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Abstract: (1) Background: It is estimated that 10% of dry eye disease (DED) occurs in patients with
Sjogren’s syndrome (SS-DED) and represents a challenge when it comes to treatment. Both innate
and adaptive immunity participate in the pathogenesis of SS-DED. Previous studies suggest that Th1
and Th17 cell immune responses are the main actors associated with the pathogenesis of this disease.
Ocular surface mucins play a fundamental role in ocular surface homeostasis. In particular, the main
transmembrane mucins, MUC1, MUC4 and MUC16, are dysregulated in DED and could be involved
in the activation of pro-inflammatory cytokines at the ocular interface. Thus, the objective of this
work was to analyze mucin and cytokine expression in ocular surface (OS) damage and correlate
it with clinical symptoms.; (2) Methods: 18 patients with SS-DED and 15 healthy controls were
included in the study. Samples of conjunctival cells were obtained through cytology impression.
RNA was extracted from the collected samples and used to determine the expression of MUC1, 4
and 16 by qRT-PCR. Pro-inflammatory cytokines associated with DED pathogenesis (IL17 and IL-22)
were also evaluated. The results were contrasted with the clinical findings on examination of the
patients. (3) Results: We observed a significant increase in the expression of MUC1 and MUC4 in
patients with SS-DED. MUC4 significantly correlated with both lower production and stability of
the tear film, as well as greater superficial keratopathy. On the other hand, MUC1 and MUC16 were
positively correlated with the presence of more severe DED symptoms. However, we could not
reproduce an increase in IL-17 and IL-22 in DED patients as previously reported; (4) Conclusions:
This work constitutes an approach to understanding how the gene expression of transmembrane
mucins associates with SS-DED symptoms and clinical signs.

Keywords: dry eye disease; Sjogren’s syndrome; transmembrane mucins; MUC1; MUC 4; MUC 16;
pro inflammatory cytokines; IL 17; IL 22

1. Introduction

Dry eye disease (DED) is not only one of the most frequent ocular pathologies but
also has the greatest impact on the quality of life of patients in the world today [1]. In
addition, changes in habits, such as more extended use of screens [2], greater pollution [3]
and population aging, mean that the projection is increasing. It is estimated that 10% of
DED occurs in patients with Sjogren’s syndrome (SS-DED) [4]. This can be primary or
secondary, which is associated with other connective tissue diseases such as systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA) or systemic sclerosis (SSc) [5]. SS-DED
is of particular interest because it is generally severe and difficult to treat [5]. Despite its
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high prevalence, there is still a lack of knowledge of the molecular mechanisms involved
in SS-DED.

Ocular surface (OS) mucins play a fundamental role in ocular surface homeostasis [6].
Mucin expression is dysregulated in DED and could be involved in the activation of pro-
inflammatory cytokines at the OS [7]. However, the current knowledge on the expression
of mucins at the OS in SS patients remains scarce and conflicting. In particular, in SS, the
evidence on modifications in mucin expression is also contradictory. On the one hand,
Argüeso et al. observed no significant changes in MUC1 and MUC4 gene expression in
tears from patients with SS-DED, while MUC5AC mRNA levels were decreased when
compared to tears from normal individuals [8]. On the other hand, Caffery et al. observed
an increase in the expression of MUC1 and MUC16 in patients with SS autoimmune DED
when compared to non-SS-DED and normal individuals [9,10]. In contrast, Jones et al.
found a decrease in conjunctival MUC1 expression in patients with non-SS DED [11].

Both innate and adaptive immunity participate in the pathogenesis of SS-DED [12,13].
Indeed, previous studies reported that both Th1 and Th17 immune responses are associated
with the pathogenesis of this disease [13] and are fundamental in maintaining the integrity
of some epithelial barriers. For example, IL-17 stimulates the formation of tight junc-
tions [14,15]. In addition, IL-22 has an important role in cell survival and proliferation [16],
while IL-17 stimulates the production of antimicrobial peptides and chemokines that attract
leukocytes when the epithelial barrier is penetrated [14]. Th1 and Th17 immune responses
have been detected in a damaged ocular epithelium [17] and are significantly increased in
the tears of patients with DED [17]. Furthermore, IL-17 and IL-22 levels have been reported
to positively correlate with the OS Disease Index (OSDI) clinical questionnaire score and
keratopathy score, while they negatively correlate with the tear film breakup time (TBUT)
and the Schirmer I test [17]. This leads to an association of IL-17 and IL-22 levels with
disease progression [17]. However, the favorable role of IL-17 in goblet cell proliferation
has also been described, increasing mucus production in the tear [18]. Thus, the role of
Th17 in DED is still not fully elucidated.

