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Abstract
Background. Dry eye syndrome (DES) is a common symptom of tear film instability and ocular surface 
damage due to an abnormal quality and quantity of tears, including the sensation of foreign objects and 
blurred vision. Among all factors for tear film stability, MUC5AC and MUC19 are very important; the levels 
of both mucins are associated with the pathogenesis of DES.

Objectives. The aim of this study was to explore the expression of MUC5AC and MUC19 on the ocular surface 
in a DES model of ovariectomized female rabbits.

Material and methods. Healthy female New Zealand white rabbits (n = 18; age: 1 year, weight: 
2.5 ±0.6 kg) were randomly assigned to a test group and a control group. The DES model was constructed 
in ovariectomized female rabbits. Indicators of ocular surface injury, such as Schirmer’s test, corneal fluores-
cence staining, a conjunctival imprinting cytology test, and the expression of MUC5AC and MUC19 in con-
junctival tissues were evaluated with immunohistochemistry in week 1, week 2 and week 4.

Results. Both the length of soaked test paper and the total scores of corneal fluorescence staining at all 
time-points were significantly lower in the test group than in the control group, and they decreased over time 
(p < 0.05). The grades of imprinted cells at all time-points were significantly higher in the test group than 
in the control group, and they increased over time (p < 0.05). The percentage of goblet cells was significantly 
lower in the test group than in the control group, and it decreased over time (p < 0.05). The percentages 
of cells with a positive expression of MUC5AC and MUC19 at all time-points were significantly lower in the 
test group than in the control group, and they decreased over time (p < 0.05).

Conclusions. The pathogenesis of DES is associated with an increased grade of imprinted cells, decreased 
goblet cells, and a decreased expression of MUC5AC and MUC19.
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Introduction

Dry eye syndrome (DES) is a common symptom of tear 
film instability and ocular surface damage due to an ab-
normal quality and quantity of tears, including the sensa-
tion of foreign objects and blurred vision. The prevalence 
of DES is high in menopausal women, approx. 30–65%.1 
The decrease of sex hormones may be the most impor-
tant reason for the significant increase in DES prevalence 
in perimenopausal women, which is difficult to treat.2 
The symptomatic treatment includes artificial tear re-
placement and extended ocular retention of tears, which 
can only increase tearing passively.3 Recently, autologous 
submandibular gland transplantation has been somewhat 
effective, but there may be serious traumatic injury and 
physiological differences in the liquids secreted by the sub-
mandibular and lacrimal glands.4 Aragona et al. found that 
oral pilocarpine hydrochloride could increase the number 
of goblet cells on the ocular surface and promote the se-
cretion of tearing in patients with Sjögren’s syndrome.5 
Kojima et al. reported that autoserum could significantly 
improve tear film stability and the scores of fluoresce-
in staining and rose bengal (RB) staining on the ocular 
surface.6 In addition, the immunosuppressant ciclospo-
rin A could also promote the apoptosis of lymphocytes 
in the lacrimal glands and conjunctivae, and reverse the 
inflammation on the ocular surface and in the lacrimal 
glands; however, the local stimulation caused by ciclospo-
rin A limited this application.7 Several studies suggested 
that hormone replacement therapy (HRT) could improve 
tear function and conjunctival goblet cells8; however, since 
HRT may increase the risk of DES9 and may induce the 
pathogenesis of endometrial carcinoma and mammary 
cancer as well as androphany and hirsutism,10 its use was 
controversial. It was reported that increased tear osmotic 
pressure and inflammation were the pathological changes 
in the progress of  DES, and tear film instability was the 
key factor in the pathological damage of DES and that 
mucin was one of the necessary active components in tear 
film.11 A change in the quantity and structure of mucin 
was the intermediate process and one of the results of DES 
pathogenesis.12 Among all factors for tear film stability, 
MUC5AC and MUC19 were very important: the levels 
of both mucins were associated with the pathogenesis 
of DES.13,14 Thus, this study aimed to analyze the effect 
of the expression of MUC5AC and MUC19 on the ocular 
surface in DES patients, and to provide targets for clinical 
treatment.

Material and methods

Material

This study was in accordance with ethical standards and 
was approved by the Wenzhou Medical University (China). 
Healthy female New Zealand white rabbits (n = 18; age: 

1 year, weight: 2.5 ±0.6 kg) were purchased from the Shang-
hai Sangon Experimental Animal Center. These rabbits 
were fed regularly and were acclimated for 1 week before the 
experiment. The construction of the DES model of ovariec-
tomized female rabbit consisted of the following: the rab-
bit was fasted for 12 h; general anesthesia was performed 
by the administration of ketamine hydrochloride 50 mg/kg  
(i.m.); the outer thigh of the hind legs was disinfected with 
iodophor; the rabbit was placed in the dorsal position and 
the limbs were fixed; the abdominal cavity was opened 
through abdominal incision; the bilateral ovarium was 
resected with an aseptic technique. If the time to tear film 
rupture (the break-up time (BUT) value) was less than or 
equal to half the time for normal eyes, the DES model was 
successfully constructed.

