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ABSTRACT

Purpose: Dyslipidemia is characterized by high lipid blood levels that are risk factors for cardiovascular dis-
eases, which are leading causes of death. However, it is unclear whether dyslipidemia is a cause of the dry
eye syndrome (DES). Therefore we determined in transgenic mice models of dyslipidemia, whether there is
an association with DES development.

Methods: Dyslipidemic models included male and female adult mice overexpressing apolipoprotein CIII (Apo
CIII), LDL receptor knockout (LDLR-KO) and ApoE knockout (ApoE-KO). They were compared with age- and
gender-matched C57BL/6 mice. Ocular health was evaluated based on corneal slit lamp assessment, phenol
red thread test (PRT) and impression cytology. Blood lipid profiles and histology of meibomian and lacrimal
glands were also evaluated. Effects of high-fat diet and aging were observed in LDLR-KO and ApoClIII strains,
respectively.

Results: Body weight and lacrimal gland weight were significantly higher in male mice compared to females
of the same strain (P <0.05). Body weight was significantly lower in LDLRKO mice receiving high lipid diet
compared to their controls (P=0.0043). ApoE-KO were hypercholesterolemic and ApoCIII hypertriglyceri-
demic while LDLR-KO showed increases in both parameters. The PRT test was lower in male LDLR-KO mice
with high-fat diet than control mice with standard diet (P=0.0273). Aging did not affect lacrimal structural or
functional parameters of ApoClII strain.

Conclusions: DES development is not solely dependent on dyslipidemia in relevant mice models promoting
this condition. On the other hand, lacrimal gland structure and function are differentially impacted by lipid
profile changes in male and female mice. This dissociation suggests that other factors beside dyslipidemia
impact on tear film dysfunction and DES development.

Keywords: Apolipoprotein, Low density lipoprotein, Lacrimal gland, Meibomian gland, Dry eye,
Ocular surface

Abbreviations: Apo, apolipoprotein; DES, dry eye syndrome; KO, knockout; KI, knockin, LDLR, low
density lipoprotein receptor; LG, lacrimal gland; MG, meibomian gland; PRT, phenol red thread.

INTRODUCTION Despite the recognized importance of lipids on tear
film composition and ocular surface maintenance,®

Lipids are key tear film components and it has been it is unknown whether dyslipidemia resulting from

suggested that disturbances in lipid metabolism result-
ing from systemic and environmental conditions, such
as diet and medications, as well as hormonal status
can elicit dry eye syndrome (DES) symptomolgy.'~

systemic lipid disorders is associated with DES.
There are conflicting epidemiological studies

about the association between the symptoms of dry

eye and hyperlipidemia based on comparing data
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obtained from a group of individuals in Beaver Dam,
Wisconsin, USA (risk ratio =0.83) with those in Taiwan
(odds ratio=1,68).”® Dyslipidemia in individuals with
higher levels of lipoprotein A and in patients with
Sjogren’s syndrome frequently experience symptomol-
ogy associated with DES. Up to 81% of the individuals
in the former group present signs of dry eye and/or
ocular surface changes.” To make a more definitive
assessment of the role of dyslipidemia in DES symp-
tomology development, transgenic mice can be used
whose loss or gain of lipid mediator function cause
dyslipidemia.

The models we used for this purpose include
apolipoprotein-E knockout (APOE-KO), low density
lipoprotein receptor knockout (LDLR-KO) and mouse
model with over expression of human Apolipoprotein
CIII (ApoClIIIKI). (knockin) They are useful because
lipoproteins, such as the apolipoproteins (ApoA-
ApoE), are responsible for lipid redistribution from
the liver to peripheral tissues. Their other roles in lipid
metabolism include detecting and interacting with cell
receptors such as LDLR, supporting dietary linoleic
acid absorption in the bowel, and enzyme lipogenic
activity.'>”® High-density lipoprotein (HDL) culture
medium supplementation enhances in vitro acrimal
gland (LG) acinar cell secretory activity.” Moreover,
human and mouse LG express apolipoproteins, which
suggests that lipoproteins have a role in supporting LG
activity and maintaining its function needed for tear
secretion.'

