
Conjunctival Cytokine Expression in Symptomatic
Moderate Dry Eye Subjects

Srihari Narayanan, William L. Miller, and Alison M. McDermott

PURPOSE. To compare ocular surface cytokine expression in
healthy controls and subjects with moderate dry eye and to
study the ability of interleukin (IL)-1� to modulate cytokine
expression in cultured human conjunctival epithelial cells
(CECs).

METHODS. Subjective (symptom questionnaire) and objective
(tear osmolality, fluorescein tear break-up time [TBUT]) mea-
sures of dry eye were determined in five healthy controls and
five subjects with moderate dry eye. Tear clearance rates were
measured with a fluorophotometer. Enzyme immunoassay and
a cytokine bead assay were used to quantify IL-1� in tear fluid.
RT-PCR was performed to detect expression of IL-1�, IL-6, IL-8,
growth-related oncogene (GRO)-�, intercellular adhesion mol-
ecule (ICAM)-1, tumor necrosis factor-related apoptosis-induc-
ing ligand (TRAIL), and ephrin A5 in conjunctival impression
cytology (CIC) samples and in CECs (IOBA-NHC cell line, n �
3; primary cultured CEC, n � 3) exposed to 10 ng/mL IL-1� for
6 hours.

RESULTS. Subjects with moderate dry eye had significantly
higher symptom scores, higher tear osmolality, and shorter
TBUT than healthy controls. Subjects with dry eye demon-
strated slightly slower tear clearance (13.1% per minute) than
healthy controls (15.4% per minute). Very low levels of IL-1�
protein were detected in the tear fluid of both groups. TRAIL
was constitutively expressed in CIC samples, whereas IL-1�,
IL-6, and GRO-� were absent. Weak expression of IL-8 (two
healthy, four dry eye), ICAM-1 (four healthy, four dry eye), and
ephrin A5 (one healthy, two dry eye) was observed. IL-1�
upregulated its own expression and that of IL-6, IL-8, GRO-�,
and ICAM-1 in cultured CECs but not that of ephrin A5 or
TRAIL.

CONCLUSIONS. The lack of major differences in ocular surface
cytokine expression between the two groups of subjects im-
plies other inflammatory pathways or etiologies are involved in
moderate dry eye. Although IL-1� modulated the expression of
various cytokines in cultured CECs, its absence in tear fluid and
CIC samples suggests that IL-1� does not play a modulatory
role in moderate dry eye. (Invest Ophthalmol Vis Sci. 2006;47:
2445–2450) DOI:10.1167/iovs.05-1364

Dry eye is a condition that arises because of decreased tear
secretion or increased tear evaporation.1 Tear-deficient

dry eye can be broadly classified in two categories—Sjögren
syndrome–associated keratoconjunctivitis sicca (SS KCS),
which is associated with autoimmune disease, and non-Sjögren
keratoconjunctivitis sicca (NS KCS), which is the moderate
form of the disease not associated with any autoimmune dis-
order. All forms of dry eye result in damage to the ocular
surface epithelia and are consequently associated with ocular
irritation symptoms such as discomfort, dryness, grittiness, and
soreness.1,2 Although NS KCS is not a severe form of the
disease, patients with NS KCS still have many symptoms2 and
demonstrate less vitality, poorer general health, and lower
quality of life than healthy persons.3 Therefore, it is essential to
understand the causes of moderate dry eye to provide better
therapeutic options for these patients.

The pathogenesis of the ocular surface epithelial changes in
dry eye disease has been explained by theories as varied as
vitamin A or other nutritional deficiency,4–7 inflammation,8

mechanical irritation causing inflammation,9 hyperosmolar-
ity,10,11 and hormonal imbalance.12,13 Current evidence favors
a significant role for inflammation in the pathogenesis of dry
eye.8 To substantiate this hypothesis, several recent studies
have investigated the presence of inflammatory cytokines and
the balance between cytokines and growth factors at the ocu-
lar surface. Most studies on the inflammatory component of dry
eye have largely been restricted to patients with SS KCS (aque-
ous-deficient dry eye) or patients with ocular rosacea (an evap-
orative form of dry eye).9,14–16 However, nearly two thirds of
persons with dry eye have the moderate form of the disease,
NS KCS.17

