blood
culture with antigen preparation. Figure 2A shows that higher
percentages of CD69-expressed CD4⫹ T cells were present in
Candida-stimulated blood culture from patients with uveitis

Statistical Analysis
All statistical analyses were carried out and all figures were drawn with
commercial software (StatView 5.0; Abacus Concepts, Inc., Berkley,
100

Patients

1

Downloaded From: http://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/932949/ on 08/29/2017

CD4+69+

CD8+38+

CD4+25+

CD8+DR+

CD8+GD+

CD4+GD+

CD3-CD56+

CD19

CD8

CD4

0,1
CD3

FIGURE 1. Distribution of lymphocyte subpopulations in blood from
controls and patients with uveitis after staining with monoclonal antibodies and analysis in flow cytometry.
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than from healthy controls (1.24% ⫾ 0.22% vs. 0.67% ⫾ 0.11%,
respectively; P ⫽ 0.0325). No difference was detected for
CD4⫺ T cells. There were no significant differences in nonactivated culture (RPMI) or in culture stimulated with Staphylococcus, tetanus toxoid, Toxoplasma, or PPD antigens (data not
shown). Moreover, when subtypes of uveitis were studied,
higher reactivity was detected in cultures from patients with
panuveitis and posterior uveitis (Fig. 2B).
Late reactivity was detected after 7-day culture with different antigens and staining of activated CD4 T cells with the use
of CD25-specific antibodies and flow cytometry. Figure 3
shows that higher percentages of CD25⫹ T cells were detected
in the blood cultures of uveitis patients with PHA, staphylococcal antigens from RN420 and FRIS6 strains, tetanus toxoid,
tuberculin antigen (PPD), and Toxoplasma antigen than in the
cultures of healthy controls. There was no difference in AgSstimulated cultures.

DISCUSSION
Idiopathic uveitis is an ocular inflammatory disease of unexplained etiology. In Behçet disease, a systemic disorder of
recurrent acute inflammation characterized by major symp-

toms of oral aphthous ulcers, uveitis, skin lesions, and genital
ulcers, extrinsic pathogenic factors have been identified, including bacterial (Streptococcus sanguis, Mycoplasma fermentans) and viral (human herpesvirus) antigens (for a review, see Zouboulis and May11). The role of the herpesvirus
has been recently reported in the etiology of nonnecrotizing
retinopathy.12 In the 1980s, Bloch-Michel and Timsit4 showed
that skin tests with candidin induced an obvious and transient
change of the course of the ocular disease in 19 of 21 patients
with uveitis and led to systemic symptoms in 15 patients.
These observations suggest a cause-and-effect relationship in
the pathogenesis of uveitis between microbial antigens and
uveitis.
To better understand the pathogenic mechanisms of idiopathic uveitis and the role of microbial antigens, we analyzed
the specific blood T-cell responses against different microbial
antigens in patients with diagnoses of uveitis. The present
study shows that patients with uveitis have an early cellular
response to Ca-Ag and a higher late response to different
microbial antigens.
We first analyzed lymphocyte subpopulations and activation
markers on T cells in circulating leukocytes. We found no
difference in the circulating lymphocyte subpopulations be-
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tween healthy controls and uveitis patients. This is in contrast
to the subpopulations in patients with Behçet disease, in
whom higher percentages of ␥␦ T cells and CD56 NK cells
were reported,13 perhaps because of the heterogeneity of our
patients. In contrast, patients with Behçet disease are more
homogeneous, and most have a significant expression of HLAB51.11 Perhaps because of the small number of patients, the
percentage of CD4⫹CD25⫹ T cells was lower in patient with
uveitis than in healthy controls. CD4⫹CD25⫹ T cells are now
known to be partially regulatory T cells (Treg) and to be
involved in autoimmune disease (for a review, see BaecherAllan and Hafler14). The slight decrease of CD4⫹CD25⫹ T cells
in uveitis patients suggests a lower number of Tregs. Further
studies using a specific marker for this T-cell population,
Foxp3,15 are necessary to validate this hypothesis.
No activation detected by CD69 or CD38 on circulating
lymphocytes was present in healthy controls or in uveitis
patients, in contrast to observations in previous studies.16,17
This discrepancy might be explained by the difference in the
anticoagulant used (heparin vs. EDTA) or by the difference in
lymphocyte isolation. In our hands, the percentage of
CD4⫹CD69⫹ T cells in peripheral EDTA-treated blood of
healthy controls or patients never reached 5% (Fig. 1; Lina et
al.9).
The early lymphocyte response was evaluated by detecting
CD69⫹ T cells after whole blood culture in the presence of
different microbial antigens for 24 hours. The method has
already been used to detect reactivity to polyclonal activation,18 superantigens,9 and mannan from Saccharomyces cerevisiae in patients with IBD.6 Early activation of CD4⫹ T cells,
detected by CD69 expression, was greater in culture with
Ca-Ag from uveitis patients than from healthy controls (1.24%
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FIGURE 3. Percentage of activated
(CD25⫹) CD4⫹ and CD4⫺ T cells in
7-day blood culture from controls
and patients with uveitis in the presence of culture medium (RPMI),
PHA, C. albicans, Staphylococcus
aureus strain RN4220, S. aureus
strain FRIS6, tetanus toxoid, tuberculin (PPD), Toxoplasma, and AgS.

