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Abstract
Non-infectious uveitis is a predominantly T cell mediated autoimmune, intraocular inflammatory
disease. To characterize the gene expression profile from patients with non-infectious uveitis,
peripheral blood mononuclear cells (PBMCs) were isolated from 50 patients with clinically
characterized non-infectious uveitis syndrome. A pathway-specific cDNA microarray was used for
gene expression profiling and real time PCR array for further confirmation. Sixty-seven inflammation
and autoimmune associated genes were found differentially expressed in uveitis patients with twenty-
eight of those genes being validated by real-time PCR. Several genes previously unknown for
autoimmune uveitis, including IL-22, IL-19, IL-20 and IL-25/IL-17E, were found to be highly
expressed among uveitis patients compared to the normal subjects with IL-22 expression highly
variable among the patients. Furthermore, we show that IL-22 can affect primary human retinal
pigment epithelial cells by decreasing total tissue resistance and inducing apoptosis possibly by
decreasing phospho-Bad level. In addition, the microarray data identified a possible uveitis-
associated gene expression pattern, showed distinct gene expression profiles in patients during
periods of clinical activity and quiescence, and demonstrated similar expression patterns in related
patients with similar clinical phenotypes. Our data provides the first evidence that a sub-set of IL-10
family genes are implicated in non-infectious uveitis and that IL-22 can affect human retinal pigment
epithelial cells. The results may facilitate further understanding of the molecular mechanisms of
autoimmune uveitis and other autoimmune originated inflammatory diseases.
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Introduction
Intraocular inflammatory disease or uveitis is a major cause of visual handicap in the United
States, causing an estimated >100, 000 new cases of ocular morbidity per year and 10% of the
new cases of legal blindness (1). It has been generally accepted that non-infectious uveitis is
an autoimmune disorder predominantly mediated by T helper cells (2,3). Earlier studies on
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humans as well as in animal models demonstrated that Th1 mediated autoimmune responses
play a pivotal role in this disease (4–6). Several autoantigens have been identified as potential
triggers for autoimmune uveitis (7–9). However, the varied clinical appearance in humans and
the varied response to immunosuppressive regimens suggest that multiple mechanisms may
be involved. For example, less than a third of uveitis patients tested will have T cell responses
to arrestin, or S-antigen, the most recognized autoantigen for uveitis in humans (10). In
addition, susceptibility to the two most important antigens used to induce experimental animal
uveitis, interphotoreceptor retinoid-binding protein (IRBP) and S-antigen, varies from species
to species despite evolutionarily conserved structures (11) and documented T cell response
from uveitis patients to IRBP has been scarce. Recent work has also indicated that, similar to
multiple sclerosis (MS), Th17 cells may be one of key immune components that contribute to
the molecular pathogenesis of autoimmune uveitis (12). To facilitate the understanding of the
molecular mechanisms of autoimmune uveitis and other autoimmune diseases, we investigated
the gene expression profile of autoimmune uveitis using cDNA microarray and real time PCR
array on 50 clinically characterized uveitis patients. Our results identified a set of IL-10 family
genes, including IL-22 that are highly expressed in uveitis patients when compared to that of
normal subjects, but have not been previously implicated in non-infectious uveitis. An in vitro
study demonstrated that IL-22 affected human primary retinal pigment epithelial cells by
decreasing their total tissue resistance, a hall mark of tissue integrity of those retinal epithelial
cells (13). Meantime, IL-22 induced apoptosis of cultured human primary retinal pigment
epithelial cells which is associated with decreased phospho-Bad level. We also show that there
exists a molecular pattern for gene expression among uveitis patients compared to normal
controls.

Materials and Methods
Patients, normal controls and human fetal tissue

The research performed in this study followed the tenets of the Declaration of Helsinki and the
NIH Institutional Review Board. Fifty-eight patients with well defined clinical diagnoses of
non-infectious uveitic syndrome were enrolled into the National Eye Institute (NEI) after IRB
approval (protocol #02-EI-0122). Patient consent was obtained prior to enrollment and the
ocular status of the patients after enrollment was evaluated and recorded independently by
ophthalmologists in the NEI Uveitis Clinic. Samples from 20 healthy donors as normal controls
were obtained from the NIH Blood Bank (protocol #97-0134). Human fetal eyes of nominal
gestation of 15 to 17 weeks were obtained from Advanced Bioscience Resources (Alameda,
CA).

