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Objective: To explore the application of corneal fluorescein sodium (CFS)-conjunctival lissamine green (CLG) staining combined
with in vivo confocal microscopy (IVCM) in clinical grading of the severity of dry eye disease (DED).

Methods: Eleven normal persons (4 males and 7 females) and thirty-two mild, moderate, and severe DED patients (aged 22 to 56
years, and mean age 45.4 + 12.9 years;14 males and 18 females) were included for CFS-CLG staining. The stained positive areas were
observed and recorded for the number and morphology of staining points. Subsequently, the morphology and cell density of corneal
and conjunctival cells were observed and analyzed by IVCM.

Results: CFS-CLG staining revealed that the number of CFS-stained points were not significantly increased in mild DED, and there
was a small amount of CLG staining in the temporal bulbar conjunctiva; the CFS-stained points of moderate DED were increased
compared with mild DED, and the nasal conjunctiva diffuse small flake CLG staining was observed; the cornea of severe DED had the
most fluorescein-stained points, and the conjunctiva diffuse large CLG staining. IVCM examination showed that corneal epithelial
basal cell density was significantly decreased, while activated corneal Langerhans cells were significantly increased in moderate and
severe DED. Meanwhile, the morphology of superficial stromal cells of cornea became irregular and the cell density decreased
significantly in moderate and severe DED. The density of conjunctival goblet cells was also significantly reduced in moderate and
severe DED. Moreover, the density of activated conjunctival Langerhans cells increased significantly in mild, moderate, and severe
DED.

Conclusion: Observing and detecting the morphology and density of corneal epithelial basal cells, superficial stromal cells, corneal
Langerhans cells, conjunctival goblet cells, and conjunctival Langerhans cells in positive CFS-CLG stained areas by IVCM, which
may be a reliable basis for clinical grading of DED severity.
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Introduction

Dry eye disease (DED) is a multifactorial disease of the ocular surface characterized by a loss of homeostasis of the tear
film, and accompanied by ocular symptoms, in which tear film instability and hyperosmolarity, ocular surface inflamma-
tion and damage, and neurosensory abnormalities play etiological roles.'* The global incidence of DED is between 5%
and 50%, while in China, the incidence of DED is about 21% to 30%.> People with DED usually have symptoms such as
dryness, foreign body sensation, photophobia, blurred or fluctuating vision, which can seriously affect work and daily
life.* Traditionally, DED was believed to primarily affect adults over 40 years old, but in recent years, possibly influenced
by the widespread use of electronic devices and environmental factors, the prevalence of DED has been increasing

annually and trending toward younger populations.’
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The Tear Film & Ocular Surface Society (TFOS) organization,® also Chinese expert provide a detailed explanation of
DED diagnostic criteria for DED mainly based on the combination of symptoms, signs, tear breakup time, corneal
fluorescein sodium staining, and tear secretion tests.”® Also diagnosed with questionnaire based methods.” However,
these methods are limited by the examination conditions, such as the light of slit-lamp, the amount of fluorescein
dripping into the eyes, and the stimulation of test paper caused the increase of tear secretion, which affected the test
results, and the specificity was not high.'® Although conjunctival impression cytology is specific in the diagnosis of early
DED, it has limitations in clinical practice.'’ Therefore, there is an urgent need for a rapid, reliable and accurate method
to diagnose DED and its severity.

DED usually involves epithelial changes in the cornea and conjunctiva, which makes corneal and conjunctiva staining
essential for intuitive and convenient assessment of inflammation and epithelial cell damage, and is an important criterion
for grading the severity of DED.'? However, there is a regrettable lack of support from histopathology. Fortunately, the
emergence of in vivo confocal microscopy (IVCM) significantly reduced the number of pathological biopsies, more
accurately defined the site and nature of the lesion, and improved the diagnostic efficiency."® The TFOS organization
proposes IVCM as an emerging technology that appears to have several potential applications in research and clinical
practice and may prove to be a good candidate to develop and to validate predictive biomarkers and surrogate endpoints
for clinical research on DED.®