Although the etiology of NS KCS has not been clearly
established, evidence exists to support the hypothesis that
inflammation is a feature of all forms of dry eye. For example,
in conjunctival biopsy specimens from patients with SS KCS or
NS KCS, Stern et al.18 found lymphocytic infiltration and in-
creased immunoreactivity for markers of inflammation and
immune activation, such as intracellular adhesion molecule-1
(ICAM-1) and major histocompatibility complex (MHC) class II
molecules HLA-DR and HLA-DQ. They also noted that the
extent of cellular immunoreactivity did not differ significantly
between SS KCS and NS KCS tissue samples. One recent
study19 found that conjunctival cells from patients with NS
KCS and SS KCS demonstrate a high level of expression of
inflammatory and apoptosis markers, such as HLA-DR, ICAM-1,
CD40, CD40 ligand, and Apo2.7. In addition, increased levels
of the inflammatory cytokine IL-6 was noted in patients with SS
KCS and NS KCS.20 The success of corticosteroids, long known
to have anti-inflammatory properties, and of the immunosup-
pressive agent cyclosporin A in the treatment of SS KCS and NS
KCS further reinforces the potential role for inflammation in
dry eye disease.20–23 These studies were among the first to
suggest that in NS KCS, inflammation could contribute to the
damage of the ocular surface and thus cause dry eye symptoms.
Other evidence comes from our study24 showing that subjects
with NS KCS demonstrate an increased expression of the
inflammation-inducible peptide human � defensin-2 (hBD-
2).25–27 The source of the inflammation in the moderate dry
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eye subjects is not clearly known. However, given that the
proinflammatory cytokine IL-1 was found to upregulate hBD-2
expression in conjunctival cells,24 the upregulation of hBD-2 in
the conjunctiva of patients with moderate dry eye may involve
the activity of this cytokine.

Increased levels of IL-1� and IL-1� have been shown in
patients with Sjögren syndrome or ocular rosacea.16,28 Inter-
estingly, IL-1, which is considered to play significant roles in
ocular surface immune and inflammatory responses and in
wound healing,29 exerts its proinflammatory activity in part by
modulating cytokine gene expression. For example, IL-1 is
known to alter the expression of a variety of cytokine genes,
such as chemokines and TNF-superfamily members in corneal
fibroblasts, epithelial cells, and endothelial cells.29–33 Studying
the expression of IL-1–modulated genes in human conjunctival
epithelial cells will lead to a logical expansion of our knowl-
edge on the effects of this cytokine on ocular surface epithelia.
Therefore, the expression of IL-1–modulated cytokines identi-
fied in a previous study31 (IL-1�, IL-6, IL-8, GRO-�, ICAM-1,
tumor necrosis factor-related apoptosis-inducing ligand
[TRAIL] and ephrin A5) was compared between healthy con-
trols and subjects with moderate dry eye (NS KCS) and was
also studied in cultured human conjunctival epithelial cells
(CECs) exposed to IL-1. Some of these results have been pre-
sented in preliminary form (Narayanan S. IOVS 2004;45:ARVO
E-Abstract 86).

METHODS

Human Subjects

Five healthy controls (mean age, 33.2 � 3.8 years; one man, four
women) and five subjects with moderate dry eye (mean age, 43.8 � 4.4
years; one man, four women) participated in the study. The study
followed the tenets of the Declaration of Helsinki. Informed consent
was obtained from all subjects, and the study was approved by the
University of Houston Institutional Review Board. Subjective assess-
ment of ocular irritation was conducted using a scoring system–based
dry eye questionnaire.2 A total score of 32 points or more was consid-
ered indicative of moderate dry eye. Objective assessment of the
subjects included an ocular surface health assessment by biomicros-
copy (including fluorescein and lissamine green staining of the cornea
and conjunctiva), tear osmolality measured with a vapor pressure
osmometer, tear break-up time measured with the Dry Eye Test (DET;
Akorn, Chicago, IL), and tear clearance rate (TCR) measured with a
fluorophotometer (Fluorotron II; Ocumetrics, Mountain View, CA).
DET (Akorn) strips were used to deliver fluorescein to the ocular
surface for TCR measures because these strips provide consistent
delivery of approximately 1 �g fluorescein with each instillation.34

Tear film fluorescein concentration (ng/mL) was measured 5, 10, and
15 minutes after fluorescein instillation. Fluorescein concentrations
were normalized, and the exponential fluorescein decay rates were
calculated (Kaleidagraph 4.0 software; Synergy Software, Reading, PA)
and converted to a TCR measure. A 5-�L unstimulated tear sample was
collected with a glass micropipette and stored at –80°C for IL-1�
enzyme immunoassay (EIA). A 12-�L unstimulated tear sample was
collected from one eye on a separate visit, stored at –80°C, and used
in a tear fluid IL-1� assay with cytokine bead technology (Bio-Plex
Assay; Bio-Rad, Hercules, CA). To prevent degradation by molecules
such as proteases, tear fluid samples were kept on ice during tear
collection from patients and then immediately transferred to –80°C for
storage. Total time for collecting the tear sample ranged from 6 to 10
minutes. Reflex tearing was noted in four subjects, both subjectively
(subject responded that he or she was “suddenly” tearing) and objec-
tively (observer noted sudden increase in tear flow through the micro-
capillary tube). A sample was not used if it was contaminated by reflex
tears. If reflex tearing was noted, subjects were given a 10- to 15-
minute break, adequate time for replacement of the tear layer, before

tear sample collection was resumed. All subjects were examined be-
tween 1 PM and 3 PM to minimize any variability that might have
occurred with time of day. Furthermore, the results of our dry eye
questionnaire2 indicated that subjects with moderate dry eye had more
symptoms toward the end of the workday and, therefore, that evalua-
tion in the afternoon hours would provide a better reflection of their
condition.

