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[Abstract]  Objective  To investigate the expressions of  MUC1, 

MUC4, MUC5AC and MUC16 in patients with first diagnosis of  

dry eye and their correlation with dry eye symptoms and signs.  

Methods  A cross-sectional study was conducted. Sixty-nine dry 

eye patients (69 eyes) as a dry eye group and 40 normal volunteers 

(40 eyes) as a normal volunteer group were recruited in Xiamen 

Eye Center of  Xiamen University, Beijing Tongren Hospital, West 

China Hospital of  Sichuan University and Shanghai Puotuo District 

Center Hospital from December 2016 to May 2018. Symptoms 

were evaluated by Chinese Dry Eye Questionnaire (CDEQ), 

Ocular Surface Disease Index (OSDI) and Dry Eye-Related 

Quality-of-Life Score Questionnaire (DEQS). Signs were assessed 

by tear film breakup time (TBUT), keratoconjunctival fluorescein 

sodium staining, and Schirmer I test. Conjunctival cells were 

collected by conjunctival impression cytology. The expression levels 

of  MUC1, MUC4, MUC5AC and MUC16 mRNA in the two 

groups were determined by real-time fluorescence quantitative PCR. 

The correlation between the mRNA levels of  conjunctival mucins 

and dry eye symptoms and signs were analyzed by Spearman 

correlation analysis. This study adhered to the Declaration of  

Helsinki. The study protocol was approved by the four Ethics 

Committees of  Xiamen Eye Center of  Xiamen University (No. 

2017003), Beijing Tongren Hospital, Capital Medical University 

(No. TREC2016-29), West China Hospital of  Sichuan University 

(No. 2016310) and Shanghai Puotuo District Center Hospital (No. 

PTEC-A-2016-18-1). Written informed consent was obtained from 

each subject before any medical examination.  

Results  The expression levels of  MUC1 and MUC16 mRNA in 

dry eye patients were 3.277(0.568, 5.790) and 1.815(1.048, 3.694), 

which were higher than 1.055 (0.550, 2.010) and 1.024 (0.541, 1.965) 

in normal volunteer group (Z=819.00, P=0.008; Z=861.00, 

P=0.002). According to OSDI scores, MUC1 was mainly increased 

to 3.277(1.161, 6.226) in mild to moderate (12-32 points) dry eye 

patients (Z=9.04, P=0.029), and MUC16 was mainly increased to 

1.968(1.074, 3.726) in severe (>32 points) dry eye patients 

(Z=12.24, P=0.007). MUC1 expression was positively correlated 

with TBUT, and was negatively correlated with corneal staining 

scoring and keratoconjunctival staining scoring (rs=0.270, P=0.025; 

rs=-0.331, P=0.006; rs=-0.325, P=0.007). MUC16 expression was 

positively correlated with TBUT, and was negatively correlated with 

blurred vision scoring, quality of  life scoring (reading, driving at 

night, computer and TV use, etc.) (rs=0.249, P=0.039; rs=-0.359, 

P=0.047; rs=-0.370, P=0.034; rs=-0.558, P=0.016; rs=-0.498, 

P=0.006; rs=-0.515, P=0.002).  

Conclusions  The gene expressions of  MUC1 and MUC16 are 

higher in dry eye patients. MUC1 expression is related to patients’ 

signs. MUC16 expression is related to the quality of  life of  patients. 
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Dry eye is a chronic ocular surface disease caused by multiple 

factors. Patients may experience a series of  uncomfortable 

symptoms such as eye dryness and foreign body sensation, which 

significantly affect their quality of  life 1. The core mechanism of  

dry eye is tear film instability 2-3. Mucin, an essential component of  

the tear film, plays an important role in maintaining the stability of  

the tear film by lubricating tissues, clearing foreign substances, and 

fighting against bacteria 4. Mucin in ocular tissues can be divided 

into transmembrane and secreted types, mainly secreted by the 

conjunctiva, cornea, and lacrimal gland 5. Abnormalities in their 

quality or quantity can lead to decreased tear film stability, causing 

tears to be unable to stay on the ocular surface and triggering dry 

eye 6, which can further cause damage to the ocular surface 

epithelial cells, worsening the abnormality of  mucin. Therefore, 

monitoring changes in the ocular surface mucin is an important 

area of  dry eye research. Several studies have examined the changes 

in mucin content in dry eye patients, but the reported results vary. 

Some studies have found that dry eye patients have a reduced 

number of  goblet cells in the ocular surface, decreased levels of  

MUC5AC protein 7-9, and reduced expression of  MUC1, MUC4, 

and MUC16 in the conjunctival epithelium 10-12. However, other 

studies have found that the expression levels of  MUC1 and 

MUC16 in the ocular surface and tears of  patients with both dry 

and non-dry syndromes increased 13-15. Although the latest version 

of  the international dry eye disease workshop of  the International 
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Tear Film and Ocular Surface Society summarized all the research 

results comprehensively, it still cannot accurately conclude the 

changes in mucin in the ocular surface tissue of  dry eye patients 16. 