IVCM (Heidelberg Retina Tomograph III, Heidelberg Engineering, Germany) enables non-invasive, high-resolution,
real-time dynamic detection and recording of corneal and conjunctival structures at the cellular level.'* The Rostock
Cornea Module allows rapid, reliable, and accurate acquisition and analysis of microstructures across various layers of
the cornea and conjunctiva. IVCM also enables observation and quantitative examination of langerhans cells in vivo.'
Many studies have shown that IVCM is an emerging, non-invasive technique for assessing ocular surface diseases at the
living cell level.! In the field of DED, IVCM can observe the morphology and density of cells in each layer of cornea and
conjunctiva non-invasively, as well as the morphology and density of nerve fibers, goblet cells and inflammatory cells,
which is a powerful method for evaluating DED.'® In 2020, the China dry eye expert consensus group launched a new
version of the DED grading scheme based on the principle of focusing on clinical practice. Depending on the severity of
the signs, DED can be classified into mild, moderate, and severe levels. The precise grading of DED can help clinical
doctors choose the appropriate treatment.'” However, the clinical application of IVCM in the classification of DED
severity has not been published. In this study, [IVCM will be used to observe and calculate the changes in the morphology
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and density of corneal and conjunctiva cells in each layer of the staining positive area, so as to provide the basic
experimental basis for clinical classification of the severity of DED by IVCM.

Methods

General Information

Eleven normal persons (4 males and 7 females), and a total of 32 DED patients who visited the Department of
Ophthalmology of the Second Affiliated Hospital of Zhejiang University School from May 2020 to July 2020 were
enrolled in this study. Among them were 14 males and 18 females, aged 22 to 56 years (mean age 45.4 + 12.9 years). The
disease duration ranged from 6 to 38 weeks, with an average of 20.49 + 9.65 weeks. The study was approved by the
Medical Ethics Committee of Affiliated Hospital of Zunyi Medical University (Ethics Approval No. 2020-12). We
conducted this study in accordance with the Tenets of the World Medical Association’s Declaration of Helsinki.

Inclusion and Exclusion Criteria

Inclusion Criteria

Patients with clinically diagnosed as DED by the clinical ophthalmology department of Affiliated Hospital of Zunyi
Medical University. The criteria of DED classification according to Chinese expert consensus on dry eye.” If the
condition is the same in both eyes, the right eye will be chosen for observation, and the eye with the worse condition
was selected for observation when the condition of both eyes was different. During the clinical research, DED patients
have a high compliance with the research project, and they are familiar with the content of this study and sign the
informed consent. In order to minimize bias and unconscious suggestion, the doctors involved in the diagnosis of dry eye
grade did not participate in the subsequent experiment.

Exclusion Criteria

(D History of allergy to the components used in this study. (2) Visual fatigue or dryness caused by other eye diseases.
(3 Patients with insufficient liver and kidney function. () Patients who had undergone bone marrow transplantation.
(® Patients with cognitive and psychiatric disorders.

Corneal Fluorescein Staining and Conjunctival Lissamine Green Staining

Corneal Fluorescein Staining

Utilized 0.5% ofloxacin eye drops (produced by Shandong Xinhua Pharmaceutical Co., Ltd., H20113438) to moisten the
lissamine green or fluorescein sodium test paper (produced by Tianjin Jingming New Technology Development Co., Ltd.,
20100040). The test paper was placed in contact with the lower conjunctival fornix, and patients blinked 3—4 times to
spread fluorescein onto the ocular surface. Observations and photography were conducted under a slit lamp biomicro-
scope (Chongqing Kanghuarui Ming Technology Co., Ltd., SLM-2ER) with cobalt blue light to observe the stained
area.'®

Conjunctival Lissamine Green Staining

Utilized 0.5% ofloxacin eye drops (produced by Shandong Xinhua Pharmaceutical Co., Ltd., H20113438) to moisten the
lissamine green or fluorescein sodium test paper (produced by Tianjin Jingming New Technology Development Co., Ltd.,
20100040). The test paper was placed in contact with the lower eyelid margin, and patients blinked 3—4 times to spread
lissamine green onto the ocular surface. After closing their eyes for 1-4 minutes, observations were made under white
light with a slit lamp biomicroscope (Chongqing Kanghuarui Ming Technology Co., Ltd., SLM-2ER) to observe the
location of conjunctival staining and capture photographs.'’

