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The purpose of this study was to analyze tear inflammatory cytokines of different subclasses of dry eye disease
(DED) patients using Luminex technology.

Forty-five DED patients including 20 Sjogren syndrome aqueous tear deficiency (SS-ATD) patients, 20 non-Sjo-
gren syndrome aqueous tear deficiency (NSS-ATD) patients, 15 meibomian gland dysfunction (MGD) patients,
and 15 normal participants were enrolled in this study. Concentrations of 11 inflammatory cytokines in tear
samples of study participants were measured by Luminex assay; ELISA assay was further applied for validation.
The levels of cytokines were mostly increased (TNF-a, IL-1a, IL-1B, IL-6, IL-8, IL-12P70, IL-13, IFN-y, and MIP-1c)
in DED patients compared with normal participants. And the levels of TNF-q, IL-6, IL-8, and IL-12P70 were sig-
nificantly elevated in tears of the patient groups compared to tears of participants in the normal group (P<0.05).
Statistical differences were also observed among the patient groups (SS-ATD, NSS-ATD, and MGD) for the level
of IL-8 and TNF-o.. The results of ELISA assay demonstrated the consistence with Luminex assay, confirming
the practicality of Luminex technology for the analysis of multiple cytokines in DED patient tears.

The levels of inflammatory cytokines were mostly elevated in DED patients, and statistical differences of some
cytokines were also found between SS-ATD, NSS-ATD, and MGD groups, suggesting that inflammatory cytokines
could be potential supplements for the diagnosis of DED subclasses and therapeutic targets for DED patients.

Cytokines ¢ Dry Eye Syndromes ¢ Inflammation ¢ Meibomian Glands ¢ Sjogren’s Syndrome
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Background

Dry eye is a multifactorial disease of the tears and ocular sur-
face that results in symptoms of discomfort, visual disturbance,
and tear film instability with potential damage to the ocular
surface, this definition was produced by International Dry Eye
Work Shop in 2007 [1]. The prevalence of dry eye disease (DED)
in larger epidemiological studies was reported to be over 25%;
Asian dry eye morbidity rates include China’s incidence of about
20-36% [2]. Due to the differences in clinical symptoms, DED
can be classified into aqueous tear deficiency (ATD) and evapo-
rative dry eye, which also called meibomian gland dysfunction
(MGD). ATD has 2 major subclasses, Sjogren syndrome dry eye
(SS-ATD) and non-Sjogren syndrome dry eye (NSS-ATD) [1].

Although the clinical manifestations of DED are varied, the
pathophysiological changes are similar. Inflammation was been
acknowledged as the most important factor in the pathogenesis
of DED [3]. The infiltration of a large number of lymphocytes
in the lacrimal gland and ocular surface as well as the release
of inflammatory cytokines can lead to immune-related inflam-
mation, moreover, the production of inflammatory cytokines
can damage the normal nerve conduction of tear secretion
and affect the quality and quantity of tear secretion, forming
a vicious circle [4,5]. A series of studies demonstrated that the
levels of various cytokines including TNF-q, IL-1a, IL-1p, IL-6,
IL-10, IL-8, and MIP-1a in tears of DED patients were signifi-
cantly higher than those in normal people [6-8]. Studies also
have suggested that the overexpression of these cytokines in-
hibit the release of neurotransmitters, and the activity of sen-
sory nerves on the ocular surface thus weaken the secretion of
lacrimal glands. Furthermore, the cytokines levels were proven
to be positively related to the severity of DED [9].

Luminex is a new type of biomolecular detection technology that
can simultaneous detect multi-biomolecules such as antigen,
antibody, protein, and nucleic acid) by flow cytometry [10].
It has emerged that it not only offers the benefits of enzyme-
linked immunosorbent assay (ELISA), but also enables the ad-
vantages of high throughput, high sensitivity, smaller sample
volumes, and lower cost, which are suitable for multiple sam-
ples analysis [11]. In addition, comprehensive monitoring and
evaluation of multiple cytokines with Luminex can better re-
flect the overall changes in the occurrence and development
of the disease compared to just monitoring a single cytokine
or several cytokines. For DED, the cytokine network formed
by the interaction of multiple cytokines has a crucial effect on
the process of inflammation. However, studies that focused
on the correlation of different kinds of DED and multiple cyto-
kine with Luminex assay have been limited [12-14]. Moreover,
these studies rarely focused on the analysis of inflammatory
cytokines in different subpopulations of DED.
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In our current study, the Luminex technique was applied for
the investigation of inflammatory cytokines in DED patient
tears including TNF-a, IL-1q, IL-1B, IL-6, IL-8, IL-10, IL-12P70,
IL-13, IFN-y, EGF, and MIP-1c. Besides, we systematically clas-
sified DED patients into 3 subclasses: SS-ATD, NSS-ATD, and
MGD, in order to evaluate the differential expression in dif-
ferent subgroups of DED.