This study aims to explore the changes in mucin expression in the 

conjunctival tissue of  dry eye patients and their association with 

dry eye symptoms and signs, providing a reference for the 

development of  dry eye prevention and treatment measures.  

1 Information and methods 

1.1 Baseline data 

A cross-sectional, multicenter study was conducted from 

December 2016 to May 2018 at Eye Institute and Affiliated 

Xiamen Eye Center of  Xiamen University, Beijing Tongren 

Hospital, Sichuan Huaxi Hospital and Shanghai Puotuo District 

Center Hospital. A total of  69 patients (69 eyes) who were 

diagnosed with dry eye for the first time according to Chinese 

expert consensus on dry eye (2013) 6 were enrolled in DECS-C. 

These patients had not received any dry eye-related medication 

intervention before their initial visit. A total of  40 normal 

volunteers (40 eyes) were included as the normal volunteer group. 

The average age of  the dry eye group was (39.7±13.3) years, while 

the average age of  the subjects in the normal volunteer group was 

(22.2±2.8) years. There was no significant correlation between the 

expression levels of  MUC1, MUC4, MUC5AC, MUC16 and age in 

the dry eye group (MUC1: rs=-0.065, P=0.598; MUC4: rs=-0.014, 

P=0.911; MUC5AC: rs=-0.247, P=0.081; MUC16: rs=-0.029, 

P=0.815). The male-to-female ratio in the dry eye group was 1:2, 

while it was 7:3 in the normal volunteer group. The relative 

expression levels of  MUC1 in males and females of  the dry eye 

group were 2.96 (0.80, 4.05) and 2.39 (0.01, 5.67), respectively. The 

relative expression levels of  MUC4 in males and females were 2.02 

(0.91, 3.96) and 2.50 (1.09, 4.90), respectively. The relative 

expression levels of  MUC5AC in males and females were 0.21 

(0.02, 1.13) and 0.06 (0.02, 3.41), respectively. The relative 

expression levels of  MUC16 in males and females were 2.20 (1.20, 

3.80) and 1.67 (0.99, 3.62), respectively. There were no statistically 

significant differences in the expression levels of  various mucins 

between different genders (Z=522.0, P=0.94; Z=486.5, P=0.69; 

Z=184.0, P=0.84; Z=457.5, P=0.37). The enrolled dry eye patients 

were from Xiamen Eye Center of  Xiamen University (27 cases), 

Beijing Tongren Hospital of  Capital Medical University (20 cases), 

Zhongshan Hospital of  Putuo District, Shanghai (19 cases), and 

West China Hospital of  Sichuan University (3 cases). Among them, 

patients from Beijing had a relatively lower relative expression level 

of  MUC1 compared to other regions (Z=35.78, P=0.0001), while 

patients from Xiamen had lower tear secretion and tear breakup 

time (TBUT) compared to other regions (Z=20.68, P=0.0001; 

Z=19.91, P=0.0001). There were no significant regional differences 

in other indicators. Due to the small number of  patients (only 3 

cases) from Sichuan, potential bias may exist, therefore, a 

comparative analysis between these 3 patients from Sichuan and 

patients from other regions was not conducted at this stage. 

Inclusion criteria for dry eye patients were as follows: (1) aged 18 

years or older, (2) first-time outpatient visitors, and (3) patients with 

symptoms and signs consistent with the Chinese diagnostic criteria 

for dry eye 6. Exclusion criteria included: (1) previously diagnosed 

and treated dry eye patients, (2) individuals with a history of  

hypersensitivity to fluorescein sodium solution, (3) patients with 

other ocular diseases aside from dry eye or those who had 

undergone any eye surgeries, (4) individuals with a history of  eye 

medication use, (5) patients with a history of  systemic diseases or 

systemic medication use, and (6) patients deemed unsuitable for 

participation in this study by the principal investigator and/or 

assisting researchers. Both eyes of  eligible patients were examined, 

with the eye exhibiting higher dry eye symptom scores selected as 

the study eye. If  both eyes had equal dry eye scores, the eye with 

more severe corneal fluorescein staining was chosen. In cases 

where both eyes had equal levels of  fluorescein staining, the right 

eye was selected as the study eye. 

Inclusion criteria for normal volunteers were as follows: (1) aged 

18 years or older, (2) no ophthalmic diseases requiring treatment, 

and (3) at least one eye meeting the following criteria: (a) absence 

of  dry eye symptoms, (b) tear film breakup time (TBUT) exceeding 

5 seconds, (c) unanesthetized Schirmer test result > 5 mm/5 min, 

and (d) absence of  corneal fluorescein staining. Exclusion criteria 

included: (1) diagnosed with dry eye or presence of  suspected dry 

eye symptoms or signs, (2) history of  ophthalmic diseases, (3) 

individuals with a history of  hypersensitivity to fluorescein sodium, 

and (4) individuals deemed unsuitable for participation in this study 

by the principal investigator and/or assisting researchers. 