In this work, we aimed to investigate the levels of transmembrane mucins MUC1,
MUC4 and MUC16, together with IL-17 and IL-22 levels, in the OS of patients with either
primary or secondary SS-DED. Our study sheds further light on the role of the main
transmembrane mucins (MUC1, 4 and 16) and the Th17 immune response in SS-DED.

2. Materials and Methods
2.1. Patient Recruitment

This study was approved by the Ethics Committee of the Hospital de Clínicas, Faculty
of Medicine, University of the Republic, in Montevideo, Uruguay. All the patients were
recruited in the autoimmune disease and ocular pathology clinic of the Department of
Ophthalmology in conjunction with the Systemic Autoimmune Diseases Unit belonging
to said hospital during the period between December 2017 and December 2019. Written
informed consent was obtained from all the patients involved in the study. All the samples
obtained from patients and healthy controls were numbered from 1 to 33 to identify the
individuals and the clinical information collected and associate it with their biological
samples, ensuring anonymity in the handling of data and clinical samples. Two groups
of patients were obtained: (1) dry eye derived from primary (PSS-DED) or secondary
(SSS-DED) Sjogren’s syndrome; (2) healthy controls without autoimmune diseases, without
ocular pathologies, of the same age group as the patients, free of infectious diseases.

The inclusion criteria for the diagnosis of DED were the following: the presence of
DED symptoms for at least the last three months; demonstration of keratopathy on the
Oxford Scale greater than or equal to 1 [19]; a TBUT of less than 10 s; a Schirmer I test
result of less than 13 mm; a score on the OSDI questionnaire [20] equal to or greater than
13 points; and a diagnosis of SSP or SSS. The criteria for the diagnosis of SS were based
on those defined by the American–European Consensus. In the diagnosis of SSP, four
points of the criteria detailed in references [19,20] (they must include histopathological
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and/or serological evidence). For the diagnosis of SSS, in addition to the diagnosis of SS,
the presence of positive antinuclear antibodies, positive rheumatoid factor or the presence
of antibodies associated with Ssc (anti-centromere, anti-Scl-70, anti-RNA polymerase III)
was required.

The exclusion criteria were the following: patients under 18 years old, presenting
anatomical anomalies (due to trauma or previous surgery); a history of eye surgery in the
last 3 months; being on topical eye treatment (except artificial tears); having any ocular
pathology in the last 3 months that affects the ocular surface (conjunctivitis, chalazion, etc.)
or use of contact lenses; a history of head/neck radiotherapy; presenting systemic infections
or active neoplastic involvement; and patients with concomitant use of anticholinergic
drugs, who were excluded since these could confuse findings and/or symptoms.

2.2. Clinical Assessment of Patients
2.2.1. Tear Stability Test

The stability of the tear film was determined by measuring the time it took for the tear
film over the cornea to break. Fluorescein staining was applied (2% fluorescein solution
diluted in physiological saline) without topical anesthesia, and the time elapsed until the
onset of signs of tear meniscus rupture was determined. The normal TBUT is equal to or
greater than 10 s.

2.2.2. Tear Production Assessment

Tear production was assessed using the Schirmer type I test (without topical anesthe-
sia), which was carried out by placing filter paper graduated in millimeters at the level of
the lower palpebral fornix and measuring how wet it was after 5 min. A tear production
greater than 20 mm is considered normal, a result less than 13 mm is considered insufficient,
and an indeterminate or probably insufficient result is between 13 and 20 mm. For the 99%
confidence interval, the mean values of tear secretion in individuals who were expected to
have normal secretion were greater than 10 mm in 2 min and greater than 13 mm in 5 min
(significance level less than 0.01).