Conjunctival Impression Cytology
Sample Collection

Conjunctival impression cytology (CIC) samples were collected as
described previously.24 A single drop of 0.5% proparacaine hydrochlo-
ride (Akorn, Chicago, IL) was first instilled in the eye. Then a 3 � 8-mm
preautoclaved polyether sulfone membrane (Supor; Pall Gellman Sci-
ences, East Hills, NY) was placed on the temporal bulbar conjunctiva
for 5 to 10 seconds. The membrane was gently removed and was
placed directly in 100-�L ice-cold reagent (TRIzol; Invitrogen, Carls-
bad, CA). CIC samples were stored at –80°C until RT-PCR analysis.

Cell Culture

Normal human conjunctival epithelial cells (IOBA-NHC cell line35;
passages 72, 75 and 79) and primary human conjunctival epithelial
cells (passages 1 and 2) from three donors (55, 63, and 69 years of age)
were used in these experiments.24,35 All cell culture reagents were
obtained from Invitrogen (Carlsbad, CA), unless otherwise stated.
IOBA-NHC cells35 were cultured in media, as follows: Dulbecco mod-
ified Eagle medium (DMEM)/F12 (1:1 vol/vol) containing 10% fetal
bovine serum, 2 ng/mL mouse epithelial growth factor (EGF; Sigma, St.
Louis, MO), 1 �g/mL bovine insulin (Sigma), 0.1 �g/mL cholera toxin
(Sigma), 5 �g/mL hydrocortisone (Sigma), and 2.5 �g/mL fungizone
and penicillin (5000 U/mL)/streptomycin (5000 �g/mL) mixture.35

Human conjunctival tissue was obtained from the National Disease
Research Interchange (NDRI, Philadelphia, PA), then incubated over-
night at 4°C in a 1:1 vol/vol solution of EpiLife (Cascade Biologics,
Portland, OR) with dispase (20 U/mL). Epithelial cells were then
scraped free and seeded in media (EpiLife; Cascade Biologics) with
growth supplement into 25-cm2 flasks coated with fibronectin and
collagen (FNC; AthenaES, Baltimore, MD). Cells grew to confluence by
1 week and were then passaged with the use of trypsin-EDTA.

IL-1� Treatment of Conjunctival Cells

IOBA-NHC cells were serum-starved overnight, whereas primary cul-
tured conjunctival cells were placed in growth supplement–free media
overnight before each experiment. The cells were treated for 6 hours
with serum-free (IOBA-NHC cells) or supplement-free (primary cul-
tured cells) medium alone (untreated controls) or with the addition of
the proinflammatory cytokine IL-1� (10 ng/mL; R&D Systems, Minne-
apolis, MN). This duration was chosen based on our previous study of
the effect of IL-1� on corneal epithelial cytokine expression.31 At the
completion of the treatment period, cells were trypsinized, collected
in RNA lysis buffer (Qiagen, Valencia, CA) and stored at –80°C until
RNA extraction.

RNA Extraction and RT-PCR

Total RNA was extracted from the CIC specimens with the use of a
modified phenol-chloroform extraction procedure and used in two-
step RT-PCR reactions.24,36 Total RNA was extracted from the cell
pellets with RNeasy-mini kits (Qiagen) and used in one-step RT-PCR
reactions.

Based on our previous research in corneal epithelial cells,31 the
following cytokines were selected for analysis: IL-1�, IL-6, IL-8, GRO-�,
ICAM-1, TRAIL, and ephrin A5. �-actin was used as the housekeeping
gene. Primer sequences, expected product sizes, and RT-PCR cycle
profiles were as described previously.31 Ethidium bromide–stained
1.3% agarose gels were used to analyze the PCR products. An Alpha-
imager (Alpha Innotech, San Leandro, CA) gel documentation system
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was used to obtain a digital image of the gels and to analyze the images
semiquantitatively. Controls in which either nucleic acid or reverse
transcriptase was omitted were also performed, in which case no
product was obtained (data not shown).

Quantitation of IL-1� in Tear Fluid

IL-1� was first quantitated in tear fluid using a commercially available
IL-1� EIA (R&D Systems). Duplicate 2-�L tear samples, diluted in the
assay buffer, were used to detect IL-1� in the tear fluid of healthy
controls and subjects with moderate dry eye. The assay was performed
according to the manufacturer’s instructions.

