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The correlation of cytokines and sensory hypersensitivity in mild
dry eye patients characterized by symptoms outweighing signs
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Purpose: To explore the correlation of tear and conjunctival cytokines and sensory hypersensitivity in mild dry eye
(MDE) patients characterized by symptoms outweighing signs (DESOS).

Methods: The subjects comprised 39 patients with MDE characterized by DESOS, 18 patients with common MDE
(CMDE), and 15 healthy controls. The patients with DESOS were randomly subdivided into two groups; the C-DESOS
group received artificial tears only, and the G-DESOS group received artificial tears and 0.1% fluorometholone eye drops
three times a day. Symptoms were assessed using the Ocular Surface Disease Index (OSDI) and the Neuropathic Pain
Symptoms Inventory modified for Eye (NPSI-E) questionnaire. Ocular examinations and in vivo confocal microscopy
(IVCM) were also employed. Tear and conjunctival cytokines were measured using Multiplex or RT-PCR on Days 0, 7,
and 30. The correlation between the expression of cytokines and hypersensitivity status was analyzed.

Results: Compared with the CMDE and control groups, the DESOS groups showed a significant increase in symptom
scores and in the ratio of symptoms versus signs. IL-1 B, IL-2, IL-6, and TNF-a in tears and conjunctiva increased in the
DESOS groups compared to the CMDE and control groups, indicating a high correlation with hypersensitivity status in
the DESOS groups. Glucocorticoid treatment significantly decreased the level of cytokines in tears and conjunctiva in
the G-DESOS group and subsequently ameliorated the symptoms.

Conclusions: Tear and conjunctival cytokines, including IL-1 B, IL-2, IL-6, and TNF-a, were correlated with sensory
hypersensitivity status in the DESOS groups, suggesting they play an important role in the discordance of symptoms

outweighing signs.

Dry eye (DE) is a common condition of the ocular
surface that varies in severity and that affects millions of
people of all ages and demographic backgrounds. It is
characterized by unstable tear film that causes a variety of
symptoms and/or visual impairment, potentially accompa-
nied by ocular surface damage [1,2]. While the etiology of
DE is often unknown, many factors initiate its pathomecha-
nisms, which often overlap and interact. These factors include
environmental triggers, medications, refractive surgery,
computer use, contact lens use, and low-humidity conditions
[3-6] and drive a diverse range of symptoms in parallel with
ocular signs, according to the severity of the disease [7].
Upon confirming the diagnosis of DE based on a positive
symptom score and one or more positive signs, management
and treatment should be guided by the subtype classifica-
tion and severity. While the majority of DE patients show
symptom severity that matches the signs, it is well established
that some exhibit conflicting signs and symptoms [8,9]. This
discordance between signs and symptoms in DE was mostly
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shown as two types: symptoms lowering signs (dysesthesia)
and symptoms outweighing signs (hypersensitivity). The
former commonly appears in DE accompanied by impair-
ment of corneal nerves, such as neurotrophic or diabetic kera-
topathy [10,11]. However, the latter is usually attributed to the
natural variability of clinical tests, disease process, subjective
pain thresholds, depression, and lower self-perceived health
[12-14], which often frustrates clinicians due to the poor posi-
tive signs for the diagnosis of DE and subsequent treatment.
Unfortunately, there are few reports on what changes in local
molecular levels cause the discordance in DE.

Increasing evidence confirms that DE is associated
with ocular surface inflammation and increased levels of
inflammatory cytokines (e.g., IL-1, IL-6, IL-8, and TNF-a) in
the tear film and conjunctival epithelium in both human and
animal models [15-17]. These inflammatory cytokines are
correlated with sensory nerve hypersensitivity (apparent pain,
itchiness, and irritating symptoms) in psoriasis and atopic
dermatitis [18]. In the ophthalmic clinic, it is not uncommon
that people with mild signs of DE complain about unendur-
able itchiness, photophobia, and other irritating symptoms.
However, whether the discordance characterized by symp-
toms outweighing signs in mild DE (MDE) can be attributed
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to sensory nerve hypersensitivity induced by inflammatory
cytokines remains unclear. In this study, we investigated
the profiles of the inflammatory cytokines in tears and
conjunctiva in patients with MDE characterized by symptoms
outweighing signs (DESOS) to explore the potential correla-
tion between cytokines and sensory hypersensitivity in MDE.