2.2.3. OS Damage Assessment

Assessment of corneal and conjunctival surface damage was performed by applying
lissamine green (1.5 mg strips of lissamine green (Hub Pharmaceuticals, LLC., Rancho
Cucamonga, CA, USA). The strip was moistened with 1–2 drops of physiological saline
and was subsequently applied at the level of the conjunctival fornix. Lissamine green only
stains cells when their membrane is damaged, regardless of the integrity of the mucus that
covers them. We used the Oxford Scale to grade the damage described in [19].

2.2.4. Dry Eye Symptom Assessment

The OSDI (Ocular Surface Disease Index) questionnaire [20,21], standardized for
patients with DED, grades the severity of dry eye based on the answers to a set of different
questions about the interference of symptoms in different activities. Symptoms with a score
greater than or equal to 13 and less than 22 are considered mild dry eye, moderate is from
23 to 32, and severe is greater than 33.

2.3. Obtention of the Conjunctival Samples

Conjunctival epithelial cells were obtained using the impression cytology technique [19,20].
To this end, a 5 mm temporal ocular conjunctiva after application of topical anesthesia (0.5%
tetracaine, Alcon China Ophthalmic Product Company Ltd., Beijing, China) was obtained.
The two membranes from each patient were placed in sterile 1.5 mL tubes containing 700 µL
of cell lysis buffer (Qiagen, Germantown, MD, USA). The tubes were stored at −80 ◦C to
be used in subsequent tests.
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2.4. Messenger RNA (mRNA) Extraction Method

mRNA was extracted using the RNeasy Micro Kit (Qiagen, Germantown, MD, USA),
according to the manufacturer’s instructions.

2.5. Gene Expression by qRT-PCR

Total mRNA was quantified using a NanoDrop, and cDNA was subsequently syn-
thesized using the SensiFAST cDNA Synthesis Kit (Bioline, London, UK), following the
supplier’s recommendations. A reaction mix that included TransAmp Buffer, the reverse
transcriptase enzyme at 200 U/µL, and 1 µg of RNA was used to generate cDNA in a
Biometra T Gradient thermocycler, using the following program: 25 ◦C for 10 min, 42 ◦C
for 15 min, 48 ◦C for 15 min and 85 ◦C for 5 min. For real-time PCR, the samples were
analyzed in an Eco Real-Time PCR (Illumina, San Diego, CA, USA) using Fast SYBR Green
Master Mix (Applied Biosystems, Waltham, MA, USA). The assays were performed using
the Illumina Eco qPCR Kit (model 1010180, San Diego, CA, USA). A control without cDNA
was included in all the assays to assess the contamination of the reagents used. The primers
used in this study are listed in Table 1. The amplification conditions were 10 min at 95 ◦C,
15 s at 95 ◦C, 15 s at 62 ◦C and 15 s at 72 ◦C, with a final extension of 10 min at 95 ◦C.
The melt curve consisted of cycles of 15 s at 95 ◦C, then 15 s at 55 ◦C and 15 s at 95 ◦C.
Quantitative real-time PCR results were performed by the comparative threshold cycle
method and normalized with gapdh as an internal control. The results were expressed as
the relationship between each gene of interest and gapdh expression.

Table 1. Primers used in RT-PCR in this study.

Gene Forward Primer Reverse Primer

MUC1 5′-AGCGTGAGTGATGTGCCATT-3′ 5′-AGCGCAACCAGAACACAGAC-3′

MUC4 5′-GGTGGTGGAGGCGTTCTTAT-3′ 5′-CTCACGTTCAGGGCTGTCAC-3′

MUC16 5′-CCAACTCTTCCGAAACAGCA-3′ 5′-GCCAGTGGCGAGAAGTTACA-3′

GAPDH 5′-ATGGGGAAGGTGAAGGTC G-3′ 5′-GGGGTCATTGATGGCAACAATA-3′

IL 17 5′-ACCTGAACATCCATAACCGGATAC-3′ 5′-AGCGTTATGCAGCCCAAG-3′

IL 22 5′-TGGGAAAGAAGGGCTGTCAG-3′ 5′-GCGGTGACCCTGGCA-3′

2.6. Statistical Analysis

The results were analyzed using a Student’s t-test with GraphPad Prism software
(GraphPad Software, San Diego, CA, USA). Correlation analyses were performed using
simple linear regression. The results were considered significantly different when p < 0.05.