Both eyes were examined by ophthalmology, and the symptoms 

were scored using the Chinese Dry Eye Questionnaire (CDEQ), 

and the one eye with a high symptom score was used as the 

research eye. If  the scores of  both eyes were equal, the heavier eye 

with corneal fluorescein sodium staining was included; If  the 

degree of  sodium fluorescein staining of  the cornea of  both eyes 

was comparable, the eye with a shorter TBUT was included; If  the 

TBUT was equal, the right eye was taken as the study eye. The 

whole research procedure was performed following the Declaration 

of  Helsinki and was approved by the Medical Ethics Committee of  

Xiamen University Affiliated Xiamen Eye Center, Beijing Tongren 

Hospital, West China Hospital and Putuo District Center Hospital 

(2017003, TREC2016-29, 2016(310), PTEC-A-2016-18-1). Written 

informed consent was obtained from all participants. 

1.2 Methods 

1.2.1 Quality Control  The four eye centers standardized and 

unified calibration of  examination equipment before the project 

started, and the inspectors had GCP certificates and unified 

training, including examination items, examination methods, 

diagnostic criteria, ethics, etc. A Clinical Research Coordinator 

(CRC) was provided by a third-party company to monitor the 

quality of  the study, track the progress of  the study, and coordinate 

the work of  the trial. 

1.2.2 Eye Examination  Clinical examinations were conducted 

on all participants, including recording patient medical history 

(duration of  VDT use), dry eye symptom scoring, TBUT 

measurement, corneal and conjunctival fluorescein staining scoring, 

and Schirmer test I. The examinations were performed on the 

participants in the following sequence as part of  this study. 

1.2.2.1 Dry Eye Questionnaires  The symptoms of  dry eye were 

evaluated by the Chinese Dry Eye Questionnaire (CDEQ), Ocular 

Surface Disease Index (OSDI) and Dry Eye-Related Quality-of-Life 

Score Questionnaire (DEQS). All patients completed the 
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questionnaires independently under the supervision and guidance of  

the investigator. According to the symptom scores obtained from 

the OSDI questionnaire, the dry eye group was categorized into 

different symptom groups based on the following criteria: a total 

score ≤ 12 indicated the asymptomatic group, consisting of  9 eyes; a 
total score > 12 and ≤ 32 indicated the mild to moderate symptom 
group, consisting of  40 eyes; a total score > 32 indicated the severe 

symptom group, consisting of  20 eyes 19.  

1.2.2.2 TBUT Measurement  A fluorescein sodium test strip 

moistened with one drop of  saline solution was placed in contact 

with the lower conjunctival sac of  the participant. The participant 

was instructed to blink several times to ensure a thorough mixing 

of  the strip with tear fluid. The participant was then instructed to 

look straight ahead, and the time from their last blink to the 

appearance of  the first tear film breakup point was observed using 

a 16x slit lamp microscope (SL220, Carl Zeiss, Germany) with 

cobalt blue light. A TBUT value of  less than 5 seconds was 

considered abnormal. The test was performed three times, and the 

average value was recorded. 

1.2.2.3 Determination of  Corneal Staining Scores  After 

completing the TBUT measurement, corneal fluorescein staining 

was observed under a 16x slit lamp microscope with cobalt blue 

light. The integrity of  the corneal epithelium was evaluated 

according to the grading standards of  the International 

Ophthalmology Institute 17. The cornea was divided into five 

regions: superior, nasal, central, inferior, and temporal. Each region 

was scored from 0 to 3, and the total score was the sum of  scores 

for all regions, with a maximum score of  15. A total score of  ≥1 
indicated an abnormality. The Van Bijsterveld grading system 18 

was used for keratoconjunctival staining (KC) to evaluate the 

integrity of  the corneal epithelium. The cornea was divided into 

temporal, central, and nasal regions. Each region was scored from 0 

to 3, and the total score was the sum of  scores for all regions, with 

a maximum score of  9. A total score of  ≥1 indicated an 
abnormality. 

1.2.2.4 Schirmer I Test  Without local anesthesia, the folded 

portion of  the Schirmer test strip was placed in the outer one-third 

of  the patient's lower conjunctival sac. The patient was instructed 

to look straight ahead and then close their eyes. After 5 minutes, 

the test strip was removed, and the length of  tear fluid infiltration 

was measured. A tear fluid infiltration length of  ≤5 mm was 
considered abnormal. 

1.2.2.5 Evaluation of  the severity of  dry eye according to dry 

eye symptoms and signs  In terms of  symptoms, an OSDI 

score of  ≤32 is classified as mild to moderate dry eye, while a 
score >32 indicates severe dry eye. In terms of  signs, dry eye is 

classified as mild or severe based on the presence or absence of  

corneal staining. 

1.2.3 Conjunctival impression cytology specimen collection  

Eye drops containing proparacaine hydrochloride were instilled to 

provide surface anesthesia. The patient was instructed to look 

downwards. With one hand, the examiner gently lifted the upper 

conjunctiva of  the eye being examined, while using tweezers 

without teeth in the other hand to grasp a cellulose acetate 

membrane. The cellulose acetate membrane was lightly applied to 

the upper conjunctiva of  the patient and pressed gently several 

times in a uniform manner. After 3-5 seconds, the cellulose acetate 

membrane was removed using tweezers without teeth, and the 

membrane containing conjunctival cells was placed into 350 μl 
preservation solution. The preservation solution was composed of  

a lysis solution in a volume ratio of  100:1 with β-mercaptoethanol. 