METHODS

Study subjects: The subjects were recruited from the out-
patient clinics at the Shaanxi Institute of Ophthalmology
and the Third Affiliated Hospital of Guangzhou Medical
University and comprised 39 patients with MDE character-
ized by DESOS, 18 patients with common MDE (CMDE),
and 15 healthy volunteers. The CMDE patients were diag-
nosed according to the TFOS DEWS II Definition and Clas-
sification Report and Dry Eye Definition and Diagnosis: A
Consensus Report by the Asia Dry Eye Society and showed
Ocular Surface Disease Index (OSDI) scores below 22 [1,19-
22]. The DESOS group was characterized by mild DE and
OSDI scores over 22. The exclusion criteria were as follows:
a history of ocular or refractive surgery, the use of topical
or systemic medications affecting DE in the last 3 months,
contact lens use, abnormalities of the ocular surface, or any
systemic diseases affecting tear secretion. The patients with
DESOS were randomly subdivided into two groups; the
C-DESOS group received treatment with 1% sodium hyal-
uronate eye drops 3 to 4 times a day only, and the G-DESOS
group received artificial tears with 0.1% fluorometholone eye
drops three times a day. In total, four groups were included in
this study. The study complied with the tenets of the Declara-
tion of Helsinki and was approved by the Shaanxi Institute
of Ophthalmology Institutional Review Board and the Third
Affiliated Hospital of Guangzhou Medical University Institu-
tional Review Board. Written informed consent was obtained
from all subjects.

Scores for dry eye symptoms: The DE symptoms of partici-
pants were assessed using the OSDI questionnaire (range
0-100) [20] on Days 0, 7, and 30. All participants completed
the NPSI-E pain questionnaire to assess the presence,
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severity, and quality of ocular pain. The NPSI-E is a modified
version of the Neuropathic Pain Symptoms Inventory (NPSI)
that consists of several scored items that assess neuropathic
pain, including burning spontaneous pain, pressing sponta-
neous pain, paroxysmal pain, evoked pain, and paresthesia/
dysesthesia, and its severity. In the current work, the evoked
pain section of the NPSI-E targeted aspects of ocular allo-
dynia or hyperalgesia (eye pain caused or increased by (1)
wind, (2) light, and (3) heat or cold), according to a previous
report [22].

Ocular signs: Ocular signs were investigated using conjunc-
tival lissamine green staining, corneal fluorescein staining,
tear film breakup time (BUT), the Schirmer’s test (ST),
and the Meibomian gland score and were measured using
a slit-lamp microscope and ocular comprehensive analyzer
(OCULUS, Germany). All tests were performed bilaterally by
the same researcher. As shown in Table 1, all test scores were
converted into a common unit system according to previous
reports. A composite severity score was calculated for each
eye by transforming each sign score to a common unit
severity score between 0 and 1, with 0 being no sign of DE
and 1 being the severest signs of DE [23]. The discordance
between symptoms and signs was highlighted by the ratio of
the total OSDI or NPSI-E scores versus the scores of signs.

Tear cytokine assay: After the administration of topical
anesthesia consisting of 0.5% proparacaine hydrochloride, a
disposable 0.3—0.5mm polyethylene capillary tube was placed
in the lower fornix of the conjunctival sac and a tear sample of
approximately 5 pl was collected by siphonage on Days 0, 7,
and 30. Cytokines in the tear sample, including IL-1 B, IL-2,
IL-6, IL-10, IL-17, IFN- v, and TNF- a, were analyzed using
a multiplex cytokine assay kit (Affymetrix, Santa Clara, CA)
according to the provided protocol. The multiplexed bead
analysis kit makes it possible to measure several cytokines
in a single sample, with detection thresholds of 1-2 pg/ml.

