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ARTICLE INFO ABSTRACT

Keywords: The inflammatory process plays a crucial role in frailty syndrome, which can appear in middle age and is
Inflammaging associated with a poor health outcome. Consequently, gerontologists recommend screening inflammatory bio-
Inﬂa_mmasome markers in middle-aged adults to detect frailty and, therefore, prevent chronic diseases and mortality. External
EM;ZLHH cleotidase factors could be a risk factor for frailty because they can generate and extend the inflammatory process. For these

reasons, we analysed the effect of long-term contact lens wear on mRNA level of genes linked to inflammation
(IL-6, NLRP3, NK1R, CD73, MUC16 and TRPV1 genes) in conjunctival cells of middle-aged individuals, by
quantitative PCR. Middle-aged contact lens wearers presented a significant increase of NLRP3 and MUC16 mRNA
level as well as a decrease of CD73 mRNA level, in comparison with non-contact lens wearers. Additionally, we
checked for a potential correlation between these transcript levels and clinical changes of the participants’ ocular
surface. Unlike molecular analysis, clinical examination fails to detect inflammation in contact lens wearers.
These data suggest that long-term contact lens wear could trigger an inflammatory response in middle age
orchestrated by NLRP3 inflammasome and modulated by CD73 and MUC16 proteins. Further studies are needed
to confirm our gene expression findings at the protein level as well as to investigate the potential role of long-

Ocular frailty

term CL wear in the onset of ocular frailty.

Middle age is a crucial period in life in which the decline of the
body’s regulatory systems (ageing) begins (Lachman et al., 2015;
Lehallier et al., 2019). Indeed, Lehallier and colleagues have demon-
strated a wave of proteomic change in the fourth decade of life that
reflects the biological relevance of this period (Lehallier et al., 2019).
Furthermore, various studies have detected frailty syndrome in
middle-aged adults in whom this syndrome is a poor prognostic factor
(Hanlon et al., 2018; Prince et al.,, 2019). Consequently, authors
recommend screening frailty biomarkers in middle-aged people to pre-
vent adverse health outcomes (Hanlon et al., 2018; Prince et al., 2019).
The most convincing frailty biomarkers are inflammation-related can-
didates (Prince et al., 2019). Indeed, inflammation is a common
pathway of frailty and age-related diseases (Fulop et al., 2010).

External factors could be a risk factor for frailty because they can
generate and extend the inflammatory process. Indeed, they are pivotal
in age-related ocular disease onsets (Crooke et al., 2017). Villani and
colleagues have recently applied the concept of ocular surface frailty to

an unhealthy ocular surface predisposed to age-related dry eye disease
(Villani et al., 2019). In this context, contact lens (CL) wear could be a
risk factor for this specific type of frailty. In relation to this issue, some
authors have demonstrated that CL wear triggers an inflammatory
response in young adults (Lopez-de la Rosa et al., 2019; Saliman et al.,
2020). Moreover, CL wear is considered a risk factor of dry eye disease
(Kojima, 2018). For these reasons, we have investigated the potential
inflammatory effect of long-term CL wear in middle age.

Twenty-six middle-aged individuals (age range: 42-65 years), 12
non-contact lens wearers (NCLW; n = 12; mean [SD] age: 53.8 [7.0]
years; 8 females and 4 males) and 14 contact lens wearers (CLW; n = 14;
mean [SD] age: 53.9 [4.1] years; 9 females and 5 males) with a CL
wearing routine of 8 h per day for at least 1 year were enrolled for this
study. Individuals with active ocular allergy, ocular inflammatory dis-
eases, refractive surgery or systemic medication were excluded. The
study was approved by the ethics committee of the Hospital Clinico San
Carlos and written informed consent was obtained from each
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participant.

All subjects underwent a standard clinical examination of the ocular
surface (Wolffsohn et al., 2017) to evaluate the gross impact of CL wear.
The clinical protocol included evaluation of ocular irritation symptoms
and assessment of the tear film stability and the ocular surface health
status.

