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Abstract
Background The aim of this study was to explore the relationship between the ocular surface
characteristics and the levels of tear and conjunctiva in�ammatory cytokines. Methods This study
enrolled 102 diabetes patients with dry eye (DE) and 117 volunteers. All enrolled subjects were tested in
the following sequence: Ocular surface disease index (OSDI) was self-answered and ocular surface
characteristics including Schirmer I test (SIt), tear-�lm breakup time (BUT), and corneal �uorecein staining
(CFS) were evaluated. Levels of transforming growth factor (TGF)-β1, nuclear factor-κB (NF-κB), and
interleukin-17 (IL-17) were measured in the conjunctiva using a multiplex immunobead assay.
Periodicacid-Schiff (PAS) staining, immunohistochemistry, enzyme-linked immunosorbent assay (ELISA)
and �ow cytometry were also performed. Spearman correlations between cytokines and ocular surface
parameters were calculate. Results The ELISA results showed that the levels of IL-lβ and TNF-α in the DE
patients with diabetes group were signi�cantly higher than those in the normal group (P < 0.001 and P =
0.023). The immunohistochemical staining results and western-blot results showed that the expression
levels of TGF-β1 and NF-κB in the conjunctiva in the diabetes mellitus group were signi�cantly increased
compared to those in the normal group. The �ow cytometric results showed that the expression levels of
CCR6 and IL-17 were signi�cantly increased in diabetes mellitus group compared to the normal group (P
< 0.001 and P < 0.001). Conclusions In�ammatory cytokines were highly expressed in the conjunctiva
and tears of diabetic patients with dry eye. The mechanism for this might be related to hyperglycemia-
induced activation of the NF-κB pathway, which increased the levels of in�ammatory cytokines. In
addition, chemokines might also play a role in the pathogenesis of dry eye in diabetes mellitus.

Background
Diabetes mellitus (DM) can cause many ocular complications such as keratoconjunctivitis, retinopathy,
dry eye disease (DED), cataract, nerve palsies, glaucoma and macular edema. In recent years, in addition
to diabetic retinopathy has received widespread attention for its role in causing blindness, the dry eye
problem also has generated attention for its high incidence in diabetics[1,2]. Studies have shown that
diabetics are susceptible to DED[3]. The occurrence of DED in diabetics is characterized by unstable tear
production and tear volume, squamous metaplasia of the conjunctiva, a decrease in goblet cells density,
a decrease in the hydrophilicity and stability of tear �lm, and the accumulation of in�ammatory
cytokines, in which the ocular surface is continuously damaged[4]. It is generally recognized[5] that the
in�ammation plays a prominent role in the pathogenesis of DED; However, there has been a lack of study
on the pathogenesis of DED in diabetics. In this study, we investigated the levels of nuclear factor-κB (NF-
κB), transforming growth factor-β1 (TGF-β1), interleukin-lβ (IL-lβ), tumor necrosis factor-α (TNF-α) and
chemokines in the tears and conjunctiva of diabetics with DED and compared the results of this group
with the results of the normal controls. We showed that the expression of the above mentioned
in�ammatory cytokines were signi�cantly increased in the diabetic group compared to the normal control
group.
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Methods
Patients

We studied 102 eyes from 102 diabetics, who were complicated with dry eye and had more than an 8-year
history of diabetes, seen at the Department of Ophthalmology, A�liated Hospital of Yanbian University,
from January 2018 through April 2018, and 117 eyes from 117 healthy control individuals. The DM group
(54 women and 48 men; mean age: 52.03 ± 8.26 years; age range: 42–73 years) all met the diagnostic
criteria for diabetes and diagnostic criteria for dry eye disease. The normal control group (60 women and
57 men; mean age: 55.12 ± 6.31 years; range: 40–69 years) had non-DM and non-DED. There was no
signi�cant difference in gender and age composition between the DM group and normal group (P =
0.078, P = 0.066). The institutional review board at A�liated Hospital of Yanbian University approved this
study, which followed the tenets of the Declaration of Helsinki. Written informed consent was obtained
from all patients after the nature and possible consequences of the study were explained.