Tear fluid IL-1� levels were also quantified by a single-plex cytokine
bead assay (Bio-Plex Assay; Bio-Rad). The detection platform used was
calibrated for high sensitivity (1.95–32,000 pg/mL). The sample diluent
buffer alone was used as a control to account for false positives.
Triplicate 4-�L tear samples, diluted in the sample diluent (supplied by
the manufacturer), were used to detect IL-1� in the tear fluid of the
two groups of subjects. The assay was performed according to the
manufacturer’s instructions.

RESULTS

Subjective and Objective Assessment

Subjective assessment with a dry eye questionnaire2 indicated
that the subjects with moderate dry eye had significant (P �
0.011; Student t test) symptoms (score [mean � SD], 44.2 �
5.3 points) compared with the healthy controls (score, 23.6 �
3.4 points). Results of the objective dry eye tests are shown in
Table 1. Subjects with moderate dry eye demonstrated a
slightly slower rate (13.1% per minute) of tear clearance than
healthy controls (15.4% per minute). Nonparametric Wilcoxon
rank test for the tear clearance data did not reveal any statisti-
cally significant difference between the two groups of subjects
at the 5-minute (P � 1.00), 10-minute (P � 0.625), or 15-
minute (P � 0.625) time points. Figure 1 shows the fluorescein
decay rates in the two groups as measured with a fluoropho-
tometer (Fluorotron Master II; OcuMetrics, Mountain View,
CA).

Cytokine Expression in Conjunctival
Epithelial Cells

The CIC samples yielded 1 to 2 �g total RNA. The RNA
extraction procedure from CIC samples was optimized before
our experiments were conducted. RNA from CIC samples run
on ethidium bromide–stained agarose gels demonstrated intact
28S and 18S bands without genomic DNA contamination (re-
sults not shown). Analysis of the CIC specimens (Fig. 2)
showed that TRAIL mRNA was constitutively expressed,
whereas IL-1�, IL-6, and GRO-� were not present in any subject
(not shown). Weak expression of IL-8 (two healthy, four dry
eye), ICAM-1 (four healthy, four dry eye), and ephrin A5 (one
healthy, two dry eye) was also noted.

Conjunctival epithelial cells (IOBA-NHC cells and primary
cultured conjunctival cells) exposed to IL-1� (10 ng/mL, 6
hours) demonstrated altered cytokine expression (Fig. 3) com-
pared with untreated control cells exposed to the culture
medium alone. IOBA-NHC cells (n � 3) showed an upregula-
tion of IL-1� (1.05 � 0.04-fold), IL-6 (1.11 � 0.06-fold), IL-8
(1.21 � 0.14-fold), GRO-� (1.1 � 0.05-fold), and ICAM-1
(1.15 � 0.05-fold) at the mRNA level, whereas primary cul-
tured conjunctival epithelial cells showed an upregulation of

TABLE 1. Differences in Objective Dry Eye Test Results in the Two Groups of Subjects

Test Normal Dry Eye P and Statistical Test

DET-TBUT (sec) 13.4 � 2.2 5.4 � 2.1 0.042*; one-way ANOVA
Osmolality (mOsm/kg) 269.4 � 3.7 302 � 8.8 0.008*; one-way ANOVA
Corneal fluorescein (grade) 0.40 � 0.54 0.60 � 0.89 0.81; Kruskal-Wallis
Conjunctival fluorescein (grade) 0.60 � 0.54 0.54 � 0.83 0.73; Kruskal-Wallis
Corneal lissamine green (grade) 0.20 � 0.44 0.40 � 0.54 0.51; Kruskal-Wallis
Conjunctival lissamine green (grade) 0.40 � 0.54 0.60 � 0.55 0.55; Kruskal-Wallis

n � 5 subjects in each group. All values are mean � SD. DET-TBUT, Dry Eye Test tear break-up time.
* Significant difference between the two groups of subjects at P � 0.05.

FIGURE 1. Tear clearance rates in healthy controls and subjects with
moderate dry eye. Fluorescein was instilled on the ocular surface with
the use of fluorescein strips, and tear film fluorescein concentration
was measured with the use of a fluorophotometer 5, 10, and 15
minutes after instillation. Fluorescein concentrations were normalized,
and fluorescein decay rates were calculated and converted to tear
clearance rate measures. Data represent mean normalized tear film
fluorescein concentrations in the two groups of subjects.
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IL-1� (1.51 � 0.29-fold), IL-6 (1.3 � 0.11-fold), IL-8 (1.25 �
0.04-fold), GRO-� (1.1 � 0.05-fold), and ICAM-1 (1.1 � 0.0-
fold). The expression of ephrin A5 and TRAIL was not altered.