⫾ 0.22 vs. 0.67 ⫾ 0.11; P ⫽ 0.0325). This activation was
predominant in patients with posterior uveitis or panuveitis
(Fig. 2B) and was selective to Ca-Ag. No increase of CD69
expression was detected after culture with the other antigens
except for the staphylococcal enterotoxin B– containing FRIS6
antigen and the PHA (data not shown). In patients with chronic
fatigue syndrome, we have already described such an increase
of CD69 expression on CD4⫹ T cells after culture with Ca-Ag.
Moreover, the increase of CD69 correlated with systemic reactions after skin testing with Ca-Ag.6 Given that we observed
an increase of urine neopterin, an interferon-induced macrophage product (Perret-Liaudet A, Cozon GJN, unpublished
data, 2003), in patients with reactive chronic fatigue syndrome, systemic reactions to skin testing with Ca-Ag might
have been caused by the production of ␥-interferon. Further
studies will evaluate neopterin in the urine of uveitis patients
after skin tests with Ca-Ag. Our preliminary unpublished data
(2005) show an increase of neopterin in the urine after skin
testing to Ca-Ag in one patient with uveitis.
The late lymphocyte response was evaluated by the detection of CD25⫹ T cells after whole blood culture in the presence
of different microbial antigens for 7 days. The method was
shown to be as accurate as the measurement of [3H]-thymidine
incorporation for detecting cellular immune responses to Toxoplasma gondii—specific antigens.19 In our hands other markers, such as CD69 and CD71, were either uninformative or less
accurate than CD25.20 As previously shown, CD25 was detected at the surfaces of CD4⫹ and CD4⫺ T cells that are
CD8⫹.10 The CD4⫹CD25⫹ T cells obtained after 7-day culture
are different from regulatory CD4⫹CD25⫹ T cells, which are
circulating T cells and do not proliferate in culture.21 In antigen-stimulated blood culture, the percentages of CD25⫹ T cells
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doubled every day from day 4 to day 7 (Cozon GJN, et al.,
unpublished data, 1999). Moreover, as previously described,22
activated CD25⫹ T cells detected in the present study overexpressed CD4⫹(data not shown). The absence of a detectable
T-cell response to AgS, in contrast to previous studies, might
have resulted from the difference in culture methods. In the
present study, we used whole blood culture conditions, which
might have underestimated the response to AgS because of
specific antibodies in the sera of uveitis patients.23 The present
study shows that 7-day cultures with different microbial antigens induce higher percentages of activated CD25⫹CD4⫹ T
cells in blood cultures of uveitis patients than of controls. In
contrast, CD25 expression was low after culture with AgS in
blood cultures from uveitis patients or from controls (Fig. 3).
The higher reactivity to microbial antigens might be the consequence of an increase in contact with microbial antigens in
uveitis patients or a slight decrease in regulatory cells such as
T-reg cells. Dysbiosis that can be associated with uveitis has
been described in patients with IBD.24 Treatment of staphylococcal carriage can ameliorate intermediate uveitis (Cozon
GJN, Kodjikian L, unpublished data, 2003), and ketoconazole
plus cyclosporine (CsA) is more effective at preventing recurrences of uveitis than is CsA alone.25 Moreover, the role of
normal bacterial flora to induce T-regs has recently been suggested.26 Further studies are necessary to explore this hypothesis. Another explanation of higher reactivity to microbial
antigens would be the presence of multispecific autoreactive T
cell that cross-react with microbial antigens by different mechanisms, such as molecular mimicry, bystander activation, or
infection persistence with or without epitope spreading.27
In conclusion, the present study, initiated to evaluate the
immune cellular reactivity against common microbial antigens
in patients with idiopathic uveitis, shows that although circulating lymphocytes had similar phenotypes in uveitis patients
and healthy controls, early reactivity to Candida albicans
developed in patients with posterior uveitis and panuveitis.
Another finding was the higher reactivity of circulating T cells
to microbial antigens in patients with uveitis compared with
controls. Further studies are necessary to understand the exact
role of microbial antigens in the pathogenic mechanisms of
idiopathic uveitis. Nevertheless such findings in uveitis patients outline the potential role of the mucosal flora, which can
be a target of the treatment of patients with idiopathic uveitis.
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