The inclusion criteria and exclusion criteria for the normal group are based on the following. Inclusion
criteria: no ocular irritation, no history of eye medication, Schirmer test (SIt) > 10 mm/5 min, tear film
breakup time (BUT) >10 s, and no corneal �uorecein staining (CFS). Exclusion criteria: individuals who
had an active ocular infection or inflammation, drug toxicity, contact lens wearing, ocular allergy, ocular
surgery, and lid or lash abnormalities. Additionally, those with any ocular or systemic disease were
excluded from this study.

The inclusion criteria and exclusion criteria for the DM group were based on the following : Inclusion
criteria: 1. The diagnosis of diabetes was based on the criteria proposed by the 2014 American Diabetes
Association (ADA) and included the following: (1) glycosylated hemoglobin (HbA1c) ≥ 6.5%, (2) fasting
plasma glucose (FPG) ≥ 7.0mmol/L, (3) two hours postprandial blood glucose (2hPG) in oral glucose
tolerance test (OGTT) ≥ 11.1mmol/L, and (4) blood glucose of patients with typical hyperglycemia or
hyperglycemia crisis were randomly detected ≥ 11.1mmol/L. 2. A history of diabetes longer than 8 years.
3. The diagnosis of dry eye was based on the criteria included the following: (1) subjective symptoms:
dryness sensation, foreign body sensation, burning sensation, red eye, many secretions, heavy sensation
of the eyelids, visual fatigue, photophobia, lachrymation, itching sensation, eye pain, visual acuity
�uctuation/ one or more of the �rst 6 symptoms needed to occur or persist on a regular basis, (2) BUT ≤
5 s (+ +) or ≤ 10 s (+), (3) Sit ≤ 5 mm / 5 min (+ +) or ≤ 10 mm/ 5 min (+), and (4) CFS score ≥ 1.
According to the above mentioned criteria, the patients subjective symptoms and positive findings of
DED on ocular examination (1 strong positive �nding or 2 positive �ndings) were diagnosed as having
DED. Exclusion criteria: The DM group included patients who had no ocular diseases and systemic
diseases affecting tear secretion other than dry eye disease and diabetes.

BUT

Sodium �uorescein �lter paper was used to touch the lower eyelid conjunctival sac of the tested subjects.
The time, in seconds, between the last complete blink and the appearance of the �rst corneal black spot
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was measured and recorded.

CFS

After the tear �lm rupture test was performed, corneal epithelium staining was observed, and the staining
area was graded on anumerical scale of 0–3, with 0 representing no staining; 1, scattered in dot staining
or less than 5 staining points; 3, high density spot or �ake staining or massive or �lamentous staining; 2,
between 1 and 3. The score ranges from 0 to 12.

SIt

A standard Schirmer test strip was placed in the lateral canthus with the eyes closed for an additional 5
min. The test paper was taken out, and the length of wetting of the strip was measured using a millimeter
scale. The intensity of its staining was compared with that of a color standard.

Dry eye symptom

All subjects �nished completing the dry eye symptom questionnaire (Ocular Surface Disease Index,
OSDI), which was created by the International Dry Eye Workshop, under guidance of the same researcher.
There were 12 problems, with a score of 0~100, 0~12 representing no symptoms, 13~32 moderate
symptoms, and 33~100 severe symptoms.

Conjunctival impression cytology

A piece of 6 mm nitrocellulose �lter (Mil-lipore) was applied tightly to the upper palpebral conjunctiva of
the subject for approximately 5 s. Then, it was removed from the conjunctiva and attached to 5 × 5 mm
size slides. The expression levels of NF-κB and TGF-β1 in the conjunctiva were observed by periodic acid-
Schiff staining (PAS) and immunohistochemical staining.

Tear collection

 Basal tear samples were collected atraumatically from the inferior tear meniscus of subjects using glass
capillary tubes (Corning, New York, NY) or micropipettes (Eppendorf, Hamburg, Germany), and they were
stored at –70℃ until further examination. Care was taken to not irritate the conjunctiva, cornea, or lid
margin.