Tear Fluid Levels of IL-1�

IL-1� was not detected through IL-1� EIA in the tear fluid of
any of the study subjects. However, the more sensitive cyto-
kine bead assay revealed very low levels of IL-1� in the tear
fluid of three healthy controls (0.62, 1.58, and 3.84 pg/mL) and
three subjects with moderate dry eye (0.37, 0.47, and 7.62
pg/mL). There was no statistically significant difference (P �
0.43; Student t test) in tear fluid IL-1� levels between the two
groups. It must be noted that two healthy controls and two
subjects with dry eye had tear film IL-1� levels below the
lowest standard (1.95 pg/mL) of the Bio-Plex assay.

DISCUSSION

Results of this study show that subjects with moderate dry eye
did not demonstrate any major differences in ocular surface
cytokine expression compared with healthy controls and that
IL-1� modulated its own expression and that of IL-6, IL-8,
GRO-�, and ICAM-1 in cultured human conjunctival epithelial
cells.

Subjects with moderate dry eye demonstrated a significantly
higher degree of ocular irritation, higher tear osmolality,
shorter tear break-up time, and slightly delayed tear clearance
than healthy controls, who showed no evidence of ocular
surface disease. Thus, the subjects with moderate dry eye had
clinical characteristics typical of patients with moderate dry
eye.1,37 Subjective and objective assessments of these subjects
with dry eye matched well with those of an earlier, larger study
that validated the dry eye questionnaire used here.2 For exam-
ple, the most commonly reported symptoms in subjects with
moderate dry eye in the present and the previous2 study were
dryness and soreness. Although the high level of ocular irrita-
tion suggests definite ocular surface damage, there was no
difference in IL-1 or IL-1–modulated ocular surface cytokine
expression between the two groups. This lack of difference in
inflammatory cytokine expression could imply that ocular sur-
face damage in moderate dry eye is caused by inflammation-
independent mechanisms or is mediated by cytokines other
than those studied here.

In the present study, use of a commercially available EIA kit
did not detect IL-1� in the tear fluid of any subject. Because the
EIA kit had a restricted range of the standard curve (3.2–500
pg/mL), tear fluid IL-1� levels were measured with a more
sensitive assay based on cytokine bead technology. Very low
levels of IL-1� were detected in the tear film of a few subjects

with the cytokine bead assay, but there was no difference
between the subjects with moderate dry eye and healthy con-
trols. Additionally, the tear film IL-1� level in two subjects in
each group was below that of the lowest standard, suggesting
that these subjects had extremely low or undetectable IL-1�
levels in their tear film. These low levels did not agree with
levels measured in human tear fluid in other published studies.
For example, one study28 showed that the IL-1� level in the
tear film of subjects with dry eye was 80 to 180 pg/mL,
whereas that of healthy controls was 30 pg/mL. This earlier
study,28 performed on patients with Sjögren syndrome or oc-
ular rosacea-associated Meibomian gland disease, made use of a
commercially available EIA kit similar to the one used in the
present study. It should be noted that in this study,28 IL-1� was
detected in immunostained CIC specimens in 2 of 6 healthy
controls and 15 of 16 subjects with Sjögren syndrome, suggest-
ing that IL-1� protein expression in the healthy population is
low and variable but that it is highly expressed in patients with
Sjögren syndrome. These results demonstrate some concur-
rence with our data with respect to IL-1� expression in CIC
samples from healthy controls, and they suggest that the defi-
nite presence of an immune-mediated disease process (such as
Sjögren syndrome) may be essential to routinely detect signif-
icant conjunctival epithelial inflammatory cytokine expression.
The lack of agreement between previous studies and the
present investigation with respect to the presence of tear fluid
IL-1� in patients with moderate dry eye cannot be definitively
explained. One shortcoming of our study is the small number
of participants; sampling from a greater number of healthy
controls and subjects with dry eye would illuminate the vari-
ability regarding IL-1 levels in tear film. With this caveat, it can
be speculated that the results of the present study could be
attributed to the moderate nature of the disease in the study

FIGURE 2. Cytokine gene expression in the conjunctival epithelium of
healthy controls and subjects with moderate dry eye. Two-step RT-PCR
was performed for �-actin, IL-8, ICAM-1, ephrin A5, and TRAIL on RNA
extracted from conjunctival impression cytology specimens. Data are
from three representative subjects in each group.

