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Abstract

Purpose. The lacrimal exocrinopathy of primary Sjégren’s syndrome (pSS) is one of the
main causes of severe dry eye syndrome and a burden for patients. Early recognition and
treatment could prevent irreversible damage to lacrimal glands. The aim of this study was to
find biomarkers in tears, using metabolomics and data mining approaches, in patients with

newly-diagnosed pSS compared to other causes of dry eye syndrome.

Methods. A prospective cohort of 40 pSS and 40 non-pSS Sicca patients with dryness was
explored through a standardized targeted metabolomic approach using liquid
chromatography coupled with mass spectrometry. A metabolomic signature predictive of the
pSS status was sought out using linear (logistic regression with elastic-net regularization)
and non-linear (random forests) machine learning architectures, after splitting the studied

population into training, validation and test sets.

Results. Among the 104 metabolites accurately measured in tears, we identified a
discriminant signature composed of nine metabolites (two amino acids: serine, aspartate;
one biogenic amine: dopamine; six lipids: Lysophosphatidylcholine C16:1, C18:1, C18:2,
sphingomyelin C16:0 and C22:3, and the phoshatidylcholine diacyl PCaa42:4), with robust
performances (ROC-AUC = 0.83) for predicting the pSS status. Adjustment for age, sex and
anti-SSA antibodies did not disrupt the link between the metabolomic signature and the pSS
status. The non-lipidic components also remained specific for pSS regardless of the dryness

severity.

Conclusion. Our results reveal a metabolomic signature for tears that distinguishes pSS
from other dry eye syndromes and further highlight nine key metabolites of potential interest

for early diagnosis and therapeutics of pSS.
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1. Introduction

Eye dryness is a burden for patients, impairing their quality of life [1], especially in the case of
primary Sjégren’s syndrome [2], which is a systemic autoimmune disorder [3]. However, the
cornerstone of pSS is an exocrinopathy leading to dry syndrome [4]. Measuring the dryness
of eyes and mouth is important in pSS diagnosis, as tear and saliva production are used in
the classification criteria from most consensus conferences [5-8]. The unstimulated whole
saliva flow rate is the sole estimator for mouth dryness, even if its most effective threshold for
pSS diagnosis remains under discussion [9]. No such gold standard exists for eye dryness
among many possible tests [10]. Only the Schirmer | test and the Ocular Staining Score
(OSS) are recognized criteria for pSS diagnosis in the ACR/EULAR (American College of
Rheumatology / European League Against Rheumatism) 2016 classification [8]. However,
the performance of the Schirmer | test between studies is fairly unreliable with quite low
specificity varying from 34 to 76% and sensitivity at about 75% (42 to 90%) for pSS diagnosis
[11-13]. Moreover, the Schirmer | test is limited to the aqueous-deficiency production and
does not take into account the alterations in the tear film lipid layer due to Meibomian gland
dysfunction [14—16]. The OSS enables a global evaluation of the ocular surface troubles [17]
and shows slightly better performance than the Schirmer | test [10,18], but this test is subject
to inter-operator and intra-subject variability [19,20]. Furthermore, these ocular tests measure
only the consequences of the exocrinopathy, while early identification and treatment of eye
dryness in pSS patients constitute a challenge. Consequently, there is a crucial need for
early biomarkers that will enable clinicians to diagnose and provide perspectives to develop
specific therapeutic treatments for pSS patients [21,22]. Many immunological studies
reported various candidates for tear biomarkers in dry eye disease such as interleukin (IL)
1a, IL-1B, tumor necrosis factor (TNF) a, IL-6, IL-17, MIP-1a, RANTES (Regulated on
Activation, Normal T Cell Expressed and Secreted) and metalloproteinase (MMP) 9 [23-25].
However, these results were heterogeneous and only few studies were specifically focused

on pSS [26-28].