The specimen was vortexed for 1 minute to fully lyse the cells and 

then stored at -80°C. After the procedure, the eye being examined 

was instilled with ofloxacin antibiotic eye drops. 

1.2.4 Real-time fluorescence quantitative PCR method was 

used to determine the relative expression levels of  MUC1, 

MUC4, MUC5AC and MUC16 mRNA in the specimens  

Following the operating procedures of  RNA extraction kit (DP420, 

Tiangen Biotech (Beijing) Co., Ltd.), the lysate containing imprint 

cells stored at -80℃ was dissolved at room temperature, vortexed 

and mixed uniformly, transferred onto CS filtration column, 

centrifuged at 12,000 rpm for 2 minutes with a radius of  10 cm, 

and the filtrate was collected. Then, 70% ethanol was added at a 

volume of  1:1 (v/v), mixed with a pipette, and all solutions and 

precipitates were transferred to CR1 adsorption column. The tube 

cover was gently placed and centrifuged at 12,000 rpm for 30-60 

seconds, and the waste liquid was discarded. After adding 350 μl of  
protein removal solution RW1 to the CR1 adsorption column, it 

was centrifuged at 12,000 rpm for 30-60 seconds, and the waste 

liquid in the collection tube was discarded. Then, 80 μl of  DNase I 
working solution was added to the CR1 adsorption column, and 

kept at room temperature for 15 minutes, followed by the addition 

of  350 μl of  protein removal solution RW1. After centrifugation at 
12,000 rpm for 30-60 seconds, the waste liquid in the collection 

tube was discarded. After adding 500 μl wash solution RW to the 
CR1 adsorption column, it was left at room temperature for 2 

minutes and then centrifuged at 12,000 rpm for 30-60 seconds. The 

waste liquid in the collection tube was discarded, and the washing 

process was repeated twice. After centrifugation at 12,000 rpm for 

2 minutes, the waste liquid was discarded. The CR1 adsorption 

column was left at room temperature for several minutes to 

thoroughly dry the residual wash solution in the adsorbent material. 

Then, the CR1 adsorption column was placed into a new 

RNase-free centrifuge tube, 14 μl of  RNase-free ddH2O was 

added to the center of  the membrane, covered with the tube cover 

gently, left at room temperature for 2 minutes, and then centrifuged 

at 12,000 rpm for 1 minute to obtain RNA solution. The 

experiment was conducted using an RNA reverse transcription kit 

(KIT0204, Thermo Fisher Scientific Corporation, USA). The total 

system volume was 20 μl, including 4 μl of  5-fold reaction buffer, 2 

μl of  dNTP, 1 μl of  random primer, 1 μl of  RevertAid H Minus 
reverse transcriptase and 12 μl of  RNA solution. The reaction was 
carried out at 25℃ for 10 minutes, 42℃ for 60 minutes, and 70℃ 

for 10 minutes to obtain cDNA. PCR was performed using a 

SYBR pre-mix kit (RR420A, Takara Corporation, Japan), with a 

reaction volume of  10.0 μl, including 1.0 µl of  cDNA, 0.2 µl of  

forward and reverse primers, 5.0 µl of  mixed solution and 3.6 µl of  

DEPC water. PCR reaction conditions: denaturation at 95℃ for 

10 seconds, annealing at 60℃ for 5 seconds, extension at 72℃ for 

20 seconds, for a total of  45 cycles. The primer sequences (5'-3') 

were as follows: MUC1 forward sequence was 

ACAATTGACTCTGGCCTTCC, the reverse sequence was 
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CAGACTGGGCAGAGAAAGGA; MUC4 forward sequence was 

CTTACTCTGGCCAACTCTGTAGTG, the reverse sequence was 

GAGAAGTTGGGCTTGACTGTC; MUC5AC forward sequence 

was TCCACCATATACCGCCACAGA, reverse sequence was 

TGGACCGACAGTCACTGTCAAC; MUC16 forward sequence 

was GCCTCTACCTTAACGGTTACAATGAA, reverse sequence 

was GGTACCCCATGGCTGTTGTG; β-actin forward sequence 

was CATGTACGTTGCTATCCAGGC, reverse sequence was 

CTCCTTAATGTCACGCACGAT. The relative expression levels 

of  various mucin genes were calculated using the 2-ΔΔCt method 
with β-actin as the internal reference. 

1.3 Statistical analysis 

Statistical analysis was performed using SPSS 17.0 software. The 

normality of  the continuous data was assessed using the 

Shapiro-Wilk test, and as they did not follow a normal distribution, 

they were expressed as M(Q1, Q3). The Wilcoxon rank-sum test was 

used to compare the differences in assessment indicators between 

the two groups, while the Kruskal-Wallis H test was used for 

multiple-group comparisons. Multiple comparisons were conducted 

using the Nemenyi test. The Spearman rank correlation analysis was 

used to evaluate the association between the expression level of  

conjunctival mucins in dry eye patients and the scores of  ocular 

symptoms and signs. A p-value <0.05 was considered statistically 

significant. 