FIGURE 3. Cytokine gene expression in IOBA-NHC and primary cul-
tured conjunctival epithelial cells after exposure to 10 ng/mL IL-1� for
6 hours. IOBA-NHC and primary cultured conjunctival epithelial cells
were treated with serum-free growth media alone (untreated controls)
or with the addition of 10 ng/mL IL-1� (IL-1�) for 6 hours. One-step
RT-PCR was performed on samples collected from IOBA-NHC (n � 3)
or primary cultured conjunctival epithelial cells (n � 3). The figure
shows RT-PCR products for one sample of IOBA-NHC or primary
cultured conjunctival epithelial cells for the constitutively expressed
�-actin and the cytokines IL-1�, IL-6, IL-8, GRO-�, ICAM-1, ephrin A5,
and TRAIL.
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subjects. The subjects with moderate dry eye in the present
study demonstrated very low scores on corneal and conjunc-
tival staining with fluorescein and lissamine green, suggesting
minimal ocular surface damage. These scores, especially the
low lissamine green staining scores, clearly demonstrate the
moderate nature of the disease. Mean corneal and conjunctival
staining scores were slightly higher in the dry eye group com-
pared with those in healthy controls, though this difference did
not reach statistical significance. It is notable from our present
and previous2 data that small differences in ocular surface
health (as determined by vital dye staining) can lead to large
differences in ocular irritation symptoms. Even though this
small amount of ocular surface epithelial damage was adequate
to cause significant dry eye symptoms in our study, it might not
have been enough to upregulate IL-1� and the other inflamma-
tory cytokines to a detectable level. The low levels of IL-1�
detected in the tear fluid, coupled with the absence of IL-1� in
the CIC samples, suggest that IL-1� and perhaps other inflam-
matory cytokines may be just below the detection level of the
assays performed. Therefore, a very low grade inflammatory
reaction or an inflammatory pathway mediated by proinflam-
matory cytokines such as TNF-� cannot be ruled out in these
subjects with moderate dry eye. It can also be argued, how-
ever, that the low levels of IL-1� in the tear fluid and the
absence of IL-1� in the CIC samples suggest that IL-1� may not
play a role in causing the symptoms observed in patients with
moderate dry eye. In keeping with this argument, for example,
the upregulation of hBD-2 observed in subjects with moderate
dry eye in an earlier study28 might have been mediated by
other cytokines (such as TNF-�). Clarification of this specula-
tive interpretation awaits an investigation with a larger cohort
of subjects expanded to include patients with severe dry eye
disease in whom a role for IL-1 appears likely.

The present study is the first to demonstrate the expression
of ephrin A5 (one healthy control, two subjects with dry eye)
and TRAIL (constitutive expression) in human CIC samples and
in cultured human conjunctival epithelial cells. Constitutive
expression of ephrin A5 and TRAIL was observed in human
conjunctival epithelial cells treated with growth media alone
(untreated control cells) or with the addition of 10 ng/mL IL-1�
(6 hours). However, ephrin A5 was significantly downregu-
lated and TRAIL was upregulated in cultured human corneal
epithelial cells exposed to 10 ng/mL IL-1� (6 hours).31 Thus,
the expression of these two molecules contrasts in corneal and
conjunctival cells in culture. Ephrins regulate cell shape and
size during development.38 TRAIL has recently been shown to
be involved in the lymphocytic destruction of the salivary
gland of patients with Sjögren syndrome.39 We observed that
IL-1� modulated its own expression and that of IL-6, IL-8,
GRO-�, and ICAM-1 in cultured human conjunctival epithelial
cells. One previous study40 also noted that IL-1� exposure
upregulated the expression of ICAM-1 and IL-8 in primary
cultured conjunctival cells, whereas another study41 noted
upregulation in ICAM-1 expression after IL-1� treatment of
Chang (Wang-Kilbourne derivative) conjunctival epithelial
cells. IL-1� has also been shown to induce IL-6 in primary
cultured human conjunctival epithelial cells in a dose-depen-
dent manner.42 However, the present study appears to be the
first report of the effect of IL-1� on GRO-� expression by
human conjunctival epithelial cells in culture. The effects of
IL-1� on conjunctival cytokine expression are comparable to
those seen with corneal epithelial cells.31 By modulating che-
mokines such as IL-8 and GRO-� in an analogous manner in the
corneal and conjunctival epithelia, IL-1 could play an important
role in corneal and conjunctival wound healing by indirectly
promoting leukocyte chemotaxis. Although we did not find
IL-1� expression in our human subjects, we believe that our in
vitro data are applicable to other literature28 supportive of a

role for IL-1� in severe dry eye associated with Sjögren syn-
drome.

In summary, the results of the present study indicate that
the role of IL-1�–mediated inflammation in the pathogenesis of
ocular surface damage in moderate dry eye subjects is ques-
tionable. Although we found IL-1� to be a potent modulator of
conjunctival cytokine expression, lack of tear fluid IL-1� and
minimal changes in cytokine expression suggest that the patho-
genesis of moderate dry eye likely involves pathways other
than one mediated or initiated by IL-1�. However, we caution
the reader that our study group was small and stress the
moderate nature of the condition in our subjects. Thus, though
evidence for IL-1�–mediated damage in severe dry eye is sub-
stantial, elucidation of its role in moderate disease awaits
larger, preferably multicenter studies.

