
Ultraviolet radiation (UVR) can lead to various ocular 
abnormalities; UVB confers a higher risk of pathogenesis 
than UVA [1,2]. The pathology and extent of UVR damage 
are associated with its duration and energy intensity [3-5], 
and involve major ocular pathogenesis, including corneal 
distortion, photokeratitis [6-11], photoconjunctivitis [9], and 
cataractogenesis [12]. Photo-oxidation and inflammatory 
injury induced by UVR play a critical role in the complex 
process of pathological progression in the eye [7,9,11,13]. 
Therefore, there is great demand for effective strategies 
aimed at reducing UVR-associated visual problems. In 
particular, the beneficial effects of UV-blocking soft contact 
lenses [8,11,12] or UV-blocking spectacle lenses [10] on the 

cornea and visual performance have been investigated in vivo 
using animal models.

Uveitis is a sight-threatening disease and broadly clas-
sified into anterior, intermediate, and posterior based on eye 
anatomic involvement. Leukocyte recruitment in the anterior 
chamber or embedment inside the iridocorneal angle are the 
major pathologic characteristics of anterior uveitis [14-16]. 
The etiology is difficult to define in humans, but it can be 
induced by autoimmune interference, injury, infection, or 
toxins in animal. However, no single animal model reca-
pitulates all characteristics of human uveitis. Furthermore, 
the potential of excessive UVR to initiate or promote uveitic 
injury remains to be elucidated.

UV protection strategies have been proposed in the 
prevention of uveitis and may dramatically reduce the 
morbidity and improve the quality of care in patients with 
uveitis. It has previously been observed that repeated 
UVB radiation in mouse eyes promotes the infiltration of 
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Purpose: Uveitic inflammatory injury can cause irreversible visual loss; however, no single animal model recapitulates 
all the characteristics of human uveitis. Ultraviolet radiation (UVR) is one of the risk factors for uveitis, but the role of 
UVR in the pathogenesis of uveitic injury is unclear. The aim of this study was to elucidate whether UVB promotes the 
initiation of, and subsequently contributes to, uveitic inflammatory injury.
Methods: Mice were assigned to either a blank control group or one of three UVB treatment groups: no protection, pro-
tection with Nelfilcon A contact lens (Food and Drug Administration [FDA] class II, about 46.8% UVB transmittance), 
or protection with Etafilcon A contact lens (FDA class IV, about 0.55% UVB transmittance). The contact lenses acted 
as blocking barriers against UVR. After the application of UVR, pathologic injuries were determined with slit-lamp 
microscopy and histologic examination.
Results: Compared with the intact status of the controls, the anterior eyes of the UVB groups showed pathologic altera-
tions in physiologic properties and tissue integrity. UVR promoted anterior uveitic inflammatory injury, with expansion 
of the hyperemic iris vessels, over-production of aqueous humor protein, disruption of the blood–aqueous barrier, and 
embedding of infiltrative leukocytes inside the iridocorneal angle. However, blockage of UVR in vivo retarded the pro-
gression of uveitic inflammatory injury. The highest level of UV protection in the Etafilcon A group resulted in greater 
inhibition of uveitic inflammatory injury than that in the Nelfilcon A group.
Conclusions: This study demonstrates that UVB initiated and promoted uveitic inflammatory injury. UV protection is 
needed for the clinical management of anterior uveitis. The Etafilcon A lenses provide better protection of the anterior 
segment of the eye against UVB damage compared with the Nelfilcon A lenses.
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leukocytes into the anterior chamber that attack the corneal 
endothelium [7,10]. However, it is unclear whether this 
represents a failure of immune privilege or an overwhelming 
inflammatory response by UVR that exceeds the capacity 
of the eye. Therefore, the aim of this study was to elucidate 
whether UVB promotes the initiation of, and subsequently 
contributes to, uveitic inflammatory injury. To understand 
the role of UVR in the pathogenesis of uveitic inflammatory 
injury, we used the UVR barrier characteristics of contact 
lenses placed over the ocular surface of the mouse eyes before 
we administered UVR.