Cytokine expression in the conjunctiva: After the adminis-
tration of topical anesthesia consisting of 0.5% proparacaine
hydrochloride, strips of cellulose acetate filter paper (Milli-
pore Corp, Billerica, MA) were placed onto the temporal and

TABLE 1. CONVERSION OF DRY EYE TEST MEASUREMENTS INTO A COMMON UNIT SYSTEM.

Severity grade

Test

0 0.25 0.5 0.75
Schirmer test (mm/5 min) 35 7 5 2 0
Staining cornea (Oxford, 0-5) 1 2 3
Staining nasal and temporal conjunctiva (Oxford, 0—10) 2 4 6 10
Meibomian gland dysfunction score (0-3) 0.75 1.5 2.25
TBUT (sec) 0 7 5 3 0
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TABLE 2. THE SELECTED PRIMERS IN THIS STUDY.

Cytokines Primers

IL-2 F: CCCAAGAAGGCCACAGAACT
R: TTGCTGATTAAGTCCCTGGGT

IL-10 F: GCTGAGAACCAAGACCCAGA
r-rATTCTTCACCTGCTCCACGG

IL-6 F: CCAGAGCTGTGCAGATGAGT
r-rAGCTGCGCAGAATGAGATGA

IFN-y F: TGGAAAGAGGAGAGTGACAGA
-TCTTCCTTGATGGTCTCCACAC

TNF-a F: AGAGGGAAGAGTTCCCCAGG
r-CCTCAGCTTGAGGGTTTGCT

IL-1B F: GCAATGAGGATGACTTGTTCTTTG
r-CAGAGGTCCAGGTCCTGGAA

IL-17 F: ACCAATCCCAAAAGGTCC
-TGGATGGGGACAGAGTTCAT

B -actin F: CCTGACTGACTACCTCATGAAG

r-GACGTAGCACAGCTTCTCCTTA

superior bulbar conjunctiva adjacent to the corneal limbus,
pressed gently with a medical swab for 3 s, and then removed.
The impression cytology specimen was put into 350 pl cell-
lysis solution containing § -Mercaptoethanol and RLT (1:100).
Total RNA was extracted according to the protocol and
amplified using RT-PCR (Takara Bio, Inc. Otsu, Japan). The
selected primers were shown in the Table 2. Relative mRNA
levels of target genes were calculated using the2-2** method,
as described previously [24].

Correlation analysis between variables: The correlation
between each of the tear cytokines and the OSDI and NPSI-E
symptom scores was analyzed for all subjects. Pearson
correlation coefficients and the corresponding p values were
calculated.

In vivo confocal microscopy: In vivo confocal microscopy
(IVCM) was used to document the level of corneal sub-
basal nerve plexus and the status of antigen-presenting
cells (dendritic cells) on Days 0 and 30. The corneal nerve
fiber density (CNFD) from IVCM images was quantified
using Automatic CCMetrics software V 1.0 (University of
Manchester, Manchester, UK), as described earlier [25].
Corneal dendritic cell density (DCD) was analyzed and aver-
aged using five representative [IVCM frames. Two blinded
observers analyzed the images, and the average of the values
was used for statistical analysis.

Statistical analysis: Values were presented as the mean
values + standard deviations. A one-way ANOVA was used
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to compare the tear and conjunctiva cytokine levels between
groups. p<0.05 was considered statistically significant.
Person correlation coefficients were calculated for the correla-
tion between the cytokine levels and symptom scores among
the groups. Statistical analyses were performed using SPSS
16.0 (SPSS Inc., Chicago, IL) and GraphPad Prism V 6.0
(GraphPad Software, La Jolla, CA).

RESULTS

Demographics of the subjects: The C-DESOS group
comprised 19 participants (15 females, 4 males, mean age
47.7411.2 years) and the G-DESOS group enrolled 20 partici-
pants (16 females, 4 males, mean age 45.9+£9.7 years). The
CMDE group comprised 18 participants (14 females, 4 males,
mean age 46.3+8.9 years) and the control group enrolled 15
healthy participants (12 females, 3males, mean age 45.3+9.6
years). There were no statistically significant differences
between the groups in terms of age or gender (Table 3).