The Ocular Surface Disease Index (OSDI) questionnaire (Schiffman
et al., 2000)was used to evaluate symptoms of ocular irritation. The
formula used by Schiffman and colleagues (Schiffman et al., 2000) was
applied to obtain the final OSDI score. The higher the score, the more
severe the symptoms and the greater the disability.

The tear meniscus height (TMH) and first/average non-invasive tear
film breakup time (NIKBUT first/avg) parameters were determined to
evaluate tear film stability. The bulbar redness (BR) and corneal/
conjunctival integrity were determined to check the ocular surface
health status.

The measure of TMH, NIKBUT first/avg and BR parameters were
performed with the Keratograph 5M (Oculus GmbH, Wetzlar, Germany)
device equipped with the modified tear film scanning function and ob-
tained automatically from the K5M software following the manufac-
turer’s directions. An assessment of corneal/conjunctival integrity was
performed, 2 min after application of fluorescein sodium ophthalmic
strips (FluoStrip, Contacare Ophthalmics and Diagnostics, Gujarat,
India), with the Keratograph 5M (Oculus GmbH) device and the K5M
blue-free barrier filter. Fluorescein corneal and conjunctival staining
images were graded according to the Efron scale (Efron, 1998), ranging
from 0 (normal) to 4 (severe). Conjunctival staining was divided into
bulbar and tarsal sections.

After the clinical examination, and in order to evaluate the molecular
impact of CL wear, a conjunctival specimen was obtained from each
individual by impression cytology with the EYEPRIM device (OPIA
Technologies, Paris, France). Conjunctival specimens were preserved in
RNAlater solution (Thermo Fisher Scientific) overnight and, after
removing the RNAlater, stored at — 80 °C until total RNA isolation.

Total RNA was isolated from impression cytology specimens using
RNeasy Mini Kit (Qiagen, Madrid, Spain), following the manufacturer’s
instructions. First-strand cDNA synthesis was performed from 22 pl of
total RNA, using High Capacity cDNA Reverse Transcription Kit and
random hexamer primers (Thermo Fisher Scientific, Madrid, Spain).
Quantitative PCR (qPCR) was performed in technical triplicates using
cDNA, the Quantitect SYBR Green Kit (Qiagen) and gene-specific PCR
primers for HPRT1 (QuantiTect Primer Assay QT00059066, Qiagen), IL-
6 (QuantiTect Primer Assay QT00083720, Qiagen), NLRP3 (QuantiTect
Primer Assay QT00029771, Qiagen), NK1R (5'-CTACTACTCAACCA-
CAGAGAC-3'/5'-CACAGATGTGGTACACTTTC-3/, Merck, Madrid,
Spain), CD73 (QuantiTect Primer Assay QT02451512, Qiagen), MUC16
(QuantiTect Primer Assay QT01192996, Qiagen) and TRPV1 (Quanti-
Tect Primer Assay QT00046109, Qiagen), on an ABI Prism 7300 PCR
System (Thermo Fisher Scientific). The thermal cycler program was 15
min at 95 °C, followed by 40 cycles of 15 s at 94 °C, 30 s at 55 °C and 34
s at 72 °C (data collection step). The HPRT1 gene was used as an internal
control to normalise mRNA relative expression, after its validation for
qPCR. Validation of the internal control gene and qPCR data analysis
were performed by the 2° ACt method (Schmittgen and Livak, 2008).

Statistical analysis was performed using IBM SPSS Statistics software
version 25.0. (SPSS Inc., Chicago, IL, USA). Shapiro-Wilk and Mann-
Whitney tests were used for statistical analysis of quantitative clinical
(OSDI, TMH, NIKBUT first, NIKBUT avg and BR) and molecular (gene
expression data of HPRT1, IL-6, NLRP3, NK1R, CD73, MUC16 and
TRPV1) data. The chi-square test was used for statistical analysis of
qualitative clinical data (corneal and conjunctival staining). All the
values (clinical and molecular) are expressed as mean + SD and median.
A statistical significance of 95% was established (p < 0.05) in all the
tests. Correlations among molecular and clinical variables were assessed
through Kendall’s Tau-b (tb) coefficient. The correlations were consid-
ered significant if p < 0.05.
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To examine the mRNA level of inflammatory genes in conjunctival
cells of NCLW and CLW by qPCR, we chose the HPRT1 gene as an in-
ternal control because its expression was unaffected by CL wear (p =
0.43) (Table 1). The levels of IL6, NKIR and TRPV1 mRNAs were
comparable between CLW and NCLW (p > 0.05) (Table 1). Conversely,
CLW showed a marked overexpression of NLRP3 and MUC16 genes
(median 2.6-fold and 3.5-fold higher, respectively, than NCLW; p <
0.05) (Fig. 1A-B; Table 1). Likewise, we observed a significant down-
regulation of CD73 gene in CLW (median 6.4-fold lower than NCLW; p <
0.05) (Fig. 1C; Table 1).