METHODS

Animals: All animal procedures were approved by the Animal 
Care and Use Committee of Chung Shan Medical University 
and conformed to the guidelines that adhered to the ARVO 
Statement for use of animals in research. Female CD-1® 
Mouse, Nomenclature Crl: CD1 (ICR) mice (6–7-weeks-old) 
were purchased from BioLASCO Experimental Animal 
Center (Taiwan Co., Ltd, BioLASCO, Taipei, Taiwan). Only 
mice with normal eyes confirmed by slit lamp microscopy 
were included in the experiments.

Experimental design: A UVB lamp (peak wavelength at 312 
nm: 280–320 nm; power density: 8 mW/cm2; CN-6, Vilber 
Lourmat, France) was used, and the distance to the mouse 
cornea was approximately 15 cm (duration: 90 s, once daily 
for 7 days) [7,10]. Mice were assigned to either a blank control 
group (n = 12) or one of three UVB treatment groups (Figure 
1 A): (1) without protection (UVB group; n = 12), (2) protec-
tion with Nelfilcon A contact lens (Nelfilcon A group; n = 12), 
and (3) protection with Etafilcon A contact lens (Etafilcon A 
group; n = 12). All contact lenses were used once per eye and 

discarded daily after UVR. Both eyes of each mouse were 
administered UVR (Figure 1A). After general anesthesia 
(Pentobarbital, 50 mg/kg, IP), the mouse eyes were covered 
individually with the relevant contact lenses and then exposed 
to UVB. Contact lens characteristics are shown in Figure 1B 
and the UV transmittance spectra in Figure 1C. The transmit-
tance of UVB (280–320 nm) was approximately 46.8 ± 1.7% 
and 0.55 ± 0.45% in the Nelfilcon A and Etafilcon A contact 
lenses, respectively.

Evaluation of the corneal surface and evaluation of uveitis: 
The corneal surfaces of the left eyes of the anesthetized mice 
on day 8 were observed macroscopically and imaged. Anal-
ysis and scoring system details, including corneal smoothness 
and corneal lissamine green staining, have been previously 
described [9,10]. Anterior uveitic inflammatory injury sign 
and score were evaluated with slit-lamp microscopy on day 8 
after UVR. The clinical severity of the uveitic inflammatory 
injury was graded by two independent observers according 
to the modification criteria described in Table 1.

Histological analysis and protein analysis: After euthanized 
by cervical dislocation on day 8, one of the mouse eyes 
was used for histological analysis and the other for protein 
analysis. Conventional tissue fixation, paraffin embedding, 
section preparation, hematoxylin-eosin, and immunostaining 
were performed as described in our previous studies [9,10]. 
Leukocyte infiltration was measured parallel to the eye’s 
vertical meridian. Aqueous humor was collected with ante-
rior chamber puncture with a 30-gauge needle on day 8. The 
protein concentration was determined using a protein quanti-
fication kit. The anterior segments of each eye (including the 
cornea, iris, and ciliary body) were isolated and homogenized 
individually in 50 μl lysis buffer (25 mM Tris-HCl, pH 7.5; 

Figure 1. Experimental design. A: Daily ultraviolet B (UVB) light exposure (arrowhead) was performed for 7 days. No protection was given 
to the UVB group. The Etafilcon A and Nelfilcon A groups were provided protection by the contact lenses before exposure to ultraviolet 
radiation (UVR). B: The properties of the contact lenses used in this study. C: The UV transmittance properties of the Etafilcon A and 
Nelfilcon A contact lenses.
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100 mM NaCl; and 1% v/v Nonidet P40) for western blotting 
analysis. The primary antibodies of anti-matrix metallopro-
teinases MMP9 (1/100 dilution for immunostaining; 1/100 
dilution for western blotting; ab38898, Abcam, Cambridge, 
UK) were used in this study.

Statistical analysis: Data were obtained from individual 
mouse corneas. For all clinical examination evaluations, 
data were presented as mean ± standard deviation. Statistical 
analysis was performed using SPSS (SPSS, Inc., Chicago, 
IL), and graphs were generated using Microsoft Excel 2010. 
Data obtained from all groups were analyzed using the 
Kruskal–Wallis nonparametric ANOVA, and the Mann–
Whitney U-test for pairwise comparisons in cases when the 
Kruskal–Wallis test was statistically significant. Incidence 
rates were analyzed using the independent-samples t test. 
Correlation between polymorphonuclear neutrophils (PMNs) 
counts in the corneal stroma, or the iridocorneal angle, and 
the transmittance strength of UVB was assessed with Pear-
son’s correlation test. P values of less than 0.05 and 0.01 were 
considered statistically significant.