Tears are a complex fluid composed of hundreds proteins and metabolites [29]. Recent
developments in the field of omics open the way toward deeper tear phenotyping.
Proteomics studies undertaken on tears identified several potential biomarkers implicated in
inflammation, immunity and oxidative stress in dry eye disease [30,31] and in pSS [32-36].
However, with the exceptions of lactoferrin and lipocalin-1, these data were not confirmed,
and most studies did not test their predictive diagnostic power. Due to the large diversity
within tears, metabolites could also be attractive candidates for biomarker discovery, notably
in immune disorders, as they are closer to the biological phenotype than proteins are [37].
Only a few metabolomic studies of tears have been reported in dry eye syndromes, but they
have provided promising results using liquid chromatography (LC) coupled with mass
spectrometry (MS) [38—43] or nuclear magnetic resonance spectroscopy [44—46].
Nevertheless, to our knowledge, all these metabolomic studies compared patients with dry
eye syndrome to healthy controls, but none has specifically focused on pSS versus other

causes of dryness, this later comparison having greater clinical relevance.

This study aimed at i) identifying a metabolomic signature of tears specific to patients with
newly diagnosed pSS, compared to patients presenting a non-immune dry eye disease and
ii) evaluating the variation of this metabolic signature according to age, sex, immunological

status and eye dryness severity.

2. Patients and methods

2.1 Ethics

The METABOGREN study was approved by the Ethical Committees of Angers University
Hospital (CPP DC2014-2224, AC2017-2993, bioethics n°2018/42) and was conducted in

compliance with the declaration of Helsinki. All participants gave written informed consent.

2.2 Inclusion criteria



All patients who attended the Internal Medicine Department and who presented an objective
eye and/or mouth dryness between May 2017 and May 2018 were included in this study.
Objective eye dryness was defined with a Schirmer | test <5 mm /5 min on at least one eye
and/or an OSS = 3 and/or a break-up time (BUT) test < 10 seconds on at least one eye.
Objective mouth dryness was defined as a non-stimulated saliva flow < 1.5 mL / 15 minutes.
All patients were prospectively investigated for the criteria for Sjégren’s syndrome and for
other causes of dry syndrome as detailed above. Patients were included until two groups
were formed, with 40 cases and 40 non-pSS Sicca patients. In the absence of equilibrium
between the two groups, 40 patients were randomly selected among the group with more
than 40 subjects. The cases represented the patients with pSS according to the ACR/EULAR
2016 criteria. The non-pSS Sicca subjects were patients without a diagnosis of pSS
according to the ACR/EULAR 2016 criteria but also without anti-SSA or anti-SSB antibodies,

and without a focus score = 1 on minor labial gland biopsy.

2.3 Exclusion criteria

Patients with a previous diagnosis of pSS before the inclusion were not included. The other
exclusion criteria were as follows: history of ocular surgery; wearers of contact lenses and
scleral contact lenses; secondary Sjégren’s syndrome; other systemic autoimmune disease
(systemic lupus erythematosus, antiphospholipid syndrome, rheumatoid arthritis, immune-
mediated myopathy, systemic scleroderma, mixed connective tissue disease, eosinophilic
fasciitis, sarcoidosis, IgG4 related disease, ANCA-associated vasculitis, periarteritis nodosa,
IgA vasculitis, Cogan’s syndrome, Behget disease, Still disease); inflammatory eye disease
(uveitis, ocular pemphigoid); graft versus host disease; solid cancer and/or
lymphoma/leukemia without remission at least for 2 years except for MALT-associated B
lymphoma of parotid; severe or non-controlled arterial hypertension; chronic heart failure,
defined as left ventricular ejection fraction < 30%; non-controlled diabetes defined as
glycated hemoglobin = 8% or diabetes with microangiopathy; chronic respiratory disease

necessitating O» support; chronic kidney failure defined as creatinine clearance with MDRD



(Modified Diet for Renal Disease) formula < 30 ml / min / 1.73 m?; known mitochondria
disease or metabolic genetic disorder; psychotic disorder or unstable psychiatric disease;
use of systemic immunosuppressor or immunomodulatory drugs; use of systemic
corticotherapy; and use of eye drops, with the exception of artificial tears. Pregnant women

and patients unable to give informed consent were not included.

