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Figure 7. Immune cell infiltration of the ocular surface predicts corneal SPRR 1B expression. For each of the 12 subfigures, we plotted SPRR1B
as fluorescent intensity on the y-axis in arbitrary units while immune cell counts (CD4, CD8, CDl1Ic, and I-A9) are plotted on the x-axis in
three different locations (Co, cornea; Lm, limbus; Cj, conjunctiva). Each graph shows raw observations (open circles) as well as a regression
line. Each regression line was fit using ordinary least squares to ensure the validity of statistical tests with respect to normality. In order to
minimize highly influential points, we transformed both X and Y using the cube root and logarithm, respectively. Curvilinear graphs appear
when the regression model is transformed back to the original scale. Centered quadratic terms were included only when statistically significant
at the 0.05 level, which only occurred for CD8 cells in the conjunctiva, row 2, column 3. Significant p values (shown in blue) were computed
to test the null hypothesis that SPRR1B did not depend on each of the 12 immune cell counts. Note that these p values were adjusted for
multiple comparisons using the Holm method. Squared multiple correlation coefficients indicate the fraction of the variance explained by the
regression model. The most compelling predictors of corneal SPRR1B were corneal I-Ad* cells (two stars) and limbal CD11c" cells (one star).
CD4" and I-A¢" immune cells in the limbus as well as generalized presence of immune cells in the conjunctiva also showed strong and
statistically significant relationships to SPRR1B expression.

a previous human study that showed a correlation between  to study the immunopathology of autoimmune-mediated dry
squamous metaplasia and Rose Bengal staining using eye disease.

impression cytology specimens from SS patients [36]. Taken In our investigation of the afferent arm of the immune
together, spontaneous, multifocal, lymphocytic infiltration of  loop, we observed an accumulation of DCs in the limbus and
the lacrimal gland and progressive damage to the ocular mobilization of activated DCs into the cornea. Resident
surface epithelium substantiates the use of dire-deficientmice ~~ CD11c" DCs infiltrated the entire ocular surface with the most
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significant accumulation in the limbus and cornea (Figure
5A). This finding is similar to a previous study that showed
CDl11c" DCs throughout the corneal stroma of inflamed eyes
in Balb/c mice while in the absence of inflammation, only
small populations were isolated to the anterior stroma of the
central cornea [26,27]. The increased presence of resident and
activated DCs in the Aire-deficient mouse implies the
existence of autoantigen in the central cornea, either the
epithelium or the stroma. The initial appearance of activated
DCs in the limbus at eight weeks of age followed by a sharp
elevation of cell numbers in the central cornea by 16 weeks
indicates centripetal movement of local/circulating DCs into
the cornea with increased activation as the mice age (Figure
5C). Although centripetal migration of DCs from the
limboconjunctiva to the cornea is known to play a critical role
in promoting chronic immune inflammation in models of
corneal graft rejection and infection [37], it remains unclear
how these professional APCs contribute to the priming and
homing of autoreactive T cells in autoimmune dry eye disease.
Clinically, patients with an A/RE mutation show DC
hyperactivation and impaired maturation in terms of
costimulatory cytokine secretion, which underlies altered T
cell responsiveness and autoimmunity [38]. The detailed
mechanism by which DCs in 4ire-deficient mice control cell-
mediated autoimmunity remains to be elucidated.

To complete the proposed immune cycle that exists in
patients with autoimmune dry eye disease, an effector arm
leading to lymphocytic infiltration of the ocular surface is
initiated following antigen presentation to T cells in the lymph
node. In the early to middle stages of Aire-deficient ocular
surface disease (between four and eight weeks), there was
dense limbal and conjunctival infiltration of predominantly
CD4" T cells (Figures 4A,C). In the late stage disease
(between 8—16 weeks), there was a remarkable increase in
CD4" T cell infiltration of the central cornea (Figure 4G) with
a similar pattern noted for CD8" cells. Interestingly, the
kinetics of effector T cell infiltration of the cornea in Aire-
deficient mice corresponded closely to that of afferent APCs
(Figure 5C). Despite the distinct nature of autoimmune dry
eye disease, data presented here provide an immune loop
compatible to what has been proposed in the desiccating stress
model of evaporative dry eye [8]. In this model, desiccating
stress breaks self-tolerance and induces CD4* T cell-mediated
inflammation against unknown epitopes on the ocular surface
and lacrimal gland [1]. Here, we observed spontaneous
CD4'T cell-mediated inflammation of the ocular surface and
lacrimal gland (Figure 4C and Figure 1A) following deletion
of Aire. CD4" T cells are known to be the major contributors
to the autoimmune response in Aire-deficient mice [17].
Although the specific autoantigens that are targeted in the
Aire-deficient mouse model of SS-like disease are currently
unknown, uveitis in Aire-deficient mice is driven by a single
self-antigen [20], suggesting the possibility of Ag-specific
therapies to suppress activation of autoreactive cells. Based
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on the data provided here and previous work in the evaporative
dry eye model, there are commonalities in the immunological
mechanism between autoimmune and non-autoimmune dry
eye diseases. Another piece of indirect evidence supporting
this “common pathological pathway” is the fact that topical
cyclosporin A, an immunosuppressive agent against T cells,
can be effective in treating both Sjogren and non-Sjogren dry
eyes [39]. Future immunopathological studies of autoimmune
and non-autoimmune dry eye may help to identify common
pathways that exist along the immune loop that mediates
ocular surface disease.

Given the connection between autoreactive, effector T
cells and squamous metaplasia in Aire-deficient mice, we
sought to determine whether we could forecast the onset of
squamous metaplasia using effector T cells or DCs as
predictors. Interestingly, the presence of resident DCs in the
limbus and activated DCs in the central cornea were the
strongest predictors of squamous metaplasia, using SPRR1B
as a biomarker. This implies that the early stages of
autoimmune-mediated keratinizing ocular surface disease are
highly dependent on the centripetal movement of APCs into
the cornea and their activation (Figure 7). Infiltration of
CD4* T cells into the limbus was the next most compelling
predictor of corneal SPRRIB expression (Figure 7). This
further implicated these cells as significant mediators of
keratinizing ocular surface disease. Together, these events
represent a complete loop of the ocular surface immune
response in Aire-deficient mice. The robust dependence of
SPRR1B on both the afferent and efferent arms of this cycle
further validates its significance as a biomarker to monitor
both ocular surface damage and chronic engagement of an
immune-mediated inflammation. The reported findings also
define an appropriate time frame for interventional studies in
the Aire-deficient mouse that will promote the development
of more effective therapies for dry eye disease.
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