Methods

The rabbits were randomly assigned to a test group or 
a control group. Three rabbits in each group at week 1, 
week 2 and week 4 were selected; the indicators of ocular 
surface injury, such as Schirmer’s test, corneal fluorescence 
staining, a conjunctival imprinting cytology test, and the 
expression of MUC5AC and MUC19 in conjunctival tis-
sues, were evaluated by immunohistochemistry. Schirmer’s 
test consists of placing the Schirmer’s test paper in the 
outer 1/3 boundary of the conjunctival sac in conscious 
rabbits and suspending the remaining part outside of the 
conjunctival sac. The paper was retrieved after 5 min 
and placed at room temperature for 30 min. The length 
of soaked test paper was measured with a vernier cali-
per under microscopy. The procedure for corneal fluo-
rescence staining was as follows: 1% fluorescein sodium 
was dropped into the conjunctival sac with a glass rod; 
after 1 min, the cornea was exposed with a slit lamp and 
the fluorescent staining of the cornea was detected by co-
balt blue light under microscopy; the cornea was divided 
into 4 quadrants and the intensity of fluorescent staining 
in each quadrant was graded on a scale from 0 to 3. The to-
tal score was 0–3 points, i.e., 0 points – no staining; 1 point 
– disperse and focal staining; 2 points – a cluster of focal 
staining; 3 points – patchy staining. The procedure for  
a conjunctival imprinting cytology test was as follows: 
cellulose filter paper was cut to a size of 5 × 5 mm and 
was immersed in distilled water overnight; it was then 
placed on the bulbar conjunctiva, pressed for 10 min and 
removed; cellulose filter paper was fixed in neutral form-
aldehyde solution for 10–20 min and stained with the pe-
riodic acid–Schiff (PAS) method; the imprinted cells were 
then observed under light microscopy. Nelson grading 
criteria (1989) were applied. Squamous metaplasia was 
graded on a scale of 0–3: 0 points – normal; 1 point – mild; 
2 points – moderate; 3 points – severe. Goblet cells were 
counted by randomly selecting 5 fields (left, right, upper, 
lower, and central) under light microscopy (×200) and cal-
culating the percentage of goblet cells.
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The immunohistochemistry testing (Strept Avidin-Biotin 
Complex (SABC)) was done as follows: anesthesia of the 
ocular surface was performed with a 0.5 % Benoxil solution; 
a cellulose acetate membrane (5 × 7 mm) was pressed onto 
the bulbar conjunctiva 2 mm posterior from the temporal 
limbus for 50 s; the membrane was then taken and dried; 
firstly, the membrane was incubated with mouse anti-rabbit 
MUC5AC and MUC19 mAb (Jiangsu Biyuntian Technology 
Co., Ltd., Nantong, China), 1:2,000, at 4°C overnight and was 
washed 3 times with phosphate-buffered saline (PBS) for 
5 min; the membrane was then incubated with secondary 
antibody donkey anti-mouse IgG (Jiangsu Biyuntian Tech-
nology Co., Ltd.), 1:500, at room temperature for 20 min and 
was washed 3 times with PBS for 5 min; next, the membrane 
was incubated with horseradish peroxidase-labeled strep-
tavidin at room temperature for 20 min and was washed 
3 times with PBS for 5 min; 3,3'-diaminobenzidine (DAB) 
was added for color development; the membrane was re-
stained with hematoxylin, differentiated with hydrochloric 
acid alcohol, treated with ammonia water, and washed with 
distilled water. Five fields were randomly selected under 
light microscopy (×200) to calculate the percentage of pos-
itively-stained cells. Phosphate-buffered solution was used 
instead of the first antibody as a negative control.

Statistical analysis

SPSS v. 20.0 software (IBM, Inc., Armonk, USA) was 
used for the statistical analysis. The data is presented as 
mean and standard deviation (SD). Student’s t-test was 

used for comparison between the 2 independent groups. 
The  one-way analysis of  variance (ANOVA) followed 
by Tukey’s post hoc test was used to analyze differences 
among 3 or more independent groups. Probability value 
of p < 0.05 was considered a significant difference.

Results

Schirmer’s test

As shown in Table 1, the length of soaked test paper at all 
time-points was significantly shorter in the test group than 
in the control group, and it decreased over time (p < 0.05).

Corneal fluorescence staining

As shown in Table 2, the total scores of corneal fluores-
cence staining at all time-points were significantly lower 
in the test group than in the control group, and they de-
creased over time (p < 0.05).

Conjunctival imprinting cytology test

As shown in Table 3, the grades of imprinted cells at 
all time-points were significantly higher in the test group 
than in the control group, and they increased over time 
(p < 0.05). The percentage of goblet cells was significantly 
lower in the test group than in the control group, and it 
decreased over time (p < 0.05).