Ocular signs: Compared with the control group, the ST and
BUT scores were lower and the conjunctival lissamine green
staining, corneal fluorescein staining, and Meibomian gland
scores were higher in the CMDE, C-DESOS, and G-DESOS
groups (p<0.0001, <0.0001, 0.0014, <0.0001, and 0.0013,
respectively). However, there were no statistical differences
between the three test groups (Table 4, p=0.4995, 0.1040,
0.7396, 0.1307, and 0.5174, respectively). As shown in the
parentheses in Table 4, a composite severity score was
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TABLE 3. THE DEMOGRAPHICS OF ALL SUBJECTS.

Type Control CMDE C-DESOS G-DESOS P value
Age (mean+SD) 45.3£9.6 46.3+8.9 47.7+£11.2 45.9+9.7 0.9046
Male / Female 3/12 4/14 4/15 4/16 0.8424
TABLE 4. THE OCULAR SIGN SCORES OF ALL SUBJECTS BEFORE TREATMENT.

Test Control CMDE C-DESOS G-DESOS P value

Schirmer test 17.4+£9.3 (0.0) 10.1£2.7 (0.25) 9.1+4.4 (0.25) 8.743.8 (0.25)  *<0.0001,¥*0.4995
BUT 11.8+4.1 (0.0) 7.5£1.9 (0.25) 6.1£2.5 (0.25) 6.4+1.7 (0.25)  *<0.0001,**0.1040
Staining conjunctiva 0.6+0.3 (0.25) 1.741.2 (0.25) 1.941.3 (0.25) 2.0£1.1 (0.25)  *0.0014, **0.7396
Staining cornea 0.1£0.1 (0.25) 0.9+0.4 (0.25) 1.1£0.3 (0.5) 1.2+0.6 (0.25)  *<0.0001,**0.1307
Meibomian gland dysfunction score 0.8+0.2 (0.25) 1.1+0.2 (0.5) 1.2+£0.4 (0.5) 1.1+0.3 (0.5) *0.0013,%*0.5174

* refers to statistical P value among the control, CMDE, C-DESOS, and G-DESOS group; ** refers to statistical P value among CMDE,

C-DESOS, and G-DESOS group.

calculated for each eye by transforming each sign score to a
common unit severity score between 0 and 1, with 0 being no
sign of DE and 1 being the severest signs of DE.

Symptom questionnaire score: OSDI scores were higher
in the C-DESOS and G-DESOS groups compared with the
CMDE and control groups on Days 0 and 7 (both p<0.001).
This score decreased in the G-DESOS group after gluco-
corticoid treatment on Day 30. Corresponding to the OSDI
scores, the ratio of the total OSDI scores versus the scores
for signs revealed a significant increase in the C-DESOS and
G-DESOS groups on Days 0 and 7 compared with the CMDE
and control groups (Table 5, p<0.001). There was a significant
difference in NPSI-E scores among all groups (p<0.001); this
difference was higher in the C-DESOS and G-DESOS groups
but not in the CMDE and control groups (Table 6, p<0.001).

Cytokine profile in the tears: The results for the cytokine
profile in the tears of all subjects were shown in Figure 1.
IL-1 B, IL-2, IL-6, IL-17, IFN- vy, and TNF- a measured in
this study increased noticeably in the tears of the C-DESOS

and G-DESOS groups compared with the CMDE and control
groups (p=0.0141). However, the cytokines in the tears of the
G-DESOS group all sharply decreased after glucocorticoid
treatment on Day 30, but those in the tears of the C-DESOS
group did not. There were no significant differences in IL-10
among the groups (p=0.1502).

Expression profile of cytokines in conjunctival samples: We
measured the expression of cytokines in the conjunctival
specimens collected using impression cytology with an RT—
PCR assay. Consistent with the expression levels of cytokines
in tears, IL-1 B, IL-2, IL-6, and TNF-a were significantly
increased in the C-DESOS and G-DESOS groups compared
with the CMDE and control groups (p=0.0264). These cyto-
kines decreased in the G-DESOS group after glucocorticoid
treatment but did not in the C-DESOS group. There was a
subtle increase in IL-17 and IFN- y in the C-DESOS and
G-DESOS groups, but there was no significant difference
compared with the CMDE and control groups (p=0.0837).
There was no significant difference in IL-10 among the
groups (Figure 2, p=0.6102).