ApoCII-KI mice present with high levels of blood
triacyl glycerol and free fatty acids, which mimics
human hyperliproteinemia type IV. This condition is
very common in the general population, and has been
associated with alterations in skin sebum content.'¢"

LDLR-KO mice are healthy except for hypercholes-
terolemia (2—4 times higher than controls). They develop
this condition because of delays in processing interme-
diate-density lipoproteins and low density lipoproteins
(IDL and LDL) without changes in HDL."8

ApoE-KO mice develop spontaneous hypercholester-
olemia and atherosclerosis. Moreover, this mouse model
is susceptible to corneal viral infections, which may be
related to imbalances in sex hormones." Cross-breeding
of LDLR-KO or ApoE-KO with ACAT1-KO mice and
feeding them a hyperlipidemic diet generates mice
with severe dry eye. However, the individual effects of
ApoE-KO, LDLR-KO or ApoCIII-KI by themselves on
tear film composition and on ocular surface health are
unknown.?

The extensive evidence suggesting an association
between hyperlipidemia and/or lipid metabolism
disturbance and DES led us to further assess this
linkage. This was done based on described increases
in ocular surface alterations and corneal opacity seen
under this condition. Accordingly, we determined here
if in ApoCIII-KI, LDLR-KO and ApoE-KO mice there
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is a higher incidence of dry eye and/or ocular surface
alterations involving modification of LG histology, tear
secretion and ocular surface health that are related to
their gender, diet or aging.

MATERIALS AND METHODS

Five- to nine-month-old male and female mice were
obtained from the Department of Physiology, Biology
Institute, State University of Campinas, SP and the
Department of Physiological Sciences, Health Sciences
Center (ApoCIII-KI, LDLR-KO and C57BL/6) or
Federal University of Espirito Santo, Vitéria, ES, Brazil
(ApoE-KO and C57BL/6). Animals were given free
access to standard rodent chow and water, except where
otherwise specified (N=5/group).

All  experimental procedures adhered to the
“Principles of Laboratory Animal Care” (NIH publi-
cation no. 85-23) and ARVO statement for the Use of
Animals in Ophthalmic and Vision Research, and were
approved by the University Committee of Animal
Experimentation.

Animals were compared at 5 months of age, for
tear secretion and LG histology. LDLR-KO mice were
also compared with or without a high-fat diet, and
ApoClIII-KI were evaluated at 9 months of age with
age-matched controls. The high-fat diet was given for 1
month to control and LDLR-KO strains, and consisted
of 195.0g/kg casein, 320.7g/kg corn starch, 79.6g/kg
dextrin, 50.0g/kg lard, 204.0g/kg butter, 50.0g/kg cel-
lulose, 35.0 g/kg mineral mix AIN-93M, 10.0g/kg vita-
min mix AIN-93M, 1.8 g/kg L-cystine, 2.5 g/kg choline
bitartrate, 51.4g/kg sucrose and 0.008 g/kg butylated
hydroxytoluene (BHT).

Plasma Biochemical Analysis

Blood samples were collected from the tail vein. Total
cholesterol and triglycerides were measured in fresh
plasma in the fasting state (12h) using standard com-
mercial kits, according to the manufacturer’s instruc-
tions (Boehringer Mannhein®, Mannhein, Germany
and Wako®, Neuss, Germany).

Eye Exam

The animals were weighed, a slit lamp exam was per-
formed and the eyes were photographed (Carl Zeiss -
Ltda, Germany and DSC-W5 Sony Ltda, Japan).
General anaesthesia consisting of a combina-
tion of ketamine (5mg/100g b.w.) (Unido Quimica
Faramacéutica S.A, Embu-Guacu, SP, Brazil) and
xylazine (2mg/100g b.w.) (Laboratorio Callier S.A.,
Barcelona, Spain) was injected intraperitoneally. A
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phenol red thread test was performed with a thread
of 1-mm width and 20mm length thread placed in the
conjunctival fornix for 15sec to measure tears secretion
(Zone-Quick, Mericon America, Inc., San Mateo, CA).
Additionally, epithelial cells were collected for impres-
sion cytology. After those sample collections, mice were
euthanized with excess anaesthesia.