Cell culture on transwell filters
Primary cell cultures of human fetal retinal pigment epithelial (hfRPE) cells were prepared
from human fetal eyes as described previously (13). Second passage cells were seeded in
transwells (Corning Costar, 0.4km pores, polyester membranes). Media were changed every
three days and the cultures were maintained for at least 3 weeks before experiments.

cDNA microarray analysis
Peripheral blood mononuclear cells (PBMCs) were isolated from patients or normal donors as
described previously(14). Total RNA was extracted using an RNeasy kit (Qiagen, CA). RNA
isolated from 20 healthy donors were pooled and served as normal control. Biotinylated probes
were generated from 5 μg of total RNA from each RNA sample by incorporating biotinylated
dUTP into synthesized cDNAs using a T7-polymerase linear amplification strategy. Probes
were hybridized to a pathway-specific cDNA microarray chip (Inflammatory and autoimmune
GEArray; SuperArray Inc., Gaithersburg, MD). Signals for specific binding were recorded by
a CCD camera. A total of 51 microarray analyses were performed independently for all patient
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samples and one pooled normal sample. Gene expression profiling was analyzed using
GEArray Suite software (SuperArray Inc., MD). Briefly, acquired digital images were aligned,
computed for density, normalized based on negative controls and transformed into scores for
gene expression based on an established algorithm (SupperArray Inc., MD). All scores for each
gene in one array were then normalized on house-keeping genes, e.g, GAPDH and beta-2-
microglobulin (B2M). The final scores of each of the genes of all arrays were then compared
to those from a control array to obtain a ratio value. A 2-fold cut-off threshold was used to
define if one gene is up-regulated or down-regulated, e.g., the expression of one gene from
array X is equal or greater than 2-fold of that from control array is considered up-regulated
gene while equal or less than 0.5-fold of the score from the same gene compared to the control
array is considered down-regulated gene. The scatter plot and clustergram were acquired using
the same software according to the manufacturer’s instructions.

Real-time PCR analysis
Real-time PCR array analysis was performed to confirm microarray results. A total of 60
autoimmune and inflammatory disease related genes were examined for confirmation purposes
by real-time PCR using a commercially available real-time PCR RT2 Profiler kit (SuperArray,
MD). To correlate the clinical status of the uveitic condition to the gene expression profile,
only samples from patients with clinically active disease were used for real-time PCR analysis.
Active uveitis was defined as evidence of cells and flare in the anterior chamber of the eye or
cells and haze in the posterior chamber of the eye. A total of 42 RNA samples from clinically
active uveitis patients were pooled to compare to the pooled normal control sample. Two
independent PCR array analyses were performed according to the manufacturer’s instructions.
Briefly, 1 μg of each of the RNA samples from either uveitis patients or normal controls were
reverse transcribed into cDNAs using a first strand cDNA RT kit (SuperArray, MD). Real-
time PCR was performed using a 96-well format PCR array and an ABI 7500 real-time PCR
unit (ABI, CA). Primers for all genes for real-time PCR confirmation of the microarray analysis
had been pre-tested and confirmed by the manufacturer. Assay controls include positive and
negative controls as well as 3 sets of house-keeping gene controls for normalization purposes.
Analysis of real-time PCR results was performed following the manufacturer’s instructions
(SuperArray Inc., MD). Data analysis is based on the ΔΔCt method with normalization of the
raw data to housekeeping genes as described in the manufacturer’s manual. The detailed
instruction for calculation and normalization can be found in the following website:
www.superarray.com. A 2-fold cut-off threshold was used to define if one gene is up-regulated
or down-regulated. To further confirm IL-22 expression results based on microarray and real-
time PCR array data, a SYBR Green based qRT-PCR was used to analyze IL-22 expression
between normal and uveitis patients. Briefly, RNA samples from 6 normal donors and 40
uveitis patients were tested for IL-22 gene expression using the qRT-PCR MasterMix from
SuperArray Inc. following their Endpoint RT-PCR Manual (Gaithursburg, MD). Human
GAPDH gene expression from the same RNA samples was also tested for normalization and
quantification purposes. The results were expressed as the fold expression of IL-22 normalized
on that of GAPDH. The IL-22 expression was considered not detectable if the ratio of IL-22
against GAPDH is smaller than 0.001. qRT-PCR primers for IL-22 and GAPDH were both
from SuperArray Inc. and have been verified by the provider.