RESULTS

Contact lens UVR protection: None of the control mice 
showed evidence of abnormalities on the corneal surface 
(Figure 2A,E). In contrast, the UVB group exhibited serious 
irregular distortion, shown as irregular white-light ring reflec-
tions (Figure 2B) and large dark blue devitalized epithelial 
staining (Figure 2F). The Nelfilcon A group corneas showed 
greater distortion (Figure 2C) and staining (Figure 2G) than 
those in the Etafilcon A group (Figure 2D,H, respectively); 
this result was statistically significantly different (p<0.01; 

Figure 2I,K). Contact lens protection reduced the incidence of 
corneal smoothness (score>2; Figure 2J) and corneal staining 
(score>2; Figure 2L) after UVR; the effect was statistically 
significantly greater in the Etafilcon A group compared with 
the Nelfilcon A group (p<0.01, Figure 2J; p<0.05, Figure 2L, 
respectively). These findings confirm UVR protective effects 
of contact lenses on the cornea in vivo.

UVR role in the pathogenesis of uveitic injury in anterior 
eye segments: Anterior uveitis inflammatory injury can be 
characterized by hyperemic change in the iris and the limbal 
vessel, and cellular exudates on the iris anterior surface. 
These symptoms were severe in the UVB group (Figure 2N), 
moderate in the Nelfilcon A group (Figure 2O), but absent 
in the Etafilcon A group (Figure 2P). The uveitis clinical 
scores were normal in the Etafilcon A group and statisti-
cally significantly lower than in the other two UVR groups 
(p<0.01; Figure 2Q). However, the scoring of the Nelfilcon A 
group was lower than that of the UVB group (p<0.05; Figure 
2Q). After UVR, the aqueous humor protein concentration 
increased in the UVB group compared with that of the control 
(Figure 2R). This increase may be due to disruption of the 
blood–aqueous barrier. However, the reduction in the protein 
concentration occurred in the Nelfilcon A group after UVR, 
but this decrease was not statistically significant (p = 0.08; 
Figure 2R). However, the protein concentration was statisti-
cally significantly reduced in the Etafilcon A group (p<0.01; 
Figure 2R). This decrease confirmed that UVR participates 
in the pathogenesis of uveitic injury in the anterior segment 
of the eye.

UVR contribution to the pathogenesis of cellular infiltrates 
in the iridocorneal angle of eyes: Microscopically, the blank 
control group showed normal tissue integrity of the cornea 
(Figure 3A) and the iridocorneal angle (Figure 3E). The 
UVB group exhibited severe lesions, with a thin corneal 
epithelium, subepithelial bullae, and friable edematous 
stroma with infiltrating leukocytes (Figure 3B). Infiltrating 
leukocytes embedded inside the inferior iridocorneal angle 
were the predominant feature in the UVB group (Figure 
3F). However, the Nelfilcon A group actually showed mild 
infiltrating leukocytes inside the iridocorneal angle (Figure 
3G); in contrast, no evidence of abnormality was found in the 
Etafilcon A group (Figure 3H).

There were differences in the infiltrating leukocytes in 
the cornea (Figure 3I) and the iridocorneal angle (Figure 3K) 
between the study groups. Leukocyte infiltration was statisti-
cally significantly lower in the Nelfilcon A group compared 
with the UVB group (p<0.01); however, the infiltration was 
higher than in the Etafilcon A group (Figure 3I,K). This result 
may explained by the decrease in UVR transmittance due 

Table 1. CriTeria of uveiTis CliniCal sCoring in miCe.