Material and Methods

Patients

The study comprised 70 volunteers: 20 SS-ATD patients, 20 NSS-
ATD patients, 15 MGD patients, and 15 normal participants.
Our study was approved by the medical ethics committee of
Zhejiang Provincial People’s Hospital (2017KY002), and in-
formed consent was obtained from all participants. All partic-
ipants completed a symptom questionnaire which was mod-
ified based on the McMonnies CW’s questionnaire which has
been clinically tested and proven to have 92% sensitivity and
95% specificity for dry eye diagnosis; symptom score >30 and
<30 corresponded to the experimental group and the normal
group, respectively. Groups were divided according to the cri-
teria of the American College of Rheumatologist for Sjogren
patients. All enrolled volunteers were further measured for
conjunctival staining with tear breakup time (TBUT), corneal
staining with fluorescein, and Schirmer | test [1,7]. The con-
trol group was included in the standard: without dry eye his-
tory and eye disease, no history of ocular surgery, corneal con-
tact lens, ocular allergies. The Schirmer | test > 10 mm/5 min
and TBUT »10 sec [1]. DED was diagnosed and included in
the standard: the stability of lacrimal film was measured, and
TBUT <10 sec regarded as unstable. The second step in the
diagnosis of patients with unstable lacrimal film and included:
lacrimal line height (not less than 0.3 mm), Schirmer | test
(normal >10 mm/5 min), phenolic cotton filament test (nor-
mal reddish part >9 mm/15 sec), fluorescein clearance test
(normally disappeared after 20 min). If the results of these
tests were reduced, then further testing was done. The pa-
tients were further examined with serum antibodies (anti-
DNA antibodies, anti-ENA antibodies, rheumatoid factors),
Schirmer Il test (normal >10 mm/5 min), rose bengal staining
(<3, positive), and fluorescein staining in the exposed area of
eyelid fissure (moderate to severe staining were considered
positive). If these tests were positive, patients were classified
into the SS-ATD group (20 patients). If negative, patients be-
longed to NSS-ATD group (20 patients). If the results of tear
formation and tear distribution were normal, but there was
no lipid secretion or more abnormal secretion after compres-
sion of tarsal gland, which means meibomian gland dysfunc-
tion and could be preliminarily diagnosed as evaporative dry
eye and included in the MGD group (15 patients) [15].
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Tears collection

All study participants (patient group and control group) had
tear secretion collected at 17: 00 pm in a quiet room with weak
light without surface anesthetic, throughout the study course.
The tears samples were collected from marginal tear strip of
the lateral lower lid with capillary tube disinfected with 75%
alcohol under the slit lamp. Tear samples were collected for
each eye with 100 pL and immediately placed in a tube con-
taining 300 pL 1% BSA solution and stored in a deep cryogenic
refrigerator at —-86°C to avoid repeated freezing and thawing.

Luminex assay

A Luminex 200™ System (Luminex, Austin, TX, USA) was used
to measure the cytokine levels of tear samples with analyses
performed in triplicate. The cytokines included TNF-q, IL-1a,
IL-1B, IL-6, IL-8, IL-10, IL-12P70, IL-13, IFN-y, EGF, and MIP-1a.
The concentration values were obtained from the mean fluo-
rescent intensity (MFI) by using Luminex200 IS V2.1 Software.
Standard curves were generated from the reference cytokine
gradient concentrations; the concentrations of these cytokines
in tear samples were calculated from the standard curves.