3. Results
3.1. Patient Population and Analysis of the Ocular Surface

A total of 18 patients with SS-DED along with 15 healthy controls were selected. All
the patients and controls were women between 27 and 83 years old. The demographic
data of age and sex are shown in Table 2. There were no significant differences in the age
between the two groups (p = 0.923, p > 0.05). As expected, significant statistical differences
(p < 0.05) were found between the two groups in the OSDI, TBUT, Schirmer I and Oxford
Keratopathy Scale scores (Table 2).

The selected group of patients consisted of 50% with SSP and 50% with SSS, either
secondary to SLE in four patients, RA in three patients or SSc in the remaining two patients.
When comparing the clinical characteristics of the groups with SSP and SSS, we observed no
significant differences in the OS parameters evaluated except for the result of the Schirmer
I test, which was significantly higher, although still clearly below normality in the group
with SSS. As expected, an inverse correlation was observed between TBUT, the OSDI score
and the degree of superficial keratopathy [19,20]. In turn, the TBUT was significantly
positively correlated with the result of the Schirmer I test when we considered all the
recruited individuals, both controls and patients with DED (the higher the OSDI score, the
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greater the degree of keratopathy, the lower tear production estimated with the Schirmer I
test and lower tear stability measured by TBUT). All these correlations were statistically
significant with a value of p < 0.05.

Table 2. Demographic and clinical data of the individuals recruited in this study.

Parameter Patients (n = 18) Controls (n = 15) p Value

Age (years) 56.72 ± 11.73 (37–83) 53.73 ± 11.11 (39–70) 0.923
Sex (M/F) 0/18 0/15
OSDI score 45.20 ± 19.25 *** 4.395 ± 2.745 3.604 × 10−9

TBUT (s) 3.2 ± 2.6 *** 13.5 ± 2.0 5.401 × 10−26

Oxford Keratopathy Scale 2.2 ± 1.0 *** 0.3 ± 0.5 2.134 × 10−26

Schirmer I test (mm) 4.7 ± 4.0 *** 20 ± 2.8 2.744 × 10−13

Abbreviations: F, female; M, male. All parameters are expressed as mean ± standard deviation. Statistical analysis
between the two groups is shown with its p-value. *** p < 0.0001, patients vs. controls.

3.2. Gene Expression of MUC1, MUC4 and MUC16 in Conjunctival Impression Samples in
Patients with SS-DED versus Healthy Controls

We evaluated the gene expression of MUC1, MUC4 and MUC16 in patients and
controls by RT-qPCR (Figure 1A). A statistically significant difference was observed with a
17-fold higher expression of MUC1 (p = 0.0032) and 2.11-fold higher expression of MUC4
(p = 0.0104) in the patients compared to the healthy controls. However, there was a non-
statistically significant increase in MUC16 expression (p = 0.0635) in the patients compared
with the controls. We also analyzed the expression of mucins in the patients with SSP and
SSS in relation to the healthy controls (Figure 1B,C). MUC1 expression was 15.7 and 19 times
higher in the SSP group (p = 0.0136) and SSS (p = 0.0015) than the controls, respectively.
MUC4 expression in the SSP group (p = 0.0095) was 2.29 times higher in relation to the
controls, while no significant difference was found when comparing patients with SSS and
the controls (p = 0.0641). Interestingly, MUC16 did demonstrate a significant difference
(5.56 higher) between SSP patients and controls (p = 0.0465). Of note, the higher variation
in MUC gene expression found in the patients compared to the controls could be attributed
to the overlapping with other diseases or treatments.