Acknowledgments

The authors thank Yolanda Diebold and Margarita Calonge (IOBA,
Universidad de Valladolid, Valladolid, Spain) for the IOBA-NHC cells.
The authors also thank Kelly Mallon (University of Wisconsin, Madi-
son) for performing the Bio-plex cytokine bead tear IL-1� assay.

References

1. Lemp MA. Report of the National Eye Institute/Industry Workshop
on Clinical Trials in Dry Eyes. CLAO J. 1995;21:221–232.

2. Narayanan S, Miller WL, Prager TC, et al. The diagnosis and char-
acteristics of moderate dry eye in non-contact lens wearers. Eye
Contact Lens. 2005;31:96–104.

3. Mertzanis P, Abetz L, Rajagopalan K, et al. The relative burden of
dry eye in patients’ lives: comparisons to a U.S. normative sample.
Invest Ophthalmol Vis Sci. 2005;46:46–50.

4. Caffery BE. Influence of diet on tear function. Optom Vis Sci.
1991;68:58–72.

5. Maumenee AE, Stark WJ, Maumenee IH, Jensen AD, Green WR.
Topical retinoid treatment for various dry-eye disorders. Ophthal-
mology. 1989;96:730.

6. Soong HK, Martin NF, Wagoner MD, et al. Topical retinoid therapy
for squamous metaplasia of various ocular surface disorders: a
multicenter, placebo-controlled double-masked study. Ophthal-
mology. 1988;95:1442–1446.

7. Tsubota K. Tear dynamics and dry eye. Prog Retin Eye Res.
1998;17:565–596.

8. Pflugfelder SC, Solomon A, Stern ME. The diagnosis and manage-
ment of dry eye: a twenty-five-year review. Cornea. 2000;19:644–
649.

9. Jones DT, Monroy D, Ji Z, Pflugfelder SC. Alterations of ocular
surface gene expression in Sjogren’s syndrome. Adv Exp Med Biol.
1998;438:533–536.

10. Gilbard JP, Farris RL. Tear osmolarity and ocular surface disease in
keratoconjunctivitis sicca. Arch Ophthalmol. 1979;97:1642–1646.

11. Gilbard JP, Farris RL, Santamaria J 2nd. Osmolarity of tear micro-
volumes in keratoconjunctivitis sicca. Arch Ophthalmol. 1978;96:
677–681.

12. Sullivan DA, Wickham LA, Rocha EM, et al. Androgens and dry eye
in Sjogren’s syndrome. Ann N Y Acad Sci. 1999;876:312–324.

13. Schaumberg DA, Sullivan DA, Buring JE, Dana MR. Prevalence of
dry eye syndrome among US women. Am J Ophthalmol. 2003;
136:318–326.

14. Afonso AA, Sobrin L, Monroy DC, et al. Tear fluid gelatinase B
activity correlates with IL-1alpha concentration and fluorescein
clearance in ocular rosacea. Invest Ophthalmol Vis Sci. 1999;40:
2506–2512.

15. Barton K, Monroy DC, Nava A, Pflugfelder SC. Inflammatory cyto-
kines in the tears of patients with ocular rosacea. Ophthalmology.
1997;104:1868–1874.

16. Pflugfelder SC, Jones D, Ji Z, Afonso A, Monroy D. Altered cytokine
balance in the tear fluid and conjunctiva of patients with Sjogren’s
syndrome keratoconjunctivitis sicca. Curr Eye Res. 1999;19:201–
211.

IOVS, June 2006, Vol. 47, No. 6 Conjunctival Cytokine Expression in Moderate Dry Eye 2449

Downloaded from iovs.arvojournals.org on 06/30/2019



17. Lemp MA. Epidemiology and classification of dry eye. Adv Exp
Med Biol. 1998;438:791–803.

18. Stern ME, Gao J, Schwalb TA, et al. Conjunctival T-cell subpopu-
lations in Sjogren’s and non-Sjogren’s patients with dry eye. Invest
Ophthalmol Vis Sci. 2002;43:2609–2614.

19. Brignole F, Pisella PJ, Goldschild M, et al. Flow cytometric analysis
of inflammatory markers in conjunctival epithelial cells of patients
with dry eyes. Invest Ophthalmol Vis Sci. 2000;41:1356–1363.

20. Stevenson D, Tauber J, Reis BL. Efficacy and safety of cyclosporin
A ophthalmic emulsion in the treatment of moderate-to-severe dry
eye disease: a dose-ranging, randomized trial: the Cyclosporin A
Phase 2 Study Group. Ophthalmology. 2000;107:967–974.

21. Avunduk AM, Avunduk MC, Varnell ED, Kaufman HE. The com-
parison of efficacies of topical corticosteroids and nonsteroidal
anti-inflammatory drops on dry eye patients: a clinical and immu-
nocytochemical study. Am J Ophthalmol. 2003;136:593–602.