ELISA assay

Four cytokines (TNF-q, IL-6, IL-8, and IL-12P70) in tear sam-
ples of 70 study participants were further detected using the
ELISA assay (R&D Systems, Minneapolis, MN, USA). Analyses
were performed according to the manufacturer instructions
for each ELISA kit, in triplicate. The ELISA was performed as
previously described [16].

Statistical analysis

SPSS 19.0 software was used for statistical analysis.
Concentration of the cytokines was expressed as mean +
standard deviation (SD), and statistical significance among
the groups was determined using the one-way ANOVA with
Bonferroni post hoc test, P<0.05 was considered statistically
significant.

Results

In this study, tear samples were collected from 70 participants
including DED patients (SS-ATD, NSS-ATD, and MGD), and nor-
mal participants. Eleven cytokines (TNF-q, IL-1a, IL-1B, IL-6, IL-8,
IL-10, IL-12P70, IL-13, IFN-y, EGF, and MIP-1ct) were determined
with the Luminex assay, standard curves of each cytokine are
shown in Figure 1. Concentration values with Luminex assay
of the 4 groups are shown in Table 1. Most of the cytokines
had the highest expression in the SS-ATD group, followed by
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the NSS-ATD or MGD group, and finally the lowest levels were
found in normal control participants.

The concentrations of TNF-o. were significantly higher in the
tear samples from the SS-ATD, NSS-ATD, and MGD groups
compared with the normal group (P<0.05). In addition, signif-
icant differences were observed between the SS-ATD group
and the NSS-ATD group (P=0.038), as well as the SS-ATD group
and the MGD group (P=0.042). A tendency for the DED group
levels to be higher than the levels of the normal control group
was persists for IL-1 (IL-1a and IL-1B). There was a signifi-
cant difference in IL-1o level between the SS-ATD group and
the normal group (P<0.05), as well as a significant difference
in IL-1B level between the MGD group and the normal group
(P<0.05). For the concentrations of IL-6, the result showed
that the SS-ATD, NSS-ATD, and MGD groups had higher levels
than the normal group, with significant differences between
the SS-ATD group and the normal group (P<0.05), as well as
between the MGD group and the normal group (P<0.05). For
the level of IL-8, Table 1 shows that the SS-ATD, NSS-ATD and
MGD groups had significantly higher levels than the normal
group (P<0.05). Furthermore, it is noteworthy that significant
differences in IL-8 levels were also found between the SS-ATD
group and the NSS-ATD group (P=0.000), the SS-ATD group and
the MGD group (P = 0.000), as well as the NSS-ATD group and
the MGD group (P=0.000). The tear concentrations of the IL-10
were higher in the SS-ATD group and the NSS-ATD group com-
pared with the normal group, and the MGD group levels were
significantly lower than found in the SS-ATD group (P<0.05).

The tear concentrations of the Th1 inducing cytokine IL-12P70,
cytokines produced by Th1 (IFN-y), and Th2 (IL-13) were also
evaluated. The concentrations of IL-12P70 were significantly
higher in the SS-ATD group and the MGD group compared with
the control group (P<0.05). There was no significant difference
among the groups for the concentrations of IL-13. The level of
IFN-y in the MGD group was statistically different compared
with normal control group (P<0.05). For EGF, the concentration
in the SS-ATD group was lower than the normal control group;
the NSS-ATD group and the MGD group had higher levels than
the normal group. The concentration of MIP-1a. in the SS-ATD
group was significantly higher than in the normal control group
and the MGD group (P<0.05).

The concentrations of 4 cytokines (TNF-q, IL-6, IL-8, and IL-12P70)
with ELISA assay are shown in Table 2 and Figure 2. The concen-
trations of these 4 cytokines determined by ELISA were consist-
ed with the Luminex assay. The concentrations of TNF-o in the
SS-ATD group, NSS-ATD group, and MGD group were all signif-
icantly higher than found in the normal control group (P<0.05,
Figure 2A). The levels of TNF-a in the NSS-ATD group and the
MGD group were significantly lower than found in the SS-ATD
group (P=0.005, P=0.014, respectively). The concentration of
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Figure 1. Standard curves of each cytokine in tears detected with Luminex assay. The corresponding standard curves of TNF-q, IL-1c,
IL-1B, IL-6, IL-8, IL-10, IL-12P70, IL-13, IFN-y, EGF, and MIP-1a was given in turn.

