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Abstract

e AIM: To compare the effects of the surgical insult of

cataract surgery on corneal inflammatory infiltration,
neovascularization (NV) and lymphangiogenesis (LY)
between the dry eye and non-dry eye in murine cataract
surgery models.

e METHODS: We established two groups of animals, one

with normal eyes (non-dry eye) and the second with
induced dry eyes. In both groups, we used surgical
insults to mimic human cataract surgery, which
consisted of lens extraction, corneal incision and suture.
After harvesting of corneas on the 9th postoperative day
and immunohistochemical staining, we compared NV, LY
and CD11b+ cell infiltration in the corneas.

e RESULTS: Dry eye group had significantly more

inflammatory infiltration (21.75%+7.17% vs 3.65%=*1.49%;
P=0.049). The dry eye group showed significantly more
NV (48.21% +4.02% vs 26.24% +6.01% ; A~ =0.016) and
greater levels of LY (9.27%+0.48% ws 4.84%+1.15%; P=
0.007). In corneas on which no surgery was performed,
there was no induction of NV in both the dry and non-
dry group, but dry eye group demonstrated more CD11b+
cells infiltration than the non-dry eye group (0.360% *
0.160% ws 0.023% +0.006% ; ~ =0.068). Dry eye group
showed more NV than non-dry eye group in both topical
PBS application and subconjunctival PBS injection (/2=
0.020 and 0.000, respectively).

e CONCLUSION: In a murine cataract surgery model,

preexisting dry eye can induce more postoperative NV,
LY, and inflammation in corneal tissue.

e KEYWORDS: angiogenesis; cataract surgery; dry eye
disease; inflammation
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INTRODUCTION
C ataract surgery can lead to dry eye even when dry eye
symptoms and signs are absent or minimal
preoperatively "% The effects on cornea caused by cataract
surgery which can lead to dry eye are greater in eyes that
already have signs and symptoms of dry eye disease**¢7.
In clinical practice, the majority of patients who have
cataract surgery with intraocular lens (IOL) implantation are
elderly. Furthermore, the incidence of dry eye in the elderly
population is very high and one of the major risk factors for
the development of dry eye has been identified as increased
age ™. Thus, we can assume that most of cataract surgeries
are performed in patients with dry eye.
In our previous study, we reported that after ocular surface
surgery the dry eye can be a pre-angiogenic milieu ". Here,
we investigated the angiogenic and inflammatory effects of
dry eye in a cataract surgery model. We hypothesized that
the effects on cornea induced by cataract surgery would be
amplified in the dry eye model compared with the non-dry
eye model. In contrast to previous reports which focused on
changes in the conjunctiva, we evaluate the -cataract
surgery-induced effects on corneal tissues.
SUBJECTS AND METHODS
Experimental Dry Eye Model The experiments were
performed in accordance with the regulations of ARVO
(Association for Research in Vision and Ophthalmology) and
were approved by the IACUC (Institutional Animal Care and
Use Committee) of Catholic University of Korea, St. Vincent's
Hospital. Eight- to ten-week-old female Balb/c mice (The
Koatech Laboratory, Pyeongtak, Korea) were used. Mice were
assigned to one of two groups, normal eye (non-dry eye,12
eyes) or anticholinergic-induced experimental dry eye model
(12 eyes)™ (Figure 1). In the dry eye group of mice, we
started induction of dry eye 2wk before the cataract surgery.
Dry eye was induced in the mice by pharmacologically
applying a topical application of 1% atropine sulfate (Alcon
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Figure 1 Dry eye induction schedule.

in the first 48h and
subcutaneous injections of 0.2 mL of 10 mg/mL scopolamine
hydrobromide (Sigma-Aldrich, St. Louis, MO, USA) three
times a day, for the entire 23d duration of the experiment.

Korea, Seoul, Korea) twice

Surgical Insults in the Dry Eye and Non —dry Eye
Groups In both the normal eye (non-dry eye) and the
induced experimental dry eye model groups, we made the
same surgical insults to mimic cataract surgery, including
lens extraction, corneal incision and sutures (Figure 2).

In both groups, following pupil dilation, we made a trephine
marking using a 2.0 mm corneal trephine from the limbal
arcade and made a 1/3 circle curvilinear, full thickness
corneal incision (Figure 2A). We then made a small puncture
on the surface of the anterior lens capsule (Figure 2B) to
remove the lens from the capsule using a 30-gauge needle
(Figure 2C). After inserting a small amount of viscoelastics
(sodium hyaluronate, 10 mg/mL) to prevent corneal
shrinkage (Figures 2D and 2E), we reshaped the globe and
applied two corneal sutures with 10-0 nylon to close the
wound (Figure 2E). All sutures were removed 1wk
post-surgery in both models.