22. Marsh P, Pflugfelder SC. Topical nonpreserved methylpred-
nisolone therapy for keratoconjunctivitis sicca in Sjogren syn-
drome. Ophthalmology. 1999;106:811–816.

23. Turner K, Pflugfelder SC, Ji Z, et al. Interleukin-6 levels in the
conjunctival epithelium of patients with dry eye disease treated
with cyclosporine ophthalmic emulsion. Cornea. 2000;19:492–
496.

24. Narayanan S, Miller WL, McDermott AM. Expression of human
�-defensins in conjunctival epithelium: relevance to dry eye dis-
ease. Invest Ophthalmol Vis Sci. 2003;44:3795–3801.

25. McDermott AM, Redfern RL, Zhang B, et al. Defensin expression
by the cornea: multiple signalling pathways mediate IL-1beta stim-
ulation of hBD-2 expression by human corneal epithelial cells.
Invest Ophthalmol Vis Sci. 2003;44:1859–1865.

26. McNamara NA, Van R, Tuchin OS, Fleiszig SM. Ocular surface
epithelia express mRNA for human beta defensin-2. Exp Eye Res.
1999;69:483–490.

27. Raj PA, Dentino AR. Current status of defensins and their role in
innate and adaptive immunity. FEMS Microbiol Lett. 2002;206:9–
18.

28. Solomon A, Dursun D, Liu Z, et al. Pro- and anti-inflammatory
forms of interleukin-1 in the tear fluid and conjunctiva of patients
with dry-eye disease. Invest Ophthalmol Vis Sci. 2001;42:2283–
2292.

29. Wilson SE, Mohan RR, Ambrosio R Jr, Hong J, Lee J. The corneal
wound healing response: cytokine-mediated interaction of the
epithelium, stroma, and inflammatory cells. Prog Retin Eye Res.
2001;20:625–637.

30. Mahajan VB, Wei C, McDonnell PJ 3rd. Microarray analysis of
corneal fibroblast gene expression after interleukin-1 treatment.
Invest Ophthalmol Vis Sci. 2002;43:2143–2151.

31. Narayanan S, Glasser A, Hu Y-S, McDermott AM. The effect of
interleukin-1 on cytokine gene expression by human corneal epi-
thelial cells. Exp Eye Res. 2005;80:175–183.

32. Yamagami H, Yamagami S, Inoki T, Amano S, Miyata K. The effects
of proinflammatory cytokines on cytokine-chemokine gene ex-
pression profiles in the human corneal endothelium. Invest Oph-
thalmol Vis Sci. 2003;44:514–520.

33. Wilson SE, Liu JJ, Mohan RR. Stromal-epithelial interactions in the
cornea. Prog Retin Eye Res. 1999;18:293–309.

34. Korb DR, Greiner JV, Herman J. Comparison of fluorescein
break-up time measurement reproducibility using standard fluores-
cein strips versus the Dry Eye Test (DET) method. Cornea. 2001;
20:811–815.

35. Diebold Y, Calonge M, Enriquez de Salamanca A, et al. Character-
ization of a spontaneously immortalized cell line (IOBA-NHC) from
normal human conjunctiva. Invest Ophthalmol Vis Sci. 2003;44:
4263–4274.

36. Chomczynski P, Sacchi N. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem. 1987;162:156–159.

37. Pflugfelder SC, Solomon A, Dursun D, Li DQ. Dry eye and delayed
tear clearance: “a call to arms.” Adv Exp Med Biol. 2002;506:739–
743.

38. Oates AC, Lackmann M, Power MA, et al. An early developmental
role for eph-ephrin interaction during vertebrate gastrulation.
Mech Dev. 1999;83:77–94.

39. Matsumura R, Umemiya K, Kagami M, et al. Expression of TNF-
related apoptosis inducing ligand (TRAIL) on infiltrating cells and
of TRAIL receptors on salivary glands in patients with Sjogren’s
syndrome. Clin Exp Rheumatol. 2002;20:791–798.

40. Stahl JL, Cook EB, Graziano FM, Barney NP. Differential and coop-
erative effects of TNF�, IL-1�, and IFN� on human conjunctival
epithelial cell receptor expression and chemokine release. Invest
Ophthalmol Vis Sci. 2003;44:2010–2015.

41. Paolieri F, Battifora M, Riccio AM, et al. Intercellular adhesion
molecule-1 on cultured human epithelial cell lines: influence of
proinflammatory cytokines. Allergy. 1997;52:521–531.

42. Gamache DA, Dimitrijevich SD, Weimer LK, et al. Secretion of
proinflammatory cytokines by human conjunctival epithelial cells.
Ocul Immunol Inflamm. 1997;5:117–128.

2450 Narayanan et al. IOVS, June 2006, Vol. 47, No. 6

Downloaded from iovs.arvojournals.org on 06/30/2019