2 Results 

2.1 Comparison of  relative expression levels of  MUC1, MUC4, 

MUC5AC, and MUC16 mRNA in the conjunctiva of  dry eye 

group and control group subjects   

The relative expression levels of  transmembrane mucins MUC1 

and MUC16 mRNA in the conjunctiva of  dry eye patients were 

3.277 (0.568, 5.790) and 1.815 (1.048, 3.694), respectively, which 

were higher than those in the normal volunteers, which were 1.055 

(0.550, 2.010) and 1.024 (0.541, 1.965), respectively. The differences 

were statistically significant (Z=819.00, P=0.008; Z=861.00, 

P=0.002). The relative expression level of  MUC4 mRNA in the 

conjunctiva of  dry eye patients was 2.465 (1.016, 4.881), which was 

higher than that in the normal volunteers, which was 1.356 (0.371, 

3.082), but the difference was not statistically significant 

(Z=1,029.00, P=0.055). The relative expression level of  MUC5AC 

mRNA in the conjunctiva of  dry eye patients was 0.075 (0.022, 

1.725), which was not statistically significantly different from that in 

the normal volunteers, which was 0.288 (0.075, 2.325) (Z=438.00, 

P=0.226) (Figure 1). 

 
Figure 1 Comparison of  relative expression levels of  MUC1, MUC4, 
MUC5AC and MUC16 mRNA in conjunctiva between the two groups  
Compared with normal volunteer group, aP<0.05 (Wilcoxon rank sum test, 
normal volunteer group n=40, dry eye group n=69) 

2.2 Comparison of  clinical symptom scores between the dry 

eye patients and the normal volunteers 

The dry eye group had significantly lower tear break-up time 

(TBUT) and average tear secretion volume compared to the normal 

volunteer group. The corneal staining score, conjunctival staining 

score, Chinese Dry Eye Questionnaire (CDEQ) score, Ocular 

Surface Disease Index (OSDI) score, and Dry Eye Questionnaire 

Score (DEQS) were all higher in the dry eye group compared to 

the normal volunteer group. The differences were statistically 

significant (all P<0.05) (Table 1). Among dry eye patients, there 

were 28 cases with mild symptoms and signs, 10 cases with severe 

symptoms but mild signs, 21 cases with mild symptoms but severe 

signs, and 10 cases with both severe symptoms and signs. 

Table 1 Comparison of  clinical symptoms scores between the two groups [M (Q1, Q3)] 

group n TBUT(s) Schirmer Ⅰ test (mm) CFS score KS score CDEQ score OSDI score DEQS score 

Normal volunteers 40 7.67(5.75,9.33) 19.00(9.75,30.00) 0.00(0.00,0.00) 0.00(0.00,0.00) 5.00(3.00,7.00) 8.33(4.17,19.17) 9.17(3.33,16.25) 
Dry eye patients 69 3.00(2.33,4.00) 9.00(5.00,13.00) 0.00(0.00,2.00) 0.00(0.00,1.00) 10.00(7.00,14.50) 22.50(16.67,34.75) 23.33(16.67,39.17) 
Z   147 614 827.5 960 487 522.5 535 
P   <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Note: (Wilcoxon rank sum test) TBUT: tear film breakup time; OSDI: Ocular Surface Disease Index; DEQS: Dry Eye-Related Quality-of-Life Score 
Questionnaire; CDEQ: Chinese Dry Eye Questionnaire; CFS score: corneal fluorescein staining; KS score: keratoconjunctival staining score 

2.3 Association between the expression levels of  MUC1, 

MUC4, MUC5AC, and MUC16 mRNA in the conjunctiva and 

dry eye signs in dry eye patients 

The relative expression level of  MUC1 mRNA in the conjunctiva 

was positively correlated with tear breakup time (TBUT) (rs=0.270, 

P=0.025), and negatively correlated with corneal staining score 

(rs=-0.331, P=0.006) and conjunctival staining score (rs=-0.325, 

P=0.007), and positively correlated with visual display terminal 

(VDT) use time (rs=0.0547, P=0.001). The relative expression 

levels of  MUC1, MUC4, MUC5AC, and MUC16 mRNA were not 

correlated with tear secretion (rs=-0.184, P=0.134, rs=0.066, 

P=0.596, rs=-0.230, P=0.108, rs=-0.117, P=0.343) (Table 2). 
 