Clinical signs Grade of Signs Score
Iris hyperemia Absent 0

 Mild 1
 Moderate 2
 Severe 3

Exudate in anterior chamber Absent 0
 Present 1

Pupil Normal 0
 Festooned 1

Limbal hyperemia Absent 0
 Mild 1
 Moderate 2
 Severe 3

Maximum possible score  8
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to Etafilcon A contact lens protection (Figure 1C). Leuko-
cyte infiltration rates in the cornea (PMNs ≥15 cells/µm2 × 
105) and the iridocorneal angle (PMNs ≥15 cells/section) are 
shown in Figure 3J,L; the rate was statistically significantly 
lower in the Nelfilcon A group compared with the UVB 
group (p<0.01). The efficacy of the inhibition of leukocyte 
infiltration was greater in the Etafilcon A group compared 
with the Nelfilcon A group (p<0.01 Figure 3J; p = 0.067, 

Figure 3L, respectively). This result suggests a correlation 
between leukocyte infiltration and UVB radiation intensity, 
or the efficacy of UV protection.

UVR blocking can retard the initiation and progression of 
uveitic inflammatory injury: Because reduced UVB transmit-
tance strength improves the inhibitory efficacy of inflam-
matory injury in vivo, we analyzed the correlation between 

Figure 2. UVR role in the pathogenesis of corneal and uveitic injury in anterior eye segments. The clinical corneal evaluation of (A-D) 
corneal smoothness, and (E-H) lissamine green staining. I: Quantitative analysis of corneal smoothness (n = 12 per group). J: The incidence 
of corneal smoothness (score>2). K: Quantitative analysis of lissamine green staining (n = 12 per group). L: The incidence of corneal 
staining (score >2). M-P: The clinical evaluation of anterior iris surface. N,O: The hyperemic change in the vessel on the anterior iris surface 
(arrowhead) and limbus (arrow). Q: Quantitative analysis of the clinical uveitis score (n = 12 per group). R: Quantitative analysis of the 
aqueous humor protein concentration (n = 7 per group). All scale bars = 1.25 mm. p<0.05; p<0.01.
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Figure 3. UVR contribution to the pathogenesis of cellular infiltrates in the iridocorneal angle of eyes. A-H: Histological analysis of anterior 
eye. B, C: The influx of PMNs in the corneal stroma (indicated by arrow), and (F, G) iridocorneal angle (indicated by arrow). I: Quantitative 
analysis of PMNs in the corneal stroma (n = 11 per group). J: The incidence of corneal inflammatory injury (n = 11 per group). K: Quantitative 
analysis of PMNs in the iridocorneal angle (n = 11 per group). L: The incidence of uveitic inflammatory injury (n = 11 per group). M, N: 
Scatterplots indicated a significant correlation between the reduction in UVR strength and PMN recruitment inhibition. Scale bars: 25 μm. 
The p<0.05 and p<0.01 indicated the statistically significant.
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UVB transmittance strength and inflammatory pathogenesis. 
There was a statistically significant correlation between the 
reduction in UVR strength and inhibition of PMN recruit-
ment in the corneal stroma (Pearson’s correlation coefficient; 
r = 0.851, p<0.05; Figure 3M) and the iridocorneal angle 
(Pearson’s correlation coefficient; r = 0.754, p<0.05; Figure 
3N). This indicates that UVR blocking can retard the initia-
tion and progression of uveitic inflammatory injury.

The Etafilcon A lenses provide better protection of anterior 
segment of eye from UVB damage compared to the Nelfilcon 
A lenses: To compare the efficacy of Etafilcon A lenses 
and Nelfilcon A lenses on UVR protection, an evaluation 
of both lenses, Etafilcon A (the right eye) and Nelfilcon A 
(the left eye), contralaterally was performed in the same 
mice to investigate the relative damage and protection 
after UVR. None of the Etafilcon A protection eyes (the 
right eye) showed evidence of abnormalities on the corneal 
surface (Figure 4A,B) or the iris anterior surface (Figure 
4C) and microscopically showed normal tissue integrity of 
the cornea (Figure 4D) and the iridocorneal angle (Figure 
4E). In contrast, the Nelfilcon A protection eyes (the left eye) 
showed irregular distortion of the cornea surface (Figure 4F), 
epithelial staining (Figure 4G), hyperemic iris (Figure 4H), 
and leukocyte influx in the corneal stroma (Figure 4I) and 
the iridocorneal angle (Figure 4J). Based on the results from 
the same animal, the evidence indicates that the Etafilcon A 
lenses provide better protection of the anterior segment of 
the eye from UVB damage compared with the Nelfilcon A 
lenses.