Preparation of single cell suspension

Collecting the conjunctiva of the two groups within 3 hours using conjunctival polyethersulfone �lter
membrane (cutting the membrane in half and placing it on the unexposed conjunctiva separately on the
superior temporal side and superior nasal side). Then, the �lter membranes of two groups were
transferred into RPMI1640 cell culture �uid (which included 10% fetal bovine serum, 100 UI/ml penicillin,
100 UI/ml streptomycin, and 2 mM glutamate). The collected cells were immediately stored at 4°C to
prevent degradation of the samples. To collect more cells from the membrane, each test tube was stirred
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for 10-15 min; Then, the cell suspension was removed, transferred to a clean test tube and centrifuged
(1600 r/min, 8 min, 4°C).

Western-blot

The expression levels of TGF-β1, NF-κB and interleukin-17 (IL-17) were detected by western-blot. The
single cell suspensions of two groups that were prepared were washed 2 times by 4°C precooled
phosphate buffer solution, and 400μl cell lysate RIPA was added. Then, the suspensions were cracked on
ice for 30 min and centrifuged for 30min (12×103r.min-1). Then, the supernatant of the protein was
collected and packed for storage. The sample protein was then subjected to polyacrylamide gel
electrophoresis. This experiment was repeated three times.

Flow cytometric

The supernatant of the cell suspension was removed, and the heavy suspension was placed in 0.3 ml
medium. Then, the cells were counted by �ow cytometry. The same threshold was used for analysis on a
FACS Calibur to avoid cell debris. The same voltage was used for the forward scattering (FSC) and lateral
scattering (LSC). Each specimen was analyzed for 60 s.

Enzyme-linked immunosorbent assay (ELISA)

The IL-lβ, interleukin-6 (IL-6) and TNF-α levels in tears of subjects were measured using commercial ELISA
kits (Quantikine; R&D Systems, Minneapolis, MN) according to the manufacturer's instructions.

Statistical analysis

SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was used to analyze the data. The Mann–Whitney U
test and Student's t were used to compare results between groups and Spearman correlation coe�cients
were calculated for the correlation between levels of in�ammatory cytokines and parameters of tear film
and ocular surface. P < 0.05 was considered statistically significant.

Results
The BUT, SIt and CFS results

The BUT, SIt and CFS results in the DM group were signi�cantly lower than those in the normal group, and
the score of the OSDI in the DM group was signi�cantly higher than that in the normal group. The
differences in these parameters between the two groups were statistically signi�cant (P < 0.001, P <
0.001, P < 0.001, and P = 0.034, Table 1).

The conjunctival impression cytology results

The conjunctival impression cytology results of the two groups were signi�cantly different. In the DM
group, the number of conjunctival goblet cells was very small, the number of abnormal bulbar
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conjunctiva was large, and the number of in�ammatory cells was large. The conjunctiva were big and
sparse, the ratio of nucleus to cytoplasm was increased, binuclear cells and rod-like chromatin cells were
found, and a small number of nuclei showed "snake-like" changes (Fig. 1). The number of goblet cells in
the conjunctiva of the normal group was more than that in the conjunctiva of the DM group, and few
in�ltrated in�ammatory cells were found in the normal group.

The expression of TGF-β1 and NF-κB in the conjunctiva

TGF-β1 in the conjunctiva of the normal group produced a light brown yellow positive reaction, and its
positive expression rate was 18%. TGF-β1 in the DM group produced a dark brown positive reaction, and
its positive expression rate was 81%. NF-κB in the conjunctiva of the normal group produced a brown
yellow positive reaction, and its positive expression rate was 21%. NF-κB in the DM group produced a
dark brown positive reaction, and its positive expression rate was 77%. Compared with the normal group,
the expression levels of TGF-β1 and NF-κB in the conjunctiva of the DM group were signi�cantly
increased (P = 0.008 and P = 0.016). The TGF-β1 level was significantly correlated with the NF-κB level (r
= 0.654, P = 0.005). The results of the correlation between the TGF-β1 and NF-κB levels were presented in
Figure 2.

The western-blot results

The western-blot results represented that the expression levels of TGF-β1, NF-κB and IL-17 in the
conjunctiva of the normal group were weak, but the expression levels of NF-κB and IL-17 in the DM group
were signi�cantly increased. Additionally, the intensity of NF-κB and IL-17 in the DM group was higher
than that of b-actin, which served as an internal reference (Fig.3).