Immunohistochemical Staining After harvesting corneas
on the 9"

immunohistochemical staining for neovascularization (NV),

postoperative  day, we  performed
lymphangiogenesis (LY), and inflammatory infiltration.

The corneas were trimmed of any remaining limbus and iris.
Immunohistochemical staining for vascular and lymphatic
endothelial cells was performed on corneal flat mounts.
Fresh corneas were dissected, rinsed in phosphate-buffered
saline (PBS) for 30min and fixed in 100% acetone (Sigma)
for 20min. After washing in PBST (0.1% Tween®20 in PBS),
nonspecific binding was blocked with 3% bovine serum
albumin (BSA) in PBS for 3 nights at 4°C . Incubation with
1:500 (FITC)-conjugated
monoclonal anti-mouse CD31 antibody (558738, BD
Pharmingen) or 1:200 rabbit anti-LYVE-1 (ab14917, Abcam
Inc., Cambridge, MA, USA) in 3% BSA in PBS at 4C
overnight was followed by 1:1000 goat anti-rabbit antibody-
Alexa Fluor®546 (A11071, Invitrogen Corporation, Carlsbad,
CA, USA) for 1h with subsequent washes in PBST at room
temperature. Corneas were mounted with the anti-fading

fluorescein  isothiocyanate

agent Gelmount.

Figure 2 Murine cataract surgery model A: A curvilinear full
thickness corneal incision; B: Puncture of the anterior capsule using
a sharp needle; C: Removal of the lens material from the capsule;
D: Injection of viscoelastics to reform the globe; E: Two corneal
sutures of 10-0 nylon to close the wound; F: Representative picture.

CDI11b staining was done to compare inflammatory cell
infiltration between the groups as follows. Harvested corneas
were dissected, rinsed in PBS for 30min and fixed in 100%
acetone for 20min. After washing in PBST, nonspecific
binding was blocked with 3% BSA for 3 nights at 4C .
Overnight incubation with 1:100 Alexa Fluor ® 647 rat
anti-mouse CDI11b antibody (557686, BD Pharmingen) in
3% BSA was done at 4C . This was followed by washes in
PBST at room temperature. Corneas were mounted with an
anti-fading agent.

After
immunochemical staining for vascular endothelial cells and

Fluorescent Microscopic Examination
flat mounting of the corneas (9 eyes from each group), images
of the corneal vasculature were captured using a camera
(OLYMPUS BX5l,
Tokyo, Japan). NV and LY were quantified using Image J
(National Institutes of Health) as described above. The total
areas of NV and LY were calculated as follows: total NV
(%)=(NV area /total cornea area)x100%; total LY (%)=(LY

area/total cornea area)x100%. All images were analysed in

attached to a fluorescent microscope

blind method without knowledge of whether the eye was a
dry-eye or non-dry eye.

Confocal Microscopic Examination After harvesting
corneas on  the 9"  postoperative  day  and
immunohistochemical staining, we evaluated CD11b+ cell
infiltration with a confocal microscope. To evaluate
inflammatory infiltration with confocal microscope images,
3-4 sites from each cornea (3 eyes from each group) were
chosen from both the dry eye and non-dry eye groups. A
confocal microscope was used to quantify the area of
inflammatory infiltration (LSM 510 META, Carl Zeiss,
Germany). Horizontal sections (objective magnification: x10)
of 17-19 images were obtained from the top surface to the
bottom of the cornea at 5 pm intervals and were stacked to
final stack,
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create the image stack. In each image
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Figure 3 Dry eye induction and treatment schedule in three subgroups.

inflammatory infiltration was quantified by setting a
threshold level of fluorescence above which cells were
captured and processed using Image J (National Institutes of
Health). The percentage area of CD11b+ cell infiltration was
analyzed in each stack image using the pixel area. All
images were analysed in blind method without knowledge of
whether the eye was a dry eye or non-dry eye.

Comparison of Neovascularization and Inflammation
Between Dry Eye Model and Non-dry Eye Model in
Unoperated Eyes We compared the NV and inflammation
between dry eye and non-dry eye in unoperated eyes. In the
dry eye group (8 eyes), after 2wk pharmacologic induction
of dry eye, we harvested the corneas. In the non-dry eye
group (8 eyes), no dry eye induction was performed in the
duration of 2wk. After harvesting the corneas in both groups,
the immunohistochemical double staining for CD11b and
CD31

examination and the confocal microscopic examination were

were performed. The fluorescent microscopic
performed as described above.