Western blot analysis
fRPE cells were cultured in the presence or absence of 50ng/ml of recombinant human IL-22
(PeproTech, Rocky Hill, NJ) for 48 hours. Cells were then lysed in 100 μl of lysis buffer [50
mM Tris-Cl, 1% Triton X-100, 100 mM NaCl, 2 mM EDTA, 50 mM NaF, 50 mM glycerol-
phosphate, 1 mM NaVO4 and 1X protease inhibitor cocktail (Roche Molecular Biochemicals,
Indianapolis, IN)]. Complete cell lysis was achieved by immediately vortexing and then boiling
in an equal amount of 2 X SDS protein loading buffer at 95°C for 5 minutes. Cell debris was
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removed by centrifugation at 12,000 rpm for 3 min. Twenty microliter of each sample was
loaded into a 12% SDS-polyacrylamide gel with a 4% stacking gel. For immunoblotting,
primary antibody of anti-phospho-Bad was purchased from Cell Signaling Technology
(Beverly, MA). Anti-β-actin antibody was from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA).

Resistance and apoptosis assay for RPE cells
The RPE monolayers on inserts with total tissue resistance (TER) above 100 Ω·cm2 were
cultured with either RPE culturing media alone or in the presence of 50 ng/ml of human
recombinant IL-22 (PeproTech, Rocky Hill, NJ). After 72 hours of stimulation with IL-22 of
RPE monolayers on inserts, TER was measured using EVOM (WPI, FL). Data are expressed
as mean ± S.E.; statistical significance (Student’s t test, two-tail) was accepted as p<0.05. For
apoptosis analysis, experimental cells from the same experiments as described above were
stained by Annexin (BD Bioscience, CA) after 72 hours culturing. Samples were acquired by
a FACSCalibre flow cytometor and analyzed using FlowJo software (TreeStar, San Jose, CA).

Results
Differential gene expression among uveitis patients and normal subjects

A total of 58 patients were enrolled into our microarray protocol. Table 1 summarizes the
clinical information of all patients who were enrolled. The diagnoses, gender, race and clinical
manifestations of the enrolled patients represent what is typically seen in the Uveitis Clinic of
the National Eye Institute. Eight RNA samples did not qualify for the microarray analysis after
quality control test. To test the validity of our strategy to use pooled RNA samples from normal
donors as reference RNA sample to compare to individual RNA samples from uveitis patients,
we ran microarray on 9 RNA samples, 8 individual RNA samples from normal donors vs. the
pooled RNA sample from the same donors. A side-by-side analysis showed that the data
derived from the 8 individual donors vs. the pooled sample from normal donors are very similar.
Based on statistical correlation analysis, the average p value of correlation of the microarray
data between the pooled vs. the 8 individual RNA samples is 0.88 (0.86–0.91). In addition,
Clustergram analysis also demonstrated that there was a great similarity of gene expression
patterns among the 8 individual normal donors when compared to the pooled RNA sample
from the same donors (data not shown). Therefore, a total of 51 RNA samples, 50 from patients
and one reference RNA pooled from 20 healthy donors, were analyzed for microarray analysis.
Despite the high heterogeneity of gene expression among patients and between patients and
controls, there were clear differences in gene expression patterns comparing those from patients
to those from the normal pooled control RNA. Figure 1 is a scatter plot analysis showing genes
that were differentially expressed among uveitis patients when compared to the normal donors
with red symbols representing up-regulated genes and green symbols representing down-
regulated genes. When a 2-fold cut-off threshold was applied, there were a total of 67 genes
(16.7%) that were differentially expressed among uveitis patients when compared to normal
controls with 56 genes up-regulated and 11 genes down regulated among the 400 inflammatory
and autoimmune diseases associated genes in this pathway-specific cDNA array chip. A
complete list of differentially expressed genes (2-fold cut-off) from cDNA microarray results
for uveitis is provided in Table 2.

