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Figure 2. Immunolocalization of Th17 cells in OCP conjunctiva. Th17 lymphocytes were labeled with PE-conjugated anti-human IL-17
antibodies (red). Increased Th17 staining was observed in OCP (A) compared to healthy subjects (B). Double-staining for CD4 (C, blue) and
IL17 (D, red) performed on four stage-III OCP samples demonstrated that 72% of CD4+ T cells were Th17 lymphocytes (Merged image E,

violet).

with hyaluronidase (1mg/ml, in sodium acetic acid; ICN,
Costa Mesa, CA). A brief blocking/permeabilizing step was
performed for 20 min (0.8% BSA, BSA-0.3% Triton X-100
[TX] in 10 mM phosphate-buffered saline, PBS) before
addition of the specific PE conjugated antihuman IL-17
antibodies (2 pg/ml; eBioscience, San Diego, CA), PE-Cy5.5-
conjugated antihuman CD4 antibodies (2 ug/ml), or irrelevant
isotype-matched IgG antibodies (eBioscience), as negative
controls for staining specificity, diluted in 0.1% Tween-20-
PBS. Sections of human nasal turbinates were used as positive
controls for the internal procedure (data not shown) [29].
Antifade/gel (Vector, Burlingame, CA) mounted sections
were examined at 60X magnification in oil immersion using
an E2000U three-laser confocal microscope equipped with C1
software (Nikon, Tokjo, Japan).

Three optic fields per each section (3 slides per patient)
were acquired randomly in a masked fashion by an
independent observer and digitalized using Adobe Photoshop
7.0 (Adobe, San Jose, CA) software. Cell counts were
performed by two independent observers. Each observer was
blinded to the decision of the other observer [30-32].

Flow cytometry: Peripheral blood mononuclear -cells
(PBMNCs) of OCP patients and controls were obtained from
heparinized-whole blood samples, following gradient
selection (lympholyteTM; Euroclone, Milan, Italy),
according to a standardized procedure. Red cells were lysed
(RBC Gentra solution; Qiagen, Mila, Italy) and white cells
were directly stored in liquid nitrogen for the following
experiments. Direct immunostaining was performed with
phycoerythrin (PE)-conjugated antihuman IL17A (0.25 pg/
106 cells; ebioscience) and PE-Cy5-conjugated antihuman
CD4 (both at 0.25 ng/106 cells; ebioscience), according to the
manufacturer's instructions. All samples were analyzed
through a FACSCalibur flow cytometer (Becton Dickinson,
Milan, Italy) equipped with an argon laser emitting at 488 nm
and three band-pass detectors. Forward and side scatter
signals were collected as linear signals, and all emissions were
evaluated on a four-decade logarithmic scale. PE and PE-
Cy5.5 signals were measured, respectively at 575 nm and 670
nm. Spectral overlap was minimized by electronic
compensation before each series. CellQuest® software
(Becton Dickinson) was used to acquire and evaluate 5,000
events with preserved side scatter signals and high membrane
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staining for specific antibodies [33]. Data were expressed as
% of positive cells or mean fluorescence intensity, calculated
as follows: AMFI=(specific MFI-aspecific MFI)/aspecific
MFIL.

ELISA assay: To evaluate IL-17, TGF-f, IL-4, and IFN-y in
plasma collected from heparinized peripheral blood of OCP
patients and controls, we performed a two-site ELISA
(sensitivity=0.5 pg/ml) using commercially available kits and
following the manufacturer’s instructions (eBioscience).
Optical density (OD) was measured at A450-550 by a
microplate ELISA reader (Sunrise; Tecan Systems, Inc., San
Jose, CA).

Statistical analysis: All experiments were performed in
duplicate and results are expressed as the mean+tstandard
deviation of the mean (SD). Statistical analyses were
performed using ANOVA followed by Tukey-Kramer post-
hoc calculations. Analyses were performed using the
statistical package StatView II for PC (Abacus Concepts Inc.,
Berkley, CA).A p value less than 0.05 was considered
statistically significant.

RESULTS

All ten OCP conjunctival samples (100%) showed the
presence of Th17 lymphocytes, as compared to only two of
six healthy subjects (33%). Moreover, the number of Th17
lymphocytes was significantly increased in OCP compared to
controls (14.9+12.8 versus 0.5+0.8, p<0.05; Figure 2 A-B).
Histological analysis showed that the conjunctiva of OCP
patients was infiltrated by immune cells comprised for the
most part by lymphocytes, plasma cells and leukocytes
(Figure 1). Since T-helper lymphocytes play a major role in
the pathogenesis of OCP, the conjunctival lymphocyte
infiltrate was characterized by immunostaining. CD4" cells
were significantly increased in OCP compared to healthy
conjunctiva (14.7+6.3 versus 4.2+2.1, respectively, p<0.05).
Interestingly, as shown in Figure 2 C-E, double-
immunofluorescence of four stage-III OCP conjunctival
samples revealed that 72% (range 57%—82%) of the CD4"
cells were of the Th17 type.