Concurrently, we checked if CL wear alters the ocular surface of
middle-aged adults at the clinical level (Table 1). Clinical parameters
levels were comparable between CLW and NCLW (p > 0.05) (Table 1).

Finally, we also studied the possible correlation between NLRP3,
MUC16 and CD73 mRNA level and clinical parameters. We found only a
significant negative correlation between tarsal conjunctiva staining and
MUC16 mRNA level (tb = - 0.62; p = 0.04).

This study shows, for the first time, the effect of CL wear on
conjunctival NLRP3 and CD73 gene expression. Our results demonstrate
a higher expression of the NLRP3 gene in CLW than NCLW. The NLRP3
inflammasome is a major contributor to the chronic low-grade inflam-
mation that characterises frailty and age-related conditions including
eye diseases (Fulop et al., 2010; Lim et al., 2020). Indeed, Niu and
colleagues have proved the upregulation of NLRP3 mRNA and protein in
ocular surface cells of dry eye patients (Niu et al., 2015). Furthermore,
other authors have demonstrated that frail middle-aged adults present a
race-specific alteration of IL1-p mRNA (an effector of NLRP3 inflam-
masome) in blood cells (Prince et al., 2019).

Additionally, we have demonstrated that CLW present a lower CD73
mRNA level than NCLW. CD73 is an ectoenzyme that, along with the
CD39 nucleotidase, degrades the extracellular inflammatory nucleotide
adenosine triphosphate (ATP) to adenosine, a potent endogenous anti-
inflammatory agent (Hasko and Cronstein, 2013). In fact, ATP is a
co-activator of NLRP3 inflammasome (Stagg and Smyth, 2010). There-
fore, this result suggests that long-term CLW could be more vulnerable to
the inflammatory process, due to the imbalance between the levels of

Table 1
Molecular and clinical parameters of the study groups.
NCLW CLW p-value

Molecular parameters
HPRT1 1.09 + 0.46 1.10 + 0.94 0.43
IL6 0.07 £ 0.10 0.11 £ 0.16 0.35
NLRP3 0.01 +£0.01 0.05 + 0.08 0.02*
NK1R 0.00 £+ 0.00 0.00 £ 0.01 0.46
CD73 1.72 £ 0.85 0.86 + 1.08 0.02*
MUC16 0.50 £+ 0.28 1.78 +£1.52 0.04*
TRPV1 0.24 + 0.08 0.29 + 0.20 0.71
Clinical parameters
TMH (mm) 0.30 £ 0.16 0.31 £ 0.07 0.50
BR 1.40 £ 0.36 1.33 +£0.30 0.50
NIKBUT first (sec) 10.63 + 6.86 10.01 £+ 5.59 0.98
NIKBUT avg (sec) 13.73 + 6.48 12.98 £+ 5.08 0.65
OSDI 15.94 + 9.06 13.19 £ 9.70 0.46
Corneal staining (Efron scale) 0.27 + 0.65 0.00 £+ 0.00 0.20
SBC staining (Efron scale) 0.00 + 0.00 0.08 + 0.28 1.00
IBC staining (Efron scale) 0.09 + 0.30 0.08 + 0.28 1.00
NBC staining (Efron scale) 0.73 £ 0.79 0.69 + 0.75 1.00
TBC staining (Efron scale) 0.45 + 0.52 0.23 + 0.60 0.06
TC staining (Efron scale) 0.18 £+ 0.40 0.15 £ 0.38 1.00