Detection of the levels of IL-lβ, IL-6 and TNF-α

Detection of the levels of IL-lβ, IL-6 and TNF-α was performed by ELISA. The levels of IL-lβ and TNF-α in
the DM group were signi�cantly higher than those in the normal group (P < 0.001 and P = 0.023) (Fig. 4).
The IL-6 level in the DM group was significantly correlated with the BUT (r = 0.50, P = 0.02), SIt (r = 0.70, P
< 0.001) and goblet cell density (r = 0.46, P = 0.04). However, the IL-6 level in the normal group was not
correlated with the BUT (r = 0.19, P = 0.53), SIt (r = 0.20, P = 0.49) or goblet cell density (r = 0.31, P = 0.14)
(Fig. 5).

Flow cytometry results

Flow cytometry was performed to quantify the CCR4+CD4+, CCR5+CD4+, CCR6+CD4+ and Th-l7 cells
from the conjunctiva. The percentages of CCR4+CD4+, CCR5+CD4+, and CCR6+CD4+ cells on �ow
cytometry were 1.0 ± 0.9%, 2.1 ± 1.7%, and 5.3 ± 2.4% in the normal group and 1.1 ± 0.8%, 9.5 ± 5.3%, and
20.2 ± 5.7% in the DM group (P = 0.923, P = 0.013, and P < 0.001 compared with the normal group) (Fig.
6). The number of Th-l7 cells in the DM group was signi�cantly higher than that in the normal group (P <
0.001). The �rst quadrant of the scatter plot included CD4+IL-17+Th cells, the CD4-FITC cell
monochromatic in Figure 7C, and the IL-17cell monochromatic in Figure 7D  (Fig. 7).
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Discussion
In recent years, with the increasing number of diabetics, DED caused by diabetes has generated
widespread attention[6]. According to the 2017 TFOS DEWS de�nition of dry eye, [7]  “Dry eye is a
multifactorial disease of the tears and ocular surface that results in symptoms of discomfort, visual
disturbance, and tear �lm instability with potential damage to the ocular surface. It is accompanied by
increased osmolarity of the tear �lm and in�ammation of the ocular surface”. As is well-known, the
in�ammatory reaction plays a prominent role in the pathogenesis of DED; However, there has been a lack
of study on the pathogenesis of DED in diabetics. The purpose of this research was to study the
mechanism of in�ammatory cytokines on ocular surface damage from dry eye in diabetics, to essentially
diagnose and treat DED in diabetics and to guide clinical signi�cance.

Recently, an increasing number of scholars thought[8,9] that the immune mechanism, including an
abnormal function of both cellular immunity and humoral immunity, plays an important role in type 2
diabetes and its chronic complications. Studies have shown that[10,11,12], when diabetics have immune
dysfunction, a personal hyperglycemia condition and oxidative stress could be induced and a large
number of oxidative stress products could activate the NF-κB signaling pathway to up-regulate or down-
regulate the expressions of in�ammatory cytokines. In this study, compared to those in the normal group,
the positive expression rates of TGF-β1 and NF-κB in the conjunctiva of the DM group were signi�cantly
increased. The expression of TGF-β1 in conjunctiva was positively correlated with the expression of NF-
κB in the DM group. We also analyzed the expression levels of TGF-β1 and NF-κB and involved in the
pathogenesis of DED in diabetes in the conjunctiva by western-blot and the expression level of NF-κB in
the DM group was signi�cantly increased. These �ndings suggested that both TGF-β1 and NF-κB might
play an important role in regulating immune in�ammation of the ocular surface of dry eye in diabetics. It
can be inferred that in the pathogenesis of dry eye in diabetics, a large number of NF-κB and TGF-β1 was
produced when the NF-κB signaling pathway was activated.

In non-stimulated cells, NF-κB dimmers are located in the cytoplasm. Various extracellular stimuli,
including TNF-α and IL-lβ, lead to NF-κB activation[13,14] and IL-6 secretion[15]. In this study, we
investigated the levels of IL-lβ, IL-6 and TNF-α in the tears of DM patients. We found that the levels of
TNF-α and IL-lβ were increased significantly in the tears of diabetics complicated with dry eye syndrome
compared with normal individuals. However, the IL-6 level between the two groups were not significantly
different. We found that the IL-6 level was significantly correlated with the BUT, SIt and density of
conjunctival goblet cells. These results suggested that the IL-6 level is associated with the severity of this
disease and correlates with various tear film and ocular surface parameters. IL-lβ, IL-6 and TNF-α might
enhance the ocular surface in�ammation by participating in the activation of the NF-κB signaling
pathway.