Since OCP is a systemic autoimmune disease, the
presence of Th17 was also investigated in peripheral blood
samples together with the circulating cytokine profile. Flow
cytometry results showed that circulating T-helper and Th17
lymphocytes in peripheral blood were not changed in patients
affected by OCP (Figure 3). The analysis of IL17-specific
immunofluorescence also showed no significant difference
between OCP patients and healthy subjects (MFI: 14.8+4.5
versus MFI: 17.1£3.2, AMIF: 2.3; p>0.05).

These results were confirmed by ELISA data regarding
circulating cytokines (Figure 4). No significant differences in
plasma IL-17 (518.2+75 pg/ml versus 466.1+92 pg/ml,;
p>0.05), IL-4 (57.7£8.4 pg/ml versus 56.8+10.8 pg/ml;
p>0.05) or TGF-B (747.4+£342.6 pg/ml versus 759.7+126.5
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pg/ml; p>0.05) were observed between patients with OCP and
healthy subjects. Conversely, a significant increase of
circulating IFNy was observed in patients with OCP
(792.7£104.5 pg/ml versus 556.7+184 pg/ml; p<0.05).

DISCUSSION

In this study, we demonstrate that Th17 lymphocytes are
present in OCP conjunctiva, and are significantly increased
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Figure 3. Th lymphocytes in peripheral blood. In peripheral blood,
the expression of T-helper lymphocytes (CD4%) and Th17 (IL17%)
was determined quantitatively with cytofluorimetry. No significant
differences were observed in CD4* or Th17 expression in 10 patients
with OCP versus 6 healthy subjects (data are expressed as cells
percentage£SD).
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Figure 4. Cytokines in peripheral blood. ELISA results revealed that
there was no significant difference in IL-17, IL-4 or TGF-f plasma
levels in patients with OCP versus healthy subjects. A significant
increase of circulating IFNy was observed in patients with OCP. Data
are expressed as mean£SD.
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compared to healthy controls. Moreover, Th17 comprises the
primary subtype of immune cells infiltrating the conjunctiva
of OCP patients (more than 70% of CD4" cells in disease stage
IIT). These data are in line with previous results reported in
other human autoimmune diseases, in which a local increase
of Th17/IL-17 plays a crucial role in mucosal autoimmunity
[19]. It is also worth noting that the predominant Th17 CD4*
subtype in our study was found in the long-standing cases of
OCP (mean time from onset of disease: 4 years, range 3—9
years), suggesting that CD4* Th17 mucosal infiltration could
be a marker of chronic inflammatory states of the conjunctiva.

Supporting the hypothesis that Th17 lymphocytes may be
responsible for a dysfunctional local immune response in the
chronically inflamed OCP conjunctiva, several studies have
shown that IL-17-producing-Th17 cells play a critical
pathogenic role in autoimmunity, promoting organ-specific
damage in several autoimmune diseases such as uveitis,
Sjogren’s, MS, IBD, RA, etc [10,34-40]. In addition, the
involvement of Th17 in the pathogenesis of OCP confirms
previous observations on the anti-inflammatory effects of
macrolides in this disease through inhibition of IL-17-induced
IL-8 production [41,42].

In our study Th17 cells were also found in the circulation
in both OCP and healthy subjects, where they comprise
approximately 10% of CD4" T lymphocytes. The apparent
discrepancy that we observed between conjunctival and
peripheral Th17 involvement in OCP may be explained by
either a specific Thl7-driven local response in the
conjunctiva, or an increased Th17 homing to the ocular
surface. In line with this hypothesis, Kleinscheck et al. [43]
recently demonstrated that Th17 cells are imprinted for gut
homing, and mediate destructive tissue inflammation in IBD.
IFNy stimulation of local Th17 trafficking may also justify the
unchanged circulating number of these cells observed in the
OCP patients enrolled in our study [44,45]. Our finding of
increased circulating IFNy associated with normal levels of
IL17 is in line with previous reports showing that IFNy
antagonizes Th17 cell development, and allows speculating
that overexpression of [FNy in OCP patients could provoke a
compensatory mechanism that ameliorates autoimmune tissue
damage [46].

The findings of this study suggest a role of Th17 cells in
the pathogenesis of OCP. Identification of novel immune
targets such as this provide focus to the search for a more
effective therapeutic strategy in OCP. Th17 has already been
targeted in other autoimmune diseases and preliminary data
indicate that inhibition of Th17 might cure IBD in animal
models [47].
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