Impression Cytology

Corneal epithelial samples were obtained from the
ocular surface of the three groups (N=>5/group), using
0.45 pum filter paper (Millipore Co, Billerica, MA), under
anaesthesia. The samples were collected from the same
area (temporal) and transferred to gelatin-coated slides,
fixed with 70% ethanol glacial acetic acid and formalin,
and stained with periodic acid-Schiff (PAS) and haema-
toxylin. Epithelial grading of squamous metaplasia was
evaluated in a masked fashion, and epithelial cells were
classified into four stages: stage 0 (for normal cell num-
ber, morphology and mucous staining), stage 1 (lower
cell number and mucous staining), stage 2 (lower cell
number, reduced size of nuclei, square shape of cells)
and stage 3 (squamous metaplasia, including lower
cell number, higher cytoplasmic volume and pycnotic
or absent nuclei).” Photographic documentation was
performed using an Olympus BX40 light microscope
(Olympus Corporation, Tokyo, Japan) and a digital cam-
era (Olympus Q-color 5) at 100 and 400x magnification.

Histology

LG and eye globes, including lids, and therefore mei-
bomian glands, were collected, weighed, embedded in
OCT compound (Sakura Fine Tek Inc., Torrance, CA)
and frozen in dry ice. Blocks from the three groups
(N=5-10/group) were cut into 6 pm sections at —20°C
and transferred to poly-L-lysine pre-coated glass slides
(Perfecta, Sao Paulo, Brazil). The material was then
stained with haematoxylin/eosin (HE) for histological
examination. The images were recorded by light micro-
scope, described above.

Statistical Analysis

Data are expressed as means + SEM. Comparisons were
made using Kruskal-Wallis test for continuous data
comparison among several groups, the Mann-Whitney
U test for continuous data comparison between models
of disease and their respective controls, and the Fisher
test for categorical data (Graphpad 5.0 software, Prism,
San Diego, CA). The level of significance used was
P<0.05.

RESULTS

Comparative Analysis Between Dyslipidemic
and Control Mice

Biometric Analysis

Body weight was significantly higher in male than in
female mice in all strains studied (P < 0.0001, Kruskal—
Wallis test). Comparing strains of age and sex-matched
mice the body weight rank order was: control >
ApoE-KO > LDLR-KO (Table 1).

LG weight was similar in all groups compared to sex-
matched controls, but was greater in males than females
in all strains (Table 1). The ratio between LG weight and
body weight revealed that male mice have a relatively
larger LG compared to females. There were no differ-
ences in the ratio between LG weight and body weight
when we compared age and sex-matched controls of the
different genotypes (Table 1).

Biochemical Analysis

LDLR-KO mice had significantly higher blood choles-
terol and triacylglyceride levels and both measurements
were higher in females compared to male LDLR-KO
mice (Table 2).

ApoE-KO mice presented with higher choles-
terol, but similar triacylglyceride levels compared
to control mice (Mann-Whitney U) (Table 2). Male
ApoE-KO presented with higher cholesterol levels
than male LDLK-RO (P=0.019), Mann-Whitney U
test) (Table 2).

TABLE 1 Body weight and lacrimal gland (LG) weight of males and females of Control, ApoE-KO and LDLR-KO, of 5 months of age.

Groups Sex Control LDLR-KO ApoE-KO P
Body weight (g) Male 31.0£1.1% 25.2+1.0% 28.3+1.0% *0.003
Female 21.1+0.2 20.8+0.5 249+1.2
LG weight (mg) Male 16.7+1.8* 13.1+0.7* 19.4+0.7* #*Control 0.0038,
Female 7.8+1.1% 7.7+0.9% 10.8+1.5 LDLRKO 0.0003,
ApoE-KO 0.0022
LGW/BW Male 0.55+0.08 0.51+0.05 0.71+0.03
Female 0.29+0.02 0.34+0.05 0.43+0.08

LGW/BW, ratio between lacrimal gland weight and body weight.

Data are reported as mean + SEM.

*P <0.05 (Kruskal-Wallis test, Dunn’s post hoc test), *P <0.05 for comparison between genders.

RIGHTS LN K}



Curr Eye Res Downloaded from informahealthcare.com by Dr. Helena Oliveiraon 08/21/12
For personal use only

Lipids, Ocular Surface and Dry Eye 303

TABLE 2 Blood level of cholesterol and triacylglycerol in Control, LDLR-KO and ApoE-KO mice of 5 months of age.

Groups Sex Control LDLR-KO ApoEKO P
Cholesterol (mg/dl) Male 99.7 2.6 317.9+15.1*% 432.3+18.1% “0.0003
£0.0167
Female 57.3+8.0" 376.1+14.3% 317.5+25.1% #0.0335
“0.0043
¢0.0004
Triacylglycerol (mg/dl) Male 60.5+3.9" 146.0+14.5% 62.3+1.8 “0.0002
#0.0295
Female 37.1£8.6" 195.9+4.7" 49.9+3.6 "0.00043

Data are reported as mean + SEM.