Table 1. Levels of tear inflammatory cytokines from dry eye and normal control patients with luminex assay (mean +SD, pg/mL).

Cytokine Normal control SS-ATD group NSS-ATD group MGD group

TNF-a 9.08+6.85 25.80+11.81% 16.45+9.04#* 16.66+8.93#*
""" le 271982577 49985823 432414071 40574262
""" 1B 783683 116812 1485¢1496  1401%1024*
""" 6 3798431 o4e91e' 678763 9154998
""" I8 743983036 41213+10759° 2531649429 13649448745
""" 10 446349 663343 6381432 4134325*
""" I12P70 1340487703 2111247038 1621147135 1968145612
""" 13 140817482213 168466:232436 159231102537 13981049527
""" PNy 80694794 12515029 119085331  147.1%10331°
""" EGF  8976:12071 637019282 16452415973 13628418322
""" MiP-la 115335674603 174386:83274° 133420458504 120026485127

Versus normal control, # P<0.05; versus SS-ATD group, * P<0.05; versus NSS-ATD group, * P<0.05.
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Table 2. Levels of tear inflammatory cytokines TNF-q, IL-6, IL-8, and IL-12P70 from dry eye and normal control patients with ELISA

assay (mean +SD, pg/mL).

Cytokine Normal Control SS-ATD group NSS-ATD group MGD group
TNF-o 8.29+5.79 29.63+10.42* 16.11+8.51%* 17.39+6.99%*
IL-6 4.83+1.69 10.1945.14* 8.04+4.36 9.39+4.57%
IL-8 67.21432.43 433.51+111.40% 245.72+78.75% 129.57+50.37#*
IL-12P70 147.17+86.18 225.12+88.46* 179.44+69.99 195.86+75.04*

Versus normal control, * P<0.05; versus SS-ATD group, * P<0.05; versus NSS-ATD group, * P<0.05.
A 50 — TNF-a B 20 — -6
R 40 — 15 #
£ £
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s S 10—
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£ g 5| —l_
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Figure 2. Concentrations of TNF-o (A), IL-6 (B), IL-8 (C), and IL-12P70 (D) from dry eye and normal control patients were determined by

ELISA assay. Versus normal control, # P<0.05; versus SS-ATD group, * P<0.05; versus NSS-ATD group, * P<0.05.

IL-6 in the SS-ATD group and the MGD group was statistical
different from the normal control group (P<0.05, Figure 2B).
The concentrations of IL-8 in the 3 DED groups (SS-ATD, NSS-
ATD, and MGD) were significantly higher than in the normal
control group (P<0.05, Figure 2C). In addition, statistical differ-
ences could be reserved among these 3 subgroups of DED, with
P value of 0.000 between the SS-ATD and the NSS-ATD groups
(P=0.000), the SS-ATD group and MGD group (P=0.000), as well
as the NSS-ATD group and the MGD group (P=0.000). For the
IL-12P70 concentration, we detected a statistical difference
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between SS-ATD group and the MGD group compared with
the normal group (Figure 2D).

Discussion

DED is a complex and insidious pathology with a high level
of prevalence among the human population [17]. Although
the etiology of DED varies and the pathological mechanism is
complicated, a common consensus is that the involvement of
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inflammation as an integral part of DED. Abundant evidences
from animal and clinical studies has shown that upregulated
of inflammatory cytokines in tears and conjunctival epithelium
can result in more severe forms of DED [6,13,18,19]. In light
of the important role in the process of inflammation, there is
growing interests on the identification of cytokines that are
specifically involved in the pathogenesis of DED. If particular,
if cytokines are found to be associated with differences in the
severity of the disease, then the expression of one or more
of those cytokines could be used as a potential biomarker or
therapeutic target of DED. Anti-inflammatory and lipid abnor-
malities therapies are currently the main treatment for DED,
depending on the typical signs and symptoms [20]. There are an
increasing number of clinical trials of anti-inflammatory drugs
like ciclosporin A (Cs A), fluorometholone, and diclofenac for
the clinical treatment of DED patients [21-23].