2.4 Ophthalmologic assessment and data collection

Patients underwent a standardized evaluation with the same ophthalmologist, including near
and distance visual acuity measurement according to logMar chart [47], a slit-lamp
examination of the anterior segment of eye and eyelids and a fundus examination. In order to
test the lacrimal function, patients had a Schirmer | test (GECIS, Neung sur Beuvron,

France) that was recorded at 5 minutes on the strips, a break-up time test [48], a test for
Meibomian gland dysfunction [49] and an OSS evaluation [17]. For those concerned, patients
stopped using artificial tears 48 hours before the ophthalmologic assessment. In addition to
data from ophthalmological assessment, we collected age, sex, tobacco use and use of

anticholinergic drugs [50].

2.5 Analytical workflow (Fig. 1A)

2.5.1 Metabolites extraction
Tears were collected with strips for the Schirmer | test in sterile conditions and firstly during
the ophthalmologic evaluation in order to avoid disturbing the metabolic composition. The
Schirmer | test was recorded at 5 minutes and the strips were left in until a tear volume of 15
uL (21 mm on strips) was obtained. The lower part of the strips was cut to avoid
contamination from contact with skin surface. The strips containing tears were immediately
placed in Eppendorf® tubes (Eppendorf, Hamburg, Germany) and stored at —80°C. Strips
were transferred in precooled 2.0 ml homogenization Precellys tubes (Bertin Technologies,
Montigny-le-Bretonneux, France) prefilled with 1.4 mm diameter ceramic beads and 20 pl of

cold methanol. Strips were homogenized by two grinding cycles, each at 6500 rpm for 30



seconds, spaced 20 seconds apart, using a Precellys® homogenizer kept at +4°C. The
supernatant was recovered after centrifuging the homogenate at 20,000 g for 10 minutes and
kept at -80°C until analysis [51]. Pretests with Schirmer’s strips alone did not highlight
potential interference: among the 188 metabolites measured, only methionine and
spermidine were found to be measurable but at concentrations three times lower than in
normal tears.

2.5.2 Metabolites analysis
We applied a targeted, quantitative metabolomic approach to the tear extracts using the
Biocrates® AbsolutelDQ p180 kit (Biocrates Life Sciences AG, Innsbruck, Austria) and an AB
Sciex QTRAP 5500 (Life Sciences Holdings, Villebon-sur-Yvette, France) MS as previously
described [51]. More details about the metabolomic kit, the MS and LC parameters are
available in Supplementary Material. All analyses were performed with the same kit to avoid
batch effect.

2.5.3 Data cleaning and preprocessing
A cleaning step was performed to filter out unusable data: metabolites with more than 50% of
values lying outside the quantification detection limits were removed from the datasets. For
all potentially withdrawn features, a Chi-squared test was performed between the number of
values within bounds and out-of-bounds in pSS and non-pSS Sicca patients, to prevent
removal of discriminating features, i.e. features with a significant difference between the 2
groups. Metabolite concentrations were then normalized before further analyses as

described [52].

Figure 1: Analytical (A) and Statistical (B) workflow of the study. Footnotes: LC: liquid
chromatography; MS: mass spectrometry; MS/MS: tandem mass spectrometry; FIA: flow

injection analysis.

2.6 Statistical workflow (Fig. 1.B)

2.6.1 General statistics



Quantitative data were presented with medians, and 25" and 75" quartiles. Qualitative data
were presented as absolute values and as percentages. Quantitative data were compared
using a Student’s t-test or a Mann-Whitney test as appropriate. Qualitative data were
compared using a Chi-squared test or a Fisher’s test as appropriate. The type | error was
5%. Image manipulation and formatting were performed using GNU Image Manipulation
Program (GIMP) software (version 2.10). The analyses were carried out using R software
(version 4.0.1, R-project-org, Vienna, Austria) and SPSS (v23.0, IBM Corp, NY, USA). R
packages are listed hereafter: FactoMineR for principal component analysis (PCA) [53];
Rpart for stratified partitioning [54]; glmnet for logistic regression with or without
regularization [55] based on A with 1 standard error (SE) [58]; randomForest [56]; and pROC
to evaluate the area under curves for receiver operating characteristic curves - area under

the curve (ROC-AUC) [57].
2.6.2 Determination of the metabolomic signature and influence of main confounders