Many studies have indicated that a large number of in�ammatory cytokines are activated when the NF-
κB signaling pathway is activated[16,17]. Chemokines are a kind of cytokines that could be united in the
surface of endothelial cells, and they play a role in chemotaxis and activation of in�ammatory cells.
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[18,19]After chemokines bind with their receptors, they induce chemotaxis to in�ammatory cells, which
express corresponding chemokine receptors and recruit a large number of in�ammatory factors to
participate in the in�ammatory reaction. In this study, a signi�cant over expression of CCR5+CD4+ and
CCR6+CD4+ was found in conjunctiva compared with normal eyes. These results suggest that
chemokines might play an important role in the in�ammatory reaction in diabetics with dry eye.     

In�ammatory mediators promote the activation of immature an-tigen-presenting cells (APCs) and priming
naive T cells in the lymphoid compartment, leading to the expansion of the autoreactive CD4 helper T cell
Th17 cell subsets[16]. Studies found that CCR6 induces chemotaxis and the migration of Th-17 cells to
participate in the in�ammatory reaction[20,21]. In this study, the levels of CCR6+CD4+ and IL-17+CD4+T
cells in the conjunctiva of the DM group were higher than those of the normal group. These results
suggest that the levels of the chemokine CCR6 and Th17 cells were signi�cantly increased in conjunctiva
in those with dry eye and diabetes compared with the normal group and that they might play an
important role in the in�ammatory reaction.

Conclusions
DED is significantly more common in diabetics than in normal individuals. The in�ammatory cytokines in
conjunctiva and tears are signi�cantly different between diabetics with dry eye and normal people. The
immune in�ammatory reaction and NF-κB signaling pathway might play a vital role in the pathogenesis
of dry eye in type 2 diabetic patients. In addition, our studies suggest that the IL-6 level is associated with
the severity of disease and is correlated with ocular surface parameters. By studying the pathogenesis of
dry eye in diabetics, we can provide new ideas for the diagnosis and treatment of this disease. This
experiment is only a preliminary exploration of the pathogenesis, more experiments needed to further
study in diabetics with DED.
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Parameters Normal Group DM Group P Value  

Number 117 102  0.852  

OSDI 9.52 ± 8.67 26.23 ± 9.65 <0.001  

BUT/s              12.17 ± 2.31 3.64 ± 1.23 <0.001  

SIT/mm        15.21 ± 3.25 7.16 ± 1.09 <0.001  

CFS                       3.56 ± 1.93 2.41 ± 2.13 0.034  

 

Figures

Figure 1

The results of the conjunctival impression cytology in the two groups (PAS x400). A: the normal group. B:
the DM group. ( ↑: indicating positive reaction cells).
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Figure 2

The expressions of TGF-β1 and NF-κB in the conjunctival epithelial cells of the normal group(A,C) and the
DM group(B,D) (Immunohistochemical Staining x400).



Page 14/17

Figure 3

TGF-β1, NF-κB and IL-17 expression intensities in the conjunctival epithelial cells of the two groups.

Figure 4

IL-lβ, IL-6 and TNF-α levels in the tears of the normal subjects and DM subjects. ( *: compared with the
normal group, P<0.05 ).
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Figure 5

Correlation between the IL-6 level in tears and tear film and the ocular surface parameters, including the
BUT (A), Schirmer test (B) and conjunctival goblet cell density (C). Figure 6. Flow cytometry showing
CCR4+CD4+ (A), CCR5+CD4+ (B), and CCR6+CD4+ (C) cells in the conjunctiva of the normal group and
DM group.
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Figure 6

Flow cytometry showing CCR4+CD4+ (A), CCR5+CD4+ (B), and CCR6+CD4+ (C) cells in the conjunctiva of
the normal group and DM group.
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Figure 7

Flow cytometry showing the staining of Th-l7 cells in the tears of the normal group (A) and DM group (B)
the �rst quadrant was a CD4+IL-17+Th cell; C: CD4-FITC single-staining; D: IL-17 single-staining.