According to our study of 11 cytokines, the levels were mostly
increased in DED patients (TNF-q, IL-1a, IL-1B, IL-6, IL-8, IL-12,
IL-13, IFN-y, and MIP-1a), and these findings were consisted
with the previous published reports. In addition, ELISA assay
further applied to measure the same cytokines found results
consistent with Luminex assay results. TNF-a, IL-6, IL-8, and
IL-12P70 were detected at higher concentrations in the SS-
ATD group, NSS-ATD group, and MGD group. And, more im-
portantly, statistical differences were also observed among pa-
tient groups, of the same cytokines, TNF-a and IL-8. For the
concentration of TNF-c, the NSS-ATD group and MGD group
all had statistical differences with the SS-ATD group. And for
IL-8, there were statistical differences between each group.

TNF-a, mainly secreted by macrophages, plays a key role in
many physiological and pathological processes such as inflam-
matory response, cellular immunity, and tumor immunity. The
biological effects of TNF-o. were induced by the interactions
with either of 2 distinct receptors, TNF receptorl (TNFR1, and
TNF receptor2 (TNFR2) on the cell surface [24]. Both receptors
trigger several signal transduction pathways, including apop-
tosis mediated by caspase family, the activation of NF-xB and
JNK mediated by TRAF [25-27]. TNFR1 and TNFR2 perform their
functions in a cooperative rather than independent manner.
There are various regulation mechanisms existing in the 3 sig-
nal transduction pathways, which contribute to the coordi-
native effect of TNF-o.. High expression of TNF-o can initiate
a series of inflammatory reactions on the surface of the eye,
inducing the occurrence and development of the DED. Series
studies demonstrated that TNF-o. was increased in tears and
conjunctival epithelium of patients suffering from DED, and
TNF-a. levels were significantly correlated with ocular surface
parameters and Schirmer | test [28]. Besides, some researchers
suggest that TNF-a blockers can effectively suppressed lacrimal
gland and corneal inflammation by suppressing other cytokines.
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In addition, many members of the IL family are also involved
in the inflammation of DED, including IL-1, IL-6, IL-8, IL-10,
IL-12, and IL-13. The levels of these ILs in DED patient tears
were correlated inversely with TBUT and Schirmer test scores.
The injection of IL-1 could induce reversible aqueous-tear defi-
ciency, lacrimal gland inflammation, and acinar and ductal cell
proliferation on the mouse lacrimal gland [29]. Besides, in IL-1
receptor-1 (IL-1R1)-deficient (KO) mice with experimental dry
eye disease, the expression of inflammatory cytokines TNF-a,
IL-1a, IL-1B, and IL-6 in the corneal epithelium and conjunctiva
were significantly decreased, indicated that IL-1 signaling is
partly responsible for release of inflammatory cytokines [30].
The levels of IL-6 in DED patient tears were correlated inversely
with ocular surface parameters like systemic symptom score,
TBUT, and Schirmer | test score [31]. IL-6 was also regarded
as a main characteristic for the immune response in human
microbial keratitis and pediatric lacrimal duct obstruction.
Amplification of IL 8 by resident tissues is an important mech-
anism for directing leukocytes migration, especially through
avascular tissues like cornea. IL-8 also has strong attractive che-
motactic effects to T cells and neutrophil cells, massive infiltra-
tion and activation of T lymphocytes leading to the damage of
the lacrimal gland and ocular surface tissues through cytotox-
icity and apoptosis [32]. High levels of IL-8 can be potent sig-
nal causing the typical signs of DED. And in our study, except
for the elevated levels observed in DED patient groups, signifi-
cant differences also can be found between subgroups of DED
patients, indicated the involvement of different inflammatory
processes as causes of different DED subgroups. IL-10, as a
kind of anti-inflammation cytokine, is essential for promoting
immune response from tissue epithelia to relieve the injury
and facilitating the tissue-healing process in injuries caused
by infection or inflammation. The study also found that IL-10
showed a stronger correlation with ocular surface parameters
and several chronic ocular systemic chronic graft-versus-host
disease (GVHD) severity scales [33].