Full statistical workflow is detailed in the Supplementary Material. In brief, we randomly
partitioned the study population into three subsets with stratification on case-control status:
training set (n = 58), validation set (n = 10) and test set (n = 12). To identify the best
predictive model, we carried out a feature selection using elastic-net regularized logistic
regression and we compared ROC-AUC from linear (elastic-net regularized logistic
regression) and non-linear (random forests) machine learning architectures in the training
and validation sets. The model with the highest performance was finally evaluated on the test
set to determine the metabolomic signature. The main components of this signature were
extracted by means of PCA and the influences of main confounders (age, sex, presence of
anti-SSA antibody, tobacco use, and use of anticholinergic drugs and intensity of ocular

dryness) were tested on them using linear regression.

3. Results



3.1 Characteristics of the study population

Among 100 patients explored for dryness, 90 were included in the cohort. The study

population was composed of 40 patients with pSS in whom 20 showed anti-SSA antibodies,

and 40 non-pSS Sicca patients randomly selected from 50 other patients. Median age for the

whole studied population was 60.5 [46.8-67] years with sex ratio (W/M) of 7.9. General

characteristics are summarized in Table 1. pSS patients only differed from non-pSS

participants for ocular objective assessment for dryness, with more altered Schirmer | tests,

break-up time, and OSS in pSS patients, with more frequent Meibomian gland dysfunction in

patients without pSS. In non-pSS sicca patients, anticholinergic drugs (45%), tobacco use

(55%), post-menopause (57.5%) and/or Meibomian gland dysfunction (77.5%) represented

the risk factors, sometimes associated, for developing a dry syndrome.

eyes)

pSS Non-pSS Sicca p-value
Number of patients 40 40
Women n (%) 36 (90%) 35 (87.5%) >0.99
Age (years) 63 [51.8 - 67] 58.5 [46.8 - 66.3] 0.45
Distance visual acuity (LogMar) 0 [0-0.05] 0 [0-0] 0.28
Near visual acuity (LogMar) 0.18 [0.18-0.18] 0.18[0.18-0.18] 0.29
Tobacco use 17 (42.5%) 22 (55%) 0.37
Anticholinergic drugs use 17 (42.5%) 18 (45%) >0.99
Dry syndrome features
Subjective dry eye syndrome n (%) 36 (90%) 35 (87.5%) >0.99
Delay from first symptoms of eye
42[16.5-108.5] 42 [14 - 126.5] 0.66
dryness to diagnosis (months)
Schirmer | test (mm /5 min) (mean
2.3[0-4.5] 3.25[0.8 - 7.4] 0.03
for both eyes)
Break-up time (sec) (mean for both
2[1.5-3] 3 [2-4] < 0.0001




Ocular staining score (highest value) 4[2-5] 2[1-3] < 0.0001
Meibomian gland dysfunction 21 (52.5%) 31 (77.5%) 0.03
Subjective dry mouth syndrome n (%) 36 (90%) 36 (90%) >0.99
Delay from first symptoms of mouth
39 [14 - 81.8] 32[13.5-122] 0.60
dryness to diagnosis (months)
UWS flow rate (1.5 mL / 15 min) 3.2[1.6-4.8] 4[1.8-6.6] 0.12
ACR/EULAR 2016 criteria for pSS
Schirmer I test <5 mm /5 min n (%) 39 (97.5%) 30 (75%) 0.007
0SS =5n (%) 15 (37.5%) 5 (12.5%) 0.02
UWS flow rate < 1.5 mL/ 15 minn
10 (25%) 10 (25%) >0.99
(%)
Anti-SSA antibodies n (%) 20 (50%) 0 < 0.0001
Anti-SSB antibodies n (%) 12 (30%) 0 0.0002
Focus score = 1 on Minor Salivary
35 (87.5%) 0 < 0.0001
Gland Biopsy n (%)
Immunological features
Antinuclear antibodies titer = 1/320 n
18 (45%) 5 (12.5%) 0.003
(%)
Presence of rheumatoid factors n (%) 15 (37.5%) 6 (15%) 0.04

Extra-glandular involvement of pSS n

(%)

15 (37.5%)

Table 1: General and immunological characteristics of the 2 groups. Footnotes: pSS: primary

Sjégren’s syndrome.