TABLE 5. THE OSDI SCORES OF ALL SUBJECTS.

Time Scores Control CMDED C-DESSD G-DESSD P value

Day 0 OSDI 4.61+1.96 14.5047.12 46.60+12.41 42.80+21.79 *<0.0001,**<0.0001
OSDI/Sign 6.12+2.54 9.67+4.75 26.63£7.09 28.53+14.51 *<(0.0001,**<0.0001

Day 7 OSDI 5.13+1.20 17.70+5.37 39.70+19.77 34.60+18.88 *<0.0001,**0.0004
OSDI/Sign 6.80+1.60 11.80+3.58 26.47£11.30 23.07£12.59 *<0.0001,**0.0001

Day 30 OSDI 3.94+1.93 16.10+7.74 29.80+14.53 14.70£10.12 *<0.0001,¥*0.0001
OSDI/Sign 5.25+2.57 10.73£5.16 17.03+8.31 9.80+6.75 *<0.0001,**0.0036

* refers to statistical P value among the control, CMDE, C-DESOS, and G-DESOS group; ** refers to statistical P value among CMDE,
C-DESOS, and G-DESOS group. OSDI/Sign means the ratio of the OSDI scores versus sign scores.
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Correlations between variables: Figure 3 displayed the
correlation, including the correlation coefficient and p value,
between each of the cytokines in tears and the symptom
scores for all subjects. A high positive correlation was found
between IL-1 B, IL-2, IL-6, and TNF- a and the OSDI and
NPSI-E scores. IL-17, IFN- v, and IL-10 showed a very low
and nonsignificant correlation with both OSDI and NPSI-E
scores.

In vivo confocal microscope: As shown in Figure 4A,B, there
was no significant difference in CNFD among the groups. In
addition, there were no statistical changes in CNFD in the
G-DESOS group on Days 0 and 30 (p=0.1926). There were
more dendritic cells clustered in the corneal epithelial layer in
the C-DESOS and G-DESOS groups than in the CMDE and
control groups (p=0.0052). After glucocorticoid treatment,
the number of these dendritic cells significantly decreased
(p<0.001).

DISCUSSION

Subjective symptoms coupled with objective signs were
considered to the classification of DE and guide its manage-
ment and treatment [1,7,18]. Despite its widespread preva-
lence, DE remains quite difficult to manage because of the
apparent lack of the identified pathophysiological cytokines
involved in the discordance between commonly used clinical
tests and patient-reported symptoms [26,27]. In this study,
we found that the expression of cytokines, especially IL-1 f,
IL-2,IL-6, and TNF-q, in tears and conjunctiva significantly
increased in the DESOS groups compared with the CMDE
group, which showed a linear positive correlation with the
higher OSDI and NPSI-E scores. Cytokines such as IL-1
B, IL-6, and TNF- o bind the correspondent nociceptor on
the ending of a sensory nerve, directly igniting the action
potential of the sensory nerve and indirectly inducing some
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neuropeptides to release, such as substance P and calcitonin
gene-related peptide (CGRP). These neuropeptides positively
activate the nociceptor and have been implicated in sensory
hypersensitivity [28,29]. Anti-inflammatory treatment with
glucocorticoid decreased the expression of these cytokines
and in turn improved the symptoms of DESOS patients. This
supports our above-mentioned hypothesis that cytokines were
correlated with the sensory hypersensitivity of the DESOS
patients. However, this incidental observation warrants
further investigation, particularly regarding whether gluco-
corticoid agents can reduce the progression of DESOS.