Comparison of the Effect of Anti—inflammatory Drugs
in Eyes with Cataract Surgery Between Dry Eye and
Non-dry Eye Model To simulate human cataract surgery,
we added anti-inflammatory drugs (dexamethasone, 5 mg/mL)
on eyes after cataract surgery in both dry eye and non-dry
eye group. We made three subgroups (10 eyes in each
subgroup) in both the dry eye and non-dry eye group,
subgroup I: topical application of PBS; subgroup II:
subconjunctival injection of PBS (10 wL); subgroup III:
subconjunctival injection of dexamethasone (10 wL). In each
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subgroup, treatment was done daily until postoperative 7"
day (Figure 3). After harvesting, the immunohistochemical
double staining for CD11b and CD31 were performed. The
fluorescent microscopic examination and the confocal
microscopic examination were performed as described above.
Statistical Analysis Statistical analysis was performed
using SPSS 11.5 (Chicago, IL, USA). NV and LY in each
group were compared with the corresponding control group
using an unpaired two-tailed ttest and a Mann-Whitney £/
test. 2<0.05 was considered statistically significant.
RESULTS

Comparison of Postoperative Inflammatory Infiltration
Between the Dry Eye and Non -dry Eye Groups
Comparison of the postoperative inflammatory infiltration
(21.75% +7.17% ) and non-dry eye
groups (3.65%=+1.49%) revealed that the dry eye group had
(2 =0.049)

between the dry eye

significantly more inflammatory infiltration
(Figure 4).

Comparison of Postoperative Neovascularization Between
Groups When postoperative NV was compared between dry
eye (48.21%+4.02%) and non-dry eye groups (26.24% =+
6.01%), the dry eye group showed significantly more NV
(2=0.016) (Figure 5).

Comparison of Postoperative Lymphangiogenesis Between
Groups Comparison of postoperative LY between the dry
(4.84% +
1.15% ) revealed that the dry eye group had significantly
greater levels of LY (#~=0.007) (Figure 6).

eye (9.27% +0.48% ) and non-dry eye groups
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Figure 4 Inflammatory infiltration after cataract surgery A:
Comparison of CD11b+ inflammatory infiltration of cornea after
cataract surgery between the dry eye and non-dry eye groups; B:
Representative pictures. */ <0.05.
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Figure 5 Neovascularization after

surgery A:
Comparison of neovascularization after cataract surgery between the
dry eye and non-dry eye groups; B: Representative pictures. * 2 <0.05.

Comparison of Neovascularization and Inflammation
Model in
Unoperated Eyes In corneas on which no surgery was

Between Dry Eye and Non -dry Eye
performed, there was no induction of NV in both the dry and
non-dry group (Figure 7A), but dry eye group demonstrated
more CDI11b+ cells infiltration than the non-dry eye group
(£=0.068) (Figure 7B, 7C). The percentage area of CD11b+
infiltration was 0.023% +0.006% in the non-dry eye group
and 0.360%=0.160% in the dry eye group.

Comparison of Postoperative Neovacularization and
Inflammation in Subgroups Between Dry Eye and Non-
dry Eye Model Figure 8A and 8B show the comparison of
NV. In both dry eye and non-dry eye group, subconjunctival
injection of PBS (subgroup II) showed more NV than topical

application of PBS (subgroup I) (»”=0.000 and 0.001,
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Figure 6 Lymphangiogenesis after cataract surgery A:

Comparison of lymphangiogenesis after cataract surgery between
the dry eye and non-dry eye groups; B: Representative pictures.
b <0.01.
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Figure 7 Neovascularization in unoperated eyes A: Comparison

of neovascularization between dry eye and non-dry eye model in
unoperated eyes (representative pictures); B: Comparison of
inflammation between dry eye and non-dry eye model in unoperated
eyes (CDI11b+ cells infiltration); C: Comparison of inflammation
between dry eye and non-dry eye model in unoperated eyes

(representative pictures).

respectively). Dry eye group showed more NV than non-dry
eye group in both topical PBS application (subgroup I) and
subconjunctival PBS injection (subgroup II) (/2 =0.020 and
0.000, respectively).

221



Dry eye in cataract surgery model

>
o

area (%)

a
b b

Neovascularization

= 2NN WW
[eN¢ Nolld Nolé NalNd)]

Topical PBS Subconjunctival PBS Subconjunctival dexamethasone

Dry eye

Topical PBS

B

Subconjunctival PBS Subconjunctival dexamethasone

Topical PBS Subconjunctival PBS Subconjunctival dexamethasone

Non-dry eye

Topical PBS  Subconjunctival PBS Subconjunctival dexamethasone

Dry eye

Non-dry eye

Figure 8 Neovascularization after cataract surgery in three treatment subgroups A: Comparison of neovacularization after cataract

surgery in three subgroups between dry eye and non-dry eye model; B: Representative pictures. /2 <0.05, */#<0.01.
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Figure 9 Inflammatory infiltration after cataract surgery in three treatment subgroups A: Comparison of inflammation after cataract

surgery in three subgroups between dry eye and non-dry eye model; B: Representative pictures.