Figure 2 Comparison of  
relative expression levels 
of  MUC1, MUC4, 
MUC5AC and MUC16 
mRNA among groups 
with various dry eye 
symptom severities 
(Kruskal-Wallis H test, 
normal volunteer group 
n=40, nonsymptom dry eye 
group n=9, mild to moderate 
dry eye group n=40, severe 
dry eye group n=20)  
MUC: mucin 
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2.4 Association between the expression levels of  MUC1, 

MUC4, MUC5AC, and MUC16 mRNA in the conjunctiva and 

the severity of  dry eye symptoms in dry eye patients 

  The relative expression level of  MUC1 mRNA in the 

conjunctiva was positively correlated with tear breakup time (TBUT) 

(rs=0.270, P=0.025), and negatively correlated with corneal staining 

score (rs=-0.331, P=0.006) and conjunctival staining score  

 

(rs=-0.325, P=0.007), and positively correlated with the duration of  

visual display terminal (VDT) use (rs=0.0547, P=0.001). However, 

the relative expression levels of  MUC1, MUC4, MUC5AC, and 

MUC16 mRNA were not correlated with tear secretion (rs=-0.184, 

P=0.134, rs=0.066, P=0.596, rs=-0.230, P=0.108, rs=-0.117, 

P=0.343) (Table 2).

Table 2 Correlation between conjunctival mucins and dry eye signs 

Mucin 
n TBUT   CFS score  VDT time  CDEQ score  OSDI score DEQS score KC score 

rs P  rs P  rs P  rs P  rs P rs P rs P 
MUC1 69 0.270 0.025  -0.331 0.006  0.547 0.001  -0.083 0.498  -0.170 0.889 0.044 0.717 -0.325 0.007 
MUC4 69 0.135 0.272  -0.197 0.108  -0.096 0.590  -0.197 0.108  -0.107 0.383 -0.176 0.151 -0.022 0.549 
MUC16 69 0.249 0.039  0.109 0.373  -0.239 0.240  -0.01 0.936  -0.052 0.672 -0.086 0.481 0.055 0.656 
MUC5AC 51 -0.082 0.567  0.083 0.563  0.012 0.943  -0.016 0.912  -0.032 0.823 -0.007 0.963 -0.087 0.549 

Note: (Spearman correlation analysis) MUC: mucin; TBUT: tear break up time; VDT: video display terminal; OSDI: Ocular Surface Disease Index; DEQS: 
Dry Eye-Related Quality-of-Life Score Questionnaire; CDEQ: Chinese Dry Eye Questionnaire; CFS score: corneal fluorescein staining; KC: 
keratoconjunctival staining 

Among patients with positive corneal staining, the relative 

expression level of  MUC1 mRNA was positively correlated with 

the difficulty of  opening eyes symptom score in DEQS (rs=0.275, 

P=0.035), and negatively correlated with corneal staining score and 

tear secretion (rs=-0.331, P=0.006; rs=-0.437, P=0.016). The 

expression of  MUC4 was positively correlated with eye pain score 

(rs=0.371, P=0.044). The relative expression level of  MUC16 

mRNA was negatively correlated with blurred vision symptom 

score in DEQS (rs=-0.359, P=0.047) (Table 3). The expression of  

MUC4 was positively correlated with the expression of  MUC16 

(rs=0.455, P=0.012). Among patients with negative corneal staining, 

the expression of  MUC1 was positively correlated with VDT time 

(rs=0.622, P=0.003), and negatively correlated with frequency of  

morning discharge score (rs=-0.498, P=0.001), and positively 

correlated with MUC16 (rs=0.635, P<0.001). The expression of  

MUC4 was negatively correlated with dryness symptom score 

(rs=-0.393, P=0.015); MUC16 was negatively correlated with quality 

of  life scores in dry eye patients, such as worsening symptoms 

during reading, impact on driving at night, impact on computer 

work, and impact on watching TV (rs=-0.370, P=0.034; rs=-0.558, 

P=0.016; rs=-0.498, P=0.006; rs=-0.515, P=0.002) (Table 4). 

Table 3 Correlation between expression levels of0 conjunctival mucins and symptoms, signs in dry eye patients with positive corneal fluorescein 
staining 

Mucin n 
Difficulty of opening eyes (DEQS) CFS score pain (OSDI) blur vision (DEQS) MUC4 Schirmer Ⅰ test 

rs P rs P rs P rs P rs P rs P 

MUC1 31 0.275 0.035 -0.331 0.006 -0.308 0.092 0.141 0.451 -0.189 0.818 -0.437 0.016 
MUC4 30 -0.166 0.381 -0.006 0.976 0.371 0.044 -0.093 0.624 

  
-0.037 0.849 

MUC16 31 0.323 0.076 0.122 0.514 0.258 0.162 -0.359 0.047 0.455 0.012 -0.068 0.722 
Note: (Spearman correlation analysis)  MUC: mucin; OSDI: Ocular Surface Disease Index; DEQS: Dry Eye-Related Quality-of-Life Score Questionnaire; 
CDEQ: Chinese Dry Eye Questionnaire 

Table 4 Correlation between expression levels of  conjunctival mucins and symptoms, signs in dry eye patients with negative corneal fluorescein 
staining 

Mucin N 
VDT time 

(h/week) 

Morning 
discharge 
(CDEQ) 

Dry sensation 
(CDEQ) 

Worsening 
symptoms during 
reading (OSDI) 

Driving at 
night (OSDI) 

Computer 
work (OSDI) 

Watching TV 
(OSDI) 