Gene expression profiling revealed 4 distinct sub-groups of uveitis patients
Non-infectious uveitis is considered a heterogeneous group of diseases comprised of a variety
of clinical diagnoses and manifestations but all demonstrating intraocular inflammation. Based
on this notion, we compared the differential gene expression patterns among uveitis patients
using a density clustergram analysis with a red colored band representing higher and green
representing lower gene expression after normalization to controls. There were clearly four
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distinct profiles (I, II, II and IV) based on their unique patterns of gene expression (Fig. 2). A
detailed analysis of genes in those four profiles revealed 4 sets of genes with higher expression
that define the differential gene expression profiling. A gene list for those 4 sets of genes,
termed as signatures A, B, C and D is shown in Fig. 3. It is of interest that the genes within
each set appeared functionally related. For example, genes in set A were more functionally
associated with cell proliferative responses, genes in set B were more associated with cell
apoptosis while most cytokine/chemokines were clustered in the set C and set D. One intriguing
question is whether these molecular signatures reflect distinct molecular pathogeneses for
autoimmune uveitis. However, our efforts to correlate clinical uveitic diagnoses with this
differential gene expression profiling were not successful (see Discussion for details).

Real-time PCR validated gene list provides evidence of involvement of previously
uncharacterized genes in autoimmune uveitis

We then used quantitative real-time PCR to validate the microarray results. As shown in Table
3, real-time PCR analysis confirmed 18 up-regulated genes and 10 down-regulated genes in
active uveitis patients as compared to those in normal controls (2-fold cut-off threshold). Some
of the genes have been previously reported in association with autoimmune uveitis, e.g.
CX3CR1, CCL19, CCL21, FasL, IFN-α, IL-4, -5, -6 and IL-8. However, several genes
identified have not been previously associated with autoimmune uveitis including several
cytokines from the IL-10 family and one cytokine from the IL-17 family. One set of IL-10
family genes including IL-19, IL-20 and IL-22 were of particular interest. IL-10 has been
implicated to play a protective role in the mouse EAU model and is up regulated in human
uveitis patients (6,15,16). However, IL-19, IL-20 and IL-22 have not been implicated in human
uveitis. In addition, IL-25/IL-17E, which belongs to the IL-17 cytokine family, has also not
been reported to be associated with autoimmune uveitis. Genes that have not been previously
reported to be associated with autoimmune uveitis are highlighted in bold and italic in Table
3. To further confirm the microarray and real-time PCR array data, we tested IL-22 gene
expression in 6 normal donors and 40 uveitis patients by using a SYBR Green based qRT-PCR
strategy. As shown in Figure 4, five out of six normal donors had no detectable IL-22 transcript
except 1 donor showed very low level of IL-22 expression by real-time PCR. However, 25 out
of 40 (62.5%) uveitis patients tested positive for IL-22 expression with some patients
demonstrated very high levels of IL-22 expression.

IL-22 affects human primary pigment epithelial cells by decreasing their total tissue
resistance and inducing apoptosis

The expression of IL-22 has been recently shown to be associated with Th17 cells (17,18). The
primary target cells for IL-22 appeared to be epithelial cells(19,20). To further understand the
possible physiological impact and molecular mechanisms of IL-22 on ocular disease, we
examined the effect of IL-22 on total epithelial resistance (TER) and the induction of apoptosis
of human retinal pigment epithelial (RPE) cells. The retinal pigment epithelium forms the outer
blood-retina barrier which physically separates the subretinal space (SRS) and the choroidal
blood supply and actively participates in the creation of the immune privileged retinal
environment by secreting various cytokines and chemokines (unpublished data). Both TER
and apoptosis assays examine the physiological integrity of the retinal pigment epithelium,
which is critical to preservation of the outer blood-retina barrier. As shown in Fig. 5, after 72
hours of stimulation, IL-22 significantly decreased total epithelium resistance (TER) by more
than 60% as compared to matched controls (p<0.01). TER decreased from 742±29 to 296±37
Ω·cm2 (Panel A). IL-22 also induced RPE apoptosis when compared to the controls (Panel B).
To further understand the mechanisms of IL-22 inducing apoptosis of RPE cells, we examined
several proteins that are known to be involved in apoptosis signaling pathway, including
cleaved caspase 3 and PARP, and phospho-Bad. We found that IL-22 seemed primarily
targeting phosphorylated-Bad. As shown in Figure 5C, IL-22 treatment resulted in decreased
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phospho-Bad expression in RPE cells (panel C). However, there was no significant change in
the levels of cleaved (active) caspase 3 and PARP expression which are also known to be
involved in the apoptosis pathway (data not shown). This is the first evidence that IL-22 can
target the human retinal pigment epithelial cells and potentially change their tissue integrity
and preservation of the blood retinal barrier.