In vivo Confocal Microscopy (IVCM) Observation

IVCM (Heidelberg engineering, Germany, Rostock Cornea Module) was used to observe the stained positive areas of the
cornea and conjunctiva. The laser wavelength was 670 nm, the field of view was 400 um x 400 pm, with a magnification
of 800 times, and a resolution of 1 pm.
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In order to minimize bias and unconscious suggestion, the experimenter who performed corneal fluorescein sodium-
conjunctival lissamine green staining and the experimenters who performed IVCM were different, and each examiner
being blind to the other’s results. The patient underwent topical anesthesia with 0.5% promecaine hydrochloride (s.a.
Alcon-Couvreur n.v., H20090082). Apply 0.2% carpom eye gel (Shandong Bausch & Lomb Freda Pharmaceutical Co.
Ltd, H20090924) on the surface of the objective lens, then cover the objective lens with a sterile corneal contact cap, and
apply another drop of 0.2% carpom eye gel on the outside of the sterile corneal contact cap. Participants’ head was
fixated on a forehead and chin rest, gaze position of the dominant eye was tracked with an eye-tracker.

The lens position was adjusted to allow the corneal contact cap to micro-contact the cornea, with the preset focal
plane depth at 0 um. The focal plane adjustment ring was rotated to obtain images of different depth and different levels
of the cornea. Pay special attention to examine areas of conjunctiva that are positive for lissamine green staining. The
head position and lens fit were adjusted according to the position to obtain clear images. Valuable clear images were
selected and saved using a monitor. All procedures were performed by the same technician.

Using the in vivo laser confocal microscopy’s built-in cell counting system, the density of corneal epithelial basal
cells, conjunctival epithelial cells, conjunctival basal cells, Langerhans cells and goblet were calculated. The cell
density will be calculated as: total cell count/ 0.16 mm? (PCS/mm?).%°

Statistical Analysis

The data were analyzed by SPSS 16.0 statistics software and values were expressed as mean = SD. Normally distributed
variables were assessed using one-way ANOVA, and followed by Bonferroni test, and not normally distributed were
followed by Dunnett’s T3. P < 0.05 was considered statistically significant.

Results

Corneal Fluorescein Staining and Conjunctival Lissamine Green Staining

According to the previous standards,?' there were 11 patients with mild DED, 9 patients with moderate DED, and 12
patients with severe DED in this study. As shown in the Figure 1, compared with normal people, patients with mild DED
had the fewest corneal fluorescein staining spots (less than 5, Figure 1B), and a small number of punctate lissamine green
staining in the temporal bulbar conjunctiva (Figure 1ii). Corneal fluorescent staining points increased in patients with
moderate DED compared with those with mild DED (5-30 spots, Figure 1C), and the nasal bulbar conjunctiva has
diffused small patches of green staining (Figure liii). Patients with severe DED had the most corneal fluorescein staining

Figure | Representative images of corneal and conjunctival staining in DED patients. (A) Corneal staining in normal peoples; (B) Corneal staining in mild DED disease
(DED) patients; (C) Corneal staining in moderate DED patients; (D) Corneal staining in severe DED patients; i. Conjunctival staining in normal peoples; ii. Conjunctival
staining in mild DED patients; iii. Conjunctival staining in moderate DED patients; iv. Conjunctival staining in severe DED patients.
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spots (more than 30), and there were small fusion patches on the nasal side and below (Figure 1D). Moreover, the bulbar
conjunctiva diffuse large conjunctival lissamine green staining (Figure 1iv).