Contribution of MMP9 protein produced by infiltrating 
leukocytes to uveitic inflammatory injury after UVR: MMPs 
contribute to inflammatory injury. In this study, the MMP9 
protein was predominately labeled and localized in infil-
trating leukocytes (Figure 4L,N,P,R). Infiltrating leukocytes 
showed an abundance of MMP9 protein labeling in the irido-
corneal angle of the eyes in the UVB group (Figure 4L,P) and 
the Nelfilcon A protecting eye group (left eye; Figure 4N,R). 
However, the MMP9 protein can contribute to the degradation 
of blood barrier structure molecules and leukocyte extrava-
sation from blood vessels. Alternatively, the MMP9 protein 
may also destroy the blood–aqueous barrier resulting in an 
over-loading of inflammatory cells and exudate recruitment 
into the aqueous humor. In contrast, there was no evidence 
of the MMP9 protein in the control group (Figure 4K,O) 
and the Etafilcon A protecting eyes group (right eye; Figure 
4M,Q). The expression of the MMP9 protein in the anterior 
segment tissues (including the cornea, iris, and ciliary body) 
was analyzed and confirmed with western blotting (Figure 
4S). The level of the MMP9 protein statistically significantly 

increased in the corneas of the UVB group compared with 
those of the control group. In the same animal, the Etafilcon 
A protecting eye (right eye) showed more inhibition of the 
level of the MMP9 protein than that of the Nelfilcon A 
protecting eye (left eye) after UVR (Figure 4S,T).

DISCUSSION

Elucidating the novel mechanisms that contribute to intra-
ocular inflammatory diseases (collectively considered uveitis) 
and developing new insights is of great clinical importance. 
UVR-based animal models on corneal inflammatory injury 
have been proposed as useful approaches that consistently 
translate to human corneal pathology. In the present study, 
we demonstrated that UVB initiates the pathologic progres-
sion of uveitic inflammatory injury, involving infiltrating 
leukocyte embedment into the iridocorneal angle of the eye. 
However, limitations with this UVB trigger model of uveitic 
inflammatory injury exist in regard to comparability with 
human clinical characteristics.

UVB contributed to the initiation of inf lammatory 
injury in the anterior eye, including the cornea, iris, ciliary 
body, and iridocorneal angle, which caused disruption of 
the blood–aqueous barrier resulting in over-loading of 
exudates into the aqueous humor. We used the UVR barrier 
properties of contact lenses, Etafilcon A and Nelfilcon A, 
which were placed on the ocular surface of mice eyes to 
retard the transmitted strength of UVR to confirm the trig-
gering role of UVB in intraocular inflammatory injury. In 
the Etafilcon A group (the best UVB-blocking protection), 
there was no evidence of uveitic or corneal inflammatory 
injury after UVR. In contrast, the Nelfilcon A group showed 
a moderate clinical uveitis score, indicating that uveitic 
inflammatory injury occurred involving mild embedding 
of infiltrating leukocytes into the iridocorneal angle of the 
eye. Noticeably, the incidence rate of uveitic inflammatory 
injury, calculated by PMN counts in the iridocorneal angle 
(≥15 cells per section), statistically significantly decreased in 
the Etafilcon A group compared with the Nelfilcon A group 
(Figure 3L). However, the UVB group had a higher clinical 
uveitis score and infiltrating leukocyte rate than those of the 
contact lens protection groups. UV blocking by Etafilcon 
A contact lenses was shown to retard the source UVR and 
statistically significantly reduce inflammatory injury in the 
cornea and the iridocorneal angle. Additionally, the level of 
uveitic inflammatory injury indicated a statistically signifi-
cant correlation with the strength of the transmitted UVB 
(Figure 3N). Additionally, the evidence indicates that the 
Etafilcon A lenses provide better protection of the anterior 
segment of the eye from UVB damage and from its relative 
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inflammation injury compared to the Nelfilcon A lens in 
a same animal (Figure 4). Therefore, these results indicate 
that UVR, especially UVB, applied through the cornea can 
directly destroy the blood–aqueous barrier and contribute to 
uveitic inflammatory injury in the anterior eye.