Gene expression profiling on patient samples at distinct clinical stages
An important characteristic of uveitis is recurrence of disease (21). However, it is not clear for
clinicians if this is a new inflammatory episode or is simply still the previous episode that has
lingered. To address this question, we continuously monitored one patient over a 5-month span
and collected samples during 3 distinct periods of disease activity, e.g. active, quiescent and
recurrent/active stages. Interestingly, there were very few changes in gene expression profiling
for the samples collected at the three time-points which represented three distinct clinical
stages. As shown in Figure 6, arrays 1, 2 and 3 represent gene expression patterns when the
disease was at clinically active, quiescent and recurrent/active stages respectively. The
expression profiles (red=higher expression, green=lower expression after normalized with
normal control group) of the 3 arrays were strikingly similar, notice that the colors distribution
of the three profiles are very similar, suggesting the continuality of the underlying disease
despite temporary relieve of clinical symptoms. However, analyses and data from more patients
with similar clinical manifestations are required to further validate this initial observation.

Gene expression profiling on samples from siblings with the same clinical diagnoses
Several lines of evidence suggest that genetic factors play an important role in autoimmune
uveitis (22–24). During our study, we were able to enroll two male siblings, both diagnosed
with intermediate uveitis. We performed a microarray analyses on their blood samples. Shown
in Figure 7 is a clustergram comparing the gene profiling results of the siblings (labeled as
patient A and patient B) vs. the pooled normal control samples (labeled as NL). The gene
profiling patterns of the siblings (patient A and patient B) were dramatically different from
that of normal controls, highlighting molecular evidence of differential gene expression of non-
infectious uveitis patients. However, the expression profiles between the two siblings are very
similar to each other (compare patient A to patient B). This is the first microarray analysis on
such uveitis patients and the data further confirms the notion that genetic factors play an
important role in ocular autoimmune diseases.

Discussion
The rationale to use pathway-specific cDNA microarray representing a portion of human
genome is not only due to cost/efficiency consideration but is more importantly based on the
fact that accumulated data have demonstrated that only a fraction of genes are actively
transcribed (25). In addition, previous studies have provided strong evidence that non-
infectious uveitis is an autoimmune, intraocular inflammatory disease (21). This study was
initiated to investigate molecular profiles of non-infectious uveitis at the gene expression level.
Therefore, using a pathway-specific cDNA microarray designed for autoimmune and
inflammatory diseases is one of the reasonable strategies to meet our goals. We have analyzed
RNA samples from 50 non-infectious uveitis patients using an inflammatory and autoimmune
focused cDNA microarray. About 17% of the genes in this focused array were either up- or
down-regulated in the uveitis patients when compared to normal controls. To the best of our
knowledge, this is the first pathway specific and genome-wide demonstration of differential
gene expression between non-infectious uveitis patients and normal controls. Since the RNA
samples were purified from fresh PBMCs isolated immediately from whole blood, we believe
that this differential gene expression pattern likely reflects the differential gene expression due
to the disease activity of uveitis. By using clustergram analysis, we are able to classify uveitis
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into 4 sub-groups based on gene expression profiling results (Fig. 2). In addition, we have
identified 4 sets of genes which define the four sub-groups of uveitis patients, designated as
molecular signatures A, B, C and D. Although not all genes within each set were able to be
completely categorized into a single general function, the genes within each set appear to be
functionally related (Fig. 3).