Corneal Basal Epithelial Cells

As shown in the Figure 2, compared with normal people, examination with IVCM revealed that in patients with mild
DED, the morphology of corneal basal epithelial cells was generally normal, with densely packed polygonal cells
exhibiting alternated light and dark areas. Cell borders were highly reflective, cytoplasm was gray or had low reflectivity,
and cell count was normal (Figure 2B). In patients with moderate DED, some corneal epithelial basal cells had unclear
borders (Figure 2C), and compared to mild DED patients, cell density was significantly reduced (Figure 2E, p < 0.05).
Compared to patients with mild and moderate DED, those with severe DED exhibited unclear cell borders, irregular cell
morphology, and disordered arrangement of cells (Figure 2D), with a significant decrease in cell density (Figure 2E,
p < 0.05).

Corneal Langerhans Cells

In normal corneas, few or no activated Langerhans cells (LCs) are typically observed (Figure 3). IVCM examination
revealed that in mild DED patients (Figure 3A), there were few mildly activated LCs in the subepithelial nerve plexus of
the cornea (Figure 3B). In patients with moderate DED, highly reflective activated LCs were found in the corneal
subepithelial plexus, which were morphologically diverse and interwoven into a web (Figure 3C). In patients with severe
DED, activated LCs were dendritic interwoven into a network, with longer and more pronounced dendrites compared to
moderate DED patients, and there was a significant increase in LCs density (Figure 3D and E, p < 0.05).

m
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Figure 2 Corneal basal epithelial cells in DED patients. (A) Corneal basal epithelial cells in normal persons; (B) Corneal basal epithelial cells in mild DED patients; (C) Corneal
basal epithelial cells in moderate DED patients; (D) Corneal epithelial basal cells in severe DED patients; (E) Statistical histogram of corneal basal epithelial cell density in mild,
moderate and severe DED patients. (mean + SD, n = 9-12), Tp < 0.05 vs normal; *p < 0.05, mild vs moderate; “p < 0.05, moderate vs severe; %p < 0.05, mild vs severe.

Clinical Ophthalmology 2025:19 heeps: 811



Guo et al

120 1 #&7t
8 100

2 E

2% 80

! 53

20 601

= > T
'S 40

25

F o1 20 A

(e}

S .

Normal Mild Moderate Severe

Figure 3 Corneal Langerhans cells in DED patients. (A) Corneal Langerhans cells (LCs) in normal persons; (B) Corneal LCs in mild DED patients; (C) Corneal LCs in
moderate DED patients; (D) Corneal LCs in severe DED patients; (E) Density statistics of corneal LCs in mild, moderate, and severe DED patients. (mean * SD, n = 9-12),
p < 0.05 vs normal; *p < 0.05, mild vs moderate; #p < 0.05, moderate vs severe; %p < 0.05, mild vs severe.

Superficial Corneal Stromal Cells

Examination with [IVCM revealed that in patients with mild DED (Figure 4A), the density of superficial corneal stromal
cells was high, the cell nucleus was elliptical and highly reflective, and the cell body was weakly reflective (Figure 4B).
In patients with moderate DED, the activation of some shallow superficial corneal stromal cells was polygonal and
stretched horizontally and horizontally (Figure 4C), and the cell density was significantly lower than that in patients with
mild DED (Figure 4E, p < 0.05). In patients with severe DED, the density of the superficial corneal stromal cells was
decreased (Figure 4E, p < 0.05), the nuclear morphology was irregular, and some of the superficial corneal stromal cells
were activated in polygonal shape and stretched out in a network (Figure 4D).

Conjunctival Goblet Cells

Normal conjunctival goblet cells are 2 to 3 times larger than the surrounding conjunctival epithelium cells, and the
cytoplasm is filled with translucent granules and sometimes with reflective nuclei (Figure 5A). IVCM examination
revealed that in patients with mild DED, goblet cells were normal in size, the cytoplasm was bright, a circular low
reflection band was seen around the cells, the nucleus was occasionally visible, the nuclear reflection was low, and the
goblet cells showed small bright spots (Figure 5B). In patients with moderate DED, the density of conjunctival goblet
cells was decreased, and the brightness and volume of the cells were also slightly decreased (Figure 5C). Moreover, the
density of conjunctival goblet cells is further reduced in severe dry eye patients, and conjunctival microcysts appear,
which represents the state of conjunctival goblet cell failure (Figure 5D).
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Figure 4 Superficial corneal stromal cells in DED patients. (A) Superficial corneal stromal cells in normal persons; (B) Superficial corneal stromal cells in mild DED patients;
(C) Superficial corneal stromal cells in moderate DED patients; (D) Superficial corneal stromal cells in severe DED patients; (E) Density statistics of superficial corneal
stromal cells in mild, moderate, and severe DED patients. (mean%SD, n = 9-12), Tp < 0.05 vs normal; *p < 0.05, mild vs moderate; "p < 0.05, moderate vs severe; *p < 0.05,

mild vs severe.