"P <0.05 for comparison between control and LDLR-KO, *P <0.05 for comparison between genders (Mann-Whitney U test).

Body and Ocular Examination

Regarding other tissues of ectodermal origin, it was of
interest that LDLR-KO mice had limited areas of alope-
cia, without skin lesions, which was more prevalent in
mice fed a high-fat diet (Figure 1).

Slit lamp examination did not show any ocular sur-
face alterations in either gender of any of the following
groups: control, LDLR-KO and ApoE-KO (Figure 2).

Tears secretion was unchanged between the controls
and any of the transgenic KO groups. Their values
are: A) male control: 7.0+1.5mm, female control: B)
5.0+£1.5mm, male LDLR-KO: 4.0+0.6mm, female
LDLR-KO: 6.0+1.6mm, male; C) ApoE-KO: 5.0+ 0.4 and
female ApoE-KO: 6.0+£2.1 mm (P>0.05, Kruskal-Wallis
test).

Differential Effects of Hyperlipidemic Diet in
Mouse Models

Considering that no ocular or tear secretion alterations
were observed among the groups, and alopecia was only
noticeable in LDLR-KO mice on a high-fat diet, further
functional and histological analyses were performed to
determine if feeding LDLR-KO and LDLR-KO mice a
high-fat diet had any impact on anterior ocular surface
phenomena

No changes were observed in the ocular surface of
LDLR-KO mice on a high-fat diet (data not shown). On
the other hand, tear secretion fell in LDLR-KO male
mice receiving a high-fat diet relative to their controls
(4.0+0.9 versus 7.0+1.5mm, respectively, P=0.0273,
Mann-Whitney U test), whereas no such change was
detected amongst females of the same strain, based on
a comparison of the effect of high-fat diet with that of
a control on tear flow, respectively 6.0 2.1 mm versus
5.0+1.5mm, P>0.05, Mann-Whitney U test).

Corneal impression cytology did not reveal any signs
of metaplasia or other epithelial cell alterations in either
gender of controls or LDLR-KO either on or off the high-
fat diet (P>0.05, Fisher test) (Figure 3).

Histological analysis to identify gross histological
differences in tissues from dyslipidemic and control
groups on the cornea, MG and LG stained with HE did

© 2012 Informa Healthcare USA, Inc.

FIGURE 1 Representative photos of pelage in mice showing dorsal
alopecia in LDLR-KO, more evident in females and under high fat
diet, A) male control, B) male LDLR-KO, C) male LDLR-KO with
high-fat diet, D) male ApoE, E) female control, F) female LDLR-KO,
G) female LDLR-KO with high-fat diet and H) female ApoE.

FIGURE 2 Slit lamp exam of mice eyes A) male control, B) male
LDLR-KO, C) male ApoE, D) female control, E) female LDLR-KO
and F) female ApoE.

not show any structural differences among the controls,
LDLR-KO or LDLR-KO receiving the high-fat diet based
on either corneal thickness, lipid deposits, inflammatory
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FIGURE 3 Representative microphotographs of impression cytology of corneal epithelial cells from control A&D male and female control,
B&E male and female LDLR-KO, C&F male and female LDLR-KO with high-fat diet mice (C) (N=5/group) (scale bar=50 um). Grades 0
to 3 were assigned to each sample in a masked manner, considering cell, shape, nucleus size and presence of mucus. Data did not differ

significantly between the three groups (P>0.05; Fisher test).

FIGURE 4 Histological comparison of male and female corneas of 5 months old mice from control (A, D), LDLR-KO (B, E) and LDLR-KO
with high-fat diet (C, F) groups. The material was stained with HE, scale bar=12.5 pm.

cell infiltration, MG or LG acinar size. Light microscopy
does not have the needed resolution to detect individual
cellular differences (Figures 4, 5 and 6).