The primary purpose for gene-expression profiling on autoimmune uveitis is to further
understand molecular mechanisms and discover new pathways for this important ocular
disease. Based on cDNA microarray data and real-time PCR validation data, we identified 28
genes that were either up- or down-regulated in the peripheral blood of uveitis patients with
active disease when compared to normal control (Table 3). The majority of those genes (19
out of 28) have been previously reported to be associated with autoimmune uveitis, further
validating the results of our study. However, among those up-regulated genes confirmed by
real-time PCR, a set of IL-10 family genes, including IL-19, IL-20 and IL-22 which have not
been previously associated with autoimmune uveitis are of particular interest. IL-10 has been
implicated to play a protective role in the mouse EAU model and is up regulated in human
uveitis patients (6,15,16). However, IL-19, IL-20 and IL-22 have not been implicated in human
uveitis. The expression of IL-22 has been recently associated with Th17 cells (17,18), a newly
characterized T helper cell sub-population that are believed to primarily contribute to the
pathogenesis of some Th1 mediated autoimmune diseases such as multiple sclerosis(26–28).
Th17 cells have also been implicated in the pathogenesis in a mouse uveitis model(12). IL-22
has little regulatory effect on immune cells but has primarily an effect on target tissues (29).
It has been suggested that IL-22 may play an important role in autoimmune diseases such as
psoriasis and ulcerative colitis (19,20). Recently, IL-22 has been shown to interrupt the blood-
brain barrier (BBB) tight junctions both in vitro and in vivo and it therefore promotes Th17
cells to transmigrate through the blood-brain barrier (30). The blood-retina barrier, similar to
the blood-brain barrier, is well-known to be critical for the maintenance of intraocular
homeostasis. Since Th17 cells have been implicated in the pathogenesis of autoimmune uveitis
(12), we tested the effect of IL-22 on human primary retinal pigment epithelium (RPE). The
data shows that IL-22 dramatically reduces total tissue resistance of human RPE cells and that
IL-22 also induces RPE apoptosis (Fig. 5). The decrease of total epithelium resistance (TER)
and the induction of apoptosis of RPE cells by IL-22 may have significant physiological and
pathophysiological consequences in the eye. Epithelial electrical resistance measurement can
be directly correlated to some barrier properties where in many cases TER decrease would
result in an epithelial monolayer permeability increase (31–33). The reduction in TER would
be consistent with the opening of a pathway that would allow biologically active molecules
and immune system components to reach the site of retinal inflammatory injury in vivo(34,
35). Our data also showed that IL-22 decreased phospho-Bad level (Fig. 5C) and that might
contributed to the induced apoptosis of fRPE cells. This data has not been reported in the
literature and further investigation on the effect of IL-22 on phospho-Bad and its downstream
signaling pathway will be very interesting. Overall, the data of IL-22’s effect on total tissue
resistance as well as on inducing apoptosis suggests that IL-22 can affect the tissue integrity
of RPE cells. Since RPE cells are critical for maintaining the blood-retina barrier, we would
propose that IL-22 may target human RPE cells. Similar to what have been demonstrated in
the multiple sclerosis that IL-22 affects on blood-brain barrier (30), IL-22 may disrupt the
blood-retina barrier by reducing RPE total epithelial resistance and inducing RPE apoptosis.
We suggest that this may be one of molecular mechanisms for uveitis pathogenesis. Our
findings provide the first evidence that directly links IL-22 with human intraocular
inflammatory disease.

One of the other applications of gene-expression profiling for clinical immunology is for
molecular diagnoses such as in cancer (25,36) or in autoimmune and inflammatory diseases
(37,38). We sought to correlate those four sub-groups of gene-expression profiles with clinical
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diagnoses and manifestations. However, we were not able to directly link the gene expression
profiling data with clinical diagnoses. For example, patients with the diagnosis of intermediate
uveitis can exhibit all four of the gene expression profiles. It is an intriguing question as to
whether these molecular signatures can reflect distinctive molecular pathogenesis for
autoimmune uveitis. Since all patients received at least 2 immunosuppressive agents for
therapy, it is unlikely that immunosuppression would cause significant impact on the distinct
molecular profiling results which resulted in the failure of correlation of clinical manifestation
with the molecular profiling data. We propose, based on our data, that clinical manifestations
may not necessarily be able to be correlated with molecular pathways of uveitic syndromes.
In fact, similar observations have been made in large-B-cell lymphoma with no common set
of genes expressed in all cases (39–41). We suggest that our data provided further evidence
that underscore current challenges in the reconciliation of molecular signatures vs. clinical
diagnoses. However, we can not completely exclude the possibility that this can also be simply
due to the fact that there were not enough samples to reveal all possible patterns. Although we
performed 51 microarray (50 patients plus 1 pooled normal control) analyses for this study,
using this particular cDNA chip, a relatively small number of patients were represented in each
sub-group of uveitis (table 1).