Note: Molecular data are the mean + standard deviations (SD) of mRNA fold
change. Clinical data are presented as the mean + SD. * indicates statistically
significant differences (p < 0.05) between NCLW and CLW. NCLW: non-contact
lens wearers; CLW: contact lens wearers; TMH: tear meniscus height; BR: bulbar
redness; NIKBUT first: non-invasive first tear film breakup time; NIKBUT avg:
average time of all tear film break-up incidents; OSDI: Ocular Surface Disease
Index questionnaire; SBC: superior bulbar conjunctiva; IBC: inferior bulbar
conjunctiva; NBC: nasal bulbar conjunctiva; TBC: temporal bulbar conjunctiva;
TC: tarsal conjunctiva.
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Fig. 1. Impact of contact lens wear on NLRP3 (A), MUC16 (B) and CD73 (C)
gene expression in conjunctival cells of middle-aged adults. Gene expression
level data for each gene and sample were normalised to HRPT1 signal (internal
control). The horizontal line inside the box represents the median value, the
lower and upper box lines represent the limits of the interquartile range (25th
and 75th percentiles, respectively). Whiskers represent extreme values and dots
depict outlier values. * (p < 0.05) indicates statistically significant differences
between non-contact lens wearers and contact lens wearers. The p values were
determined by Mann-Whitney test.

ATP and adenosine, when they reach middle age.

Unlike the genomic effect on CD73, we have observed that CL wear
induces MUC16 gene expression. The effect of CL wear on mucin
expression has been previously analysed but the results are inconclusive
because the studies were conducted without a clearly stated participant
age distribution or with age-unmatched between compared groups
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(Ramamoorthy and Nichols, 2008). MUC16 is a membrane-bound
mucin essential to maintain tear film quality and tear film stability,
therefore changes in its expression promote ocular surface diseases
(Baudouin et al., 2019). In fact, Gipson and colleagues found that
postmenopausal women with dry eye disease overexpress MUC16
(Gipson et al., 2011). These authors suggest that this effect is a mech-
anism to compensate for disease-associated inflammation (Gipson et al.,
2011). In this context, some authors have demonstrated that ATP acti-
vates NLRP3 inflammasome to induce mucins production in airway
epithelial cells (Kim et al., 2018). Furthermore, Paulsen and colleagues
found that IL1-f upregulates conjunctival MUC16 mRNA expression
(Paulsen et al., 2008). Reciprocally, mucin levels may lead to tear
hyperosmolarity that can activate NLRP3 inflammasome (Zheng et al.,
2015). All these facts support our results; we have found that long-term
CL wear downregulates the CD73 gene (and so the level of ATP can be
increased) and upregulates the NLRP3 and MUC16 genes in conjunctival
cells of middle-aged wearers.

We have also assessed a potential correlation between these molec-
ular changes and clinical damage. From our results and those of other
authors (Chao et al., 2017), it seems that clinical parameters may fail to
detect early stages of inflammation in CLW. In this context, we have
observed that MUC 16 mRNA level of CLW is inversely proportional to
tarsal conjunctiva staining. This result suggests that the expression of
MUC16 in ocular surface cells avoids staining. Indeed, Blalock and
colleagues have demonstrated this barrier role of MUC16 (Blalock et al.,
2008). Consequently, we believe that ocular surface inflammation
should be analysed using molecular techniques to detect it early.

All these preliminary results allow us to hypothesise that the long-
term use of CL could be a risk factor of ocular surface frailty in
middle-aged individuals. Given that frailty predisposes individuals to
age-related diseases (Fulop et al., 2010; Hanlon et al., 2018) and that
there are more than 140 million CLW worldwide (Stapleton et al., 2007),
this is an essential issue. Indeed, Chen and colleagues have observed that
a high rate of CLW developed glaucoma and retinal diseases during their
CL wearing experience (Chen et al., 2020).

In summary, our gene expression findings suggest that long-term CL
wear could trigger an inflammatory response orchestrated by NLRP3
inflammasome and modulated by CD73 and MUC16 proteins in middle
age. Further studies are needed to confirm our findings at the protein
level as well as to investigate the potential role of long-term CL wear in
the onset of ocular frailty.
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