The major pathogenic mechanisms of anterior uveitis are 
unclear; clinically, they are usually classified as infectious 
or non-infectious [15]. Endotoxin-induced uveitis (EIU) is 
an infectious experimental model that mimics intraocular 
inflammation in humans, involving blood–aqueous barrier 

disruption, cellular infiltration, and protein extravasation into 
the anterior chambers [17-19]. PMNs are the most abundant 
type of infiltrating cell types surrounding the iris-ciliary 
body complexes in EIU [17,18]. It is well-known that tran-
scription factor NF-κB, MMPs, and proinflammatory factors 
play a critical role in the pathogenesis of uveitic inflamma-
tory injury in EIU [20-22]. UVB radiation has been indicated 
to induce the upregulation of NF-κB and MMPs in the mouse 
cornea [7-9]. The expression and localization of the MMP9 
protein with infiltrating PMNs in the anterior chamber 

Figure 4. Contribution of MMP-9 protein produced by infiltrating leukocytes to uveitic inflammatory injury after UVR. Both lenses, Etafilcon 
A (right eye; A-E) and Nelfilcon A (left eye; F-J) contralaterally performed evaluation in a same mice to investigate the relative damage 
and protection after UVR. The arrowhead in H indicate the hyperemic iris. The arrow in I and J indicate the infiltrating leukocytes. K-R: 
The expression of MMP-9 protein was found in the infiltrating leukocytes of corneal stroma (P), anterior chamber (L, N), and iridocorneal 
angle (P, R) after UVR. S: The protein levels of MMP-9 was evaluated by western blotting. T: Quantitative analysis of MMP-9 protein in 
the anterior segment of eye (n=4 per group). Scale bars: 25 μm. The p<0.01 indicated the statistically significant.
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after UVR were recorded in the present study, particu-
larly in the UVB group (without protection). Additionally, 
excess production of MMPs might be a critical mechanism 
by which recruiting PMNs gain access to aqueous humor 
from the uvea [23,24]. However, matrix remodeling of the 
blood–aqueous barrier, was attributed to these proteolytically 
active enzymes. Nonetheless, the subsequent inflammatory 
response and proinflammatory cytokine interference in the 
blood–aqueous barrier and the inflammatory injury in this 
UVR model are still not fully understood. However, there 
may be differences in the mechanisms of uveitic inflamma-
tory injury between UVR and EIU animal models.

Previous reports have indicated that the amount of UVB 
rays from sunlight could reach approximately 0.18 J/cm2 per 
hour to the human eye surface in the Northeastern United 
States [25]. In the present animal study, the daily UVB dose 
was used at 0.72 J/cm2, equivalent or close to 4 h of daily 
sunlight exposure in the real lives of many people. However, 
the biologic effects of UVB might differ in the mouse eye 
and the human eye. Additionally, the risk factors for the total 
energy or the light intensity of UVB regarding the initiation 
of the process of corneal or uveitis inflammatory injury might 
also be different.

This study presents a unique platform for determining 
the role of UVR in the pathogenesis of anterior uveitic injury. 
By performing histopathological analysis, multiple intraoc-
ular inflammatory injuries could be obtained from the same 
sample, providing a powerful means to dissect the interplay 
between UVR and uveitic disease pathogenesis. We describe 
the use of a UV-blocking approach for the amelioration of 
UVR-mediated cellular infiltration in the iridocorneal angle 
of mice eyes. However, although the UV-blocking contact 
lenses used are powerful experimental tools, we do not 
recommend direct use of them in the clinical management 
of uveitis. Nonetheless, application of our study approach for 
understanding the pathogenesis of non-infectious anterior 
uveitis can counteract limitations of the EIU model [17-19] 
or the classical autoimmune model [19-24,26], and its utility 
can be expanded into other fields such as ocular pharma-
cology. Future studies should expand research involving the 
biomarker analysis to further reveal the important cellular 
infiltration dynamics involved in the resolution of UVR trig-
gered intraocular inflammatory injury, with the potential to 
be therapeutically manipulated.
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