Nevertheless, the data for the first time demonstrate a unique pattern of differential gene
expression between autoimmune uveitis patients and normal donors, as well as possible
molecular sub-types among autoimmune uveitis patients. To further explore the applications
of gene-expression profiling in autoimmune uveitis, we examined two other clinically relevant
issues. The first question is if there is a difference of gene expression pattern for the same
patient at different clinical stages. Many uveitis patients will typically experience multiple
episodes of occurrence during the course of their disease. However, it is not well defined if
those episodes were new or merely a continuation of the previous one. We examined the gene
expression profiles of one particular patient with three defined clinical stages, active, quiescent
and recurrent/active over a span of more than 5 months. We were surprised to see that the gene
expression profiles from the three distinct stages are overall very similar (Fig. 6). This is a clear
demonstration that the underlying mechanisms, represented by the consistent gene-expression
profile, have not been changed despite temporary clinical regression with therapy. We propose
that this represents strong molecular evidence that clinical quiescence may not be a true
reflection of underlying disease inactivity for autoimmune uveitis. Molecular analyses, such
as gene profiling, may prove to be a more reliable and accurate method in predicting the clinical
prognosis for recurrent diseases. We also examined gene-expression profiles of a pair of male
siblings who both have intermediate uveitis as a diagnosis. The gene expression profiles of the
siblings were very similar to each other but dramatically different from the profile of normal
controls (Fig. 7). Consistent with previous studies in both human and in a mouse uveitis model
(22–24), our initial study on gene-expression profile data from 2 male siblings who suffered
from the same uveitis support the hypothesis that genetic factors are important in the
pathogenesis of human autoimmune uveitis. However, more data will be needed to further
validate this initial observation.