Footnotes: UWS unstimulated whole saliva




3.2 Metabolomic signature of tears distinguishing pSS from other causes of dry eye
syndrome (Figure 1B)
Among the 188 measured metabolites, 84 were excluded as they were beyond the limits of
detection. Unsupervised analysis did not reveal spontaneous clustering on principal
component analysis. For the step of feature selection, the logistic regression with elastic-net
regularization isolated 19 models with the best AUC (0.84) and, among them, five consistent
models (alpha coefficients: 0.72; 0.74; 0.77; 0.79; 0.80) with the same nine metabolites of
interest: serine, aspartate, dopamine, lysophosphatidylcholines (LysoPC) C16:1, C18:1,
C18:2, sphingomyelin (SM) C16:0 and C22:3, and phoshatidylcholine diacyl (PCaa) 42:4.
After training models with only the metabolites of interest, the best models obtained using
logistic regression disclosed AUCs from 0.84 (nine models) to 0.88 (two models) on the
validation set (and of 0.81 to 0.82 on the training set). Due to the lowest number of models
with an AUC of 0.88 and higher gap between AUCs on the training and the validation sets for
those models, highlighting a potential overfitting, the two models with an AUC of 0.88 were
discarded and the optimal model was chosen from those with an AUC of 0.84 and with the
lowest alpha value to retain the maximum information among the metabolites of interest.
Non-linear models, using Random Forest, with the selected nine metabolites and with whole
metabolites, were discarded as there was a huge gap of AUC between training (1.00) and
validation (0.68) sets for both. The final prediction on the test set showed an AUC of 0.83,
which was homogenous according to the two other sets: training set (0.81) and validation set
(0.84). In the final selected metabolomics signature, serine, aspartate and dopamine showed
decreased concentrations in pSS, whereas the six phospholipids (LysoPC C18:1, C18:2,
C16:1, SM C16:0, C22:3, and PCaa 42:4) had increased concentrations in pSS, compared to

the non-pSS Sicca group (Figure 2 and Supplementary table).

Figure 2: Word cloud showing the metabolomic signature of tears for pSS.



Legend: the increased metabolites in pSS are presented in red and decreased ones in blue.
The importance of the metabolites in the signature is proportional in size to the beta
coefficient in the logistic regression equation of the final model.

Footnotes: LysoPC: lysophoshatidylcholine; PCaa: phoshatidylcholine diacyl; SM:

sphingomyelin.

3.3 Analysis of the lipidic component of the metabolomic signature
The ratio of the sum of the LysoPC to the sum of PC, an indicator of the activity of the
enzyme phospholipase A2, was increased in the pSS group compared to the non-pSS Sicca
group (77.3 [50.2 — 188.3] versus 55.3 [34.8 — 80.7], p = 0.004). The ratio of the sum of the
SM to the sum of the PC representing the sphingomyelinase activity was also increased in

the tears from pSS patients (174.8 [23.9 — 431.3] vs 24.4 [19.3 — 73.0], p = 0.0004).

3.4 Influence of age, sex, presence of anti-SSA antibodies and ocular dryness
severity on the metabolomic signature
Dimensional reduction of the metabolomic signature revealed that two first principal
components (PC) explained 74.5% of total variance. Eight of the nine metabolites were
mainly distributed in one of those components: the six lipids in the PC 1 and the aminoacids

in the second one (Figure 3).

Figure 3: Distribution of the metabolites from the metabolomic signature in the two main
components. Legend: the two main components were extracted after dimensional reduction
with principal component analysis. Footnotes: LysoPC: lysophoshatidylcholine; PC: principal

component; PCaa: phoshatidylcholine diacyl; SM: sphingomyelin.