The question we ask here is whether the elevated cyto-
kines affected trigeminal nerve anatomy and function and
thus caused sensory hypersensitivity in the DESOS group.
The IVCM results did not show any significant differences in
CNFD between the DESOS groups, suggesting the functional
hypersensitivity of the trigeminal nerve rather than anatomic
or morphologic changes was responsible for the discordance
of symptoms outweighing signs in the DESOS groups. An
increasing number of dendritic cells appeared in the corneas
of participants in the DESOS groups, but the number
decreased after the glucocorticoid treatment. Dendritic cells
adjacent to the corneal sensory fibers might relay the signal
stimuli of cytokines and might be involved in the cytokine-
associated hypersensitivity of the trigeminal nerve in the
DESOS groups [25].

The reason for the lack of corresponding ocular signs
in the DESOS groups remains unclear. A previous study
hypothesized that the phenomenon of symptoms outweighing
signs perhaps occurred in the preclinical phase of DE [19].
However, it must be clarified whether DESOS was only a
characteristic stage in the progression of DE or a new special
disease. In conclusion, cytokines such as IL-1 8, IL-2, IL-6,
and TNF- a showed a positive correlation with the OSDI and

TABLE 6. THE NPSI-E SCORES OF ALL SUBJECTS.

Test Control CMDE DESOS P value

Total NPSI-E Scores 2.89+0.44 8.74+1.33 18.19+6.67 *<0.0001,*¥*<0.0001
NPSI-E/sign 0.10+0.14 0.25+0.12 1.87+1.02 *<0.0001,¥*<0.0001
Eye pain right now 0.14+0.17 1.14+1.21 3.08+2.12 *<0.0001,¥*0.0007
Burning 0.43+0.61 1.34+£1.29 3.13£1.65 *<0.0001,¥*0.0002
Pressure 1.12+0.57 1.02+1.16 2.29+1.37 *<0.0001,¥*0.0016
Pain evoked by wind 0.18+0.24 1.18+1.07 2.98+1.68 *<0.0001,¥*0.0001
Pain evoked by light 0.41+0.46 1.54+£1.17 3.10+1.58 *<0.0001,*¥*0.7995
Pain evoked by cold or hot 0.32+0.38 1.23£1.39 2.31+1.16 *<0.0001,¥*0.0033
Pins and needles 0.29+0.53 1.29+1.95 2.29+1.25 *<0.0001,¥*0.0231

* refers to statistical P value among the control, CMDE, and DESOS group; ** refers to statistical P value between CMDE and DESOS

group.
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Figure 1. The cytokine profile in the tears of all subjects. IL-1 B, IL-2, IL-6, IL-17, IFN- y, and TNF- a increased dramatically in the C-DESOS
and G-DESOS groups compared to the CMDE and control groups (p=0.0141). However, they all sharply decreased in the G-DESOS group
after glucocorticoid treatment on Day 30 but not in the C-DESOS group. There were no significant differences in IL-10 among the groups
(p=0.1502).
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Figure 2. Expression of the cytokines in the conjunctiva. IL-1 B, IL-2, IL-6, IL-17, TNF-a, and IFN- y increased dramatically in the C-DESOS
and G-DESOS groups compared to the CMDE and control groups (p=0.0264). These cytokines decreased significantly in the G-DESOS
group after glucocorticoid treatment but not in the C-DESSD group. However, there were no significant differences in IL-10 among the
groups (p=0.6102).
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Figure 3. The correlation between each of the cytokines in tears and the symptom scores among all subjects. A high positive correlation was
found between IL-1 B, IL-2, IL-6, and TNF- o and OSDI scores. A similar correlation was also found between these cytokines and NPSI-E
scores. IL-17, IFN- v, and IL-10 had very low and nonsignificant correlations with both OSDI and NPSI-E scores.
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Figure 4. Photo of the slit-lamp microscope and IVCM. A and B: Photo of the slit-lamp microscope and IVCM. There was no significant
difference in CNFD among the groups (p=0.2116) or in the G-DESOS group on Days 0 and 30 (p=0.1926). More dendritic cells clustered
in the corneal epithelial layer in the C-DESOS and G-DESOS groups compared to the CMDE and control groups (p=0.0052). After gluco-
corticoid treatment, the number of dendritic cells decreased significantly (p<0.001).
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NPSI-E scores, which suggests they were involved in the
sensory hypersensitivity of the DESOS participants.
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