3.3. Correlation of the Expression of MUC1, MUC4 and MUC16 in SS-DED and Controls

Next, we analyzed whether there was a statistical correlation in the gene expression
of the studied mucins. A statistically significant correlation was observed between the
expression of MUC1 and MUC4 (p = 0.0004), but not between MUC1 or MUC4 and MUC16
(p = 0.84 and p = 0.651, respectively) (Figure 2).

3.4. Relationship between Mucin Gene Expression and Clinical Parameters of DED
3.4.1. TBUT and Mucin Expression

We were interested in analyzing how mucin gene expression was related to the patients’
OS parameters. Although TBUT was not significantly correlated to mucin expression
(Figure 3A), a trend towards a negative correlation between mucins and TBUT was observed.
In the case of MUC1: R2 = 0.34 and p = 0.0614; MUC4: R2 = 0.21 and p = 0.124; MUC16:
R2 = 0.19 and p = 0.0845.

3.4.2. Schirmer I Test and Mucin Expression

A positive significant correlation between mucin expression and the Schirmer I test
was found for MUC4 (R2 = 0.180 and p = 0.039) but not for MUC1 (R2 = 0.153, p = 0.209) or
MUC16 (R2 = 0.0710, p = 0.301) (Figure 3B).

3.4.3. Superficial Keratopathy and Mucin Expression

MUC1 and MUC4 were expressed at higher levels in patients presenting a high degree
of keratopathy (R2 = 0.74, p < 0.0001 for MUC1 and R2 = 0.19, p = 0.0295 for MUC4). In the
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case of MUC16, we found a statistically non-significant relationship between the degree of
keratopathy and mucin expression (R2 = 0.2, p = 0.0553) (Figure 3C).

Figure 1. mRNA levels of MUC1, MUC4 and MUC16 in patients with SS-DED (A), PSS-DED (B) and
SSS-DED (C). mRNA was extracted from conjunctival cells obtained by conjunctival impression and
amplified by RT-qPCR. Asterisks correspond to * p < 0.05 and ** p < 0.01; ns = no significant difference
between the groups. The y-axis indicates the mucin fold expression in relation to gapdh. Squares
correspond to healthy controls and circles to patients with DED.

Figure 2. Correlation of mucin mRNA levels. mRNA was extracted from conjunctival cells obtained
by conjunctival impression and amplified by RT-qPCR (* = p < 0.05). The axes indicate the mucin fold
expression in relation to gapdh.

3.4.4. OSDI Score and Mucin Expression

MUC1 and MUC16 were found to have a significant positive correlation with the
OSDI score (R2 = 0.267, p = 0.0406 for MUC1 and R2 = 0.394, p = 0.040 for MUC16). On
the contrary, no significant correlation between MUC4 expression and the OSDI score was
observed (R2 = 0.0770, p = 0.179) (Figure 3D).
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Figure 3. Correlation of MUC1, MUC4 and MUC16 mRNA levels with TBUT score (A), Schirmer I
(B), Oxford Keratopathy score (C) and OSDI score (D). mRNA was extracted from conjunctival cells
obtained by conjunctival impression, extracted and amplified by RT-qPCR (* = p < 0.05). The y-axis
indicates the mucin fold expression in relation to gapdh.

3.5. Expression of IL-17 and IL-22 in SS-DED

The expression of the pro-inflammatory cytokines IL-17 and IL-22 was also evaluated
by RT-qPCR in the SS-DED patients and healthy controls, demonstrating to be similar
between the two groups (p = 0.867 for IL-17 and p = 0.172 for IL-22) (Figure 4A). In
addition, there was no significant difference when dividing the patients between SSS and
PSS (Figure 4B).
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Figure 4. IL-17 and IL-22 mRNA levels in conjunctival cells in patients with SS-DED and in healthy
controls (A) and patients with SSS and PSS (B). Messenger RNA was extracted from conjunctival
cells obtained using the conjunctival impression technique and amplified by RT-qPCR. The y-axis
indicates the cytokine fold expression in relation to gapdh. ns = no significant difference between
the groups.

Furthermore, those patients with a higher expression of IL-17 also had a higher
expression of IL-22 (R2 = 0.49, p = 0.0008) (Figure 5).