The association between the metabolomic signature and the pSS status was not altered by
age, sex, use of anticholinergic drugs or presence of anti-SSA antibodies for the two first

principal components (Table 2). The use of tobacco was significantly associated with the lipid



component but not with the PC2. The link between PC1 and pSS status disappeared with
adjustment for the dryness severity measurement, i.e. Schirmer | test and OSS. Moreover,
the results of OSS were associated with the PC1. None of the parameters for adjustment

disrupted the link between PC2 and pSS status.

Principal component 1 (mainly Principal component 2 (mainly
lipids) aminoacids)
Model 1 Beta regressor p-value Beta regressor p-value
pSS status 0.57 0.03 -0.66 0.02
Sex (male) 0.19 0.60 0.20 0.60
Age -0.01 0.57 0.006 0.53
Tobacco use -0.54 0.02 0.20 0.40
Anticholinergic drugs use -0.07 0.78 -0.10 0.68
Anti-SSA antibodies 0.02 0.95 0.51 0.11
Model 2
pSS status 0.51 0.06 -0.64 0.03
Sex (male) 0.19 0.60 0.20 0.60
Age -0.01 0.47 0.007 0.50
Tobacco use -0.51 0.03 0.19 0.44
Anticholinergic drug use -0.03 0.88 -0.11 0.65
Anti-SSA antibodies 0.02 0.95 0.51 0.12
Schirmer | test -0.02 0.33 0.009 0.72
Model 3
pSS status 0.43 0.10 -0.76 0.007
Sex (male) 0.35 0.32 0.31 0.41
Age -0.01 0.33 0.004 0.72
Tobacco use -0.58 0.01 0.18 0.45
Anticholinergic drug use -0.02 0.92 -0.07 0.78
Anti-SSA antibodies -0.27 0.39 0.31 0.36




Ocular Staining Score 0.19 0.008 0.13 0.07
Model 4

pSS status 0.53 0.05 -0.69 0.02

Sex (male) 0.23 0.52 0.23 0.55

Age -0.01 0.51 0.005 0.58

Tobacco use -0.58 0.02 0.18 0.47

Anticholinergic drug use -0.04 0.88 -0.08 0.75

Anti-SSA antibodies 0.001 0.99 0.50 0.13

Meibomian glands -0.22

0.36 -0.16 0.53

dysfunction

Table 2: Influence of age, sex, presence of anti-SSA antibodies and severity of dry eye
syndrome on the link between the primary Sjégren’s syndrome and the metabolomic
signature.

Footnotes: The 4 models are independent. The value of Beta regressor is indicative for the
direction of the association. Age, Schirmer | test and OSS are quantitative variables. pSS
status, sex, tobacco use, anticholinergic drugs use, anti-SSA antibodies and Meibomian

gland dysfunction are dummy variables.

4. Discussion

In this study, we demonstrated that the metabolic signature of tears composed of nine
metabolites could differentiate newly diagnosed pSS patients from patients suffering from
others causes of dryness syndrome. The signature was established through a machine-
learning architecture disclosing highly homogenous predictive values in 3 different data sets.
This indicates the robustness of the metabolomic signature in predicting pSS without
overfitting. The signature was composed of two amino acids (serine and aspartate), one
biogenic amine (dopamine) and six phospholipids: two LysoPC (C18:1, C18:2, C16:1), two

SM (C16:0, C22:3), and one PC (aa42:4). Few metabolomic studies of tear composition were




reported in dry eye disease [38—45] and, to the best of our knowledge, none specifically
compared pSS patients to other causes of dry eye syndrome, which is clinically more
relevant.

The characteristics of the study population were similar to other pSS populations described
in the literature with a median age of 60 years old, a sex ratio of approximately 1:7 and the
presence of anti-SSA antibodies in 50% of patients [44,58].