Table 1. Schirmer’s test results [cm]

Group Week 1 Week 2 Week 4 F p-value

Control group 8.2 ±1.3 8.3 ±1.4 7.8 ±1.5 0.132 0.869

Test group 6.4 ±1.2 5.2 ±1.3 3.9 ±1.4 5.624 0.021

t 3.965 4.527 5.327 – –

p 0.035 0.029 0.024 – –

Table 2. Corneal fluorescence staining

Group Week 1 Week 2 Week 4 F p-value

Control group 10.5 ±2.3 10.3 ±2.4 10.4 ±2.6 0.096 0.952

Test group 7.8 ±1.5 5.9 ±1.3 4.1 ±1.4 5.432 0.024

t 3.857 4.628 5.714 – –

p 0.036 0.026 0.017 – –

Table 3. Conjunctival imprinting cytology test

Group 
Grade of imprinted cells Percentage of goblet cells

week 1 week 2 week 4 F p-value week 1 week 2 week 4 F p-value

Control group 0.8 ±0.2 1.2 ±0.3 1.0 ±0.4 0.241 0.758 42.5 ±6.5 43.6 ±7.2 44.8 ±7.9 0.326 0.721

Test group 1.5 ±0.3 1.8 ±0.4 2.3 ±0.5 5.327 0.028 35.4 ±10.2 31.2 ±11.3 25.6 ±12.2 5.764 0.013

t 3.625 4.721 5.285 – – 4.325 4.869 5.326 – –

p 0.039 0.025 0.017 – – 0.032 0.027 0.021 – –

t, p – Student's t-test; F, p-value – one-way analysis of variance (ANOVA), followed by Tukey's post hoc test.
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The expression of MUC5AC and MUC19

As shown in Table 4, the percentages of cells with a posi-
tive expression of MUC5AC and MUC19 at all time-points 
were significantly lower in the test group than in the con-
trol group, and they decreased over time (p < 0.05).

Discussion

Proteins are the final effectors of genes and they directly 
reflect the complexity and diversity of biological activi-
ties. Mucin is produced in the conjunctiva and apparatus 
lacrimalis, and is connected to the oligosaccharide side 
chain through hydrophilic oxygen. Glycosylation provides 
an electrical charge to mucin, which forms a hydrogen 
bond with H2O; thus, highly hydrophilic gel is  formed 
to prevent dryness on the ocular surface. The level of mu-
cin on  the ocular surface can be used to  evaluate the 
function of the tear film. MUC5AC is the mucin formed 
by high-molecular-weight gel and secreted by conjunctival 
goblet cells. Zhao et al. reported that the level of MUC5AC 
was significantly lower in patients with DES than in the 
normal population.15 Corrales et al. reported that the level 
of MUC5AC was significantly lower in patients with DES 
and was associated with the degree of corneal fluores-
cence staining.16 Zhang et al. found that the expression of  
MUC5AC was positively associated with the time to tear 
film rupture.17 MUC19 was highly expressed in normal 
tear gland tissues, conjunctival goblet cells and corneal and 
conjunctival epithelial cells, yet the expression of MUC19 
was significantly decreased in patients with DES; the de-
crease was similar to that of MUC5AC.18

Watanabe reported that changes in the expression levels 
of both the transmembrane mucin MUC5AC produced 
in corneal and conjunctival epithelial cells and the secre-
tory gel-like mucin MUC19 produced in goblet cells could 
directly impact the stability of tear film.19 Moreover, the 
stability of tear film was also dependent on the normal 
functioning of the neural reflex system, which controls 
the secretion of the tear gland and the eyelid movement 
of blinking, namely the first branch of the trigeminal nerve 
and the facial nerve. The neurons containing vasoactive 
intestinal peptides (VIPs) were distributed around con-
junctival goblet cells; both in vitro and in vivo studies con-
firmed that VIPs could promote the secretion of mucin 
in conjunctival goblet cells. In contrast, when the number 

and function of conjunctival goblet cells were abnormal, 
the secretion of mucin in tears was abnormal as well, and 
tear film was less stable. As a result, the production of tears 
on the ocular surface became abnormal, leading to eye 
discomfort and decreased vision.

This study showed that both the length of soaked test 
paper and the total scores of corneal fluorescence staining 
at all time-points were significantly lower in the test group 
than in the control group, and that they decreased over time 
(p < 0.05); the grades of imprinted cells at all time-points 
were significantly higher in the test group than in the con-
trol group, and they increased over time (p < 0.05); the 
percentage of goblet cells was significantly lower in the test 
group than in the control group, and it decreased over time 
(p < 0.05); the percentages of cells with a positive expression 
of MUC5AC and MUC19 at all time-points were signifi-
cantly lower in the test group than in the control group, 
and they decreased over time (p < 0.05). These results in-
dicated that the pathogenesis of DES was associated with 
a greater number of imprinted cells, fewer goblet cells and 
a decreased expression of MUC5AC and MUC19.

Etiological treatment may be the best treatment of dis-
eases. It has been reported that both the immediate and 
persistent effects of acupuncture were better than that 
of artificial tears in the treatment of DES.20 Acupuncture 
was characterized by little to no trauma, and it could pro-
mote the active secretion of tears from the tear glands, 
which might increase the level of VIPs in the tear glands 
and the expression of MUC5AC and MUC19.
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