Effect of Aging on ApoClII-KI Mice

Chronic dyslipidemia in 9-month-old ApoCIII-KI mice
resulted in higher cholesterol and blood triacylglyceride
levels in comparison to young (5 months old) and age-
matched controls. Moreover, the body weight of male
ApoCIII-KI mice was significantly higher than age-
matched controls and APOCIII-KI females. LG weight
was higher in both male and female ApoCIII-KI groups
compared to their respective controls (Table 3). However,
the LG/Body weight ratio was similar between gender-
and age-matched ApoCIII-KI and controls (P=0.65 for
females and P=0.18 for males, Mann-Whitney U test).

Abody exam did not show any pelage or skin altera-
tion. The ocular exam did not show corneal altera-
tion, but cataracts were present in female ApoCIII-KI
(Figure 7). Neither aging nor elevated triacylglyceride

blood levels affected tear secretion in 5-month-old or
9-month-old controls of both sexes (Table 3). Similarly,
histology of LG, MG and cornea of aging ApoCIII-KI
of both sexes did not show any structural differences
in comparison with 5- or 9-month-old control mice
(Figure 7).

DISCUSSION

Even though hyperlipidemia and/or a change in
lipoproteins distribution was induced by the use of
different mouse knockout and knockin models fed
high lipid diets, this study indicates that hyperlipi-
demia does not elicit DES per se. This assessment is
based on the finding that LDLR, ApoCIII and ApoE
knockouts developed hyperlipidemia, but this condi-
tion was not a contributing factor for dry eye or organ
related inflammation. This negative correlation is in
contrast with some other diseases such as atheroscle-
rosis whose severity correlates with levels of blood
lipoprotein imbalance.”
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FIGURE 5 Histological comparison of male and female lacrimal gland of 5 months old mice from control (A, D), LDLR-KO (B, E) and
LDLR-KO with high-fat diet (C, F) groups. The material was stained with HE, scale bar=50 pm.

FIGURE 6 Histological comparison of male and female meibomian gland of 5 months old mice from control (A, D), LDLR-KO (B, E) and
LDLR-KO with high-fat diet (C, F) groups. The material was stained with HE, scale bar=12.5 um.

This disconnect between DES and hyperlipidemia
and lipoprotein imbalance agrees with recent reports
on genetic induced MGD pathophysiology In this
case, MG metabolism was perturbed disrupting lipid
biosynthesis, but without eliciting DES.* Similarly,
the role of inflammation in inducing MGD remains
unclear.”

It was described before that in mouse liver and
skin that over expressing human apolipoprotein C1
(ApoCIKI) resulted in elevated cholesterol and free
fatty acid serum levels. This lipid profile change
is similar to what we observed in ApoE-KO and
LDLR-KO mice. However, ApoCIKI mice have thicker,
inflamed skin and atrophic meibomian glands. These
findings suggest that ApoCIKI mice are more suscep-
tible to developing DES than ApoE-KO and LDLR-KO,
despite rises in their lipid profile. These increases may
be due to impaired lipid (or lipid fractions) uptake,
or possibly local action of APOC1 on ocular surface
tissues.*

Among various lipids present in the tear film are cho-
lesterol esters.”?” Higher meibomian cholesterol ester
levels and fatty acids are associated with meibomian

© 2012 Informa Healthcare USA, Inc.

gland disease in humans.?® However, blocking cho-
lesterol esterification in ACAT-1 KO mice led to atro-
phy of the skin, MG and ocular surface disturbance,
a clear model of DES. These changes were even more
pronounced by breeding the ACAT-1 KO mice with
ApoE-KO or LDLR-KO mice, and feeding them a high-
fat diet.**

Interestingly, MG disease patients and type IV hyper-
lipoproteinemic subjects have similar lipid profiles. This
correspondence is seen when the lipids obtained from
MG disease patients are compared with those obtained
from skin sebaceous glands in the latter condition. In
particular, both groups have higher levels of choles-
terol ester and wax ester. Despite this similarity, no
linkage has been reported between the two different
conditions.'

Disruptions of cholesterol biosynthesis are associated
with sebaceous/MG dysfunction. Statin therapy (used
to reduce blood cholesterol levels) is associated with
hordeolum (MG obstruction and inflammation) and
skin sebaceous gland hypotrophy. This suggests that
the actions of statins are not limited to reducing liver
cholesterol biosynthesis. Lowering local cholesterol

RIGHTS LI N Ki}



Curr Eye Res Downloaded from informahealthcare.com by Dr. Helena Oliveiraon 08/21/12
For personal use only.