Figure 5. Correlation between IL-17 and IL-22 mRNA levels in conjunctival cells in patients with
SS-DED. Messenger RNA was extracted from conjunctival cells obtained using the conjunctival
impression technique described in the Materials and Methods section.

3.6. Correlation of IL-17 and IL-22 with Clinical Parameters of Patients with SS-DED

The expression of IL-17 and IL-22 was then analyzed and correlated with the evaluated
OS parameters in all the patients in the study. No significant correlations were observed
between them and the OSDI, TBUT, Keratopathy or Schirmer test scores (p > 0.05).
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4. Discussion
4.1. Differential Mucin Gene Expression in SS-DED

The current knowledge on the expression of OS mucins in patients with SS-DED
remains scarce and conflicting, with some studies reporting similar expression of trans-
membrane mucins (MUC1, MUC4 and MUC16) [8] and others higher expression of these
mucins [9] in tears from patients with SS-DED compared to healthy individuals. In our
study, a significant increase in the expression of MUC1 and MUC4, as well as a trend
towards an increase in MUC16 that was not statistically significant in all patients but was
present when we analyzed the subgroup of patients with SSP, was found. In addition, a
significant correlation was observed in MUC1 and MUC4 gene expression in patients with
SS-DED. Eventually, a bigger sample size should be studied in order to statistically confirm
these results.

Mucins are known for their protective role on epithelial surfaces and for trapping
pathogens [22]. MUC1 is a membrane-bound mucin with a cytoplasmic tail, also expressed
in secretory epithelial cells of the airways, gastrointestinal tract, and female reproductive
tract [23]. Its expression is increased in inflammatory bowel syndrome [24] and fosters
inflammatory conditions by activating the inhibitor of nuclear factor kappa beta (IKKb)
and nuclear factor kappa beta (NF-kB) pathways [25]. In this sense, our results showing an
increase in MUC1 expression could represent a response similar to other epithelia.

MUC4 is another membrane-bound mucin expressed in airway epithelial cells in a
non-specific localization to basal, ciliated and goblet cells [26]. The published literature
has reported that IL-4, IL-9 and neutrophil-secreted elastase increase MUC4 expression
in airway epithelial cells [27–29]. Interestingly, MUC4 expression is increased in patients
with colitis and in colorectal cancer [30]. Along the same line, MUC4−/− mice are resistant
to the development of colitis, showing an upregulation in the expression of MUC2 and
MUC3 [30].

MUC16 expression has also been observed to be upregulated in response to inflamma-
tory factors, including LPS, IL-6, IL-8 and TNFα, in the reproductive epithelium of patients
with ovarian cancer cells via NF-κB [31]. Interestingly, inflammatory stimuli such as IL-1α
and IL-1β downregulate the expression and production of MUC16 by corneal epithelial
cells [32]. In contrast, these cytokines, as well as IFNγ and TNFα, increase the shedding
of MUC16 from cultured conjunctival epithelial cells [32]. As proinflammatory cytokine
levels are upregulated in tears of patients with Sjogren’s syndrome [33], dysregulation
of MUC16 could be a mechanism that contributes to the worsening of dry eye disease in
these patients.

Interestingly, an increase in polypeptidyl-GalNAc-’Transferases is observed in cicatri-
cial pemphigus, which is another autoimmune pathology [34]. These glycosyltransferases
initiate the addition of O-glycans to the peptide backbone of mucins [35]. This suggests
that the epithelial cells of the OS would have a compensatory response to the autoimmune
attack by contributing to the synthesis of O-glycans on mucins to keep the surface moist at
the level of the apical epithelium.

In the present work, we also observed that both MUC1 and MUC16, but not MUC4,
were positively significantly correlated with a higher expression of dry eye symptoms. A
positive correlation was seen between the expression of MUC1 and MUC4 and the grade of
keratopathy on the Oxford Scale. In the case of MUC16, this relationship was marginally
significant, with p = 0.055. The evaluation of a higher number of patients and healthy
controls is needed in order to confirm these results.