This study not only implicated IL-22 in human uveitis, but also the involvement of both IL-19,
IL20 and IL-25/IL-17E. It is of interest that IL-19 and IL-20, similar to IL-22, all belong to the
IL-10 family. They share many biological characteristics with IL-22 and are shown to be
associated with inflammatory disease (29). IL-25/IL-17E has been shown to boost type 2
immune response and allergy (42,43). Although we do not currently understand the molecular
mechanisms of the contribution of those cytokines to autoimmune uveitis, our finding that all
those three genes are up regulated in human autoimmune intraocular inflammatory disease
may suggest a novel mechanism that contributes to human autoimmune intraocular
inflammatory disease (uveitis). Consistent with a recent report that Th17 cells are involved in
the pathogenesis of autoimmune uveitis(12), the finding that IL-22, IL-19, IL-20 and IL-25/
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IL-17E may contribute to the pathogenesis of autoimmune intraocular inflammatory disease
sheds new insight on the molecular mechanisms of uveitis, as well as other autoimmune
inflammatory diseases.
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Figure 1.
Scatter plot analysis of gene expression profiling on uveitis patients demonstrates differential
gene expression. cDNA microarray analysis on 50 RNA samples from uveitis patients and 1
pooled sample from controls was performed. After normalization on house-keeping genes, e.g,
GAPDH and beta-2-microglobulin (B2M), the final scores of each of the genes of all arrays
were compared to those from the control array. The scatter plot was acquired as described in
the Materials and Methods. The Y-axis represents log scores from uveitis patients (group 2)
and the X-axis represents log scores from normal controls (group 1). Each symbol represents
one gene with red-colored ones represent 2-fold higher expressed in uveitis patients (group 2),
green-colored ones represent 2-fold lower expressed in uveitis patients and the black-colored
ones represent within 2-fold cut-off threshold.
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Figure 2.
Clustergram analysis of gene expression revealed 4 distinct gene expression profiles. cDNA
microarray was performed as described above and clustergram analysis on microarray data
was described in the Materials & Methods section. X-axis represents all genes listed in the
cDNA microarray chip and Y-axis depicts gene expression profiles from all samples of uveitis
patients normalized on normal controls. Each colored band represents expression of a single
gene from one patient when compared to that from normal donors with higher expression in
red and lower expression in green. Groups I, II, III and IV designate 4 sub-groups of gene
expression profiles. Analysis of gene expression profiling among uveitis patients revealed 4
sets of genes designated as molecular signatures A, B, C and D that can be used to define the
4 sub-groups of gene expression profiles.
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Figure 3.
List of the gene symbols for the four sets of molecular signatures A, B, C and D that define
sub-groups of gene expression profiles. The four sets of genes were determined based on the
results of clustergram analysis and expression levels of the clustered genes within each sub-
group. The gene symbols were then extracted from the total gene list. The proposed functional
association of genes within each set was also indicated.
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Figure 4.
The expression of IL-22 in normal donors and uveitis patients. A SYBR Green based Real-
time PCR analysis was performed to analyze IL-22 mRNA levels in both normal donors and
uveitis patients as described in the Materials and Methods. Each bar on the X-axis represents
one RNA sample from either normal donors or uveitis patients subjected to real-time PCR
analysis for IL-22 transcript. The Y-axis represents relative expression of IL-22 levels.
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Figure 5.
IL-22 decreased total tissue resistance and induced apoptosis of primary human retinal pigment
epithelial (RPE) cells. Monolayers of RPE cells grown on inserts were treated with recombinant
human IL-22 (50 ng/ml). Resistance measurements and an apoptosis assay were performed
after 72 hours of incubation with IL-22 as described in the Materials & Methods. Panel A shows
summary bar-graph of total epithelium resistance (TER) changes after addition of IL-22 to
hfRPE monolayers. Compared to matched controls TER significantly (~ 60%) decreased in
IL-22 treated monolayers of RPE (n=3, p<0.01). Panel B is a histogram comparing Annexin
staining for human primary RPE cells with and without IL-22 treatment. The grey-colored line
is for control group while the bolded dark line for IL-22 treated RPE cells. There is a right shift
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of Annexin staining for IL-22 treated RPE cells when compared to the non-treated control
group, indicating increased apoptosis induced by IL-22 treatment. In panel C, monolayers of
RPE cells grown on inserts were treated with or without recombinant human IL-22 (50 ng/ml)
for 48 hours, cells were lysed and subjected to Western analysis for phosphorylated-Bad.
Although the beta-actin levels were comparable comparing IL-22 treated and untreated groups,
the phosphorylated-Bad was decreased after IL-22 treatment.
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Figure 6.
Clustergram analysis of gene expression profiles from samples for one patient collected at 3
clinically distinct stages. The numeric numbers represent different stages of the disease when
the samples were collected and analyzed. Stage 1 is when the patient was having an initial
active ocular inflammatory episode; stage 2 was when the disease quiescent and stage 3 when
there was another active/recurrent episode. The X-axis listed all the gene symbols. Each colored
band represents expression of a single gene from the patient at a specified clinical stage when
compared to that from normal donors with higher expression in red and lower expression in
green. Notice that the overall gene expression profiling of the samples at three stages is very
similar.
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Figure 7.
Comparison of clustergram analysis of gene expression profiling of 2 male siblings (designated
as patient A and patient B) with the same diagnosis of intermediate uveitis with that from
normal controls (designated as NL). The cDNA microarray and clustergram analysis were
performed as described above and in the Materials and Methods. The X-axis listed all the gene
symbols in the cDNA microarray chips. The gene expression profiles from the 2 male siblings
with the same diagnosis of intermediate uveitis (designated as patient A and patient B) were
aligned with the profile from normal subjects (NL). As described above, each colored band
represents expression of a single gene from either patient A or patient B or from normal subjects
after normalization on house keeping genes, with higher expression in red and lower expression
in green.
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