Conjunctival Langerhans Cells

IVCM examination showed that compared with normal people (Figure 6A), patients with mild DED had a small amount
of conjunctival LCs dispersion (Figure 6B). Conjunctival LCs from patients with moderate DED showed dendritic
protrusions, marked activation, and hyperreflective granules in the central nucleus (Figure 6C). The number of LCs
increased significantly in patients with severe DED (p < 0.05), and the activated LCs were more dense and dendrites were

more obvious (Figure 6D, p < 0.05).

Discussion
Consistent with previous studies, the number of corneal fluorescent staining spots and the area of conjunctival lissamine

green staining were significantly different in patients with different severity of DED.” Furthermore, our study has found
that through IVCM observation of areas positive for corneal fluorescein-conjunctival lissamine green staining, significant
differences were noted in the morphology and density of corneal basal epithelial cells, superficial corneal stromal cells,
and conjunctival goblet cells among mild, moderate, and severe DED patients. The density of corneal and conjunctival
LCs also increased with the severity of DED.

DED particularly damages the cornea, which can cause dry spots on the cornea, secondary filamentous keratitis, and
even corneal ulcer and perforation.”> Corneal fluorescein-conjunctival lissamine green staining is an important method
for diagnosing and evaluating the severity of dry eye. Corneal fluorescein-conjunctival lissamine green staining can
clearly understand the location and extent of corneal epithelial defects and conjunctival epithelium not covered by

mucin.?® Consistent with previous studies,'*** as the severity of dry eye increased, the corneal fluorescent staining points

Clinical Ophthalmology 2025:19 heeps: 813



Guo et al

E 600 -
K]

8 500 1 | T
5 _ *1
o ]

8 400

=
"52, 300 -
270

» O 200 -

3
) ] #&t
° 100
=

0

Normal Mild Moderate Severe

Figure 5 Conjunctival goblet cells in DED patients. (A) Conjunctival goblet cells in normal persons; (B) Conjunctival goblet cells in mild DED patients; (C) Conjunctival goblet cells
in moderate DED patients; (D) Conjunctival goblet cells in severe DED patients; (E) Density statistics of conjunctival goblet cells in mild, moderate, and severe DED patients. The
red arrows indicate goblet cells.(mean # SD, n = 9-12), Tp < 0.05 vs normal; *p < 0.05, mild vs moderate; “p < 0.05, moderate vs severe; *p < 0.05, mild vs severe.

gradually increased, and the conjunctival Lissamine green staining changed from a few dots to a diffuse large flake in this
study.

DED can lead to delayed healing or non-healing after corneal conjunctival epithelial injury. Corneal basal epithelial
cells are columnar cells at the base of corneal epithelial cells, which play an important bridging role in corneal epithelial
renewal and post-injury repair.®® Previous observations from the central cornea by IVCM showed that the density of
corneal basal epithelial cells decreased gradually with the severity of dry eye.’® Our study also observed a significant
decrease in the density of corneal basal epithelial cells in mild, moderate, and severe DED patients through IVCM
(P<0.05).

The stromal layer of the cornea is the main component of the cornea, accounting for 90% of the corneal thickness. As
we know, the stromal layer of the cornea is composed of corneal stromal cells, collagen fibers and extracellular matrix.
Corneal stromal layer has the characteristics of regular structure and high transparency. Under normal circumstances,
corneal stromal cells secrete components of the stromal layer to maintain the transparency of the cornea. Therefore,
corneal stromal cells are of great significance for the repair of corneal injury. Under normal circumstances, corneal
stromal cells are in a quiescent state. However, when corneal injury occurs, different epithelial-derived factors and
environmental signals will affect the activity of corneal stromal cells and the corneal repair function. However, the
superficial corneal stromal cells of DED patients are highly reflective, which is due to the activation of stromal cells.?’