Besides, in the present study, the levels of Th1 type cytokines
IL-12, IFN-y, and Th2 type cytokine IL-13 were also found to
be increased in DED patient groups compared with the normal
group. IL-12, an important immunoregulatory cytokine mainly
produced by macrophages and dendritic cells, plays a vital
role in initiation and progression of Th-1-type responses that
produce IFN-y [34]. The production of IL-12 mediated through
toll-like receptors (TLR) can be augmented in the presence of
pro-inflammatory signaling such as IFN-y and IL-4. There are
2 forms of IL-12, IL-12p70 for active form and IL-12P40 for
inactive form, and the elevated of IL-12p70 also can be ob-
served in many inflammatory related diseases like DED. IFN-y,
as mentioned before, was secreted by Th-1, has specifically
association with tear hyperosmolarity, severity of conjunctival
pathology, and key clinical parameters of DED [35]. Moreover,
elevated tear IFN- y levels have been reported in heterogeneous

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Zhao H. et al.:
Tear luminex analysis in dry eye patients
© Med Sci Monit, 2018; 24: 7595-7602

populations of DED patients. The Th2 cytokine IL-13 is a pre-
dominant Th2 cytokines in ocular surface and has a homeostatic
function in modulate goblet cell differentiation and density in
DED. Th1cytokines IFN-y has also been found to suppress IL-13
signaling and promotes apoptosis and squamous metaplasia
of the ocular surface epithelia in mice.

Some previous studies have demonstrated the role of MIP-1a
in dysfunctional tear syndrome, the increasing level of MIP-1a
has correlation with parameters for meibomian gland dysfunc-
tion (MGD) in congenital aniridia, including increasing atrophy
of meibomian glands, and shorter break-up time of the tear
film [36]. EGF, a pleiotropic cytokine secreted by the lacrimal
gland, is essential for maintaining homeostasis of the ocular
surface epithelia and to stimulate proliferation, migration, adhe-
sion of corneal epithelial cells during wound healing. However,
when EGF concentration exceeds a certain high level, it is likely
to promote corneal hypertrophy. In present study, tear EGF
we detected was higher in MGD than in the control and was
lower in SS than in the control. There is similar conclusion in
the former study by Rao et al,, the study found that tear EGF
concentration was increased in eyes with corneal subepithelial
fibrosis and MG orifice metaplasia, suggesting tear EGF may
promote the development of corneal subepithelial fibrosis and
lid margin changes [37].

Lots of studies were focused on cytokine profiles of DED pa-
tients, while the disease was rarely classified and limited re-
ports have been published involving the classification of DED
of those cytokines. Besides, the related reports of subclasses
of DED mostly were meibomian gland dysfunction and Sjogren
syndrome dry eye, but few data focused on the non-Sjogren’s
DED of inflammatory cytokines. In this study, the SS-ATD, NSS-
ATD, and MGD patients were comprehensive involved for the
analysis of the inflammatory cytokines, statistical difference
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of certain cytokines observed among these patient groups in-
dicated that the level of cytokines could be a potential sup-
plement for the diagnosis of DED subpopulations as well as a
biomarker to differentiate SS-ATD, NSS-ATD, and MGD.

Conclusions

The current study developed a Luminex technology to eval-
uate cytokine levels including TNF-q, IL-1a, IL-1B, IL-6, IL-8,
IL-10, IL-12P70, IL-13, IFN-y, EGF, and MIP-1a in 3 subclasses
of DED patient tear samples and that were further confirmed
with ELISA assay. The multiplexed Luminex assay was proven
to be an ideal method for detection of various cytokines in
tear samples, with high-sensitivity and high-throughput char-
acteristics, which is potentially suitable for use in medical re-
search. The levels of these cytokines were mostly increased
in DED patients (TNF-a, IL-1q,, IL-1p, IL-6, IL-8, IL-12P70, IL-13,
IFN-y, and MIP-1c) compared with normal participants. And,
more importantly, statistical differences were also observed
among the subclasses of DED for the IL-8 and TNF-o, suggesting
that cytokines could be a potential supplement for the diag-
nose of DED subpopulations and therapeutic targets for SS-
ATD, NSS-ATD, and MGD patients. Our study has potential im-
pact on the research of the dry eye; the systematic analysis
of inflammatory cytokines might lead to greater control of
inflammation reaction in dry eye treatment. Further studies
are need to evaluate more patients and a large population in
order to co-validate the data and eventually develop a panel
to be used for patients with dry eye disease.
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