MUC16 

rs P rs P rs P rs P rs P rs P rs P rs P 
MUC1 38 0.622 0.003 -0.498 0.001 -0.084 0.616 0.079 0.664 -0.012 0.963 0.093 0.631 -0.087 0.624 0.635 0.0001 
MUC4 38 -0.026 0.914 -0.119 0.478 -0.393 0.015 -0.244 0.172 -0.276 0.268 -0.28 0.141 -0.153 0.388 0.128 0.445 
MUC16 34 0.235 0.319 -0.219 0.187 -0.273 0.098 -0.37 0.034 -0.558 0.016 -0.498 0.006 -0.515 0.002 

  
Note: (Spearman correlation analysis) MUC: mucin; VDT: video display terminal; OSDI: Ocular Surface Disease Index; DEQS: Dry Eye-Related 
Quality-of-Life Score Questionnaire; CDEQ: Chinese Dry Eye Questionnaire 

2.5 Comparison of  relative expression levels of  conjunctival 

MUC1, MUC4, MUC5AC, and MUC16 mRNA in dry eye 

patients with different degrees of  symptoms and signs 

In patients with mild symptoms and signs, the relative expression 

levels of  MUC1, MUC4, and MUC16 mRNA were significantly 

increased compared to the normal volunteer group (Z=245, 

P<0.001; Z=342, P=0.009; Z=366, P=0.022), while the relative 

expression level of  MUC5AC mRNA was significantly decreased 

compared to the normal volunteer group (Z=106, P=0.015). The 

differences were statistically significant. In patients with severe 

symptoms but mild signs, the relative expression level of  MUC1 

mRNA was significantly increased compared to the normal 

volunteer group (Z=112, P=0.039), and the difference was 

statistically significant. In patients with mild symptoms but severe 

signs, as well as in patients with severe symptoms and signs, the 

relative expression levels of  MUC16 mRNA were significantly 

increased compared to the normal volunteer group (Z=236, 

P=0.010; Z=80, P=0.004). The differences were statistically 

significant. However, there were no statistically significant 

differences in the expression levels of  MUC1, MUC4, and 

MUC5AC genes compared to the normal volunteer group (all 

P>0.05) (Table 5-8). 

Table 5 Comparison of  relative expression of  MUC1 mRNA in 
conjunctiva among groups with different degrees of  symptoms and 

signs [M (Q1, Q3)] 

Group n MUC1 mRNA expression levels 
Normal volunteers 39 1.52(0.55,2.01) 
Mild symptoms and signs 28  4.47(2.01,6.57) a 
Severe symptoms and mild signs 10  5.02(0.67,8.70) a 
Mild symptoms and severe signs 21  1.81(0.001,3.81) 
Severe symptoms and signs 10  2.11(0.01,4.75) 
H   18.49 
P    0.001 
Note: Compared with normal volunteer group, aP<0.05 (Kruskal-Wallis H 
test, Nemenyi test)  MUC1: mucin 1 
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Table 6 Comparison of  relative expression of  MUC4 mRNA in 
conjunctiva among groups with different degrees of  symptoms and 

signs [M (Q1, Q3)] 

Group n MUC4 mRNA expression levels 
Normal volunteers 39 2.72(1.36,3.08) 
Mild symptoms and signs 28  6.29(3.05,9.27) a 
Severe symptoms and mild signs 10  2.51(1.09,4.08) 
Mild symptoms and severe signs 21  2.49(0.92,4.38) 
Severe symptoms and signs  9  2.85(0.53,3.09) 
H   8.07 
P    0.089 

Note: Compared with normal volunteer group, aP<0.05 (Kruskal-Wallis H 
test, Nemenyi test) MUC4: mucin 4 

Table 7 Comparison of  relative expression of  MUC5AC mRNA in 
conjunctiva among groups with different degrees of  symptoms and 

signs [M (Q1, Q3)] 

Group n MUC5AC mRNA expression levels 
Normal volunteers 26 2.76(0.07,2.33) 
Mild symptoms and signs 15  0.25(0.01,0.51) a 
Severe symptoms and mild signs 3  5.35(0.001,9.67) 
Mild symptoms and severe signs 15  3.40(0.02,5.93) 
Severe symptoms and signs 7  0.87(0.06,0.95) 
H   6.26 
P    0.181 
Note: Compared with normal volunteer group, aP<0.05 (Kruskal-Wallis H 
test, Nemenyi test)  MUC5AC: mucin 5AC 

Table 8 Comparison of  relative expression of  MUC16 mRNA in 
conjunctiva among groups with different degrees of  symptoms and 

signs [M (Q1, Q3)] 

Group n MUC16 mRNA expression levels 
Normal volunteers 38 1.29(0.54,1.97) 
Mild symptoms and signs 27  2.19(0.91,3.75) a 
Severe symptoms and mild signs 10 1.86(0.97,2.76) 
Mild symptoms and severe signs 21  2.61(0.98,3.91) a 
Severe symptoms and signs 10  3.21(1.57,5.15) a 
H   11.65 
P    0.02 
Note: Compared with normal volunteer group, aP<0.05 (Kruskal-Wallis H 
test, Nemenyi test)  MUC16: mucin 16 