Normally, corneal stromal cells are long spindle-shaped, with small volume of cell body and nucleus, strong reflection
in nucleus and weak reflection in cytoplasm. As the severity of dry eye increased, the density of superficial corneal
stromal cells of patients with mild dry eye gradually decreased. Consistent with previous studies, the corneal stromal
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Figure 6 Conjunctival Langerhans cells in DED patients. (A) Conjunctival Langerhans cells (LCs) in normal persons; (B) Conjunctival LCs in mild DED patients;
(C) Conjunctival LCs in moderate DED patients; (D) Conjunctival LCs in severe DED patients; (E) Density statistics of conjunctival LCs in mild, moderate, and severe
DED patients. (mean % SD, n = 9-12), Tp < 0.05 vs normal; *p < 0.05, mild vs moderate; *p < 0.05, moderate vs severe; %p < 0.05, mild vs severe.

cells of mild dry eye patients showed a polygonal activation state with protrusion, with larger volume of cell body and
nucleus, stronger reflection in nucleus, weaker reflection in cytoplasm, and unclear boundary between nucleus and
cytoplasm.?® In patients with moderate DED, the activation of superficial corneal stromal cells increased. In patients with
severe DED, the cells showed a “crab-like” activation state, which may be related to the severe apoptosis of superficial
corneal stromal cells in severe DED patients, and the impairment of epithelial barrier function led to inflammation
affecting the superficial corneal stroma.

The core pathological mechanism of DED is increased osmotic pressure of tears and chronic inflammatory response
of ocular surface. Corneal LCs are professional antigen presenting cells in the immune system of ocular surface and
participate in chronic inflammatory response of DED. The functional status of corneal LCs has a profound influence on
the occurrence, development and outcome of DED. Previous studies have shown that the severity of DED is positively
correlated with the density of LCs.”' In this study, the number of LCs domain dendrites increased with the increase of
the severity of DED in the positive region stained by corneal fluorescein-conjunctival lissamine green staining.

Conjunctival goblet cells are scattered among conjunctival epithelial cells and are an important part of the con-
junctival epithelium. They can secrete mucin to protect and lubricate the ocular surface and other bioactive substances.?’
Previous studies have shown that DED can cause changes in conjunctival goblet cell density.'" This study also found that
the density of conjunctival goblet cells in positive corneal fluorescein-conjunctival lissamine green staining decreased
significantly with the increase of DED severity, and the brightness and volume decreased with the increase of DED
severity, and conjunctival goblet cell failure even occurred in patients with severe DED.

In recent years, goblet cells have been found to participate in antigen presentation, regulate the differentiation of
dendritic cell phenotypes, induce immune tolerance, and participate in the occurrence and development of DED.'" This
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study also found that DED not only caused the change of goblet cells, but also caused the activation of conjunctiva LCs
in the positive region of corneal fluorescein-conjunctival lissamine green staining, and the number of conjunctiva LCs
increased significantly with the increase in the severity of DED.

Above all, we believe the advantages of IVCM in the diagnosis of DED are that that the cells, inflammatory factors,
and the number, shape and distribution of nerves in all layers of the ocular surface (eyelid, cornea, conjunctiva, etc.) can
be observed from the cellular level in a non-invasive manner, so that the damage of DED to the ocular surface can be
more accurately and objectively reflected, which is conducive to accurately guiding the treatment of DED. However, the
disadvantage of IVCM is that the examination time is longer, the children’s cooperation is poor, and a higher level of

ophthalmic inspectors is required. Meanwhile, IVCM is not accessible to everyone.*

Conclusion

In vivo non-invasive observation and detection the morphology and quantity of corneal basal epithelial cells, superficial
corneal stromal cells, conjunctival goblet cells, and LCs through IVCM in positive areas of corneal fluorescein-
conjunctival lissamine green staining can serve as reliable evidence for clinically diagnosing and grading DED severity.
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