The production of the aqueous component of tears, assessed using the Schirmer I
test, was directly and significantly correlated only with MUC4. Those patients with lower
tear production had higher levels of expression of this mucin. It is worth noting that
patients with SSP had significantly lower tear production compared to patients with SSS. It
is possible that in SSP there is greater involvement of the lacrimal gland in relation to SSS,
thus generating less production of the aqueous component of the tear. However, this has
not yet been assessed. The published literature has only established a decreased corneal
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sensitivity in patients with SS-DED versus non-SS-DED [36] but not differentiating between
PSS and SSS; this would be interesting to further elucidate.

Interestingly, mucin expression was not correlated with TBUT in our study. How-
ever, it has been previously observed that certain patterns of tear breakage are associated
with alterations in mucin expression. For example, lower TBUT has been observed in
patients with lower conjunctival expression of MUC1, MUC16 and MUC20 in patients with
non-SS DED [37]. The fact that our study was conducted in SS-DED could explain the
obtained differences.

4.2. IL-17 and IL-22 Expression in SS-DED

Th17 cell polarization is initiated by dendritic cells in the lymph nodes draining the
salivary and lacrimal glands, while in later phases of Sjogren’s disease, it also occurs
locally in inflamed glandular tissue [38] in response to the production of TGFβ and IL-
23. The ductal epithelial cells of these glands also produce cytokines important for Th17
polarization such as IL-1β [39]. Activated Th17 lymphocytes promote inflammation by
stimulating the release of proinflammatory cytokines in exocrine glands, including IL-6 and
TNFα, by secreting IL-17 and IL-22, which bind to their receptors expressed on epithelial
and stromal cells [40]. IL-17 also promotes the production of matrix metalloproteases such
as MMP-9, which is associated with acinar damage [41]. In the present work, we did not
observe significant differences in IL-17 and IL-22 gene expression between SS-DED patients
and healthy controls.

In a previous study, increased IL-17 and IL-22 levels were reported in patients with SS-
DED when compared to non-SS-DED and healthy controls [17]. Moreover, the level of these
cytokines positively correlated with the OSDI keratopathy questionnaire and negatively
with the TBUT and the result of the Schirmer I test [17]. In our study, we observed, as
expected, a strong correlation between the mRNA expression of both cytokines, that is,
those patients with higher expression of IL-17 mRNA also had higher expression of IL-22,
indicating a preferred Th17 profile. We also observed that those patients with higher
expression of MUC16 had significantly higher expression of IL-22, in line with the study
mentioned above [17]. However, we were unable to show a positive correlation between
IL-17 and IL-22 with clinical parameters. We must highlight that the questionnaire used in
the aforementioned study was not the OSDI questionnaire, and the keratopathy index was
based on fluorescein staining as opposed to the lissamine green used in our study. This
may generate a certain variability, although it should not be significant since they are valid
alternatives for clinical evaluation. Furthermore, cytokines levels were evaluated by ELISA,
which could also explain the different conclusions obtained in our study.

Last, we did not address in this study Th1-type cytokines such as IFNγ, which is
involved in the death of goblet cells [42]. This plays a central role in conjunctival metaplasia
and the decrease in the number of goblet cells. Furthermore, desiccation stress produces
an increase in IFNγ, which in turn induces a decrease in the production of IL-13, which
is associated with a protective role in CC [41]. It has been proposed that a constitutive
expression of IL-13 would be a requirement for homeostatic control of goblet cells by
stimulating the production of MUC5AC and MUC2 [43,44].

5. Conclusions

In this work, a significant increase in the expression of MUC1 and MUC4 was found in
SS-DED patients when compared to controls. Furthermore, MUC4 significantly correlated
with decreased tear production. On the other hand, MUC1 and MUC16 were positively
correlated with the presence of more severe DED symptoms while MUC1 and MUC4 were
significantly more expressed in patients with worse superficial keratopathy.

IL-22 gene expression correlated with the expression of MUC16, which in turn was
increased in patients with worse DED symptoms. The results obtained in this work
contribute to the further understanding of SS-DED and shed light on the use of mucins as
biomarkers in DED.
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