3 Discussion 

Studies have shown that pathological changes in dry eyes are 

accompanied by alterations in ocular surface mucins 16. The results 

of  this study revealed that dry eye patients exhibited increased 

expression levels of  transmembrane mucins, MUC1 and MUC16 

mRNA, compared to normal individuals. Additionally, the 

expression level of  MUC1 mRNA was significantly correlated with 

tear break-up time (TBUT) and corneal staining scores. Research 

suggests that transmembrane mucins play roles in lubrication, 

anti-inflammation, antimicrobial activity, and hydrophilic properties 

20. It has been reported that the release of  inflammatory mediators 

can promote elevated expression of  MUC1. Upregulated MUC1 

expression can inhibit inflammation by suppressing the Toll-like 

receptor pathway, and MUC1 and MUC16 regulate ocular surface 

inflammation by inhibiting interleukin 6, interleukin 8, and tumor 

necrosis factor-alpha 21-23. The enrolled patients in this study 

primarily consisted of  individuals with mild to moderate dry eye. 

We speculate that in the early stages of  dry eye, the function of  

conjunctival epithelial cells remains intact, and the 

microenvironment of  the ocular surface is not completely 

imbalanced. The body is under stress due to dry eye stimulation 

and mild inflammation, and conjunctival epithelial cells may 

undergo stress-induced overexpression of  mucins to resist ocular 

surface irritation and early inflammation 13,20. 

Changes in transmembrane mucins in dry eye have been unclear, 

and the results vary greatly. One of  the main reasons is that the 

inclusion criteria for patients in these studies are not completely 

consistent. Some studies included patients with systemic factors 

such as dry syndrome 14, while others included both initial and 

follow-up dry eye patients 13. Due to inconsistent inclusion criteria, 

the comparability is poor. The expression of  mucins in patients 

who have already received dry eye treatment has been affected, 

such as by preservatives in eye drops 24. Therefore, only patients 

without systemic diseases affecting the ocular surface and without 

previous ocular surface medication can reflect the true expression 

of  mucins in patients. This study is the first to investigate the 

expression of  conjunctival mucins in initial visit dry eye patients 

without systemic diseases, which better reflects the original 

pathological changes in dry eye. 

MUC1 is the smallest mucin but has many functions. MUC1 

facilitates the distribution of  mucin layers and is believed to be a 

key mucin in the formation of  a mucosal barrier on the surface of  

mucosal cells. Loss of  MUC1 makes the mucosal epithelium 

susceptible to microbial infection 25 and increases dye permeability. 

It has also been reported that mice lacking MUC1 have a higher 

incidence of  conjunctivitis and blepharitis 26. Therefore, MUC1 

plays an important role in maintaining the normal 

microenvironment of  the ocular surface. In this study, Spearman 

rank correlation analysis revealed that the expression of  MUC1 was 

positively correlated with TBUT and negatively correlated with 

corneal and conjunctival staining scores, indicating that the 

expression of  MUC1 affects the severity of  dry eye signs. 

MUC16 is a transmembrane mucin located on the apical 

membrane of  corneal and conjunctival epithelial cells and plays an 

important role in antimicrobial defense, maintaining corneal barrier 

function, and signal transduction 27. Some studies have found 

increased expression of  MUC16 in dry eye patients 13,15. 

Upregulation of  MUC16 is considered a protective signal released 

by ocular surface epithelial cells under stress 28. This study found 

increased expression of  MUC16 in the conjunctival tissue of  dry 

eye patients. Spearman rank correlation analysis revealed a negative 

correlation between MUC16 expression and the quality of  life in 

dry eye patients, reflecting the protective role of  MUC16. 

There are also some limitations in this study. The relative 

expression level of  MUC5AC detected by the assay was low, and in 

some samples, the MUC5AC sequence could not be detected, 

which may be related to partial RNA degradation caused by delayed 

freezing after sample collection. After sample collection, the 

samples were temporarily placed in ice bags and then taken back to 

the laboratory for freezing preservation after the clinic ended. Such 

storage conditions may affect the experimental results. Secondly, 

most of  the initial visit dry eye patients had mild to moderate dry 

eye, with very few severe dry eye patients, so the number of  severe 

dry eye patients was small, which may introduce bias, and further 

studies with larger sample sizes are needed. In addition, due to 

limited conditions, impression cell collection could not meet the 

sample concentration requirements for laboratory protein detection. 

Therefore, the protein levels of  mucins in dry eye patients were not 

measured, and only the four most commonly studied mucins were 

selected as research targets at the gene level. With the continuous 

advancement of  tear protein detection methods, tear proteomics 

will provide us with a more comprehensive analysis at the protein 

level in the future 29, which will be the focus of  further research. 

In conclusion, this study collected data from initial visit dry eye 

patients, showing increased expression of  mucins MUC1 and 

MUC16 in dry eye. The expression of  MUC1 is associated with dry 

eye signs, and the expression of  MUC16 is associated with patient 

quality of  life. 
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