Figure 9A and 9B show the comparison of inflammatory

group,
subconjunctival injection of PBS showed a tendency of more

infiltration. In dry eye and non-dry eye
inflammation than topical application of PBS. Dry eye group
showed a tendency of more inflammatory infiltration than
non-dry eye group in both topical PBS application (subgroup I)
and subconjunctival PBS injection (subgroup II).
DISCUSSION

Cataract surgery can lead to dry eye ). The mechanisms
resulting in exacerbation of surface disease after cataract
surgery likely include several factors: an increase in
inflammatory mediators due to postoperative inflammation,
exposure to microscopic light, toxicity from the use of
benzalkonium chloride containing eye drops and damage to
the corneal nerves from limbal incisions **!%.The effects of
cataract surgery that can lead to dry eye are greater in eyes
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[3-4,7,12]

with pre-existing dry eye disease Patients with

pre-existing severe ocular surface disease are at significantly
greater risk of complication after cataract surgery™”".,

In this study, we investigated whether there were differences
in post-cataract surgery inflammation and LY in corneal
In the

development of a cataract surgery model, we attempted to

tissue between dry eyes and non-dry eyes.
mimic cataract surgery procedures performed in humans,
including corneal incision, suture and lens extraction with an
intact posterior lens capsule. However, there were still
several differences in our model system compared with
human cataract surgery. We did not implant an IOL and
thoroughly clean up the retained cortex and viscoelastics.
Consequently, the lensectomy which was performed in this
induce postoperative intracameral

study would more

inflammation than would do in human cataract surgery.
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Clinically, in cases of human cataract surgery, we typically
do not evaluate inflammation of the cornea, but instead
evaluate inflammation of the anterior chamber!*™. However,
in contrast to non-dry eye surgeries, cases of dry eye
postoperative corneal inflammation and intracameral
inflammation induced by the cataract surgery can be
problematic and require intensive treatment. Thus, in dry eye
cases, postoperative anti-inflammatory treatment are
important in decreasing both intracorneal and intracameral
inflammation.

There have been several reports regarding changes in the
objective signs and histopathologic findings associated with
dry eye after cataract surgery 'Sl These previous reports of
histopatholic changes usually describe findings in the
conjunctiva, such as impression cytology of the conjunctiva,
rather than findings in the cornea. Clinically, one of the
noteworthy complications in cornea after cataract surgery in
patients with severe dry eye is sterile corneal melt 78 In
our cataract surgery model, we evaluated inflammation and
lymphangiogenesis in corneal tissue according to the level of
dry eye. Our evaluation of the effects of cataract surgery on
cornea tissue rather than on the conjunctiva in eyes with
dryness is novel and importance, in that the cornea is the
main organ tissue directly related to visual acuity after
cataract surgery(®2,

We determined that the level of corneal inflammation after
cataract surgery correlated with the dryness of the eye, and
was therefore an additional important condition that surgeons
should pay attention to, in addition to postoperative
intracameral inflammation. In our results, in unoperated
eyes, corneas in dry eye group demonstrated more
inflammatory infiltration than non-dry eye group (Figure 7).
The amplified corneal inflammation and NV after cataract
surgery in dry eye group might be caused by the surgical
insults added on the dry eye-insults (Figures 8, 9). LY due to
the local inflammatory reaction around the suture material
following human cataract surgery was not a common
condition®*2. However, as there were emerging data relating
dry eye and LY, we should consider the postoperative
lymphangiogenic response in cornea after cataract surgery
in dry eye patients *!. Given our results, we suggest that
patient need more postoperative

dry eye corneas

anti-inflammatory, and possibly anti-lymphangiogenic
treatment than non-dry eye corneas after cataract surgery.
With

dexamethasone in our cataract surgery model, there was not

postoperative  subconjunctival  injection  of
a significant difference of NV and inflammation between dry
eye and non-dry eye. However, we anticipate the difference
in the effect of anti-inflammatory drugs between dry eye and
non-dry eye model with longer duration of dry eye induction

as in the chronic dry eye disease of human.

Currently, several preoperative and postoperative treatments
were utilized in the clinic to decrease eye dryness after
cataract surgery, such as artificial tears, secretagogues and
anti-inflammatory agents %221 To prevent postoperative
dry eye after cataract surgery, especially in preexisting dry
eye cases, we suggest an emphasis on the importance of
applying the postoperative anti-inflammatory treatment in
order to decrease corneal and intracameral inflammation.
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