306 C. M. Médulo et al.

TABLE 3 Comparison of males and females mice of Control and ApoCIII-KI groups of 9 months of age.

Groups Sex Control ApoCIII-KI p

Body Weight (g) Male 25.6+0.5% 31.7+0.9% #0.0012, 50.0238
Female 249+1.0 25.1+1.48

LG weight (mg) Male 16.1+1.58 17.9+1.0* §0.0025, # 0.012
Female 6.0+0.45 6.7+0.6"

LGW/BW Male 0.63+0.06 0.51+0.03
Female 0.24+0.01 0.27+0.03

Phenol red thread test (mm) Male 4.0+09 50+1.1
Female 50+1.1 6.0+34

Cholesterol mg/dl Male 62.6+5.6% 88.8+2.7% *0.0043
Female Not measured Not measured

Triacylglycerolmg/dl Male 72.8+5.7% 257.3+47. 5% *0.0080

#0.0476

Female 65.9+7.4% 552.3+86.3* *0.0091

Data are reported as mean + SEM.

*P <0.05 for comparison of parameters between strains, $P <0.05 for comparison between genders (Mann-Whitney U test).

LGW/BW), ratio between lacrimal gland weight and body weight.

—
g agtl|
g

FIGURE 7 Representative images of APOCIII mice at 9 months of age: A) dorsal area of body showing normal pelage, B) female eye at
the slit lamp showing cataracts, C) histology of cornea, stained with HE, scale bar=12.5 um, D) histology of LG stained with HE, scale
bar=50 pm, E) histology of meibomian gland, stained with HE, scale bar=12.5 pm.

production in sebaceous/meibomian glands through
inhibition of the 3-hydroxy-3-methyl-glutaryl-CoA
mevalonate pathway, does indeed impact on ocular
surface and skin health.***!

We did not employ any drugs to reduce cholesterol
levels. It is remarkable that only in LDLR-KO males
fed the hyperlipidemic diet tear secretion declined.
However, no changes were seen.in LDLR-KO females
or ApoClIII-KO as a function of aging in both sexes.

Previous studies found that lipogenic enzymes
expressed in mouse lacrimal and meibomian glands
are regulated by androgens. Such a hormonal effect
could induce gender-related differences in hyper-
lipidemic models.®> However, we did not observe
any relevant gender differences in meibomian gland
structure or ocular surface characteristics even though
male LDLR-KO model fed a high-fat diet had different

blood lipid levels and lower tear flow than their female
counterpart.

Taken together, these findings suggest that blood lipid
profile and tissue-specific responses to environmental
conditions (e.g. fat content in the diet) are not the only
contributing factors affecting ocular surface health. In
other words, in the mouse models we evaluated hyper-
lipidemic background or high levels of cholesterol in
the blood are not the only determinants controlling tear
film stability and meboimian gland functions and/or
corneal attributes.

Our identification of normal corneas, and cataracts
only in the aging group, also suggest that the several
reports of corneal opacities related to hyperlipidemia
in humans are instead local manifestations of genetic
errors, rather than a simple consequence of peripheral
deposition of excessive lipids.'*¥%
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Clinical ocular surface and tear film exams and their
use in experimental studies may lack sufficient sensitiv-
ity to detect the subtle changes identified in the current
study that are associated with DES.* Moreover, this
study did not evaluate lipids secretion in the tear film
or tissue samples. As recently described, state of the
art laboratories and sensitive methods are necessary to
adequately evaluate tear lipid samples.”

The finding that feeding a high lipid diet to male
LDLR-KO mice led to reduced tears secretion offers
indirect support for maintaining a diet containing
certain lipid profiles to ameliorate DES. In recent
years, vitamin E and essential fatty acids, such as w-3,
have been advocated, based on their potential anti-
inflammatory and/or anti-oxidant activity in the MG
and improvement of oil secretion quality in the tear
film 3738

In summary, although different genetic backgrounds
in mice induced differences in hyperlipidemic status,
they did not in any case independently affect structural,
histological or functional characteristics of meibomain,
lacrimal glands and corneas. Therefore, the present
work confirms the hypothesis that local lipid biosyn-
thesis is not strictly dependent on the systemic lipid
transport system and that DES is caused by a combi-
nation of genetic and environmental conditions rather
than merely a hyperlipidemic condition associated with
increases in tear film cholesterol esters and an imbal-
ance in lipoprotein profiles.
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