The metabolic signature included six phospholipids that were all increased in the tears from
pSS patients. Lam et al. also reported increased concentrations of LysoPC C18:1, C18:2 and
SM C16:0 in the meibum of patients suffering from dry eye syndrome compared to healthy
controls [59]. However, the causes of sicca syndrome in this study were not precisely
described. The authors hypothesized that the increased concentrations of LysoPC were
related to the activity of the enzyme phospholipase A2. In our study, we noticed that the ratio
of LysoPC to PC was increased in pSS patients and correlated with this assessment. Some
authors recently demonstrated that phospholipase A2 is linked to dry eye disease through
prostaglandin E2 and pro-inflammatory cytokines (TNF-a and IL-1) [60], known to be
implicated in pSS (27-29). Lipids are important in tears, as they represent the outer part of
the film secreted by the Meibomian glands [61]. However, some authors have hypothesized
that the lacrimal gland is the origin of many tear lipids, as they have observed positive
correlations between the tear levels of cholesteryl sulfates and glycosphingolipids with tear
secretion [62]. These authors noticed reduced concentrations of LysoPC with decreased tear
production. In our study, we did not find a significant link between the outcome of the
Schirmer | test and the lipid component of the metabolomic signature. However, the six lipids
of the signature had increased concentrations in tears from pSS patients, having more
severe eye dryness, compared to non-pSS Sicca patients. The sole test of our study
significantly correlated to the lipid component was the OSS, meaning that this component
was partially influenced by eye dryness severity. Indeed, the results of the Schirmer | test
and the OSS varied according to the association between the pSS status and the principal

component related to the six lipids.



The reduction of dopamine, a biogenic amine which is well known for its implication in
Parkinson’s disease [63], correlated with decreased frequency of eye blinks [64], inducing a
dry eye syndrome via a decreased lipid secretion by the Meibomian glands that are
stimulated by blinks [65]. Interestingly, some authors have reported an unexplained
increasing risk of Parkinson’s disease in pSS patients [66]. From another perspective, a
possible lacrimal secretion of dopamine has been described [67], which could link
Parkinson’s disease and pSS through Meibomian gland dysfunction. In pSS, we can
hypothesize that the primary involvement of the lacrimal gland induces a decreased local
secretion of dopamine responsible for a reduced frequency of eye blinks, and consequently

lead to Meibomian gland dysfunction frequently noted in pSS patients [68].

The reduction of serine has already been demonstrated in a study including patients with dry
eye disease without defined causes [69]. The serine is a non-essential aminoacid which can
be converted in glycine, a rate limiting factor for the synthesis of glutathione [70]. Aspartate is
also linked to glutathione production through glutamate [71]. Glutathione and the enzyme
glutathione peroxidase are known to provide protection from oxidative stress. A decreased
activity of glutathione peroxidase was reported in pSS patients which could result in an
increased oxidative stress and contributing to the development of anterior eye surface
injuries [72]. This would explain the particular severity of dry eye in pSS patients. Moreover,
this mechanism could be particular to pSS, since in our study, the signature component
linked to aminoacids was always associated with pSS status, even after adjustment for

markers of dry eye severity.

Our metabolomic study is limited by its targeted approach. Untargeted metabolomic studies
would cover a wider part of the tear metabolome. However, the untargeted approaches are
also limited by their lesser level of standardization, with larger coefficients of variation of

metabolite concentrations, which make them difficult to use in the discovery of clinical



biomarkers. Our results are limited by the absence of healthy control group. However,
several studies already compared the tear metabolome of patients suffering from dry eye
disease with those of healthy controls [38,39,44,45,40,58,69]. To the best of our knowledge,
our study is the first specifically focusing on the comparison between pSS and other causes
of dry eye syndrome, this latter comparison being more relevant in clinical practice where
physicians have to identify pSS patients among other causes of dry syndromes. Finally, we
were not able to include patients at the very first steps of pSS evolution, before the
consequences of exocrinopathy, as the pSS status was determined according the current
ACR/EULAR 2016 criteria [8]. However, to reduce this limitation, we prospectively included

patients suffering from dryness without knowing the cause, which is a strength of this study.

5. Conclusions

The metabolomic signature identified here could be helpful as an early biomarker of pSS.
This signature has high diagnostic performance with a simple method to collect the tears that
can be easily reproduced in clinics. It would be interesting to test whether one or more of the
nine metabolites identified here could be validated as a clinical relevant tear biomarker of

pSS in a larger multicentric study.
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